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PRETACT.

Throughout this report, reterence is made to Part Land Part 1 ofa two-part report.
Part 1 describes  the  developmient of  computer software 1o facilitate suthoring,
presentation, and evaluation of computer-assisted instruction materials and is presented in
this report. Part {1 defines a procedural model for computer-assisted  instruction
produc!im; and describes the evaluation of the complete authoring system. Part 11 is
actually a separate contractual etton and is discussed in the following technical report:
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in the conrext of the Advanced structional Svstem: Materials development
procedures and system evaluation. AFHRL-TR-79-74. Lowny AFB. CO: Technical
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SUMMARY
Objective

The overall objective of this project was to design, develop,
implement, and evaluate an authoring system which would provide a
basis for cost effective production of computer-assisted instruction
(CAl) materials for use in the context of computer-managed Air Force
technical training. The specific target application was the Advanced
Instructional System (AIS) located at Lowry Air Force Base, Colorado,
and the software developed was to be integrated into this system. The
project work was conducted through two parallel efforts which are
described in Parts | and Il of this two-part report. The first of these
efforts, described here in Part I of the report, addressed the develop-
ment of computer software to facilitate the authoring, presentation,
and evaluation of CAI materials. The second effort, described in Part
I1, concerned the definition of a procedural model for CAl production
and evaluation of the complete authoring system.

Aggroach

The design activities began with analysis of the probable functions
of CAI within the AIS, review of prior approaches to supporting CAl
materials development, examination of previous military CAI development
experiences, analysis of the characteristics (training, prior experience
and work environment) of the Air Training Command (ATC) personnel who
would be developing CAl materials, and re-examination of the available
AlS software and operational experience with this software. A major con-
clusion resulting from these analyses was that there are a number of
factors in the military technical training environment which are incom-
patible with the typical approach to CAI production (authoring) and that
prior attempts to utilize CAl in this environment had not taken these
factors into sufficient consideration, Typically, it appeared that too
much was expected of the CAl authors. It was decided, therefore, that
it was preferable to adapt the authoring system to the existing environ-
ment rather than expect the environment to change to meet the require-
ments of the system, even when this approach limited the sophistication
of the CAl materials which could be produced. For exampie, it was con-
sidered preferable to avoid author use of a programming language even
though this would limit the author's flexibility. The AIS employs
editors which engage the user in an interactive, English language dialeg
to control the system's data base. Experience with these interactive
editors suggested that they could provide a model for the author/computer
interface. It was also concluded that the system should structure the
author's task, promote principles of good instructional design, require
very little training for its use, and provide aids for managing a
materials development project.

The heart of the software developed is an interactive CAl Authoring
Editor. The Editor structures the author's task while providing options




as to CAl presentation strategy details. As defined by the tditor, a
CAl module is divided into objectives. The system is frauwe oriented and
each objective can contain up to 100 frames. Three classes of frame
types are supported: textual content frames; question frames and special
purpose frames. The author enters the frame content in exactly the
format in which it will be seen by the student. All formatting of
question frames is done automatically and the author is prompted to
supply a feedback statement for each alternative or constructed response
and a prompt statement for each attempt at answering the question. To
individualize instruction, the author can define branches from any frame
to any other frame. The decision of whether or not to branch can be
based on a specified number of questions being answered correctly or
incorrectly, on a set of frames having or not having been presented, or
on a specific student response. Branching logic is entered in a highly
prompted, multiple choice format, and the result is then displayed in
English,

CAl materials are delivered by a CAl Presentation Prograi, A
standard presentation program was first written for CAI as an alternative
instructional module. Two modified versions of this program provia.
review and remeaiation over the specific objectives with which the
stuuent had problems. The presentation programs contain student per-
formance data collection routines which can be turned on or off by the
author. Standard Jdata analysis reports are reguested by means of a
second interactive editor which prompts the user as to the options avail-
able.

A variety of printouts of program content and logic are provided.
Hodule content can also be printed out in a format suitable for student
use as a programned text,

tvaluation Procedures and Results

The software developed was evaluated as part of the total authoring
systen through the production and implementation of a set of CAl lessons
in one of the courses supported by AIS and by training a number of course
personnel in the use of the authoring system. The evaluation procedures
and results are described in detail in Part 1l of this report and are
only sunmarized here, in Part [.

Under the materials production effort, CAI modules were developed
for six lessons in the AIS Weapons Mechanic course. None of the three
members of the authoring team had prior CAI experience; although, all
were experienced technical training authors. Approximately 2200 man
hours were required for development of the six modules. The modules
accounted for a total of approximately 2% Plan of Instruction (POI)
hours and resulted in an average student contact time of 13.7 hours,
Thus, development efforts required an average of 35 man hours per PYI
hour and 113 man hours per student contact hour. This compares very
favorably with the figures of 222 and 246 man hours per contact hour




reported by Himwich (1977) for military technical training CAI.

Three ATC instructors were trained in use of the Authoring Editor
during 15 one-half day sessions. Hone of the trainees were computer
programmers or had any prior CAI development experience. There was no
formal training after the first session. Given a CAI Author's Handbook
to use as a reference manual, each trainee used the Authoring tditor to
develop a CAI module. Contractor personnel were available to answer
questions and review the trainees' work. At the end of the training
period, each had developed a module through the stage of revision follow-
ing single student tryouts. The trainees asked relatively few questions
and the modules produced were of generally good quality and capitalized
fairly well on the capabilities of CAI. The trainees were quite
satisfied with the Editor and all expressed an interest in implementing
CAl in their courses,

Conclusions

The approach taken to facilitating CAI development appears very
promising, Experience to date, while linited, has demonstrated that con-
tractor personnel were able to produce effective CAI with a level of
effort that is comparable to the effart required to produce paper and
pencil materials. ATC personnel were able to learn to use the Authoring
Editor and to produce CAI materials within a very short period of time.
These trainees expressed highly favorable attitudes about the approach
and found no serisus faults with the Editor.

The major factors which contribute to simplifying the authoring
task are probably elimination of any need for the author to use a com-
puter language and the extent to which the task is structured. The human
engineered, computer-aided input, formatting, and editing capabilities
provided by the Editor are undoubtedly also important.

The authoring system is ready for use by ATC instructional develop-
ment personnel in its current form but it should not necessarily be
considered to be a finished product. There are a number of features
which could be added to increase its utility. As the system is used, it
can be expanded and refined on the basis of accunulating experience to
become a powerful tool for instructional development.
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I INTRODUCTION

Computer-based instruction has the potential of achieving signif-
icant savings in costs related to Air Force technical training. A number
of steps toward realizing this potential have already been taken, e.g.,
use of the PLATO system and development of the Advanced Instructional
System (AlS). The former is an application of computer-assisted in-
struction (CAI) while the latter represents a comprehensive computer-
based instructional (CBI) system supportina both computer-managed in-
struction (UMI) and CAI,

CMl can be defined as a situation in which the majority of the
student's instructional activities are completed off-line. The
computer's role is that of evaluator, diagnostician, prescriber, and
manager of instructional events. In CAI, by contrast, all of the stu-
dent's instructional activities are conducted on-line, at an inter-
active computer terminal, CM[ can be characterized as being extensive,
managing instruction for a large number of students throughout a large
body of course content, CAl, on the other hand is typically intensive,
concentrating on detailed and highly interactive instruction for a
limited segment of course content and a relatively small number of
students. Extensive application of CAI has, to date, been limited by its
high cost, in terms of both materials production and terminal costs,
and by the limited utility of insular seaments of individualized instruc-
tion in a group-paced environment,

The work reported herein addresses the concept of a comprehensive
instructional system in which CAl is embedded in the context of CMI.
Such an integrated system has a number of distinct advantages. Student
pacing, being individualized, is compatible with efficient use of CAI.
Student performance on CAl lessons can be recorded directly by the CMI
system. Most importantly, the extensive student performance records
maintained as part of CMI can be readily accessed to provide truly
individualized CAl, when and where it is most needed.

The relatively expensive CAl must, however, be employed judiciously
in the CMI context to be cost effective. If one assumes that the off-
Jine instructional materials being managed by CMI are reasonably
effective, the use of CAl is only appropriate when (a) the concepts or
facts to be taught are uniquely difficult and existing instructional
materials and methods are inadequate for a large proportion of the
students, or (b) logistical problems can be resolved through the use of
CAI. The cost of producing and delivering CAl for specific applications
is, of course, also an important consideration,

Project Purpose

There are two basic reasons why CAl production costs remain high.
With few exceptions, the programming languages and production methods
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employed require extensive and very detailed effort. Secondly,
relatively sophisticated instructional design skills are required as
well as, in most cases, computer programming skills.

A basic premise of this project was that in the military technical
training environment, CAI development problems can be alleviated and
production costs reduced through structuring the authoring task and pro-
viding software tools to facilitate the authoring process. The term
"authoring,” as it is used in this report, refers to the process of
generating, evaluating, and revising an individualized, interactive CAl
module. Such a module consists of information to be assimilated by the
student, questions and/or practice exercises, decision rules for
individualizing the amount and nature of the instruction on the basis of
student performance, and questions or exercises to measure the student's
mastery of the module's objectives. It was hypothesized that appropriate
software, designed specifically to support CAI authoring in this environ-
ment, could directly and substantially reduce the cost of CAI development
and evaluation, It was also thought that skill level requirements and
production time could be further reduced if the design, development,
evaluation and revision tasks were highly structured through the use of
specific procedures and software which supported and enforced these
procedures.

The software tools developed under this project are intended to
support a broad spectrum of tutorial and drill and practice tasks.
They would not be as useful, for example, in developing CAI to simulate
equipment or processes. Similarly, the authoring system developed is
text oriented as opposed to supporting extensive production of computer-

generated graphics. Uniess sophisticated graphics production software 3
and/or equipment is available (a requirement beyond the scope of this ]
project), the production and delivery of computer graphics is quite |
expensive, Additionally, when use of supplementary hard copy visuals K
(e.g9., schematics and photographs) is considered, there are relatively 3

few tutorial or drill-and-practice applications in which computer gen-
erated graphics can be shown to be cost effective.

Project Context: The Advanced Instructional System

The authoring support software was designed for application in the
context of the AIS located at Lowry Air Force Base, Colorado. The AIS
is ideal for this purpose since it is a large scale computer-based in-
struction (CBI) system supported by hardware and software designed to
support both CMI and CAI. The system was designed to improve the effec-
tiveness and efficiency of Air Force technical training and to provide an
operational research facility for assessing innovations in instructional
technology. The system supports four technical training courses repre-
sentative of the range of cognitive and performance skills required by
enlisted Air Force personnel, An adaptive instructional decision model
employs state-of-the-art computer hardware, software, statistical method- !
ologies and instructional procedures to provide instructional management
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and individualized assionments to alternative instructional materials,

ALY Course Structure,  bach ALS course i divided into "blocks™ of
tnstructton which may vequire from 1 to 10 davs to complete,  tach block
vontainy a number of lessons and a comprehensive, end-of -block test,
Within a Dlock, lessons are arranged in a hierarchy based on their pre-
requisite relationshins, A typical hievarchy resembles a set of parallel
vhains diverging and converging on certain pivotal lessons, and a student
may alternately work on Jessons in two or mvwe parallel chains,

The basic unit of instruction 1s the lesson,  tach lesson consists
of A set of obiectives, two or more parallel formy of a (riterion
referenced test, a vriterion defining adeguate mastery on the test, and,
typically a self-test by which students can evaluate their under-
standing of the lesson before taking the criterion test,

A lesson's instruyction 15 provided by one or more modules, each of
which teaches the complete lesson content, When two or more modules ave
present, they reimresent alternative instructional treatments, depend-
ing on the lesson content and the nature of the treatment, a module may
be a progranmed text, an elaborated technical order, an audio-visual
presentat ton, o1 given the resuits of this project, an interactive (Al
SeNNIOn

An ATS Student Scenario, A student's fivst experience with AlN iy
to complete a preassessment battery consisting of a number of scales
whiich assessy cognitive and affective factors considered to be predictive
of stadents' performance tn the (ourse,  lhe student then requests an
mrtfal asstanment (v submitting a Lorward-woing Assignment reguest at
A management terminal, which consists of an optical scanner and medium
speed printer, At this point, the student is emmolled in the vourse but
nas not vet entered a Black contatning actual vourse content,  Hivst,
therefore, the svatem selects the block in which the student i to start
work,  Since the student has not vet completed any course work, only
Blocks which have no prevequisites are considered. 11 there is more
than vne sudch block, the one containing the fewest <tudents relative to
the desired number in that block 18 selected,  The student s then
asvvigned toan appropriate learning center and home carrel and to a
sitec 140 Tesson, madute, and criterion test,

Loesson assignment decisrons are oade jointyv by two major
vomponents of the Svatem--the Adapter and the Resource Allocation Model,
The Adapter attempts to select, for each assignable lesson, the one
mvdule that s most appropriate for that student,  This decision can
be based on a vardety of rules, e.u., select the module which the
student iy predicted to complete in the shortest time (assuming the
student 15 aleo predicted to pass the criterion test), tach alternative
mydule s given a weight indicating its relative preferenve, lhe
Resource Allocation Model assigns preference weiahts to modules on the
basis of minimizing the tmpact of the assiunment on the availability of
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instructional resources. The final lesson and module selection is based
on a compromise between the two sets of preference weights, The form of
the criterion test is chosen at random.

The student, after receiving the first assiqnment printout (called
a Student Status Report) at the management terminal, reports to the
learning center instructor, obtains the instructional resources required
for the assigned module, and begins work, normally at a home carrel.

After studying the lesson materials, the student completes a
multiple-choice self-test and reviews the material pertaining to any
questions answered incorrectly. The student then completes the lesson
criterion test and submits the test form to a management terminal. The
resulting Student Status Report details the student's performance on
the criterion test (percentage total score, items missed, objectives
failed, and pass/fail decision) and the next assignment. If the test
criterion was not met, the student is reassiqgned the same lesson and an
alternate form of the test. Otherwise, the lesson, module, and test
selection procedures are repeated, and the student is assigned a new
lesson.

I[f the student's assiqgnment is a CAI module, there is only a slight
variation in these procedures. The function of the self-test is
assumed by questions embedded in the CAl presentation. The criterion
test is also administered on-line and the results submitted auto-
matically to the CMI system. Tne Student Status Report is displayed
on the terminal and a printed copy of the report is also available from
the management terminal.

When the student has completed all content lessons in the blochk,
a Block Review lesson is assigned. Ffollowing review, the Student is
randomly assigned one of the alternate forms of the block test. While
lesson tests can be viewed as diaqnostic tools, end-of-bloch tests
serve a certification function, That is, since there is no end-of
course test, block test performance serves as the basis for certifying
mastery of the objectives contained in the block, A student not meeting
the block test criterion is reassigned to the block in a status whercby
assignments are made by the instructor rather than by the system, If
the blockh decision is "Go," the block selection loagic is repeated, and
the student is assigned to the next block of study. The student's con-
tinued progress through the course is essentially a repetition of these
events,
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I AUTHORING SYSTE DESTGN CONSTOERATTONS

Uesign of a cost-effective CAl component for the ALS beaan with an
analysis of the ALS environment: the appropriate role of (Al within a
(M system supporting military technical training; the characteristics
of the personnel who, it was anticipated, would be developing (A]
materials, and the software tools currently avarlable within the AlS,
Lessons Tearned from prior approaches to CAL development were also
considerad,

The Role of CAL within the AlS

Pirst, 1t must bLe recounized that the prototvpe ARS is primarily a
computer-managed instructional svstem,  This is not to ioply, however,
that the system was not designed to accommodate CAL,  The System
lanquaqe, CAMIL (Computer Assisted/Manaued Instructional Lanquane), was
specifically developed to support both CAL and (Ml Rather, within the
context of the AIS, CAl was seen as one of several possible media avail-
able for instructional purposes. Management and monitoring of students'
proaress throuah a course, assianment to specific instructional treat-
ments, and evaluation of instructional effectiveness are all supported
by the (Ml component of the system,

Given the nature of the AIS form of (ML, defining the role of (4]
within this structure was relatively strvaiohtforward. Recall that an
ALS course is divided into blocks of instruction which conclude with
certification tests. Blocks are divided into lessons, and cach lesson
is supported by one or more modules, cach of which addresses all of the
Tesson's objectives, When more than one module is available for a
Tesson, they are treated as alternative instructional treatments for
that lesson, The Adaptive Model assures that a student is not assraned
a4 lesson until all prerequisites have been completed,  Assianment of a
specific module is also a CMI function.  Thus, CAL was seen as providing
one of two or more alternative instructional treatments for teaching
a lesson, and as such, CAl materials would be packaged ana assianed as
modules.  Student terminals required for CAL would be treated as
instructional resources manaded and assigned by the Adaptive Model.

IL was assumed that if a student was assraned and completed a (Al
module, it would be desirable that the lesson test also be administered
on=line rather than via a management terminal interaction,  While the
AIS does support an on-line, computer-assisted testing (¢AT) capabrirty,
it was desianed primarily for block tests and was not totally suited
for administration of lesson tests., Therefore, a lesson-level testing
capability was incorporated into the CAL component,

The next major question concerned the types of applications for
which these relatively expensive madules would be most effective, Wmile
the use of CAl for nomal first-pass instruction was one obvious answer,
it was hypothesized that the branching capabilities and moment - to-moment
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control over student behaviors afforded by CAI would be particularly
useful for the functions of review and remediation.

As AIS courses are currently structured, each block ends with a
review lesson which is assigned inmediately prior to the block test. No
specific instructional modules had been developed to support these
lessons. Rather, it was intended that students would use this assign-
ment to review those block objectives on which they had encountered
problems. The CMI system provides a "Block Report" which flags the
objectives which the student failed on the first attempt at the lesson
test. Instructional activities during this period are, however,
determiined primarily by the student and the instructor, and student
‘ performance data indicated that this time was often not being used
1 effectively. CAI was seen as an excellent way of remedying this

situation.

R
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A procedure was envisioned in which, when a student was being
assigned to block review, the Adaptive Model would assess the student's
prior performance in the block and, if performance was found to be
marginal, assign a CAl module. The CAI module would, in turn, determine
the specific objectives on which the student had encountered probleus,
review the student on these objectives, administer and evaluate
objective-level diagnostic tests, provide further remediation as
necessary, and issue a Status Report suggesting further review or
assignment to the block test as appropriate.

Y

Block remediation presented a similar situation. A student who
fails a block test is placed in "block remediation" mode. In this mode,
the System accepts any lesson tests input by the student or instructor
input of a second dattempt block test. The System does not, however,
make any specific assignments. This role is delegated to the
instructor. To guide the instructor in making appropriate assignments,
the objectives which the student failed on the block test are listed
on the Student Status Report printed when the block test is scored.
Again, student performance data suggested that this remedial time could
be employed nuch more effectively.

CAl block remediation modules were envisioned which would differ
only slightly from the review modules. Student assignments to CAl
remediation would be made by the instructor, and selection of specific
objectives for remediation would be based on the student's block test
performance rather than on performance in the block.

Although block review and remediation were seen as two prime
targets for CAI, it was assumed that CAI would also be used for g
alternative modules for first pass instruction. While CAl might j
occasionally be used for the first module developed for a lesson, ds '
long as CAl costs remain high, it was expected that it would more often
be used as an alternative treatment desiqned to remedy specific problems
detected in existing modules.

13




Anticipated Characteristics of CAl Development Personnel

In considering the characteristics of the persomne! who would be
developinag CAl modules, it was first thouaht that a team approach, such

as advocated by Bunderson (1473), would be appropriate,  Such an approach

would specify differing roles for (at least) subiect matter experts, in-

structional technoloqists, and program coders, However, further analysis

of the military technical training environment stronaly sudaested that,
while desirable, the team approach was very likelv to encounter serious
problems in practice.

Durina the 5 years in which the AIS has been operational, there
have been repeated efforts to define specific roles for the specialists
who are so important to effective operation of (Ml {(e.a., nmaterials
writers, evaluators, and data base manaaers). To date, these efforts
nave had only limited success. It was concluded, therefore, that the
CAL authoring system should be structured so as to allow a tean
approach to €Al development but should not be dependent on it

For the inmediate future, at least, 1t was reasonable to expect
that the personnel who would be developing, evaluatinag, and revising (Al
saterials would, for the most part, be classroom instructors, It was
assumed that such authors would typically be expert in their subject
matter area, would have tinited training or experieace in instructional
systems design, would have no prior eaposure to cAl, and would have no
computer proaramming experience. Additional pertinent characteristics
included a relatively hiagh turnover rate for militarv instructors,
little or no opportunitv for formal trainina, and Vimited, frauented
periods of availability (e.a., b0 to 90 minutes following a nornal
instructional day).

An obvious problem raised by this prafile of the tvpical (AT author

is the lack of computer progranming expdertise and the strona indication
that attempting to train relatively transicent authors to prooram would
not be practical, Therefore, an approach was souaht which would
eliminate, or at least substantially reduce, the need for computer
programiing on the part of the author,

Another implication of the analysis of authoring-personnel
characteristics was a need for procedures which would structure the
authoring task, At the same time, 1t was recoanized that excessive
structuring could be perceived as being undesirable, even offensive,
and could consequently detract from the authors' motivation, It was
reasoned that they would be more amenable to task structuring once CAl
was established and authoring problems had been recognized, It was con-
cluded that the authorinqg system should provide a degree of task
structuring necessary to prevent a novice author from becoming hope-
lessly bewitldered and should also provide for implementing more
extensive structuring in the future.
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The high turnover rate of military personnel had the obvious
implication that the authoring system and procedures should be such
that a novice author could quickly be brought to a productive level of
proficiency. Further, it was apparent that it would often be necessary
for new authors to complete CAl modules that had been designed and
partially developed by others.

Coupled with the high turnover rate was the expectation that there
would be li*tle or no opportunity for formal training in either the
mechanics of developing CAI materials or the instructional principles
underlying their desiqgn. It was assumed that most training would have
to be conducted on the job. Thus, self-instructional methods, with
some minimal assistance from experienced authors, appeared necessary,
It was also desirable that the software tools themselves be self-
documenting and self-instructional.

Since it was anticipated that authors would often have to work in
short segmented periods or in an environment subject to frequent inter-
ruptions, it was desirable that they have rapid access to the portion
of the module on which they were working, that any work accomplished be
captured immediately rather than requiring a lenqthy storage process,
and that the current status of work accomplished be clearly summarized.

Finally, experience gained from various DOD projects indicates that
managenent of instructional materials development is an area that has
been generally problem prone because of its complex, unstructured nature.
Few effective management procedures have been successfully implemented.
Consequently, little monitoring of individual authors during materials
development has been possible, especially with respect to productivity
and quality control, thus, there was a need for software tools that
would facilitate maragement of the development process. As was tne
case for structuring the authoring task itself, it was necessary that
these management tools be fairly open-ended and allow for further
development as management procedures evolved. The review of completed
materials by other subject matter experts was known to be particularly
time consuming, Software tools which would structure and accelerate
this stage were considered especially important.

CAl materials evaluation had potential for problems which were at
least equal in severity to those of authorinag per se. It was assumed
that the CAl authors would have primary responsibility for formative
evaluation of their own materials but would have little, if any, prior
evaluation experience. As a result, there was a need to structure
student performance data collection, retrieval, and reporting, [n this A
case, it was thought that there would be little neqative reaction to
over-structuring and that the data collection process should be almost
totally predetermined and should result in standard reports tailored for
fornative evaluation.
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Software Considerations :
The two aspects of the ALS software which most strongly anfluenced %
authorina system design decisions were availatlity of the AL i
proaramming lanquaae and past experience with the use of interactive i
data base editors, ' i

The CAMIL Language.  CAMIL (Computer Assisted/Managed Instructional
LanquaaeY (PfYasterer, 1973) is a hiaher Yevel, aeneral aurpose pro-
aranming lanquaqge developed as an intearal part of the AlY. Severa)
hundrea CAMIL programs are currently operational and are used for all

on~line nases of the system,

In specifying a languaae for AIS, it was determined that it would
need to be both CAT and (NI oriented and usable by personnel with a
wide range of experience. 1t support requirements had been Fimted to
CAT, a Tanauage such as TUTOR {Sherwood, 1974) as tmplementea at the
Umiversity of 111inois, could have been constdered while traaitiona)
Tanduaqes such as PL/T, FORTRAN and COBOL could Bave been considered 0 f
CMI had been the only target application.  Since both applications were
to be supported and ne known lanauaae contained specitic capabilities
for both, a new lanquage was considered necessary.,

To accomplish its diverse voals, CAMIL 1< divided into two sub-
Tanquages:  Basic CAMIL and Eatended CAMTLE L dasie CAMIL s orented
primarily toward systems and applications proaranming tasks., It pro-
vides a full range of standard data tvoes ancluding LITLGER, WUMBER,
LOGICAL, CHARACTER, STRING, TEAT, CLASS and SET. The Jdata structuring
methods include ARRAY and RECORD types.  The tlavor of the orocedural
component is similar to other ALuOL-based lanquaaes:  procedures are
easily defined; the scope of variables 14 controlled throuah the use of
blocks; and statements can be combined into loaically meaningful aroups
throuagh the so of compound statements,

txtended CAMIL is oriented toward the rapid development of larage
programs. [ts most important feature 15 the sentence facilityv wnach
allows codina in natural lanquage-like statements, Also, fewer pro-
granmer comments are required because of the level of documentation
which the sentence facility provides. 8y using sentence Jdeclaration
statenents, new sentences can be created by detiining new words--nouns,
verbs, adverbs, adjectives, and prepositions,  These words can be
combined in any meaninaful way to form a lTarqge set of sentences,  New
data types and operators can also be defined. Sentences, extended data
types, and extended operators can then be placed in & CAMIL library,
txtended CAMIL Programs can also utilize Basic (AMIL, allowing the user
as much control as experience permits,

A total system approach was adopted to make the languaqe reliable, ]
efficient, and easy to use. This system consists of the lanquaqe, a !
compiler, loader, interpreter, source program editor, data base file
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manager, and program archiver. The combination of language, compiler,
and source program edftor facilitates efficient creation and mainten-
ance of reliable CAMIL programs and reliability is enforced during
execution by the interpreter. FPrograms interface ecasily with the file
manager to rapidly perform the extensive data base mangaement required
for (M1 applications,

Due to the nature of the CAMIL system, large amounts of error-free
code can be written and checked out in a relatively short time., aiven
the structured nature of the lanquage, the enforced modularity, and the
interactive environment, relatively few logic errors are encountered.
Oonce a program has been compiled, it is almost certain to run properly.
Finally, the txtended CAMIL sentence facility provides a powerful pro-
qramming and documentation tool for relatively tnevperienced
programmers,

ALY bxperience with Interactive tditors. While the ALS (ML functhions

are supported by CAMIL softwarce, the day-to-day operation of the Ml
system ts controlled throuah a set of data base editors, The intent of
these editors was to allow course personnel with no progranming
language shills to define the characteristics of their courses and
establish the rules by which student assigonments are made,

The approach taken was that of a totally table-driven system, At
each point where an instructional decision is required, an attempt was
made to allow tor a varfety of decision rules.  The indication of whign
rule was to be used (and in some cases, the rule itself) was then
treated as a data ttert rather than beng coded 1n the software.  Thas,
both the decision rule and the information to be processed by the rule
{typically a combination of student pertormance data and course
characteristic parameters) are constdered to be data.  With tois
approach, sottware changes are only required wihen the basio operating
philosophy of the svstem is altered,  Normel cperational chanaes n
course content and confiquration, resource inventories, and student
asstanment selection rules are made by changing the course data tase via
the interactive data base editors.

dperational evperience with this approach has been guite postvtaive,
Relativelv few software chanaes have been necessary to meet the
system's evolving tnstructional requiresents,  Despite the complenity
af the data base, course personnel have been able to use the editory
to institute data base changes appreopriate to their needs,  This iy
not to say, however, that the use of the editors is totally simple and
stratahtforward, The data base and the interactions among its com-
ponents are complexn, In some cases, this complexity was not adeguately
taken into consideration in the human engincering of the editors, whle
Al of the editory orompt the user's input to some degree, catensive
prompting was sometimes sacrificed in tavor of efficiency, In
retrosvect, this trade-off was often inappropriate,
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In qeneral, however, the interactive editor approach was thought to
hold considerable promise for facilitatina at least some aspects of the
Al development process, It was also recognized that where such an
approach was adopted, 1t would be desirable to provide extensive
prompting,

Prior Approaches to the Autnoring Problem

A growing recoanition of the problems associated with CAl develop-
dent has resulted in a substantial literature addressing these problems
and proposing alternative soltutions. The following sections provide a
brief introduction to the concept of authorino svstuens, an overview of
the types of existing systems, and a summary of two Air Force
experiences 1n CAl development.

Authoring System Lonsiderations and criteria.  oinn (1974) Tists
four oriteria for assessing tne effectiveness and utility of CAl autnor-
g larauages:  rvellability, efficiency, flexibility, and convenience.
These same criteria can be applied to the more general concept of
Lhoring systens,

Jnder rediability, Jinn includes automatic recovery for both autnor
ang student following syster failure, limiting the loss of authored
emterial and lieiting the domain of author errors, i,e., an error in
one part of a proagram should not impact other parts of the proaram or
strher programs.  tfficiency refers to both tne time required for
atroring and the computer time required to translate author lanauane
staterents into executable code,  Flexibility considerations include
access to a variety of devices, access to alternate modes of execution
or conventions and the capability of adding new operators, statenwents,
anag subroutines,

Author convenience is treated as a major consideration., Jinn
sugdests tnat the language (or system) should have a minimum of
redundancy and irrelevant syntax, e.q., the program listing should be no
more complex than the author's actual task, There snould be provision
for alternative authoring styles, e.q., while many authors indicate a H
preference for interactive entry, others prefer to work with paper forms 5
which remind the author of system capabilities and reguirements, With
respect to revising an existing program, Jinn notes the advantages of
on=line editing and suggests that the system snould provide access to
the original file, use straightforward notation for determining changes
to be made, and confirm that changes were accomplished, In testing a
program, the author should be able to beyin execution at any point and
trace througn the program using labels as indicators of location. The
lanquage notation should help a reviewer understand the intent of tne
instructional content and strateay. Finally, access to system
capabilities should increase with experience,

Kaplow (1975) states that in order to maximize assistance to the
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author. it is not sufficient to simply add authoring aids to a pro-
gramming language. Rather, the total CAl system must be organized

around this goal. He then describes what he considers to be the basic
features of such a system.

First, the system should provide a structured format to help
authors organize their concepts. The structural units should match the
author's conceptual units and impose a degree of modularity. The
current working unit should always be identified and the author's state-
ments should refer only to this unit. Kaplow suagests that the
operational aspects of the authoring and CAI delivery components should
be separated. A CAI program should be treated as a data base containing
the content and structure of the program as well as the computer
commands to be executed., The system design snould make it explicit that
the program is a collection of information organized so as to be
amenable to understanding. The computer itself should automatically
perform many programming functions, such as checking structural complete-
ness and findinq cross-reference errors. Finally, the system should not
require that a program be complete before it can be tried out.

In his subsequent discussion, Kaplow makes a number of additional
critical points. The system should be tolerant of user errors and pin-
point errors at the time they are made. The detailed actions to be
taken at student run time should be defined on the basis of the
implications of the author's instructions rather than naving to be
spelled out. Given a modular program structure, the system should nelp
the author keep track of the interrelationships between the various
parts. The fact that it is often easier to write a new proqram rather
than to modify an existing one is particularly unfortunate considering
the opportunity, even requirement, for CAl revisions based on student
performance. Since the source of this problem is usually one pro-
grammer's difficulty in understanding the structure and logic used by
another, the system should place particular emphasis on the ease with
which one can build on existing material,

[Example Autnoring Systems. The earliest CAl proarams were written

in the available general purpose lanauanes. Althouah this is still a
popular approacn (e.a., the extensive use of BASIC), there was early
recognition that authoring could be facilitated by languages tailored

to the particular requirements of CAl. Consequently, there was a pro-
liferation of CAl authoring languaqes--at least 30 by 1973. The last
Jecade has also seen experimentation with various author entry systems--
approaches which are relatively independent of a specific lanauaqe. Tne
followina paraqraphs briefly describe an example of a modern CAI author-
ina language (TUTUR) and some approaches to developina authoring systems,

TUTOR {Sherwood, 1974) needs to be considered in the context of the
complete PLATO (Proararming Loaic for Training Operations) system. The
systen provides for interactive entry, easy trial and revision of code,
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and is quite responsive to authors’ needs in terms of display tinwe,
compilation time, and diaanostics. The author's taskh is facilitated

by a number of aids, such as on-line access to reference materials,
sample program routines, and files of current documentation and corments.
0 a large extent, the PLATO approach to authoring is based on the mode!
of an autnor who is a versatile professor, an expert in the subject
matter, an experienced teacher with sound but innovative i1deas about n- %
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structional presentation, and a capable progranmmer, Within the uni-
versity environtent, this approach has resulted in a larae nunber of
excellent CAl lessons. In other environments, where the authors have
been less experienced, less skilled, and/or less motivdated, the approach
nas not proven as satisfactory,

Jowsey (1974) describes five cateoories of approaches to buildinag
easy author-entry systems: separation of legic and content, avoidance
of any authorina lanquaqe, use of lesson planning quides, conversational
naterials aeneration, and macro systems. The approaches in each
category tend to ouild on the concepts of tne prior cateaories,

Aleost all of these approaches employ the tactic of separating in-
structional content from program logic., Tnis divides the authoring task
in a way that 1s particularly amenable to a team approach. Dowsey notes
that to ve effective, such separation requires similarity of structure
between the two components,

The no-author-lanquage approach not only separates content and logic
but does not require the author to define the loagic. Only the content
is specified, in the form of frames or problem categorices. Tnis is then
acted upon by a lesson yeneration proaram which treats the content as
data to produce instructional materials.

The use of lesson planning guides, while reguiring the services of
a coder, permits the author to communicate with the computer in bLnglish,
Typically, the author defines the material to te presented, questions,
expected answers, and corresponding courses of action on a standard form
which specifies the categories of information required. One of the more
sophisticated examples of this approach is Dowsey’s own UCOURSEMAKER,
designed for use with the COURSEWRITER IIl languaqe. It is based on use
of a paper form which includes a presentation section containing the
naterial to be displayed, a yuestion section indicating the student
response(s) expected, a decision section defining wnether a branch is to
be taken (and if so, the type of branch), and an analvsis section con-
taining response judaing rules.

;
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Conversational materials generation represents a quite different
approach. The interactive system assists the author by eliciting the
content and logical structure of the lesson throuah a natural lanquaqe
conversation. Paloian {(1974) describes one example of this approach.

The author ‘efines the program structure by entering a sequence of action
verbs. The system checks the accuracy of the sequence and, if it is




correct, prompts the author to supply the text, anticipated responses,
counter names, etc,

Dowsey sees the use of macro routines as potentiaily peina the most
powerful approach, In usina such a system, the author retrieves a pre-
progracmed sequence of code and specifies arquments which complete the
routine, UOne characteristic of this approaach is that it imposes a
definite structure on the material produced. The Time-shared, Inter-
active, Computer-Controlled, Information Television (TICCIT) system
{Stetton, Volk & Runderson, 19/3) is probably the best known example of
a macro systew,  TICCLIT employs a single instructional strateay, oriented
toward concept learnina, which assumes Tearner contrel over seguence,

The strateqy specifies how the subject matter snould be structured (e.a.,
rules, exanples, vractice items) and even suagests the appropriate

number of items in each cateaorv.  Thus, much of the author's task
consists of molding the content to fit the strateagv.  Planning quides

are used to format the content and Jdefine presentation tactics by
selecting aronag available aptions. A MACrO Processor tnen converts this
information (content, content format, and strategy optians) into conputer
lanyuaoe,

une other nmacro-oritented approach wnich deserves iention 1s the
use of Monoforns (Sohulys, 19756) developed for use by wilitary autnors
on PLaTO IV, The flonoforp macros, written in 10Ta8, vere intended to
facilitate preparation of frequently used gquestion Lvoes by proviaing
d question format and eliminating the need for the author to understand
TUTOR., A total of nine macros were aeveloved for muitinle cnoice,
constructed response, and mdtching questions,  witnin cach gquestion fvpe,
the Honoforns differ with respect to variations in format, tyoe of
feedback and (for multizle chaice gquestions), order of alternative
oresentation.  There are also a nuaaber of aptions within cach Honotorm,
The author copies the desired Monoform and follows tae instructions
(supplied in the form of orocram corrents) to supalv the question content
and tailor the TULTOR commands o nisiher specific reguirenents,  Schulz
reports that use of Jlonoforms reduced the O to o hour question develop-
ment time to only 10 to 1H minutes,

Air Force CAD Authoring txverience.  fGimwich (1377 reports a
comparison of JICCTlT and FIATY authoring efficiency conducted at "laxwel]l
APB.  The results of the comparison were inconclusive witn little
Jitference found tetween the two approaches,  In the production of 30
student contact aours of CAl, tne FLATY tean regquired an averase of U0
manhours ocr aour wnile the TICCIT team required Jeoo  JF areater
interest is Eiiwicn's descrintion of tne procedures followed and
orobiens encountered, particularly by the PLATY tean, The tratoning pro-
vided for PLATO tean menbers consisted of an mntensive U oweek session
and subsequent continuous consulting support oy the FLATY starr, TN
tean training began witn 0 weeks af fautliavization folloved, sone sonths
Tater, by 3 weeks of intensive traming,  In datn cases, the training
required appears excessive to tne datnors of s oresort, arther,




NIrWICHh reports that in manv instances the authors Jid not capitalize
on PLATO's flexability with respect to instructional strateaies and,
consequently, Jid not demonstrate the svstem's full capatilitices,

Jallman, Jeleo, Main anc illman (1977) provide a comprenensive
description of an experiment in the use of PLATU 1V for Air Force
tecnnical trainine, At the beainninag of the test, conducted at Cndanute
Abs, the typical PLATO autnorinag model was adopted witn each author
acting aindependently.  Learning TUTUR was found to occupy a wmajor portion
of authors' time, Authors hau varying styles and quality control
stanuarys, dand s a3 result, the curriculum was fraagnentea witn little
continuity between lessons. Jallman et al. concluded that a vasic tlaw
I tnis approach was tne unrealistic assumption that all materials
duthaors were eaperts in both sublect matter and instructional practices.

A tean agproach was subseguently adonted in which the team con-

sisted of an autnor, subdlect matter expert, instructional proaramier,

and cader,  althouah this was a Jdistinct improvenent over the prior
avoroach, a nuiber of provblems were still encountered, 0 written
arocedures were defined, only informal understanainis anong team nenbers,
Tnis resulted in time consuming coardination nrabless ang inefficient
use of team specialists. Administrative and manaagement procedures were
never well defined ana there was a continuous nced, never resolved, for
vetter, more extensive author training,

A nunter of PLATY features were found to be quite useful. oOn-line
data collection routines supplied by the PLATO staff and the capability
for on-line text editing were both considered important, TuTJR was
adequate for the site's needs with authors handiina the simpler aspects
of proararming and coders required for only the more conples portions,
dnly a few of the more experienced authors, however, cavbitalized on
PLATO's instructional flexibilitv., Almost all of the lessons produced
enployed the same simple tutorial model. The report authors sugaest
that this aporoach was followed because the materials were easy to
prepare, the subject matter was not that complex, and student com-
prehension and retention requirements were low, branching was used
mainly for forced review and TUTUR's response judaing capability was
seldom utilized. only about [0 percent of the guestions developed
erinloyed a constructed response format., Not only were constructed re-
sponse questions more time consuming to code, students disliked them
because of unfamiliarity with the tvpewriter keyboard.

Vallman et al. drew a number of conclusions relevant to the current
project. The team process was found to be more efficient and effective
than individual authors. Authors did not exploit PLATQ's full
capabilities due to resource constraints, lack of CAl expertise, and
inadequate trainina in instructional prograrming techniques. Finally,
sophisticated CAl capabilities may not be necessary for effective learn-
ing of the type of tasks and level of knowledae required for adeguate
military technical training,




The types of problems encountered at Maxwell and Chanute appear
typical for military technical training. Kimberlin (1977), describing
the status of Project ABACUS at Ft. Gordon, reports % to 6 month slips

} in the full implementation of CAI courses. The major problems were re-
ported to be changes in the Plans of Instruction during CAl development

J and the fact that the project was never assigned an adequate number of
instructional programmers.

Uesign Conclusions

Although many aspects of the military technical training environ-
ment are not amenable to efficient development of instructional
materials, particularly CAl, it was concluded that it was preferable, N
at this time, to adapt the system to the environment rather than to 3
develop an authoring system which assumed a more responsive environment. 4
It is hoped that the authoring tools would themselves act as change
agents. For example, it was decided that the authoring system should be
designed so as to promote the concept of an authorina team but not to
rely on its existence. Given a trade-off Letween authoring flexibility
and a structured presentation format, Structure was almost always
selected. Difficulties in assuring adequate author training was accepted
as a major problem. Despite the fact that many features of CAMIL were
designed expressily for this purpose, 1t was recognized that any approach
which relied ¢n an author/programmer had little chance of success.
Further, 7t was considered unlikely that personnel would be assigned to
such a specialized function as CAl computer proaranming in sufficient
nuiibers to adequately support many authors.
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This assessment suggested either a no-autnor-lanquage approach or
a macro system approach., The former was considered to be too rigid for
the evolving computer-based technical training environment, A macro
system modeled on the TICCIT approach was rejected because o siapler
autnoring process was desired; tne sanwe objection was encountered for l'
approaches similar to ifonoforms. The adopted desian combined the best i
aspects of several prior approaches, relied neavily on characteristics
of the existing CAHIL system, and cavitalized on prior ALS cxperience
with interactive data base editors. As sugaested by kaplow (1475), the
total system was desianed with the major qoal of facilitating €Al
materials development.

To alleviate the need for computer prograsming, the approach
adopted was to provide a small number of flexible "template™ CAl pro-
sentation programs, each of which would support a class of CAT rodules.
While this approach still requires the services of a computer prograrmer
to expand, the extent of these services was reduced in two wavs,  First,
the template programs were desianed to be as flexible as possible with-
out being unduly complex, Princinles which had been erploved in

| developing the AIS Adaptive Model and its data base were used to assure
that a single program structure would support a variety ot nodules
addressing different topics. Second, given the characteristics of tne




CAMIL Yanguaqge and a template program which was well structured and

documented, 1t was anticinated that a relatively inexperienced programmer

could modify the basic proaram to meet the requirenents of new
applications,

The magor emphasis was placed on desyening an interact ve authoring
cditor by means of which an author could define CAT content and branching
logic.  The destgn goals were to provide authors with a variety of
options within a structured frameworh, to appropriately auice and proopt
authors' decisions with respect to these options so as to minimize the
need for tormal training, to autematically accomplisn as much of the
proaraaiing Jdetail as feasible, and to climinate any need tor authors to
e awdare of the computer languade.  The foreat of the authors' input
was to Le as similar as possible to what students would actually see,
Author errors were to be detected and identified at the tine they were
comittted,  Standard routines and reports were to be provided tor student
pertormance data collection and analvsis,  binally, the Systen was te
provide convenicnt access to meaningtal anfomatiton which would assist
momanaging (AL development.,
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II1 APPROACH

The approach taken to supporting efficient CAl production in the
technical training environment centered around development of a CAl
Authoring Editor and a template Presentation Program. Student perfor-
mance data acquisition routines were built into the presentation program
and reports developed which focus on formative evaluation requirements.

A CAl Materials Print Program was developed to provide hard copy list-
ings of CAl materials for author and student use. All but one of the
supporting programs were written in CAMIL. The Editor and Presentation
Program were desiqned to operate on the current AlS interactive
termainals, which are a modification of the PLATO terminal, but provisions
were made for easy transition to less expensive terminals. The Authoring
Lditor, Presentation Program, Data Acquisition and Analysis Proqgrans,

the Materials Print Program, and documentation of the authoring system
are described in detail in the following sections.

The heart of the software supporting tne AlLS CAT authoring systea
is an interactive Authoring tditor. To introduce the Lditor, the
structure and characteristics of the CAL modules produced with it are
first described. The tditor itself is then discussed, beginning with
various summary displays which provide central reference points for the
author's work. The mechanics of generating text and question frawes
and of defining branching logic are then described and illustrated in
some detail,

Hodule Structure, Frame Types and Frame Flags. As structured by

the Authoring Lditor, a CAT module is seamented into objectives, Throuah
the Authoring Lditor, the author can define only the sequence in which
objectives are to be presented. Any branchina between objectives 15 a
function of the Presentation Program. Lach module must include an
Objective U that contains material (usually an overview) pertaining to
the lesson as a4 whole. The author may then define up to 100 numbered
objectives containing the wodule's instructional content. Lach objective
can contain up to 1J0 frames, Ten frame types have been defined which
can be classified into three cateqories: textual content frames;
question fraies; and special purpose frawmes. dew types can be defined

as requirements arise, The frame types in each cateqgory are described
briefly below,

There are six difforent types of textual content frames. These are
all similar in that they simply present textual information to the
student and require no response other than an indication that the student
is ready to proceed. The six types are differentiated primarmily tor
manaqenent reasons.  In osome cases, 4 specific frame type may be re-
quired at a certain point in the frame sequence and Tisting frames by
type provides a quick overview of the instructional sequence,
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The basic "Text" frawe is, as its name implies, the primary mediun
for presenting instructional content. A Text frame can contain up to
four "pages” or screen udisplays. There is no provision for branching
within frames, i.e., between pages. unce a frame has been selected, al}
of the pages in that frame are presented. Authors are instructed that
a Text frame should present a discrete chunk of information pertaining
to a sinqle concept,

Tne second textual frame type is the Elaboration frame. It differs
from a Text frame only by name and intended function--to present infor-
mation to students whose performance indicates that they need further,
more detailed explanation of a concept presented in a Text frame. The
Title frame, when used for the purpose implied by its name, can be
recoanized as a dividina point in the frame seyuence. The Statement of
Ubjective frame is required at the start of ecach objective other than
Jbjective U, Similarly, an Overview frame is mandatory within Qbiective
J. Finally, a Materials List .rame, listing any reference materials
which the student needs to complete the module, is required in Objective
J. Any of tne mandatory frame types can also be used, at the author's
discretion, at other points in the module.

The Editor currently supports two types of Question frames:
aultiple choice and constructed response, These frame types provide the
primary means of evaluating students' understanding of the material beiny
presented. Question frames consist of the question stew, up to five
multiple-cnoice alternatives or nine anticipated constructed response
alternatives, feedback statements for ecach alternative and prompt state-
ments associated with successive attenpts to answer the question.,

There are two special purpose fraue types, neither of wnich is pre-
sented to students. The first is Jocumentation frame required at the
beginning of each objective to provide a means of documenting the
authoring/evaluation/revision process. The author is instructed to pro-
vide inforaation such as the dates during which the module was being
developed or revised, the names of additional authors who have worked on
the module, the learning strategies employed, the nature of and redson
for any revisions, etc, It is anticipated that the information requested
will becorie more structured as a function of experience. The second
special purpose frame type is the "Branchina Decision” frame. It is a
dunmy frame, containina no material, which allows for a branching point
without anything being presented on the screen,

There are eight varieties of "flags" which can be set aaainst a
frame to indicate to the CAI Presentation Proqram that a particular
action is to be taken when that frame is encountered. Like the frame
types, flags have one to two character code names which, when displayed
on the frame listing, contribute to providing a sumary of the instruc-
tional strateay employed.

Four of the flags (Objective Passed, Ubjective Failed, Lesson




Passed, and Lesson Failed) notify the Presentation Program that, if this
frame is encountered due to author-defined branchina, the student has or
has not completed the objective or lesson satisfactorily. The Skip This
Frame flaa indicates that the frame, even when encountered, is not to be
presented to students. This allows the author to store alternative
material in the body of the module itself. The Fix Answer List flaq,
which can only be set against a multiple-choice question frame, indi-
cates that the list of alternatives is to be presented in the order input
by the author rather than being randomized. A Student Break flag elicits
a display generated by the presentation program suagesting that the
student take a short break from working on the module. It allows the
author to alleviate student fatique on long, complex modules. Finally,
the Decision Point flag indicates that the presentation proqgram is to
collect Decision Point student perforuance data following presentation

of that frame.

Hodule, Ubjective and Frame Summary uJisplays. Throughout the
tditor, a philosophy was adopted of providing extensive prompting and
“fail-safe" mechanisms, Each author entry is prompted to the extent
possible, Coumands which will result in the deletion of materials or
branchine loaic require a second “Yes, | want to do it," response on
the part of the author and it is always possible to back out of an error
situation without the Editor taking any action.

Whether an author wisnes to create a new CAIl module, revise an
existing module or display a module, the same basic procedures aaply,
After accessina the Authorina Editor from an interactive terminal, the
author encounters a displayv, illustrated in Fiaure 1, requesting the
sequence of numbers (Course Humber throuah Hodule fiumber) identifying tne
particular module to be accessed or created. bEntry of each value is
proripted and tne ranae of allowable values is specified. The author nav
also reqguest a list of existing modules (by oressina Function Key F1),
[f this option is selected, the author is aswed whether all moaules or
only those belonaing to a particular author are to be listed and waetner
the list is to be displayed on the terminal or printed on the central
line printer.

I[f the identifier of an existing module is entered, the author is
ashed whether that module is to be displayed, chanaed (revised or adued
to), or deleted. Whereas any module can be aisplaved, only those created
by tnat author can be chanaged or deleted. If the author centers the
identifier of a module which does not exist, the autnor is asked whetner
a new module 1s to be created, and if so, whetner the mogule is to be
a copy of an existing module, This copy feature allows an autnor to
revise a module which nas already been implemented in the classroon, to
revise another author's module, etc, If the new module is to be created
from scratch, the author is required to enter the title of tne noaule
and tne number of objectives which it is to contain,

I[f the author is creating 4 new module or revising an cxisting

- o




CRI Authoring Editor

Module QDescription Information
(FPress F, for CAI Module List)

Course number
Surae version
lock number

Leason number

Module number

R S

Course number »
Range 13 @ thru 1823

TR A TP R AT oue ek RN % % 2

Figure 1. Authoring Lditor Module Selection Uisplay,
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module, the next display asks which data collection routines are to be
activated: response data, decision point data, and/or student comments,
Wone, any, or all of the three types can be selected.

The author next encounters the Ubjective List display illustrated
in Fiqure 2. This display provides a central reference point for the
author--a top level overview of the module's content and the control
point for creating, changing, or listing complete objectives. OUbjectives
against which no material has been entered are shown as being undefined
(Undef). For the display illustrated in Figure 2, the rodule includes
the mandatory Objective U and four additional objectives, two of which
are as yet undefined.

Actions which can be taken at this point are listed as Options at
the botton of the display. If the author enters the number of an objec-
tive, the list of the frames defined for that objective is displayed,
Une can also add or delete an objective, reorder the sequence in which
the objectives are to be presented, or request a printer listing of one
or rmore objectives. As is the case for a1l of the Autharina tditor dis-
plays, the author can back out without takina any action by pressina the
"BACK" key.

If a new module is being created, all of the objectives would be
shown as undefined, and the author would first be required to define
Documentation, Overview, and Materials List frames for Ubjective U, The
author could then define additional Objective O frames or return to the
Objective List display and proceed to define content and branching with-
in the individual, numbered objectives.

Hhen the author accesses a specific objective, the first aisplay
encountered is the Frame List illustrated in Fiaure 3. The Frane List
provides a central point for work within an objective., The list Jdefines
the sequence and types of frames comnprising the objective and provides
an overview of the branching loqic and any special conditions ioposed on
specific frames. Actions which can be taken are listed as Options at
the botton of the display.

A Frame List consists of one to four pades with ue ta Jo frames
Jisted per page.  The objective represented oy the Frane List snown in
Figure 3 is relatively short, only /o fra=mes,  Tne gisplay provides a
substantial amount of information alout tie content amd instructional
strateay coployed in this objective, Lach frame nas tioth a nuniber (1
throuah Ju) ana a nane consisting of one or two lToetters (c.a., O for
documentation, S for Statenent of dobjective) and one or nore digits
indicating whether this was the first, sccond, cte, frane of this type
to be defined, 1€ there is branchina logic associated with a fraag,
the class of loaic (Pre-frame, After-frame, or Response contingent) is
indicated, and limits on the number of attemnts allmeed to answer
Juestions are shown, as are Frame Hlans,




ODJECTIVE LIST for C96-Vi-Di-Li-2

g objective § is module descriptor data

i

OPTIONS: Objective rumber, display/charge frame list
I, irsert objective
R, reorder objective
D, delete objective
BACK, return to module selection page
ENTER choice >

Fiqure 2. Authoring Editor Objective List Display.
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FRAME LIST for OBJECTIVE 1

>

Frame Brch Ans Flags Frame Brch Ane Flags §
No Name Log Try No Name Log Try %
1 D1 no none 16 Et no none %
2 Tat no none 17 76 no none :
3 8 no none 18 T? no none \
4 01 no none 19 QC2 no none é
s T no none 28 T8 no none ?
6 QM1 no 2 none 21 QMS no 1 OT '
? QM2 A 2 FD 22 QM6 no 1 OT ’
8 T2 P A none 23 QM? no 1 0T
9 T3 no none 24 QM8 A 1 0T
18 T12 no none 2% QM9 no 1 OT :
11 QM3 P none 26 QM18 A 1t OT ;
12 QM4 A (8] 2?7 19 no o 3 %
13 T4 no none 20 Ti# no oP {
14 Ts no none ¢
15 QC1 RA none %
OPTIONS: Frame number, display/change frame data §
I, insert frame D, delete frame(s) N
F, specify flag(s) 0, reorder frames
B, branching logic R, replace frame
C, comment file

+/-, display next previocus frame list page
BACK, return to objective page
ENTER choice )

i P MR - | IR AT ST I,

;

Figure 3. Authoring Editor Frame List Display Showinq
Set of Initial Uptions. 7
3 }




The objective dTlustrated 1o Bicare f e ns wita e reairey
Jocatentation frame (D1, a Statenent of wtaective (L a Tuele ()
A an overview frane (1), Yollowiny a sinele Tent fraae (G1), e
JULNOEF LESTS $h0 Student on 4 arercguistio conce, ity using two altipoie
ChOTCe questions (M1 ang i) enly two atteapts are Allowea Lo answer
Jach question,  The sccond gquestron is followed Oy (afLter=rae) brancn-
e Toaic whicn routes the stadent arcund d roview of e concet (frases
Ctnrough 10) 3 cerfornance on the tho uestions s adeyudte.,  dnleotne
existence of the Joaic is snown, not its detail,  Tne revien consists of
three Teatl frames dha two more swltiole cholce gueostions,  Lote that the
nare of frane nusber 10 1s T12. This indicates that (he frane was added
later, acter frame TH had teen defined, The frame 10 after-rane oo
cetorttines whether the student nas now mastered the conceyt. 19 not, the
student is returncd to frame nunbor ooand (o review (e congeyt dosecond
Siape,  wnen trame nuaber 11 4s encountored the secona tive, the Sre-frane
Toaic byaasses the multiple choice questions ana roates the student o
frane nunber Ti, To detormine now many students are beinas roatad Dawrean
these reviow frares and the tite reguired for review, e aathor nas des
fined Jecision Point Flaos () prior to (frace nuber 7Y ana following
{(frame nuaber 12) the review sequence.

The main bogy of instructional content is oresentea by frane aus-
oers 13 tnrpuah OO, consistina of Teat, {laboration (E), anma constructod
response (o) franes,  Singce no ospecific Tinit nas been Alaced on tae
nunber of atterpts for answering wnese questions, the aefaalt value of
three atteopts will be allowed.  nesponse continaent branching Tonie nas
oven aefineyd for frane X1, If (e resaonse matches 4 particular anti-
cirated incorrect response, the stuaent will be routed to flaboration
frane 1] gesraned to correct tne casconce tion,  clnemdise, trae 1o
shippea via tae W1 fler-frane branen,

lastory of the objective i1s ovaluatead by sy wltiple gnotee
questions (frame numbers <1 throuan Ju),  dnly one attemt s allowed on
each question, Tne ¢riterion for passing the abiuective s four out of
Six correct, J4nd the author nas Jdefined Afier-frame branching loaic
folloving MW Lo sain the 1ast tho gaestions 1€ the Tirst tour were all
correct.  Jtherwise, the student's oerformance is evaluatea SolTavang
frane OO, If the criterion was not aet, frame T 1S presented Lo in-
form the student of this fact. The Frame Flae () inaicates tae
occurrence of an objective failure to the presentation proaran, ¢ the
criterion was net, after either four or sin questions, frame TI0 s
presented which conaratulates the student and the OF Flae notifies the
Presentation Proaran that the obiective has been passced.

The actions which the author can take are listed as dptions at the
bottom of the display (see Figure 3). untrv of a soecific Srare number
dccesses that frame for the author's review or revision, Option 1 (In-
sert) allows the author to define a new frane and insert it at any point
in the frame sequence. If the Insert Jdption is sclected, the author s
asked to provide the number of the frame after which the now frame s to
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be inserted and to select the Tyve of the new frame. The frame Type
selection menu is shown in Figure 4. Once Frame Type nas been selected,
the author is placed in the frame creation mode for that type. llote
that Uption 11 on the Frame Types menu allows the author to copy an
existing frame. sny frame, including one frow another author's proaran
can be copied. Further, the author nas the choice of making an actual
copy of the frame, wnicih can then be rmodified to suit tne author's
purposes, or of simply "aliasinq" an existing frame. wWith the latter
option, the frame is not actually copied but rather, wnen an "alias"
frame is encountered by the Presentation Prooram, the frame content is
retrievea from its original location for display.

The third initial Frame List Option, Specify Flaas (F), allows tne
author to set the previously discussed Frame Flags anainst specific
frames. Specify Branching Loaic (B), permits the autnor to define
branchina logic for svecific frames., Option C, Conment File, accesses
the list of student corments which have boeen made against specific
frames, The existence of such corments is indicated by the occurrence
of a "C" in the Flaaos column of the Frame List displav. The Frame List
may consist of up to four nanes, and the control characters "+" and "-"
access display of the next or previous paate of the List, respectively.
The velete Frarme (0) Option allows deletion of one or rore frames which
are no londer required. The Reorder Frames (J) Option vermits tne author
to move frames to different positions in thoe frame sequence, € the
author Jdecides to replace all of a frame's content, the Replace Frare
(R) JOption is available. Finally, the author can always return td the
Jujective List disolay by pressina the BACK key.

Text Generation., The process by wiich all six types of textual

content frames are produced and edited is essentially the sare, wnen
‘ the author elects to create one of these frame types via the Frame Typoes
. venu {(sve Fiqure 4), a blank template, such as is illustrated in Fioure
u, Is uisplayed., “w0te that the frame nunber, frame nane, and nunber of
: tnis page witnin tne frame are shown at the top of the display as is
. the fact that the author is in Insert rmode and has already entered one
r line. Typed content appears on the line next to the arrow-saaped cursor,
and tne GieXT key is pressec to end cach line.  Tne autnor is free to
enter the content in any format within the consiraints of the narains,
indicated by tne cursor on tne Jeft and the vertical line on the riant, &
tacn page can contain up to 21 lines of oU characters cacn.

s

After ontering one or nore characters, the autnor can oress oadk
to access a collection of editing functions, This situation is illys-
trated in Figure ¢ and is the same as the disclav which woulu be pre-
sentad if the autaor accessed an existing Text frare to modify it, Tae i
Editine Options are listed at the bottom of tne dislav.

The Insert Line{s) (I} Ontion allows the author to define additional
lines of text following or hetween lines of oxistino text., While insert-
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FRAME LIST for OBJECTIVE 1

Frame Brch Ans Flags Frame Brch Ana Flags
No Name Log Try No  Name Log Try
t D1 no none 16 E1 no none
S Tt no none 1?7 Te no none
3 St no none 18 T2 no none
4 01 no none 19 QC2 no none
s Ti no none 28 Ts no none
6 QM1 N 2 none 21 Qs no t OT
QM2 A 2 F.D 22 QM6 o 1 0T
8 T2 P A none 23 QM2 n 10T
9 T3 no none 24 QM8 A 1 0T
18 T12 no none 25 QM9 1 QT
11 QM3 P none 26 QM18 A 1 0T
12 QMe ) al 2?7 T9 no QOF
13 T4 no none 28 T18 no P
14 TS no none :
3 15 Q1 RA none j
g FRAME TYPES: b
f 1 Documentation ? Constructed Reaponae Question :
2 Statement of Ohjective 8 Dranching Decision '
3 Overview 9 Title
4 Text 1§ Material List t
S Elaboration 11 Copy of an exi1ating frame
6 Multiple Choice Question \
ENTER choice h i

Figure 4. Authoring Uditor Frame List Display

Showing Frame Type Selection Uptions.
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: FRAME S; Ti; PAGE 1 OF 1 INSERT MODE | Lines
: ! Afﬁi.c are the first couple of lines _
| > typed by the author. '
i :
| i
; ¢
g |
| i—
¥
:
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OPTIONS: Enter “ext material.
Press NEXT to end each line.
COPY keys copy previous line.
Preas BACK when finished.

WG i . TS WA AETHPUIETLI | proviodit ~S I AP -

Figure b, Authoring Editor Text Frame Display as Seen When
Creating a Frane.
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FRAME 5; Ti; PAGE 1 OF 1 14
1 These are the first couple of lines ¢
2 typed by the author. 3
3
;
:
%
£

OPTIONS: I, i1nsert line(s) R, replace line

D, delete line{(s) B, draw’/erase box(es)
S, save line(s) F, fetch saved line(s)
E, empty save buffer
+s/-, display/change next previous page of frame
BACK, return to frame selection g
NEXT, display. /change text for next frame '

ENTER Choice »

Figure 6. Authoring Editor Text Frame Display Showing
Frame Editing Options,

TS
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ing material between lines, the two lines preceding and one line
following the entry are also displayed.

The Replace Line (R) Option allows the author to edit one or more
existing lines. The oriqginal version of the line is displayed, the
author's new version is shown below it (to the riaht of the cursor) and
the preceding and following lines are also displayed to provide the con-
text of the change. A situation in which line 3 of a display is being
edited is illustrated in Fiqure 7. A set of Ldit keys facilitate the
editing process by allowing the author to erase, copy, or temporarily
store the conplete line, specific words or individual characters., After
the line nas been chanaged, the Fditor redisplavs the edited text and
woves down to the next dine to allow the author to edit it. As in the
Insert mode, the author can SACK out of Replace wode at any tine.

The Jdelete Line(s) (U) option (see Liaure o) allows the author to
erase one or nore lines of text.  The Lditor prompts the autaor Lo in-
dicate the Tines Lo be deleted (the nuwabers of the first and last lines),
surrounds the indicated lines by a box for visual enphasis and asks if
the author wishes to complete or cancel the deletion regquest.  Any teat
on the pade following the deletion is moved up to replace the deleted
naterial,

The Save Line{s) (8) dption provides a capability for saving up to
J1 Tines of material in a "Save" buffer, The saved material can then be
inserted at any point in any textual content frame in any CAl rodule,
This is useful in cditing aaterial, cooving pages of frames without
retypnina and noving material to other wodules,  Unge an author has saved
one or riore lines, they can be retrieved at any tine until the Save
buffer is cmpticd.

Tne beteh Saved Line{s) (8 Option provides the noans by which
rmaterial ds retriceved from the Save buffer, I, wien Lthe material s
fetched to be inserted on a paage already containing text, the inserted
material will result inoa total of rore than 21 Tines, the author i
warned of this tact and given the option of canceling the Fetch coramand
ar allowine tne bditor Lo reformat the text to overflow onto subscoguent
pages ot the frawe,

e ety have catfor (B Option sinply erases the contenis ot ne
Yave cutter orior ta o saving new raterial,

e oraw /i rase Soages) () Option allows the author Lo arapn-
Teal b sarvaand one or vore Hines of caterial for crpnasis, An exanple
1S saounn 1n Fiare L sones cdn he arawn around s sincte Dine or
weuy of Bines. Tae autnor enters the poucher of e fiest ana last
Tines Lo Do sarvoanded and che borisontal widith of tne boc 3y aetormined
Ly tne pwosition of tne first and ldast characters in the Hines,  Up to
sixteen boxes can ve defined noa singic fraee,
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FRAME S; Ti; PARGE 1 OF 1 REPLACE MODE 2 Lines
1 This i1s an example of a mispel led word
> This 1s an example of a missp

N that need editing.

OPTIONS: Enter *ext material revision, i
Press NEXT to end each line, 3
COPY keys copy line to be modified. :
Freas BACK when finished. !

Fiqure 7, Authoring tditor Text Prame Display In

Replace Mode.
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FRAME 19; T12; PARGE 1| OF 1
FUSE CLASSIFICATION

1
3 Bomb fuses are classified 1n THREE WAYS--by
4 POSITION, by FUNCTION, and by METHOD OF ARMING.
S
6 ++ By position relates to the POSITION the
? fuse will occupy 1n the bomb.
8
9 A fuse can be of three position types
18
1 o a NOSE fuse 1f 1t 13 used
12 1n the FRONT of the bomb.
13
14 o a TRIL fuse if 1t 18 used
18 1n the REAR o the bomb,
{6
1? o MALTIPOSITIONAL 1 f 1t can
18 be used 1n EITHER nose or
19 tail POSITION.
21
OPTIONS: I, insert line(a) R, replace line
0. delete line(s) B, draw- erase box(es)
S, save line (s F. fetch saved line ™
€, empty save buffer
+. -, display change next previous page of frame
BACK, return to frame selection
NEXT, display -change text for next frame
ENTER Choice )
Fioure 3. Authoring [ditor Text Prame Oisplay
Showing tse of Boxes for tmphasis,
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The final three options pertain to the mechanics of page and frame
selection. To move forward to the next page of the current frame or back
to the previous paqe, the author enters "+" or "-" respectively, Press-
ing the NEXT key routes the author to the first paae of the next frame in
the sequence, The BACK key returns the author to the paae of the Frame
List display listing the current frame,

Althouagh the Authorina tditor does not currently provide any exten-
sive graphics capability, the author can, with some ingenuity, create
simple graphics figures by using the standard keyboard characters and
any "unrecoynized" character, which creates a solid, character-sized
rectangle.,  An example is provided in Fiaure Y. Hote that the display
is shown in Inspect Unly rode with an abbireviatea list of author options.

Question Generation. Multiple choice and constructed response
question frames provide the author's primarv means of interacting with
and evaluatina the student's understandina of the material being pre-
sented.  As structured by the Authoring {ditor, a multiple choice
question consists of the question sten and two to five alternatives.
After selecting this frame type (M) from the Frame Types renu, the
author is shown a termplate displav and prompted to onter the question
stem,  The text of the stem is displayed as ‘it is entered and a double
press of the NEXT key notifies the tditor that the sten has been con-
pleted,  Tie author is then prompted to enter the first alternative.

A double WLXT indicates the ena of ecach alternative and elicits a prompt
for the next alternative. This process continues until the author in-
dicates that all alternatives have been entered by pressing BACK or until
the maximum of five alternatives has been entered,  An oxample of a
partially completed mwultiple choice question is shown an figure 10,

Unce the question stem and alterndatives nave been entercd, the
author is prompted to specify the correct alternattive or alternatives,
At least one correct answer must be defined before the author is allowed
to exit the question frame, In addition, the author is prompted to
specify the maximum number of attempts allowed in answering the guestion,
The author may select a number or ingicate that the default value,
currently three, be used.

A constructed response guestion consists of the question stem and
one to nine anticipated responses., When this frame type (0C) is
selected, the procedure followed is cssentially the same as for a
multiple choice guestion, The author is prompted to enter the guestion
stem and successive anticipated responses up to a maximum of nine, The
correct response(s) and maximum nunber of allowable attermpts must then
be specified. A completed constructed response question is illustrated
in Fiqure 11, The asterisks to the Teft of four of the alteraatives in-
dicate that any of these responses will be accepted as being correct,

Currently, the AlS CAL software supports only exact matches on
constructed response questions. That is, otoer than variations between




FRAME 13; T41; PAGE 1| OF | INSPECT ONLY

D NV LW e

PRIMER +
¢
(DET
v
DETONATOR v
AND v
PRIMER v
MOVING v

INTO

o I‘E -
E “

FIRING
I"PIN---" l

A & L e

OPTIONS: +/-, display next.)previous page of frame
S, save line(s) E, empty save bufter
BACK, return to frame selection
NEXT, display text for next frame
ENTER Choice »

Figure 9. Authoring Editor Text Frame Display in Inspect
Only iMMode Showing Use of Simple Graphics.
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FRAAE S: QM INSERT MODE  ?.Lines

Fhis 15 & sample mulitple choice question with
THREE alternatives.

1
2
k]
) 1. This 18 alternative one.
s
6 2. This 12 alternative two.
’

3. dThis 1s alternative three.

OPTIONS: Enter multiple choice question alternatives.
Press NEXT to end each line.
A line with no material (just a NEXT kev! will allow
question alternative entres.
COPY keys copy previous line.
Press BACK when finished.

Fiqure 10. Authoring Editor Display of Partially
Completed Multiple Choice Question.
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FRAE 19 2 _
1 n ° orm 358 should the
2 Federal Supply Classification be recorded?
k|
4 o 1. 18
S ¢ 2. ten
é 3. 9
? L ?
8 $. S
9 « 6. block 18
18 s ?. block ten
OPTIONS: insert line R, replace line

I,
D, delete l1ne C, specify correct answers
F, display/change feedback messages

P, display/change prompt messages

BACK, return to frame selection

NEXT, display/change text for next frame
ENTER Choice )

Fiqure 11. Authoring Editor Display of Completed

Constructed Response Question,
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upper and lower case, the student's response must exactly match one of
the author's anticipated responses. Otherwise, the student's answer

is treated as an unanticipated response. Work is currently in progress
to support recognition of key words and strings and misspelled words
which phonetically match an anticipated response.

To provide students with substantive information about their re-
sponses, provision has been made for author entry of feedback and prompt
statements for both multiple choice and constructed response questions
(Options F and P in Figure 11). The intent of a feedback message is to
tell the student that his or her answer was correct or, if it was in-
correct, why it was wrong. For each alternative or anticipated response
defined, the author can write a feedback statement which will be pre-
sented whenever a student selects that alternative. For constructed re-
sponse questions, a feedback message can also be defined for the
occurrence of unanticipated responses. If the author does not define
a feedback message for an alternative, a standard statement, matched to
whether the response is correct or incorrect, will be selected at random
and presented. The author can suppress a feedback message by entering
one or more blank characters.

The intent of a prompt message is to quide the student toward the
correct answer. Whereas feedback messages are alternative-specific,
prompts are selected and presented as a function of the number of the
student's attempt at answering the question, That is, prompt message
number one will be presented following the student's first incorrect
attempt, prompt two following the second incorrect attempt, etc. Prompts
are not presented following a correct response but are otherwise inde-
pendent of the specific alternative chosen.

Both feedback and prompt messages may consist of up to three lines
of 60 characters each. Depending on the author's actions, one or both
messages will be displayed at the bottom of the screen following a
student's response. The prompt statement immediately follows the feed-
back statement, givinq the appearance of a single informative message,
This concatenation of feedback and prompt provides the author with a
powerful tool for responding appropriately to students' errors.

Question qeneration mode provides the author with somne of the text
editing features (insert, replace and delete) described under Text
Generation, The use of these features is, however, somewhat restricted
due to the structured nature of question entry. The save buffer and box
options are not available.

vefinition of Branching Logic. In preparing a CAI wodule, defini-
tion of effective branching logic may require the yreatest thought and
be the most difficult part of the process for an author to understand.
The effectiveness of a lesson, however, can nhinge on how well this
feature is used, Therefore, particular attention was aiven to
facilitating this aspect of the authorinqg process.
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Within the AIS CAI scheme, all branchina decisions are associated
with individual frames and can be evaluated at three different points
in the presentation of the frame. Pre-frame loqic is evaluated at the
point at which the Presentation Program first encounters the frame,
before it is displayed, Response logic, which can only be defined for
a question frame, is evaluated as the student answers the yuestion with
the branch being taken if a particular response is made. After-frame
logic is evaluated after the student has indicated a readiness to advance
to the next frame. A branch can be made to any frame within the objec-
tive which has been defined in the Frame List display.

Currently, four types of conditions can be evaluated by Pre- or
After-frame branching logic: (a) Given a set of question frames, take
the branch if at least a specified number of these questions were an-
swered correctly. (b) Given a set of question frames, branch if at
least a specified number of these questions were answered incorrectly.
(c) Branch if at least a specified number of a given set of frames (of
any type) have been presented. (d) Sranch if at least a specified number
of a yiven set of frames have not veen presented. In addition, uncondi-
tional branches can be defined where the branch will always be taken if
the branching point is reached. As mentioned above, Response logic pre-
sents a different situation in which the branch is taken if a particular
response is made.

Any number of branching logic instructions, of any or all of the
three types, can be entered aqainst a sinqgle frame. The only restriction
is the total storage space required for all branching instructions within
an objective. At least 300 instructions can be defined for a sinqle ob-
Jective.

Branching instructions are evaluated in the order in which they are
encountered. Thus, whether or not a subsequent instruction will be
evaluated is dependent on the result of evaluating the current instruc-
tion. If none of the conditions of Pre-frame logic are met (or if mo
Pre-frame logic was defined), the frame will be presented. If none of
the conditions of Response or After-frame logic are met (or if no such
logic was defined), the next frame in the sequence will be presented,

The process by which an author defines branching logic for a frame
is illustrated by Figures 12 through 20, Like most aspects of an
author's work within an objective, the process begins on the Frame List
display where the author selects the Branching Logic Option (B) and
enters the number of the frame for which logic is to be defined. This
results in the Branching Logic display shown in Figure 12. In the
example shown, no logic has yet been defined for the frame. The author
selects the action to be taken from the Options list--in this case, to
Insert Frame Logic (I). The author is then asked whether Pre-frame,
Response, or After-frame logic is to be defined and a brief description
of each of the three types is provided. Assume that After-frame logic
is to be defined, for which the Author enters an "A." This results in




Oranching Logic for Objective 1, Frame 24
fultiple Choice Question 8

P 1 T T 8 A g

Pre-Frame Logic - mnone

Response Logic - none

After-Frame Logic - none

OPTIONS: Frame rumber, disp'ay /change frame logic
NEXT, display /change next frame logic
I, insert frame logic D, delete frame logic
BACK, return to frame li1st page

ENTER choice ¥ 1

Fiqure 12. Authoring Lditor Display for Defining

Branching Logic,
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Frame List for Emtry of Logic Condition

T ]

1 D1 21 Qs
2 T 22 QMe
3 St Ry QM n
4+ 01 T :
s Ti 25 QM9 ¢
6 QM 26 Qrus '
? QM2 22 19 ¢
8 T2 28 Ti8 f’
9 T3 126 END OBJ
18 T2 12?7 END LSN .
1t QM '
12 QM -
1y Ta
14 TS
15 QC1
16 E1
t 17 Té :
; 18 T?
19 QC2 ;
28 T8 f
Enter the frame rnumber to be presented 1f the logic Z
conditions specified are met. NEXT will present the 4
} current frame.
ENTER choice > 28 :
¥
;
i
!
%
Figure 13. Authoring tditor Display for Selecting To-be-branchea- ;
to Frame for Pre- or After-frame Branching Loaic. %
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Frame List for Entry of Logic Condition

1 D 21 QMs

2 Tt 22 Qe

3 S 23 QM7

4 Ol g4 QMo |

s T1 25 QM9

6 QM 26 QM9

7 QM2 27 To

8 T2 =+ 28 Tig

9 T3 126 END 0B8J
18 Ti2 12?7 END LSN
11 QM3

12 QMa

13 T4

14 Ts

15 QCt

16 E1

17 Té .

18 T2

19 QC2
280 T8

The frame log'c to be evalua“ed 18 to be based on one

of the following conditions:

C, 1f a set of frames (questions) 1s correct

I, 1f a set of frames (questions) 1s i1ncorrect

P, 1f a set of frames has been prgsented

N, if a set of frames has not been presented

NEXT, no conditions; an unconditional branch 18 to occur
ENTER choice ) ¢

Figure 14. Authoring Editor Display for Selecting Class {
of Pre- or After-frame Branching Conditions. !
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Frame List for Entry of Logic Condition Correct

e L e e e Tl o o O

1 Dt .21 @M

2 Tt . 22 QM6

y S 23 QM?

4+ 01 4 QMO

s T 25 QM9

6 QM 26 QMis

? QM2 22 T9

9 T3 126 END 0OBJ :
18 Ti12 127 END LSN
11 QM

12 QM4

13 Ta

14 TS

15 QC1

16 E1

1?7 76

2 18 717

19 QC2
20 T8

Frames which must meet the conditions specified will be
denoted by an ¢ to the left of the frame number. To
change a designation, reenter the frame number. To
denote additional frames, enter the frames rumbers and
an ¢ wil]l appear. Press NEXT when finished.

ENTER frame number » 23

I ST D, W, YT - VO W 5 YRR oo g ot RIS Wy (W SO

Figure 15, Authoring Editor Display for Selecting Question
Frames to be Evaluated for Correctness for a
Pre- or After-frame Branch.
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Frame List for Entry of Logic Condition Correct

D NN W -

o

18
1
12
13
14
15
16
17
18
19
28

D1
Tl
Si
(o]
T1
QM1
QM2
T2
T3
T12
QM3
QM4
T4
TS
QC1
El
T6
T?
QC2
T8

s 21 QMS
22 QM6
* 23 QM?
+ 4 _Qre ]

25 QM9

26 QM19

2?2 T

28 Ti1@

126 END 0BJ

1272 END LSN

Enter the numher of frames which must meet the

condition specified i1n order to present the desired
frame.
ENTER choice » 4

Figure 16.

Authoring Editor Display for Indicating

Number of Correctly Answered Questions

to Meet Pre- or After-frame Branching Condition

90
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Branching Logic for Objective 1, Frame 24
Multiple Choice Question 8

Pre-Frame Logic - none

Response Logic - none

After-Frame Logic
Go to T18 1f all of the following are correct:
QMs, QM6 , QM?, QM8

1

P T < A AR IO

OPTIONS: Frame number, disp'ay-/change frame logic

NEXT, display-/change next frame logic
I, insert frame logic D, delete frame logic

BACK, return to frame liat page
ENTER choice »

;
%
E

Figure 17. Authoring Editor Display Showing Completed

After-frame Branching Instruction,
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Frame List for Entry of Response Logic

1 D1 21 QMs £
2 T 22 QM6 i
3 Si 23 QM7 t
4 Ot g4 QMo | 4
s T 1 25 E2
6 QM1 26 E3 N
7 QM2 27 QM9 i
8 T2 28 QMi@ ‘
5 T3 29 T9 :
18 T12 B Ti19 3
1t QM3 126 END 0BJ '
12 QM4 127 END LSN
13 T4
14 TS :
15 QC1 }
16 E1 3
17 Te Y
18 T7? g
19 QC2
28 T8

Enter the frame to be presen’ed corresponding to the
alternative chosen. If no response logic 18 to be used
for the alternative, then press NEXT.

ENTER frame number for alternative 2 or NEXT » 26

4

Figure 18. Authoring Editor Uisnliy for Defining Response
Contingent Branching Logic.
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Branching Logic for Objective 2, Frame 24
Multiple Choice Question 8

Pre-Frame Logic - none

Response Logic
1 Go to E2 when alternative | 18 chosen,
Go to E3 when alternative 2 18 chosen.

ry

After-Frame Logic
1t Go to Ti1# 1f all of the following are correct:

QMs, QM6 , QM7 , QM8

OPTIONS: Frame number, disp'ay /charnge frame logic
NEXT, displays/change next frame logic
I, insert frame logic D, delete frame logic
BACK, return to frame list page

ENTER choice D

Fiqure 19. Authoring Editor Display Showing Completed Response
Contingent and After-frame Branchina Instructions.
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Branching Logic for Objective 2, Frame 15
Constructed Response Question 1

Fre-Frame Logic
Present this frame 1f all of the following are not presentec

Ta,TS

G to Te 1f all of the folloving are correct:

QM3, QM4

Go to T6 1f | or more of the following are presented:
T2, T2

r,

Response Logic
Go to Bt when alternative t 18 chosen.
Go to E2 when alternative 0 1s chosen,

After-Frame Logic
Go to E3 1f 3 or more of the following are 1ncorrect:
QML QMI, QM3 , OMa, QCY
Go to Te.

OPTIONS: Frame number, disp'ay change frame logic
NEXT, display. change next frame logic
I, insert frame logic 0, delete frame logic
BACK, return to frame 1list page

ENTER chorce B

Fiqure 20. Authoring tditor Display Showing Three (lasses

of Branching Instructions.
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the display of the list (shown in Figure 13) of all of the frames which
have been defined for the objective. The current frame (frame number 24
in this case) is indicated by being boxed in. The author is to enter
the number of the frame to which the branch is to be made if the logic
conditions are met--frame number 28 in this example.

Once the to-be-branched-to frame has been selected, the display
changes to that shown in Figure 14. The arrow pointing to frame number
28 indicates the frame to which the branch will be made if the conditions
are met. The author is now requested to select the class of conditions
to be evaluated. Assume that the author wishes to branch if some number
of guestions was answered correctly and, therefore, enters "C." The
author is then requested (Figure 15) to enter the numbers of the frames
to be evaluated. As a frame number is entered, an asterisk is shown to
the left of the frame in the list. Mlhen this step is completed (Figure
1b), the author is asked to enter the minimum number of questions which
must be answered correctly for the branch to be taken--in this case, all
four. This completes the author's entry of this logic instruction and
the logic defined for the frame thus far is summarized as shown in Figure
17. At this point, the author can enter another loqic instruction, go
on to the next frame, or return to the Frame List page.

Assume that the author wishes to enter a Response loqic instruction,
After Uptions I (Insert logic) and R (for Response logic) have been
selected, the text of the question is displayed with the correct
answer(s) indicated to refresh the author's memory as to its content.
Next, the author is shown a variation of the Branching Logic Frame List,
as illustrated in Figqure 18, for each alternative, the author is to
choose a frame number from the list or simply press the NEXT key if no
branch is to be taken when that alternative is selected. As they are
entered, the numbers of the alternatives are displayed to the left of
the corresponding frames in the list. In this case, the author has in-
dicated a branch to frame E2 if alternative 1 is selected and is in the
process of indicating a branch to E3 if alternative £ is selected, After
all alternatives have been considered, the logic which has been defined
is surmarized as shown in fiqure 19, When the author returns to the
Frame List display, the existence of Response and After-frame logic will
be indicated for this frame,

Some of the more extensive branching possibilities are illustrated
by Figure 20.

The CAl Presentation Programs

While Authoring £ditor provides the vehicle by which CAl materials
are developed, there must also be software to support presentation of
these materials to students, CAl vresentation is accomplished throuyn
the use of a qeneral proaran structure and set of support routines
Jdriven by the CAl module description, decision Yonic, and text records
created by an author using the Authoring Editor. Through the use of




this generalized proqram structure and a table-driven approach, a wide
range of computer-assisted tutorial and drill and practice instruction
can be presented with minimal prograrmming effort, To date, three
different CAI Presentation Programs have been developed from the basic
skeletal structure and support routines. One, the first developed, pre-
sents standard modules in support of lessons assiqned on the student's
first pass through a block. The second supports block review modules,
assigned just prior to a student's block test, which present material for
just those objectives which the student failed while studying in the
block. The third supports block remediation modules, assigned after a
block test failure, and presents material for just those objectives that
the student failed on the test.

The basic skeleton and support routines were written during the
developuent of the first-pass module program, This program required
the nost extensive design and development since it was to forn the
basis for subsequent proqrams. The block review and remediation pro-
grams were then created by sliahtly modifying the main loop code.
UDevelopment time for variations to the basic proaram has proven to be
winimal and can be done by entry level prograrmers. It should be noted
that the first-pass module presentation program is sufficiently qeneral
to support the presentation of all such CAl modules written for any AIS
Course., Similarly, the review and rerediation programs are general
enough to handle the presentation of any cognitive objectives for AIS
block review and remedic.ion.

In addition to supporting CAl presentation for student study, the
same presentation programs can be used by subject matter experts and
instructional desiqners who wish to view the module from the student's
perspective.

The following section describes the typical sequence of events which
occurs witen a student interacts with a CAI module of the type developed;
specifically, assianment to a first-pass module. The subsequent section
describes the use of the presentation program by an author or reviewer,
The student performance data collection actions which take place during
the presentation of a CAI module are mentioned only briefly. A full
descripti.n of the data acquisition and analysis process is presented
in the subsequent section.

Student CA] Scenario. As was discussed in the Introduction to this
report, when the AIS makes a lesson assignment, it determines whether
there are two or more alternative modules, including any CAl modules,
available for teaching that lesson. If so, there are a variety of
decision rules for determining which module should be assigned. As a
general rule, CAI modules are assigned to that proportion of the students
for whom they are considered to be the most appropriate, assuming that
the required instructional resources (in this case, an interactive
terminal) are available.
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When assigned a CAI module, the student signs onto any available
interactive terminal by typing in his or her student account number.
If the AIS does not recognize the number, the user will be told that the
account number is not registered and will be logged off. If the number
is recognized, the student's Student Data Profile record is checked to
determine whether the student's current assignment is indeed a CA]
module, If not, the student is so informed and logged off.

[f the student is assigned a CAI module, the particular module is
determined from the Student Data Profile record. The Presentation Pro-
gram then reads the CAI module description record, created by the Author-
ing Editor, to determine whether or not student response and decision
point data are to be recorded and whether student comments are to be
elicited. If so, data recording is activated for those classes of data
which are to be collected.

The Presentation Program beqins by presenting the material in
Objective v, containing at least an overview of the lesson and a required
materials list, and then begins the instruction contained in the first
numbered objective in the series. Frame descriptions, branching logic,
and text records, all created by the Authoring Lditor, determine the
sequence and content of the presentation. While authors can define a
variety of different instructional strateqgies, a single approach will be
described here for explanatory purposes. First, the statement of the
objective is presented and briefly elaborated. This could be followed
by one or more pages of text and a set of practice questions. The number
of practice guestions could, and should, be a function of the student's
perfornance on prior questions. Additional frames, elavorating specific
problen arcas will be presented, as necessary, on the basis of the
student's responses. A typical page from a text frame, as seen by the
student, is presented in Fiqure 1.

At any point in the objective, the student mnay opt to review the
material that has already been presented by pressing the BaCk key., In
review mode, text is displayed in the normal manner and questions are
displayed with the student's answers indicaid.

Questions and the feedback and pronmpts following incorrect responses
forn a critical part of the instructional process. For botn constructed
response and multiple choice questions, students are required to continue
answering until correct or until reaching the specified maximum number
of attempts. For multiple choice questions, the student's last response
is indicated by an arrow pointina to the alternative selected winle
prior responses are indicated by asterisks. Fiaure JJ presents an
example in which the student is about to make a third attempt to answer
the yuestion. WHote the author-supplied feedback (first three lines) and
prompt (last three lines) at the bottom of the display. On constructed
response questions, the student's prior incorrect responses are listed
beneath the yuestion stem. Figure 23 presents an example in which the
student made two incorrect responses followed by the right answer, has
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PREETE 2o To e .

Objective | FRAFE 4 BACK to review

P eme—————

All missiles have at least three distinct
sections. Look at Figure 1. The Guidance and
Control Unit, sometimes called the G and C Unit,

the warbhead and the rocket motor are the componant

parta of a mias)le,

[ _GUIDANCE and CONTROL | WARHEAD | ROCKET MOTOR |

'
TYRPICAL MISSILE
(three sectional

prywye ey

Press NEXT to go on or (C to comment on this text.

Fiqure 21. Presentation Proqram Display of a
Text Frame,
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Objective | FRAME S8 Press BACK to review

e A RS TS RN

Detonation of the AIM-4 warhead wil]l occur when

Eraep—————

o

1. either the contact fuze or proximity fuze
contacts the target.

+ 2. the inpact fuze contacts the target. %

+ 3. the missile 1s 265 to 325 feet from the
launching aircraft.,

j 4. the triggering areas are broken by or -ome
‘ in contact with the target.

Tell me would you want to be 325 feet from an AliM-4 £
missile when 1t went of f? Neither woui< 3 pilot, that
kind of stuff will mesa up your hair. _
Okay, you're my buddy sc I'll give vou a hint, :

IT'S THE TRIGGREING ARERS. g
Good hint huh! 1 got all the answers.

TRY AGAIN

e e

Figure 2Z. Presentation Program Display of Multiple Choice

Question Showing Feedbach and Second Attempt Prompt.
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Objective 2 FRAME 19 Press BACK to review

In what block of the AFTO Form 358 should the
Federal Supply Classification be recorded?

Enter a short reaponse of 28 characters or leas
and press NEXT.

GOT IT. Glad you fimally woke up''!

Press NEXT or C to comment on this question.

Figure 23. Presentation Program Display of Constructed Response

Question Answered Correctly on tne Third Attempt.
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received a standard feedback messane for a correct resionse and is
reacy to continue.

Over the course of a lonqg module, the author may want to encouraoce
the student to take one or more breaks; to exit the rodule and leave
the terninal for a short rest period. Other forms of module inter-
ruptions can occur due to computer failure, end of shift, or breaks for
weals. In each case, the student can loqg off or, if the Presentdation
Progran Jdoes not receive a keypress for a specified period (currently
1o minutes), it is assuned that the student has left the terminal and,
after cisplaying an inquiry as to whether anyone is there, tne student
is logged off automatically. If a module is interrupted for any reason,
the Presentation Program automatically restarts the module at the fraue
on wnich the interruption occurred when the student logs back onto the
terninal.

After a period of instruction and practice, an objective typically
ends with a series of test gyuestions. Given tihe criterion that a
certain number of the questions must be answered correctly, the autnor-
defined brancning would normally route the student to tne end of the
objective as soon as the criterion has been met. If, on tne other nand,
the student's performance is below criterion, tie student would normaily
not exit the objective until troublesome points have been reviewed and
retested with additional test items,

Upon exitino the objective, the student will pass through a frame
against which either an Ubjective Passed or Objective Failed Flag nas
been set. If the objective is considered to be prerequisite to a sub-
sequent objective, a Lesson Failed Flaq would normally be set against
the same frame as the Objective Failed Flag. The student will continue
throuah the objectives, in sequence, until all of the objectives nhave
been presented or until the Presentation Proaram encounters a Lesson
Passed or Lesson Failed Flan.

When a Lesson Passed or Lesson Failed Flag is encountered, the
Presentation Program generates a module test form containina a list of
any objectives failed and a lesson passed or lesson failed designator.
The Program passes this form to the main AIS manaqenent program, the
Adaptive Model. The Adaptive ilodel records the student's performance
on the lesson and generates the student's next assianment. This assign-
ment is displayed on the terminal for the student to copy. The student
is then logged off the terminal and the module's instructional reSource
(the terminal) is returned to the resource pool for reassianment. The
student can then obtain a hard copy printout of the next assignment by
submitting a request form to a management terminal,

Author/Reviewer Mode. Access to the CAI Presentation Program is not
limited to students. Lesson authors and reviewers mav wish to run the
Presentation Program to verify accuracy of module content and to view
the module from the student's perspective. Author and reviewer access
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to the Presentation Programs is, however, handled by standard AIS pro-
gram access methods rather than being under the control of the Adaptive
Model. The CAI Presentation Program differentiates between students and
registered authors and reviewers, The author/reviewer does not have a
Student Data Profile record containing a current assignment, and there-

fore ;s required to enter the identifier of the CAl module to be pre-
sented,

Having accessed a particular rodule, the author/reviewer may, with
a few exceptions, take the module like a student. Unlike a student, an
author/reviewer may override the frame control logic of the Presentation
Program and request the presentation of any frame within an objective
througn the use of a special function key. In addition, the autnor/
reviewer may always enter comments about the material that is beinq
presented. Student conmients are only elicited and accepted if tne
Stucent Conwient itodule Flag has been set to True. Completion of a uodule
in author/revicwer mode does not result in submission of a lesson cou-
pleted or failed form to the Adaptive Model. In all other respects, the
user's interaction with the Presentation Program is identical to that of
a student,

Student Performance vata Acquisition and Analysis

The CAl Data Acquisition and Analysis system consists of four major
corponents: dJata recording routines in the Presentation Proaorams; a
Data Collection Prooram which ioves student performance data fror Jisk
to tajpe; a vata Analysis Report Proaram wiich qenerates three different
types of reports; and a Report Submittal Program which facilitates users'
requests for specific reports.

The student performance Jata collection and analysis process beqins
with Jata recordine routines embedded in the Presentation Fronrams.
These routines operate interactively with data being recorded directly
onto disk. The infornation recorded is searcaated into two files:
Response Point data, which are recorded followina every fraije; and
Decision Point data, recorded only at specified Decision Points,
Periodically, the data are dumped from dish to tape by the batch cAl
Data Collection Proqran. The CAI Response and vecision Point history
tapes provide the primary data source for the CAl Data Analysis Report
Proqrati, Tne Report Proaram can, nowever, also retrieve recent data
storeg in the disk files for applications reguirina small, current stu-
dent samples. There are both backaround (CANIL) and batch (PASCAL)
versions of the vata Analysis Report Proaram, The forner is used to
access Jata on disk while the latter accesses only the tape data. A
sinale CAIL proaram provides for setup and submittal of both the back-
jround anu batch versions of the Report Proqgran,

The gata collection process and the reports available are discussed
in greater detail in the followina subsections. Althouah tne process
employed is sorewhat different than for perfornance data collection, tne
storaqe and retrieval of student and reviewer corments are also descritad
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here,

vata Collection and Storaqe. UWinetner student perforiance data anc
covwenis are collected durina the presentazion of a wal wdale ds aeoen-
GONT on wnether the =wadule author nas set the approsriate data collection
flags for that aodule via the Authorina Lgitor. That is, for aata within
one of tne three cateaories (hesponse, Jecisioa Point, ang Coments) to
e osaved, the author ust have set the data Collection Flar for tnat
cateaory to True. This philosonhv of linited data collection was ddorteu
to avoid aeneration and storate of Lhe itmense anounts of data winion
woule othermvise occur. The intent is tnat data be collected for foraative
and sumative evaluation »urposes but not during normal ogerations oxce
for consciously initiated sarplina,

Resoonse Jata represents the most Jdetailed data catenory.  The data
are collected at the end of each frame presented to the student, reaara-
less of frane tvee, and include the followina itens:

1. The student's Student Account huaber,

C. The frame ddentificr,

3. Tne nunber of the student's pass tnroucn this frane.
4. Tne current date,

o.  The current tire in ainutes after aidnient,

.  Tae total tine, in seconds, spent on the frauve,

7. The tiwe, in seconds, spent in review mode 11 review
was initiated from this frame,

If the frame is a question frare, the following data are also collectea:
. The number of attemots made to answer the question,

g, The number of the alternative selected, by attenpt nuaber
(where alternative numbers are also assiuncd to the various
anticipated re<.onses and the category of unanticinated
response ‘o1 onstructed response questions).

10. The response latency, by attempt number.
11.  The number of unanticipated resovonses,

1o, The text of up to five unanticipated responses.

vecision Point data are collected at the end of the nodule, at the
end of each objective, and at the end of each frame against which a
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Decision Point Flag has been set. The data collected include the
following:

1. The student's Student Account Number.

2. The type of decision point (frame, objective or module).
3. The frame identifier.

4, The number of the student's pass through this frame.

5. The current date.

6. The current time in minutes after midnight.

7. The elapsed time since the last decision point.

8. The number of questions presented since the last decision
point.

9. The number of questions answered correctly since the last
decision point.

10.  The number of branching logic decisions processed for the
current frame; and for each branching logic instruction
processed.

11.  The branching type (Pre-frame, Response or After-frame).
12. The number of the instruction within its type.
13. The branch actually taken, if any.

Both Response Point and Decision Point data are stored on disk as
they are collected. Periodically (e.g., once a week), the CAl Data
Collection Program is run to delete the oldest data from the disk
Response and Decision Point Files and transfer the data to the CAI
History tapes.

Collection and storage of student (and reviewer) comments is handled
somewhat differently. First, of course, the student or reviewer must
take overt action to enter a comment against a frame as opposed to data
collection being transparent to the user. Up to eight comments are
stored for each frame in a "circular™ file on disk. That is, when a
ninth comment is entered against that frame, its content replaces that
of the first (oldest) comment. The content of the Comment files is
never transferred to tape.

Data Analysis Reports. There are four different CAl Data Analysis
Reports avaflable to authors and evaluators: the Oecision Point Data




Report, the Response Analysis Data Report, the Unanticipated Response
Report, and the Comments Listing., In addition, standard AlS CMI reports
can be used to provide a description of overall module performance.

A1l reports are requested from an interactive terminal, for the
three student performance reports, requests darce submitted via a (AMIL
program (CAl Reports Program) which prompts the user to enter the various
report request parameters. Thus, the user does not need to learn how to
set up job control and input data cards. The report request parameters
include:

1. The module identifier (Course, Course Version, bBlock,
Lesson and Module numbers).

2. The type of report.

3. The date constraints (the period from which data are to
be drawn).

4,  The input medium (disa or tape).
5. The objectives within the module which are to be reported.

v. If desired by the user, the numbers of the specific frames
within evach objective to be reported (where a set of
frames 1s defined by the numbers of the farst and last
frames in the set).

Unce the request parameters have been detined, the report submittal
program sets up the necessary tiles, submits the job Lo generate the
roport on the central line printer, and gives the user the job number
which will appear on the report printout,

The Decision Point Report is generated frowm data, stored either on
disk or tape, in the Decision Point Data File,  This report provides o
sumary of student perforaance within cach objectaive and within those
intraobjective scgments (sets of frames) which the author has defined
by setting Decision Point Flags at the beginning and end of cach seqment.
An example page from the Uecision Point Report is presented o fiqure
24, Lach component of the Report contains the number and name of tne
frame representing that Decision Point, whether the data reported per-
tains to students' first, second, or subsequent passes throuan that
point; the elapsed time, number of gquestions answered and nuitber answered
correctly since the last Decision Point; the branching logic evaluated
at this point; and the nunber and percentaqge of students taking eacn
branch.

An example page trom the Response Analysis Report, s presented an
Figure 25, Lach component of the report is vdentitied by the nunber and
name of the relevant trame and whether the data reported pertains to
students' first, second, etc., pass througn this frame.  for frames
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other than guestion frames, only time data are reported. For question
frames, a matrix format is used to present student performance and re-
sponse latency data as a function of the response (multiple choice alter-
native or constructed response) selected on successive attempts. The
margins of the matrix provide a sumary of student performance on the
question (tota) percentage correct, percentaqe correct by attempt, and
total time to correct response) while the matrix cells provide a more
detailed picture of how students reacted to the gquestion.

An example page from the Unanticipated Response Report is presented
in Fiqure 20. For each constructed response question, each unique un-
anticipated response 1s listed in order of freguency of occurrence
together with the number of times which that narticular response has
been entered.

Comments Listings are requested via the Authoring Editor rather than
the CAI Reports Program, [rames aqainst which comments have been made
are indicated on the tditor's Frame List display for each objective. The
user can request that conments made on a particular frame be displaved
at the terminal or that comments on one or more frames be listed on the
central line printer, The user also nas the option of having the
comments purged from the file as they are displayed or listed,

CAl Material Print Program

As authors create, review, and revise CAl modules, it is often use-
ful to work from a hard copy printout of the module's content in addition
to, or in place of, the displays provided by the Authoring Cditor. There
are also instances in which hard copy printout is desirable for student
use. A feature of the Authorinag tditor is the capability to request a
variety of printed listings of CAl module's content and branching logic.
The tditor queries the author for the desired print options and then
initiates a special background {non-interactive, low priority) program
to produce the printouts.

Author Listings., In addition to listings of student corments, four
different types of printer listings are available to authors, ranging
from summary information to detailed listings of frame contents. The
option of regquesting multiple copivs is available for each type of
1isting.

At the most general level, the Module Surmary Listing provides an
overview of all of the CAl modules, operational or under development,
currently defined in the data base. The information provided for each
module includes the module identifier {Course Number through Module
Number), module title, author's 1D (Soctal Security Number), and the
number of objectives defined within the module.

For a particular module, the frame Summary Listing provides an over-
view of the content of individual objectives. An example of this listing
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is presented in Fiqure Z7. The information provided by this listing is
essentially the same as the Editor's Frame List Display . Each frame in
the objective is Tisted by number and frame name. The existence of any
branching logic and Frame Flags is noted and the maximum nuiber of
attempts allowed to answer questions are sihown. If a frame is an alias
(i.e., references another frame), the referenced frame is identified,

Tne most frequently used printout is probably tne Frane Contents
Listing: the complete printout, by fraue, of all text and quaestion
material. Such a listing can be requesteus for an entire nodule, an
individual objective, a specified set of frames or a single frame. Tne
material contained in a textual content frame, up to the full four pages,
is printed on a single printer page with appropriate headings. An
example printout of a Text frame is shown in Figure 23. For a Question
frame, the printout includes the question stem, the alternatives or anti-
cipated responses with the correct answers denoted, and all author-
supplied feedback and prompt inessages. An example is presented in
Fiqure 2Y.

Finally, the Branching Logic Listing, an example of which is shown
in Figure 30, provides a nard copy listing of all of the branching logic
wnich has been defined for frames within an objective. The format in
witich information is presented is similar to the tditor's Branching
Logic displays.

Printed Materials for Student Use. In addition to the various
author's listings, hard ropy printout of a CAI module's content can be
requested in a format appropriate for direct use by students as a
programmed text. Special purpose (Documentation and Branching Decision)
frames are automatically suppressed, and the author can elect to suppress
any other frames by setting "Skip this Frame" flags via the Lditor. Al]l
other frames are printed in the order in which they occur in the module.
Branching logic is simply ignored.

For textual content frames, one screen display (a frawe page) is
printed on eacn page. For question frames, each question is identified
by a number, assigned sequentially. For constructed response questions,
only the question stem is printed, while the alternatives and their
numbers are printed for multiple choice questions. The answers to all
questions, identified by number, are listed on a test key page following 2
the body of the module. Page numbering is provided automatically.

Material is currently printed in a double-spaced format. Boxes
which the author nhas used to emphasize material in the module are shown, v
as are any of the simple graphics which the author may have provided.
For such graphics, a "%" symbol is substituted for the solid, "unrecog-
nized character” symbol typically employed. As an option, the author
may request that the material be printed on special unlined, 3 1/2" by
11" paper. The option of printing multiple copies is also available,
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There are a variety of uses for such printouts. They can be used
. as hard copy backups for students assigned CAl modules in the case of
J computer failure. They are useful to instructors for answering the
- questions of students assigned CAl modules. Their most important
function however, may well be as a first step toward the on-line develop-
ment, evaluation, and revision of materials intended for off-line use.

Authoring System Documentation

A CAl Authoring Editor User's Manual was written to describe the
CAI concepts supported by the Editor, the mechanics of its use, the CAIl
Presentation Programs, the various CAI Reports available and the pro-
cedures by which they are requested, and the availability and use of the
different types of author and student printouts. The Manual was actually
developed on-line as a CAIl module (without branching or question frames)
and s available to novice authors via any of the AIS interactive ter-
minals. Hard copy versions of the manual are also produced as needed
by the CAI Material Print Program.

pergrrarr T R

This approach has assured rapid and easy revision of the manual to
provide up-to-date documentation as the Editor and its various support-
ing programs are expanded and refined. Under a companion, Authoring
Procedures contract, the Manual is being expanded to include information
on the selection of content for CAl treatment, instructional strategies
appropriate to CAI, and guidelines for evaluation and revision of CAl
modules.

Althouyh it had not been impliemented at the time this report was
prepared, it is intended that a second type of Editor documentation will
be provided, "Help" routines will be imbedded in the Editor itself.
That is, through the use of a special Function Key, the author will be
able to access information pertaining to the use of the Editor Options
which are available to him/her from the currently displayed page of the
tditor. These Help routines will access the information contained in
appropraite frames of the User's Manual, Thus, most required revisions
to the documentation will only need to be made in one place, in the ,
manual itself, The Help sequences will then access the updated infor- 3
mation automatically.

Uocumentation to support subsequent maintenance and revisions of
the Editor itself, the Presentation Programs and the various supporting
programs is provided by a Part I, Product Uevelopuent Specification,
This Part Il Spec was also produced on-line (via a different, less
structured Editor), is stored on tape and is accessible for the pro-
duction of nhard copy documentation.




IV TMPLEMENTATION AND EVALUATION

In addition to the CAl support software effort described nere, tne
CAl development project also contained a second authoring procedures
effort. The purposes of this second effort were to (a) define and docu-
ment a set of procedures for CAl materials selection, production, eval-
uation, and implementation in the AIS enviromient, (b) evaludte the
utility of the total CAl authoring system by developing, implementing
ana evaluating a number of CAl modules in an AIS course, and (c) train a
small nunber of ATC personnel in the use of the procedures and support
software. The results of this effort are reported in full in Part Il of
tivis report (Lewis, Lovelace, Hahany and Judd, in press) and will be
outlined only briefly here.

The authoring procedures effort began with a rough definition of
the procedural model which was then revised and refined on the basis of
experience. Followina the steps outlined by the procedural model, work
began by selecting candidate lessons for the CAl uvemonstration. Jf toe
four AlS courses, tne dedpons Mechanic course was considered the nmost
promising because of its combination of varied subject natter, large
student flow, and recent relatively voor field performance data.
Standard AlS Cill reports were used to identify six lessons in two vlocks
of tne course wnicn demonstrated unacceptably nigh lesson test failure
rates, relatively nigh failure rates on the ena-of-block tests for tne
objectives contained in these lessons, and which contained subject matter
unlikely to be nodified in the near future. These lessons were targeted
for tnree types of CAl application: (a) six modules to be used as alter-
native treatinents on students' first pass through the block, (b) two
block review modules containing CAl treatment of the objectives from
these lessons, and (c) two block remediation modules, again containing
CAI treatment of the objectives fron the six lessons.

After examining the existing materials and tests, it was concluded
that neither the lesson tests nor those portions of the block tests per-
taining to the relevant objectives were adequately valid or reliable for
evaluating the effectiveness of the CAl treatments. Consequently, both
forms of the two block tests and two forms of each of the six lesson
tests were substantially revised and expanded to more closely match the
stated perforuance requirements of the Specialty Training Standard. Once
the revised tests had been approved by course personnel, they were imple-
mented in paper-and-pencil form for all students in the course.

Work then began on developing six CAl modules for administration
during students' first pass through the block. While existing materials
were available in the form of programmed text and, in sowe cases, audio-
visual modules, the content was substantially revised to more closely
match the requirements of the Specialty Training Standard. Instructional
strategies were also, of course, tailored for CAl presentation.

Work started on three of the modules before the Authoring Editor

T




was ready, but after it had been designed and the module structure de-
fined. Therefore, the earliest authoring was done on paper display
forms. When a rudimentary form of the Editor became available, text and
questions which had been prepared on the forms were input by a secretary.
It was thought that some of the authors miaht prefer the use of forms and
wish to continue with this approach but, as additional Uditor features
became available, all of the authors found it more convenient to input
and format the materials themselves. All of the work on the last three
lessons was accomplished this way. Surprisingly few problems were en-
countered during module developuent, but wany aspects of the Authoring
tditor were shaped by frequent interactions between the authoring and
software teams,

AS soon as the modules were completed and their content revieweu
by Weapons Mechanic course instructors, they were tried out on a one-on-
one basis with a small number of student volunteers. A nuiber of minor
revisions were wade on the basis of these reviews and tryouts, and tne
modules were implemented in the course for purposes of forwative evalu-
ation. Following revisions riade on the basis of tais evaluation, the
modules were reimplemented for summative evaluation., The results of this
evaluation are presented in Part [l of this veport. Tne objectives fron
the first-pass modules were then copied, rvevised ana snortened, and cou-
bined to form two block review modules and two bloch remediation
modules.

Tie CAl authoring team consisted of tnree members. All were exper-
fenced technical training authors (of programmed text and auuio-visual
materials) but none had any prior CAl authoring experience. In fact,
none nad even used CAl as a student, Only one of the tihree could be
considered a Weapons Mechanic subject matter expert,

As is often the case, the tean did not keep accurate records of
Jevelopment times but times can be estimated for the six first-pass
modules. At the end of the first 6 months of the project, tne first-pass
modules nad been revised and implemented for sumative evaluation, The
team leader spent relatively little time actually authoring, concentrat-
ing instead on defining the procedural nodel, producing the (al Aatnor's
Handbook, interfacina witnh the software personnel, and attending to
administrative problens. The other two tean sembors were occasiondlly
called upon for assistance on other on=jJoing projects. A Tiveral esti-
mate of tne total tine spent in developing, evaluating, and revising the
six modules is JoJu manhours,  Tnis incluaes tine spent n revisinag the
vlock and lesson tests even thouah block test revision was technically
not part of the Cal effort,

According to the course's Plan of Instraction (PO1), tne content
taught by the CAl modules was equivalent to avprovimately Jo classroos
nours, Jdn this basis, CALl develuprent regquired do damours oder P wour,
Average student completion time, totallea across the six moauies, was
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1.7 nours,  Tnls resdalts in an estinated 110 manhours per student
contact aour. Tnese values are couparable to developument times for
prograutied text materials in this environment,

Usability of tne Authoring tditor was also evaluated tnrough train-
ing tnree ATC instructors in use of the [ditor. These instructors were
drawn from three different courses supported by the AIS--Inventory
Managerient, Precision lleasuring Lquipment, and Weapons Mechanic. lone
of the autnor trainees were computer proyrammers and none had prior CAl
developnient experience. The training period lasted for 3 weeks, during
wnicn the trainees came to the contractor's facility for 3 to 4 nours
each nworning. The first session was spent in providina an overview of
the AIS CAI systen and the role of CAl within the AIS and in introducing
the trainees to the Authoring Editor and tne CAl Autior's Handbook. HNo
fornial training took place during the subsequent 14 sessions. Using the
Handbook as a reference manual, edach of the trainees used tioe Authoring
Euitor to develop a CAl module in the area of their own specialty. Con-
tractor personnel were available to answer questions and to review and
corment on the trainees' work. In many cases, author trainees were also
able to work on their modules during tie afternoons while performing
their normal classroor duties.

The author trainees asked relatively few questions after the first
few sessions, ost of the suggestions made by contractor personnel per-
tained to tne need for more freguent guestions in the modules and in-
creased individualization through brancning. AL the end of the 3 week
period, each trainee nad develuped d wodule, nad nad it reviewed by the
contractor and other ATC pzro.onnel, had run single student tryouts, and
nad made mwinor revisions ¢v the basis of these reviews and tryouts. The
consensus of tnose reviewing the modules was that they were generally of
good yuality and nad capitalized fairly well on the capabilities of CAl.
Jne of the wodules was subsequently implemented in the Weapons Mechanic
course. The time expended by the author trainees on this first module,
through revision following single student tryouts, was approxiinietely 30
nours per student contact hour.

74

Li e " M |

£ r

T

yor




V. CONCLUSIONS AND RECOMMENDATIONS

The Authoring Editor approach to facilitating CAI development
appears, at this time, to be very promising. Experience to date, while
admittedly limited, has demonstrated that reasonably effective CAI
modules can be produced at a very acceptable cost in terms of manhours
per hour by personnel without prior CAI authoring experience, In
addition, it has been shown that ATC personnel can learn to use the
Editor in a reasonable period of time without formal training. While it
had been anticipated that the ATC author trainees would have numerous
- suggestions regarding desired changes to the Authoring tditor, this was
not found to be the case. They were, in general, quite satisfied with
the tditor and all expressed an interest in having CAI implemented in
their respective courses. As it stands, the authoring system appears
ready for use by ATC instructional development and evaluation personnel.

In assessing the various features and components of the authoring
system, the major contributor to simplifying the task and hence reducing
costs is probably elimination of any need for the author to work in a
computer language. All of the programming work has been done beforehand
and provided in the form of the Editor and Presentation Programs. Future
needs for programming effort will depend on how adequately this software
meets the requirements of future applications. Although it certainly
cannot be proven, the authors of this report think that, due to the
flexibility built into it, the existing software could serve the needs
of the AIS environment for some time to cor:. Eventually, however, it
is anticipated that developing author expertise will justify increased
software capability.

The second greatest contributor to facilitating the author's task
is probably the extent to which the task is structured by the Editor.
The overall structure of the module is determined for the author, units
within this structure are matched to the requirements of the enviromwent,
and the occurrence of critical units is either forced or prompted.
While the author retains a great deal of flexibility, this flexibility
is exercised through selection of specific options which provide a
Jegree of control over the authoring process, while reminding the author
of the various courses of action which may ve taken.

A third major factor in facilitating authoring is undoubtedly the
numan-engineered, computer-aided input, formatting, and editing
capability provided by the Editor. Other than tne approach to defining
branching Yogic, there is little here that is radical or even novel. The
work involved only the application of existing technology to a particular
Jroblem area. Given the diminishiny cost of computer use, there is
11ttle reason not to provide authors with the benefits of this
tvmnuloqy.

“t this time, it is difficult to evaluate the utility of the auto-
4", structured student performance data collection and analysis
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routines,  Tne reports diag not become available until the later stages
of formative evaluation of the six first-pass modules. During their
Hinited period of use, tney did appear to be easy to use and interpret.
Tne menbers of this particular authoring team were, however, accustomed
to collecting such data and using the data to improve instructional
materials,  For broader application, more extensive pnoipting and
quidance in use of tne data collection routines might be desirable.

[t sinould be noted tnat the software developnent effort reported
here was substantial.,  Given the extent of tne various functions to be
supported, the authors of this report believe that 1t would not nave
been possible to complete the project within the temporal auau fiscal con-
straints of tne contract if 1t had not been for the availability of the
CAMIL lanyuage, the software developuient capability of the AlbS, and the
well-structured nature of the Chl systen in which the UAD was enbedded.
The relative ease with which CANIL code could be produced and debuqgyed
allowed the developers to experiment witn a nunber of different
approaches to various problems, obtain user feedback on these uifferent
approaches, and revise the code accordingly. The process was essentially
that of formaative evaluation and revision within the domain of numan-
engingered software, These same characteristics of CAYMIL and the AIS
will facilitate any future expansion of tihw CAl authoring systenm.

With respect to recommendations tor future activities, the nost
critical action that must be taken if the effort reported nere is to bLe
Justified, is that the CAl authoring system be used. The results of the
evaluation described in Part 11 of this report, although limited, strong-
1y indicate that, used judiciously, CAl can serve a useful function tn
a technical training environment such as that of the AIS,  turther, usa-
Lility evaluation results reported both nere and in Part 11 demonstrate
that €Al development can be made cost effective through use of the
authoring systen,

It is> recogniZeu that there dare certain inadequacies in the author-
ing system, priuarily in the aredas of response processing and autnor-
generated qraphics.  These areas provide two of the most Tikely
candidates for future software development.

As was discussed in Section 11 of this report, answer pracessing
for constructed response yuestions has been a problem area in CAl devel-
oped for military technical training. While sopnisticated algorithms
exist to aid in response recognition, the CAl systems employing taese
algorithms have not made the authoring process sufficiently simple for
the algoritnms to be used correctly. [t is recommended, therefore, that
a response processing dialoqg be developea and added to the Authoring
Lditor which would quide the author in defining anticipated responses to
constructed response questions. The encoding algorithm employed by
PLATO could be used to recoanize misspellinas. As currently conceived,
this dialog would first prompt the author to enter an anticipated re-
sponse.  The bLditor would break the response down into its component
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words and ask the author to identify the "inportant” words in the
response, Jdoise words such as articles, prepositions, and auxiliary
verbs would be recognized and the author would be questioned as to their
importance. Next, the author would be asked if word order is important
and, if so, would be prompted to indicate important word qgroups and any
ordering restrictions within and among word ygroups., Finally, tae author
would be prompted to enter synonyms for the important words. An approach
such as tiis would not only simplify the authoring process but would
help the author to identify the critical aspects of response judying,
This, in turn, snould prowote generation of better anticipdted responses
and constructed response yuestions of more uniforn quality.

Tne software described in this report akes no provision for auinor
qeneracion of grapnic displays.  Althouyh such displays can be construc-
ted throuagh use of the CAMIL Tanguage, it is recoimended that a graphics
edrtor be developed wnich would allow the non-proararnming author to
define drawings in terms of basic qeometric elements {e.q., straignt
lines, circles, and arcs). Such an editor would be relatively cfficient
in terns of storage and redisplay since only the basic elements of tne
drawing need to be stored and should prove adequate for prepdring stmple
figures and almost all schematic diagrams,

If more complex drawings are required, nowever, it becones iduch
more difficult for the author to define the figures in terms of geonetric
snapes. While it is possible to define "freehand” shapes through key-
board control over a cursor, the process is substantially sioplificd
tiirough use of a light pen or digitizing device.  The plasma display
terminals used by the AIS cannot support lTigint pen capability. Two
forms of digitizers are available--video and tablet. A video digiticer
Jses d video camera to scan the drawing and convert it into a dot matriy,
To use a tablet digiticer, the author overlays a special vlectronic
tablet with the drawing to be reproduced and tnen uses a stylus to trace
that portion of the drawing which is to be transaitted to the host
computer and stored. Typically, the tracing process can be eiiner con-
tinuous or stepwise., The major problen witn a video digitizer or
continuous tracing on a tablet digitizer 1s tnat the drawing is repre-
sented in terns of dots ratner than geowetric elewents, Redisplay of
single dots on a vector terminal s an extroawly Line=consumiing process,
Tne digitized matrix is really saitable only for redisplay on a termingl
witn g refresn menory wnich can be preloaded witihv tne arapiic, tor a
araphics digiticer to be feasible for qraphics generation using the
current ALS termiinals, software would be required to transform the dot
Aatrix into a number of basic qeometric elenents which could be nore
quickly redisplayed,  Such software would require contour recoanition
routines wnich would be non-trivial to develop.

14 is recommended that the use of a tabidet digitiser connegted
diroctly to a grapnics editor be investigated, Wity such an Jporoacn,
the tylus of the Jdigitizer could be used Tike a Tyant pen, and the
tablet could contain o nenu of Lhe deorietric snapes recoantzed by (he
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edicor, To use such a systew, tne author would select the qeoweiric
element to Le reproduced from the menu and note the points representing
the Tinits of tue elenent,  for example, after the snape was defined
from the nenu, a line seqguent would be entered as the two end points of
the line; a circle would be entered as the center point and a4 point on
the circunference., This avproach could conbine the strona points of
both the digitizer and a graphics editor,

In a totally agifferent area, it 15 sugaested that the utility of
tne authoring system could be substantially increased throuan provision
of additional tools for manaaing the autnorinag process. The approach
envisioned includes capturing relevant parameters of the development
process and providing access to this information through suwmary displays
and reports. Only a start has been made in this area. HMuch remains taat
can anu should be done.

Finally, it is recomended that the authoring systen's capabilicies
for on-1ine production of materials intended for off-line use be ox-
panded.  This would be particularly useful if the additional nanagement
tools nentioned above were also wade available.  Software development in
this ared would include a means of producing scrambled programmed texts
from lesson materials and author-supplied decision logic and a text
archiver, Authors could develop materials on-line, use the Ual Presenta-
tion Program and its embedded data collection routines for fomuative
evaluation, make needed revisions on-line, print the nunber of copics
needed, and allow the material to be removed to tape.  When additional
copies are needed or revisions are required, the author could place an
grchive request to move the lesson material from tape to disk for revis-
ion or printing. Such an approdach would not only tacilitate the process
of development and formative evaluation, it could drastically reduce
materials reproduction requirements. Currently, it is cammion practice
to request many more copies of materials tnan are required so as to allow
for nomal classroow wear and tear. The materials are then often revised
before many of the extra copies are ever put to use.  The approach
suqgested here would eliminate the need for these extra copies,
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