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base searching systems while they are solving an information search problem.

ABSTRACT .

~

> Individualized instruction for Data Access (IIDA) is a project whose
intent is to provide active assistance to users of on-line bibliographic data
It also prcvides instruction prior to use. The system is being premarily
jeveloped for scientists and engineers who are the end-users of scientific and
‘technical information. Assistance is provided through an intermediary
computer which monitors the user's interaction.with a data base processor,

&

analyzes his performance and provides assistance to him in the conduct of
Tutoring, in the form of. computer—assisted instruction, is also

*

the search.
provided through the same computer.

. The diagnostic procedures were developed in recognition that there
is no accepted-model of a successful search, but that there are certain known

errorsor'practices which can be machine-detected and whose occurrence will
In using IILA, a user is searching a publicly .
IIDA is interposed |

021

deter successful results.
apailable data base through a commércial search service.

between him and the data base’ computer.

Evaluation and plamning for implementation and productive use of the

<

system are included in this report.

. )

KEYWORDS: data base search, information retrieval, search strategy,
than-machine communication, user performance, user performance evaluation, )
%earch intermediaries, computer-assisted instruction, information system

psers, information systems evaluation, information systems merketing.
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PREFACE

This report covers the design of a system for Individualized
Instruction in Dafa Access (IIDA), a method for teaching and assisting.
in the performance of bibliographic on-line searches entirély through
use of an intermediary computer. The purpose of the project is to
develop a method of teaching potential users of scientific and technical
bibliographic data bases how to use these resources. Preliminary tests
indicate the method can be successful and the design indicates that its
cost should not add materially to the cost of direct use of the data
base search services, and may reduce it.

Bibliographic searching is a problem-solving activity. The com-°
plete plan for performing a search cannot be specified in advance. ° N
Learning the mechanics of searching --.the commands one may issue to the
computer -- does ot constitute learning how to search. There is tech-
nique or strategy to ‘be learned as WQil. Because of the ill-defined
nature of searching, there can be no mechanistic way to measure the

correctness of a particular.users search. IIDA is a heuristic system «-

it depends upon techniques that appear to 'work' even if not soundly
based in theory. \

. IIDA is ,not solely a teaching system. Its most important role is
to assist. in" the performance pf searches, helping users in the actual
performanck of a real task.

The cohcept‘of IIDA 1is new, but we envision it as becoming the
routine way, in the future, for users to deal with the increasing number
of complex and non-standarized computer services. The intermediary
computer will become the standard way to receive instruction about, gain
access to, and make productive use of these many on-line facilities.

IIDA" is intended, in its present form, ,primarily for direct users
of scientific and téchnical information ‘systems. These 'are typically
scientists and engineers who perform a small number of bibliographic
searches per year and who have not found working through a technical
library to have been a productive process in the past.

The system is ot intended to supplant the professional inter-
mediaries, but to eriable those who do not use library services to gain
‘access to information systems. We believe that greater understanding by
. users of how these systems operate will also enhance the ability of
users to work successfully with intermediaries.

This repo¥t concludes the first year, of work on-the IIDA project.
We undertook to design an operatignal IIDA system, to produce a working

. model, and to develop plans for use and evaluation of the technology.

In Section 1 of the report we discuss the objectives and the over-
all plan for development of IIDA.

Section 2 is a description of the instructional subsystem. It is'a
performance-~oriented description of IIDA' a set of performance require-
ments.

Section 3 is a technical description of the computer system, hard- -

ware and software, needed to implement the requirements set forth in
Section 2.
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Section 4 discusses plans for 1mp1ementation of the system and its
"initial use, marketing and evaluation.

Section 5 contains a description of the working model of’ IIDA and
the early results of its use.

Appendix A contains specifics of proposed course outlines.

Appendix B contains the transcript of an actual use of IIDA during
our testing period.”

For any reader desiring a quick overview of the system, Section 1
might suffice. Readers not concerned with computer and programming
details might prefer to skip, at least initially, Sectidn 3.

IIDA has been a joint project of the Graduate School of Library
Science, Drexel University, and the Franklin Institute Research Labora-
tories. The project has been spcnsored by the Division of Science
Information, Naticaal Science Foundation. We acknowledge -vith .thanks
the guidance given us by Dr. Joel Goldhar and Dr. Carole Ganz of NSF. !
We also wish to thank Dr. Robert Rich of Princeton University, who®
worked with us and gave invaluable advice as a consultant on evaluation
and utilization planning.
Philadelphia, Pennsylvania .

Charles T. Meadow, Professor of
July, 1977 . Information Science )
Thomas T. Hewett, Assistant Professor
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D. Jean Rafsnider, Research Assistant
David E. Toliver, Research Acsistant
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1.. OBJECTIVES AND OVERALL PLAN OF DEVELOPMENT R §

1.1 The IIDA Concept '
IIDA - Individualized Instruction for Data Access - is a system
that provides instruction in the performance of a man-computer inter- - .
- active activity. IIDA can administer couventional computer~assisted .
instruction, a mode in whicK IIDA takes the initiative, provides in-
stfuctiopal°material to a student .and ;asks questions about it. Its
uniqueness, however, comes from monitoring the interaction between -
student and computer, evaluating the performance of the student, and
communicating to him information about errors detected and positive
sugge{!ions for proceeding "In this mode, IIDA assists a user in the, -
performance of a complex task. °‘The interactive ‘activity Eeing taught is
= bibliographic searching. It is the intent of fhe project to produce a
system which can teach science students or scientists how to perform
searches without requiring them to take classrdcm instruction. e
Mechanically, IIDA makes use of an intermediary computer which is
placed between the student user and a data base processor. The inter--
mediary computer administers computer-assisted instructiom and performs
analyses of student actions, maintains student racords and provides the
conversational programs that are used. to help the student understand his” < .
errors and his options. The IIDA intermediary computer does not itself "
search a bibliographic data base. Instead, it communicates with & :
commercial data bas® search sefvice so that the student, even while e
learning, is working with a real data base and a real search service.
IIDA operates in any of three instructional modes: tutorial, °
- exercise, afid assistance. In tutorial mode, IIDA is a computer-assisted
instruction system. In this mode, students learn search mechanics, data-
base structure, search strategy and how to use the special IIDA features
“ not-available from the data base service. '
In exercise mode, students may work on searches of their own
choosing, but are constrained in how they perform the search. IIDA
expects them L0 try all commands available and to search in a manner”
prescribed by the system. The purpose of the ‘exercise mode is to give
students.practical experience in use of the commands -~ it is not to .
accomplish a searching objective. P 3 i .
In assistance mode, the student works on a search of his own \
choosing and” his objective is to] accomplish that search successfully.’ "
IIDA does not constrain him in choice of commands or their sequencing. {
IIDA does provide him ‘a great deal of diagnostic assistance if he needs ’
it, the approximate equivalen{ of a coach helping him to do the search, ,
but not telling him, step by step, how to do it. ° .
In the exercise and assistance modes, IIDA does not prestore:-
answers to questions and expect the students to match these answers..
The system cannot 'know' how to solve the student's problem. The
diagnostic facilities are the heart cf the system. They help the

. student understand what errors he has made or why he has failed/to
N /
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prégress in his search. They offer ternative possioilities. The i
better the studéent's performance, the \less of IIDA's diagnostics he will
see. For users who make only occassional bibliographic searches and who
ave likely to forget the details of the ‘tommand language from time

to time, IIDA can always be used. That i, IIDA is not a 'system which
provides a few hours of instruction and, then leaves students on their
own. They can always use IIDA in assistance mode to help them solve

‘an actual working .problem.”

In addition to administering the computer—-assisted instruction and
the diagnostics, the IIDA computer performs a number of user-lnvisible
data communications- tasks. One of these is to serve as a concentrator,
so_that several users can share a single communication line between the
IIDA computér and the data base processor. This.line can operate at a
higher speed than most user termihals and can hold an incoming message
until some free time is available on the line. The cost of the IIDA
computer will be far less than that of the data base processnr; hence
the cost of wsing the data base processor through IIDA and its con-
centrator need be no more than the cost of going direct with a single
line per user. "After the diagnostics -- this is the seéond’maJor in-
novation of IIDA -- it can reduce the cost of using data base services,
even for experienced users.

The primary intended users of IIDA are the scienticsts and engineers
who are the end-users of the information. Normally, users work through
an - intermediary who .may be a librarian or a specialist in®the user’'s .
discipline. We are departing from what has become tradition ‘in:biblio-
graphic searching. But, there has been no proof of the efficacy of the
intermediary systém and little discussion of alternatives. " IIDA is anm -
alternative. In Section 1.2.5 we discuss some recent studies of infor-
mation use involving intermediaries.

Offering -a service not involving interwediaries does not mean that
we propose to abolish them. As end-users are trained and use IIDA for
occasional searches, they can become. more effective partners when they
do work with intermediaries on the»more difficult search problems

%
)

s

[ Y

> 1.2 Characteristics of the User Group =~

"
)

We are concerned with five categories of user characteristics:
some personal characteristics, such as, educational background and
computer experience; how they perceive a search to be organizeds how
they select commands and make use of them, their behavior as a market
for information systems; and user attitudes toward humati intermediaries

.

‘1.2.1 Personal characteristics ' ) :

The student is assumed to be a scientifically trained persod. ] )
While this has no rigorous definition and it"is not importunt for us to
have one, we mean by it an engineer, chemist, physicist, biologist,
psychologist, etc., who has or is pursuing the equivalent of at least a .
bachelor's degree in some field of science. Thus, even if not familiar
with the literature of his field, the student will know that there is a
Jiterature, will know the vocabulary of his field and should not be
bothered by the task of 1earning a ngw skill which is 1arge1y mechan-
ical’® Indeed, a high proportion of students will have studied computer
programming or have at least worked with programmers or computer output
We should not have to contend with the problem of overcoming a student's
resistance to the idea of using a computer in a "humanistic" endeavor.-

(5
L
v
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Similarly, although the student may not be formally trained in
® mathematics, the notion of set or of,the elementary boolean set opera-—
tions should be either already known or trivsil to learn. At any rate,
these concepts should not be a major intellectual challenqe, either to
student or teache~ .

A key assur tion about the student is that ne is a serious pro-
fessional person who wants to learn this new skill. It is not a re-
quirement of IIDA tutorial material, therefore, to create in the student

- the basic motivation _to learn bibliographic searching. However, since
we have also assumed that the student is a person who, for whatever ’
reason, has elected not to work through an intermediary in his searching ,
efforts, we'must avoid giving the impression that this is a trivial ~ .
task, easily mastered in an hour or two of instruction. In particular, |
we would like to be able to motivate him at least to be willing to -
acquire a dser's manual to use as a reference and as a means of self~
instruction in learning other data bases or\search systems than we will

N teach. ? .
s -Some students will be motivated to learn more: ~about on—line search-
ing and become more frequent, direct users of the existing seasch ser- ‘
vices. Others will elect to continue their future work through IIDA. ¢
_ ! Still others, having gotten an initial exposure, may wish in the future <L
"« to work with an intermediary. When this last group uses librarian -
services, their new knowledge will enable them to work in a completely a -

ney relationship with librarilans than previously They will know the”
. vocabulary and much of the mechanics of searching. Without frequent,
» practice, they™wIll not know |the current contents of the data base and.'
this will prevent them from becoming eXpert searchers. Because of their
- . 'mew ability to communicate with the intermediary in the latter's terms,
they may well become far morj effective users of information systems
. than ever hefore. ) %

2

. L3
1.2:2 General organization of a search

Penniman [1.1] identifies four phases of a search: index search,
logic formulation, document display (actually record display - the docu-
ments are rarely represented in bibliographic retrieval systems), and .
other (including off-~line print and such administrative commands as

o X “BEGIN, END or FILE, the last of which changes the file being searchc_d).0
& In Lockheed DIALOG térms, index search would fhclude the EXPAND command
: and SELECT when it was used with a single descriptor. When SELECT is
used with more than one descriptor for full text searching, we would
place it in the logic formation category.
Standera -[1.2] categorizes commands in a slightly different way:
start/stop, executive (all logic and dibplay commands), supportive
» i (index search, set history, etc.), informative (information about the
data base or procedures for search), and auxiliary(e.g. ordering copies
of hard copy documents).
For the purposes of.our tutorial approach, we have used Penniman's
Phases modified somewhat by Standera's:

I. ‘Index search. (Search of thesaurus or inverted files on a
single term.) i

2. Logic formation. (Combinatioms of sets or text search using a

combination of descriptors.)
3. Record display. . ,

4. Procedural. (These are commands that do not produce search- ,

results but are nécessary to organlze the search, e.g. BEGIN, END,
FILn b) , - |

A

%) ilj \\
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5. Diagnostic. (These are requests for infgrmation or for as-
sistance in rec$gnizing errors or ‘poor performance. ), .

The* first three of these categories define the. order of proceeding
that we will teach our students, that is that .a search begins with
commands of ‘the first type and proceeds through the second tohghe third.

Procedural commands and diagnostics come where they must. This order of

searching seem$ to have some degree of naturalness to users and so will
be used during the early stages of training. Students will not be re-.
quired to follow this order in doing their own searches.

1

LR

~

Penniman and Standera both report on approximate timing of searches
~and, very roughly, they indicate that a typical search has these charac-

teristics: . .
° Duration: 15 - 30 minutes - . )
°  Number of commands used: ahout 15 . *

\
»

Interval between commands: 1 -2 minutes
Penniman s data on elapsed time indicate a negative exponential curve,
with mode in the range of 0-5 minutes per search, and mean about 15
minutes.’

We lack- good data qn how long .it taEes L. \LOG to execute a command,
but our intuitive feelings and unrecorded- experience suggest that it

. takes far leSs than' 1 - 2 minutes consumed by users. . Thus, most of the

time the user's terminaliis either-free or being used for output’ typing,
but since the communicatfons lines are full duplex, there is considerable
-unused capacity in the entire system. ~

The research reports we have used’ do not describe users precisely
We assume that they were relat1 ely experienced searchers, -We further °
assume that less expérienced searchers will.consume more ({ime between
commands, but not necessarily use more total.elapsed time. They may féel
pressured to minimize their total time. .

Standera states that only a relative handful of different commands
are actually usad in. Qgst\searches Users, therefore, are generally
confining themselveseco a small subset of the total language. This
behavior also follows our institution-and information observation in

Drexel's Ihformation Systems Laboratory. It suggests to us that the
teaching of the commands be broken into segments first the basic
command set, then practice with its use, then the advanced command set
and -then practice with its use. The advanced training may be made
optional. .

IS
t

1.2.4 Market behavior ' "

In developing the concept of IIDA, it had been our original intent
to take -it directly to industrial scientists for use -- this, after all,
was the user group for whom it was: primarily developed. More investi-
gation led to the conclusion that this would ‘be an ‘unusually difficult
group to introduce to an unproven system. we' decided, therefore, to
begin testing IIDA with college engfgeering studet _s and graduate stu-
dents. Industrial scientists or engineers will also be’'tested for their
reactions and for comparison with student reactions. ,The main point is
‘to be able to 'sell' people on the usé of IIDA. It is a new service
‘for which a warket must be created and the market is national or even
sinternational in scope. By working, exen for several vears, primarily
with student groups,.a user demand can be ‘created as graduateq move into

\-

positions in«industry and government \ :

li\ ¢
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. Most of the market studies wejhave fourd relate to the use of data ' .
base search services through the mediation of a library. Wish and Wish 3.
[{1.3] for example, teport or their own.work and syrvey that of oghers in
this domain. Because IIDA ig primarily directed toward delivering data *« |
base services directly to ty’ user yittout.an intermediary and to offer " |
him the possibility of confinuing to work through.IIDA even after training ’ -
is complete, we feel these studies are not particularly relevant to our g
project. 3 T o
Some work will s -done in the next phase of IIDA developmeit on BT
planning market strategies. The concentration, hiowever, will be on o
proving the effiqacy of the techniques. Only by actual experience with '
some users can we begin to make specifie, plans for marketing. Henge, | -
the question of acceptability to industrial users is being postponed'
" not dropped from consideration. ’

1.2.5 ,The setting for on-line sevvices and'the usé of Intermediaries

‘ . The way the on-line searching- indust?y has evolved, provision of
its services through a library, with a librarian as an intermediary, is -
the norm. Probably the ‘principal exception is that in some highly
technical organizations, typically firms or laboratories in the chemical"
industry (including petrocb~mical and pharmeceutical) In these a
terminal may be located org- nizationaily closer to end-users and the
intermediary is likely to have a professional degree and perhaps a title
such 'as information chemist.

Little if any' consideration has been given to studying whether this

. state of affairs is best or what the -alternatives might be. In partic-.
ular, we find noeresearch on end-user reacticn to the quality of inter-
mediary services although there is ebidence that library shurnuers con~
stitute a subs:antial portion of any non-library population [1.4].

Thus, we' feel justified in assuming that IIDA is, indeed, aiming
for a previously unexplored market -- a market for search services pro-
vided directly to the end user, in his own organizational environment,
without the necessity of an intermediary, but also without' denying the '
possibility of using one should he so elect. Hence, rather than base : -

. our marketing on previously done work, we must carefully distinguish
 between user studies based on "in-1ibrdry use and our own projected~in- > &
office use. ¢

Two of the best known, studies of ‘user behavior were those of the
Systems Development Corporation -- Impact of On-Line Retrieval Services
[1.5] . and Lockheed's Investigation of the Public Library as a Linking, ’ '

Agent to\MaJor Scientific, Educational, S»cial and Environmental Data )
Bases [1.6]. These studies-were concerned primarily (SDC) or exclu- -
sively (Lockheed) with in-library use of systems. . Both implicitly : )
assumed .the use of a professional intermediary and neither evaluated the -

' ‘end-user's attitudés toward the quality Of the intermediary's, services. {

1. The SDC -Study. 'SDC notes that search services aimed primarily
at "individuals in organizational units other than the library community" -
such as Mead Data Corporatior and the New York Times Information Bank .
were excluded from the study«(p. 2). ) ‘
‘A figure possibly significant for IIDA is that among "infrequent
Searchers" slightly more than half (56%) felt "fairly comfortable and .
efficient” at the terminal and the remainder "barely comfortable and not
. very efficient" or "had to relearn the system every time I use it.'
About 22% of the sample surveyed put themselves in the infrequent,
searcher category (again, recall, they are almost always librarians or =
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their managers, not end-users). All judgments of searcher efficiency
are.self-made (p. 67). . . s

.~ Some data is provided on search time: separate, figures for
search times when the respondent was learning and "now," as the survey
was conducted. Both distributions are so flat as to suggest that there-
are other, unreported variables involved;: that is, the probability of a
search taking t minutes, until t gets fairly high (over 94 for begin-
ners) is nearly equal for all t. Penniman's data ‘1.1] on the other
hand, shows a ‘markedly-different distribution, but is based on a dif- -
ferent user populationii{p. 68). . '
~ | We concur with the ‘following: . “

Our study shows that most on-line bibliogr=nh*c searches
are performed by information intermediaries -, : early days of
‘on-line'systems, there was a strong belief _...g many designers and
' planners that these systems should be designed for, and used by,
end-fisers. This belief-is still held by.some but it has not been
translated into practice. However, on-line systems permit -~ and,
some would say;, demand -- a new relationship between the end~users
and the information intermediary, and the challenge today is to
define the kinds of interfaces that tak: full advantage of the
potential of the on-line, interactive technology. (p. 193)

This confirms the lack of study of the intermediary process for on-
line systems. ‘
" Our conclusion. from the SDC study is thdt it hints at the existence

,0f a body of users for an IIDA-like system but does not directly address

the, problem. ) . -

‘ 2. The Lockheed Study. This project is, of course, intended to -be
concerned with a library setting. In the study there was’a period
during which users had free access.to DIALOG followed by a period during
which half the usual rate was charged. 'Average s.arch time ranged from
about 30 to 18 to 15 minutes as the cost and user experience changed.
These figures are comparable to Penniman's.

,About” half the‘users, high.for average users of a public library, .
were scientists of some kind (p. 3-5). This is likely.then, to have
been a sample of the eventual IIDA user group. . -

During the period when users had to pay for service, 80% said the

'service would be useful several times a year, "several" being undefined |,

but consistent with the IIDA assumption (p. 3-7). - .
Lockheed cites a problem (p. 4-4) of maintaining familiarity with

" 'all data bases [as] one'of the most difficult faced by ref::ience

librarians conducting the o: ~line searches." This is a hint of a
problem with intermediary services and suggests the possible value of
IIDA to the ‘'end user or the intermedidxy. : .

1.3 Objectives of the'Project'\‘\\ ‘ . o
» ¢

' The general purpose of the Indivfdug}ized Instruction for Data
ACcess project is tc tcach users of Bibliégfaphiq interactive infor-
mation retrieval systems how to search and to assist them in the per-
formance of searches. It is aimed primarily at the\énd\qggy of infor-
mation, rather than the professional intermediary or librarian... The

.

typical prospgective user was characterizgd in the previous section.™ \\\\\\;

Lo . ' 13x= - ) ‘_.
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It is. important to stress that the primary target group is one !
whose members are not-now bibliographic searchers to any important

extent.  Thus, IIDA does not attempt to lure them away from other forms

of bibliographic system usage; it attempts to provide yet another option
for those who wish to becomé users.

Why the concentration on users, rather than intermediaries? First,

a negative answer. It is not beciuse.of “any lack of interest in or
avpreciation for the.role of intermlediary. More positively, it is
because this prospective user group, the true consumers, is a large and .
often unserved one. -We do not forsee any dimunition of the overall role
of intermediaries, however successful IIDA may be. On the contrary, we
see an increase. We believe there is a valid analogy with the compu-
tational use of computers. Prier to the development of FORTRAN in 1957,
programming was almost exclusively in machine or assembly language {a :
language one-for-one with machine language »mmands). Such programming
took much time to learn ard was tedious to carry out. One Tesult was
that virtually all programming was done by professional programmers -
the intermediaries of their day. Often, the problem of communication
between user and programmer surpassed that of the technical design and
.production of the program. The user could not: speak in programming
terms. The programmer did not always understdnd the user's vocabulary
and needs. Result: delay, high cost, frustration. We suggest it is
often so today with bibliographic searching The intermediaries do not
alvays speak the user's language (there are, of course, exceptions).

The user has not the knowledge to. speak in search system vocabulary.
Result: poor communication, poor results, frustration.

FORTRAN and subsequent high-order programming languages made it
possible for people with some technical backgrounds to become program-
mers. Often, they could write their own small programs faster and moré
easily than could a professional, when interpersonal communication
time was considered. Did this replace the professional programmer?

Indeed not. The denand for professional programmers is as wigorous

today as 20 yeard ago.” But professicnal programmers more often work on °
large, more complex projects, the ones that thé partly-skilled user
cannot handle. Furthermore, the partly-skilled user can now talk to the
professional programmer in the latter's language, vastly reducing the
communications problems between them. The user is a better.cuser of
intermediary services than when he was entirely untrained in programming.

So it will be with bibliographic.searching, we feel. When users
have some personal knowledge of the content and mechanics of on-line
systems, theYy will be better able to communicate and use the services "of
an intermediary When the job to be done is simple, they can do it
themselves. > 7
The formal objectives of this prdject are: :

1. To teach searching. This will include tutoring in data
base structure, search strategy, search mechanics.,and the use of
the IIDA system and it will include providing agsistance to users
46 the performance of actual searches. N

2. To demonstrate the validity of the TIDA approach This )
will be done both by evaluating the system in use under test conditions
and_by demonstrating the extent of users of the system, once completed.

3. To imprcve the use of scientific information services.

The successs of IIDA depends not only on making the system work
mechanically, but .on bringing bibliographic information services to .
‘more people.
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4. To make the. system self-supporting. IIDA is a new idea in .
training and it is: experimental in nature. Its success will be S
Yeneficial to the science and technology .community and eventually .

to other fields. It is therefore a proper project for support by .

the National Science Foundation. It is an objective, however,
eventually to make IIDA not only self-supporting, but to bring it
to the point at whith it cdn support additional research in the
field. S .

5. To extend the technique to other applications. Not a
direct part of this project, but-a long term objective of projeet
members is the extension of this training method to othér fields.

Presently, we feel it will become applicable and useful in teachﬁng*j-i

the use of any complex but structured operation done through a
computer, such as the use of packaged computer programs._

1.4 Project Development Plan

To accomplish the objectives set forth above will require a develop--

ment effort lasting several years. The major phases are: (1) Design, -

(2) Implementation, (3) Initial Use, (4) Revision, (5) Extended Use and
(6) Evaluationm. . ) a‘\ ‘

The purpose of ‘the design phase was to produce technical specifi-
cations for the system and a plan for implementing them. This report .

presents the results of that phase and brings it to a conclusion. . i””

>

. The implementation phase will produce the working ‘computer system,
programs, courseware, and evaluative techniqqgs needed to bring the
complete system ‘to real usets. It is the longest and most expensive
phase. Its analogous task in the physical sicence world is construction
of the apparatus.upon which to ‘perform expetiments. To justify the v
“assumption, that IIDA can actually be successfully implemented, a working

model-was constructed during the design phase. This is reported in - -,
Section 5. B - ’
.Following implementation will be a period of closely ﬁbnigored
initial use and formative evaluation. In this phase, actual users who
will be engineering students at Drexel will use the system in conjunc-
tion with routine classroom assignments. It will be important during
this phase to make others aware of the syStém’an its.accomplishments to
- prepare the way. for extended use; in Phase 5. This. can.come about v
through workshops on the system, demonstrations and papers in ptrofes—
'sional ‘journals. Details of this planning will be developed during °
Phases 2, Implementation, and 3, Initial Use.
The fourth phase is called Revision. Based upon feedback from the
initial -user group,. changes will almost certainly be required before the
‘system can be put into broad use., The nature of the changes .to be made
cannot be anticipated, but will fall into the following categories: (1)
content of the tutorial material, (2) diagnostic techniques and inter- .
action with users, (3) mechanical performance such.as computer response
time or reliability, and (4) system coverage -- the specific data bases

4

I4 >

and search seryices taught through. the system.

Uggg}:evisionﬂafter initial use, the system will be vigorously
publicized ‘arid offered, for use.in a wide area. Again, the details will-
be developed in a later phase, but we must address questions of how .
:to gub%@cize? prove the value of the system, price the system, and -

provide supporting servfcgs such as maintenance programming and instruc-

. n »
© o . ’
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'tional services. It is our expectation that the eystem will become
self-supporting during this phase.

Evaluation' is not, in our wew, a single action. We are receiving
some evaluative feedback at this time from use of our model system and’
we will be performing other evaluations during the implementation and
initial use phases. All these, however, are formative evaluations.

They serve primarily to help the systems designers to improve the system

in some respect and to convince prospective users.of the system's

possibilities. Orice TIDA is well into extended usage, it will be

appropriate to perform, or to have an independent organization perform,

an evaluative study of the effectiveness of IIDA in carrying out its

original, primary objective , the teaching and assistance in performing

of bibliographic searching. R
Approximate p;anned timing of the major phases is:

+ Design July 1976 o June 1977
Implementation . - July 1977~ - September 1978
Initial Use October 1978 - June 1979
. Revision October 1978 - September 1979
| _Extended Use Octoter 1979 - Indefinite
' "~ Evaluation 1980 or beyond, (\
1.5 Progress to Date . : K

* The ‘initial grant for Phfse 1 of IIDA was awarded on June 10, 1976 !
to cover a period of approximately twelve months. This is the report of i
that activity. x :

The products of the study are three-fold: a techﬁical design, a
plan for utilizatioh and <valuation, and a working model The, technical
design work falls into two broad areas: design of the instructional
system and" design of the computer and data communications subsystem. ., ’

The instructional subsystem encompasses the' teaching methodology, . '

. design of specific instructional material, design for exercise ‘and
‘assistance modes of operation which provide assistance to users, in .
conduct of actual searches, and diagnostics used to help students under-
stand errors and omissions. This subsystem‘is described in Section 2 of
,this report.

The -computer angd data cgmmunications subsystem {s the _.means of : .
implementing the instructional design. It includes computer hardware,
"software-for the instructional and diagnostic Jprograms and. software. for
the-intricate linking of the IIDA ,computer with the data base computer
It is described in Section 3. . )

The plan for utilization and evaluation (Section 4) describesihow A
Wwe propose*to test the system; evaluate test results and imake plans for
the use of IIDA in real searching environments, whether in a university
or industrial setting. T

The model of the system is a computer program, implemented oh a
PDP-10 computer, that performs a reslistic example of every majo IIDA
function. ‘Such a program was deyeioped. and linked to a data basé system ) ;

using a small file of air pollution bibliographic records. Tests were
run and the data from these’ tests used in’ preparlng the final design.
The model and its use arevdescriLed in Section 5. . LT

-
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;o 2. INSTRUCTIONAL SUBSYSTEM - L - L

A

‘IIDA will offer a range of teaching materials to ithe student, with
no intent that any one student must use all of it.or that it be used
always®in the same sequence, We assume our-users will differ too much' ¢
in prior experience, computer familiarity, knowledge of the data bases
and experience or interest in searching for them all”to start it the

- -same\point and proceed in the-same fashiéon. Hernce, the system will be
- R design d with maximum flexibility for student control of sequencing In_
doing this, we recognize that we ‘incur a certain risk that some people

|

| K
}‘ 2.1 ieaching Methodology
|

will try to work beyond their level of" skill and will/become confuseg in
doing.so. However, completely preventing that wauld require too.much
. controi over students. *y
LIt\would be desirable to be able to set down the exact teaching and . . °
learuing objectives of the IIDA system. Unfortunately, there is no *
accepted statement of what skills are required of a competent searcher.
There simply is no way to make measurements of a student's performance
and pass judgment on whether he has or has not achieved some minimal
level of competence. On the other hand, it is possible to make some
measurements of his performance and to indicate,:in various c¢ategories,
“ . how well he performs in comparison to other students. Over a long -
enough. period, these and similar measurements yet to be devised may ‘° )
_ evolve dnto a true measure of skill in the task. To date, ‘searching : v.
‘remains an art whose success is primarily self-judged: if the user is e
satisfied with results, cost and time, it ,is hard for am impartial ’
observer to intrude and deny the satisfaction of the search, ’ i )
"IIDA's primary task is to perform ih the assistance mode. We
ascribe no pargicular merit to good performance in the tutorial mode if e
. this is not followed by successful performance of actual searches. In |

: other words, a 'grade'“in the tutorial material carries no weight except R
as diagnostic information. ’

i
Theré are three modes of instruction: tutorial, exercise and ‘

assistiance. The terms instructional material or instructional program . '
& . may refer to any of these.. The tutorial mode provides the student back- |

ground. material in the form of cognitive information -- facts about the i
data base and search system The .exercise mode represents the recom~ - | ’
mended starting point for learning performance. When operating.in this | Tt
mode the student will perform’one or more dctual searcHes', generally of ‘
+his own choosing, but under control of the exercise program. He will be '\
restricted in what commands he uses and how he uses them. ' The primary ‘
purposes of the exercise mode are to give the'student some actual prac— f
tice in searching, to get him to try each of the commands at his dig- \
posal and for him to achieve success as early in his training as pos-

sible. The assistance mode permits the .student to work on his own Tt o
. Search in an uninhibited manner. The system's diagnostic facilities are _
. ' available when needed. ' ' I

A
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g - Students will be expected, normally, to work through the tutorial
’ and exercise material as quickly as they can. They may remain in .

, assistance mode as long as they like. There is no requirement that
a student be 'weaned' of dependence on IIDA. We do not expect that
searching through IIDA will cost more than searching without its_aid,
since our primary intended-user group comprises only occasional users,
they are not likely to retain all the details of search mechanics from
time to time. Hence, they may elect ‘always to work through IIDA's ‘

. assistance mode programs:

- * These design decisions en the instructional material were made with
a specific user 'group in mind. To repeat, these are working scientists
and enginzers, o' students in thefe fields. "~ They are not professional

< intermediaries. They are not necessarily the office 'gate keepers' who
function as informal intermediaries. They are ‘not frequent (say one
‘search per month or more) searchers. They are'not uncomfortable with-
computers, although they may be uncomfortable with libraries. We 'do nct
wish to make the claim ‘that this approach to training is-best for all
classes’of users.

.
a 1 . .- » . .
.

¢
’

2.2 Tutorial Material - \Y\} !

Given unlimited time and ‘some way of requiring students ‘to start, ,
‘with the tutorial material and work through all of it before proceeding /
to the exercise and assistance modes, we would prefer to start. with a . g
general appreciation for the literature of the user's field. "If we

d could control the type of data communications terminal he uced, we would
include training on how to use it. However, we cannot make either of
thesey assumptions. Hence, our approach is to teach the minimal mechan—'

. 1cs needed to allow him to by-pass some tutorial material, or all of it,
but to return for more complete training as he begins actual searching
and only then reaiizes that there are some facts he would. like to know
but does not. , . .

Most of the, tutorial courses are, of necessity, specific to a data
base or search service or both. There is sttong sentiment in the pro-
fession for a universal command language, a lingua franca of searching.

We are in sympathy with this feeling but recognize the technical prob-

lems of creating it as too imposing to be subsumed under this project., o
Our intent and obligation, therefore, are to teach the languages and
diata bages that are there .and not tc create new ones.

We'will devote our initial efforts, to teaching students one data
base through one search service. Throughout the implementation phase of
the project we will'restrict ourselves to a single search service.
Sventually, both the number of data bases)taught and the number of
search services taught, should be expanded. In expanding from one to
many search services, itwvmay be possible tp switch to a universal
.language, if developed, to teach each language independently, or to use
the language of our iirst servicé to search the othéers. The last approach °
probably implies some dimunition of service. For- example, there is

3 condiderable diffecence in how the services search for strings or words

. embedded in a text. Using the language of* any one of them to command

“any other of them is likely to reduce the effectiveness of the second

° service. 1In the basic commands, for selecting terms,- combining sets, or
browsing in retrieved redords or a-thesaurus, there is little differenceé
among the major languages.

PR
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- ’ . All of the foregoing material is administered as donventional - v
g computer assisted instruction. Records of student performance. may be
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The following are "the 'courses' that will be produced for the first >

implementation of the full IIDA svstem: b

o The search service to be used is DIALOG, offered by Lockheed

Missiles and Space Company. The data base will be Compendex, offered by

the Engineering Index, Inc. Each of these organizations will partici~

. ., Pate in the design of teaching materials relevant to their own product. g

Below are the courses that will be produced for the first imple-. '

wentation of the full I1DA system. More complete course descriptions

- ~are found in Appendix A. .

‘Structure of Compendex. This course covers material in the file,

the method of indexing and abstracting, the structyre of the biblio-

¢

graphic record. As the first course in data base structure, this will °
: cover what is meant by data. base structure as well as giving information
about Compendex.’ .

Search mechanics. This course will teach the DIALOG command
language. “Insofar as it is necessary or desirable to customize the
° ' course for the data base being taught, it will emphasize searching of
Compendex. The course will cover all commands available through DIALOG
and primarily teaches the syntax of commands and the results the com-
mands produce. This course will be in two parts, teaching first a -
subset .of the 1anguage, then the remainder of the commands. ~
Search strategy.- This course emphasizes how commands should be
used, rather than what results each one produces. It teaches the
° Studerit how to view his search as a goal-oriented task that: raquires \
preparation ‘and planning and for which some prograss measures are pos- -
+ sible. To the greatest extent. possible, this will be taught indepen- .- . -~
dently of the specific search.service or data base in use. Probably
xstudents will take this cpurse after having done some _searching.
IIDA diagpostics This course’ reviews the diagnostic facilities _
available to the student user of IIDA. _This course, too, might be more
- profitably taken after the student has had some actual searching ex-
.'perience. ¢ A clear distinction must be drawn in this course, between
IIDA diagnostics- and those provided by the search service, so the
student will be able to work independently if he chooses-to begin
searching without IIDA assistance..

. would the results,of thjis part of the instruction ever be reported to an
' instructor who is grading student performance in searching as part of

v

stored but there is no meaning imputed to performance at this level, nor }
some other effort, such' as prepariné a term paper.
|
|
|

2.3 - Exercise Mode .
The purposes of the exercise mode are to: (1) introduce the.begin--

ning student to actual searching, (2) virtually guarantee sucgess in at

least a simple search ‘and (3) have_ the student experience the use of

each of the commands available to him Although the exercise mode

program permits the student to define his own search, it i# still an

instructional program. The student's attention is focussed on how to

use commands rathér than on the completion of a search. Students re-

turning to IIDA after a prolonged absence might use thiu exercise as a-

refresher training course. In either case the student'muat be aware

that this course is not intended to conduct a search in the fastest

possible way -~ that it is primarily trying to teach him the use of the =

commands. N

- LU . .
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The exercise will be ‘divided into three parts: (1) a minimal,
'canned' search involving the use of only a few commands, to enable the
student to see-quickly how a complete search is done and to give him the
feeling of having stepped successfully through the: entirety of the
process, (2) a full exercise using only a subset of the command language
to enable him_to learn the basic commands in a practical context without
getting bogged dowm in too many commands, and, (3) a full-exércise in-
volving allycommanas in the repertoire. The last of these might be made
optional. .- ‘ " '
2.3.1 The general design of an exercise @

The exercises are designed to provide a transition from the tu~ -
torial format to the search format. An exercise resembles a ‘search
although,it is designed to be a teaching tool, not a searching device.
Part of the objective of an exercise especially the minimal exercise,
is td give the gtudent a feeling of agcomplishment by getting him
through -a search as quickly and pdinlessly as possible.

In appearance, the three levels of exercise all mimic a rea1

-
LY

'search. Behind this appearance of freedqm to search at ‘'will are the

resources of the diagnostic programs.- At each level of the”exercise-

diagnostic programs are functioning. The’ /HELP function 1is ava able to

the ‘student at all levels of the exercise This function can be* called

"by the student wheneve’ he feels the néded for assistance (details are

given in 2.4). The perfogpance analysis routine (PAR) is.alert to™ '
unsatisfactpry trends of Student input and calls the /HELP function .for
the student when’deemed necessary. Details of the PAR areAgiven in
2.6.3.

The exercises introduce search language and Bearchﬂstrategy in
stepwise fashion Each exercise is complete and. self-contained.- At any
time the student can prbceed to the assistance mode where the purpose is
searching not teaching, and the program becomes transparent except when
/HELP is called. Program control becomes less visible as student search
skills improve The program structure’of the exercises is discussed in
3.2. - -

The apparent structure of the exercisds is based on what little
information is available on real-world searching. That information
spggests that searching can bé regarded as a series of phases or states
(see 1.2). These.are: thesaurus search-and set -formation, logicai

,combination of sets, and print of retrieved citationms. The DIALOG *
search language commands that belong to each phase are} '

Phase 1. SELECT and EXPAND, -the’latter-used both to display
alphabetically related terms and ‘terms related in meaning.
Phase 2. COMBINE, in varying forms and, formats, and SELECT
when used with multiple descriptors.
Phase 3. PRINT. ) 'Y
These phases are not strictly serial in thée real world, nor are
théy'completely clear cut. However, it was decided to structure the
exercise mode along the lines of the three phase search so that some
structure could be imposed for teaching purposes. : v
The student {s required to start in Phase 1 and to yse all of the
search commands associated with thesaurus searching and -set formation.
The formats of" SELECT and EXPAND vary with the level of the exercise. -
When the student has successfully tried all of these commands and
wishes to continue to Phase 2, he is informed that he is now able to -use
only Phase 2 commands. The formats and exact commands vary with the

231
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level of ‘the ,exercise. These include the COMBINE coémand to form.sets
by logical combinations of previously created sets and the SELECT in its
text search form, allowing multi-descriptor commands. Again, use of
phase 2 commands is required before the student can proceed to phase 3.

We recognize the flexibility of on-line searching as being one of
its major benefits, so in all but the minimal exergise, branching
possibilities are presented when the student finiches phase 2, and can
go on to 3 or-back to 1. A menu is provided to choose from, althaugh
the choices are no different from those choices available .at any time to
an on-line searcher The choices presented allow the student to pass
back to another phase, to-continue to' the next phase, or to ask ‘for
help. The requirement of choosiug which phase he wishes to be in works
to emphasizé‘the planning required- in s°arching

* If the. student chooses to go back'to a phase already experienced,
the controls on the required use of each command .arg relaxed. The
commands belonging to each phase must still be uged together, i.e. he
must finish using the single-descriptor SELECT before using COMBINE
which is in another phase. However,-it is no longer necessary to use
all command types in ‘a phase. ..

If the.student elects to proceed withk printing citations from sets
already formed, a relevance judgement is required after éach citation is
printed. We are stressing the importance of self-evaludtion of the
results of a search. “

After viewing some citations,; another branchlng point is rezchéd.
The student can return to phase 1 or phase 2, he can declare himself
done with the search, or he can request /HELP. If he declares himself
done, he is asked to evaluate the citations retrieved to emphasize again
the need for' searcher evaiuation of results -

2.3.2 Implementation of the exercise mode
4. Minimal exercise. This-exercise is intended as a bridge from
the question-answer format of the tutorial material to the command
format of an actual search and to’'get the student through a complete
search as quickly and painléssly as possible. To iliustrate the entire
search process from beginning to.end, a short search is laid out for the
student in the minimal exercise. The student does the actual input of
commands in the order of a real search, but the‘'commands, descriptors
and order of input are all.prescribed by the program.
The commands available in the minimal exercise are- . O
’ SELECT using a descriptor
_COMBINE using AND(*) logic and “two set numbers
" PRINT using thé format 2, which .shows bibliographic inf orma-
tion as well as indexing data. Format 5 of the PRINT command is
. explained as including format 2 plus tt : abstract, but its u3e is
fiot required. - ‘e
The minimal exercise 1is patterned after the first search taught by
the National Library of Medicine's MEDLEARN system.
* 2. The subset exercise The subset exercise allows "the student

" more freedom in searching, more commands to search with, and mor:

strategy for searching. The student picks his own search topic. The
concept of search 'phases is introduced in this exercise as a .structure
fof ‘the student to hang his commands on. The three phases of delecting

. terms, combining.sets, and printing citatidns are required to be used in

this order to familiarize the student with all the phases and to allow
the student to see _that the phase structure really 1eads to a productive
search. .
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The commands available in the subset exercise include those avail-
able in the minimal exercise with the addition of EXPAND. The SELECT . -
command will b usable with. a reference number from an EXPAND display as
well as with a descriptor, but text searching will still not be allowed.
The .COMBINE command can be used with AND, OR. and NOT logic. . Two new
print formats, 1 and 6 are introduced allowing for printing of only
accession numbgers and of titles with accession numbers. The program
controls when the commands may be used and.requires the use of all the
commands available.

In keeping with the attempt to simulate an interactive search,
branching is possible within this exercise. When phase 2 is completed[
the searcher may recurn to phase 1. When all three phases have been
experienced, the searcher is free to use the phases in any order.

3. The full command language exercise. With the full exercise,'“
thersearch language is completely presented Sophisticated search o,
‘techniques such as full text gearching are made available and an attempt
to use eagch’of them'is required. The,phase structure of the search is
maintained” until all, phases have been utilized once, then the sedrcher
is free to move from phase, to phase. The control over the search is
still divided as in the subset exercise. The student chooses the
subJect and the descriptors, while the order in which the commands may
be entered and the required tse of all thé commands are under the ‘con~
_trol of the exercise.

<

.. 2:4 SEudent Controls and /HELP

The IIDA system provides several student controls which may be ‘
exercised any. time the system expects an input. Their purpese is to
 secure assistance in searching, permit control over program sequence,,
and allow communication to°other terminals. All of the commands begin
with a’slash (/) to clearly distinguish them from DIALOG commands. The
commands are /HELP, /GOTO /QUiT, /SEND /DONE and /MORE.

2.4.1 /HELP

The /HELP command calls an -assistance program that operates in
conjunction with the exercise and assistance .modes. 1Its purpose is to
present descriptions of search and system- commands and specific infor-
mation on the search in progress. In its first aspect, /HELP can be
used tc review the format and purpose of all legal search and system
commands, and thus may be used in lieu of much of the tutorial material
by computer-experienced students. In its second aspect, /HELP provides
data on the search in progress and tries to elicit ideas from the
student on problem identification and solution.

In response to the' /HELP command, a menu of types of help is .
printed. The searcher picks which type is most appropriate to his
needs. The help menu includes the following: «

1. Definition of search commands. The purpose and format of '

all available search commands can be reviewed, one at a
time .
2. Deflnition of system (/) controls. The purpose and format
of all system controls can be 1eViewed dge~at a time. »
3.  Commands and search phase .review. \ All valid commands used
iA the search so far are printed with the associated descriptor
in the order entered. Additional data 1s provided on phases
_associated with the commands. ' .ot
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4. Review of sets created. The set§ created so far are presented’
in tabular form with.set number, number of &tems in the set,
aud creating command. If the command was a COMBINE, the
constituent sets of the COMBINE command are translated into .
their definitions in terms of descriptors.

5. Review of sets already viewed. Sets viewed through the use,
of the PRINT command are reviewed in a tablée which shows the
total nuiber of records in the set, the range of records

; viewed, the format and the average relevance assigned to the
range when viewed. If more than one range of records has
been viewed for any set, each is shown.

6. Review of descriptors used. All descriptors used so far in
the search are listed together with the type of command of
which they were the argument.

2.4.2 /GoTO
The ma. major use of /GOTO is in the exercise' mode where,the command
may be-entered only: after -having passed tHrough all -three phases at
least’ once. The /GOTO command must be followed by the number 13 2 or 3 -
which indicates: -
/GOTO phase 1 (that part of the course where SELECL and EXPAND

may. be ‘entered).

/GOTV phase 2 (that part of ‘the course whére COMBINE and commands

of similar effect may be entered). . - -
/GOTO phdseé 3 (that part of the course where PRINT commands may be ¥
entered. N

© In the assistance mode, /GOTO is meaningful only as a memory‘aid

since the system has no control over search sequence.. In this case, a
prompting message would be returned reviewing which ‘commands belong. to
the phase requested.

~

2.4.3 gUI ‘ ' :

The /QUIT command terminates the operation of the IIDA program:
All data about the search is cleared and conttol is returned to a
reception program which offers the options of logging off or logging in
to any IIDA program including the one just left. Users may /QUIT
temporarily, in which case all results are saved until the search is
Tesumed.

2 4.4 /SEVD

The /SEND command initiates a communication procedure enabling the
student to send a message to the proctor (2.7.4).
2.4.5 /DONE

The /DONE command denotes the'" completion of a phase or completion
of a use of /HELP

; \

2.4.6 /MORE

The /MORE command is a signal by the student of interest in further
information ~n the subject under discussion. /MORE can be used only
when listed as a possible response.

¥
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‘analyses which are not performed after each command in the interest of .

‘ 2.5 Assistance Mode e

The objective of the assistance mode of IIDA is to enable students
to perform actual searches of their own choosing, in their ownemanner, N
while being provided assistance whenever needed. Unlike the exefcise
mode, assistance mode allows the student to use -any search commands in

 any sequence. He is not constrained by search phases and need not make

use of all the commands if he elects not to. The assistance mode "pro-

grams monitor the student’s performance’ and are readvy to respond with
diagnostic or other assistance whenever needed Need is dete¥mineéd N
either by the student or the program. The studcnt can invoké asgistance

with the command /HELP or, if the program determines that his performance
indicates any of a variety of error .patterns or lack of progress toward

~a successful conclusion, the program can invoke the /HELP facili*ies

itself. )
We are again constrained by the lack of formal definitiom of how to
proceed in a search. If there were an algorithm by)ahich IIDA could
determine exactly what the student should do next, presumably it could’
do it for him. Thus, we are dependent upon a_set, of empirically and
intuitively derived diagnostic procedures. The intuition however, is
guided by extensive experience in teaching new users how to search and
in observing the-kinds of errors and- misunderstandings that drise.. One
of the long term outgrowths of this prOJect, we hope, will-be a defin-
itive study of the measurement of progress of a search, or. of degree of
success, of of some related measure.

The assistance mode is the heart of the IIDA system. It is not.

‘ primarily a tutorial program. The student's attention is intended to be
focussed on achieving his search objective, not search mechanics. The

system shouId intrude as little as possible, consistent with its objecg

tive of helping the student when he needs help. The various threshoids«

to be used to decide when.the system will intrude will have_to ‘be

adjusted with experience, as we learn both how much help students need

and how much intrusion they will tolerate, as well as how much frustra-

tion they will tolerate without active help: from the system. )
; * Mechanically, the assistance mode is. sippler than the exercise n
mede. It does not control choice of command or phase of -search. It ¥
does, however, make use 'of 4 performance analysis.routine.(PAR) which

" determines wigen td interrupt a student. This prograp is based upon

analysis of the student hﬂstory data maintained for, and used by, the ,
/HELP program. The _performance ‘analysis routine is described in more
detail in Sectién 2.6.3 and 3.3.4. ¢

In general, the assistance mode program will allow the student to
use any command he desires. Syntax errors, oceurring singly, can be
corrected. as quickly as the student can be made to understand his error
and re-enter his command. S The 'PAR will perform a series of threshold
checks after each student inpu* of a command. When PAR determines the
likelihood 6f a serious problem, it triggers a series of.more detailed.

saving time. When PAR determines the'nature of the student's problem,
it informs him'and provides the appropriate diagnostic data, then offers
other diagnostic assistance through /HELP. Thus, the assistance mode
program is primarily a data recorder, augmented by PAR and /HELP.

‘When the student 1dgs onto the IIDA system the ground rules are
briefly discussed: any subject covered by the data base may be searched,
any commands in any order may be used, assistance is available on call

3
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by use of /HELP and assistance will be provided if IIDA reels the searcu
is nof progressing as it shouid.
\ The student is asked to indicate whether his search objective is to
retrieve a few very pertinent citations (1-10), a short biblibgraphy on
his topic (10-25 citations), or an in-depth bibliography of the contents .
of the data base on the subject of the search (more than 25 citations). ‘ s 79
It will be pointed out that the student -1s in no way bound to this, C -~
choice. The data is used to make the performance analysis routine . _j
function more adequately by having-an idea of the student's quantitative
goal for the search. The methods for searching for these three types of
! result could differ, a fact which could be confirmed by.the way in whiqh'
students use the system. Ir any case, thé projected result ox the .
. search is of use in the PAR calculations. ’ :
R Following -this interchange with the student, the prbgram disappears ' P:/
—~from the student's point of view. The reappearance of the program is :
conditional on the needs of the student. If.he feels no need for assis1*
' tance, he may never ccll the /HELP routine. However, the PAR continues
\ to monitor his search. The PAR operates by checking thresholds as -
" explained in 2.6.3. Each student input is checked against these thresh-
olds. Since the number of thresholds has purposely bezn kept to a
) minimum, there should be no effect on search time as far as the student ’
, can tell. TIf the PAR discovers that a threshold has been crossed, an « . b
. in-depth analysis of the area monitored by the threshold is-initiated:
oo At this point, the student i§ notified that the search may be going less R
well than it could. The PAR in~depth routines are capable of locating
problem areas but not in all cases suggesting remedies. The problem is -
: presented to the student and his own analysis is invited (for details
I see 2.6.3 and 3.3.4). T .
When the student and the program are satisfied that the direction
of the search has been reconsidered, the student is returned to the ~
search. Possibly a short review of his most recent searching activity
before the PAR was invo is provided. This is dependent on the type ..
of assistance needed whef#the PAR is called.

2.6 Diagnostics

The general IIDA approach to diagnostics consists of: (1)- re-
cognition of syntactic errors in commands entered by the student, (2)
detection of procedural errors (these are violations of rules imposed °
for pedagogical purposes only), and (3) *ecording and analysis of | v
patterns of usage.

Search serwices are normally quite 1aconic in responding to syntax
errors in commands. A typical response is 'Invalid command,’ which . . 7
gives the student little to work with when he tries to understand in ’ ’
what way his command was)invalid and what he has towdo about it. The
R opposite extreme in syntatic analysis is to try to pin-point an error

using as evidence only the user's input, not his intentions. Here is a
typical example. Suppose. the user has entered the search statement.

-

SELECTION ‘e . B

[4 “ a

This could have either of the followingﬂmeanings
’ SELECT ION '

S ELECTION ('S' being the valid DIALOG abbre~

viation for SELECT) : -

"ERIC | 2y L
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or he may have meant but omitted to prefix a command abbreviation to
give : . s .
¥ ”S SELECTION toe o v
+ ror e  .E SELECTION ©o
Given only the charactér string SELECTION, there is mo way a programa
can tell what was® intended. An attempt to do so may be more misleading

than the unhelpful "invalid command." For example, treating it as
SELECT ION (nhich DIALOG does) returns a‘set number, count, and descrip-
tion which can be quite confusing if "E SELECTION" was the intent.
Hence, our objective is to give more information than-merely that
an' error vas made but‘to try to avoid being misleadingly specific about
the tause. IIDA performs “*s own parsing’ of user commands for two
reasons., ‘First, it stores data about the nature of erroxs made for
later analysis. Second, some parsiug is mscessary in the concentrator
program (See Section 3.6.4). Since the work has to be done, all useful
information might ag well be extracted at one time. - !
Procedural errors are encountered only in the exercisé mode of

. 1IDA, “which restricts the etudent to use of certain commands at certain

times, requiring .that he use only those commands authorized during any
given .phase of. a search. ' He cannot, for example use a print .command in
phasetl. Detection of procedural errors is a simple matter of looking

- up each incoming command.in a “list. The list to Be searched is a func-

tion ofwthe phase of .the search.
.Analysis of patterns. of’usage constitutes the bulk of the diagnos-
tic work of IIDA.- This analysis is performed at four levels: (1)

of data’elements, (3) threshold ¢h
performance

ing, and (4) overall assessment of

. collecting basic performance dataéﬁ;zm each student, (2) microanalyses

e Al 4
2.6. 1 Diagnostic data .

! The most fundamental data o be recorded is a simple record of the
commands entered by the student and the responses to these sent from the
data base proceseor To this'is added the results of some of the
microanalyses. The data are classified as to purpgse and recorded in
the various history files. Each file represents a record of student
perform.nce from a different point’ of view and they are somewhat re-
dundant with each other. +The purppse of this organization is to enable
the student,. proctor, or diagnostié program view the student's per-
formance from different perspectives. : Sope tudents may prefer to
review cheir own-work in terms of sets created. Others may prefer to
seée the séquence of commands issued. Still others,may be concerned only
with the records retrieved.

This diagnostic-data is available to the searcher in response to
the /HELF command and 1s available .to be used by the PAR. The PAR uses
this data to decide whether a problem situation has arisen and uses the
daca again to present the problem to the student and to help the student
resclve the problem.

The eight types of data to be maintained are: , (1) command history
(2) set histbry (3) sets viewed hiscory (4) descriptors used history (5)

}y error history (6) /HELP history (7) records viewed history (8) expa.ded’
" index data. Typicdl examples of the kinds of data maintained are listed

here, for detailed information on contents and maintenance of data files

Ph see 3.5. \\
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1. Command history
Text of commands

: " Search phase for commands .
Command type code =~ 3 i
Time data ) . §

N

. B 2. Set history .

' Set number ’ g )
Type of command creating set - ’
Number of items in set .
Expansion of set descriptiun f01 those sets defined in

. terms of other set numbers, the numbers being replaced

’ ] by the descriptors generating the original set.
Cluster number (see 2.6.2)

3. Sets viewed history | o7 .
Set number ’
Which records of set viewed
Format in which viewed
Relevance of records-

4, Descriptors used history ° .
N Text ‘of descriptor
- Number of times used as argument to SELECT, EXPAND, COMBINE .
4 Number of records indexed under it °
* Number of related terms

. 5. Error history - N -
Text of error ’
Code for type of error

. 6. /HELP history
- Number of times each kind of.help used
" Location of /HELP call in search

7. Records viewed hi.tory

Record accession number

Set from which record came

Record number .in that set ] .

Formét in which viewed \ i
Relevance assigned at that viewing \
¥ Above 1is replicated for each time record viewed, whether
) as member of same or different set. : : e
. 3. Expanded index data ' - S

First and last terms in every EXPAND table generated in
this szarch (used to be able to tell whether any given
descriptor descriptor was seen in an EXPAND table).

Files 1-4\or perhaps .5 will be available to the-searcher through
the /HELP command. All of the files are used by the PAR for diagnostic
purposes.

-
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2 6.2 Microanalyses

s

i

The microanalytic programs are those needed to produce the elements

of the history files which are not mere 11sting of student or DBP inpats‘\\\\\\\\

The following programs arg required.

1. Command parser. Purpose: to Verify that student commands are
syntactically correct and procedurally 'acceptable. " Functioning: the
program is given a list of expected elements by the instructional pro-
gram that calls or invokes the parser (i.e. by the tutorial, exercise or
assistant program). The calling program might speciiy that any of a set
of commands is acceptable, with any legal argument (as a SELECT or
EXPAND command with any descriptor). The parser determines if the
required conditions are met and, if not, records the defects. The
parser than converses with the student, informing him of the nature of
the error and eliciting from him a, new response (i.e. new command).
Responsibility rests with the parser to get a correct command from the
student. The parser maintains a record of errors made. See Section
3.3.1 for more detail.

2. Phase detector. Purpose: to determine in what phaseiof a
search the student is working, recognizing that there are,not neces-
sarily sharp lines of demarcation between phases once beyond the ex-
ercise mode. (This program is of use only in assistance mode: the
exercise mode controls the student's phase for him). Eunctioning: The
problem is this: given a string of commands, there are embedded within
it sequences of "like" commands, i.e. commands all Lelonging to a given
phase. , The difficulty is that these sequences may not be pure, there
may be a phase 2 command amid the' phase 1's. The phase detector must be
able to recognize one or a small number of out-of~phase commands in a
seque..ce as not necessarily breaking the sequence. For example the
sequence 1112222233 clearly divides into discrete phases. In the |
sequen:e 11121122 we might say that all of 111211 is- from phase 1, in
spite of an out of phase command.

' 3. Set description e;pansion Purpose: to assist the student by
displaying descriptions of sets he has created previously in terms of
descriptors rather than set numbers. Functioning: 'A record is kept of
the argument of each command which creates a new set. When a COMBINE
command is added to the data file, the set numbers used as the argument
are traced back to the command which created each of the sets. 1If the
argument to that command is—another group of set numbers, they are
traced back ‘to their creating commands. At some point, the creating
command will be a SELECT command. The argument of that command will
replace the set number in the déscription of the command using that set
number. The descriptors replace set numbers up to tHe command which
initiated the trace. The COMBINE argument with elementary set numbers
and the argument with terms replacing set numbers are both stored for
each set formed with a COMBINE command. .

4. Set description clustering. Purpose: As complex sets are
created out of elemental sets (those defined by a single descriptor),
some of these new sets will closely resemble others in composition and
some not. The clustering algorithm will relate together those sets that
use 'similar' descriptors in the!r definitions. It detects the point at
which a student departs from work on a previous cluster and begind a new
one and ,it measures the relationships among clusters. Functioning: A
measure of similarity S(i,j) is used to compare the most recent command
(C4) with a previous one (C;). If the measure of similarity is high
enough, the new command is 1nc1uded in the same cluster as the previous

RY
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one. Iftpot, a new cluster is created. Relations between clusters are
measured by links. A link exists between two clusters if a command in
one cluster Has a high similarity measure to a command in another cluster.
The measure between the clusters is the rumbe* of such links. Infor-
mation on the:point at which a .student makes “the transition to a new
cluster and the relationship among clusters is provided to the performance
analysis program. Thé clustering program is described in more detail in
Section 3.3.1. . ' Lo

5. Descriptor viewing status. Pucpose: ‘this program. will de-

" termine whether a given descriptdor bas ever been seen by the student,

during ‘this séarch, as part of an EXPAND display, irrespective of

" whether it was the search term in ‘the display request or merely .appeared

~

in response to a search on another term. The program will -make a dis- -
tinction between being viewed in an EXPAND [term] display or a sub-
sequent EXPAND display showing related terms, rather than alphabetical
neighbors -of the search term. Functioning: When a command has been
identified as EXPAND [term] in the process of updating the data file,.
the firy’ and last terms of the table generated are recorded on the
expanded index data file, in alphabetical order by first term. Whenk~
requested, thé descriptor viewing status program checks the expanded
index data file to see if the term in question falls between any of the
pairs of terms listed there.

Some of these- analytical programs can consume significant -amounts
of computer time. It is necessary, therefore, to carefully ration the-
frequency with which they aré run. A clustering algorithm, for exam- ‘
ple, may be run only when the set history display is requested as part
of /HELP. It probably- (subject to timing estimates when actually pro-
grammed) should not be run after each command.

, U

2.6.3 Performance analysis
The performance analysis routine (PAR) operates in conjunction with

" the assistance mode of IIDA. Its purpose is to detect difgiculties or

problems in the conduct of a search that might lead to failure. It does
not, look for specific syntactic or procedural errors. It looks for
adverse trends. A well trained, highly perceptive student could operate
without PAR, because he would be able to.detect his own difficulties and
sufimon the diagnostic facilities of JHELP to get specific information
and ideas on proceeding. PAR is intended to make that initial decision
for the student -- the decision to call for /HELP.

, In order to avoid excessive delays in responding to students, it is,
necessary to avoid lengthy calculations or processes following each
student input. The approach to be taken, therefore, will be to have the
PAR make some rapid checks to SBee if there are any indications of prob-
lems 'and then to make detailed analyses only when the preliminary checks
so indicate.

w1 PreliminagzﬁAnalyqis There are five preliminary analysis
subroutines which are used to make rapid checks of student performance.
These are: (1) phase and cluster analysis, (2) zero set formation, (3)
use of extraneous and redundant commands, (&) use of '/HELP and delays in
responding,. and (5) . error analysis. The purpose of each subroutine is
to quickly chteck one or more threshold values to determine if there is
an* indication of a serious problem. Since these checks are run after
each student command, only.a limited amount of time can be devoted to
them if we are not to delay the student excessivelv. The exact thresh-
old values can only be determined on the basis of experience. In the
remainder of this discussion values are occasionally mentioned but

t
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these are illustrative only -+ 1all are subject to change Upon detec- )
tion of a .possible serious error, more detailed=ana1ytic programs are - -
called and it is these that develop the data“ presented to the student in
discussions of errors with him.
! ’ Threshold values-may vary with the student's progression through av
search. During the first few commands, thresholds may be set quite low,
‘because too many, errors here may indicate an unprepared student who is
likely to produce only chaos if allowed to-proceed.. On the-other hand,
o once he gets successfully underway, the thresholds can’ be relaxed to
permit him an occasional error .or an unsuccessful excursion into some
particular subsearch. 1If the total number of commands issued exceeds
some number (which will be based on our own ‘and others' experience in-
monitoring searches) the thresholds may again be 1owered on the assump-
i ’ tion that the student is unable to bring the search to'a conclusion dnd
) " will need help®in doing so. We use. theﬁterm convergence to indicate
that the number of elements in‘a series of similarly-defined sets
e (cluster) is tending toward a number consistent with the student's
initial search goal. Failure to converge may indicate that the student
searcher is’trying to be overmeticulous or is expecting the system to N
produce results’it is not capable of. We" Use the term- thrashing to s
indicate the opposite behavior of excessive concern with one set: a .
‘rapid switching from one set definition to another, ‘dissimilar one, '
- without taking the time to adequately explore the earlier possibilities.
Preliminary analysis is concerned with spotting either of thesé trends.
The five preliminary analysis subroutines are described below. ™ s

. i

1. Phase and clusgter analysis.
- . Together, these provide a quick analysis-of the overall.
: trend of a search. They can detect failure to converge as well as-
- thrashing, in checking such values as: number of clusteérs formed,
number of commands issued per cluster, number of commands per -~
phase, number of phase changes, number of records,per set within a
cluster (i.e., tendency to converge within a cluster).

<4

e

2. Zero set formation.

A zero.set’‘is one with no records in it. While zero sets
are not always an indication of error, as in fine grain searching -
of patent files, an "excessive'" number is an ‘error indicationm. A
student will be able to inform IIDA that his zero sets were inten-
tional or knowing, not the result of error. However, the zero set
schecks can be valuable in detecting misuse of commands, lack of-
understariding of boolean logic or attempts to be overspecific in
’ , ' set description ] . ,

",
s

“ .3. Extraneous and redundant commands. Ct e
» . Except for commands such as PRINT or DISPLAY SETS, any . N
) repetition of a command within a search is normally unnecessary.
In a lengthy search it is not necessarily a serious problem, but
) over-repetition, especially the immediate repetition of ‘a command,
can indicate lack of understanding of the commands or of how to usé
1IDA's or DIALOG's facilities for reviewing past performance. A
* not uncommon ‘error among beginners is simply to repeat a command
) that has led to an unwanted result, or to repeat a command that,
because of communication delay or machine overload, has not yet
been responded to. An éexample of an extraneous command is a SELECT

.
°
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w7 (descriptor) which produces a non-zero»éet but whose resulting set
. is nonetheless never used. Again as an occa"ional thing this is
" mno problem, but if done too much it is an indication of iack of
planning on the part of the student.

, o - ‘ 4. /HELP and delay analysis.
o : [HELP and time use, %hen excessive, are indicators of
Y searcher .problems. . Thresholds here are the number of calls for

/HELP compdred to the-total number of commands, amount of time
spent in /HELP. and the amount tof time between -commands. When more
time is spent using /HELP then doing searching, the student should

. probably go back to the tutorial material. In-depth analysis of
the data #n' /HELP. use will allow a reasonably accurate assessment
of the kind of tutorial material néeded by the student or perhaps

' recommend that the student call the proctor. Excessive time between
commands can indicate that the student is unsure of what to do v o-
next, ‘of that he is being distracted.

-
f

5. Error analysis. .
s ' Error 'analysis examines the number of syntactic or pro-
cedural errors and computes the total number of errors in the
. search, and the total per last n commands issuéd. Early in the
) 'search, the threshold will be set low and any repetition of an
error will draw comment. Later, the threshold will be raised. It
is the command parser that detects’ errors "and conducts the initial
conversation with the student about them. But the parser is limited
" to trying to get the error corrected. Error analysis becomes
-7 concerned when patterns of error repetition are detected.

R 2. Detailed analysis. Whenever a threshold is crossed, detailed,
! in-depth analyses are called. Whenever the detailed analysis program is
called, some negotiation with the student will. follow. The purpose of
- the detailed analysis is then to provide the detail for this convez-
sation. The kinds of analyses performed are described below. B

~

1. Phase and cluster analysis. ' <
The detailed version of this program is given the com-
‘plete history of the search and data on the related thresholds
‘exceeded. If far enough into the search, measures of relatedness .
among clusters are computed and this data used to indicate the
pattern of the student' s use or lack of use of results of early )
clusters in forming later ones. The student will be asked to' ’
indicate, im natural language, why he has taken the coursesof
action he has. This information serves two purposes: - it:makes him
* think carefully about what he was doing,and, when read and analyzed
by the proctor, provides information about ‘student behavior that
wight not be available from_the programmed calculations,

- ) L2 Zero set analysis.
2t . This time a fine grained analysis is made of ,all zero
sets, the command types and the search- logic that led fo them. If
there is a pattern, the student is so informed (e.g. excessive /
number of ANDs in a COMBINE cbmmand) If a single-descriptor
SELECT results in a zero set, a check will be made on whether that
descriptor has appeared on an ?XPAND display. The student wili be




‘formulate his solution to the problem and indicate’to the program vhen .

student's strategy. The student evaluates his se ; makes the changes
- he desires and goes back to hii’;;arghl,—/*””’ﬁar‘
In the -case of the student o has no idea of how to proceed, the _

N ‘
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reminded that he might have checked the term, that he seems to' be
developing a pattern of use of unchecked terms. He will also be
given a list of the nupber of terms on a display centered on his
zero-set descriptors that have m out of n letters in _common.* For
example, if he uses SELECT COMPUTABILITY and gets a Zero set, IIDA
will see if the term COMPUTABILITY had been seen by this student on
any EXPAND table. -Jf not, the program issues an EXPAND COMPUTABILITY

- and counts the number of words appearing on the resultant table .- i
that have a given fraction of its letters in common with the search
term Clearly, letters in ‘common do not imply equality of meaning,
but the student will make that decision.

3

3. Extraneous and redundant commands. ) -
This program classifies and sorts the extraneous or re-: , °
dundant commands. For example, it will point out repeated adjacent
commands, failuré to use ‘the results of a particular type command, i
excessive use of a type commang; etc. |
4. /HELP and delay analysis. Data produced herein is for the .
proctor, not the student. If a student is- using /ﬁﬁLP excessively
or ‘taking an unusual amount of time between commands, it will
probably- do no, good to have the computer nag him about it. Data
will be sent to the proctor who should then do his own analysis of
the situation and communicate with the student " Data given to the
proctor will include analysis of how and how often /HELP is used
and in’what situations, if any pattern can be found.

e 5. Error analzsis. The preliminary error analysis program
merely counts errors. The detailed dnalysis program classifies -
them and presents the resuit to the student.

3. Result of use. When a threshold has -been crossed and the in-~
depth analysis has been run, the next step is negotiation with the
student. The PAR is designed primarily to detect trends, not to de~
terminé the cause of errors, so the information from the in-depth
analysis on which PAR based its decision is presented to the student or —
proctor for determinaticn of cause. <Some alternative remedies may be
presented, depe..ding on the problem. The student is then directed to

he is satisfied. It is at this point that the student can tell the z'””’/f_
program that what the PAR has detected is not an erZ;E:’EEE,PaE of the ;

options of calling foFf further data and assistance from /HELP or calling
the procto{ are always open. PAR will be helpful and non-threatening to.
the student. It is not a panacea, however, nor is any attempt made for
it to recognize every type of problem. It would hardly be cost effec-
tive even to tryk so long as.a proctor is available and his involvement
costs little.

'
\ 8

2.6.4 Measuring performance B
We have previously made the point that we cannot measure the ac-

quired searching skill of a student in any absolute sense. There is no

numerically defined measure of how well one searches, hence no way to
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measure the degree to which any givén individual has progressed toward

that goal However, there are some medsures that can be made of the
relative performance of students by comparison with one another. It is
important not to attempt to use such figures to assign grades to stu-
dents or -to megsure on-the-job perfcrmance in industry. The measures

.can be meaningfuily used to gain insight into aggregate student per-

formances, sequencing of training material, and value of diagnostics
The following kinds of measures can be made.

1. Performance in tutorial matérial. A record will be kept of the
courses taken by each student and the sequence in which they are taken.
Performance can be measured by recording right and wrcug answers to
questions. ' It should be noted that we have often written that IIDA does
not involve the concept of 'right' and wrong answers, but that applies
to exercise and assistance modes. The tutorial materiz]l is not ‘to be
written to serve as a test of knowledge or skill and it is important to
realize this. However, knowing what kinds of errors students make is of
some value in assessing how well they have mastered the material and
where the tutorial material is weakest. . .

2. Performance in exercise mode. Records maintained here should
indicate the kinds of errors detected and the manner of using the /HELP
facilities. The exercise mode program will offer three levels of in-
struction: a very brief search designed to assure that the student can
successfully negotiate it, a search using a minimally useful subset of
commands, and a search using the full repertoire. Certainly in the
second of. these it is expected that errors will be ‘made, as is the case
with the new commands introduced in the full-language. search. Thus, raw
score is not too meaningful ‘but measures can be made of érrors com- L
mittéd -and subsequent behavior relative to that error, i.e. whether the
student eventually stops making that type error. Since the emphasis in
the exercise mode is to gain familiarity with the commands-rather than
to retrieve useful information, not too much should be inferred from the . -
student's reaction to the data actually rvetrieved at the conclusion of
the search. -

e 3. Performance in assistance mode * When the student reaches, this
point in his-tTaining, a direct attempt to measure his success in the
Counts of errors made, time spent using diag-
nostics, number of commands and amount of time used can bd useful, as
will the student's own assessment of the relevance of the records he
eventually retrieves. ° !

Using evaldative information of the kinds outlined above, we will
surely see differences among students. This can be combined with in-
terview data taken from selecdted students, in which the interviewer
attempts to ascertain the student's attitude toward his IIDA experie.:.ce
and the degree of success he feels he achieved.

!

2!7 Operation of IIDA

Each of the three major modes of use of IIDA ~-- tutorial, exercise
and assistance -- has its own primary training objective. These are:
(tutorial) to provide basic instruction on data base structure, search .
mechanics and strategy, (exercise) to provide experience in the use of
the commands in carrying out a search, and ‘(assistance) to assist users
<in the performance of actual searches. In practice, the objective the
student may have and the benefits the student may derive will not be so
cleanly separable. Also, the student may not view the change-over from
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mode to mode so distinctly. Students can accomplish search objectives l
in exercise.mode and can learn in assistance mode. .They can invoke ) i
_ tutorial material in assistance, mode when needed hence use tutorial

material for reference while performing searches. The puyrpose of this |
section is to review IIDA facilities from the point of view of the
student.

-
2.7.1 Modes of student—use o

The average novice user of IIDA should start his ‘training with the
data base structure course and also take the _search mechanics and search
strategy courses befote proceeding to the exercise. The diagnostics- o~
course may be left for later. It will be possible, however, for a '

|
|
1
|
student to. begin with any tutorial he wants, or even with the exercise .
\
1
|

mode program. A record will ‘be kept of courses taken and their sequence.
~ If a student shows signs of difficulty in handling the more advanced
‘work, he will be referred back to tutorials not taken.

The search mechanics course will provide instruction on two levels:
the minimal subset and the remainder of the commands. It will be
possible for an inexperienced searcher to take only the subset mecharics
_ and data base courses, and be ready for the first éxercise within an
- hour.

of> any course and proceed in any sequence. We will have a recommended
sequence and we will be able to suggest, under_ certain circumstances,
that the student now divert himself to a specific course in order to
help solve a problem in searching.
. .Records of experience of students taking various paths through the
teaching material will undoubtedly provide a basis for further refining
our sugges*ions to new students-on their choice of ‘sequence. 3

It will not be necessary for a student to take all his work in a ‘

\

\

\
-To summarize, students will be permitted to start at the beginning

i

single sitting at the terminal. Once a student signs on, hisﬁ;ecord
will be kept for a reasonable period and he may resume at any time.

4

K

2.7.2 Student records
For each student using IIDA, a record will be maintained of his use :
and performance. There will be a background record of each student, a
record of performance in tutorial material, a detailed history of his ‘
performance in an exercise or assisted search, and suimary information ‘
on exercises and searches previously completed. Specifically, the ‘ |
following information will be maintained: . . .
1. Background data. ;
Student identification number M . |
Major subject, academic discipline;, or profession .
Time since bacHelor's dégree . \
Self~assessment of computer éxperiences ‘
Self-agssessment of typing skill )
\

Self-assessment qﬁ library use skill

Self-assessment 0f skill in on-line searching

Total amount of time spent in tutorial, exercise
and assistance modes.

" 2. Tutorial record.
Course or course segment
) Time and daté begun
‘ Time and date completed ,
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Percent of questions correctly answered N
Specific,questions answered erroneOusly, witl text
of wrong answers (Note: *» While courses tan -

- only-be begun at the beginning, the' student
may sign off temporarily, hence complete -
only a segmenc rather than the'complete '
course. Also, individual frames may be in-
voked when a student is in exercise or as-
sistance mode. Information; eon wrong an-
swers is for use by IIDA staff in analyz-
ing, performance of the tutorial material,
not the student.) )

3. _Exercise ’ ' - ‘ B >
"For each level of exercise, the /complete set of
history files will be maintained.‘ )
For a completed exercise, a summary of each history
file for analysis of performance of aggre—
gates of students. ¢ ; .
4. Assistance.mode.
.. Same data as exercise mode.
2.7.3 Privacy aspects of student records
There is no need or desire to collect or retain any information
of a private nature about users of IIDA. HowevVer, because of the great
« amount of sensitivity on the subject of privacy and becduse the initial
use of IIDA will be in conjunction with-.class .assignments, sevéral

positive steps will be taken to assure privazy and to assure students

that their privacy is being maintained. The

»

e steps are: - ety

1. positive statement will be made to the student, through
his terminal at the start of his firgt encounter with IIDA that:
(1) A record df his performance 1is being maintainéd for research

. purposes, (2),This record will.in no way.become a part of his-

academic record nor will 4t be used ‘to determine, in’ any part, his
grade in the course through which he is using 'TIDA, (3) These .
records' will not be disclosed to his instructor,.and (4) His name
is not a ‘part of the record; instead his record identifies him only
by a number assigned by the IIDA staff solely for this purpose: (not
related to employee, social security or student numbers, for example).

2, The.,only record of a student s name will be a master list,
.not stored in- any computer, that relates students' names and iden-
tification numbers. Such a 1it ‘is necessary to assign numbers and
to remind students who forgetzthem (a common occurrence).

3. No identification of individual students, even by number,
will be made in any published record of IIDA activities or accomp-
lishments. Records will be used¢only to -study factors affecting
Rerformance and the only reason ever to publish part of an ipdi-.
vidual record would be to.illustrate a-particular behavioral
‘pattern. Identification would not then be necessgary.

A

)

E 2.7:46 Proctér. .
The proctor is an IIDA staff member familiar with the various
teaching programs, data base searching, and the use of data-communi-

.
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cations terminals. The reason for having a proctor is to have an
experienced person on call when unexpected problems arisé or the com- N
puter is-unable to resolve an issue. An” example 'of the need for a’ _
proctor is when the student is.having trouble using the terminal and is
unable" to send a meaningful message. Then, either the proctor can see

that the student is having a problem and call him or thé student can

~~call the proctor on a voice telephone line. ‘

The proctor will also serve to collect data for revision of IIDA.
Again, when unfoérsepn problems arise the human proctor may be the. only
means by which the nature of the.problem can be communicated.

. The proctor will have the following capabilities: -
1. Student monitoring. The proctor will be able to request
the IIDA computer to send to his terminal a copy of all messages

. into and out of a specified student's terminal.” Thus, he will be

able to monitor the student’s work.. Whenever 'a student is being
monitored, he will be so informed by a message from the computer.

2. Retrieve student performance data. By use of the /HELP
command the proctor will be enabled to browse through the history
records of any ‘student currently conducting a search. He will have
access to the same data the student has, except that the proctor®
can see the student's /HELP history file, but this is not offered
to the student:. L . t

-- 3. Retrieve summary data. The proctor will be able:to invoke
previously written programs that will prdvide summary information
about all students. For example, he may ask for a report which . .
includes a statement of how many studehts gave the wrong answer to’
question X in a tutorial, or how often students make syntactic ,
errors in PRINT commands. The proctor will not have a pregram ‘that
enables him to ask ad hoc questions of any file in the system.

This 1s’ ‘simply too expensive a facility to provide.

4. Typed messages.. Students will be able to type messages -
for transmittal to the proctor's terminal, whether or not they aze *
being monitored, and the proctor will be able to send a message to

" any student terminal.- This capability can be used for asking and
answering questions when the terminal is running and the: student
‘needs advice or the proctor feels he must tell sometuing to the

student., . .

5. Voice telephone. The proctor will have a voice telephone
line separate from the one used for his terminal. Students may or
may not have such an extra iine at their 1ocaui0ns At any rate,
if the student can get to a telephone or can disconnect his digital | -

terminal, he can to the proctor directly, by voice. There will
be no cost to th udent for this service. - In the future, when
IIDA reaches a paftional audience, this free service should be

continued as it ‘is by the major search service contractors.

Use of proctor assistance by a student will be considered a use of
/HELP and will be logged in the /HELP history file.

3"
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3. ' COMPUTER'AND DATA COMMUNICATIONS. SUBSYSTEM ‘-

3.1 Overview of the Computer. System

‘ Y .
Three major computdng fupctions are performed within the IIDA system: data
base processing, instructional processing and communications processing. The
' computing system that performs .each of these functions is called a processor
which term denotes a program running in a computer: The three processors,
in concept, could be all implemented in one physical computer or in tkree
.deparate ones. In the IIDA model (See Section 5) all three were implemestited
" within a single computer. In the full IYDA system there will be two physical
‘ c%mputeré, one operating the dita base processor and one operating the e
i§structional>and communications pr?céssors. - ] ° -
"The data basé processor (DBP) performs information retrieval functions
and has access to the bibliographic data bases, including Compendex.. Initially,
.there will be a single data base processor, that operated by Lockheed .
for its DIALOG search service. Eventually, it.will be possible for IIDA
to communicate with other data base pricessors. IIDA students will use
exactly the same service that 1s available to other, direct users of the .,
DIALOG sérvice. That is, they:will have the full, up to data-data bases =
and they will even face problems of slow response when 'the dats base pro- .
cesgsor 1s overloaded. ' ot ~ ‘

v
&

The instructional processor (IP) is a set of programs which administer
the computer-assisted instruction or tutorial training, the exercise and
assigtance modes, and provide:. the diagnostic programs for use by these
programs and the students. The instructional processor deals only with
messages given it by other programs, and provides messages ‘to be delivared
to students or the dath base processor. It 1s not concerned with the mechanics
‘of message receipt or transmittal. « -

Because the flow of ‘messages can sometimes be complex, all functions
related to the handling of messages are combined and together comprise the
compunications processor (CP). It ssrves as a centrsl communications facility
receiving messages from the other processors and student terminals and
delivering them to the appropriate’ addressee, which is- one of the other-
processors orpstudent or proctor terminals. The communications processor
also maintains a log of all message traffic, serves as a concentrator to’
allow more than one student to operate on a single' line between the CP
and the DBP, supports the proctor and computeg the charges for all users.

e

3.1.1 General flow of data -  _

. The data flow is illustrated in Figure 3.1. Inputs may originate with

- student ‘terminals,.the proctor terminal, the ipstructional processor or the
data base processor. All pass through' the CP wherein they are tagged as
tq‘origin and destination and put in the appropriate queue for delivery
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to addressees. There may be more than one addressee when, for example,
" the, proctor monitors a student's performance, ‘hence both receive DBP output.
A log is kept of all communications transactions (arrival, enqueuing, de~
_queuing, transmittal) for later use in analyzing traffic patterns and delays.
Messages to and from the DBP may be modified by the concentrator. Finally,
costs are accrued for each student using the system. Except for the fact
that the concentrator must parse student commands ag does the IP, in order .
'to(be able to mddifg them, there are no functions in common to.the IP and ;
CP. The.CP‘§hould be "transparent” to users, i.e. they should be unaware t- -
of its existence. - ° :
\ )
\\
. \

\ 3
3.1.2. Hardware ‘configuration

The hardware configuration used as the basis for design.is the smallest

Digital Equipment Corporation PDP-1ll that could andle the TIDA job for the

forseeable future. Other computers can do the jéb and we do'not wish to

foreclose on this decision until the last possible minute. The PDP-1l
.~ line was selected because of our early discussions with the National Bureau
of Standards, which had done some related work on suchk a machine and(had
oriented our thinking ‘in that direction. Also, similar;applicationslare : ‘
.operated from approximately this configuration at the National Library of _ .
Medicine, Medical College of Pennsylvania and, formerly the Univgrsiiy of
Delawdre. -At least one larger machine, the PDP-20, probably can do. the o
job with less than its full capacity, although at this time the BDP-ll ’ )
and PDP-20 are not software compatible. A new IEM computer, the Seriesl,
looks "promising also. ' This was announced by IBM after most of the IIDA
design decisions had been: made, but its low price may make a switch worth -
the effort.

e

I

The-configuraticn assumed in the design of the softwar< is the following:

PDP-11/34, with 96,000 bytes of main memory T '

2 magnetic disk units, of 5 million byte capacity each (one largely taken

up with operating system software). Disks are dismountable. 5.
A l6-channel multiplexer to which will be attached one high-speed
.terminal, either CRT or printer, operating at at least.l12” characters
per second and up to 15 30-cps dial-up lines. o

\ o -

The programming language will be BASIC-PLUS and the operating system '/ .
system RSTS/E. . ‘

3.1.3. Sofitware configuration .

We have already noted that the data base processor is resident in a
computer external to IIDA. IIDA communicates with it bu“ plays no role in
its operation. The IIDA computer contains the instructional and communications
processors. These consist of the following softwares components; respectivelys

1. Instructional processor. From the student point of view the IP .
consists og the tutorial courses, the exercise and the assistant mode. These -
are supported, to var*ous degrees, by a HELP program and a series of diagnostic R
programs. The courses, exercise‘and agsistant mode, and.the HELP program, re- '
designed around the concept of a shell, aprogram which serves primarily .
as sequencing logic ‘among a set of subroutines. Thus, the tutorial shell’

o4
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sequences the student from one frame of training material to another, a

frame being the unit of presentation of tutorial material. The exercise

sequences the student from one frame to another, also. In this case, the ’
frame is the unit of programming required to elicit a command from a 3tudent.
HELP does its sequencing by presenting the student .a series of Menus, lists
of choices of options open to him. Any choice might result in another mer
offering even wore-details of the choice just made. -The diagnostic prograwus
are not bound to a shell. They. are called, as needed, by frames in other
programs. The relationship of shells to subroutines is shown in Figure 3.2.

2. Communications processer. This set of programs consists of the elements
previously noted, 4n Figure 3.1: message switching, store and forward,
logging, concentrating, billing and proctor support.

3.1.4. Logical processor . . . , §

Common memory and internal channels are ‘two distinctive features of
BASIC-Plus under the RSTS/E operating system. Both place constraints .
on and provide capabilities to the IIDA system. A short geuneral discussion
of rhese features follows., Their application in IIDA is developed further

in this chapter, expecially Section 3.6.

reading and writing by all programs in operation. The .hits of this common -
memory area are used for rudimentary interprogram communicition.

» 2. _Internal channels. Up to a maximum of twelve data.files may be
asgigned to any legal ¢« ‘ternal I/0 device.. In the IIDA system, these channels
.are exclusively assigned to files on the disk. TFiles may be shared by programs.
The same file mdy be read and written by different programs, if the protection
code allows it. Only the program which first opens the file, howaver', may:
lextend the file by writing to it. For this reason, communications files:
](see Section 3.6.1.) must come in input-outpyt’pairs. Writing extension
jprivileges for the output file are held by the instructional program.
Extension privileges for the input ile are heid by the message switching program.

\
|
|
\
1. Common memory. Sixteen bytes in the main meﬁory are available for |

3.2. The Instructional Pro.es

The instructional processor comprises all the programs which teach the

student or diagnose or monitor - .We have designed the IP as a set of
"shells" or programs whose functisﬁ\ig is to control or guide the sequence

of other programs. There are five such shells: the tutorial, exercise,
assistance, HELP and user control shells. The diagnostic programs, which

make up a good bit of the programming under each shell, are discussed in
Section 3.3. '

3.2.1. The Tutorial Shell

Tutorial programs are CAI programs. Each consists of a gset of frames.
A frame is, in our usage, the program that presents a unit of tutorial
information, elicits a response to it from the studént, and performs an
analysis of, that response. There can be branching within:a frame if, for

AN
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example; a Student gives an incorrect but aaticipaved reply and the program

author $imply wants him to try again, the shell then sérves to determine

the sequencing among frames. - ’ // . .o
In a CAI program, .a shell :g3 quite simple. For each /frame there is a

limited set of possible next frames and the choice is made within 'the frame. -

The shell has only to call the next frame,.as a unit of/programming, and

branch to it. If a frame leads to the decision that & student has given too

2any unrecognizable answers, or that .the program of the frame cannot Bnderstan¢

the replies, the shell may branch to a generalized routine for handling
unrecognizable replies. .

In this way, “he CAI course/ author is.given the respongiblity:to decide
what frame to exscute next, depending on the student's reply to his question,
but not ‘for ady ‘of the programmning logic necessary to invoke that- next frame.

’ R 2 Coe

Oue advantage of this approach to programming is that ‘every frame can be
operated as'a subroutine, and in any sequence.* Thus, the HELP program can J
make use of tutorial framés in providing explanations of commands and reviews
of specific subjects can be assembled from existing frames.

©

It i3 our intention to allow a student to begin his IIDA instruction
almost anywhere and to have maximum freedom to traverse the material ag he
wishes. The shell concept, by making cach ,frame a separate unit ofpprogramming,
assures that students can begin almost anywhere. There will be some frames .
which make no sense as starting points, but the gtudent can be given a table
of contents, which are effectively entry points, and allowed to choose for
himgelf.

3.2.2. The Exercise Shell

5

This shell has the greatest number of control options, hence decisions,
of the five basic shells. t also makes use of frames, but this time not
units for which there is a right or wrong student reply. Instead, There are
acceptable and unacceptable replies and there may be any number of acceptable
ones. ) ' ' , @

-

The- basic ibgic governing the exercise is the three-phase model of a
search? Students will be started in Phase 1, in which they perform index
search type commands: simple SELECTS and EXPANDS .

There will be three different levels of exercise shell, cne to take a
Student through a "canned" search in which he is told what to search for and (
how, and is given the experience of doing it. The second permits him to do
a search of his own, using a limited subset of the command language. This "’
will be similar to the exercise ig the IIDA model. The third shell works
with the full language. 1In all cases, the exercise shells are built around”
the concept of a search phases, and they expect the studemt to begin with
phase 1 and work through to phase 3. ' ' "

A reply, within a frame in an exercise, is . command. In most cases,
the student may enter any number of commands, so long as they are valid.
An excess of invalid' comnands may be treatel essentially as a sequence of

unrecognizable replies in the CAI mode. Progression from frame to frame
’ ~ “
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Frame No, Frame topic Sections Next prograrmed frame
1. BEGIN ’ - 2 ‘
. 2 . PHASE 1 :SELECT 3
) EXPAND ] )
3. PHASE2 -  COMBINE “ o Ly2,1
be PHASE 3 FRINT 553921 .=
g, TOGOFF . : -
6o CuNTROL COIM/ANDS one for each'cmd, - Return to calling. K L
; tT frame = .
Te HELP one for each menu ‘ Return to calling
] - frame or go to
T . . * frame of choice
8, - ADMINISTRATIVE =~ = ¢ -
S\\ -
\

Fi\gure 3e3e. Shell structure for the Jimited la.nguagé subset version
oﬂ“che exercise, :
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. Frame No,  Frame Topic -/Section = Next Programmed Frame

© 1. oEem .- 2

2, . FROCESS . Elicit command : 1, 3
v . Parse .

Response analys:.s
“performance analysis

3e + - LOGOFF ‘ -
Lo CONTROL COIMAMDS One for each command Return to calling frame

or go to frame of -
user'!s choiceg

Se . . CTHER ADMINISTRATIVE

v

Figure 3,4, Shell structure for assistance xr{ode.
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-requires coﬁpleting a use of each of the commands defined for that exercise
" level. After the student reaches and completes phase 3, he may return to
. any earlier phase of his choosing.

A student nay make use of what amount to phases 4 and 5 if he uses an
administfative command or a request for information or control. .Thus, ,
HELP is a phase 5 command, valid at any time. BEGIN is a phase 4 command, :
valid in the exercise mode only before commencing phase 1.

p———-

. The shell for the exercise in the model consisted of 1l1' frames, and
i probably not much more will be required in the full implementation of any
\ level of exercise shell. Each frame elicits a series of commands of a given
* class from the student. Analysis of the commands takes place within the
frame. Transition from frame to frame -takes-place upon completici of all
phase Tequirements, with the understanding that transition to phases 4 or
" 5 may take place at _any time, or is dependent upon the specific command
" (LOGOFF is not.valid as a first command, etc.) o

Figure "3.3 illustrates:the basic set of frames to be used in an exercide
and the connecting log;q needed.

3.2.3. ‘The Assistance Shell

¢

This shell, although it drives the most important of the instructional
programs, has the simplest structure. There 1s no prescribed orfler of commeands
in assistance mode,, except those few imposed by the logic of the DBP: that,
for example, it is meaningless to PRINT before having defined any sets, )
or to SELECT E6 there has been no EXPAND command defining a term corresponding
to E6. The diagnostic programs will detect and gomment upon such misuses.

Thus, the assistance shell will accept any input, have it parsed and results
posted to the performance history files. The performance analysis routine
examines student performance, .looking for indications of unacceptable or
unproductive behaviour. PAR serves as a sort of after the fact frame sequencer,
consistent or meaningful in light of what happened previously.

-

'In operation, the assistance shell calls the frame wuich elicits a
command. That frame calls the parser as a subroutine and the parser pass-~~-
the command, if valid, to the CP for transmittal to the BBP. When the DBP
response Is received, the assistance shell calls a frame which calls

*. updating program that posts results cf the command to the performance
files. Then, the shell calls the performance analysis routine. This
Sequence of events is illustrated in Figure 3.4.

3.2.4. The /HELP Shell .. Coa

/HELP is a legitimate command at any time, for an IIDA user. There are
many' different-forms of help available. The /HELP shell 'is fnvoked from
another shell whenever the student calls for this facility. The/HELP shell
.cbnsists of the programs needed to present to the student information about
what is available and to ask him what he wants. Providing the help, then,'
falls within a frame of the /HELP shell. Thig structure is illustrated in
Figure 3.5.

P
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The basic shell presents to the stident a "Tree" of menus, i.e. a series ’
of lists of features available. 'Each tipe he selects ome, a more detailed
list is provided, until he has finally made an action decision, i.e. one

' calling for some substantive information to\ he provided, a diagnosis runm,
or a change in sequence of the program.

3.2.5. User Control Shell

-

*controls by which the-
IDA operations. These
ase processor. T. ‘
ach is preceded by the
r set of frames, .
of a user control -
control command,

'As described in Section 2.4 there is - a set
student can to some extent modify the sequence of
commands are directed solely at IIDA, not the data Y
assure that they are not mistaken for DBP cormmands,
‘character "/". For each command there is a program,
designed to,implement the command. All that is requir
shell is that, upon recognition®of the issuance of a us
program control ‘be transferred to the appropriate frame.

[

~ The.user control shell, therefore, hasxvery little to‘do. A shell is )

created in anticipation of future expansion in the number ‘and complexity of
user control functions.

3.3 'Diagnostic Programs

Al

N

' Diagnostic programs are invoked, in general, by pProgram frames within'any'
of the instructional programs. Their purpose is to analyze both the most

recent student input and the entire pattern of this and previous .inputs;
Analysis is done at three levels: diagnosis of the current student input,
micro~analysis and performance analysis. (See Section 2.6.3).

Analysis of the current input is done by two programs: the first looks
for control commands, those beginning with the character "/".. If an input
is not one of these, it is assumed to be a DIALOG command and is passed to-
the command parser which checks on its procedural amgd syntactic

cofrectness
(Section 3.3.1) and idteracts with ' the Student if the command is in any .\\\\
way unacceptable. Following the input of aniacceptable DIALOG command, the

Studeni:'s performance history files are updaQed to show the new command and
its results'and this may involve some microamalysis.

programs operate on raw data extracted from the studen
other information that is entered into the performance
the PAR. These programs create.new data elements.

The microanalysis T
t's coumand to produce
history for use by

They do not make decisions.

§ext, quick checks are made on the perfoémance history-files for signs of
Stratégic problems, 'i.e. patterns of commands that appear not to be leading

toward a successful conclusion of the search, or for patterns of error that
the student should be made aware of. t '

£

When the preliminary threshold checks indi

Lcate ‘the existence of a problem,,
and occasionally even without such indica

tions; more detailed pattern analygses
are made of student performance. L
Y .

' The command parser is described in Section 3

: .3.1. The student
performance data base is described in Sectron‘3,3.3. .

Q




-L’Q- » ( N

¢

3.3.1. The Command Parser

The Parser will verify the syntactic and procedural acceptability of: -
commands entered by students, identify the nature of errors whenever possible,
and provide information to the student or a calling\program on the nature of
any errors detected. In its most common use the parser will converse with -
the student about a command error and try to elicit from him a correct form.

The parser will detect errors of syntax, i.e. commands which do not
follow the rules of a construction of the search language, and errors of
procedure, i.e. attempts to use commands which, for tutorial .purposes, are T
not acceptable at the time, even if correct in syntax. The parser is a
subroutine: The program that calls it will provide it with information on
what commands are procedurally acceptable at the time of calling (including

, the possiblity that all commands are acceptable) and will specify the level
of analysis desired on the command's argument. "When used by a tutorial
program, a limited form of analysis is needed because the tutoring program
can,normally make an exact match comparison on the argument, while in assistance
mode, there is no way to anticipate what the argument should havecbeen. °
Therefore, a tutoring program will ask for a minimal amount of argument

analysis but the assistance program will ask for the maximum amount. The
levels are: .

Al

1. No analysis. The parser will return to the calling program the text
of the argument, for its use .in making comparison.

2. Blank extraction. The parser will remove all blanks from an argument
and return to the calling program: the original text, the blank-extracted
text, and the number of blanks extracted. A calling program would likely
find the blankless form of the argument easier to test against a standard.

i . The parser will completely parse the argument and if no error is
found post the components of the argument to the various performance history

tables. If an error is found, the error text is posted to the error file ¢
and an error indicator is turned cn. -

-

1. Overall Logic Description. All DIALOG commands begin with a verb,
an abbreviation, character representing a verb, or a period followed by a
verb. Most then have an argument, such as the descriptor following a SELEC
. command. But no. all command verbs have an argument, e.g. LOGOFF, :
The Parser identifies the verb first and then the argument.’ If a valid
verb cannot be identifiqd, no attempt is made to parse the argument.: When:
an error is discovered, it is often not possible to be certain that what
the parser detects ds an error was the actual error. See the example in

Section 2.6 of how an error on the part of the student may lead to an
. rambiguous situation. )

[+

In general, there are two principles which guided the design of this

program: First, it is no% possible to resolve all ambiguity in interpreting a_
student's input; however detailed the analysis, the program cannot know what
was in the student's mind nor can it know How many mistakes may have been
made in a single input. Second, IIDA is an on-line system that must provide

\ . rapid response to the user. It camnot take too much time to execute any

. .of its many programs. Hence, parsing is done on this basis: Ffirst a
command is recognized and if one is. found tgi argument is parsed. In parsing
the argument, a quick decision is made as to which form { argument this is

it
:’»-L
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. (several commands, noéably SELECT, have more than one form of argument)
and any errors or: inconsistencies are interpreted in the light of that
assumption. In the worst case, this could be somewhat confusing to a stuydent.
but it cannot lead to error. In other words, it could lead to the Parser
telling a 'student there is an error in his type a argument, while he actually
intended a type b argument, bdt made enough errors to make it lgok like type a.
But the parser will always tell the student what assumption it made and
érroneous assumptions on its part cah be quickly overriden by the student.
We do not attempt to use the argument to help identify the command entered,
nor do we use any evidence other than that -involved in the first cursory
test to determine what form of argument was attempted. Frequent and rapid,
communication with the student can overcome these lacks and the saving in
delay response can be great. ;

4

-~

Identifying the verb. The logic of verb recognition must follow the
construction of the language and the rules used by DIALOG in its parsing.

For example, if DIALOG finds that the first n characters: of a command constitute
a legal verb, it assumes that to be the verb even though there may be other
interpretations of the command, as in SELECTION. This command will be
interpreted as SELECT ION, rather than S ELECTION, both of which are correct
forms. , '

. The IIDA parser examines the first character of the string of characters
constituting the student inpug. - Each initial character delimits the number
of complete command names that need be searched for, and if the initial
character is not a valid first character (i.e. not the initial character
of a valid command) the parse can end there. For, each initial character,
the commands beginning with that letter are scammed for., If the full verb is

not-found, then if the character is a cotmand abbreviation, .the parser assumes
that is what was intended. If the first character was not, itself, a valid

abbreviation and no full verb can be found, then there is nmo valid verb and
the parsing halts with an error, indication,
. T 4 -

ln scanning for either verb recognition the,parser is guided by input
from its calling program. Procedural restrictions are placed upon commands
by the calling program telling the parser what commands are acceptable at this
point in a search. A-student may, then, enter a syntactically
valid command which is unacceptable because it was out of phase, or for some othe
reason. No procedural restrictions may be placed upon the argument through.
this means -~ only the command verb. Argument checking is done by the calling
program. .

]

2. Command Recognizer. Specifically, the following steps are taken
in recognizihg the command verb and parsing the argument: '
1. Scan the gati;é string (as received from the student, consisting
of the command and argument). If there are blanks preceding the first non-
blank character, shift the entire string left the number of blanks that occur.
- If there are blanks following the last non~blank character (excluding the
carriage return or end of message indicator), delete them., Make a copy of
the remaining string that has had all internal blanks removed possible for
qsgﬂby the tutorial programs. »
2. Scan the.string and record the position of all occurrences of the
following characters: = (.) - , 2, ’

L3
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Command Verbs.

BEGIN
COMBTME
DISPIAY
DISPIAY SETS
0D -
END/SAVE
END/SDI
EXPAD

. EXPIATH
KEEP
LI
LIMITALL
T1OGQFF
PAGE
FRINT

"+ YsrimeT

TYFE
':"""G‘CUTE
JTIIE
JRECALL
. oREIEASE
SCRT T .

s

none
C
D
DS
none
none
none

~_lm~

Abbreviations

. (not used in ITDA)

(hot used in IIDA)\

(not used inm ITDA).

NOTE: The notation not used in TIDA refers to the single~ -
character abbreviation, not the command or its abbreviation.

’

Figure 3,6 Alphabetic

and symbols,

»

1;'.st of DIALOG command verbs, abbreviations
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3. Perform command recognition. The result of this subroutine is the
return of: an indicator showing whether or not thecommand verb ‘was valid,
an iundicator showing whether or not the verb was immediately followedi by
a blank, the command or its aktbreviation or symbol,’ whichever was used by"
the student, .

"4, Perform an argumént scan. There will be a different scan program for
each command verb, If a\command that should not have an argument has one,
the student will be informed that IIDA is assuming the command entered
and asked if the assumption is correct. He has the chance either to cancel
cu: the needless argumént or to fhange to command. In general, they will:
a. If the command i§ valid, tell the student the assumed source of
tgéﬁaxror, post the nature of the error to the error history, count the
nufmber of times an error has occured on this command, and elicit a
new input from the student. D
b. If the command verb is valid but no blank follows it, tell the
student that the command is being assumed and offer the opportunity for him

to reenter the command if the assumption is wrong. Suggest he .use a blank
separator in the future. '

c.- If the argument is blank or null, i.e. missing, reject it; even
though DIALOG will accept it. Allow him to override thi rejection.

d. If the command verb is valid but the argument .-is not, inform thé
student of the nature of the error, post the error to the error history
file and elicit a new command, counting the number of times this is done.

e, If more than a to-be-determined number of tries is necessary,
invoke the PAR.

£. If command .verb and argument are valid, post the elements to
the appropriate history files, set an indicator to show valid commarnd,
and. exit from the parser. :

3. Program Logic. To illustrate the program logic, the folldwing figures
_show: . '

Figure 3.6 the list of DIALOG command verbs, their abbreviations and symbols.

Figure 3.7 the recognition logic for the first character of the command
string. )

Figure 3.8 the 4illustrative logic for one partiéular'initial character,
E, which could lead to any of several command verbs.

>

Figure 3. 9 the Backus-Naur formal representaticn of the argument of

a SELECT command, which is a formal expression of the ways in which a valid
SELECT argument can cacur.

Figure 3.0 A flow chart of the parsing logic for the SELECT -argument

|
. In Figure 3.6 the complete list of command verbs is shown. Some of these
have an argument and some do not. In-several cases, it ig arbitrary whether

two words are combined as a verb|or one word is the argument of another, such
\ ,

%) ; ! 5 I
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Cl=C . Y i
CisD Y N
.Cl=»E . Y Y
Cl =K . Y i
Cls=T], T DYy
CLepP Y i
Cl=S ' Y N
ClsT pa i
Cle, ¥ o3
Clw 2 - T
‘GO TO TABLE FOR . » Y X
! noy X

" ¢ X X

" I X

" D X

1] S X ¢

1" 7 . T .

" . X

" ? X
-COMMAID “R3C.. . X

Figure 3.7. DeciSton table for analysis of firgh character of
command string,

lcL =z

—_— - e ; -
:CL = C6 = Z(PMD T i
'Cl - C7 = ZX°IATY iy !,
Cl - C3= 2D . 4 1)
'Cl-C8eIMD/SAVE . | 'Y N
CL-C7TeED/SDI ' | Y N
COMMAID = ZXPAD "X '~ g
COMAND » EXPTATN | X L
COIZIAID = ZID I S

- COITAID = DID/SAVE | : X :
. COMIND « /ST . ' X -

Tlgure 3.8, Decision table for recosmition of command verb on

- Egaassuy “Ton that first character (CL) s 'E!, If no full verb
naie i3 foand, the command is assamed %o be ZiPAID, entered in
abbreviated forw .as E,

ERIC 55 \ g
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as DISPLAY SETS, which defined by Lockheed as a separate command with .no
argument, but could be interpreted as a DISPLAY command with the argument SETS.
DIALOG recognizes the (usually) single-character symbo., a hold-over from

the early RECON system. Because these are not mnemonic we do not plan to teach
them, and will not recognize them except for the ? (EXPL'™). It cin be seen
that the first character often, but not always, identifiey the command verb.

In all cases, however, testing of the first character reduces the number

of further tests that need to, be made.

' Figura 3.7 is in the form of a decision tabie. It shows what decision
1s mc.e from the first character. The decision is always one to branch to
4 next level of testing unless none of the accepted first characters occurs.
In that case, the command is immediately declared invalid.

Figure 3.8 is a jecision table illustrating the logic for secondary
testing after the first character has been found to be E. Such a command
could be any of the five listed. If none of them, it is assumed that tiie
command was abbreviated by the T and thue treated as an EXPAND command.

4. Argument Parsing .ach type argument for each type comand must be
formally defined as to acceptable syntax. Form includes both syntactic
structure and in some cases content. For example while nearly. any string
of characters is acceptable as a descriptor, the number of descriptor suffixes
or tags 1is quite limited. An illegal suffix or tag invalidates the argument,
as does such an error as omitting a / in the argument of a PRINT command.

For example, PRINT 3 2/1-4 is invalid bec-use there is no separator between

the 3 which identifies a set number and the 2 which identifies a format. ]
While separation by a space rather than a / seems acceptable, without the

spac: there is no way t¢ know whether the student intended PRINT 3/2/1-4

or PRINT 32/?/1-4, etc. Rather than guess or dwell overly loog on wi. migh:

have gone wrong, as soon as an error is detected, the command .3 gent back to
the student.

Figure 3.9 shows the formal definitir- of the SELECT arguments. We
have chosen this for illustration because it is more complex than most.
There are the followigg\types of arguments for a SELECT:

CXSTR (Expand string) which demnotes une or more line numbers (EXEL- -

Expand element) from an expand display. Trzse are of the form Enn or
Ron and may be comnected by commas or nyphens.

FREE (Free text) which connotes the form used when searching the text of a

field for co-occurrences of terms. This configuration always has a set
of parentheses embedded in it and within them must be any of a limited
number of link codes.

SUFF (descriptqr with a 3ufflx) which has the form: descriptor/suU
where SU can be any of a limited number of suffix codes. This form of
descriptor may be used at the end of a Free argument.

PREF (Prefix) which has the form: TG=descriptor. The = must be in
position three and the TG may be any of a limited nurbetr of tags,

STRING (any string of characters not one of the above

) A string may
texminate in ?, implying it is truncated (TRUN).

O S
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[11-<SELECT phrase > :: = SELECT <sarg?[§ <sarg>
- (2] <sarg> i -<sfrmq‘rf<pr¢f> * <string> 1<4_‘z.‘,>/$tlf”
<free> |<ex sir>
[97 <string» 1+ desc | dese?
(41 <pref > ::* AU ..,
(051 esaff> e 68 fe 4>} <suff > oefm]esiue
b1 <fres >z = {dese (<liv , )] dese | <free> fesuff>
(71 <link>:i 2 wii]s <inb> Wle.
(81 <ex shr> iz <exel> [{<exel> }<ex¢l>
(91 <exely :: E<m_t?l£<mt’ -E<mj> ! R<int> |
. R(Mv-ﬂ(_)_’

<int> - Note that ewertain limits apply,
e4. in E<int> <int> my not
exceed largehumber in DIPAND
table, E<int, - E <int, >,
int, >int, \\ N |
Ternsinal Symbols
Primitives = desc | <int >
Capitels and oﬂwr Symbals - are Merds

-+

Figure 3,9, Backus~ilaur representatn.on oi‘ the\syntax of the
SELECT command, \
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IIDA treats an argument of the FREE type or EXSTR, i1f it uses more than
one line number, as a phase two comnand, one concerned with combining
terms not just defining or secrching our individual terms.

Figure 3.10 shows the overall flow chart for the argument analysis fol-
lowing a determination that the command verb‘has been SELECT or S.

First, test for the EXEL or EXSIR type argument. EYEL and EXSTE, of
course require that one or more EXPAND commards have been given, If at least
one valid EXEL is found, then assume this is the form intended, treat all
subsequent errors in the argument as deviations from this form.

Next, test for FREE. If the argument is not EXEL or EXSTR and if there
is at least one pair of parentheses with non-blank characters on either side,
treat this as a FREE and any errors as deviations from FREE.

Next, test for SUFF. If/ occurs in the third position from the end of
the string, check for valid suffixes. If it occurs in, any other position,
treat as an error ip trying to form a valid SUFF argument.

Next, test for PREF. If the character = occurs in position three, check
for valid tag. If = occurs in some other position, treat it as an error in
trying to form a PREF argument. ,
Next, test for a truncated descriptor. If the character ? occurs anywhere '
except the terminzl position {if first, it would have been deemed a verd)
treat as a possible errvor. o

Any other character string is accepted as a valid descriptor, except
an all-blank argument. -

3.3.2. Performance Data Recording

) Sources »of the data written to the' student perfnrmance file include :

(1) the command parser which evaluates student entries, (2) response parser
s

programs which capture significant elements from data base responses and

(3) expansion routines which "explode" codified data into more useful

form and- (4) output of microanalysis and PAR prograus.
The command parser and its resulting output were discussed in Section 3.3.1.

The response parser is 4 set of programs which are called to examine
. a data base processor response to a student command. The response error
detection routine is called automatically. Its purpose is to identify error

messages or changes of state (e.g. the system going down) from the data base
machine. -

The other response parsing routines are invoked to extract data from e
responses to a specified group of commands. The SELECT, - COMBINE and LIMIT
~ command responses provide information needed to update history files. The ) n
EXPAND and RELATE commands elicit tables referenced by various other programs.

The expansion routines are called primarily to translate truncated
and E- and R~ series arguments into more meaningful formats for analysis

~

ERIC ‘ | 54 ' “




=~ 50 =

FRom Ne£D
Recoau; fions P

Ask stadext N
s : _ Re-enter
€ \wheational | Command t
hl{lhb‘? of 1‘ri¢s,
1 Past ctimn- To VerD
Assum € 3xd P ""( )

45 Ns% EXvT . (N
wxsTA Fc;a‘g‘” " . Rstousiati
forrm )

ye&s
= En ov f(n? Complete
& xsTA T
Parsec
PO Mo
( : } ln
fb(‘m
Check £ar Frudent
presence o
pirentuests, S=t
Viccieatsy
Assume
FREE
Sormat
Qmylete
o] FREE
parse
AJSMC
PostT
Fsrm :
Ccvs,ol‘f‘e
o POST
Parse
ln‘ﬁrm In ‘Foru.
5{"4.46‘4-{' s{-ulcu‘t

Figure 3,10 (Part 1)




Assume | . ; \ J
I

PRE
$orue
. :\ oecyr yes ) - Coup_kfe Via Forim
~es parse
ro 3
‘nfom«. -
1 Sttadens |
Assaine i
TRUN .
£form .
/
, Ny 4;“ Studeat ves _|Ask for
tf 7w Y wteided ? yeertpy of
mtentes? xTry
‘f‘j 4 CORindrd
Po;t 1\'3, U ‘
45 velia
TRON

]
| G

Post avg
| s valid [
Dese .
- !
) NOTES: (1) The parse subroutines for specific types
€ T , ) .
’ CL) of arguments begin with the assumption that the

argument is of the stated type. They detech errors
and post either the correct data elements or error
datas (2) the 'Inform student! subroutines tell the
student the nature of an error, then go to a sub=

' ' routine that counts the mumber of re-tires and
‘ elicits another command.

|

\

{

X - Figure 3,10 Schematic of argument parsing program, showing quick
H{I C decision logice o
R . LU




-52 =

purposes. The expansion routines are called after the user has entered a
SELECT command with a truncated or E-/R- geries argument. A truncated term
automatirally generates and sends EXPAND commands to the data base. : The
descriptors returned with the designated root word will be stored in a
descriptor array for use by the calling program.

1f the argument of a SELECT is coded En, the program addresses the n-th
position descriptor of the EXPAND tablé. 'If the argument is a range of
refefence numbers, e.g. E1-E6, the first. through sixth descriptors are

.transferred to the descriptor variable array. When the argument is coded

Rn or Rn~Rotm, the RELATE table is consulted and the related terms moved to
the descriptor variable or array.

Tae net effect of calling the expand routine every time a SELECT command
with expandable arguments is entered is the malntenance of currency in the
set history file. If a set represents a combination of aultiple descriptors,
the terms will already exist in expanded format. The last generation of
updates will include all "expanded" data thus eliminating redundant queries
to the set history files. -

If expansion of truncated or E-/R-series data results in lengthy lists of
terms, an abbreviation code is used indicoting that the Succeeding data
elagents represent: the term which has been expanded or related, R or E,
first and last term included. Length of descriptors will be interleaved.

Terms and tables can in this way be regenerated if desired.

The sequence in which data is recorded is important,ﬂespecia}ly to the
restart and recovery procedures. The command parser posts data about valid
compands and errors made as it discovers them. When a valid command is
achieved, it is sent to'the DBP. The response from the DBP goes to the
response parser which posts it to the performance history files. The expansion
routines are service programs used to support various other diagnostic programs.
Finally, performance analysis programs are run and they, too, may add data to'
the performance history files. The history updating cycle is complete only
when PAR has finished its work. Indeed, a bit is set in the cormand hidtory
file when PAR has completed is final work on a given command to show-that all
files have been updated with the elements and consequences of that command.

Any command for which all processing is not complete must be repeated in
recovering from a, computer hardware failure (See section 3.8).

3.3.3. Data analysis programs

These are a group of diagnostic programs that are primarily used to\ %
support other diagnostic programs. They consist of a program for phase
analysis, clustering, expan3dion of commands and responses, csimilar term

" matching, and response parsing.

ERIC

1. Stage analysis. The purpose of this program is to classify the commands
of a search into groups of commands which cohere as stages. We have previously
defined search phases. A stage is an instance of a phase. For example, a
search might proceed from phase 1 to phase 2 back to phase 1. We would call each
of these a stage and number them 1, ? and 3. Stage analysis data is added
to the command history file and is r.ed by the performance analysis routine.

c P;
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Stages are primarily. recognized by the predcminance of one of the five
phases of searching: index search, logic formation, record display, procedural
and diagnostic. .Added to this i. a mixed phase in which no phase predominates.
Pragmatic rules are applied to distinguish borderline cases. These rules
will be discussed below in terms of three passes through the search.

Each command is assigned one of five phase codes depending upon the
snase to which the command ideally belongs.. Groups of commands, referred
to as "strings," will become stages, either in their own right or in ’
combination with other coptiguous strings. -

On the first pass of the analysis, "nuclear strings" are identified.
These are strings made up of : (1) any two or more contiguous commands
of the same phase, or (2) any two or more contiguous commands esch of a
different phase. The former are pure strings dominated by the given
phase; the latter are mixed strings in which no phase dominates. Lin.ting
nuclear strings to at least pairs:of commands in rhe same phase is a somewhat
arbitrary decision. The choice of this and other constants are Subject to
revision following experimentation.

On the second pass, "string capture" may take place. This involves ,
merging sbort intervening strings with longer bounding strings. The following
rules apply: The intervening string must be shorter thg: the bounding strings;
the bouhding strings on each side must be dominated by the same phase;
and the intervening string may not exceed two commands. This process is

ecursive in that a string resulting from a capture must be considered as
(é possible bounding string. Captures may unot become so extended that less
than 702 of the commands helong strictly to the dominant phase. Both

the rule that intervening strings must be nuclear and the 70% rule are arbitrary
and subject to revisicn. ’

¢
By now strings have become stages. On the third pass, each stage is
analyzed for its relationship to its contiguous. stages, expecially the one
following it. Relationships may be of thzee "ypes: 1) transitional,
where the stage fazlls betwe two other stages whose dominant phases diffar;
2) excursional, where the sigge falls between two other stages which have

the same dominant phase; and 3) terminal wherée the stage is at one or
the other ends of the search. '

Each stage's relationship to its predecesscr is also evaluated in terms
of direction and distance. Direction is positive for forward movement in
the search (index search to logic formation to record display) and negative
for backward movement in the search. Distance is the difference between the
dominant phase of the present and that of the previous stage. In general,
it is a measure of the "steadiness of progress' in the search.

Thus, for each stage, three parameters are generated in the stage
analysis program: dominant phase code, relationship code, -and directed
distance from previous stage. Stages identified by this analysis are
posted in the command history display. The three associated parameters
are used to direct an interactive discussion of strategy with the student,

2. Clustering program. The purpose of clustering program is to determine
when the student has changed tack in his search, i.e. stopped pursuing
variations on one particular combinationqpf descriptors and begun pursuing
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sets based on a different collectinn of descriptors. The purpose in doing ‘
this is to detect the extremes of excessive dwelling on one combination without
detectable progress toward an acceptable f£inal set, or frequent change of
direction without taking the time to see if the initial logical combination
can be improved upon. Clustering in this context is not quite the same as it
is in such contexts as documenc classification. We are not looking for
elements (commands) that are similar to each other; we are looking for points
at wnich a sharp break is made with work immediately preceding.

The following terms are used in the logic description:
Ci, +¢+» Ck :: = The sequence of COMBINE commands (or multi-term
SELECTS in order of entry by student. There
may have been intervening non-COMBINE or SELECT comman:

Ny :i= Number of index search or print (or cther
- non~COMBINE/SELECT) commands preceeding
command Cy.

A
Dy ::= Number of descriptors used in COMBINE
(henceforth used to include the multi-
dascriptor SELECT) command Cy. .

M4 :i= Number of descriptors in common to COM- |
BINE command Cy and Cy.

Rk ::= Number of COMBINES in succession that .
have indeterminate (see definition below)
similarity.to predecessor.

84,3 ::= Measure of similarity between command
51,5 = 1;20‘1,3/1’1 + My 3/Dy)

= M/2(1/D; + 1/D;) '

Si,§ 1s the mean of the number of matching i
terms in the two commands divided by the
number of terms in each of the two com~

, mands.
Gm,n ::= The nth command in cluster m.
. Ln,1 ::= The number of commauds in cluster m that

match (Sk,ile) command Cy.

Km,p ::= The number of links between cluster m and
cluster p. The number of links is

= &
Kmvp I.Ep Lmvi

T, ::= Threshold value of S; ; such that if
S1,42T] then C4 1is sidilar to Cy.

T, ::= Threshold value of S4 3 such that .if
S4,4<T2 then Cy is not” similar to C..
NOTE: If Tps8) 4<T; then the similirity
between Ci(?g? Cg is indeterminate.
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, R
T3 ::= Threshold valué of Nk such that 1f
. ’ Ny2T3 then if §1,1-1 is 'indeterminate,

.C4 and Cy_; are considered not in the
same cluster, i

o

The procedure is as follcws: -

- \ 1. Whenmever a new COMBINE or SELECT with muliiple terms is
: i received from the student, and is syntactically valid, store
. it in list as Cy, )

2. Compute Ni'andlDi if 1>1 (use actual descriptors, not set
.numbers) . .

S .

4. If Sy 4-,2T; then'Cy is in the same cluster as Cij- Add
Ci to cluster Gy ,, increase value of n by 1.
If S4,4~,<T2 then start a new cluater, i.e., m = umtl,
reset n to 1.
If T5584,i-1<T) and Ny2T3 then start a new cluster, i.e.,
increase m by 1 and reset n to 1.
ELSE Ry = Ry_ +1

5. Compute Lp,i and Ky p for all clusters from 1 to m-l.

. The data available from this procedure is:
’ number of new clusters formed

number of COMBINE commands given

average number of commands per cluster .

length of string of successive indeterminate similarity to
‘ previous eommand .

last set number created in each string

array of cluster-cluster similarity measures

indicator: was a new cluster begur with the most recent
commard ‘

3. Expansion routines. 'Ope of the advantages of a language such

.a8 used with DIALOG and other search services is that condensed notations
can sometimes be used to avoid having to emter lengthy, often reﬁegitiVe
Statements. For example, following a DIALOG EXPAND cotmand anothey EX~
PAND or a SELECT cea be given, maliing reference to a term on the first
EXPAND table by line number. The next command.could be, for example,
EXPAND R6 or SELECT E12-Fl4, One of the functions of the expansion rou-
tines is to trzmslate such usage back into original descriptor form, for
' Storage and analysis purposes and for later use in displaying history -—
data the student. Three such programs are planned. One translates
EXP?' 0 line numbers as illustrated above, one translates set numbers into

., the.r original defining descriptors, and one retains information about
~.at terms might have been seen on an EXPAND display.

¢

1, E- and R- expander. Usage such as E6, R9 or E2-E4 are per-
missible in the arguments of SELECT and EXPAND commands provided
there has been the requisite number of preceding EXPANDs, This
expander converts each term so referenced back into ‘the original
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descriptor the line number represents and stores this information
for use w&th»any program needing descriptor information.

2. COMBINE Expander. This program converts set numbers used with

& COMBINE. into descriptors or combinations of descriptors. Ounly
SELECT may -create a set using descriptors, rather than set numbers
in the definition. Thereafter, COMBINE commands build upon pre-
viously defined sets, as in the sequence

SELECT A (Set’ 1)
SELECT B (Set 2)

. SELECT C (Set 3)
COMBINE 1 AND 2 (Set %)
COMBINE 4 OR 3 (Set 5)

In analyzing cluster formation and in displaying set history,
the numeric .arguments of the COMBINE commands will be converted
into descriptors. In the illustrated case, theé results would be:

Set 1: A
Set 2: B
Set 3: C

Set 4: A AND B (rather than 1 and 2)
Set 5: A AND BOK C

3. Expand Index Program. The function of this .program is
to record the first and last descriptor of every EXPAND table
sent by the data base processor in- response to a student com-
mand. Input required by this program is generated by a sub-
routine which when called extracts fields of the EXPAND table.
These field values will he stored in subscripted variables
indexed from 1 to n (n = number of lines sent by the DBP minus
header linES) . < - -

The program examines the descriptor field array and isolates
the first and u-th position terms. The length of each of these
descriptors is computed using the Basic-Plus LEN function which
returns the position of the rightmost non-blank character.

The line to be written to the student hiséory file i3 a
string concatenating the following data elements:

EXPANDED .  LENGTH LENGTH 4

INDEX =\ DESCRIPTOR || DESCRIPTOR || DESCRIBTOR || DESCRIPTOR
-ENTRY A B A B

(Fixed Fields) (Variable Fields)

"This entry is written to the next block number and address

recorded in the general series data on the seventh block. (See
3&5.7.) N '

number of descriptor pairs and computing the mext entry block
and address. _The directory references to pairs are also re-

ordered to correspond with the alphabetical arrangement of
first-descriptors.

6L

J
|
General series data are updated by incrementing the total
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" 4. Word similarity program. This. program is used when testing
to see if a zéro set based on a gingle ‘descriptor. used a term not
seen by the student on an EXPAND display. This requires that an
EXPAND (descriptor) be #ssued by IIDA ‘and the results analyzed by
this program, but not transmitted to the student. The descriptor
will be the argument of the SELECT that led to a zero set. It will
appear in position E6 of the display. All other words om that list
will be compared with the base word to compute, for each, a méasure
of closeness of spelling. For each word compared with the base
word the number of characters in common will be counted. A high
proportion of letters in common does not, of course, imply semantic

‘ o clogeness. The table of measures wili be seat to the.student for
‘his information and decision,

5. Response parser. The response parser examines and breaks
down messages received from the DBP in response to valid cowrmands.
It must first check for error or change of state messages. Failing
to find one of these, it knows, from the command isgued, what form
of response is expected. It should verify this, which can normally
‘be done by checking only the first few characters 6f a response.

If the correct form of message was received, the parser breaks the
message into its constituent elements and posts the relevant ones
to the various history tables. This program is clearly specific

to the data base system used and is subject to change with any changes
they may make in format. '

p 3
Y)'
3.3.4 Performance analysis -

. o

The performance analysis routine (PAR) monitors five aspects
of the student's search. These five aspects are: (1) zero set
formation, (2) phase and cluster analysis, (3) /HELP and time use,
(4) error amalysis, and (5) extraneous and redundant commands. These
five areas are monitored on two levels. The preliminary analysis
portion of the PAR is designed to catch problems in the search by
comparing some rather simple statistics calculated in each area with
threshold values. When the threshold values are exceeded an in-
depth analysis of the area is run. There are appropriate in-depth analy-
ses for each of the-five preliminary analyses. The in—depth analysis
performs calculations designed to emnable the program to assess why

‘the threshold was crossed.

The reasons for crossing the thresholds

are not unique.

Each threshold can be exceeded for one of a number

of related reasons.

The objective of the in~depth analysis is to

determine which of the possible reasons is the most plausible. There is
always the possibility that none of the planned reasons appear causal.

Preliminary analysie is carried out after the response parser
and student data base update are completed. As protection against

loss of information in the event of a system failure,

a system of flags

is used,

A master flag is set to show "processing" status when the

preliminary analysis is begun.

As each

portion of the preliminary

analysis is completed, a minor flag is s

analysis is complete,
been called, the maste

et. When the preliminary
including any in-depth analyses that may have
r flag is changed to "waiting" status. Con-

trol then passes back to the shell for the decision on successor
process. .
{) b
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1. Preliminary analysis. The preliminary analysis is designed
to operate in a minimum of time. The threshold checks made are listed
below. Actual threshold values will be determined efperimentally.

'TC1l. /HELP use

‘Is the number of /HELP calls T1lZ or more of the total
number of commands entered?
: ) Is the amdunt of time spent ,using the /HELP procedure
. more than T2Z of the total time of the search?

TC2. Erroé analysis

Have more than T3% of the commands of any one type
beeu in error?

Have more than T4Z of the last TS5 commands been in
error?

e

-TCB. Zero set formation

If the most recent commznd formed a zero set, have more
than T€X of the last T7 sgt-forming cowmands formed zero sets?
TC4. Clustering threshold

If this command is a COMBINE-like command, is it in
the same cluster as the previous COMBINE-like command?

If yes, does the number of consecutive commands in
this cluster exceed T8?

If no, is the average number of commands per cluster
less than T9? .

TC5. Phase checking

Is this command in the same phase as the last command?

If yes, is the total number of counsecutive commands in
this phase greater than T10?

If no, is the number of phase changes in the last Tll
commands greater than' T12?

TC6. Extraneous commands

Is this command a duplicate of a previous command?

If y:3, is it a command for which repetition i3 meaning-
ful?

Is the total number of duplicate commands in this
search greater than T13?

TC7. Time use

Was the time between the response to the previous com-
mand and the entry of this greater than T14 seconds?

Is the total number of commands in, this search whose
response time is greater than T14 seconds greater than T1.5?

82.
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2. Control sequence. The order in which the thresholds are
checked is¢shown in-Figure 3.11. 1In the following discussion, the thresh~
old checks are referred to as TCl or TC2, etc. These numbers corre-
spond to the order in which the ‘threshold checks were described in
the previouvs section.

The type of command being checked determines which threshold
check is-used first. The command is considered to be one of the
' folfowing four types: (1) /HELP, (2) an error, (3) set-forming
‘ (SELECT, COMBINE, LIMIT),. or:(4) any other. Type 1 commands begin
. with TC1, type 2 begin with TC2, type 3 begins with TC3 and type
4 begins with TC5. The commani proceeds as follows: if the commard
is type 3, it is next checked by TC4, then TCS. Types. 2, 3 and 4
are checked by TC6 and all types of commands are checked ?y TC7.

When any ‘threshold is exzceeded, the appropriate in-depth analyses
are called. When the in-depth analyses are complete, the command re-
sumes its path-through the threshold checks. Thus, a given command
could theoretically exceed more than one threshold in its path through
the preliminary analyses. After the command has been subjected to
all the appropriate threshold checks, centrol passes back to the shell
of the instructional processor which called the PAR, .

3. In-dépth analysis - gemeral. In~depth analyses are designed

" to analyze data from thresholds crossed in the preliminary analysis.
There are five in-depth analyses: (ID1) /HELP and time use,. (ID2)
error analys$is, (ID3) zero set formatiom, (ID4) phase and cluster
analysis and (ID5) duplicate checking. Details for each of these
analyses will be given later.

When called, the ID enters the code for its call on the command
and control data file as well as recording the clock time of the . -
call. The clock time of the return is also recorded. .Each ID has
a counter for the number of times it has been vsed. Time is logged
to enable later analysis of the cost of PAR in light of the benefits.
When entered, the ID checks to see if it has been used more than T16 °
times before. If so, the proctor is notified and can participate in
,negotiating with the student. In the case of passing the threshold
for /HELP use, the proctor is notified immediately and all negotiation
is conducted by the proctor.. This seems the best way to help the student
who has already extensively used the resources of the /HELP program.
If the number crossings of the threshold does not exceed T16, the
Counter is increased by one, and the data from the preliminary analysis
and the data files ig analyzed to decide how to deal with the student's
possible problem.. When the in-depth analysis arrives at a plausible
reason for the thréshold crossing, the data is presented to the stu-
dent with'the conclusion reached. The ID negotiates an agreement with
the student on what was the cause of the threshold crossing and what
action the student intands to take. On completion' of the negotiation,
the ID logs the return to the preliminary analysis program which called
it. The threshold counters for the thresholds crossed in the preliminary
analysis are returned to zero. The PAR continues to the next thresh-
old check in the preliminary analysis, or if all have been checked,

returns control to the shell in the instructional processor which
called it.

!
6o
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As a result of the in-depth analysis, the program discusses ﬁﬁe
student’s search with the student. In the process of the discussionm,
the PAR can use any of the resources of IIDA. Another in-depth analy-
sis may be called, some of the displays from the /HELP program can be
used and text from the tutorials is also available. The PAR ‘is in-
tended to be flexible not only in detecting trends id the student
search but also in piesenting alternatives. The ultimate judge of the
search remains the student who may refuse the PAR suggestions without
prejudice. Records of student use or rejection of PAR suggestions will
illow for evaluation and growth of the system.

4. Details of the in-depth analysie. Each threshold can be
crossed for several reasons. The in-depth analyses take the data which
exceeded the threshold value and add to it some data from the student
performance data base. Certain calculations are made in the in-depth
analyses to check for patterns in student perfoermance. The path
of the in-depth analyses depends on how each threshold was crossed. .
Discussion of each in-depth analysis will be divided into sectious-—by
which part of the threshold check called it. T

— —

ID1. /HELP and time use

A. T1f use of /HEL? excee’s T1lZ or T2%, notify the
proctor .

B. If time between comsands has been greater than
T14 seconds T15 times, ask if the student regularly
works at this pace. If not, offer /HELP menu.

ID2. Trror analyuis

A. Of the last TS5 coimands of which T4% are in error:
~ \
1. have arrors been in one type of cosmand.
2. have errors been in the command words

3. have errors been in the argument of commands
4. none of the above

B. Of the T3%Z errors in the use of one type of command
1. have errors been in the command word
2. have errors been in ths argument of vommands

3. ncne of the above

ID3. Zero set formation

Of the last T17 zero set forming commands:
A - how many were formed using SELECT with:

1. string search
2. a descriptor not seer in an EXPAND table
3. a descriptor seen in an EXPAND table
4. none of the above ‘.
P‘,"l
‘I -
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B ~ how many were formed using COMBINE with:

1. AND with small or zero sets
2. AND with many sets

3. NoT

4. none of the above

C ~ how many were formed using LIMIT:

1. and, if limiting by accession number, failed
to use UPDATE to determine the correct ounmber
range %

2. and, if the set being LIMITed was formed
using an identifier (ID), limited the set
by major or minor descriptor

3. none of the above

ID4. Phase and ciuster analysis

A. If the number of commands in the current phaga is
greater than T10:

1. have all three phases been used at some time
in the search X :

2. 1if no, what phase or phases have not been used

3. 1if yes, what proportion of the total number of

commands have been in each phase

B, 1If the number of phase changes ‘in the last T11
commands is greater than Ti2:

1. have all three phases Loen used at some time
in the search

2, if no, which two phases are involved in the
current phase shifting

3. 1if yes, what proportion of the total number
of commands hava been in each phase

4. 1f yes, is there g nost frequent order of
occurence for the commands

C. If the number of CgMBINE-like commands in this
 clusier exceédds T§:

1> 4is the number of items in the most recent sets
in this cluster converging on the student's goal

. 2. 1is this the only cluster ts be formed so far in
this search '

3. 1if yes, how mauy phases have peen ysed

4, 41if no, what is the average number of commands
for each of the other clusters

D. 1If the average number of commands per cluster is
less than T9:

73
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N At this point the expected responses may Qe stored as either

\

1. how many clusters have been formed !

2. how related are the clusters which have been form-d \

3. 1s the number of items in the most rerent sets ‘
in the cluster couverging on the student's \
goal -

4. how many phases have been used

ID5. Extraneous or redundant commands

Are all the T13 duplicate commands:

1. thke same command type

2. set-forming commands

3. non-set-forming commands

4. entered in psirs, so that the duplicate is
the next command after the original

5. lacking in a pattern

3.4 Tutorial Sudroutines P

In review, the shell ¢” eacl: tutorial: controls the sequence
of frames, changes the frame aumber parameter at the top of each
frame, and controls conditional branching from section to section
within the frame, or to the top of other frames, using a code re-
turned at the end of most sectiozs.

A section 1s a unit of coding which accomplishes a single in-
structional task as part of the larger instructional goals of the
frames. Three types of sections are possible, combined in various
ways within each frame. They are: non~command response sections,
cormand response sections, and program cemntrolled command sections.
Sections call a series of subroutines, usually between 3 and 7 per
section. The characteristics of each type of section and of their
subroutines are discussed below and are illustrated in Figure 3.12.
Each of the three section types usually begins with a discussion’
although this may be omi’ted or inserted at the end of the sectiom.

3.4.1 Non-command response sections

This type of section most nearly approximates codiag fbund in
conventional computer-assisted instruction (EAL). Text is printed,
& Tesponse is elicited, the response is compared against several
osdivle responses, the studeat performance data base is updated,
and a code is returned to the shell to indicate which section zhould
follew. At the top of every sectiun a text-group code is set. A
discussion of the subject follows by calling for the next-file print~
out subrouti{ne. The discussion usually ends with a roquest for stu-

dent input. The student input subroutine is -alled to accept the
input. - \

explicit strings in tte program qr by data taken from the text file.
In the latter case, the text-group code is changed and a subroutine
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which sets up arrays from the text file is called. The frame number
and text-group code together indicate a set of possible answers
stored on the text file. If there is a match of the student response
against the array, the index (pointer) of the response may become

the code returned to the shell for choosing the next gection. If
there is no match, the subroutine sets the code to *he maximum index
plus 1. In any case, the student’s response is recorded on his data
base for later analysis.

3.4.2 Command response sections

?This type of section allows studemnts to input ~ommands which
are sent to the data base processor for a response. Text is printed,
a command is elicited, the command is parsed and verified, it is
passed on to the data base processor, tha dati base processor's response
is printed, the student performance data base is updated, and a code
is returned to the shell indicating which section or frame should
follow. Again, a text-group code is set at the top of the section.
A discus;ion of what is to follow may be printed here by calling
the text-file print-out subroutine. This discussion will end with
3 request for student input, made poussible by calling the student in-
put subroutine.

Command response sections will then pass to the parser (Sec~
tion 3.3.1) rhe limits of acceptable input. These limits ma¥y specify
the explic;t command or a range of acceptable commapds,

, i . N )

When tne command parser subroutine is satisfied that the command
1s acceptable, the command will be written onto the programs communi-
cations-logging file. (See Sectioms 3.6.1 and 3.6.2.) The coumand
wlll then be transmitted to the data base processor. The respouse
will return to the program over the input communications—logging file.
The response will be printed and parsed. Data derived from the
parsing will be stored on the student's data base. A code evaluating
the input may be derived by the command parser and used by the shell
to determine which section is run next. Alternately, the branch
following this fype of section may be unconditional. '

’ 3
3.4.5 Program controlled command sections

This type of section allows the , sogram to send commands directly
to the data base processor.  Responses thus generated can be very
useful for up-to-date examples. Also, data derived from the responses
cap be embedded in the text to reflect updates of the data base by
the vendor. Tex% is printed, a command is issued, the data base
respouse is parsed, and the response may be printed. Sections like
this usually do not affect sequencing of sections within a frame by
the shell. Rather. they operate usually in conjunction with one of
the other types of sections in which branching is controlled.

Again, a text-group code is get upon entering the section. A
discussion of whzat is to follow may be printed here by calling the
text-file print~-out subroutine. A command, either in *the program in
its literal form or taken from the text-file, is issued to the data

* ,
. (Y
; .
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SCHEMATIC of. tupical tutorial shell and subroutines.
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SCHEMATIC of Hypical tutorial subroutines. (continued)
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base processor through the communications-logging file. The respomse
is parsed and is printed or derived data is embedded in text. The
text—-group code may be reset for a post-response discussion.

3.4.4 Subroutines

1. Text-file print-out. The purpose of the text~file is to store
data for the tutorial programa. This data includes the instructional
text, expected responses, and prgram parameters. (See Section 3.7.4.)
The text-file print-out sudbroutine ugses two parameters set in the main
program: the frame numbar and the text-group coede. The frame number
is used on the first block of the file to identify the frame's group
di}ectory on the file. The text-group code 18 used with the group
directory to identify the location of the appropriate text. The
text 1is' extracted from the file and printed at the student terminal.
After printing, the frame number, th. text-group code, and the time
since midnight are recorded on the communication-logging file. Any
other applicable tapging data is also written. If the entry is to
be communicated, a code received from the proctor will have indicated
this. The tagging data in this case will indicate who is_to receive
the entry. For a discussion of the communications-logging files, see
Sections 3,6.1 and 3.6.2. '

~

2. Student input. This subroutine will accept input from the
student, check for special system commands, and log all student input
entries. Input from the student terminal is handled simply with the
BASIC command INPUT. A small group of system commands are available '
to users of’ the tutorial programs. These enable messages to be sent
to the proctor™ind quick log outs. Comparisoms with permitted
system commands will be made after each entry.. If a system command
is recognized, the appropriate actionm will be taken by .coding in
this subroutine, including calls to yet other sutroutines. Student

" input entries will be logged as either communicating entries or simply
logging entries, depending on authorization from the proctor. En=-
tries are communicated to the concentrator and data base only after
having passed through the command parser. '

3. Expected response set up. This subroutine is similar to the
text-file print-out in that it accesses text from the text-file using
the frame number and text-group code. Instead of printing at the
student terminal, however, the text-group is read into an array of
variables, one line into each array entry. The course author is
responsible for setting up these responses in some order, perhaps
from the most to the least preferred. Generalized responses may also
be encoded in this text-group, if the course author finds that desir-~
able. The student input will be compared with entries in this array.
If a match is found, the index of the array.element could serve 3s
a code indicating the "goodness" of the response. This code may
then be used by the shell for calling: in the next section or frame.
If no match is found, a code indicating this will be used instead.

4. DBS interface. Thig subroutine will call both the command
and response parsers (see Section 3.3.1) as subroutines and will
manage posting data to the student data base and the logging file.
After the command parser has elicited and recognized an acceptable
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‘}ommand, this subroutine will send the command to the data base
processor through the communications file. It will then print the
response and call in the response parser. Data isolated by both
parsers will be transferred to the student data base. The data
base processor will. return a code through this subroutine to the
shell, indicating how many times input was requested before an
acceptable command was entered.

5. Severe problem filter. Severe problems qf several sorts can

be identified and referred automatically to the proctor. These in-

" ‘clude: repetitive unrécognizable responses, exact repetition of
responses, user-instigated infinite loops, and other "wise-guy"
‘behavior. This subroutine follows the user input in most cases.
Codes indicating severe problems can be generated in the command
parser and picked up by the severe problem filter for transmission
to the proctor. This subroutine «will be able to send a message over
the communications file to the proctor.

3.5 Student Performance Data Base

A file is maintained for each student which records each stu-
dent's history of performance since beginninz to use IIDA, with
emphasis placed on the current or last search carried out. The filas
is attached to any program which the student runs, although data |,
is largely gathered from activity with the exercise and the assis<
tance modes in which the student performs real searches. The record

1/0 technique available under RSTS/E is used, with blocks of 512 bytes
each.’ ) .

The first seven blocks contain seven diregtories for the history
of the .student performance from seven different perspectives. The
first block is a directory to a series of long~term data,’ covering
the entire association of the student with the system. ,The next
six blocks are directories to series of data on the current search.
These may be copied as frequently as desirable to off-line storage

media, which can be mountéd at a later date for research on student
searching technique dnd behavior. .

/ Figure 3.13 shows now directory blocks are related to entry blocks
containing data series. Each directory block begins with several

bytes containing general data about the entire geries. This i-~ludes,
but is not limited to, the total number of entries in the direc-~

tory and the block and address available for the next entry. The
directory itself follows. It generally consists of the block number
and address in that block of each ‘entry. Entries in the data series
are found beginning with the eighth block. See the figure below.

LV
;
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Difectory
Block Data Series u
1 Personal and “long-term
2 . Command and control
3 Sets createdl 7
4 Setg viewed
:5 Records viewed .
6 Descriptors used
-7 Expﬁnded index »
Figure 3.14 Directory blocks nd_
* their associlated data series.

3.5.1 Personal and long-term data -

. General series data found on the firgt block includes both
permanent data and data updated with each new search. Permanent
data includes: password to enable uge of file; personal identifica-
tion code; affiliation code; total number of log-ins; and, for' each
program available in the system, number of uses in which the program
was begun and number of uses in which the program was completed.

The pcrsonal identification code is used in lieu of a name against
a list and is made available to only authorized perspnnel. The

affiliation code, indicating class, comwpany, or division, is similarly
protected. .

Data updated with each new search includes: total number of
searches; and block number and address of next entry. The directory
to all searches made with the IID: system includes the block number
and address of each entry. The long-term data for each search re~
mains stored and updated in the program's core ares. The file is

updated when the search is completed or when the student otherwige
logs out of the system. :

Data on each search includes: date and time that the search
began; time in secords taken by the search; how many commands used,
by type of command; the total number of sets formed, by type of com-
mand; total number of distinct descriptors used, by type of command ;
total number of records viewed, by format; average relevance of all
records viewed in this search; total number of /HELP calls; total
time spent in /HELP; total number of performance analysis call;
(in=depth); zac total time spent in the performance analysis program.

See Section 2.5.1 for a more complete discussion of the use of this
data.

\ . .8 i




3.5.2 Command and control data
: N

General series data found on the gsecond block includes: total
number of commands indexed by the directory; and the bléck number: and
address of the-next-possible entry. The directory to commands used
in the current search, also found on the second block, includes the
block num e§ and the address in that block of each command entry-

\\\ .

53”'n each entry includes: a code for entry tspe (which
search command, which control command, an error, or a PAR in-depth
analysis call); clock time when entry was made, in seconds since
midnight. The following three data items may use the same relative
address in each entry: for valid search commands, phase of command;
for invalid commands, the error code; and for /HELP, the clock
time since midnight at which the student returned to the main pro= '
gram. In this last case, the first time entry is the time at which //

/HELP was called. - - ;
The éntry will also include the set number, if the ¢ aﬁé/;;s 1
SELECT, COMBIWE or LIMIT The length of the remaining a in the ( .

entry is then indicated. :f the entry is a command of an orror, ‘

this will be the text of the entry. If the entry-is /HELP, this
will be the sequence of selections made from the menus in /HELP. i
If the en*~y is an in-depth performance aniiysis, tbis remaining h
data will ve an encoding of the act@viﬁ?kwi;hin thé.gAR,ﬂ__ -

.
-..,A\

mands in this series (errors, control commands, /HELP ¢alls, jand AN
PAR calls) will be bypassed. TFor histories of errors, all other ] \
commands will again be bypassed. Integration of commands in |this AR
series allows for reviews in which the sequence and position!of S
various types of entries is of interest

* When histories of valid commands are displayed, all*othj% com~ \

The command and control data series is updated with every search \\\
entry by the student. .The-entry type code comes from tbe comman-
parser, if the entry is a command or an error; from the input routine,
if it is a control command; or from the performance analysis program,
if it is a PAR entry. The time in seconds since midnight is isolited, .
by assigning the value of the BASIC-Plus function, TIME(O%), to-a~ o ’
variable immediately following a student input. The phase,of the
command comes from the last search phase analysis. The set humber
is returned by the response parser. Data on PAR and /HELP activity
is collected during the operation of those two programs. T

3.5.3 Sets created data v

General series data found on the third block includes: total

and the block number and

The index to the directory is

the directory corresponding
The directory to sets

number of sets indexed by the directory;
address of the next possible entry.
the set numbers themselves with entries in
One-to-one with the set numbers in the search,.

8{)%
“w




creatad in the current search, also found on the third block, in~
cludes the block number and the address in that block of each
set entry.

Data on each entry includes: the number of recozds in the set;
the code for the type of commund that created the set; the cluster
to wich the set belcngs; the length of the original irgument; the
text of ‘the argument. If the set was created with the COMBINE com-
mand, the lergth of the argument reduced to elementary set number
is given, followed by that argument; and the lengch of the argument
reduced to alphanumeric descriptors is given, followed: by that argument.

The sets créa:ed data series is updated with every valid SELECT,
COMBINE, or LIMIT command. The number uf records in the set coues
from the response parser. The command type code comes fromﬁthe
command parser. The cluster number comes from the last run of the
cl.ster analysis routine. The text of the argument comes from the )
command parser. If the command is COMBINE, the argument reduction
Subroutine is run and the two reduced arguments are storeq.

3.5.4 Sets viewed data

General series data found on the fourth block includes: total
number of sets indexed by the directory; and the block number and the
address of the next possible entry. The directory entries correspond
one-to-one witlk the set numbers; the 1lc¢ ~ation of the directory data
for any'given get can be calculated from that get number. The

- directory to sets viewed in the current search, also found on the
fourth block, includes the block number anf the address on that
block. of each set entry.

Data on each entry ig in the form of a linked 1ist referriug to
all records in tke set that have been viewed. Data on this list in-
cludes: the recsird number in the set; the relevance rating given the
record;. the forwat in .hich the record was seen; and the block and
address of the‘pégt,record data. In updating sets v?ewed data, each
entry is insargég|iqto,tge chain according to its place in the set,
That is, ifirécord 4 of a‘given set were viewed twice in two different
formats, the' zwo would-be linked together by tracing through the
\cha;ng?inseftingxibe,sgcond viewing data, aand rewriting the pointers
;‘on’thg‘1€?k-;mmediatelyvpreceeding the insertion. .

o RS R , . ) : -
=", 'The sets viewed datq series is updated with every valid TYPE

command. . The <>t Bumber .afd format number come from the command
parsﬁt.' The record numbey, is initialized by the' command parser and
is jhcremented by “g'ifcr every subsequent record seen under a given
TYPE’ comfiand b Relevahce' comes from the Phase 3 routine which asks
tﬁ%§student for the relévance of each record. N -

. 8

~_,:3.5*;3’5 Records viewed cata

I’ngeral series d-~ta fohnd~6n the fifth block includes: total

number of records ~ ' the directory; and the ‘block number ang’

address
‘ N




of the next possible entry. The direccory to records viewed, also
found on the fifth block, includes the record's accessidén number,

the block number, and the address in that biock of each record entry.
This directory is dynamic, that is, after each new entry it is reor-
dered by inverted accession number sequence. This simplifies sgarching
for the entry, which is necessary for each record viewed.

Data on each entry is in the form of a linked 1list referring
to every time any given record has been viewed. Data on:this 1ist
includes: the set number from which the record came; the record
number in that set; the format in which the record was viewed; the
relevance assigned to the record; and the block and address of the
next entry of data on this record. /

The records viewed data series is updated with every valid
TYPE command. The accession number is isolated by the response
parser. The set nurher and format number come from the command
parser. The record number is inirialized by the command par ser and
is incremented by 'l' for every subsequent record seen under a given
TYPE command. Relevance comes from the routine which asks the stu~-
dent for the relevance of each record. If a match of accession
numbers occurs in'the search, the chain of entries must be traced
through to the end, at which point the new entry may be posted.

\
3.5.6 Descriptors used data

General series data on the sixth block includes: total number
of descriptors indexed by the directory; and the block number and
address of the next possible entry. The directory to descriptors
found in the current search, also found on the sixth block, in-
cludes the block number and the address in that block of each descrip-~

to: entry. ‘The directory may be alphabetized according to the descrip~
tor entries. .

Data on each entry includes: The length of the descriptor\
string; the descriptor string itself; the number of times the desktrip-
tor was used as an argument of each of the following commands: sim-
ple SELECT, free-text SELECT, EXPAND, second EXPAND (thesaurus access),
and COMBINE (derived from the alphabetically reduced COMRINE); num-

ber of records indexed under the descriptor; and number of terms
related to the descriptor.

The descriptor uwsed data series is updated with every valid
SELECT, EXPAND, or COMBINE command. The descriptor itself is isolated

. by the command parser. If the command is COMBINE, the argument reduc-

tion subroutine isolates each argument in the alphanumeric form.
Data about records indexed and related terms come
Parser acting upon SELECT and EXPAND commands.
a match is sought in this series. If
be posted to the already existing entr

S from the response
For each descriptor,
found, data on usage will simply
Y. If not found, a new entry




Y

will.be placed at the end of the entry block, and the directory entry
to the entry will be inverted in its alphabetic position,

3.5.7 Expanded index data

Expanded index data is essential.y the first and last term found
in every EXPAND-table. This data helps in det~tmining if a descrip-
tor would be seen on an EXPAND-table, if it is .n the index. General
series data found on the seventh block includes: total number of
descriptor pairs pointed out by the directory; and the block number
and address of the next possible entry. The directory to the pairs
8o derived in the current search, also found on the seventh block,
includes the block number and the address in chat block of each pair \
of descriptor entries. :

Data on each‘e.:ry includes: the length of the string repre-~
Senting the first descriptor; the first descriptor string itself;
the length of the string representing the last descriptor in the
EXPAND~table; and the last degeriptor string itself. The directory
can be reorganized with each ‘éntry so that the firet descriptors are in
alphabetical order. The expanded index data series is updated with
every valid EXPAND command. The two descriptors stored are isolated
by the response parser. b

\

3.5.8 Transition from block to block !

|

N i)

The last two bytes on each entry block is reservad z: a next-
block indicator. That is, the block number next used for the current
" seri.s is stored in these two bytes. Before an entry is actually
Stored, a calculation is made to determine if enough room remaing on
the block for the entry. If there is, the data is placed in the block
and the block is written onto the file. Lf there isn't, data is writ—
ten through byte 510, the next-block indicator is filled with the num-
ber of the next empty block on the file, the remaining data is stored
0. the new block, and the block is written to the file,

3.6 The Communications Processor
f
The communications processor Serves as a means of communication
. among the studenE;~working through terminals, the instructional pPro-~
cessor, the proctor, and the data base processor. Messages may be
sent from any of these to any other one. The set of computer pro-
grams which physically control the movement of messages among these
Sources and destinations and perform some auxiliary functions is,
collectively, the vommunications processor.
. Message switching is the basic functica performed. The others are:
message logg%ng,hsupporting the proctor, concentrating messages be-
tween the CP ‘and the DBP, and billing and conting. Message logging
Provides information of use in analyzing message traffic pe “erns,
needeq to spot and correct bottlenecks and to enable the system to

o3
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expand 'without creating bottlenecks. The proctor has some functions

which require IP-like programs, but in most cases, he is merely using
comnunications facilitias to send messages to students, receive them,
or monitor a student's activities.

&he concentrator, although only a part of the CP, plays an imjor-
tant role. We have noted previously that the actual percentage of time
a line between a student and the DBP is in use ig relatively small,
expecially for inexperienced users. The concentrator provides a
means to reduce the cost of this usage pattern by making fuller use
of the TP-DBP line, shared among multiple studant users.

The billirg program monitors the amount of time a student is
using the system and computes its cost.

3.6.1 Message switching

. Cofmunication between simultaneously operating programs is made
possible by message switchers. These programs manage pairs of input-
output files from all programs operating at ‘any given time in the
system. Any program operating under RSTS/E and writtem in BASIC-
Plus may have at most twelve internal channels assigned to it. (See
Section 3.1.4.) Files on these internal channels may be shared be-
tween programs, although only one program is authroized to write onto
a file so as to extend it. i

/

Each message switcher may have files assigned to as many as all
of its twelve channels’as follows: one to the proctor; one from the
proctor; one to the concentrator; one from the concentrator; one to
each student, ) to four students; owe from each student, up to four
students. As many as four gessage switchers, accomodating sixteen
students as a maximum, will be considered at this point in the design. |

Messages between each student and EHe proctor and the concentrator are'
always possible. ‘

These communications files are handled by the record I/0 tech-~
nique available under the RSTS/E operating system. These files also
serve logging functions, described in Section 3.6.2. Each file be-
gins with a header record. This record indicates the following: the
user code, the date, the login time, the specifie Program used (tutor-
ial, exercise or assistance), and whether the file was input or out-
put to the program. Each block on the file begins with a code which
indicates if that block has been filled.

The following, referred to as tagging data, is stored vith each
message on both the input and outpu*t files:

- Message tvpe code (see Figure 3.15)

- total length of remaining data, including message

. number of destinations

&t

=




. destination codes

. origin code

. the time since midnight, in seconds
. the message itsglf

Certain ressages may be encoded, specifically, messages to the
pProgram and logging entries from the text-file. A time tag i{s as~
signéq to a variable when the tagging data and message are stored on
the blbgk in the buffer. This usually takes place after the appear-
ance oy entry of the message itself.

Comihg to the instructional program:

. . message to be printed at the sfﬁﬁent's terminal
f \ ,

~

- message to be used internally by the program

J Going from the instructional program:

-

. 1ogging4g355y — an ?ncoding of a_text-file message

. communicating entry - an encoding of a text-file message
. logging entry - verbatim message from the gtudent

. communicating'entry - ver.atim message from the student
. logging entry - - rbatim message from t#e program

- Couamunicating entry - verbatim message frop the progrem
. ~—— /‘"“\m 'r'
Figure 3.15 Types of messages on the communications~logging

files, from the perspective of the instructional programs,

An "instructional program" will be défined for ¢he following
discussion as any tutorial, exercise, or assistance program which inter-
acts directly with a student at a terminal. From the perspective of in-~
structional programs, the first tagging datum, message~type code, indi-

» €.8., a8 message to the proctor. Logging

» are not conveyed to other
programs, e.g., a notation about a message printed from the text-file
in a tutorial pProgram.,

'All programs have access to a 16 byte common memo

tion 3.1.4). Each megsage switcher uses two bitg from

i bytes. These bits correspend to the six input aund the
nels attached to the message switcherg.

Ty area (See Sec~
.ach of six

six output chan-

One of the two bits indica.es

ERIC | | 5/
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that the file on the ohannel contains information for the associated in-
structional program; the other bit indicates that the file on the chan~-
nel contains information from the associated instructional program.

Communication may be viewed from either che point of view of a
typical ipstructional or proctor program or from the.point of view of
the message switcher. The ovtput file of each instructional and proc-
tor program is an input file to .ne of the message switchers while the
output files of each,of the message switchers are unique input files to
instructional and proctor programs. The logical framework of the mes-
sage switchers is shown in Figure 3.16.

1. Communication from the point of view of the instructional programs.
When a program has a message to send; it proceeds as follows: It reads
into the I/0 buffer the block which contains the last message sgent. The
tlock number had been previously saved in a core variable. If the mes-
sage 1is too large for the space remaining in the block, the next-block-
indicator {s turned on, the block is written out, and the next empty
block is called in.

the type of communicating entry; the total length of the remaining )
data and the message; the number of destinations; indications of the des-
tinations; time since midnight; and the message itself. The block is
written to the file and the appropriate bit in the common memory area

is turned on to indicate that a message is to be transferred. The
relative address of the next location and, if neceassary, tie block num~

ber of ‘the output file are both updated in the core variables reserved
for this information.

i
i
|
In any case, the fdllowing tagging data is written onto the block: f
|

.

The program may either do some pProcessing or may "wait around" for l
a return message. To "wait around," the program will enter a loop which
checks the incoming message bit every few seconds. Otherwise, the pro-
aram will check the incoming message bit when the other processing is

completed.. When the bit is turned on, a message is waiting for the pro-
gram on the program's input file. '

The block of the next input message and the location of the next
message on that block are also stored as variables in the program. When
the input bit is recognized by the program, the program turnsg it off.

The appropriate block from the input file ‘is then retrieved. If no
data is found where it ig expected, the next possible block is called
in and checked for a message. More than one message may be waiting on
the file. For each ressage, the tagging data is analyzed and the mes--
sage is extracted and used appropriately. The variables indicating the
block and the relative address ia the block are updated accordingly. "

2. Communicarion from the point of view of the megsage switcher.
A typicul message switcher will proceed as follnws: It will check the
first/next bit allocated indicating that an instructional or proctor pro- ‘
gram- wants to gend messages. After switching the message, the message- |
switch = will check the next bit in the next byte to find out if the
L4
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next program wants to send a Message, etc. After checking the last
byte and switching any messages from the associated file, it will re-
turn to the first byte in the ‘common memory area (See Section 3,1,4).

The message switcher will iterate this loop the whole time the system
is operating.

" When a bit indicates that a message is to be switched, variables
indicating the block and relative address of the next expected mes-
sage on the file associated with the bit are used to access that message.
The bit indicating incoming messages to be transferred is turned off and
the block of the file corresponding to the bit is read into the buffer.
Any purely logging data in the file, recognized by the message~-type
code, is skipped over. The next bloeck of the file is called in when-

éver necessary. The variable indicating the block and relative address
is updated as needed.

The destinations of the messages are determined from the messages'
tagging data. Tables on block number and relative address are stored
for each file coordinated by the message-switching program. This
data enables calling in the appropriate block of the appropriate mes-
sage. switcher output file. A ain, if the message and its tagging data

| exceeds the space remaining in the bleck, the next-block~indicator is

' turned on, the biock is written out, and the pext empty block is called
. '

In either case, the tagging data is

Placed in the block and the
block is written out to the file.

The appropriate bit in the common

e that a message is waiting for’the
associate instructional Program. The block number and relatlve address
of the next Mmessage on this file iz updated.‘n the message switcher's
variables.

3. Housekeeping. Message switching f£i1
ralatively temporary. To distinguish them

name. This name must be associated with a message switcher, a channel,

- * Housekeeping is
es with message switcher: .

A single block of 3 co
memory, and a few lines of
fice for housekeeping. be logically struc~
tured to associate the p 3
Sage switchers, and the bit and channe] devoted to
the message switchers,

v

program is logged on to the System
Or reception pProgram.

When a
by the login

» these areas are checked
pair of chann

If a Mmessage switcher has ap open
elsR the program's file names are written into the
a bit in common mer.°ry is turned on for the message

.Along with the twelve file bits, this bit is checked periodi-
tne message switcher, When ¢
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switcher then turng off the bit. Whenever a job ig detached or logged
off, the logoff program eliminates tle file name from the common file
block and turns on the mess2ge switcher's bit. When checked by the
message switcher, the common file block will indicate that those chan-
nels are no longer required. The message switcher closes those files
on those channels and turns off the bit.

4. Proctor intermediate message merger. Problems arise in se-
quencing messages to and from the proctor (see Section 3.6.3), siace
up'to four message switchers are sending data to and receiving data from
the proctor program over as many as eight files. If these were directly_
attached to the proctor, only four channels would tken remain for all
other files used in the proctor programs. The c?ncentrator (see Sec-
tion 3.6.4) is similarly limited. It, however, can tolerate eight
channels tied up in communications. The proctor cannot tolerate this.
Therefore, an intermediate message switcher is provided to merge the
four input files into one input file for the proctor and split a
single output file into four output files for the nessage switcher:.
This reduces to twe the number of channels allocated to communications
for the proctor. . ’

The intermediate message merger operates as follows: The message—~
switcher-to-proctor bit is checked for each message switcher in se-
quence. If it is found on, messages are read off the file and written
to the gingle output file to the proctor. (Input file from the proctor's
perspective.) Added to the tagging data is a code indicating which mes-
sage switcher sent the message.

Alternating with this process, the intermediate message merger
checks a bit in commoi. memory turned on by the proctor program when a
message is written to the proctor's single output file. The mesgage
and its tagging dita are read.” Thé intermediate message merger deter-
mines frouw the tagging data which message swit_her is to receive the

" message. The message is then written to the appropriate file,

Common memory bits are turned off and on, as outlined above. Variables
indicating blocks and relative addresses are maintained by the inter-
mediate message merger, also as outlined above.

3.6.2 Message logging

Messages are logged on the same files ag are used for communi-~
cating messages. (See Section 3.6.1.) To recapitulate, each program
has associated with it an input file and an output file, These files
are processed by the record I/0 technique available with BASIC-Plus
ugder the RSTS/E operating systm. The program's input file is strictly
reserved for messages coming from other programs via the message switcher.

The program'g output file gends Dessages to other programs via‘the mes- 4
sage switcher and logs all activity ‘that:takes place at the student s /

terminal. The communications functions are d¥scussed in Section 3.6.1;

o




the logging functions will be discussed here.

Messages are logged on the output file following every message
entered at the terminal by the student and followi. g the nrinting at
the terminal of every message which originated with the program or
with the text-file. Messages from /the student and from the program
are logged verbatim while messages whose source is the text file are
encoded,

‘All messages logged are preceded by tagging data, For verbatim-
messages, this includes: :

. code indicating that message is a verbatim logging entry,
and indicating whether it originated with the program or student

. total 1ength.of remaining tagging data, including message it-"
. self c ’

the‘origiﬁ (student program) code
. time since midnight in seconds
. actual text of message itse}f
For encoded text-file messages, tagging data includes:
. codea indiéating that message is an encoded logging entry -
. total length of remaining tagging data
- origin (student program) code
+ time since midnight in seconds

. coce indicating which ‘ext-file is inéolveq,

. frame number and text~-gvoup code

cating entries as well as simply logging entries. 1In this latter case,
the proctor can monitor Student activity, discussed below. If the en~

try is tc be ‘communicated, destination codes are included in their nor-
mal positions in the tagging data. . ’

The logging-cowmunication files can be used to analyze traffic
flow, reposition students after a system failure, and monitor searches
in real-time. Each of these functions, performed by Programs or parts
of programs, wiil be discussed below.

1. Traffic flow analysis. This Pragram is run in batch mode after
sessions for g day have been completed, Switches are set at t’.
the program which indicate the population on which the analysis

be run: ope Program, a group of Programs, or all programs which have

-~
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operated during the day. Response times and activity demands can thus
be evaluated from the point of view of a single user, a group of users,
or the entire system.

The output of traffic analysis is a report tabulating the following
data for each message: time in seconds since midnight, time in seconds
since the immediately prior entry, user or program number to whichp;his
entry belonged, and type of activity this entry represents. Type ‘o
activity may be displayed as a check in one of several colurins or as
a code number. Types of activity include: a text-group from the text-
file, text originating in the program, input from a student, communi-
cation from a student to the proctor, communication from the proctor
to a student, message sent to the concentrator, or message re?eived
from the concentrator. This data is derived from the message's tag-
ging data.

The traffic analysis program wiil process the logging files as
follows: ﬁp to five pairs of input-output files will be assigned ten
channels in the analysis program. These now are the input files to
the anal&sis'program; A’working output file will be assigned the pro-
gram's eleventh channel. Timing, origin, destination, and function
data will be read from the data tagging the first message on each of
the input files into an array. Data from the oldest message will be
reformatted and written to the working output file. Tagging data for
the next message in the same input file will replace the data which has
just been written. The oldest data now in the array will be reformatted

"and written and the process is repeated.

If ten or fewet logging~communication files are being ccnsidgred
in the analysis, the working output file becomes the only output,, and
then the only input, file in the analysis program, Otherwise, the pro-
cess outlined above is repeated for up to ten more logging~-communica~
tion files, creating a second working output file. The whole process

may be repeated until a maximum of twelve working output files have :

been created. That is, as many <¢3 .. logging-communication files may
be reduced to as many a. i2 o v, fFiles. An analogous process is

now used for taking daca “rom “aese ourput files and printing the report.

Data about messagss is  pirecesscy t-ow the oldest to the latest. Time

differences between the consec'itive eni:ies are calculated. Output is
printed as describe~’ apove. . . -

2. System failure ;. start. The use of the logging file for reposi-

tioning students followin, a syscem failure is discusged in Section 3.8.3.

The lo,ging files ar: used in conjunction with the student perfo

Tmance
data base to reestablish control

to the right place in each program.

3. Monitoring searches in real-time. The proctor is able to
monitor student activity in real time by sénding 2 message to the

student's program. This message throws a sof . gare switch which directs
the program to communicare a copy of ever

Y message, except those generated

-
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and sent by the program for internal purposes, to the proctor. The
message switcher is responsible for sending to the proctor a copy of
all messages going to the student's program from other programs such
as the concentrator. The student is notified by a message at his ter-
minal that this monitoring is taking place. ‘

3.6.3 Proctor functions

.

These include: reviewing im\depth the performance of one student at

a time; communicating with any student at any terminal; monitoring in
real-time all activity taking place at any student terminal; summarizing
the performance of any group of students; accessing the logging-communi-
cations files of any group of students; and triggering an in-depth !
performance analysis to be rum cn any given student.

The proctor has accééa\i? a number of programs and capabilities.

1. Reviewing performance. This option is based upon the /HELP
option available to students. For a discuesiqn/éf /HELP as a student |
option, see Section 3.2.4. The proctor has more options available
here than do the students. The proctor may see the history of com~ .
mands issued in three modes while _tudents may see it in only one mode. B
These three modes are: valid commands; valid and invalid, commands in- T
termixed; and valid, invalid, and control commands intermixed. “

The proctor can furthermore .race the entire history of any stu~
dert's use of /HELP.  This data is recorded on the student data base
as detail on /HELP commands in the command and control data series.
After seeing where wach use of /HELP is located in the context of all
the commands issued by ithe student, the proctor can trace the history
of all options taken and responses made within-each use of /HELP.
These reviews can be selected by referring to the /HELP command's
sequence number in the history table of commands given.

2. Communicating with students., In programs under proctor con-
trol, the function /SEND is available. With it, the proctor can send
a4 message to any student program operating in the systeﬁ. This mes-. ,
sage is transmitted via the proctor's output communication file.

/SEND can take as its argument the names of all programs which are to
receive the message and the types of messages they are to receive. See
Section 3.6.1 for a discussion of message switching.

Two types of messages may be communicated to a program., The
first is to appear at the student's terminal for the scudent to read
and respond to; the second is a message to the program to set an in-~
ternal software switch. The two functions are distinguished and con-

veyed by the tagging data that precedes the message on the communica-
tions file.

An instance of sending a message to the student's terminal may be
founq in the proctbr's monitoring of student activity. If the proctor
recognizes .that the student needs a particular type of help, he can

Q'a
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send the student advice with /SEND. An instance of sending a message
to a program may be found in the proctor's triggering of an ir~depth
performance analysis on a student's search., This authorization throws

" @ software switch which routes control around the threshold checkers

into the full analysis.

Periodically in the proctor's programs, a subroutinme will check
the proctor's input buffer for data, !If that data is ?ound to be-
gin with /SEND, the cubroutine will parse the input for further informa-
tion: to whom is the message intended and what megsage 1s to be sent,
Messages to programs will be encoded. A 1ist of this encoding can be
posted to a text file for the proctor to review if necessary. Tte
subroutine which checks the proctor's input buffer will look 1like this
in BASIC-Plus: s

INPUT AS$ .
"WAIT n (a second or two)
ON ERR m RETURN (no input)
(process input found)
RETURN
3. Monitoring real-ti. - activity. This function has been dis-
cussed already in Section 3.6.2, from the perspective of the logging-~
communications files. Student activity can'be monitored by the proec-

tor as tnat activity happens in real-time. Proctor monitoring may
begin as a stand-alone program or it may be chained into the proctor's

work area following a recapitulation of the student's current search

for the proctor. Monitoring begins with the\proctor's program sending
a4 message to the student's instructional program. The message sets

a software switch in the student's ‘program which causes every message
to be tagged, indicating that copies of the message are to be sent

to the proctor. A message is also sent to the student at his terminal
notifying him that monitoring of Q&s activity is beginning. -

The proctor's monitor program receives copies .of all logging
entried and communications. These are then printed at the proctor's
terminal. The text-file used by the student's %rogram 18 attached to
the monitor program so that text-groups printed at the student's ter-
minal are also printed at the proctor's terminal. The proctor may
communicate from the monitoring program by his program control

periodically‘passing through the input—buffer-checking subroutine. de-~
scribed above. ‘ :

4, Summarizing performance. Summarieg of the performance of a
group of students registered with the IIDA Project can be made with

‘the program under thig option. Summaries may include or exclude the

detail summarieg of the last gea

rch done or the present search being'
done by wmembers of the group.

The proctor enters a group code to in-
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dicate at the beginning of the program‘what group of students the re-

port is to include, and which type of summary report is to be generated.

The performance data bases f the group indicated are attached, one at
a time, to extract data from the long-term series and print the re-
quested information. WNo information about particular students,
identified by name or number, i3 released. Dara on the dist..buvtion of
each characteristic is accumulated for a grand summary at the end of
the report. Data presented in these reports includes calculations made
from data extractea from the performance data bases., Data-present-d in

‘the reports are listed in Figure 3.17. ' . -

5. Accessing the logging'communications files. The ﬁ%octor can

run segments of the traffic analysis program on the Aactivity of any group . .
of students. See Section 3.6.2 for a complete description of the traffic

analysis p»ogram. The report will include the type of entry, its origin

snd destination, the absolute time of the ‘entry, and the elapsed.time since-
the previous entry. Swumaries of the timé distribution of different types

of entriec are generated.

- ———

HEADER DATA

. identifier ,

- search or summary’

| e m————— ey,

. 1f detail, when was. search made

. curre it searcH indicator -

. COMMANDS ISSUED

. total number of commands

. total anumber of command types

- tot: number of commands by type

- distribution of time between commands

SETS -CREATED g

. number of sets c.-rated

7

, ]
. number of sets created pPer command
. distribution of time between the creation of sers
- array of commands fised to creatz sets

s
Figure 2.1/, Dpata presented in detai]l and summary reports
available to the proctor (éontinued on next page).
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DESCRIBTORS USED . -

. number of descriptors-used ’

= . ' & . '
. number of descriptors’used per command

/
. number of descriptors used not found in EXPAND tables
- number of descriptors used in free-text SELECTS.

RECORDS VIEWED ° .

R ? 4
+  { numher of distinct recoras viewed
A\ s é

l. numeS of records viewed, by format - . -

J .

- number of records viewed out of total records in all sets__
|

l L

. dfstrigd 3n of relevance ratings:

ERRORS MADE
‘ . number of errors made
. number of errors made ‘per command
. nﬁmgér of errors made, by tyge of error SR
/HELP USAGE \ )
. number of /HELP calls .
\
- number of calls per command \

- number of selections of each option

absolute time in /HELP options

. to£31 time in /HELP out of tofal time in search
i

- total time in each option of‘/HELP

PERFORMANCE ANALYSIS PROGRAM USAGE.

.

- number of PAR calls
« number of calls Per command

- number of calls for each type of tﬁfeshold

. total time for in-depth PAR -
- total time in PAR out of total time ip Search
total time in-depth by each type of triggering thfeshold ’ E

] (Figure 3.17 continued) : S, ;
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|IN from MS1L |

[ZN from Msa. | |

eonversion. data.

Ur to MS 1 |

Table C.

FILES [OU’T‘ to. MS A l
[IN from MS 3 | From [to [OUT to Ms 3 |
IN from MS4 Messase OUT to MS 4
] .f SwrTcHeRS . .
. (ms) ‘ w L
. 8 X
Messaqes (Commeonds) Nessaqes (esponses)|
" rom 5__‘14«0[&"7‘5 to € From Znaarﬁ-av‘a"
| Concentrator. Check to Studesrts: Tarn
a commwmenn bit. on a ceominen bit,
Q.nversi;mu
. data.: 5. .
4}14@3&_ each Table A . | Arabyse each re—
message and shre [~ -3 Table B. ""\'\; sponse and, restore

Wsiaw data .

‘Ta,b/e 13.
wl’;’{?, aut ,
w)mcrfed mess.ye
for DBP. Turn
on & Comimm bit.
Message \ 6o, Z
OUT to MFC " MESSAGE
' ' FLow
IZN fom DBP |=5| CONTROLLER
Message buffer P (MFc)

J5

4
Kead v

responses -fmm

DBF. Check o

commenv bit.

Mess’aqe%ﬁ&

~Z5{IN from MFC |

OUT to DBF
/ﬂ?essaje- buffer

Figure 3,18, 'S)’STEM FLOWCHART of the.” '

. Data Base Concentrator. -
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6. Trfggeringﬁperformanée analysis. The proctor may ‘at any time
send a message to any current instructional program in order to acti-
vate the in-depth performance analysis routine for that program. The
message will throw a software switch which bypasses the threshold
checker, unconditionally activating the in-depth performanqg analygis
program. The message is sent over the communications file.” The
Proctor may want to do this whenever he observes a student with a

problem which is not otherwise caught by the threshold checkers. ) .
Sée Section 3.3.4 for a discussion of the performance analysis routine.

<

3.6.4" Concentrator ‘o

- a

T..e purpose of the concentrator is to-allow several students to
use a single line.to the data base processor (DBP). Thus, the IIDA
system will look like a single terminal to the DBP ‘and gach student &
will have the. impression that he or she has ,a single direct line to '
the DBP. The general flow of the concentrator program is presented
in schematic form in Figure 3.18. P :

From the point of view of the concentrator, there are three types
of comitands: those which need no set number conversion on the way out
to the DBP or on the way back from the DBP (e.g., EXPAND); .those .
which need set number conversion on the way back only (e.g., SELEC’I');._r
and those which need set number conversion both on the way out and-on
the way hack (e.g.,. COMBINE). Four data tables are maintained by the
concentrator program for making these conversions. These are discussed
in 'the following paragraphs as Tables A through D. Table D will be
further amplified in terms of its constituent rows. .

Table A. This is a 1ist of yser identification numbers, posted
for each command in the order in witich they are.sent to the DBP. Two
pointers are maintained. One is to the last command sent to the DBP,
This is ysed for finding the place to update. Table A. The other pointer
is to the last response processed. This is used in assigning resporses
Lo the correct output files. A '0' is postéd to Table A if the command
originated with the concentrator. A minus sign on the user identifica-
tion number indicates that set numbers in the response require conver-
sion to user set numbers (i.e., the command was SELECT, COMBINE, or
LIMIT). ot .

Table B. This*is a 1ist of user set numbers, posted for each DBP
set number in "the order in which-the DBP sets were created. The last
. DBP set number is held as a pofdter to this list. Table B is used in
converting set numbers in responses to SELECT, COMBINE, ‘and LIMIT
commands. - R . '

Table C. This is a matrix of DBP:set numbers. Its rows corre~
spoqd to user set numbers and its columns correspond to user identi-
fication numbers%) Table C {is used to convert user set numbers to
DBP set numbers before comnands like COMBINE and LIMIT are sent to
the DBP. Pointers “to the last get numbers are found in the third row
of Table D. ,

9,

P



Table D. This is a matrix whose columns correspond to user identi-
fication numbers and whose rows have the, following different meanings:

Row 1. Output channel number. This may be an integer between
'1' and '4', corresponding to the four message switchers. This data
is picked up from the first message from the user on the corresponding
input channel.

Row 2.  File number. This is the DBP file numbér presently
being searched by the user. This is the default file number until
another file number is picked up from the argument of a BEGIN or
+FILE command.

Row 3. Last user set-number.. This corresponds to the set
number of the very last set created by the user. It is defined for each
column in Table C by the last row with pertinent data. It is incremented
by '1' for each<user.when the user creates a set. L PE

Row 4. Count of response destinations. This is taken from the
message tagging data and is checked with message tagging data that
accompanies each new command. It is used in formatting the tagging
data returned with each response. This number defines for the cur-
rent column in Table D the last row with pertinent data in Table D.

3

Row 5 and following. Destinatidns. The remaining rows in Table
D are codes for response destinations. As in the fourth row, this is
taken from tagging data accompanying-each command, is checked with
tagging data for each subsequent command, and is sent with tagging data

- returnéd with each response. °

Concentrator processing will be discussed below, closely following
the flowchart of Figure 3.18. Each numbered paragraph below refers to
the process box in the flow chart with the. same number.

1. Students-to-DBP message handler. Each ¢f the four message
switchers handle ‘a’ pair of comimunication files for the concentrator.
These files with messages, or commands, destined for the data base
processor (DBP) are continually checked for entries, using the common
memory bit méthod discussed in Section 3.6.1. When an entry is recog-

nized, its tagging data and the message itself are vead by the concen-
trator, . -

Tagging data is reformatted, cohverming origin codes into destina-
tion codes and saving any additional destination codes in Table D,
Experimentation will determine whether to read all messages before
proceeding to the next step or whether to read only one message at
a time, Here, as elsewhere, an on-bit in common memory will be

checked and -turned off before a block of data will actually be read
into the buffer, :

" 2. Command conversion for LDBP. The origin of the message will
be referred to as the user identification number. This will be used to

Lut
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check Table D for the user's current DBP file number. If this differs
from the current file number, a .FILE command with the user's file
number will be sent to the DBP. This and all other concentrator~ini-
tiated commands will be noted by an entry of '0' in Table A. y

The tables are updated as follows before the message is sent to
the DBP: In every case, the user number is added to the end of Table
A and thé pointer to the last command is incremented by.'l'. If a
set is expected in response to the command, the user's last set number
in Table D is incremented by 'l'; the last DBP set number in Table
B is incremented by 'l'; and the last user set number in Table D is
stored in Table B. If the cémmand is of theé third type, with set num-
bers that need changing before going to the DBP; the command is parsed
and the set numbers from Table C are substituted for the set numbers
in the command as given, making the command compatible with the DBP
point-of-view oz sets. For the last two types :of commands, the sign of
the entry in Table A is made negative to indicate that the set number
in the response must be converted. -

3. Set up commands for DBP. Each command will be written to a
DBP queue file. This file contains no tagging data, although a direc-
tory on the file indexes the location and length of each command on
the file. The DBP message flow control job learns from this bit =«
that commands are waiting for it on the queue file. Action typically
taken with respect to this bit is discussgﬁ/iﬁ detail in Section 3.6.1.

" ° 4, Receive responses from DBP. The concentrator checks a desiggatgd
bit in :common memory to learn if any responses are waiting on the queue
file coming in from the DBP. The DBP message flow controller posts the
length and address of all such responses to the directory for the queue
file.. If responses are waiting, the directory is checked. ' Waiting

messages are read off the file and then processed in the order in which
they come off the files . ‘ .

5. .Response cbnversion for student. For each DBP response, Table
A is checked for two things: First, if-the sign of the entry in Table

%
A 1is negative, the response must be parsed and converted back into terms
of the user's set numbers. In this case, the response is information
about a set. The set number returned b \{the DBP i$ used to point out

the set number recognized by the user, stoged in Table B. The uger's
set number is subétiguted for the set numbek Teturned by the DBP.

{

Second,’the absolute value of 'the entry In Table A, beginning
with the last response location, plus '1', indicates the destination
of the response in terms of the user identificaﬁion number. This user-
number points to the column in Table D dn which the output ch
bér is stored in the first TowW.

annel num-~
6. DBP-to~studénts.message handler. The appropriate message switcher

» based upon the channel nymber in Table p. °
Tagging data, extracted from Table D, is yritten onto the appropriate

output file, followed by the message from the DBP. Tagging data in- .
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cludes: message type code, length of remaining data and medsage,
number of destinations, destination codes, origin code, and time since
" tnidnight. The response itself follows. When all messages have been
written out, control goes back to Stepl, the student-to-DBP message
handler. . . ,
7. DBP message flow controller. This job operates independently
" and functions exclusively té receive responses from and send commands
to the data base processor (DBP). Commands for the DBP are recognized
“by a bit on in common memory. When-it is recognized, the command is
read off the file, using the length and address data directory, and -
sent to the DBP ‘through the external communications buffer.. This
function altsrnates with the responsge, receiving function. Here the
content of the communications buffer is transferred to the response
file, where.it will be read by the concentrator. Again,‘a bit is

turned on by the message ffbw controller to indicate to the concentra- .

tor.that a response is waiting. If this job proves to be'a bottleneck,
it can be split intoigyo semi-independent’ jobs: one for commands to
the DBP and one for responses from the DBP. '

Experiments will be performed to determine the most efficigﬂt
way of sending commands to the DBP -- that is, ‘whether to send one
message at a time or several messages stacked together, and if stacked,

an algorithm for getting the quickest response out of the stack each
time, : S

“The concentrator also acts as a filter for various‘thousekeeping
commande, - In. the DIALOG system these include: LOGON, LOGOFF, BEGIN,
END, and .FILE. When a student sends any of these commands, he will
get the standard response, not from the DBP but from the concentrator.

DBP could drastically affect the activity
of all other users of the system. When BEGIN and. .FILE are received
with a file number as an'.argument, the contents of Table C and Table
D are reset and standard Lockheedflike responses are transmitted.back
to the student at his terminal over the communications file. These .
standard responses can be read from a text-file associated with the
concentrator, or they can be part of the program's code,

Following is an example typical of the effect two students might
have on the concentrator's tables. 1In this example, Student 3 is at-
tached to message switcher channel 2 while Student 4 is attached to
message switcher channel 4. The tagging data in Student 3's commands
indicate that only he is to Teceive DBP responses. The tagging data
in Student 4's commands indicate that both he and the proctor are “
to receive his responses. .The following commands are issued:

.
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Comnriand Student Command .

Sequence Id no. Issued
oL C 3 BEGIN 7 ”
2 - 4 BEGIN 11
3 . 3 SELECT ﬁarg)v a
4 .3 EXPAND (arg)
- ‘ 5 4 "SELECT (arg) .
X 6 3 LIMIT. (arg)". \
7 4 EXPAND- (arg)
8 ‘4 . SELECT (arg) .
9 3 SELECT (arg) ’
10 3 comaﬁm (;;g)

The four tables are updated after each of the above commands are

read in. After all these commands are sent to the DBP through the

concentrator, the tables appear as follows: < .
o Table C Table D '
Table A Table B (1) 2 3) ,(4) - (1) (2 3) (4),
3 - 1@ . .1 2 . .
4
0 1 (2) . . 3 4 . . 7 11
-3 ” v
3 2 3) . . 5 . ot . 4 2
0 . : ,
-g 2 w . . e . . .10 2
"3 3 (5) . . . . . . 3 4
0 N
4 4 6) . . . . . . . 1
-4 .
0

[}
W w
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Table A lists the sequence of inputs by, student identification
number, Since the students. are on different data base files, 7 and
11, the .concentrator must,issue a .FILE command whenever the input .
changes from Student 3 to Student 4 or vice yversa. This concentrator-
issued command 'isindicated by a '0' in Table A. ALl commands which ,
result in the creation of a set (SELECT, LIMIT, or COMBINE) cause

the sign of the student identification number to be changed to a nega-
tive, ' . .

Table B lists the sequence of student set.numbers. In the third
command, Student 3 creates his set 1; in the fifth ‘command, Student 4
creates his set 151}n the sixth command, Student 3 creates his set\2; etc.

.Thé columns in Table C correspvnd to the student identification numbers. <
The first; third, fifth, and sixth sets created by the DBP are the
first four sets created by Student 3. The second and fourth sets
created by the DBP are the first two sets created by Student 4,

Table D accumulates miscellaneous data. The columms correspond
to the student identification numbers? The first row indicates that
DBP responses destined for Student 3 are transmitted over channel 2, =
and DBP responses destined for Student 4 are transmitted over channel
4. The second row indicates that Student 3 is searching file 7 while
Student 4 1s searpching file 11. :

The third row of Table D indicates that Student 3 has creatéed
four sets while Student 4 )has created two sets. The fourth row indi-
- cates that responses to Student 3's commands have only one destination
while responses to. Student 4's commands have two destinatjions. The .
fifth and gixth rows indicate that responses for Student 3 are sent”’

to him only while responses for Student 4 are sent both to him and the
proctor, coded '1', . -
. )

’ 3.6.5 Billing and cogting programs

The purposes of these programs is to determine what to charge
individuals and groups for their use of the IIﬁA.system and to determine
the cost of running the ITDA system, This is achieved by maintaining
data on all usage of and costs incurred by the'system.. Because all
duratyons of use must be monitored by the billing program, it is an
appropriate place in which to initiate inte;progrém communications.

When a student logs in for the first time, thé billing program |
will-open a new student performance data base and will gather the |
basic data for that file. Every time thereafter that the student 1ogs
in, both his identifiéation and the time he logs in will be recorded
by_this program. From the program the student chooses the instruc-
tional program he wants. The appropriate pair of lopging-communica-
tions files will also be assigned by the billing program to the student's

instructional program and to an available message switcher, i.e.,, one
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. record the time and will remove the names of logging-comminications

“ =95 a

with two channe.s avai}able.

The names of these files will be recorded on a file commonly
accessible to all the message switchers, as has been discussed in
Section 3.6.1. When a stiident logs ‘out, the billing program will

files from the commonly accessible file. This program will also re-
cord when the DBP is loggad in, when it is logged out, and the dura-
tion of usage of:each data base. The actual logging in and logging"
out will be-done by the proctor, while the changing of data bases

is done by the concentrator. {

At first, charges will be based diréctly on connect time as a
function of.which PDP-11 program-and which Lockheed data base is
being used. A rate table will be set up for all the tutorial, ‘exer-
cise, and assistant programs. Also, a table of current’ Loékheed
rates for each data base allowed by the IIDA system will be stored.
With the exercise and assistant programs, at least the data base
connect time Tates will be charged. - -

../ Bills will be prepared on either an individual or group basis.
Bills will include the date and time of each usage; the type’ and
rate of ‘each usage; the extension of each entry; and the total charge.
These bills will probably begin as paper entries but will become real
bills when the system becomes fully operational. At that' time,
billing will represent real chaxges. TIncome from it will finance the
IIDA system. .The paper entries, however, represent valuable data and
experience which will serve as a basis for determining charges and
rates when billing beg%ns in earmest. .

Costs to thé IIDA system after it becomes fully operational will

include at least the following: Lockheed and network charges; rent
or amortization of the PDP-11 computer system; telephone cﬁarges;

" personnel salaries; rent, electricity, and other administrative ‘over-

head.

A} M !

A cost summary report will be .prepared on a regular basis.’ Cost

per heur will vary considerably. A report on the distribution of
the cost can be generated and can include a comparison #ith the sSys-
tem's income over the same time period. The break-even point in terms
of the number of users and the type of use can be calculated .for actual
usage’ and alternative Projections. Profitable pericds can be deter-~

mined and a sliding rate schedule can be established to attract more
usage during less profitable periods. ‘ ’

3.7 Data Management Subsystem

¢ A data management system is a sef of computer programs that
perfqgm most of .the fungtions‘of storing data on auxilidry memory
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(such as disk), retrieving it on demand, making changes in content,
and performing searches given appropriate specifications. In the con~
text of IIDA, the data management subsystem is a"set of programs
' that support.other progr is by providing some of these f&giligiesk
Reliance will be made to a great extent on the data management facili-
ties provided with ‘the computer operating system and some additionala
> p}ograms will be added to these. We héve‘the advantage over many ‘
- data management system users that, however complex the files in the
~ DBP may be, "the files within the instructional and communications pro~
cessors are relatively small and simple in structure.

The IIDA data base consists of the -communications log, the stu-
dent“performance history files and thﬁ text file.

3.7.1 File organization

*

. - - !
The student performance history files are structured to allow
for efficient ‘data storage and'dynamic growth. (See 3.5.1 through
S 3.5.7 for detailed descriptions of sub-files.) For reasons related
*a to the compression of data and.the indeterminate number of entries .
for certain fields, it is}importaﬁt to relieve the applications~p;o-
. grammer from the task o unpacking elements from these files each
" time a diii,X?lue is reguired. )

¢

v !

The program which manages the unpacking of the history files is
called whenever a studefit eatry is a log on, request for /HELP,
parsed command, or log jo£f:: The file is also unpacked during various
update routines. Wben'anyﬂgf these initiating conditions are net,

-+ the entire performance history file for that user i3 addressed on
disk and called into core. The blocks are unpacked so that each value
resides in.an addressable location (or array). This procedure con-
sists of: (1) overlaying“pseudo-sqructures on fixed length fields,
(2) identifying and evaluating variable lergth tagged fields, and (3)
manipulating entries in multiple occurring fields.

_Each variable in the history file i;,then encoded and accessible
by applications programs. If the calling condition is a valid command,
the history file is maintained in memory until updated by the data

base résponse'parser. Otherwise the modified file is rewritten to
- disk. ‘

AN

The student performance data base will be organized in sequential
- manner, using(an indexed sequential file. organization, Records of
this file will always ‘be called either by student number, when re~
trieving the data for a particular Student, or\sequentially when per-
forning an analysis across all Sstudent records,

_ g
) ' The communica;ions log is also an indexed sequential file. It
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" The text file is also an index sequentiil file. It ig called
for use or for updating always by frame number with which ertries
are associated.

)

L

3.7.2 Report generation

r

The standard IIDA reports are the stadent performance (discussed
in section 3.6.3), traffic analysis (3.6.2) and costing and billing
(3.6.5) summaries. These reports are generated by a series of special-
ized programs which use the student history data bases and the communi-
cations log as major sources of input. The reports are produced at

®regular intervals and upon request. The requestor may select from

»

e

A4

" a data managrment System which has not

a menu of input options and output formats. The report print files
are organized for flexible display; summaries may be directed to
the line printer, hard-copy terminal or CRT sScreen. .

1. Student performance report. The statistics appearing in this
Summary are. useful for\varied applications. A standard forrat for
Summarizing performance will be.developgd. Users of the repsrt will
have some control over ﬁhich student recérds are included, but this
will be limdted both by'the programming cost of’generalization and

& N
privacy protection gor Students. * N

\

\

The student history report prograﬁé invoke the -pnpacking routine

(discussed in section\3.7;1) which subsequently attaches the required ¢ .

Student data bases. .The contents of rélgvantavarﬂables are extracted
and written to the preformatted print file on disk. Values are ¢
cumulated for later posting of summary data.

Some manipulation of raw data is done within ithe programs to -
pProvide more meaningfg} statistics. Similar data jare combined, fre-

quencies a%é\tabulated, and means computed. The results’ are presented

in matrices of varying degrees of complexity depending on the oytions
selected, - , ‘
® '

compute all values needed for the. traffic éﬁalysis report., Section
3.6.2 describes the data tabulated in great detail. The function of
the report ‘generator for this.information is to build the print file

3. .Billing and costing reports. The billing and costing pfogrémé
produce all data needed as input for the generation of reports. .See
Section 3.6.5 for details, The report Program draws these data from
the billing/costing files ang fprmatﬁ these data for output.

3.7.3 Ad hoc query

. \ :
Ad hoc query is the capability fog a user to ask a question of
peen previously programmed.

\n

)

-~
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There will not be sivch a'facility in IIDA, on the grounds of programming
cost. Analyses of performance, communications activity and cost will o
be pfogrammed as standard reports. These may, of course, be Tepro- . -
grammed, if necessary. As new requirements’ arise, they;may be pro~
grammed for analysis. But there will not be a program that permits
IIDA users to define a new information requirement and have the re-
sulting file search and formatting be done immediately.

¢

3.7.4 Text files

A text file makes it possible to comgletely segregate the text
used in each of the.programs from the programs themselves. Changing
and adding to the text become simple operations for the person who '
is writing the course. All textual entries from this file can be en~ =
coded into a few bytes on the logging file (see Section 3.6.2). -

\

-

. Each program in the IIDA system (the tutorials, the exercises, \ L e
and the diagnostics) will have its own text file. For purposes of - - —
the text files, these programs can be described in terms of a-number ~

of frames, each of which is subdivided into a number of text-groups. .
"A-frame is a cpggeptually or structurally related unit of ‘instructions

or discussions. "A text-group is any contiguous block of text within N
the frame.. ) ' -

-
!

A subroutine in each program will call for a single text-group .
“from the file and print it at the terminal. This subroutine is also i
responsible for making a notation om the logging file that the text-

group was printed. Two parameters are set ‘before calling the sub-

routine. These are the frame number and the text-group code. The ’
frame number may be set at the top of the frame so that only the

text-group code need be sget before every text-file subroutine call.

Data on the text-file need not be restricted to only information -

that will be printed. Data may be called by other subroutifnes to - Tl
fill arrays which represent possible anticipated answers to a tutorial: s
question. Branching to alternative routes -through the tutorial may .
be based on the pointer to the array entry which matches the student

entry. Similarly, varieus common misspellings may be set up in an

array on the text-file and compared' one at a time to the student response.

Such alternatives will be get up as a text-group in the appropriate
frame. - ~ -

All files associated with programs in the IIDA system will be
handled by the record. 1/0 technique, the most versatile random access
method under the RSTS/E operating system. Blocks using this method
,are 512 bytes (characters) each. Both fixed point numbers aud alpha-
Numeric strings can be found .together on the same block. The veéry
first block contains data that pertains to the entire file and a frame
directory. The next few blocks contain text-group directories'by
frame. The remainder’of the file, which makes up its bulk, consists
of\the text itself. Refer to Figure 3.19, a schematic diagram of a
typical text file.

‘ . 9
\ ] iUy - ! -
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Two data items that pertain to the entire file are the frame
count and the wiped-out byte count. The. former contains the highest
frame number for which there is data on the file. “The latter contains
the count of bytes on the file which have been discarded because of

adjustments made to text-groups. The use of the wiped-out byte count will

be discussed below under "reorganize."

The frame directory, also on the first block of the file, con-
sists of pairs of numbers corresponding to, i.e., indexed by, the se-
quence of frames. The first elemeht of the pair iandicates the block
number where that frame's text-group directory begins. The second
‘element indicates the address on that ‘block where the text~group direc-
tory begins. Givensthe frame number, the address of any pair in the
frame~directory car be caiculated to the byte by : d+ 4*%(f - 1),
where d is the numer of bytes devoted to data which applies to the en-
tire file, found at the beginning of the first block, and £ is the
frame number. The number '4' ia the formula derives from the four
bytes 4llocated to each frame for the block aqd address data.

The text-group difectory consists of pairse of numbers indexed
by the sequence of text-groups. The first element of the pair indi-
-cates the block on which the text of the group ‘begins. The gecond
element indicates the address on.that block on which the text of the
group begins. The address of any pair of numbers in the text-group
directory can be calculated by .the formula; a + 4%(g - 1), where ™
2 is the address of the text-group directory and g 33 the-text-
group code. If this code exceeds the limit of 512 bytes per block,
the next block is read in and 512 is subtracted from the address
calculated above, yielding the address on the next block. Twenty
bytes are allocated at the end of each frame's texc—-group ‘directory
for up to five text-groups which may be added later to the frame.

.

The actual text is prefaced by two numbers: the sentence. count
and .the byte count. Forty bytes are allocated at the end of each
text-group for later expansion of the text. The byte count includes
this expansion area. Text can flow from one block to the next. This
is normal. It would be exceptional for a group of text to end with °
the end of the block. Lines or "sentences" are delimited by the two
symbols: carriage return. (CR) and line feed-(LF). ‘When these have
been encountered the number of times indicated by the sentence count,
processing of the ‘text-group has been completed. Overflow from one
block to the next can be handled by maintaining a pointer incremented

by ‘the length of each sentence. When this exceeds 512, EQ? next hlock
’is called in.’ S

. !
~Four programs are available for maintaining the text files.,

These proggams are: Create, Add, Delete, ‘and Reorganize./ The first,
three make ‘actual changes to the text on the file. The ourth, Re-

organize, adjusts the file following a number of text changes {1
to optimize disk utilization. ) ges in order

-4
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. will be' managed automatically. Any attempt to write a text-grpup

. .be met’ with a message that the reorganization, program should be run.
"This message will appéﬁ

"l. Create. This program allows whole frames and text-groups to
be added to each of the files. The appropriate file ig first indi-
cated by the course writer and then e§tablished by the program. Thgn
a frame number is entered and a text-group code is entered. Alter-
nateiy, frame number or text-group code may be automatically assigned
as an option. Line or "sentence" numbers will print on the left. A
text-group is entered line by line by the course writer. The entire
text-group is stored in core and the total length is calcglated.

The text-group directory is pointed-out by ’'the frame directdry.ﬁ For
a new frame, a frame directory entry will be establisQed. The’ aext
possible block and address will be picked up from the‘file data area .
on the first block. This informaticn will be written in the text- ot
group directory corresponding to the frame. The text itself will be - ‘ |
written at the end of ‘the file. Overflow from one block.to the next ‘ N

to an old frame whose text-group difEEtorg expansion area is full will

r before agy text is entered for the group.
4 ¢ ¢ LS

2. Add. This program allows senténces to be added anywhere into’
already é§f§t1ng text-groups. The:coursé writer indicates the file:
with which he is working. The program establishes:-the appropriate
file. The course writer entgrs the frame number, the text-group

code, and the line number following which additions are to be nmade.

1f possi’le, up to two lines immediately prior to the addition are
printea with théir line numbers for verification and reference. Addi-
-tions up to several lines are entered. Line numbers are printed for
each line added. .. An’ option set at the beginning of the program will
atlow the remaining lines in the text-group to.print, with their new
line numbers. - s

.~ All added lines and all lides following the addition are stored
teyporariiy<1n core. When adding lines is completed, this core-stored
text is written back into the text-group area if there is enough room
for it. 1If .there is not enough room; the text of the entire group -

' is vewritten at the very end of the text file. The appropriate corre~

sponding changes are made to the text-group directory. The number of
bytes thus freed are added to the viped-out byte count.

te§t-group. The course writer dndicates which file he is working with.
The program establishes this Eile. The ,course writer enters ’the

frame number, the text-group code, and the, line numbers.to be

deleted. An option will allow’an_éntire text-group to be deleted at

one time, if that is necessary. The lines to be deleted are printed,
with their line numbers, and the course writer is asked if he is sure

he wants these lines deleted. Upon verification, the sentence count
parameter at the top of the text-group is adjusfed and the sentences fol-
lowing those deleted are moved up and over those which were.deleted,

If the entire text-group is deleted, the block number and address id

The number of bytes thus

3. Delete. This progfam allows sentences to be deleted from any

-

the text-group directory are. set:.to zero.
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freed are added to the wiped-cut byte count. -
. 4, -Change. There is no prpgram which directly chénges Jines of.
text. Rather, changes are accomplished by deleting lines and then

. adding lines with those programs designed to do these functions,

-

_ discussed above. v
¢ 5. Reorganize. This program adjusts data on the file for optimal

. &~disk utilization. If a text-group directory 'is full and more text<
groups are to be added to the frame, or if the count of wiped-out
bytes exceeds a set percentage of total bytes in ‘the file, a recom- .4
mendation to run the.reorganization program will be issued under .
program control in one of the. other maintenance programs. Reorganiza~
tion essentially involves copying the entire text file over into

- - ‘\\:nother file, by changing any directory parameters necessary in order
o.restore 20 bytes to each text-group directory expansion area, ‘and
‘to restore 40 bytes to each- text-group area. All areas wiped=-out
in the old text file'will be eliminated from the new text £i1%. - A
\first pass will determine how many bJocks ‘should be allocated to the
;ext-gréhp directories. A.second pass will perform thé actual copying
¢« = Of textdal data. Directoty dafa will be szored in core on the first

Pags and written out to the frame and text-group directories on the -
second pass, |

-~

~

3.8 Systems and"Programming‘Support

In this section we: briefly describe the mechanics of linking the *

IIDA computer with the data base processor. This is all done with |
standard commercial hardware and software and is made simpler by the °
fact that the IIDA computer. appears ,to the DBP as just another terminal.
No mesgsages are exchanged bétween thése computets that are different

. from messagés between the DBP and any user terminal.” Similarly, the
DBP looks to the IIDA computer -as a terminal, although IIDA expects
different kinds of messages from the DEP than from a student terminal.

its associated programs, and the restart-recovery program are tasks
during the implementation phase. In addition to these, whi¢h have
specific' designs and goals, there {s a third genmeral support, task which

« is to provide operating systems consultation to Pproject programmers.

- One member of the staff must become expert in the operating, system used
and be in a position to advise the others, or to get advice from the

T manufacturer, on detailed use of the operating ‘system and compiler.

3.8.1 | Computér-éB-Computer Linkage , ’ t

o

: Both the eétablishment of the computer-computer link and writing
|
!

‘. . The IIDA PUP11/34 and the DIALOG data base prosessor will be inter-

‘ o connected via.a switched network (either TYMNET or TELENET). Functionally
N . T -the uetwork and host processors and the IIDA computer will view each

| ! " other as ASCII terminals operating in a full duplex mode with odd parity.
= Communications will otcur at a transmission rate of 120 cps.

7

7, ' . 11;
Q . .. e Lo
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The interconnection of the two computers will occur upon user
demand, .that is, when the first user in a day, or:the first in any
continuous session, issues a command to the DIALOG data base. (Only
this user would ‘experience a delay while the link is being established.)
The following steps would be followed “to establish the interface.

i

9

The proctor, as a privileged user, will run various utility pro- -
grams under the RSTS/E operating system to effect communications. A
port will have. been designated solely for communications with the
data base processor, This surrogate terminal will be configured during
the system inicialiéation phase causing the operating system to recognize
pre-specified characteristics (such as baud rate) every time connection
is pade on that line| s

The progtor will then' manually djal the switched network via the
local service network over ordinary telephone lines. If the response
is a busy signal, a rare occurrence, the proctor will send a message
to the user informing him that the system is unavailable and advising
him-to logoff. This and other proctor messages will be zecorded on
text file and transmitted following proctor input of a’ transmission\g\\
code . \

-
<

A successful connection will be confirmed by an audible tode,

" Comfunication thus established, the proctor will place the receiver in

the acoustic coupler. He will then process a file which calls for'

a series of commauds that will carry out LOGIN procedures on behalf of
the "pseudo™ terminal. Other commands will call, run, aud detach the
message flow controller routine. An example of establishing such a
command file, -referred ‘to as a- control file by DEC, follows.:

/

Command
LOGIX.KBl:

Action

RTST/E will login terminal 1
under account number 1,5. The
i ‘ operating will look up’ the cor-
' . responding password. - i
RUN S$TTYSET Will process the ‘command to set
terminal characteristics. for
terminal 1

Will cause 0S to recognize that
) terminal ‘characteristics are

. ‘ being set for keyboard 1

1,5

FORCE KBL:

FORCE KB1l: KBl:

FORCE KB1: ¢1050B RSTS/E will recognize "pseudo”
. terminal-as a DECSCOPE for example.
FORCE KBl: EXIT v . Signifies the end of the TTYSET
‘ routine
FORCE KBO: RUN $MSGCTL ” Run message flow controller from
. _ the console
FORCE KBO: /nE - Detach message flow controller
. i i N program
' END

End -of control file

11 .

<
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The signal received from the network computer will be converted to
* an ASCII code through the modem, transmitted«chrough the multiplexer,
i "and recorded in the incoming message file. A bit in common memory is
turned an to indicate that a.DBP respouse is awaiting action. The
’ message flow controller recognizes this gic as an unsolicited response
indicating that the network machine is awaiting login data. The frout
end of this program then acts in the manner of a "network access machine"
by sehding appropriate access protocolomessqges which will® establish tha T
. network and host computer communications. Two sets of messages will be
available for transmission depending &h whether connection is attempted
through TYMNET or' TELENET. (A minimal number of commands are required
for access; therefore they will be stared as literals within the context
of the message flow program rather than as separate files to be opened
and read.) : ) - :

y <

Thede are examples of network access messages to be stored'ané

transmitted:
TYMNET v, TELENET
. terminal id : (CR) (CR) »
LRS (CR) ' . terminal id
DIALOG , C 415,20 (CK)
. Dialog password® (CR) Dialog password (CR) .

The access sub-routine will scan network or data base responses
. as they arrive in the incoming message file to ascertain whether the
. computers have been successfully linked., It 4s possible that either
the network or Host processor will refuse the connection. The program
+will be matching wessages for anticipated responses.. Haviﬁgudetected
an unexpected response, the program will .send that megsage to the
. console to be examined by the proctor. Proctor input may supersede
the programmed access procedures. The proctor may inform the message
controller to retransmit all. or part of the access messages, to wait
I minutes and retry, or to discontinue attempts. He may also enter
+ his own messages  for transmission. If the connection cannot be made,

the proctgr will advisa users that the network/DBP is temporarily
[ D .

. "down" B

\

.o . - \ -
\ When ‘the connection‘has been made and Lockheed DIALOG is online,
: control for transmitting data to and capturing data from the DBP will
\ then reside with the conmunication processor's applications programs.
‘ s etk )

\\ 3.8.2 Restart and Recovery ) ‘ ’

-

.~ . A gystem crash, power ﬂroﬁn—out or other malfﬁnc#ion inﬁolving the
. \\PQP11/3& may result in disruption of student interacqion with IIDA

programs and the data base processor. The RSTS/E operating gystem will

\generally recover automaticaily with programs and data files intact;
N restart from the point of failure can theoretically be easily effected.
. This is .accomplished. by the operating system performing several tasks .
%y . immediately upon’ failure detgctiom such as closing all files and “saving
, the contents of core memGry and .the general registers,

115
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. - However, whatever data in the user's buffer that have not been
put out to disk will not ke preserved. There are likely to be, at
any given moment, geveral. simultaneous users whose history files will
be in vdrious stages.of update and analysis. the RSTS/E automatic

restart facility .cannot guarantee -that a user entry has been read from
the input buffer and processed. '

Therefore, a specialized IIDA restérﬁéprogram will be run upon
recovery. The student will be advised that there will be a slight
. delay before he is once again canversant with IIDA.

9

. The restart program will then reissue’ the sequence of valid
user commands from the first to the latest completely updated item.
-The log file fiIl provide the necessary data for resubmission. Com- :
mands will be stacked and sent to the “data base processor. Data base 2
* responses will not be transmitted to the user but utilized to restore
¢ the history files. 'Data from the traffic log such ,as Televance ratings
will be maintained. Times accumulated during the restart run will not -
be' recorded 8inceé they are not meaningful.for performance; analysis : -

purposes; rather the original times will be transferred from the ld& h
file to the history file. ’ /

To aid in restarting .after failure, cerfain‘procedures must be
followed during update routines. A bit will be set when, every update
to the history file has been completed in response to a command.’ By

examining this bit the restart program will know and can tell the
studens whether a command needs to be reissued e

. -
2

Thresholds may be crossed while re-proces3ing commands. The
restart program will respond by bypassing PAR calls and resetting
threshold counters. In effect, the routine will do the bookkedping
without actually performing the analysis. :

4

A crash during a PAR run can be detecfed by examining the update .
completion flag. Here the user must reenter the command since history
files may be in a partially updated seate. Counters will be decremented
accordingly. . -

e

At the conclusign of tﬁz\xestart run the student will be informed

of the -final command (fully processed. He may continue the search from ’
that point. .

"

L3 .
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+4. " IMPLEMENTATION PLANNING AND EVA/LL/IATION
‘ / ) .
4.1 Overall Utilization Plan - // -

2

/

t

It is important to distinguish befween tto types of planning
for promoting the usé of IIDA: ) fpéilitating and promoting

" initlal use in situations vhere the/primary concerns are to prove .

the concepts, to obtain. the "feedback necessary to improve the

design and operation of the system, and to gather support in the

user community; and (2) marketing of the system where the ob-

jective is to m imize use and to’achieve enough’income to make

a profit, support future regearch, or at least sustain the system

on a sélf-paying basis. Oar present concentration has been on

ways of introducing the system into a user enviromment where

it will bé appreciated; from vhich we can, learn, and which can

lead to support wheg income-oriented marketing begins in the

future. This is necessary in order .to refine the system and N

develop a knowledgable and,loyal user group. I+ the system is b \

'to be eventually sold on a broad 'scale it will be sold as a

result’ of proven performance. This proof is best manifested

as a result of gradual, steady, planned growth.

Inherent, in the need for the feedback mentioned in the =
previous paragraph is the recognition that IIDA“is still an
experimental concept. Although IIDA's designers are convinced
of its feasibility and utility they recognize that successful
commercial exploitation of new products often requires ex-
perimenting with- the ways in which users will accept the idea
and possibily revising the original ideas. ] .

While our major focus has been on planning ways to get
started with initial use we have not neglected planning for
the marketing of the systeém on a cost-effective basis. Our
approach here has been to look for a situation which, following
a diffusion~of~innovation model, will allow us to select an
initial user group which will not only serve to provide useful
feedback on the design of the system, but’which will also
provide us with an entry point into a broader user group.
Thus. the initial user group should also 'serve as a means of \
", educating a broader potentisl yser group about the system
and as a means of diffusing knowledge about IIDA.

4.2 Possible Initial User Groups

Wae

o

. When IIDA was firSt conceived, we assumed that use. s would
“be almost® exclusively industrial. Our rationale was based upon
two factors: (1) the enormity of the potential user group--
‘somewhere between one and three million "sciertists"” in the - i
country; and (2) the then-assumed cost. We felt that only in-" .
dustrial users would be able to afford the training -cost, F

'" that those.who could or would go to classroom training should

do so, and that this form would be more cost-effective.
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.that inddstrial scientists are less receptive to innovative

‘lower vates-for .data base services when working°through a

“initial user group because, as they move into industry, if

[ M
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While ultimately this pqtential user group should make
up-a fairly high percentage of the users of IIDA, thegxe are
several factors which suggested to us a different group of
potential users should be targeted as our initial user group.
First, Arthur Elias at BIOSIS, and John Creps at‘Engineering
Index have both suggested that their experiences indicate

information programs than are faculty and student groups.

A second Teason for change Is that the cost of data-base
search service is coming down as a result of competition, in=
creased markets and improved technology.

A third reason is that- our technical design work indicates -
that the concentrator will enable more than one user to share * -
a line to a data-base computer. We hope to be able to negotiate

concentrator. |
Fourth, student users are also more attractive as ‘an

they are satisfied users as students _they will be likely to
contimue to use the system in an industrial settiné and to -
promote its use by -colleagues who .have not used it.

Finally, although it is nearly universal in universi-
ties today that conventional computational services are pro-
vided by a central service in ample quantities to academic
users, search services are rarely made available in this
way. Currently a break in this pattern is being negotiated
ar. our own university and we believe that eventually biblio-
graphic search services are going to be made available to
academic departments, for both faculty and student usé. In
addition, we believe that this practice will bewadopted else-~
where because the service 1s needed and will be eventually

' récognized as necessary. The only question is when it will
_ happen. R .

As a result of these changes and a positive .attitude on
the part of educators, we now feel that. academic usérs should
"be the first target of our attempts to test the system._ An
additional factor which suggests that- academic users should be
the initial target for preliminary use of IIDA is the existence
of the Experimental Partnership for the Reorientation of 'Teach-
ing (XPRT) program, a consortium of five engineering colleges,
which is headquartered at Drexel and funded by NSF. The de-
gree of interest expressed by the XPRT people at Drexel leads
us to believe that this group on this campus provides an ideal.

&

. initial user group.

When 1ntegra&ed into the ongoing activities of the Stu-
dents and faculty involved in the XPRT program, the use of :
IIDA by this group will provide us with the needed feedback - %
in the design of the system. In addition it provides a
natural mechanism for educating potential users about the

.system and for diffusing knowledge about IIDA. Expanding !

the use of IIDA into other aspects of the engineering curri-
culum at Drexel and expanding the use of IIDA into the entire
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consortium of séhools represented in the XPRT program would
provide a widening of operational experience aqﬁ act as the
forerunner of a full-scale marketing program. This:approach
also allows for the possibility of the diffusion of TIDA use
into industry. This could occur not only through active )
marketing, but also through.the diffusion of satisfied users
into various industrial activities.

4,2,1 Utilization at Drexel

The initial primary user group will be senior level and’

graduate level students in the various engineering curricula

- at Drexel. For this user group we will use the Engineering
Index's data base Compendex. Entry into this user group will
be gained in two ways: (1) contacts established with the faculty
involved in the XPRT program; and (2) courses in technical
writing fur engineering students. Initial users will be

* approached via XPRT since this group on the Drexel compus
provides a structure and set of on-going activities into which
IIDA can be integrated with maximum impact and minimum dis-
ruption. ‘The faculty selected for participation through this
route will be those involved with the XPRT project and hence
committed to innovative teaching methods. In addition the
XPRT organization will provide a forum for discussion of
how well the system works and how it can best be integrated
into the-overall curriculum. Discussion so far indicates that '
‘data base searching should probably not become a separate
course. Rather it should be offered as a service to engineer-
ing students who would use it in' connection with' senior design
projects or. graduate theses. Students would be given assign- -
ments involving ‘bibliographic searching and given the.option to
do searching through IIDA or. completely through the library.

The second-entry ‘point involves courses in technical
writing.~ A recent revision in Drexel's engineering -curricula -
is the inclusion of a required course in technical writing
for all engineering students. JDiscussion with the faculty
presently on campus who are scheduled to teach the technical
writing courses indicates enthusiasm for the IIDA system on
their part and a willingness to work with us in incorporating

¢ ITDA into their courses as a gervice to the engineering students
in writing term papers. We also have reason to believe that
some of the engineering faculty not associated with the XPRT
program would be receptive to thig approach,

It will be possible to arrange workshops for faculty to .
provide a background in the project to a broader range than
just those faculty who are attive in initial participation.
These workshops will providé feedback from IIDA users and
help to build an extended network of users and potential
users at Drexel who have shared the experience of IIDA use.
Case histories of users can be collected and written for
dissemination In the workshops, describing how others with
similar backgrounds and needs have approached and used the
system. These case histories can also be used in contacting
students and faculty who are unable to participate in workshops.

s . )
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4.2.2 Extension to other schools ' ~

The next step involves extending IIDA usage to the en-
gineering classes and faculties in the XPRT member universi-
ties, where there is a need for bibliographic searching, using
both workshops and case histories. The experience gained on
the Drexel campus, and the already established liaison between .
the XPRT participant campuses, should greatly facilitate this -
extension. Once IIDA is in use on the XPRT program campuses .
the next step would be to extend IIDA usage to other sthools
in the mid-Atlantic region and then ewer further.

o .2 i

4.2.3 Extension to industry

We also expect to be able" to, extend the usage of IIDA - . <
into industrial settings. Smith, Kline and French Laboratories'.
‘have indicated a willingness to pan@iclpate in tests of the
lsystem and other local industrial users ,may algo be sought.
Once the IIDA system has been put into use at Drexel and the ‘
other XPRT consortium schools an increasing number of engineer- -~ %
ing graduates going into industry will ‘have had, we hope, :
positive experiences with IIDA and its capabilities. We S
expect that many of these users will be liKely to want.to >
continue to use the system in an industrial setting. These * . -
satisfied users will provide a potentidl word=-of-mouth ad-
vertising network which should prove to be particularly.
valuable when. potential industrial users are appreached with
information about the uSes and benefits of the IIDA system.
In addition the widening of operational experience and the
markgting experience gained in extending the use of IIDA.
throughout the XPRT consortium and other schools, taken in .
conjunction with the already proven performance of the system, ° o
should prove invaluable in developing a marketing strategy
for introducing IIDA to users in industry.

‘The utilization and acceptability of IIDA depend upon . 2
price as well as on quality of performance. Price, in turn, :
depends, upon costs, manner of distriButing Lcosts among users,
financ¥al support from NSF or other sources, and volume of use,
In this'section we d sguss.the variables affecting.cost to o
the’ user.. A specific pricing plan will be developed in the next
‘development phase,
1. Costs. Costs may be divided in%o two broad categories:
’ pre-operation or development costs, and operating costs. In ‘
all'planning for a pricing policy, we are dssuming that ic
will not be necessary to recover NSF-granted development costs
out of operating income. \
" The-operational costs exclusive of overhead are: ]
Computer (The IIDA minicomputer): lease or, purchase, ° ‘
.maintenance and spare parts if not leased . *
Programming support for the IIDA computer: maintenance
‘programming and system modification '
Tutorial and analytic support: the continued analysis
of performance and improvement in design of the system

— Ry
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Evaluation: continued evaludtion of performance .
Communications: communication links between users’ o -
and the 'IIDA computer and between the latter and thé ‘ . .
search service. !, : !
Search 'service: the costs of using the data baee
processor , .
. Income sourges. ¢ The following are the sources of "income: . W8T

Student use fees, paid by themselves for. their employers N
or educational institutions, N R

NSF subsidy, espegially to assist in establishing the < . ) f
IIDA service and- supporting it to the point where it is oS T
viable. s . A . . --S

Vendor support: largely in kind, this cen be realized . = . ° /.
through ng-cost assistance in- development and operation . /
and, possibly, .in reduced costs of operation for students // '
.or when using a doncentrator. :

. Volume ofude. Factors affectifig volume of use are: '

Venture capital. This system is not being developed as .
"a profitmaking enterprise supported by venture capital. - e
There are no furds for advertising and other promotional g
activities except through normal professional publication,
and discussion channels. ‘

Developmental nattre of the project When first offered = .
to test users, the system will not be complete and fully
operational. 1Initial users will be test subjects and >
this will clearly affect their willingnéss to pay for
services. The more the product is proven and publicized‘\

in service, presumably the greater the willingness of
users™to pay for it.
Initial use will be restricted to one data base and
one search service. Expansion beyond that point will
make the system more attractive to users but cost an
added increment for each new data base or search service.
University central support. We have indicated previously
the importance of--university policies on central provision
of computer services for the entire campus. The, is common :
today sfor computational use of computers and, in the
typical situation, users feel they are adequately supported N
in the computer needs, which are not charged to college
or departmental ‘operating budgets. Search service has
not reached this condition yet and, typically, is charged
to operating budgets of : -individual departments and colleges.
This clearly reduced use of bibliographic search service, ' . N
whether IIDA is involved or not. As universities are
brought to recognize this use of computers as equal in
importance withyothers, this situation will be alleviated
and more funds will be available for bibiiographic searching.
Laboratory fees. Many universities areﬁbeginning to drop -
the concept of laboratory fees, in effect‘ aying these out )
of overhead which is then distributed amon}{ all students. '(
Thus, in some .universities, of which Dréxel is an’ example,
we do not have the option of charging a 1aboratory fee
for use of the system, and fhis any affect level "of use.

. s
) . . ‘
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4. Price considerations. Aside from the need, eventually, to
break even within-all the considerations of cost, income and volume
offuse described above, the following are the maJor questions affect-
ing the price that should‘be- charged:
\ University or erployer support. Will 'the university or
) N employer agree to buy IIPa services for .its students/employes?
U NSF support. Will NSF support IIDA until it is able to
Lo become self-supporting? 4

. Vendor price policy. 'To what extent will vendors of
data bases and search services support IIDA through assi3tance
. in consulting, promotion and'special usage rates?’
e -When should IIDA try to break evén financially?

Should the operatione& IID support continued research and

development7 . t

“

2.5 Specifi_‘goals to- await more detailed stu@y and' develogf
ment: during the:implementation phase.
oy . During the implementation phase of ITDA development there
are several goals which must be accomplished before beginning
tnitial use bf the system. ,Several of these are listed below:
- Survey of-engineerifig and other .faculty who work with
engineering "students and who might use this _system in their

. courses. . ¢
= = Selection' of coursesaand faculty to worK with.
vt . * - = Joint planning with selected faculty for actual use.

- .Development of 2 more detailed plan for extending use
beyond initial test _group.

- Preparation of “training materials for use in connection
with workshops, conferences, etc., .aimed at encouraging' new
users. °

- Development of:a more detailed plan for. formative
evaluation at.the end of initial use.

- Development of a more detailed play for broadening
the user-base beyond the initial user group.

- Development of a more detailed plan for' summative
“ evaluation of IIPA impact on broad user group.

4,3 Preliminary Testlng ' -

It is our- intention to -perform mechanical testing of the
system at all 'stages of the development of the IIDA system.
Some testing of ti:e model system has been conducted during
the design phase and this is discussed in Section 5. Another
gystem test will be conducted near the end of the implementation
pnase as ‘the computer programs are brought together for in-
tegrated system testifig. There are two kinds of testing which
need to be parformed--mechanical testjng or de-bugging, and
system testing.

4.3.1 Instructional programming testiug
The educational programming aspects qf IIDA involve the
logic of course design and the actual programming of the tutorial,
exercise; and assistance programs’ into the language of the
instructional processor. During the implementation phase of
the IIDA project the detailed course design must ke examined
for internal flaws or inconsistencies and for contormance with
the original design These prfogram? must then be pilot

- ‘}. tested on a small group of naive: volunteers before attempting
Ij{l,, to use them with the initial users. 1
N-‘v
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4.3.2 Computer programming

The computer programming aspect of tue implementation
phase involves systems programming (installing and testing
the operating system, data communications package?l if needed,
and any special data communications programs written specifi-
cally for this project), programming of message store and for-
ward and concentrator functions“of the communications processor,
programming of a billing algorithm (for allocating the cost of
the computer system use among users, depending on actual
facilities used), and programming of diagnostic ,and student
data base processors. Each of these systems must be carefully
tested for mechanical flaws. Once again, the operation of at
least some of these programs must also be pilot tested on a
small group of naive volunteers before attempting to use them
with the initial users.

-4.3.3 System testing

Once each component of the educational and computer pru-
gramming packages of IIDA has been de-bugged on an individual
basis they must then be assembled and given a thorough system
test. Once the mechanical aspects of system' testing have been
completed the total system must be pilot tested on a-small

.group of naive volunteers before attempting to use it with the

initialiusers., While pilot testing of the entire system must,
await c0mpletion of the total package of programs we expect
that{®ve can and will be able to do some of the pilot testing,
as indicated above, with naive‘users on some of the components
of the full system prior to actual completion of the system.

In addition some of the aspects of the full system can be
completed in advance of-the date the full system is ready by
doing simlulation testing with the model system completed
during the first phase of this project.

4.4 Evaluation

Although we will eventually want to submit the IIDA
system to both formative and summative evaluation, it does
not make sense to implement both types of evaluation at this’
time. While the system is still in its early stages of
development, formative evaluatlon,aimed at monitoring the
progress of system development and providing useful -feedback
seems most appropriate. We do, of course, also want to plan
for the summativa evaluation which should be performed at a
later time.

As with any evaluation process, one should start with
the goals for the system at rhis stage of development.

There are basically two ‘major goals which the I1DA system is
designed to accomplish: (1) To providé an effective method

of teaching and assisting in interactive bibliographic
searching; and (2) To construct a workable, technically

sound computer based system which can be successfully marketed.
These are both long range goals which cannot be evaluated at

this time. These are the goals, which a summative evaluation
must address.

1 4
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The dependent variable.at this point was "user satisfaction#:\;n\\\\\\\;\\\\\\\J

alternative dependent variable is "user skill" in operating the system.
Measuring user skill in this type of experimental system ig critical. -

The role played by IIDA begins to change as users become more
familiar with the characteristics of the system and the mechanics of
searching. At some point the teaching role of IIDA will become sub-
ordinate to the assistance role. As searches get fully underway IIDA"
will be available for suggestions and help about how the system can be
best used to accomplish search tasks. IIDA may be called upon to act as
a translator of search strategy. Also should the searcher get into
difficulties which we can identify in advance IIDA may suggest options
to the user which have not yet beern employed or exploited fully. Finally
IIDA will continually monitor the performance of the user to see if he
is having problems with the system, even volunteering help should the
occasion warrant it.

As these developments take place and as the project moves up the
ladders outlined in Figures 4.1 and 4.2, the dependefit variable will" ‘
change to imgact upon the user. This impact measure will be described .
in Section 4.4.4, on plans for evaluation. At this stage given the
state of project development, we have been most concerned about operationa—
lizing user satisfaction and skill. ray A

In order to operationalize the concept of "user skill", one must .
reflect carefully on the dynamics of interactive learning through IIDA.

This dynamic can be quantified (operationalized) through several routes.

One of these, for er=mple, could be an analysis of the messages between

IIDA and the user. Presumably the user's commands, errors, and request&

for help zan be classified into several categories such as the following:
learaing, procedural, requests for review, etc. While not specifically
developed for this purpose, the ability to detect the skill or the user

and his,errors, is, in part, being developed in the diagnostic routines.

Skill error ratings can be accumulated-and updated as a function of a’

number of variables (e g., commands used, elapsed time, requests for y
information, pattern of commands, etc.). These indices can be used “to

describe the proficiency of the user in-several aspects or different

phases of system usage. Not only do the diagnostics allow IIDA to adapt

its behavior to the demonstrated skill ef the users, but they also will

allow us to assess the development of learning The adaptation of IIDA e )
to the user is also a reflection of the user's proficiency with the

system. Over time we expect to test for the extend to which users take

advantage of the ﬁull capacity of the system.

While the dynamics of learning about interactive searching will be
complicated to study they should be systematically related to the evolution
of the search and to the reactions of searchers to the system. Although
we will initially only be able to study users who have done interactive
searching on a limited und short term basis, future analysis of long-
term usage could reveal whether the dynamics of learning continue as
people routinely+gsearch with IIDA.

.

/e
O
[ON



. "115" . S . . . |

It shouid be clear fhat these two major goals-have a6 - . .o
number of’assumptions behind them which preclude evaluatlon
now: (1) an «ffective teaching method must .be evaluated - N .
relative to other methods available to users and potential, . N ;
users; and (2) no comparable assistance system exists; (3) /
‘a workable, marketable system must also be evaluated relative ;
to other bibliographic search systems. . . . ,

% » gy,._;
4.4.1 Evaluation at this Stage of*Project Development .o .

, At this stage of project development several milestdnes y
have been met (See section l.): (1) A model system has been - Lovy e
built; (2) The system has been tested with a small group of : - .
users; (3) Plans have been made to implement an operational o v
version of the system,; (4) Preliminary planning to market
the system has begin and (5) Plans have, been made to test s o
the TIDA system with various potential user groups. )

The measures which can be used to evaluate the success 4
of our project team in teaching these goals fall into several
categories: (1) Archival measures-- to what extent have we
met our projected goals. This‘’can be done through ‘simple
paper and pencil records; (2) Unobtrusive measures-~ these
measures will attempt to test for the initial effectiveness
of our system with various udser groups; (3) Technical measures—- . o«
those designed to measure actual system performancé-from a '
technical perspective; and (4) Impact measures—— the effect . . .

+ of the system on the users who have ‘been exposed to it up to .
this point. Each of these formative evaluative measures is
designed to help us in the further development of the system.
In addition, they provide indicators to the National Science
Foundation.for the progress made to this date.

ITDA will need the benefit of formative evaluation
during the early years of development and initial use: /
feedback on how fell it is able to teach, on user -acceptance,
on the techniques deveéloped to promote its extended use, and : ,
on user reaction independent of its actual success in affecting
[user behavior. Once the system has been developed and
initial use begun, limited summative eva luative evaluation
can be conducted on a number of bases which Wil 1 té gradually
expanded to include what will, we hope, be the 1ong range
evaluation of the impact of IIDA. Long term, summative
evaluation will be based upon: (L) The effectiveness of T

 teaching: Have usersg learned to séarch acceptably well? (2) ‘
Use of the system: Is IIDA actually being used? and (3) The
user population: Have we, in fact, attracted new users to
searching science bibliographic information rather than
converted others to a new mode of searching? This section
of the report discusses a number of considerations in the
¢ overall evaluation planning for IIDA and the specific plans
for both formative evaluation prior to initial use and
_summative evaluation plans for the initial user group. ' -

£y
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4.4.2 +General Considerations
In general, we feel that it is helpful to think of . |
evaluation, as being tied to distinct levels‘of generalizability;
i.e. the results can be applied (with confidence) to some 5 |
l
\

level of generalizability. At this time, for example, prior

to full-scale testing with any user group, we cannot generalize’

our results on teaching effectiveness beyopd the limited

number of searches made on a pilot basis bz students at

Drexel University. However, in terms of the' technical - §1

development of the system we ‘can make statements at a higher

level of generalizability. l
Thus, in terms of our own-thinking, we distinquish be- . 1

|

tween statements concerning the technical capabilities of -
he system, and statements concerning the impact on students
nd the effectiveness of IIDA as.a teaching and consulting
ethods,

In terms .of the overall development of this system it
may be ugeful to thinking of the interaction of system °
development and evaluation in terms of a ladder of generalizability
(see Figure 4.1) As indicated in Section 4.2, we have
shifted our initial emphasis on user groups from industry to -
the university. Indeed, in testing for the effectiveness of
IIDA, we will use university students at Drexel from the ) '
engineering school as our first user group. - We then hope to ‘
move to students from the five engineetring schools who are
part of the Experimental Partnership for the Reorientation - -
of Teaching. From there, it will be possible to move, to'
testing students from other disciplines. Then; we can begin
large-scale testing the IID: systen on groups of industry - °
users—~- first ~ne industry and then others. Prellminary
tésting with industrial _groups will go on in parallel with
academ*c testing. .

" Clearly, as’we move from step one on the ladder to step .
five, we can have greater and greater confidence concerning
the statements we are able to ‘make with respect to the
effectiveness of IIDA as a teaching method and the impact of
IIDA on the productivity and efficiency of individual users.
Similarly, as we move further up the ladder we can move to
more complex and sophisticated methods of evaluation.

In terms of the technical development of the system, we
can also think of levels of generalizability (see Figure
4.2). At the beginning of the project, IIDA sta-ted as a
model (Section 5). We then tested the model, and are now
ready to build a full system. With the full system in place,
we must then begin to test the system with our designated

"potential users'". Finally, we can begin to perfect the system
and add degrees of complexity into it.

In terms of the evaluation of this project, it.should
be clear that the IIDA system must be developed to the implementation
phase (the building of a full system) before full scale evaluation
(of a formative or summat ive type) can be launched. .- '
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« 4,4,3 Evaluation Variables -
As the discussion’to this point indicates, most of our - ’(
evaluation ‘efforts to this point hdve been in the form of :
planning for the future. There has been some eyaluation of
use of the IIDA model and this is discussed in Section 5.

. It should be,clear that our dependent variable in this
case can be operationaliqed through the use of computer .
records. Some' examples of. the type of information which can
‘be derived from the computer records kept by the IIDA system
include:

i. Connect time
ii. Search’.time .
iii. Connect time/search time
. iv. Kinds of user errors .

v. Number of user errors
vi. Kinds of commands used
vii. Number of commands used
viii. The way commands are used

. ix. User familiarity with commands -:
X. Sequences or patterns of errors and commands

'

1)

" xi. Focusing of search (e.g., search directed commands/undirected
.commands) } P
xii. Repetitions of instructions -

xiii. Repetitions of command descriptions

xiv. Frequerncy of' HELP .

xv. Kinds of HELP used. : -

xvi. Patterns of HELP used { '
" xvii. Changes in kinds of HELP over time

xviii. Prompts or indications by IIDA of availability of HELP

xix. Number of suggestions' by IIDA

¥X. Kinds of .suggestions by IIDA

xxi. Patterns of suggestions by IIDA

xxii. Changes in kinds. of suggestions over time

xxiii. Growth of completing of search strategy )

xxiv Costs of searching

4.4.4 Future Evaluation Plans

In general, both the formative and summative evaluations
of IIDA at different stages of the development of the project
can and should be conducted using several different types
of techniques for measuring the variables of interest. The
kinds of measures which"seem applicable are (1) observation,

-

(2) self-report, (3) and records of student and System performance .-
over time. In a number of cases some of these kinds of
R measdires can be collected unobtrusively so that the user is ¢ -

+ unaware of the fact that measurements are being made or so
that while the user may know that measurements are being
made he will not necessarily know what the measures are
intended to measure.
i
1. The dependent variable. As was the case in testing e
the IIDA model, we plan to continue to test for user satisfication
an skill. This will be done through the survey instrument

ERIC ~ 12y
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‘adopted IIDA into their regular gnsearch habits.

.hours they now spend on hibliographic searching; (b) the

3

and through some interviews conducted by project staff with
users concerning their" judgmentssabout the problems with the
syé%em In addition, we will have project staff members.
monitor the interactions between users and IIDA. The staff
will determine what aspects of the program users are having*®
difficulty. However, as the uyser group becomes larger we
will have to rely more upon the computer system itself to
monitor interactions with the system.

However, with the full system in. place, we plan to add
an important dependent wvariable: impact upon the users biblio-
'graphic searching habits. Do users continue to use TIDA?

Do they use other computer. based bibliographic searching
techniqug How do they compare the relative efficiency of

IIDA versus other methods? ' Is their productivity and efficiency
increased through (or influenced by) the use of IIDA?

This very important dependent variable will be operationalized
through a combination of survey research techniques, observation,
and labortatory“experiments. The survey research techniques
combined with interviewing will be used to agcertain user's
attitudes with respect to the efficiency and ‘desirability of

IIDA versus other biblidgraphic searching techniques (both N\

manual ‘and other computer based systems. For a small sample
(N=50) of users, we can also use this technique to ascertain.
information about their productivity. We would propose to
interview this small sample several months after they have
These
users would- then be questioned cOncerning: (a) the pumber of
number of hours they used to spend on this activity, (c) the
types of activities they were able to "take-on" ds a by- -
product as a reallocation of time (it is .also possible they
wuld take on fewer activities); (d) in the case of researchers,
the kinds of substantive activities they were able tc perform
(e.g., new articles, experiments, reports, etc.)

In the case of repeated uses of the IIDA system, we
would rely upon observation of users' behavior--through the
computer system and through monitoring by our project staff.
This could give us an indicator of changes in user skill
over time. We have discussed the specific measures for this
in an earlier part of this sectionm.

It would also be quite useful to conduct ‘a laboratory
experiment with the consortium of schools who have agreed to
be potential users of this System. Similar experiments
could be conducted in industry. 1

‘The experiments would be designed to give the same
search assignment to a group of approximately 75 potential
users. 25 would conduct the search through IIDA; 25 through

%M’,

" some on-line bibliographic searching system; and 25 through-

a manual search. These three groups could be compared along
many of the vafiables described above: length of time for
conducting search, number of titles found; number of relevant
titles found, satisfaction, skill in searching, etc.

/
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We would then propose to follow-up with each. group and

.. test for the impact of this experience upon their overall

searching procedures.
, Such a laboratory’ experiment would be quite costly in
terms of resources and 'staff. We are, therefore, simply

". outlining it at this point in time as one possibility for

future evaluation. ,
4.4.5 "Factors which may influence user's attitudes

In formative and ‘summative evaluutions conducted through-
out the various stages of IIDA development and use-extension f
we must concern ourselves with the effect of IIDA on the
user. It 1s also necessary to recognize that a number of
characteristics of the user, the system, and the interaction
between the two are likely-to make a difference,/from one
user to the next, -in how the system influences the user's

‘attitudes about. and his ability to léarn from and effectively

use IIDA. So far we have been able to identify a number of
variables which may influence user responses to IIDA. While
not all of these indépendent variables will be of importance
in all’stagés of formative and summative evaluation of ITDA -
it is desirable to have -them listed in advance for use as a
guide in planning both kinds of evaluations: .
1. Physical characteristics of IIDA. ’ -
1. Characteristics of the terminal
ii. Ease of access - i
1ii.)Reliability ’
2. Operating characteristics of IIDA.
i. Content of tutorials and exercises
ii. Sequence of exposure to tutorials and exercises
iii. Form of messages .
v. Nature of feedback to users ) ' ”
v. Management and control of/messages«
vi. Time and speed of message handling

vii.’State of computer and phone link ~ “
viii. Access procedures .
ix. Costs . . .

3. Interaction between IIDA and user.
- 1. Specificity and clarity of operating princ1ples
ii. Frequency of searching
iii. Amount of pre-planning for search 4
iv. Training procedureg for IIDA use
v. Eagse of access to relevant literature via IIDA
vi. Ease of access to.alternative search systems
vii. Quality of resu1ts with IIDA
4. User.
N Physical characteristics (e.g., lack of typing skill
physical impairments, etc.)
ii. Familiarity with terminal, computers, interactive
searching, etc.
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iii. Attitudes towards learning and working with computér .
assistance ) . :
. iv. Personal incentives
’ v. Personality characteristics : -
vi. Work and life style :
vii. Perception of need or desirability of working with
Jjterature | © N . )
' viiil. Strength of desire to be "in touch" with literature .
ix. Bttitudes toward other users (e.g., colleagues’ or peer

1

group) ' , .
X. Perception of self with respect to other users
xi. Attitudes toward task |
xii. Personal search patterns--i.e., preconceived or
acquired notions of how searching '"should" be done.
5. ' The nature of the task or search. .
i, Divisible vs. unitary
ii. Maximizing vs. optimizing (most information vs.
best information) )
iii. Specificity of goal .
+ + 1iv. Number of alternate methods of goal attainment
v. Time comstraints )
- vi. Need for closure or completeness
6. Social or group influences. . -
i. Colleague or peer group--as implicitly defined by the
user-~ittitudes toward IIDA v ’ .
‘ ii. Colleague or peer attitudes towards searching and
the need for it W !
iii. General organizational structure of the group °
iv. Individual's role within the group
v. Organizational climate
vi. Group size
vii. Group definition of importance ,of the task
viii. Reasons for the existence of the groups
ix. Financial limitations imposed by the group.
Uitimately, a summative evaluation should be conducted
to test for the impact of IIDA among diverse groups of
users~= with different levels of system complexity (see Figures
4.1 and 4.2) For. the moment, we have concentrated upon
formative evaluation for purposes of system development.

7

ot

4.5 Applications of IIDA

In developing IIDA it has been our belief that the concept is
general in nature and is applicable to a wide variety of problems other
than the teaching bibliographic searching. However, since IIDA is not
the only project which impinges upon the possible uses of IIDA or IIDA-
like systems discussed below, it is reasonable to believe that in time
the various techniques'will be fused and the resulting §yscems will not
be exactly the same as any of tle present day ones. In this sense we
view IIDA as g precursor of a family of systems that will be implemented
to help people use computers and devices which are attached to computers.
They will save countlegs hours of dull and often ineffective oral instruction
or the publishing and reading of ineffective texts. .
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4.5.1 Training of intermediaries

Although IIDA is being developed initially with a single primary
user group in mind--the end-users of scientific and technological
information--we believe it will also be of use in initial and refresher
training of professional intermediariess These intermediaries receive
varying amounts of training and varying degrees of on-the-job rience
in bibliographic searching. ‘The small likelihood of the intermediaries'
being thoroughly familiar with any given discipline is one -of the rea-
sons why some end-users of the services they can provide do not like to
use intermediaries or libraries. If this lack of familiarity with the
discipliné of the end—ussr is coupled with inefficiency in searching
owing to inadequacies in training or to lack of experience with searching
the problem is fnade more sévere. .-However, the fact that the inter-
mediaries are information professionals and have gome, training should
make them receptive to IIDA-like training and to the use of the IIDA
diagnostics while performing routine searches for clients. .It is our
intent to continue the project as originally designed and, in additiom,
to bring in occasional professional intermediaries for testing. This
will allow us to .guage their receptivity to possible eventual use of
IIDA. It will also enfble us to begin building up performance data oa
experienced searchers relative to non-experiencéd gearchers as part of
our attempts to continually refine and improve the performance of IIDA
in helping users learn not only the mechanics of searchliing, but also how
‘to search more effectively. .

4.5.2 Training of IIDA users in the use and appreciation of their
E¥ofessiona1 literature ~

. In general, science students receive 1itt1e traihing in the structure
of the literature of their fields and its use. Working scientists have
probably picked up some of this on a hit-and-miss ‘basis but do not, in
general, have the time to fully investigate literature structure and use
through brute force methods. While IIDA, as the design is presently
projected, will provide training in one aspect of the use of professional
literature, there is no coverage of how a literature is organized, how
publication operates, or how a research person keeps up with a field
(not, by any means entirely through searching or use of a library).
. This leads us to believe that one reasonable extension of IIDA
* would be to deé¥elop course material with practical exercises on the
structure of the'literature or the simulation of the publication and
diffusion of knowledge might be developed. At the undergraduate and
graduate student level these could be added to the curriculum of various
sciences as assignments that can be given for independent study. For
the working scientist who wishes to learn more about these topics, the
availability of these materials though IIDA would provide the opportunity,
if desired, to learn or work through the material on an ad 1lib. basis at
a relatively low cost in time and effort expended.

4.5.3 Coping with language differences .

Differences in the-languages used for cataloging and indexing have
plagued all library automation efforts. Attempts have been made to
'translate' between classification schedules or thesauri, but not with
any notable success. Currently attempts are being made to develop a

.universal search language. There seems to be no reason why this should
not be successful since the functions .of search services vary relatively

13
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little even thddgh the externals appear to:vary widely. Given that a

" universal language can be déveloped, it could be implemented either by

othe individual search services, in lieu’of or in addition to their own
languages, or the universal language could be translated by, an inter-

\mediary computer, such as that of ITDA. At the same time of course, the .
éther IIDA services of teaching and assisting in ‘bibliographic searching
could be providdéd. - : '

. Regardless of how a universal language is brought into being, there
is no conflict between suych a language and the use of IIDA. IIDA can be
used to’teach and assist in the use of whatever language students and
search serviées may wish to employ. Farther, if the approach to a '
universal language is made by using a translator from it to a vendor |

- language, then it can be expected that”there will be areas of ambiguity
in the translation. If there are, then the IIDA interactive techniques
will be exactly what are heeded to assist in the resolution of the

A R

' .ambiguity, - 7 y \ ?

4.5.4 Teaching and assistapce in other -subjects |
An IIDA-like system could be useful in teaching and assisting in _

‘ the use of any highly structured activity performed in a computer or
which is controlled by a computer. Examples of such activities are: use
of statistical packages (sets of computet programs) on a computer,,
especially by non-experts in the field, who are using the package
programs for output, not for learning how they functior; performing
control functions through a cemputer, such .as laboratory experiments and
analyses whereby the intermediary computer assists in deciding what to
do; and in the use of large scale. simulators. In many fields of research,
statistical and simulation programs are used, much as- were slide rules
formerly. Similarly, many laboratory procedures can be either simulated
or'controlled in actual execution through a control computer. TIn all of
these cases the user wants to process data and yse the results as
quickly as possible. Individualized instruction plus assistance on-line
1s an ideal approach. Using computer assisted teaching and mediating '
programs such as IIDA can save time and materials as well as reduce

‘errors and turn around time while increasing capacity and flexibility
for the individual Uuser. :

4.6 Dissemination of Iﬂfomgtion about IIDA

Some of our plans for disseminating information about IIDA have
already been discussed under other headings in .Section 4. These in- ,
volve: (1) the develorment of user-oriented workshops and case history
material; (2) the gradual expansion of the user base through the de~
velopment of a loyal user group and a record of proven performance; and
(3) the development of an industry~oriented marketing campaign. One
aspect of this third route for dissemination of informaticn not dis-
cussed above is continuing professional education. -Drexel University
has a long history of being industry oriented both through its cocperative
education program and through the development of a broad spectrum of two
or three day continuing education ‘seminars to introduce a number of
topics to people working in industry. It is likely that at some stage
of IIDA development we might wish to make use of this mechanism to -

introduce IIDA and its capabilities to potential users in industry. iﬁggﬁ
.- - N
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- few minutes. The file to be used was a set of records take

'
)
N
v,
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- . .
5 THE MODEL SYSTEM .

5.1 \Obje&tives of the Model v \ : ’
ll working model of IIDA has been developed with two ob- ° ] N

jective (l) to demonstrate that the techniques proposed for IIDA are '
feasible \and (2) to aid in the design of the full system by requiring

"designers\to face and solve.operational problems which one might tend to

gloss over if no operating model were re uired. It was not un objective°
of the model system to provide an educat? The
model is not a complete teaching system and, as a result, it |cannot be
used to measure- the ability of IIDA to teach.

For the sake of economy of operation and administrative| simp1icitv, .
a data base processor written by a member of thg Drexel staff was used. "~ - .
This program\called IRSYS, emulates, in many ways, the DIALO$ system of « | -
Lockheed. Anyone familiar with DIALOG can learn to-use IRS§i§in a very. >

rom Air.
Pollution Index, prepared by the Franklin Institute Research’ aborator- . %
ies for the Enviromnmental Protection Agency. Selectiom of this partic-

ular file was also on highly pragmatic grounds: ease of‘availability,
knowledge of the file by an IIDA programmer who had .to convert record
structure to conform with IRSYS requirements, and the assumption that

.almost any test subject or user of thHe IIDA model system would be'able .

to formulate a meaningful question -to the file without special knovredge
or background >

A PDP-10 computer was used for all thiee processors, with the
interaction between them being simulated. Thus, CP, IP and DBP were o
each designed -to operate as if the other processors were in.a separate
computer. .This slowed response time somewhat, but timing was adequate
for demonstration purposes. . . !

5.2 The Model Curriculum . ' . '

2 Two typical programs and.an exer~ise were implemented. The tu-
Ebrials were data base structure and eearch mechanics.,

5.2.1 Tutorial programs :

This portion of the model serves to illustrate how tutorial mater-
ial in general will be designed in the full implementation. The subject
matter in this case was restricted to explaining the commands and data. .
base used with the model DBP. ‘Some use was made of the IIDA capability ¢«
for the IP to compose commands to the DBP based.upon what the student o
has input or on what the course author needs. For example, if the
course authof wanted to display an example of a thesaurus display,
rather than 1aboriously preprogram the entire display, he could cause
the IP to issue an EXPAND command to the DBP and the display was gen-

=
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- ' Enter frée text’statement of search topic, to be stored
’ > Frame 1 for later analysis..

] ' Record, not in computer, descriptors student plans to use,

<

I

Ctege 1, DZnter only the commands SELECT, EXPAND or
RELATE, Descriptors chosen by the searcher,

H

| Y
¢ «
~
N . «
1

v s ' Verify that at leégt cne of each type of command called .
‘ Frame 4 *  for in Stage 1 has been used. If so, pass control to
—_— "Stage 2, If not, ask student to use the missing commands,

3y
H

Y ,

Stage 2. Enter only CCMBINE commands, using sets created

Frame 3 during Stage 1.
: g Verify that at least one new set has been created with a
; 5| Frame 6 ‘ COMBINE command. '
N * ¢
' ) Displdy set history and choose from among these choices:
— restart, back to stage 1, back to st. ;e 2, go on to
L Frame 7 ! Stage 3.
‘i : K 4 K
— §§agef3;”'§n£er only PRINT commaﬁds. A relevance judgment

Fraie 8 L —— "4i11 be called for for every record printed.

l ‘Offer student option to review more sets or to proceed,
— Frame 9 -

o

. . Student assesses nis progress, elects to go tack to:an
earlier point or go ahead.
o4

Frame 10

14

Student assesszs entire search

3

Frame 11

S—

End ! " Figure 5,1. Schematic of model exercise r~grsm.
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crated and transmitted from the DBP to IP to CP to student terminal. A
Normally, the kinds of student responses were so well restricted by the ‘
teaching material that the diagnostic programs are not needed.

5.2.2 The exercise

The goal of the exercise was to give the student the exmerience of
cond .cting a search of his choice with tutorial guidance and assistance.
For this reason definition cf the search topic, ‘descriptors used and
depth of the search are under the control of the searcher. The system
maintains control over the order of search stages and constrains the
student to sample each type of search command at appropriate times. The
vital HELP function is available on requesg, and analysis of}ungram-
matical or inappror ‘iate commands is automatically performed

The order of search commands follows the model of a search phases
discussed in Section 1. These are:, (I) exploration of descriptors
available and choice of which to use, (II) combination of desériptors
into more complex concepts, and (III) browsing in the resulting groups
of items and printirg of items of choie-.

The student is allowed to leave Phase I whar. e co~siders himself
ready, subject to the following conditions: (a) may only pass fr..
Phase I into t..ase II and (b) he has used, at leawt in a cursory manner,
¢ach of the search commands avaiiable in Phase I. Since the model
recognizes the iterative nature of interactive searching, when the
student feels ready to leave Phase II, he is offered several options for
which phase to¢ enter next. After insuring that the searcher has sampled
the commands of Phase II, the system offers options ranging- from start-
ing all over again (prior to Phase I) to continuing .n without recycling
(Phase III). In Phase III, the system requests revelence judgments ‘for
each of the records printed. If the searcher feels unsatisfied with
Phase III, another oppoxrtunity to return to an earlier phase is pre-
sented, This option is presented in recognitiocn of the '.ncreased in~
formation concerning. the search available to the student c¢i completion
of reviewing some of the results of his search. It is also possible to
decide the search. is finlshed on completion of his first excursion into
Phase III.

Using the guided exercise, the student is able to complete a search
of his choosing to his own satisfaction. Help is available on request.
The orderly progression of the search from one phase to ancther is
insured without limiting the .nherent flexibility of interactive search-
ing. By requiring the student to try each command type.in the context
of a real searchk, we give him a better feel for their value than we can
by out of context descriptions of function. & simplified «<low chart of
the guided exercise is shown in Figure 5.1.  Figure 5.2 shows, in gen-
eral, how diagnostic subroutines are used to monitor individual student
commands. v .

An input, presumed to be a command, is received (a) from the
student by the CP. It passes it to IP where the first check made (b) is
to see whether it is a 'slash' command, i.e., one ordering a charge in
the sequence of instruction -- indicating that the student needs help or
wishes to stop the course, for example. If it is not such a command,
the iaput is sent (c) to the DBP.

The DBP response is received (d} by the IF (via CP) and is parse!l.
If the response indicated (e) that the command was invalid, which is
denoted by a message beginni-g with ERROR, tHe ' ommand is parsed (f).

—t’
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Based upon the analysis of the command, the exuct nature of the error is
dérermined and the student is asked (g) to reenter.it. This conversa-
tion may repeat several times until he finally sends a valid command or
is referred to the human proctor and is terminated from,the teaching
system. ° . - L/

- If tHe command parser program is able, finally, fo get a valid
command, it goés to the DBP and the latter's response is parsed, as
above (h). Presumahly, sinee the command this time was verified before
it. was sent, no error message will result. .

When a valid command has been executed, the results of it are
entered (i) into the student data base containing the record of his -
performance. Then, the IP detérmines (j) what it wants to do next —-

- where to branch to provide futorial material or to elicit another stu-
dent’ input. This. branchiny decision may be complex. It may use any of
N the information in the scudent data base .to assist in making this de-
) cision..

The guided exercige is composed of 11 frames. The flrst two* frémes
require the student tg define the search topic and put in writing the
descriptors consideréd most iikely to be useful in the search. In a
non-teaching environment, these steps are usually accomplished before
logging on to the search system. IIDA includes these steps to ensure,
some prior preparation before beginning a search.

L/ Frame 3 presents the mechanism for Phase I, browsing the thesaurus,
confirming the presence of desired desc1ipto*s, and selecting those
descriptors which define the scope of the search. The commands to be -
used are SELECT, EXPAND, and RELATE. (RELATE is the equivalent of a
Lockheed EXPAND following an earlier EXPAND =— calling for display of
semantically related terms.)
Certain frames are present in the guided exercise for checking
pPurposes. <The student is unaware of these frames unless he fails to use
one of the-allowed commands in the proper frame. Frame 4 checks to see
that the searcher has used all of the commands available in Phase I
before allowing him to proceed to Phase II.
Frame 5 enables the operations of Phase II, the combining of des-
criptor sets formed in Phase I to create more complex search statemeats.
The only search command to be used in this frame is COMBINE. Frame 6 is
a checking frame to make sure the COMBINE command has been used at least
once before allowing the searcher to proceed. y
. 7 A branching node is found in Frame 7. The searcher is provided
( N& ~ several options consonant with the nature of interactive searching. The
search may be restarted or a new search initiated (return to Frame 1);
more descriptors may be selected of more browsing through the thesaurus
allowed (return to Frame 3); additional COMBINE commands may be entered
(return to Frame 5); or the search may proceed into Phase III (Frame 8).
The only search command available ir Phase III  (Frame. 8) is the \
PRINT command. The searcher requests printing of one of his sets. The
system requests a relevance judgment on ea.h record before the. next
+ record of the set is printed. Frame 9 allows the searcher to.enter a
PRINT command for another set, and switches control back to Frame 8.
Frame 8 again requests relevence judgment° of the records nf the set.
The searcher indicates when he is satisfied with the number of records
vieved.

Another bra..ning node occurs in krame 10. In this frame the

searcher may return to Phase I (Frame 3), Phase II (Frame 5), Phase 1II
(Frame 8), or declare the search complete. When the sear 1 is declared

L3
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complete, Frame 1l requests a relevence judgment on the searé¢h as a-
whole. TFbllowing entry of the relevence judgment, the guided exercise
is ended.

When the searcher requests help at a branching node or at another
input time, a choice Qf areas for help is offered:
More instruction on what to do now.
Definitions of valid commands. v
« Reveiw of commands and search stages.
-Revigw of sets created.
Review of "records already viewed
Review of ' scriptors used. ,
.Option 1 give., meaningful comments on each frame of the guided

Ul W
e o ¢ P

>

exercise. Different assistance will be offered depending on what search -
-stage the searcher is currently in and will take intd account what

progress has been made. Option 2 is tutorial in that wvalid search
commands are explained on order. - o

The review of commands and search stages provides a listing of all
the commands issued-up to.the point of requesting help. The display is
in the following format:

Stage Line Command
ST 1 EXPAND SMOKES
.2 SELECT COSTS
3 RELATE ENGINES .
4 SELECT PARTICULATES
2 . 5 COMBINE 2 + 4
6 COMBINE 2 * 4
3 7. SELECT POLLUTANTS
8 \  SELECT REGULATION .
4 9
10

\
\

\ PRINT 5/3/2
' \ PRINT 8/3/5

\
A stage is identitied as a string of commands all belunging to the

'same search phase. For example, the commands of stage 3 are those

appropriate to phase I. The stages are numbered consecutively. Using

this table as a reference, the system discusses each stage. First, the
stage is identified and a summary of the actions of the stage is given.

For example, in stage 2, sets were manipulated  with logical operators.

Searcher input is requested as a free text comment on-'what was being

accomplished in this stage and searcher satisfaction is queried. 1If the.

stage seemed unsatisfactory, the searcher is asked his opinion of why.
After reviewing each stage, the system queries the searcher on his plans
for continuing and askd to which point in the search he wishes, to be
returned.

In requesting the searcher to identify his goals in each of the
stages, the searcher is presented with an opportunity to rethink his
strategy and arrive at his own solution. The poténtial for system
comments on misuse of certain commands is-clear. Examples are trying to
COMBINE s-~ts with no items, or to SELECT descriptors that do not exist.

_However, ' -stem directives on which command or descriptor to use next

are out oL keeping with the philosophy of enabling the searcher to solve
his own problems,
The review of sets created includes an analysis of sets created by

the .COMBINE commend Such sets are presented with the original des- -

t
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criﬁtors, not -,

SET -COUNT COMMAND DESCRIPTION
9 2 . COMBINE * 8-

3 .
= (1% 2) % (5+6+7) ‘
= (COSTS * POLLUTANTS) * (SMOKES +
ENGINES + SAE AUSTRALAS)
e The searcher picks out what it is about the sets formed that dis-
satisfies him.
1. Too many items.
2. Too many irrelevant items
3. Too few items
4. Expected items did not ‘show up.
The suggestions from the system at this point are typefied by .the re-
sponse to dissatisfaction with a set with too many items. Suggested
changes in strategy include the use of RELATE' or EXPAND commands to find
items more exactly on the search topic and the use of the logical AND (¥)
to eliminate extraneous items. ‘ .
The review of records viewed first offers a’short analysis of the
command which generated the set viewed. .A detailed definition of a
COMBINE commend much like thi: of the review of sets is included. If : l
1
|
|
|
|
|
|
|
\
|
|
|
|
\

-

the searcher wishes to view the records again, he will be queried on
relevence judgments and informed if his evaluation has changed since the
last viewing. The average relevence for the set is recalculated and
compared to the previous average for the searcher's information. .

The review of descriptors used diqplays each of the descriptors
used and how they were used.

IS

DESCRIPTOR USED IN SEEN IN USED IN
USED SELECT EXPAND . RELATE

-COSTS X -

PARTICULATES X X

POLLUTANTS X

SMOKE X

ENGINES X

SAE AUSTRALAS X X

Since the system keeps records of what has been seen, meaningful com-
ments can be made at this point regarding missteps such as selecting a
descriptor which does not exist when the searcher has viewed- that' sec- .
tion of the thesaurus where the descriptor would appear if it existed.
The need for verification of descriptors is stressed.

5.3 Model Software

The model has been implemented on a FDP-10 computer, with all
processors in the same physical machine, but communicating among them-
selves in the manner they would if in separate hardware 'structures. The
programming language has been BASIC which is not ideally suited to this
form of programming, but was a common denominator among project staff
members and 3 the language in which the model data base processor was
previously wricten. ‘

5.3.1 Instructional processur

No special system software has been used in the model. Rather,
courseware has entirely been written in Extended BASIC. The instruc-
tional processor structurally consists of a short trunk program Sup-

o 14t
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ported by an exténsive group of diagnostic subroutines. The trunk's
function is to cue and cohtrol command input and to call subroutines as
they are needed. The most prominent subroutines are listed below.

SLASH - OTHER ,

SUBROUTINES DIAGNOSTICS

SLASH DETECTOR STUDENT FILE UPDATE
/DONE ~ COMMAND PARSER
/QUIT . DBP RESPONSE PARSER
/HELP PRINT ROUTINE

A "slash command” is acceptable whenever:a search language cormand
is expected, and at other input times. Valid slash commands include:
/DONE, /QUIT, /HALT, and /HELP. The slash detector subroutine follows
each command input. If a valid slash command were entered, control,
transfers to the appropriate subroutine. A code indicating which slash
command was entered is set . :fore control returns to the instructional
processor. ) a ‘

' 1. The /DONE command is used by the student to indicate the end of
any intra-frame cycle. It is not a subroutine, strictly speaking, since
its processing only involves the IP branching out of the frame when the

/DONE code is recognized. . ° ’ _—

2. The /QUIT 'command clears all pointers-and files accumulated
on the student search and terminates the program. Thus the student
begins a completely -fresh search the next time he énters the system.

3. The /HELP command calls in the program's largest diagnostic
sub-routine. It in turn depends on other subroutines for its operation.
Five options are initially available with /HELP: (1) further instruc-
tions for the current frame; (2) definitioms of all valid commands; (3)
a review of commands and search stages; (4) a review of sets createds
and (5) a review of records alfeady viewed. ’

In more detail:

(1) Paragraphs corresponding to each frame of the trunk are .
stored in /HELP for its first option. These paragraphs describe in
detail what is expected of the student in each frame. 'Men this
help is .requested, the appropriate paragraph is sent tu .he student.

(2) Paragraphs describing ‘each of the five commands valid in
the model are stored for the second optien. These paragraphs
explain the commands' functions, abbreviations, argument formats,
and expected data base responses. The student selects one or more
command (s) whose paragraphs: are then sent to the student. In the
full system, all search commands will be described.

» (3) All valid commands given in the search up to this time are
printed in a -table. They have4been analyzed into three stages as
described by Penniman, and into several transitional stages in
which commands are mixed. The student is asked to state his ob-
jectives for the commands in each stage. If he feels that those
objectives were naqt met, he ig asked to state.why not. Wlen the
review is completed, a plan for proceeding with the search 1is

~ requested from the student. All prose statements are captured on
the communications log for later analysis by the human proctor.’

(4) Data about the .reated sets is printed in a table. This
includes set number, count of records in sets command text, ana-

lyzed COMBINE arguments, 'and average relevance of viewed sets. The .

student is asked to indicate ‘those gets which came closest to his

A
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. search objectives. It is assumed that if any sets were fully
satisfactory, this /HELP option would not have been selected. The
student is thus asked why each of the indicated sets is not satis-
factory -- are there too many records? too few records? too ma
irrelevant records? etc. Advice on revising.the search strategy
.is then given, ‘based on this last set of responses.

(5) Each set viewed up to this point is described in terms of
the command which generated the set. If that generating command
were COMBINE it would be broken down into its bagic textudl com-
ponents. For each such set, the student is given a choice to
review or not to review records which have already been viewed from
that set., If a review is chosén, it will be in the same format and
in the same range as in the original PRINT command. For each
record thus viewed, a relevance judgement is solicited. If it dif-
fers from the previous relevance judgement, this is brought to the
attention of the ‘student. If disgatisfaction with the set is- .
indicated, the ‘reason for this dissatisfaction ig elicited and
advice is given for proceeding
Each of the five /HELP options described above are terminated by

the.student choosing to: (1) return to the courses; (2) sign off tem-
porarily; (3) sign off permanently; and (4) get more help by returning
to the top of the /HELP subroutine, i
The student file update permuanently stores data oh the stu-
search activities. Data is stored fo. both valid commands and
erroys. This subroutine is generally called immediately. following a DBP
resp nse. Data in this file is used in various diagnostic routines,
both/for analyzing and for describing the student's progress.
Data stored about valid coumands include: ‘text of command; command
cod H command stage code; set number created or viewed; command argument
text; indication of multiple use of any argument; count of records in
each set; average relevance of viewed sets; basic textual components of
COMBINE commands; text of first and last EXPAND ‘terms; count of valid
commands; and a relevance-format chain for viewed racords. Data stored
on errors include: attempted command (1f identifiasle); error code; and
where the error occurs in the command input sequence.

6. The command parser completely analyzes student commands. All
command components are broken out and stored in temporary arrays. This
subroutine can be called by parts of the IP to provide a basis for
thoroughly discussing the command as given by the student. Errors that
occur here are identified precisely and are coded for storage in the
student file.

7. The DBP response processor completely analyzes responses from
the DBP. All response components are broken out and stored in temporary
arrays. Cryptic error messages from the DBP cause the command parser to
be called. This parser provides a basis for a thordugh discussion of
the DBP response.

8. PRINT routine was developed because the system design requires
the PRINT command not to be copmunicated verbatim to the DBP. This is
because the student must make a relevance judgement after each record is
viewed. Thus the PRINT command given by the student is brokea down and
PRINT commands requesting a single record at a time are issued to the
DBP.

The routine begins with instructions that parse the PRINT command
as it is given by the student. Any errors ave explicitly pointed out;.
data about errors are recorded on the student file; and the command is
entered again. Following the display of each'record, individuallx

1.A‘J
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requested from the DBP, ‘a relevance rating is solicitéd.\‘This.is re-~
corded on the relevance~format chain. All other elements required by
‘\ the student file are duly posted. -

\S,B:Z'The data base processor

The data base processor used in the model is a program called IRSYS
which was crcated by a-Drexel graduate student for other purposes. It
resembles the DIALOG system in its command structure, but has fewer
commands. Some of them are more.versatile than DIALOG's for example if>
a set number 3 has been previously defined, IRSYS permits  the usage
COMBINE 3* CAI to enable users to make gse of both descriptor selection
and set combination in one command. IRSYS also permits string search-
ing, in the fashion of SDC's ORBIT. However, for the purposes of the
IIDA model, only a minimal language is taught to the student. The major_
weakness, of IRSYS for this application is that imposed on it by the PDP~
10 operating system for BASIC programs -- that only one user terminal
can make use of any file at one time. Thus, the model is a one~usger-~at-~
a~time system.

5:3,3 The communications processor ., .
‘In the model, the CP performs a minimal role. Because all the
programs are resident in the saine computer, it is present only to make
the model design conform with the full system design wherever possible.
As implemented, all communications between the IP and the DBP pass
through the CP and all ccmmunications with the usérs pass through this
processor also. The CP also logs all messages it handles, which may be
used for analysis of performance after a student has done a search.

Because all three processors are resident in the same computer, the
CP imposes no significant delay in response by the IP to student input.
In the full system, inter~computer communications will be a critical
timing factor.

y
5.4 Preliminary Evaluation

In addition to the design and mechanical testing of a model system
we have also done some limited pilot testing of IIDA through. use of the
model to simulate the full scale system. Our feeling was that it was
necessary, as early as possible, to begin testing out the operation of
the model system. This was done for both formative and summative eval-
uation purposes. Actually using the model with naive users offers us
the possibility of detecting conceptual design flaws in the model which
might be carried over into the full-scale system if not spotted in
advance. - In addition it makés it possible to begin to get a feel for
user reactions to the system. 5

The basic procedure used in testing’the system involved recruiting-
naive volunteers who were paid for their time. The volunfeers were &
graduate students from the Drexel Graduate School 6f Librayy Science and
8 undergraduates, 5 of whom were from various Drexel enginesring pro-~
gramg. The remianing 3 undergraduates were enrolled in behavioral
science programs on the Drexel campus. In all cases the volunteers were -
given an overview of the goals of the project and how the model system
fits into long range development plans. Below are the instructions
given to each user prior to actual use of the system.

The present IIDA system is a model of some of the component
parts of a projected larger system and is designed to demonstrate

14
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the feasibility of actually developing a full-scale system. The
full system will provide a echanism for teaching bibliographic
interactive information retrieval. It will also serve as an on-
line’ consultant for users. en completed IIDA will contain tu~
torials on such topics as searah strategy, the structure of a data
base, the data base command language, etc: It will also contain an
exercise which requires the learner to go through the stages of an
actual search while demonstrating & working knowledge of the data
base commands. In addition IIDA will contain an assistance pro=-
. gram which monitors and provides on-line consulting for the searcher.
Having -done some preliminary testing of the model we would now
iike to get outside feedback about the ‘\model. As presently struc-
tured the system to be demonstrated consists of two parts, a tutor-
* ial on a command language developed for use with this model, and ‘an
exercise:. The data base available for searching while using the
system consists of eighty records and a micro-thesaurus from the
Air Pollution’Index. : After you have ‘seen or\worked through IIDA
Please feel free to give us any comments or a vice 'you may have on
the model, or the projected full system, so that we can improve the
design of the model, arnd ultimately, the full system.

In watching or working through a demonstration of the model we. -
would appreciate it if you could pay particular attention to such -
questions as: How effective is' the tutorial in teaching the basie |
commands of .the model command language? How effective is the '
exercise in leading the student through the stages of a search?

How effective is the exercise in requiring the user, to demonstrate
a working knowledge of the command language?

]

4 .

After reading these' instructions, the users were asked to work .
through the material contained in the model -~ the tutorial on the model
command language and the exercise using the data base of records from
the Air Pollution Index. This required, in almost all cases, less than
two hours. Since at the time the users were run there were still mechan-
ical and system bugs, a mémber of the IIDA project staff served both“as
observer and as proctor to assist any user.in overcoming system dif- \\\>
ficulties of a mechanical nature. The .bservers also kept track of the
difficulties encountered by the user so that chahges and refinements in
the model.could be made. ) ? . .

There would seem.to be little point in making. a detailed report on
the number of mechanical flaws, misspellings, or confusing wordings
revealed by these observations. Suffice it to say that they existed in
sufficient number to cause some chagrin on the part of some of the
observers who had also been involved in the educational programming of
the model. However, overall, the consensus of the observers was that
the system worked as expected and seemed to work well.

This feeling on,the part of the observers is supported by the
responses given us by the users on a questionnaire administered at the
conclusion of the training session. The purpose of the’questionnaire
was to give us some written feedback about the users' affective re-
sponsts to-the system and some of ‘their impressions about working with
IIDA. The questionnaire consisted of two sections. The first asked the
users for their feelings and comments apout IIDA as. a way of learning
about’ interactive searching. The second section asked the users for
their feelings®and.comments about ‘IIDA as an assistant or consultant in
actually doing onsline searching. It should be noted that in the second
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users is one in which their only real exposure to IIDA as a consultant
is through the exercis=s. At that point IIDA is in a transition between
the roles of teacher and consultant. 1\ -

When asked to give their positive impressions of IIDA as a teacher,
all of our users indicated that there was something that they liked. 1In
general the aspects of IIDA most preferred'had to do with the flexi-
| v bility offered by an interactive system —- flexibility in terms of
guiding their own learning by being able to‘choose search topics, work
| ’ at their own speed, or do reviews as desirgd.
| When asked to give their negative impressions of' TIDA as a teacher,’
| all but one of our users indicated that they disliked something. In
| general, however, what they reported dis;iking were certain physical or
} mechanical aspects of the system. Two users did, however, feel that the
\

»  system needed mare flexibility in terms of being able to explain some-
thing to the user in more than one way if he did not get it the first\\
time.

part of the questionnaire, the context for the comments made by the
1
| When asked how their perceptions of 'learning to do interactive
information retrieval had changed since using IIDA, inexperienced users
tended to report either no change or that they had not realized before
what' was involved in learning about interactive searching. Experienced
users almost unanimously felt that exposure to IIDA had helped them

i
|
|
_____ --— -develop more confidence and a better feel for what was actually going

sultant in actually doing a search, almost all users responded with
comments indicating that they liked the flexibility, consistency, and
scope of sedrch capacity made possible by IIDA. ©o
When asked to give their negative impressions of IIDA as a con-
+ sultant in searching, the users, in general, reported disliking some
physical or mechanical aspects of the system (e.g., format of comments
made by IIDA). . Other negative impressions either focused on user lack . :
of knowledge about the data base or the data base thesaurus. The major
negative comments about .ispects of IIDA per se came from the more ex-
\ perienced users who felt that'there was too much repetition of infor- }
mation. °

on
When asked to give their positive impressions of IIDA as a con-

When asked how their perceptions of actually doing an interactive
search had changed since using IIDA, most inexperienced users either
reported no change or felt that they now had a feel for the commands and
how they could be used. The more experienced users either felt it might .
not be necessary to have IIDA available or felt that IIDA would be of
great help as a counsultant.
When asked il they would like to sue IIDA as a consultant in doing
a literature search on a topic relevant to their own interest, a11 12
users but 1 indicated|that they would. The one person who said ' no'’
felt that IIDA would be unnecessary because everything she needs is
already easily available. .

The questionnaire used with test subjects follows.
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Since you are'part of the first group to have any extended experience
‘ .

with IIDQ, we would like you to record your reactions and comments to help _
~ guide us in the future development of this system. At this point we are
particﬁlafly interested in any suggestions you may have for improvement of .
the §ystem and in what you see as being the potential benefits of a system

such as IIDA. e '

When' fully developed IIDA will in effect be able to serve two roles.

- R ~

The first role is that of teacher of the skills required to do interactive.
information retrieval. The gecond role is that of an on-line consultant

A .
to.assist the searcher if problems are encountered. This questionnaire 1s

divided into two major sections. In the first section you will find a series

you will find questions asking you for your impressions of IIDA as a consultant.
‘ On the following page you will find several scales designed to 2ssess

your feelingg and attitudes toward IIDA as a tool for learning how. to do
interactive information'fetfieval; There are 18 scales altogether. Fven

if you find some of them strange or inapprOpriate it is jmportant that you

complete them all,

3

Please. consider:

IIDA as a way of learning interactive information retrieval

You have conducted a search of a mini data base using IIDA. Please

don'tvgocus on the product of the search itself, but consider the system

you used to learn about interactive searching.

Work rapidly through the scales without pausing for more than just a

few seconds on'e;ch one and without returning to one you have already comgleted:'

Please.pface a check at the point on each scale which you feel to be mest

O ropriate. ].4';

of questions asking you for your impressions of IIDA as a teacher. In the hecond,



IIDA as a way of learning interactive information retrieval

boring :
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complex :

: ilanteresting

: siqple

free :

good :

‘.igpoftant :

meaningless :

Sy o
passive :

pleasurable :

gensitive :

stabl

- strong :

v

\genacious:

!

ugly :

unsuccessful :

technicals

relaxed :

informal :

valuable :

constrained
bad
unimportant

meaningful

: active

painful
insensitive
;hangeable .

weak

¢ yilelding

peautiful
successful
non~-technical

tense

: formal

worthless
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Next we would like to have you answer a series of quesbions about

retrieval, We would appreciate it if you could help us by answering them
as fully as you can. )
1, }iow good are ‘yoilri\typing skills? (Please describe.)

2,

5-

7.
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How familiar are you with computers and their uses? (Please describe,)

. Bow much ‘expsrience have you had in working with c‘omputeré using remote

terminals? (Please describe,)

.How much experience have you had with computer based interactive

information retrieval? (Please deseribe.)

Have you had any previous experience with other mett.ods of ‘teaching
computer based interactive information retrieval? (If “yes" continue

" with 6, if "no" go to 8.) .

Which methods? (Flease describe.)

Given the way you first learned to search, what do you think about this
method?
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8, Pleast describe your impressions of learning to do computer based

interactive information retrisval using IIDA as a teacher or system
for learning.

Posiiive Impressions:

Negative liprassions:

9, How has your perception of learning to do computer based interactive
information retrieval changed since using IIDA? (Please describe,)

T

* «lllu




Now that you have given us your reactions to IIDA as a teacher or
a system for learning how to do computer based interactive information
retrieval we would like to have yc: give us your impressions of IIDA as
a consultant in actually doing interactive information retrieval.,

On the following phage you will find several scalies designed to assess
your feelings anc attitudes toward IIDA as a.consultant to assist in doing
interactive infc:mati;n retrieval, There are 18 scales altogether, Even
if you find some of them strange or inappropriate it is important that you
complute them all.

Please consider:

IIDA as a consultant to ass.st in interactive information retrieval

You have conducted a search of a mini data base using ITDA, Please
don't focus on the product uf the search itself, but consider the syntem

as a_ consultant

Y

Work rapidly through the scales 'd'lthollt pausing for more than Just a
few seconds on each one and without returning to one you have already comp® ‘ted.

Ple. 3 place a check at the point on each scsle which you fesl to be most

appropriata,
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‘IIDA'as a consultant teo assist in intsractive information retrieval

»

bBY'ing\t : s : : : .3 interesting
' compilex ¢ 3 & % s 3t 3 simple

free ¢ s : g $ g $ constrained

good s___s___ s 3 3 3 3 ¢ bad .

important : : s H s s ¢ unimportant

meaningless : s 3 s : s 3 s merningful

.pas.sive s : : s $ : s s active
pleasurable s___:_ s : 53 3 5 painful :
sensitive s___ s : st 3t insensitive

*

’sté.ble S 3__ 3t s s 3t changeable

strong 3__ I S T | $ woak “
tenacious .: s 8 8__ 8 - s 3 3 ylelding
ugly s___ s ¢ B l, s :, ¢ beautiful
unsuccessful ¢ s ¢ ) 5t 3 :. s succes:s’ful

technical : t

-~

] $ s : t. non-techniczl

s s s H s tense . (\/

infermal H s b g s : zfo:;'mal

o e

relaxed

d

valuable : s : s : $ 3 worthless
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Next we would like to have ycu answer a series of questions about
IIDA as z consultant in doing interactive information retrieval. We would
appreciate it if you could help us by answerirg them as fully as you can,

1. Please describe your overall imoressions of doing computer based

interactive information retrieval with IIDA serving as an assistant
or consultant,

Positive Impressions:

Negative Impressions:

2., How has your ﬁeréeption of doing computer based interactive information
Tetrieval changed since using IIDA? (Please describe.)




3. If IIDA were available for you to use as a consultant in doing a

1

|

|

|

\

|

|

literature search on a topic of relevance to you, do you think you |
would make use of it? Why? - ’
J

I

THANK YOU FOR YOUR HELP

(If you have any further thoughts about ITDA, either as teacher or as consultant
please use the space below. We are particularly interested in any cuzgestions

you may have for improvement of the system and in what you see as being the
potential benefits of a system such as IIDA.)

’




APPENDIX A: TUTORIAL PROGRAMS
1. STRUCTURE OF COMPENDEX

1.1 Objectives of the Course
. ! 2
The purpose of this course is to teach students: (1) about the
material the comprises the Compendex file, (2) the structure of the file
in the sense of thé information elements that make up a record, and (3)
the use of 'bibliographic tools such as subject headings. No prior
background in the use of Compendex or the Engineering Index is assumed.

1.2 Genergl Characteristics of Compendex

This section will identify the publisher of Compendex, the maté%ials
covered by it, size of the file, date span of contents, and frequency of
updating.

1.3 Organization of the File

This section will cover the specific fields of information present
in a Compendex record and their interrelationships. It will describe
the formats available for record printing or display and will show the
student one or more sample recrods, annotated as to element structure.

ELN
1.4 Abstracting in ‘Compendex
This section will describe how abstracting is done and by whom. It
will cover the standard content of an abstract, what material is reviewed
for abstracting, and who the abstractors are.

1.5 Subject Description

Herc wiil be described the subject division§ ard subject headings
used in Compéndex. Mention will be made, in anticipation of later
course material, of the possibility of searching titles and abstracts
for occurence and co-occurences of words.

" 1.6 Timing

This course should be completed in 20 - 30 minutes by thg average
student.
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2. SEARCH MECHANICS
2.1 Objectives and Organization of-the Course

This course introduces the student to the tools used in conducting
a search. Some mention is made of the terminal, but concentration is on
software tools -- the search or command language The course will be
taught in two segments The first introduces a minimal subset of the
command language, a small number of commands which can be easily learmed
but which can enable a student to begin doing useful searches almost
immediately. In Some cases, the many variations actually possible in
the use of a command will not be taught, and only a linited range of
uses described. 1In the second segment, the full command set will be
presented. ) ’

The intent is that a typical student would take only the first seg-
ment initially, then go on to the exercises and possibly even an assisted
search. After he begins to' feel comfortable with the basic commands, he
can return to the second segment of this course and the corresponding
exercise. For some users, it will never be necessary to take the full
language segment or exercise.

o

2.1 Access to the System

Ir the first section of the course, the mechanics of accessing
DIALOG are described: use of the telephone, dialling into the network,
the DIALOG password, the use of the terminal, mechanical differences
between DIALOG AND TIDA.

2.2 The Minimal Subset Segment

Commands covered in this segment are: BEGIN, EXPAND, SELECT,
COMBINE, PRINT and LOGOFF. They will be taught with the following
restrictions: . .

1. BEGIN. ‘Always used in the form BEGINS which calls for the -
Compendex file and reinitializes set numbers.

2. EXPAND. The argument of EXPAND may be a descriptor or a. 1ine
number (En or Rn).

3. SELECT. The argument of a SELECT command in this segment is
restricted to a descriptor or a single line number (En or Rn). Truncated
descriptors, multiple line numbers or full ’text searches are not taught.’
at this level.

4. COMBINE. The argument of COMBINE will be taught as an ex-
pression of set numbers with boolean operators. Parentheses may be
used.

5. PRINT. Printing will be restricted to either of two formats:
one showing title only and one the complete citation without abstract.
The abstract is omitted in order to reduce the volume of printing.

6. LOGOFF. This command has no variations or argument.

This segment of the course should .ake a typical student about 15
minutes to complete.

Pomamy
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2.3 The Full Language Segment

In this segment the full range of each command is explained to tHe
student. He need not take the entire couvrse in sequence, but will be
permitted either to do that or to request instruction on a particular
command only. Thus, this segment of the course can be used in a refer-
ence mode as well as a conventional tutorial mode.

If presented sequentially, the commands will be described in phase
order, using the five phases listed in Section 1.2.2 (index search,
logic formation, record display, procedural and diagnostic). The
diagnostic portion will concentrate on diagnostic information available
" 'through DIALOG but will briefly introduce the extended set of diag-
nostics available through IIDA. )

IIDA instruction will not cover the symbolic form of commands
accepted by DIALOG, except for the ? representing EXPLAIN.

The second segment of the search mechanies course, if taken in its
entirety, would probably consume an hour. -

15.




3. SEARCH STRATEGY

3.1 Objectives . \ .
By now the student has learned something about the composition of
Compendex and the commands available to him to search it. This course
will provide instruction ~n some genmeral principles for conducting a
search ~- how to plan and approach the overall search. We Hgve pre-
viously pointed out that there is no accepted theory of search strategy.
Nonetheless, we hope o teach students from the beginning thaﬁ they
should have some plan when they begin a search. .

3.2 Statement of Objective : ' .
. \

We will ask students to state a search objective. . This is intended
to be a guide not a limitaiton on their performance. They migh: é}ect
to search for a few high grade references, a bibliograpliy of a dozen or
so citations, or a fairly complete bibliography. that may rumn to doiens,
even hundreds of citations. The point is that search behavior will be
different if the searcher is looking for one or two ‘best refererces
rather than a hundred or so somewhat relevant ones. The student may at
any time change his objective, but he should be conscious of the fact
that he is doing this.

3.3 Starting Point and Direction

The student should begin his‘search with a few descriptors in mind.
He should also decide early in the search whether he will try to find
one or two articles of known relevancz and use bibliographic descriptors
found with them or work from descriptors to documents; whether he will
try to define a small set and then gradually enlarge it to suit his
needs, or.define a large set and gradually reduce it until it satisfies
him.

3.4 Specific Techniques.
Here, we will discuss a few techniques a user may use to get a
search stairted, such as

Locating a known article and using its descriptors to look for
more. )

Locating articles in a journal or journal issues of known
relevance.

Retrieving articles by a well-known author in a field, or

. originating in a specific laboratory or institution.

Using date or other limits to reduce the size of exploratory
sets until an adequate-appearing set description is reached, then
expanding the date range. , i
There are others. There will be no attemﬁt to be exhaustive,

rather to implant in the student's mind the idea that there is or can be
strategy to his searching.
15:
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3.5 Timing

3

/
This course should: take no more than lﬁ_qinutes.

ERIC
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4, DIAGNOSTICS .
4.1 Purpose of IIDA Diagnostic Instruction

D1agnos;i€§ are the heart of the IIDA teaching technique. Their
purpose is to help the student identify the source of his own' problems
by providing analyses from various points of view of his commands,
results obtained and errors made. The diagnostics camnot inteérpret what
the student intended. Except for readily~detected procedural or syn-
tactic errors, they try to give the student data from which he can
determine that he is doing something 'wrong' (i.e., unproductive) and
change his approach - .

Initially, a student might be overwhelmpd with diagnoses of a
process which he does not yet understand well. Use of the diagnostics
also requries skill, as does searching, and both forms of skill require
instruction and practice. Hence, the student must be taught what diag-
nostics are available and how to use them.

13

4.2 Diagnostic Techniques

4.2.1 Parser. This is the first diagnostic program the student is
likely to encounter and it is one over which he has no control. When-
ever, in exercise or assistance moda, a student enters a command that is
either procedurally rzastricted at that time or syntactically incorrect,
the parser will converse with him. In this course, the student will be
told the circumstances under which this happens, given some examples of
parser messages, and instructed how to respond.

4.2.,2 JHELP. The /HELP program may be voluntarily involved by a
student or called by the performance analysis routine. /HELP operates
on the concept of a tree of menus;, through which the student selects a
general, than ever more specific diagnostic or instructional assistance.
He will be shown examples of the /HELP menus and the logic of their
construction will be explained. Ee has options,|which will be explained,
for returning to the porgram from whence he came or to other program
safter he has invoked /HELP. The use of /HELP as a tutorial program
will be explained.

. . 1% .
4.2.3 Performance analysis routine. The course will explain to the’
student the kinds of checks made by the PAR and the circumstances under
which it invokes\ /HELP.

4.2.4 Proctor. The role of the proctor will be explained, as will the
mechanics of how a student may contact him or be contacted by him.

4,2.5 Restart. In the event of machine failure during a search, the
student will have the option of continuing his previously begun search
or starting over, when the computer is eventually restored to service.
The nature of this option and its implications will be explained to him
both in this diagnostic course and more briefly, each time a restart
occurs. :

'S Q- . Loy

&



" 4.3 Timing.
This course should require about 15-20 minutes.

A
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APPENDIX B: TRANSCRIPT OF A "'TEST USE

On the following pages is a transcript of the record of a search
done by a student during the testing of the IIDA.model. It is pre-
sented‘here to illustrate the kinds of messages a student receives and
how he might react to them. It is not _an "ideal" use -- the transcript
was selected at random from the complete set of trial uses.

In a few-cases the right hand portion of a line of text . has been
truncated to -accommodate the wider margins of this report. No serious .
lessening of comprehensibility has resulted. ) \

The material on the last two pages is a diagnostic summary of the
search., It is printed out, not for student use, but in ‘simglation of
the kind of material a proctor would want who was reviewing a student's
performance. '




PERDYT” ’ :
RUNSAY 3UIDED.SA

.
5o

STUDENT NAME: -y < ' ’
5000 DAY. YOU HAYE'LOGGED INTO THE GUIDED EXERCISE. '
f SMALL DATA BRASE OM AIR POLLUTION IS AVAILRBLE. ‘ Q
SOME GUIDANCE IN SEARCHING WILL BE AUTOMATIC. IF AT
RilY TIME YOU REQUIRE. FURTHER RSSISTANCEs TYPE IN
/HELP FOLLOWED BY A CARRIAGE RETURN. .
REMEMBER TO MAKE AN ENTRY OMLY AFTER-GETTING A QUESTIONMARK (7).
REMEMBER ALSO TO END EVERY ENTRY WITH A CARRIRSE RETURN <CR>.
PLERSE TYPE IN R SHORT SUMMARY OF YOUR SERRCH TOPIG.

MERSURIMG EMISSIONM SOURCES

USIMNG PEMCIL AND PAPERs JOT DOWN % FEW DESCRIPTORS

YOU FEEL MAY BE HELPFUL. WHEN YOU RRE THROUGH WRITING,
HIT THE CARRIRSE RETURN. ‘

FILE RIRP IS ON-LINE

3ET  COUNT  DESCRIPTIOM

o —— s e T —

-— ——— e B

SEARCHING R DATA BASE CAM BE DIYIDED INTO THREE PHRASES.

PHRSE 1 IS THE TIME FOR BROWSING IN THE THESAURUS
WITH THE EXPAND AND RELATE COMMANDS. .

PHASE 1 IS ALSO THE TIME FOR USING THE SELECY
COMMAND TO FORM SETS OF ITEMS INDEXED BY THE DESCRIPTORS
OF YOUR CHOICE. '

PHRSE 1 COMMAMDS RRE EXPANDy RELATEs AND <ELECT.

IT IS USEFUL TO KNOW ALL PHASE 1 COMMAMNDS.
70U MUST-TRY ALL PHASE { COMMANDS BEFORE
MOYING OM TO PHARSE 2 BY ENTERING .~ DOME.

- -~
‘ ENTER PHASE 1 COMMAND OR ~DONE.
i TIELECT EMISSION FARCTORS !
|

-

o1 T T BT T TEMISSION FRCTORS o - s e
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ENTER.PHASE 1 COMMAND OF ~DONE. i
?SELECT POLLUTARMTS |
\

2 3 POLLUTANTS \

ENTER PHASE ! COMMAND OR ~/DONE.
TSELECT REROSOLS

3 14 REROSOLS

ENTER PHASE 1 CUMMAND OR ~DONE.
?EXPAND REROSOLS

oOrr NS o

REF DESCRIPTIOM CNT RET
3 —mENETEmm ~+—— p———3
12 19=REROSOL -ATOMIZATION 1 -2
13 . 13=REROSOL ELECTRICAL PHENOMENR 3 2
14 19=REROSOL. FOF™ATIUN 3 3
15 19=RERLOSOL PHENOMENR 1 )
15 19=REROSOL ¢PECTRUMETER° 1 2
_ —05=RERGSOLS
17 13=REROSOLS 14
13 03=RIR POLLUTION CONTROL ASSOC RANMU M 17
19 - 0%=RIR POLLUTION CONTRMAL RKSSUOC SPEC S 1
TL.an 19=RIR POLLUTION FORECASTING 1
21 19=RIR PREHERT 1
22 16=RIR AURLITY MERS 3
ENTER PHRSE 1 COMMAND OR ~/DUOMNE. -
TRELATE REROSOLS
REF DESCRIPTIOM REL CNT
_— e ] — -t
17  13=REROSOLS 14
222 19=SETTLINS PRRTICLES 0 1
243 19=SUSPENDED PARRTICULRTES 0. 3
277 19=PRRTICULATES 1 25
2383 19=POLLUTANTS 1- 3

ENTER PHARSE 1 COMMAND OR ~DONE.
TDONE -

LUSER IMNPLUT: DONE
ERROR # 14 @ SANMDT RECOGNIZE D RS A YALID COMMAND CODE

ENTER PHASE 1 CUMMMND OR ~DONE.
7/DONE

¥OU HRAVE NOW ENTERED PHHSE 2.

THIS IS R DISPLAY OF THE HISTORY UF THE SETE YOU HAVE
CREATED =0 FAR.

’0
o . 18-
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SET  COUNT  .COMMAND DESCRIPTION RELEVANCE

1 5 SELECT  EMISSION FACTORS : | ‘
2 3 SELECT  POLLUTANTS

3 14

SELECT RERPOSOLS

IN PHASE 2 THE COMBINE COMMAND IS AVAILABLE TQ .SE
WITH THE SET NUMBERS FROM THE TRELE SHOWN ABOVE.

ENTEP A COMBINE COMMAND. o
TCOMBINE 1 » 2 ' .

4 D 1 -2

ENTIER COMBINE COMMAND OR ~DONE.
TCOMBINE 2 + 3 )

] 22 2+ 3

ENTER COMBIME COMMAND OR .~ DOME.
7DONE '

USER INPUT: DONE : \ :
ERROR # 1 : INCOPRECT COMMAND

ENTER COMBINE COMMAND OR . DONE.
. 7<DONE , ‘ ~
vOU HAVE COMPLETED, AT LEAST TEMPORARILY, PHASES 1
AMD 2. BEFORE PROCEEDIMGs REVIEW .YOLR SEARCH SO FAR, .
THIZ IS A DISPLAY OF THE SETS vOU HAYE CRERTED 0 FRR.

[
]

[T
it m
it -
(W]
0O
[y
4
—‘

|

COMMAND  DESCRIPTION: . RELEVYANCE

e VU
——— e ——+—

S e e e S  —

SELECT - EMISSION FACTORS Yo
SELECT . POLLUTANTS _—
SELECT  REROSOLS
COMBINE 1 ¢ 2 - -
- SEMISSIOM FACTORS e POLLUTANTS
COMBINE 2 + 3 :
~ =POLLUTANTS + QEROSOLS.

i BTN I N
—
L2 SO Y+ 5

s
fu

[ Sy
&p)
(O
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ERANCHING TO OTHER PHRSES IS NOW POSSIBLE.
ENTER ONME OF THESE OPTIONS BY HUMBER: .
1. SATISFIED, WRNAT TO PRINT SOME ITEMS TO VIEW BY
zO0ING ON TO PHASE 3. )
2. MEED MORE DET ‘RIPTORS» WANT TO RETURN TO PHASE t
SELECTy EXPAND. UR RELRTE MORE TERMS. :
3. NEED "ORE "LIMITED SETS» WANT TO RETURN TO PHARSE 2
TU COMBINE MORE SETS. (
4. DISSATISFIED» WANT TO START SAME SEARCH OVER BY
RETURNING TO BEGINNING.
S. UNHAPPYs WRNT TO STRART NEW SERRCH BY RETURNING
T THE BEGINNING.

AND

. 5. UNSURE, NEED HELP. N
ENTER COMBINE COMMAND OR ~DONE.
PCOMBINE 1 + 3
5 20 1+3

EHTER FUﬁBINE COMMRND ™ DP 7DONE.
TCOMBINE t + 2
v 14 1 +2

ENTER COMBINE COMMAND OR
T<DUME

-DONE.

o 70U HAYE COMPLET<Ds AT LEAST TEMPORARILYs PHRSES 1

AND 2. BEFJRE PROCEEDINS, REVIEW YOUR SERRCH SO FAR.
THIZ IS A DISPLAY OF THE SETS YOU HAVE CRERTED <d FFAR.
IET COUNT PUMM‘ND DESCRIPTION RELEVRNCE
1 =] SELECT EMISSION FACTORS
2 3 SELECT. POLLUTANTS .
3 i4 SELECT  REROSOLS A\
4 D LCOMBINE 1 e.2
3 =EMISSION FRCTORS O'HDLLUTHNTS
ta] Tee COMBIME "2 + 3
) =POLLUTANTS + RERLSOLS
-] 3 20 « COMIINE 1 + 3
- =EMISSION FACTON . + RERPOSOLS
v 14 1 +2 ’

COMBINE

=EMISTION FACTORY + POLLUTRHNTS

1
ERIC




~ 158 = /

" BRANCHING TO OTHER PHASES IS NOW POSSIBLE..-
ENTER ONE OF THEZE UOPTIONS BY NUMBER:
1. SATISFIEDs WANT TO PRINT SOME ITEMS TO YIEW BY
GOING ON TO PHRSE 3.
2. MEED MORE DESCRIPTORSs WANT TO RETURN TO PHASE 1
AMD SELECT» EXPANDy OF RELRTE MORE TERMS.
3. NEED MORE LIMITED SETSs WANT TO RETUPN TO PHR‘E 2
TO COMBINE MORE SETS.
4. DISSATISFIED» WANT TO START SAME SEARCM OVER BY
RETURNING TO BEGINMING.
5. UNHAPPYs WANT TO START NEW SERRCH BY RETUPNINb
TO THE BEGINMING.
6. UMSUREs NEED HELP.
21
TOU HAVE NOW ENTERED PHASE 2. e
IN PHRSE 3» THE PRINT COMMAND IQ-ﬁVﬁffgﬁLEw I
FROM THE SET HISTORY JUST PRINTED, CHOOSE B SET TU VYIEW.
ENTER B PRINT COMMAND FOR THRT SET.
TPRIMT 7/3/1-3

~

RCCESE NO. = 53
D5=NINE
ge=JACKO R B
D3=NEUENDORFT D W
06=BLANDFORD J R
13=RIR PuLLUTIUH CONTROL ASSOC ANNU MEET 69TH PUPTLHHD OREG 1976
13=1976 . \
11 ePREPRINT
1o=EMISSION SOURCES
13=LRB
13=PARTICULRTES
13=YERR 1976
123=COKE OVENS
13=EMISSION FARACTORS
25e34785
39+JAcKko RoserT B.s Daviv . NEUENDOPFs anp Jaumn R. BLANDEDRD
36+THE BY-PRODUCT COKE JVEM PUSHING OPERRTION: TOTAL AND TRACE METAL .
36ePRARTICULATE EMISSIONS.# Arme PoLiuTzan CoNTROL ASs0c.s PITTSBURGHs PR
ZoelS5p.r 1976, (PRESENTED AT THE FIR PBLLUfIDN ConTeoL HssoczarTian ANN

JUDSE THE RELEYANCE OF THIS RECORD BY ENTERING
AN INTEGER BETWEEMN 1 AND 5 WHERE:
L = IRRELEVANT » S5 = MOST RELEYANT
?1 ~




. =159 -

- . ACCESS NO. = 490
SCONTRACT
DE=DANA M T
s=LEE R M
Mo=SCHULZ E J
10=1975
15=EMISSION SOURCES
13=FLD
13 PHPTICULHTES «
19=YERAR 137S ' -
S=PETROLEUM REFIHIHG )
1°=EﬂISSInN FRCTORS . :
9=PARTICLE SIZE DISTRI{BUTION '
1=—°ULFUP DIOXKIDE )
35634742 ¢
25¢DAaNAy M. Tepeys R. N. LEEs AND E. J. Somulz {
36*PARTICULRTE AND S02 EMISSIONS FROM PROCESS HERTERS AT SHELL AND Té\ﬂ
35 eREFINCRIES, RNACORTES» wRLHIHSTDH BATTELLEs PACIFI~ NORTHWEST - ‘LAaro

JUDGE THE RELEVANCE OF THIS RECORD BY ENTERING
AM INTEGER BETWEEN 1 AMD 5 WMERE:
1 = IRRELEYAMT » 5 = MOST RELEVANT . ’
.?. 3 . ¢ ~

~

RCCESS "NO. = 32
0S=NOMZ ‘
05=WARD D E
On=MCMAHOMN ¢ K )
ﬂb—JUHHNbEN R I o
03=RIR PULLUTIUP CONTROL RLSUC ANNU MEET 653TH- PORTLRAND [ORES 1376
13=1375 - .
11+PREPRINT
15=EMISSIOM SOURCES
12=THEDQ
i3=BIB
13=PARTICULARTES
13=FORESTS -
A 3=YERR 1976 ‘ .
13=BURMNING » .
19=EMISSION FRCTORS . : - -
35684717
3SebArRDy ‘DAMOLD E.r CHARLES K. McMAMgMs AnD Raghams ). JoHANSEN
36##N LPDATE ON PARTICULATE EMISSIONS FROM FOREST FIRES.® FREPRINT: THE
SheRIm PULLUTIUN CONTROL RS50C.y PITTSBURGHs Pmo.v 15p.» 1975. 20 pers.

3abansssNTEn AT THE AR POLLUTION CONTROL ASsSOcIATION ANNUAL MEETINSs |

JUDSE THE RELEVANCE OF THIS RECORD BY ENTERING
AN INTEGER BETWEEN 1 AMD S5 WHERE:
1 = IRRELEYANT » S5 = MOST RELEVANT
75
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DO YOU WISH TO YIEW MORE SETS?

IF 30> ENTER RNOTHER PRINT 'COMMAND.
IF NOT» EMNTER ~DONE.

TPRINT s-/2-1

RACCESE NO. = 538 \
DS=MNONE
D5=JRCKO R B
D5=NEUENDORFT D
05=BLRANDFORD J R
Uﬁ=9£§ POLLUTION CONTROL =SSOC ANNU MEET 53TH PORTLAND ORES 1976
10=1%75 :
11 ePREPRINT
15=EMISSION SOURCES
13=LRB . '
13=PRARTICULRTES -
13=YERR 97
13=COKE O%ENS
1% :EMISSION FRCTORS
35434785 ’
35+ JAcko RoOBERT B.s DAvip Iy, Neuenvomrs anr Joun R. BLANDFOSD
35#THE BY-PRUDUCT COKE QOVEN PUSHING OPERATIOMN: TOTRL AND TRACE METAL
35ePRRTICULLATE EMISSIONS.® Are PouLuTioNn CanTror Rssoc. s PrrrssuscHs Ps
35*15pP.» 1375. (PRESENTED AT THE RIR PoLLuTron ConTeow AssOciATION Fre

JUDGE THE RELEVANCE OF THIS RECORD BY ENTERING
AN INTEGER BETWEEM f AND S WHERE:
I = IRRELEVANT s S = MOST .RELEVANT
75 -

DO ¥OU WISH TQO YIEW MORE SETS? "

IF 30s EMTER ANOTHER PRINT COMMBND .
IF NOTs EMTER ~DONE. )
T DOME

THE FOLLOWING CHIICES ARE NOW AYAILABLE. ; ,
- CHOOSE MORE DESCRIPTORS, EITHER FROM THE MATERIAL JUST YIEWED, OR Ni
- COMBINE LUSCRIPTORS ALREADY CHOSEM IN NEW MAYS.
- PRINT MOPZ RECORDS IF YOU HAYE NOT SEEMN THEM ALL.
- DECIDE YOU ARE SATISFIED AND YOUR SEARCH IS COMPLETE.
. REQUEST HELP.
MAKE YOUR CHOICE AND ENTER ITS NUMBER.
74 .

N W e
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e
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NOW THRT YOU CONSIDER YOUR SEARCH COMPLETE:
WOULD YOU CHOOSE ONE OF THE FOLLOWING
THART MOST NEARLY FITS YOUR EYRLUATION OF
THE RECORDS RETRIEYED FOR vYOU.
OF THE RECORDS I SAWs I CONSIDER
1. LESS THAM 10% TO HAVE BEEN RELEVANT.
10-25% WERE RELEVYANT.
25-%0% WERE RELEVANT.
30-~-75% WERE RELEVANT.
75-30% WERE RELEVYANT.
Py—-100% WERE RELEVANT.
3

Tl WO

).

SIWDE vOU FEEL YOU DIDN‘T FIND MANY RELEYANT ITEMNS
DO YOl SUPPOTE THERE .IS NOTHING IN THE LITERRATURE
OR DG YO THINK R PEVYIEW OF THE TERMS IN THE
RUTHUR Ty LIST wOUuLD BE HELPFUL?

THESE QUESTIMANS ARE FOR YOUR IJSE .IN THE FUTUPE.

THRMK ¥QUy I HOPE YOU ENJOYED YDUR SERRCH.
REVIEW OF COMMANDS AND SERPCH STRGSES

TTRGE LINE COMMAND

—_—=m== =

SELECT EMISSION FRACTORS
SELECT POLLUTANTS
SELECT REROSOLS
EXPAND  AEROSOLS
RELATE AEROSOLS
COMBINE 1 & 2
COMBINE 2 + 3
COMBINE § + 3
COMBINE 1 + 2
PRINT 7,/3/1-3
PRINT 6,31

=~ DWOND UL WG~
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A e WM
S DR

v
no

0

-

DEZCRIPTOR

e
= ——— s o —

FOLLOWS

COMMAND

e e
e e ——

SELECT
SELECT
SELECT
COMBINE
COMBINE
COMBIME

COMBINE

. e ——————

4

FEVIEW OF SETS CREATED

LY

DESCRIPTIOM

e ————— 3

EMISSION FRCTORS

POLLUTANTS

REPOSOLS

1 2

=EMISSION FACTORS + POLLUTANTS
2 + 3

=POLLUTANTS + REROSOLS

P+ 3

=EMISSION FACTORS + AEROSOLS
1 +2

=EMISSION FACTORS + POLLUTANTS

EMISSION FACTORS .
POLLUTAMTS
REROSOLS

TEXT OF
ERROR

DONE -

TIME: 11.31 SECS.

REYIEW OF DESCRIPTORS LISED

USED IN
SELECT EXPAND RELRTE
B i - ——
A
ht
X B

PEVIEW OF ERRORS MRDE

COMMAMD
RTTEMPTED

PRINT
COMBINE

HIT CRARRIAGE RETURMNs PLERSE 7

%

PELEVYRANCE

e e T

O

———— o it s = et g |

ZEEMN IM USED IN

ERROR CODE
(TO BE TEXT)




