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SUMMARY
Objectiﬁe

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) materia's 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 1 and II of this two-part report. The first of these
efforts, described here in Part I of the report, addressed the develop-
ment cf 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 CAIl production
and evaluation of the complete authoring system.

Aggruacn

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 CAIl materials, and re-examination of the available
AIS 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 CAI 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 chanje to meet the require-
ments of the system, even when this approach limited the sophistication
of the CAI materials which could be produced. For example, it was con-
sidered preferable to avoid author use of a progiramming language even
though this would limit the author's flexibility. The AIS enploys
editors which engage the user in an interactive, English language dialog
to control tne system's data pase. 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 neart of the software developed is an interactive CAl Authoring
tditor., The Editor structures the author's task while providing options



as to (Al presentatien strateqgy details., As defined by the Editor, a
CAl module is divided into objectives. The system is frawe oriented and
eacn vbjective can contain up to 1JV frames. Tnree classes of frame
tyves are supported: textual content frames; questiovn frames and special
surpose frames, Tne author enters the frame content in exactly the
format in wnicn it will be seen by the student. All formatting of
juestion frames 1$ done automatically and the autnor is prompted to
supbly a feedback statement for edch alternative or constructed response
and a ¢ronpt statement for cach atiempt at answering the question. To
individualize instruction, the author can define branches from any frame
to any otner frame., The decision of whether or not to branch can be
based on a specified number of questions being answered correctiy or
incorrectly, on a set of frames naving or not having been presented, or
un a specific student response, Branching logic is entered in a highly
gro?pteo. multiple choice format, and the result is then displayed in
ngiisnh,

wrl materials are delivered by a CAl Presentation Program. A
standdard presentation proqram was first written for CAI as an alternative
instructional wmodule. Two modified versions of this program provide
review ana rerediation over the specific objectives with which the
Student nad problems. The presentation programs contain student per-
fortiance data collection routines which can be turned on or off by the
autnor, Standard data analysis reports are requested 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.
odule content can also be printed out in a format suitable for student
45U 3S 4 proqgrarmed text.

tvaluation Procedures and Results

The software developed was evaluated as part of the total authoring
systen tnrougn the production and implementation of a set of CAI lessons
1n one of the courses supported by AIS and by training a number of course
personnel in tne use of the authoring system. The evaluation procedures
and results are described in detail in Part Il of this report and are
unly suwnarized here, in Part I,

Under tne materials production effort, CAl modules were developed
for six lessons in the AIS Weapons Mechanic course. None of the three
members of the authoring team had prior CAl experience; although, all
were experienced technical training authors. Approximately 2200 man
heurs were required for development of the six modules. The modules
accounted for a total of approximately 25 Plan of Instrucvion (POI)
nours and resulted in an average student contact time of 18.7 hours.
Thus, development efforts required an average ¢f 388 man hours per PO
nour and 1135 man hours per Student contact nour. This compares very

favorably with the figures of 222 and 246 man hours per contact hour

6 In
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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. MNone of the trainees were computer
programners or had any prior CAI development experierce. There was no
formal training after the first session. Given a CAI Author's Handbook
to use as a reference manual, eacii trainee used the Authoring Editor 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 gererally good quality and capitalized
fairly well on the capabilities of CAI. The trainees were quite
satisfied with the Editor and al] expressed an interest in implementing
CAI in their courses.

Conclusions

The approach taken to facilitating CAI development appears very
promising., Experience to date, while limited, has demonstrated that con-
tractor personnel were able to produce effective CAI with a level of
effort chat is comparable to the effort required to produce paper and
penci materials, ATC personnel were able to learn to use the Authoring
Edito and to produce CAI materials within a very short period of time.
These trainees expressed highly favorable attitudes about the approach
and feund no serious 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
enaineered, 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-
nent personnel in its current form but it should not necessarily be
considereu 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 th: basis of accunuldating experience to
becoiie ¢ powerful tool for instructional development,

29
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I INTRODUCTIOM

Computer-based instruction has the potential of achievi~g signife-
icant savings in costs related to Air Force technical training. A number
of steps toward realizing this pttential have already been taken, e.g.,
use of the PLATU system and development of the Advanced Instructional
System (AIS). The former is an application of computer-assisted ine-
struction (CAl} while the latter represents a comprehensive computer-

B 5 ‘ //'4;
L \’ .
“\ ,/% /o i

based instructional (CBI) system supporting both computer-managed in- -

struction {LMI) and CAIl. S

CM]l can be defined as a situation in which the majority of the
stuaent's instructional activities are completed off-1ine. The
computer's role is tnat of evaluator, diagnostician, prescriber, and
manager of instructional events., “n CAI, by contrast, all of the stu-
dent's instructional activitie, are conducted on-line, at an inter-
active computer terminal. CMI can be characterized as being extensive,
managina instruction for a large number of st'..2nts 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 CAl has, to date, been limited by its
nign cost, in terms of both materials production and terminal costs,
and by tnhe 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,
Stuvent performance on CAI 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 CAI must, however, be employed judiciously
in the CMI context to be cost effective.~ If one assumes that the off-
line 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 difficutt 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 CAI 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 lanquages and production methods



employed require extensive and very detailed effort. Secondly,
relatively sophisticated instructional design skills are required as
well as, in most cases, computer programming skills,

h basic premise of this project was that in the military technical
training environment, CAl development problems can be alleviated and
production costs reduced through structuring the authoring task and pro-
viding software tools to facilitate the authoring prccess. The term
"authoring," as it is used in this report, refers to the process of
generating, evaluating, and revising an individualized, interactive CAI
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, ard questions or exercises to measure the Student's
mastery of the module's objectives. It was hypothesized that appropriate
software, designed specifically to support CAl authoring in tnis environ-
ment, could directly and substantially reduce the cost of CAl development
and evaluation. [t 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 krocedures 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
equipnent or processes, Similarly, the authoring system developed is
text oriented as opposed to supporting extensive production of computer-
qenerated qraphics. Unless sophisticated araphics production software
- ang/or equipment is available (a requiremer.t beyond the scope of this
project), the production and delivery of computer graphics is qQuite
expensive. Additionally, when use of supplementary hard copy visuals
(e.g., scnematics and photographs) is considered, there are relatively
tew tutorial or drill-and-practice applications in which computer gen-
erated agrapnics can be shown to be cost effective,

Froject Lontext: Tne Advanced Instructional Systen

- Tne authorina support software was designed for application in the
context of the AIS located at Lowry Air Force Base, Colorado. The AlIS
15 ideal for tnis purpose since it is a large scale computer-based in-
struction (CBI) system supported by hardware and software designed to
support poth CMI and CAI. The system was designed to improve the effec-
tiveness and efficiency of Air Force techhical training and to provide an
. Operational research facility for assessing innovations in instructional
tecnnology. 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
erploys state-of-the-art computer .hardwa. 2, software, statistical method-
oloales an¢ instructional brocedures to provide instructional management



“and individualized assignments to alternative instructional materials.

AIS vourse Structure. Eacn AIS course is divided into "blocks"” of
instruction which may require from | to 10 days to complete. Each block
contains a number of lessons and a comprehensive, end-of-block test.
witnin a block, lessons are arranged in a hierarchy based on their pre-
requisite relationsnips. A typical hierarchy resembles a set of parallel
chains diverging and converging on certain pivotal lessons, and a student
may alternately work on lessons in two or more parallel chains.

The basic unit of instruction is the lesson. Each lesson consists
of a set of objectives, two or more parallel forms of a criterion
referenced test, a criterion defining adequate 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 instruction is provided by one or more modules, each of
wnich teaches tne complete lesson content. When two or more modules are
present, they represent alternative instructional treatments. Depend-
ing on the lesson content and the nature of the treatment, a module may
be a programmed text, an elaborated technical order, an audio-visual

presentation, or given the results of this project, an interactive CAl
session.

An AIS Student Scenaric. A student's first experience with AlIS is
to complete a preassessment battery consisting of a number of scales
which assess cognitive and affective factors considered to be predictive
of students' performance in the course. The student then requests an
initial assignment by submitting a Forward-Going Assignment request at
a management terminal, which consists of an optical scanner and medium
speed printer, At this point, the student is enrolled in the course but
has not yet entered a block containing actual course content. First,
tnerefore, the system selects the block in which the student is to start
work. Since the student has not yet completed any course work, only
blocks wnich have no prerequisites are considered. If there is more
than one sucn block, the one containing the fewest students relative to
the desired number in that block is selected. The student is then
assigned to an appropriate learning center and home carrel and to a
specific lesson, module, and criterion test.

. Lesson assignment decisions are made jointly by two major
components of the System=-the Adapter and the Resource Allocation Model.
The Adapter attempts to select, for each assignable lesson, the one
module that is most appropriate for that student. This decision can
be based on a variety of rules, e.g., select the module which the
student is predicted to complete in the shortest time (assuming the
student is also predicted to pass the criterion test). Each alternative
module is given a weight indicating its relative preference. The
Resource Allocation Model assigns preference weights to modules on the
basis of minimizing the impact of the assignment on the availability of



instructional resources. The final lesson and module selection is based
on a c§mpromise between the two sets of preference weights, The form of
the criterion test is chosen at random.

The student, after receiving the first assignment printout (called
3 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 reassigned the same lesson and an
alternate form of the test, Otherwise, the lesson, module, and test
?e]ection procedures are repeated, and the student is assigned a new

esson,

If the student's assignment is a CAl module, there is only a slight
variation in tnese procedures, Tne function of the self-test is
assumed by yuestions embedded in the CAI presentation. The criterion
test is also administered on-line and the results submitted auto-
matically to tne 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 block,
a dlock Review lesson is assigned. Following review, the student is
randonily assigned one of the alternate forms of the block test. While
lesson tests can be viewed as diagnostic tools, end-of-block tests
serve a certification function. Tnat 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 dlock test criterion is reassigned to the block in a status whereby
assignrents are made by the instructor rather than by the system, If
the block decision is "Go," the block selection logic 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,



AT AUTHIRING SYSTEM DESIGH CUNSIDERATIONS

Jesiqn of a cost-effective CAIl component for the AIS beaan with an
arialysis of tne AIS environment: the appropriate role of LAl within a
WM systen: supborting military technical training; the characteristics
0f the uerscnnel wno, it was anticinated, would be developing CAl
saterials; and the software tools currently available within the AIS.
we550ns ledarned from prior approaches to CAl development were also
considered,

The role of CAL witnin tne AIS

First, it must be recognized that tne prototype AIS is primarily a
Cumputer-managed instructional system. This is not to imply, however,
that the system was not designed to accommodate CAI, The System
lancuaae, CAMIL (Computer Assisted/Managed Instructional Language), was
specifically develooed to support doth CAI and CMI. Rather, within the
context of tne AIS, CAl was seen as one of several possible media avail-
able for instructional purposes. Management and monitoring of students'
groaress throu1n a course, assianment to specific instructional treat-
ments, and evaluation of instructional effectiveness are all supported
by the (il component of the system.

aivén the nature of the AIS form of CMI, defining the role of CAI
within tnis structure was relatively straiahtforward. Recall that an
RIS course s divided into blocks of instruction whicn conclude with
certification tests. Blocks are divided into lessons, and each lesson
1S supported by one or more modules, each of which addresses all of the
lesson's objectives. wWnen rore than one module is available for a
lesson, tney are treated as alternative instructional treatments for
that lesson. Tne Adaptive Model assures that a student is not assigned
a lesson until all prerequisites have been completed, Assignment of a
specific module is also a CMI function. Thus, CAl was seen as providing
one of two or more alternative instructional treatments for teacning
a lesson, and as such, (Al materials would be packaqed any assigned as
modules. Student terminals required for CAIl would be treated as
instructional resources managed and assigned by the Adaptive Model.

It was assumed that if a student was assigned and .completed a CAI
module, it would be desirable that the lesson test also be administered
on-line ratner tnan via a management terminal interaction. While the
AIS does support an on-line, computer-assisted testing (CAT) capability,
it was designed 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 guestion concerned the types of applications for
wnich these relatively expensive modules would be most effective, While
the use of CAI for normal first-pass instruction was one obvious answer,
1t 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 AlS courses are currently structured, each block ends with a
review lesscn which is assigned immediately prior to the block test. No
specific instructional modules had been developed tc 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 wnich the student failed on the first attempt at the lesson
test. Instructional activities during this period are, however,
determined primarily by the student and the instructor, and student
performance data indicated that this time was often not being used

effectively. CAI was seen as an excellent way of remedying this
Situation.

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 CAI 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. .

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 attempt block test. The System does not, nowever,
make any specific assignments. This role is delegated to the
instructor. To guide the instructor in making appropriate assignments,
the objectives wnich the student failed on the block test are listed
‘on tne Student Status Report printed when the block test is scored.
Again, student performance data suggested that this remedial time could
be employed wmuch more effectively.

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

Altnough block review and remediation were seen as two prime
targets for CAI, it was assumed that CAI would also be used for
alternative modules for first pass instruction. While CAI might
occasionally be used for the first module developed for a leSson, as
long as CAl costs remain high, it was expected that it would more often
be used as an alternative treatment designed to remedy specific problems
detected in existing modules.
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Anticipated Characteristics of CAl Development Personnel

In considering the characteristics of the personnel who would be
develovina CAl modules, it was first thought that a team approach, such
as advocated by Bunderson (1973), would be appropriate. Such an approach
would soecify differing roles for (at least) subject matter experts, in-
structional tecnnoloqists, and program coders. However, further analysis
of the military technical training environment stronqly suggested that,
wrile desirable, the team approach was very likely to encounter serious
problems 1in nractice,

Juring the 5 years in which the AIS nas been operational, there
have been repeated efforts to define specific roles for the specialists
Who are so important to effective operation of CMI (e.q., materials
writers, evaluators, and data base managers). To date, these efforts
nave naa only limited success. It was concluded, therefore, that the
CAl autnoring system should be structured so as to allow a team
approach to CAal development but should not be dependent~on it,

For the immediate future, at least, it was reasonable to expect
that the Dersonnel wno would be developing, evaluating, and revising CAI
saterials wouly, for the most part, be classroom instructors. It was
assumied that sucn authors would typically be expert in their subject
‘matter area, would have linited training or experience in instructional
systems gesign, would have no prior exposure to CAI, and would have no
computer programming experience, Additional pertinent characteristics
included a relatively nigh turnover rate for military instructors,
Tittle or no opportunity for formal training, and limited, fragmented
periods of availability (e.q., 60 to 90 minutes following a normal
instructional day).

An obvious problem raised by this profile of the typical CAl author
is tne lack of computer programming expertise and the strong indication
that attempting to train relatively transient authors to program would
not be practical. Therefore, an approach was sought which would
eliminate, or at least substartially reduce, the need for computer
prograrmming on the part of the author, -

Another implication of the analysis of authoring-personnel
characteristics was a need for procedures which would structure the
autnoring task, At the same time, it was recognized 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 establisned and authoring problems had been recognized. It was con-
cluded that the authoring system should provide a degree of task,
structuring necessary to prevent a novice author from becoming hope-
lessly bewildered and should also provide for implementing more
extensive structuring in the future.

IS
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The high turnover rate of military personne? 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 autnors to complete CAl modules that had been designed and
partially develcped by otners.

Coupled with tne 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
underlyina their design, 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 lengthy storage process,
and that the current status of work accomplished be clearly summarized.

Finally, experience gained from various DOD projects indicates that
managerient of instructional materials dovelopment 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 nas been possible, especially with respect to productivity
and quality control, thus, there was a need for software tools that
would facilitate management 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.

CAI materials evaluation hai potential.for problems which were at
least equal in severity top those of authoring per se. It was assumed
that tne CAI 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. In this
Case, 1t was thought that tnere would be little negative reaction to
over-structuring and tnat 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

Tne two asnects of the AIS software which most stronqly influenced
autnoring system desiqn decisions were availability of the CAIIL
aracramming lancuaqe and nast experience with the use of interactive
gata base editors.

Tne UAMIL Language. CAMIL (Computer Assisted/Managed Instructional
Lanquage) (Pflasterer, 1373) is a hiqher level, qeneral purpose pro-
rarming lanquage developed as an inteara!? part of the AIS., Several

hundred CAMIL proqrams are currently operational and are used for all
on-line phases of the system.

In specifying a lanquage for AlS, it was determined that it would
need to be botn CAI and CMI oriented and usable by personnel with a
wide range of experience. If support requirements had been limited to
CAl, a lanquane such as TUTUR (Snerwood, 1974) as implemented at the
University of [1linois, could nave been considered while traditional
languages such as PL/I, FORTRAN and CUEOL could have been considered if
(™I nad been tne only target application. Sirce both applications were
to be supported and no known language contained specific capabilities
for both, a new lanquage was considered necessary.

7o accomplisn its diverse goals, CAMIL is divided into two sub=-
lanquages: Basic CAMIL and Extended CAMIL. Basic CAMIL is oriented
primarily toward systems and applications proqramming tasks, It pro-
vides a full ranqe of standard data types including INTEGER, WUMBER,
LuGICAL, CHARACTER, STRING, TEXT, CLASS and SET. The data structuring
metnods include ARRAY and RECORD types. The flavor of the procedural
component is similar to otner ALGOL-based lanquages: procedures are
easily defined; the scope of variables is controlled through the use of
blocks; and statements can be combined into logically meaningful groups
through tne e of compound statements. .

Extended CAMIL is oriented toward the rapid development of large
proqrams. Its most important feature is the sentence facility wnich
allows coding in natural language-like statements. Also, fewer pro-
qrarmer comments are required because of the level of documentation
which the sentence facility provides. By using sentence declaration
statements, new sentences can be created by defining new words--nouns,
verbs, adverbs, adjectives, and prepositions. These words can be
combined in any meaningful way to form a large set of sentences. liew
data types and operators can also be defined. Sentences, extended data
types, and extended operators can then be placed it a CAMIL 1ibrary,
Extended CAMIL Programs can also utilize Basic CAMIL, allowing the user
as much control as experience permits,

A total system approach was adopted to make the language retiable,

efficient, and easy to use. This system consists of the language, a
compiler, loader, interpreter, source program editor, data base file
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Manager. and proyram archiver, The combination of language, compiler.
and source program editor facilitates efficient creation and mainten-
ance of reliable CAMIL programs and reliability is enforced during
execution by the interpreter. Programs interface easily with the file

manager to rapidly perform the extensive data base management required
for CMI apulications.

Uue to the nature of the CAMIL system, large amounts of error-free
code can be written and checked out in a relatively short time. Given
the structured nature of the language, the enforced modularity, and the
. Interactive environment, relatively few logic errors are encountered.
Jnce a program has been compiled, it is almost certain to run properly.
Finally, 'ne Extended CAMIL sentence facility provides a powerful pro-

gramming and documentation tool for relatively inexperienced
rogrammers,

AlS txperience witn Interactive. Editors. While the AlS CMI functions
are supported dy CAMIL software, the day-to-day operation of the CHl
System is controlled through a set of data base editors. The intent of
Lhese editors was to allow course personnel with no programming
language skills to define the characteristics of their courses and
establish tne rules by which student assiqnments are made.

The approach taken was that of a totally table-driven system. At
gacn point where an instructicnal decision is required, an attempt was
made to allow for a variety of decision rules. The indication of which
rule was to be used (and in some cases, the rule itself) was then
treatea 3s a <ata item rather tnan beinq coded in the software. Thus,
botn the decision rule and the information to be processed by the rule
(tyiically a comuination of student perfcrmance data and course
Characteristic varameters) are considered to be data. With tnis
approacn, software cnanqges are only required when the basic operating
philasobphy of the system is altered. lormal operational changes in
Course content and configuration, resource inventories, and student
assiannent selection rules are made by changing the course data base via
the Interactive data base editors. \

Joerational experience with tnis approach nas been quite positive,
Relatively few software changes nave been necessary to meet the
syster's evolving instructional requirements. Uespite the complexity
of tne data base, course personnel have been able to use the editors
to institute data base changes appropriate to their needs. This is
not to say, however, that the use of the editors is totally simple and
straiontforward. The data base and the interactions amonq its come
conents are complex. In some cases, this complexity was not adequately
taken into consideration in the human engineering of the editors. While
all of tne editors prompt the user's input to sore dearee, extensive
prompting was sometimes sacrificed in favor of effi iency. In
retrosbect, this trade-off was often inappropriate.



In neneral, nowever, the interactive editor approach was thought to
rold consideratle oromise for facilitating at least some aspects of the
vl developnent srocess, [t was also recognized that where such an
aiy roach was adeoted, it would be desirable to provide extensive
proanting,

Prior approacnes to tne Autnoring Problem

A arowing recognition of the problems associated with CAl develop-
Jent has resulted in & substantial literature addressing these problems
dnid proposing alternative solutions. Tne following sections provide a
brief introduction to the concept of authorina systems, an overview of
tne tyoes of existing systems, and a surmmary of two Air Force
exverientes 1n oAl development,

Authoring System Considerations and Lriteria. <Jinn (1974) lists
four criteria for assessina tne effectiveness and utility of CAl autnor-
iy lanquavces: reliability, efficiency, flexibility, and convenience,
Tnese sane ¢riteria can be applied to the more general concept of
ulnoring Systens,

Jrejer reliauility, Jinn includes automatic recovery for botn autnor
ane stucvent following system failure, limiting tne loss of authored
material ang liniting the Jdomain of author errors, i.,e,, an error in
one part of a proaram should not impact other parts of tne proqram or
strer programs.  Lfficiency refers to both tne time required for
3utaaring and the compuler time required to translate author lanquaae
statenents into executable code. Flexibility considerations include
access to 2 variety of dgvices. access to alternate modes of execution
or convertions and the capability of adding new operators, statewents,
ang sutroutines, '

nutnar convenience 15 treated as a major consideration. Zinn
Sujests tnat tne lanquaqge {or system) snould have a minimum of
redunduncy and rrelevant syntax, e.q., the program listing should be no
wore complex tnan the author's actual task. There snould be provision
for alternative authoring styles, e.g., while many authors indicate 2
preference for interactive entry, others prefer to work with paper forms
which remind tne author of system capabilities and requirements. With
respect to revising an existing program, Zinn notes the advantages of
on-line editing and suggests that the system should provide access to
tne 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 begin 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 the
instructional content and strategy. Finally, access to system
‘ capabilities should increase with experience.

Kap:ow (1975) states that in order to maximize assistance to the
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authoy. 1t is not suffigient 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 suggests that the
operational aspects of the authoring and CAl delivery components should
be separated. A CAl program should be treated as a data base containing
the content and structure of the program as well as the computer
cormands 10 be executed. The system design snould make it explicit that
the Drogram 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 finding cross-reference errors. Finally, the system should not
require that a program be complete before it can be tried out.

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

Example Autnorina Systems. Tne earliest CAl programs were written

In tne available gjeneral purpose lanauages. Altnough this is still a
popular approacn {e.q.,, the extensive use of BASIC), there was early
recognition tnat authoring cou’ be facilitated by languages tailored

Lo the particular requirements of CAI. Consequently, there was a pro-
liferation of CAl authoring lanquages--at least.30 by 1973. The last
decade has also seen experimentation with various author entry systemse-
approaches wnich are relatively independent of a specific lanquage. Tne
followina paraarapns briefly describe an example of a modern CAI author-
ina lanquage (TUTUR) and some approaches to developinn authoring systems,

TUTOR (Snerwood, 1974) needs to be considered in the context of the
complete PLATN {Proqramming Loaic for Training Operations) system, The
Systen provides for interactive entry, easy trial and revision of code,



and 15 duite responsive to authors' needs in terms of display time,
comnilation time, and diaanostics. The author's task is facilitated

by a nunter of 2ids, such as on-line access to reference materials,
sarile proqram routines, and files of current documentation and corments,
"0 a larqe extent, the PLATY apuroach to authorinn is based on the model
Of an autnor wio 1S a versatile professor, an expert in the subject
atler, an exderienced teacher with sound but innovative ideas about in-
structional .resuntation, and a capable proqrammer. Within the uni-
versity envirennent, tnis apuroach nas resulted in a large number of
excellent uai lessons, In otner environments, where the autnors have
been Tess experienced, less skilled, and/or less motivated, the approach
nhas not proven as satisfactory.

Jowsey (1574) descrites five catecories of approaches to buildina
23S, aulngr-entry systens: separation of loqic and content, avoidance
0f any autnoring lanquaae, use of lesson planning guides, gonversational
aterials eneration, and macro systems. The approaches in each
catetnry tend to vulld on the concents of tie prior cateqories.

»lrwst all of these apouroaches employ the tactic of separatinag ine
structional content from program logic. Tnis divides the authoring task
in a w2y that is particularly amenable to a team approach. Dowsey notes
that to ve effective, such separation reguires similarity of structure
welwekn the two components.

Tne no-author-languaqge aporoach not only separates content and logic
tut does nol reyuire the author to define the logic. Only the content
is specified, in the form of frames or problem categories. Tnis is then
acted uybon biv a lesson yeneration proqram which treats the content as
sata to broduce instructional materials.

Tne use of lesson planning guides, while requiring the services of
a coder, permits tne author to communicate with the computer in English,
Tymically, the author defines the material to be presented, questions,
expectec answers, and corresponding courses of action on a standard form
wnicn specifies the cateqories of information required. One of the more
sopnisticated examples of this approach is Dowsey's own COURSEMAKER,

designed for use with the COURSEWRITER IIl language. It is based on use

of a paper form which includes a presentation section containing the
ndaterial to be displayed, a question 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 analysis section con-
taining response judaing rules.

Lonversational materials generation represents a quite different
approach. Tne interactive System assists the author by eliciting the
content and logical structure of the lesson through a natural lanquage
conversation. Paloian (1974) describes one example of this approach,

Tne author defines the program structure by entering a sequence of action
verbs, Tne system checks the accuracy of the sequence and, if it is
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correct, prompts the autnhor to supply the text, anticipated responses,
counter names, etc.

vowsey sees the use of macro routines as potentially beinq the most
powerful approach. In using such a system, the author retrieves a pre-
prograrmed sequence of code and specifies arguments which complete the
routine, One characteristic of this approach is that it imposes a
definite structure on the material produced. The Time-shared, Inter-
active, Computer-Controlled, Information Television (TICCIT) system
(Stetton, Voik u Bunderson, 1973) is probably the best known example of
a macro systen. TICCIT employs a single instructional strateqy, oriented
toward concept learnina, which assures learner control over seyuence,
The strateqy specifies now tne subject matter siould be structured (e.g.,
rules, examples, vractice items) and even suggests the appropriate
nunber of items in each cateaory. Thus, much of the author's task
consists of :wlding the content to fit the strategy. Planning quides
are used to format the content and define presentation tactics by
selectinng among available options. A macro processor then converts this

information (content, content format, and strateqy options) into computer
lanuuane,

une otner rmacro-oriented aoproach wnich deserves rention is the
use of ‘wnoforns (schulz, 1975) developed for use by military authors
on PLaTo IV, Tne 'onoforn macros, written in TLUTUR, were intended to
facilitate wrenaration of frequently used question types by providing
4 yuestion format and elininating the need for the author to understand
LTI, A total of nine macros were-uevetoped for multinlte choice, - ot T
constructed restonse, and matching questions. Witnin each question type,
the Jdonaforts giffer with reshect to variations in format, tyve of
feedhack ana {(for rultiple choice questions), order of alternative
oresentation,  Tnere are also a nuwber of ontions within each Honoform.
The autnor copies the desired Monoform and follows the instructions
(sunnlied in tne form of proaram corments) to susnly the question content
and tailor the TLTUR commands to his/her sbecific requirements. Schulz
rerorts tnat use of Jlonoforms reduced the 2 to © nour question develop-
ment tine to onlv 10 to 15 minutes.

nIr force LAL Authoring Experience. Himwich (1977) reports a
convarison of TICCIT and PLATO authoring efficiency conducted at Maxwell
af,  The results of the comparison were inconclusive witn little
Jifference found Letween the two approaches, In the production of 3¢
Stauent contact nours of CAI, tne PLAT) team required an averane of 222
fannours ner aour wnile the TICCIT team required 24u, Uf qgreater
interest 1s riuwicn's descrintion of tne procedures followed and
aroblens encountered, particularly Ly the PLAT) team, The training pro-
vided fur PLATU teanm menbers consistea of an intensive 2 week session
ANy subsSequent continuous consulting support by the PLATY staff. TICCIT
tead training betan witn 7 weeks of familiarization followed, some wmonths

tater, Ly J weeks of intensive training. In both cases, the training
required appears excessive to tue autnors of tnis report. Further,




HI"WICH reports tnat in many instances the authors did not capitalize
on PLAT's flexitility with resnect to instructional strateqies and,
consevuently, Ji¢ not demonstrate the system's full capabilities.

vallman, veleo, 'ftain ane uillman (13977) provide a comprenensive
description of an experiment in tne use of PLATO IV for Air Force
tecnnical trainine, At the beainnina of the test, conducted a% Cnanute
AFs, the tyoical PLATU authorina rmodel was adopted with each author
actine yncependently, Learning TUTUR was found to occupy a major portion
of authurs' time. Authors nau varying styles and quality control
Starivarus, and as a result, the curriculum was fragmentea with little
continuity between lessons, Jallman et al. concluded that a basic flaw
in tnis aphroach was the unrealistic assumption that all materials
authors were ¢xperts in both subject matter and instructional practices.

A tedr: a.uroacn was subsequently adobted in which the team cone

sisted of an autnor, sublect matter expert, instructional nrogramer,
and Cuder. ~itnouth this was a gistinct improverent over the prior
aiteruacn, a nuitwr of problems were still encountered. oo written
orocedures were defined, only informal understandings amonn team members.
Tnis resulted in tive consuning coordination nroblems and inefficient

use Of tear svecialists, Administrative and management procedures were
never well defined and tnere was a continuous need, never resolved, for
wetter, more extensive author training,

A nunber of PLATO features wer. found to be quite useful. On-line
data collection routines supplied by the PLAT) staff and the capability
for an-line text editing were both considered important. TUTOR was
aderuate for the site's needs with authors handling the simpler aspects
of proqraiwming and coders reguired for only the more conplex portions.
inly a few of tne more experienced authors, hawever, capitaljzed on
PLATU's instructional flexibility. Almost all of the lessons produced
employed tne sare simple tutorial model. The report authors suggest
that this approacn was followed because the materials were easy to
prepare, tne subject matter was not that complex, and student com-
prenension and, retention requirements were low., bBranching was used
wainly for forced review and TUTOR's response judging capability was
seldom utilized, ualy about 20 percent of the questions developed
eployed a constructed response format., HNot only were constructed re-
sponse yuestions more time consuming to code, students disliked them
because of unfamiliarity with the typewriter 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
tnan individual authors. Authors did not exploit PLATO's full
tapabilities due to resource constraints, lack of CAI expertise, and
inadequate training in instructional programming techniques, Finally,
snpnisticated CAl capabilities may not be necessary for effective learn-
ing of the type of tasks and level of knowledge required for adequate
military technical training,
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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 CAl courses. The major problems were re-
ported to be changes in the Plans of Instruction during CAI development
and the fact that the project was never assigned an adequate number of
instructional programmers.

Jesian Conclusions

Although many aspects of the military technical training environ-
ment are not amenable to efficient development of instructional
materiais, particularly CAI, it was concluded that it was preferable,
at this time, to adapt the system to the environment rather than to
develo® an authoring system which assumed a more responsive environment.
It is hoved that the authoring tools would themselves act as change
agents. For examnle, it was decided that the authoring system should be -
desianed so as to promote the concept of an authorina team but not to
rely on its existence, Given a trade-off between authoring flexibility
and a structured oresentation format, structure was almost always \
selected. uifficulties in assuring adequate author training was accepted
as a major problem, Despite the fact that many features of CAMIL were
designed expressly for this purpose, it was recognized that any approach
wnich relied on an author/programmer had little chance of success.
Furtner, 1t was considered unlikely that personnel would be assigned to
such a sipecializec function as CAI computer proaramming in sufficient
nuiibers o adejuately support many authors,

inis assesstient suggested either a no-autnor-lanquage approach or
a NacCro System approach. The former was considered to be toc¢ -igid for
tne evolving comouter-based tecnnical training environment. ~ macro
systen: moceled on tne TICCIT approach was rejected because a simpler
autnoring orocess was desired; the same objection was encountered for
aporoacnes siuilar to vonoforms. Tne adopted design combined the best
aspects of several prior approaches, relied heavily on characteristics
of thne existing CANIL system, and cabitalized on prior AIS experience
witn dnteractive data base editors. As sugqested by Kaplow (1975), the
total syster was desianed with the major goal of facilitating CAl

materials developrent.

To alleviate the need for computer prograrming, tne approach
adopted was to drovide a small number of flexible “"template" CAl pre-
sentation proarams, each of wnicn would support a class of CAl wmodules,
anile this aonroach still requires the services of a computer programmer
tooexiand, thwe extent of these services was reduced in two ways. First,
e teivlate proqrams were desianed to be as flexible as possible with-
Dnt LuIny unduly complex, Princivles which nad been employed in
levelog.ing the nIS Adaptive Model and i1ts data base were used to assure
that a single procran structure would support a variety of modules
aduressing Jdifferent topics, Second, qiven the characteristics of tne
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CANIL lanquage and a template program which was wall structured and
documented, it was anticipated that a relatively inexperienced programmer
could modify the basic proaram to meet the requirements of new
applications,

Tne major emphasis was placed on designing an interactive authoring
editor by means of wnich an author could define CAI content and branching
loyic. Tne desian acals were to provide authors with a variety of
options within a structured framework, to appropriately guiue and prowpt
autnors' decisions with respect tc these options so as to minimize the
aeed for formal training, to automatically accomplish as mucn of the
prograiniing Jdetail as feasible, and to eliminate any need for authors to
be aware of tne computer language., The forimat of the authors' input
was to be as similar as possible to what students would actually see,
Autnor errors were to be detected and identified at the tine they were

committed, Standard routines and reports were to be provided for student

verformance data collection and analysis. Firally, the system was to
provide convenient access to meaningful information wnich would assist
in manaying (Al development.
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type provides a quick overview of tne instructional sequence:

v
™

111 APPROACH

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

A CAl Materials Print Program was developed to provide hard copy list-

ings of CAl materials for author and student use. A1l but one of the
supporting programs were written in CAMIL. The Editor and Presentation
Program were designed to bperate on the current AIS interactive
terninals, which are a modification of the PLATO terminal, but provisions
were made for easy transition to less expensive terminals. ' The Authoring
tditor, Presentation Program, Data Acquisition and Analysis Prograus,

tne Haterials Print Program, and documentation of the authoring system
dre described in detail in the following sections.

ine unl wuthuring tditor

Tue ieart ofF tne software supporting tne AIS CAI authoring systen
1S an Interactive Authoring Editor. To introduce the Editor, the
Structure ana characteristics of the CA] modules produced with it are
first gescrived. Tne Editor itself is then Jiscussed, beginning with
various surmary displays wnich provide central reference points for the
autnor's work. Tne mechanics of generating text and question frames
and of defining branching logic are then described and illustrated in
some Jdetail.

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

Cthe nutnoring tditor, a CAI module 1s segmented into objectives. Through

tne Autnoring tditor, the author can define only 'the sequence in which
objectives are to be presented. Any branching between objectives is a
function 0f the Presentation Program. Eacn module must include an
Jbjective U tnat contains material (usually an overview) pertaining to
tne lesson as a wnole. The author may then define up to ‘100 numbered
ohjectives containing the module's instructional content. Each objective
“an contain uo to 10 frames. Ten frame types have been defined which
Can Le classified into three cateqories: textual content frames;
question frawes; and special purpose frames. ilew types can be defined
as requirements arise, The frame types in each category are described
briefly below. : ~

ihere are six different types of textual contemt frames. These are
all similar in tnat they simply present textual information to the
Sludent and require no response other than an indication that the student
» ready to proceed. The six types are differentiated primarily for
wanaqeient reasons.  In some cases, a specific frame -type may be re-
quired at a certain point in the. frame sequence and listing frames by

¥
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Tne vasic "Text" frame is, as its name 1mp11es. the prwmary mediun
for gresentxnn instructional content. * A Text frame can contain ub to
four "pages” or screen aisplays. Trere is no provision for branching

‘witnin frames, i.e., between pages, unce a frame has been selected, all

of tne pages in tnat frame are presented. Authors are instructed that

_a Text frame snoulu present a discrete chunk of 1nfornation pertaining

to a single concept,

Tne seconu textual frame type is the Elaboration frame. It differs

Feom a Text frame only by name and intended function--to present infor-

uattgn t0 students whose performance indicates that they need further,
more detailed explanation of a concept presented in a Text frame. The
Title frame, wnen used for the purpose implied by its name, can be
reconnized :§\a\g;vidinn point in the frame sequence. The Statement of
Ubjectivé frane s required at the start of each objective other than
Jujective u, Si‘i1aF§?, an Overview frame is mandatory within Objective
4o Finally, a “aterials List .rame, listing any reference materials
wnich tne student needs to corplete the module, is required in Obgective
deooAny of tne nancatory frame types can also be used, at the author's
uiscrctxon, at otner points in the module, ’
™~

- The Editor currently supports two~types of Question frames:
ultiple choice and constructed res )onse.- These frame types provide the
arimary wans 0of evaluating students' undeﬁstanainq of the material being
presented,  daestion frames consist of tie question sten, up to five
multicle-cnoice alternatives or nine anticipated constructed resbonse
alternatives, feedback statements for each alternative and prompt states
ments dassociated with successive atterpts to answer the question,

Tnere are two special purpose frane types, neither of wnich is pre-
sented to stuuents, The first is vocumentation frame required at tne
beginning of each objective to provide a means of documenting the
authoring/evaluation/revision process. The author is instructed to pro-
vide inforwation such as the dates during whicr the module was being
developed or revised, the names of additional authors who have worked on
tne mogule, tne learning strateqies employed, the nature of and reason
for any revisions, etc. It is anticipated that the information requested

-Will becorme more structured as a function of experience. The second

special purpose frame type is the "Branchinq Decision" frame, It is a
dumny frame, containina no material, which allows for a branching point
without anything being presented on the screen, \

Tnere are eight varieties of “"flaqs™ which can be set against a
frame to indicate -to the CAI Presentation Program that a particular
action s to be taken when that frame is encountered. Like the frame
types, flags have one to two character code names which, when dtsplayed
on the frame listing, contribute to providing a surmary of the in. truce

tional 'strateqy employed,

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

s : . b '
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Passed, and Lesson Failed) notify the Presentation Program that, if this
frame is encountered due to author-defined branchina, the student has or
nas not completed the objective or lesson satisfactorily., The Skip This
Frame flaqa indicates that the frame, even when encountered, is not to be
presenteu to students. This allows the author to store alternative
material in the body of the module itself. The Fix Answer List flag,
which can only be set against a rultiple-choige question frame, indie
Cates that tne 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 suqqesting that the
Student take a snort break from working on the module. It allows the
Author to alleviate student fatique.on long, complex modules. Finally,
the Decision Point flaq indicates that the presentation program is to
collect vecision Point student performance datz following presentation

of tnat frane.

todule, Jbjective and Frame Surmary Jisplays. Throughout the

. tuitor, a pnilosophy was adopted of providing extensive prompting and
"fail-safe" ecnanisms, Each author entry is prompted to the extent

possible.  coumandgs wnich will result in the deletion of naterials or
brancnine Ia3ic require a second "Yes, I want to do it," response.on

the tart of the author and it is always possible to back out of an error
situation without the Fditor taking any action.

Wnether an -author wisnes to create a new CAI module, revise an
existing ~odule or disilay a rodule, the same basic procedures aply,
After daccessine ine Authorina Editor from an interactive terminal, the
dutnor encounters a display, illustrated in Fiqure 1, requesting tne
sewurtce of nunters {Course wumber througn ilodule wunber) identifying tne
sarticzular swodule Lo be accessed or created. tntry of each value is
FrOtLted and tae ranqe of allowable values is specified, Tne author nay
2150 riuuest a Tist of existing modules (by aressina Function Key F1),
€ this oition is selected, tne author is asked whetner all modules or
vtily those delonting to a sarticular authu. are to be listed zad -wnetner
‘the list is to be displayed on the terminal or printed on the central
Hine orinter, \ \

[f. the identifier of an existing module is entered, tne author is
dSked whether tnat module is to be displayed, chanaed (revised or adued
to), or deleted, whereas any module can be displayed, only those createu
by tnat autnor can be changed or deleted, If the author enters the
Tientifier of a module wnich does not exist, the autior is asked wnetner
d new rodule 1s to be created, and if so, whetier the module is to be
a copy of an existing module. Tnis copy feature allows an autnor to
revise a rodule which nas already been implementéd in the ciassroon, to
revise anotner author's module, etc. If the new module is to be created
from scraten, the author is required to enter the title of tihe module

ana the nunber of objectives wnich it is to contain.

© If tne autnor is creating a new. module or revising an existing
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Siurse version
Block number
Lesson number
Moduile number’

o a8

>

Course rnumber )
Ratge 13 8 thru 1823 .

1

_Figure 1. Authoring Editor Module Selaction Display.
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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.
done, any, or all of the three types can be selected, )

Tne author next encounters the Ubjective List display illustrated
in Fiqure 2, Tnis display provides a central reference point for the
Juthor--a top level overview of the module's content and the control
point for creating, changing, or listing complete objectives. Objectives
against whicn no material has been entered are shown as being undefined
(Undef). For the display illustrated in Figure 2, the module includes

the mandatory Ubjective U anda four additional objectives, two of which
are as yet undefined. '

Actions wnicn can be taken at this point are listed as Options at
the botton of tne Jdisplay. If the author enters the number of an objec-
tive, tne list of tne frames defined for that objective is displayed.
Jne can also acd or delete an objective, reorder the sequence in which
tne objectives are to be presented, or request a printer listing of one
or nore objr tives. As is the case for all of the Authoring Editor dis-
plays, the author can back out without takina any action by pressing the
"BAC‘:“ key. .

If a new module’is being created, all of the objectives would bhe
shown as undefined, and the author would first be required to define
Jocumentation, ‘verview, and Materials List frames for Objective 0. The
outhor coulu tnen define additional Objective U frames or return to the
Jbjective List disnlay and proceed to define content and branching withe
i the andividual, numbereq objectives. '

ftien the author accesses a specific objective, the first uisplay
encouritered is the Frame List illustrated in Fiqure 3. The Frame List
brovides a central noint for work within an objective. The list defines
the sequence anu types of frames comprising the objective and proyides
an overview of the branching logic and any special conditions imposed on
sbecific franes. Actions which can be taken are listed as Uptions at
the botton: of tne display.

A Fraue List consists of one to four panes with up to U frames
listed per pane, Tne objective represented by the Frame List sinwn in
Fiqure j'is relatively short, only 20 frames., Tne display provides a
substantial armount of information atout tne content and instructional
strateny erploged in this objective. Lach frame nas both a number (1
trouan o) ang a nane consisting of one of two letters {e.q.,, D for
Jocurientation, S for Staterent of Ubjective) and one or more diqits
indicating whetner this was the first, sccand, etc. frarie of this type
to be defined, 1€ there is branchina loqic associated with a frawe,
tne class of loaic (Pre-frame, After-frarme, or Response contingent) is
ingicated, and 1imits on tne number of atterpts allowed to answer
guestions are siown, as are Frame Flans, - T
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g - cbjective § is modile descriptor dtti
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/

//’OPTIONS: Objective number, display/change frame list
y I, insert objective
/ R, reorder cbjective
/ D, delete cbjective
. BACK, return to module selection pige
/ ENTER choice »

/

Figure 2. Authoring Editor Objective List Display.
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FRAE LIST for OBJECTIVE 1

Frame Brch Ans Flags Frame Brch Ans Flags
No Name Log Try No Name Log Try
1 D1 no none 16 Ei no none
2 Tl no none 17 T no none
3 S1 no none 18 T? no none
4 Q1 no none 19 QC2 no none
s Ty no none 28 Ts no none
6 QM no 2 none 21 QMs no 1 07
> QM A 2 F/D 22 QMe ro 1 OT
8 T2 P A none 23 QM7 no 1 OT
9 T3 no none 24 QM8 A 1 OT
18 T12 no none 25 QM9 no 1 OT
1y QM3 P none 26 QMg A 1 OT
12 QM4 A D 2? T9 no oF
13 Ta no none 28 19 no oP
14 TS no none -
15 QCt RA none
OPTIONS: Frame rumber, display/change frame data
I, insert frame : D, delete frame(s)
F., specify flag(=s) O, reorder frames
B, branching logic R, replace frame

C, comment file
+s-, display next/previous frame list page
BACK, return to objective page

ENTER choice »

Figure 3. Authoring Editor Frame List Display Showing
Set of Initial Options.
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. e sijective illustrated in Finyre 3 benins with, the rejuirsu
wcaprtatan frate (U1, o Staterent of dbjective (S31), a Title (Ti1)
atey ap Jverview frane (J1), Following a sinole Text frame (T1), tne
aulhiof tests the student on a arerequisite concept, using tuc nultinte
Woloy aesttans (1 ang Slil, o anly two attenpts are allowed to answar
e juestion,  The second uestion is followed by (hfter-frane) brancn-
m Igic wcn routes the stuuent around a review of the conceyt (franes
turokign 1273 Lerforance on the two uestions s adequate., Only tne
ex¥siehice 9f the logic is snown, not its detail. The review consists of
Liree Fext frames and two.more tultiple choice uuestions. liote that the
e of rase numter 10 4 T12,  This indicates that tne frawe was added
later, {after frame T11 had been defined. The frame 12 After-frame logic

Trdetertines waether tne student nas now mastered the concept. If not, the

Studeny 1s returrad to frarme nunber o and to review the concept a second
L, when frane nunber 11 is encountered the second tine, the Pre-frame
loric ty nasses the multisle choice questions and routes the student to
Fra e nLvnsr 15, 7o ueteriine now many students are beinq routed tarounn
these ryvicw frames and the tite required for review, the author nas de-
Finee cecision Point Flaas (3) prior to (frame nunber 7) and followina
UFrame danbor 123 tne review sequence., \

Tnd Main bogy of instructional content is presentec by frane nunie
wers 1. larougn do, consisting of Text, Llaboration (E), and constructed
resconse L) fraies,  Since no specific linit has been placed on the
nucieer of atteris for answering these questions, the default value of
three atteryts will be allowed.  Response Lontinaqent branchina loyic has
steh wefiney far frave 01, If the response natches a particular anti-
ciialev fncurrect response, tne student will be routed to Llaboration
frafe thoLestal toocorrect tne misconcention. utherwise, frame £l s
Bt Ta Lo UL wfter-frase Lranch,

uslery 0f the objective is evaluated by six multiple choice
uestrors {“waue numbers 21 througn 20). Unly onk attempt is alloweu on
vdute umStt . Tne criterion for passing the objective is four out of
51x lurrect, and:the author nas definea After-frame branching logic
failowinn ', o snin tne last two guostions if the first four were all
correct, oinerwise, the student's verformance is evaluated following
frave 'les If the criterion was not net, frame T9 is presented to in-
form tne qtudent of this fact, The Frare Flao (OF) indicates the
accurrencqd of an objective failure to the presentation proaram. If the
criterion was wet, after either four or six questions, frame TV is
presented whicn conqratulates the student and tne 0P Flag notifies the
Presentation Progranm that the objective has been passed.

Tive actions.wnich the author can take are listed as Uptions at the
pottor of the aisplay (see Figure 3). Lntry of a specific frame number
accesses that frame for the author's veview or revision. Option I (In-
sert) allows the author to define a new frame and insert it at any point
in the ‘frame sequence. If the Insert Option is selected, the author is
dsked to pruvide the number of the frame after which the new frame is to
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‘be inserted and %o select the Type of the new frame. The Frame Type
: selection menu is shown in Figure 4. Once Frame Type nas been selected,
K the author is slacel in the frame creatiuvn mode for that type. llote
' that uption 11 on tne frame Types menu allows tha author to copy an
existing frame. ~ny frame, including one frow another author's progran
: can be copied,  Further, the autnor nas the choice of making an actual
N copy of tne “rame, wnicin can then be rodified to suit tie author's
\ - urposes, or of siiply "aliasing" an existing frame. With the latter
option, the frawe is not actually copied but rather, wnen an “alias®
: ; frame is encountered by the Presentation Proqram, the frame content is
R retrievea from its oriaginal location for display.

Tne third initial Frame List Option, Specify Flags (F), allows tne
duther to set tne ureviously discussed Frame Flags anainst specific
frames. Sueci€y rancning Logic (B), permits the autnor to define
branchine loqic for specific frames. Ootion C, Corment File, accesses
the Jist of student corments which have been made acainst specific

~frames, Tne existence of such comments is indicated by the occurrence
0f 2 "L" in the Flacs column of the Frare List display. The Frame List
may consist of up to four nanes, and the control characters "+" and “.*
3CCess disrlay of tne next or previous pane of the List, respectively,
Tne Jdelete Frae (J) Option allows deletion of one or more frames which
are no lonner requirefl, The Reorder Frames (J) Option pernits tne author

- to move frames to different positions in the ‘rame sequence, If the

author decides to rehlace all of g frame's content, the Replace Frare
(<) ietion iy availdile, Finally, the autnor can always return to the
Jbjective List disyflay by bressing the BALK key.,

N

Text aseneratjou. The process by wiich all six tyres of textual
content frases ane prouuced and edited s essentially the same. nen
e autnor electh to create one of these frame types via the Frame Types
et {See Fisurd 3, a blank template, sucn as is illustrated in Figure
vy 1S uisplasey. “ote tnat the frame nunter, frame nane, and nunber of
Lh1s pode witnhe tne frame are snown at tne top of the display as is
tne Fact trnat/the author is in Insert rode and nhas already entered one
lineo  Tyied foontent appears on the line next to the arrow-snaped cursor,
and toe el key 15 oressed Lo end 2ach ling, The author is free to
enter the ¢pntent in any format within the constraints of the marqins,
indicated Yy the cursor on the left and the vertical line on the right,
L4t patie £an contain up to 21 lines of 54 characters eacn,

-

nftyr enterine one or nore characters, the autnor can press shACK
L) acteyds o collaction of editinn functions. This situation is 11luse-
trated fn figure ¢ oand is the same as the disilay wnich would be pre-
sErted/ae the agtnor accessed an existing Text frame to modify it, Tne

Bt aptiens are listed at the bottom of the disnlay.,

- The Insort Line(s) (1) Option allows the author to definc additional
= Tings nf text fallowing or batween Vines of oxistina text, Uhile insert-

1 - o
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FRAFE LIST for OBJECTIVE 1

Frame Brech Ans Flags Frame Brch Are Flags
No Name Log Try No Name Log Try
1 D no none 16 EI no none
2 T no none 17 76 no none
3 St no none 18 T? no none
4 01 no none 19 QC2 no none
s T no . none 28 Te no none
6 QM N 2 none 21 QMS n t 07
? QM2 A 2 FOD 22 QMé no 1 OT
8 T2 PA none 23 QM? no 1 OT
3 T3 no none 24 QM8 A 1 OT
18 Ti2 no none 25 QM9 o | OT
11 QM3 P none 26 QMig A 1 0T
12 QM4 A D 2? T9 no O OF
13 Tae no none 28 T18 no oP
14 T5 no none

1S QC1t RA none

FRAME TYPES: \ ‘

1 Documentation ? Conatructed Response Question

2 Statement of Ohjective 8 Branching Decision

3 Overview 9 Tatle

4 Text 18 Material List

S Elaboration 11 Copy of an existing frame

6 Multiple Choice Question
ENTER choice )

Figure 4, Authbring Editor Frame List Disp‘lhay
= 9 - Showing Frame Type Selection Options.
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L OF 1 INSERT MODE

FRAME 3; Ti; PAGE 1 Linee
H 75%3; are the lirst coup!c of lgnoo

h J typed by the author.

OPTIONS: Enter *ext material.
Press NEXT to end each line.
COPY keys copy previous line.
Press BACK when finished.

Figure u. Autnoring Editor Text Frame Display as Seen Wnen
Creating a Frame,
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FRAAME 5; Ti; PAGE &+ OF 1

1 “These are the first couple of lines
< . tvped by the suthor,
DPTIONS: insert line(s) R, replace line

I,

D, delete line(s) B, draw/erase box{es)
S, save line(s) F, fetch saved line(s)
£,

empty save buffer
«/~, display/change next previous page of frame
BACK, return to frame selection
NEXT, displays/change text for mext frame
ENTER Choice ) ‘

Fiqure 6. Authoring Editor Text Frame Display Showing
Frame Lditing Options,
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Ing material between lines, the two lines preceding and one line
following tne entry are also displayed.

___The Replace Line (R) Option allows the author to edit one or more
ex1sting lines. The oriqinal version of the line is displayed, she
autnor's new version is shown below it (to the right of the cursor) and
the preceding and following lines are also displayed to provide the con-
text of tne change. A situation in which line 3 of a display is being
2ditud is illustrated in Fiqure 7. A set of £dit keys facilitate the
editing process by allowing the author to erase, copy, or temporarily
Store tne complete line, specific words or individual characters. After
the line nas veen cnanged, the Editor redisplays the edited text and
ves Jewr to tne next line to allow the author to-edit it. As in the
Insert node, tne author can BACK out of Replace mode at any time,

The Jelete Ling(s) {J) Uption (see Figure 6) allows the author to*
erase one or ~wre lines of text., The Editor prompts the autnor to ine

dicate tae Tines 0 be deleted (the nuwbers of the .first and last lines), ~

Surrgunds the indicated 1ines by a box for visual emphasis and asks if
the Qutner wisnes to complete or-cancel the deletion request. Any text

oli tne vade following the deletion is moved up to replace the deleted
raterial,

The save Line(s) (S) Uption provides a capability for savina up to
<1 Trnes of naterial in a “"Save" buffer. The saved material can then be
nserted At any point in any textual content frame in any CAI rodule,
TS 1s usefyl 1n eciting material, cooyina paqes of frames without
retysing and oving material to other modules. Unce an author has saved
Jne urowre lines, they can be retricved at any time until the Save
Naffar 1y erpting,

e Foten Saved Line(s) (F) Option provides the means by which
aterial s retrieved from the Save buffer, If, when the material is
fetcned 1o be inserted on a page already containing text, the inserted
raterial will result in a total of rmore than 21 lines, the author is
warned of tnis fact and given the ontion of canceling the Fetch cormand
or allowins tne [ditor to reformat the text to overflow onto subsequent
wades Of the fraone, . ‘

ine winty Save wuffer (0) Uption sinply erases tne contents of the
suve wuffer urior to saving new material.

e sraw/orase Box(es) (0) Option allows the author to grapi-
1weally sdrround one or vore lines of rdterial for erpnasis. an exanple
1S aniwae I Tiipre 5. 20xeS can be urawn around any single line or

Fows 6F Tines,  The aulnor enters the nuwber of tne first ang last -

Tiees tn he surrounded and (he horizontal willth of tne box is aeteriined
Ly tae pusition of the first and last characters in the lines. Up to
Sixteen LOxes Can ue defined in a single frare, ‘ :

&




FRAFE S; Ti1; PAGE 1 OF 1 REPLACE MODE 2 Lines

1 This 1s an example of a mispelled word
Y This 1s an example of a missp

N that need editing.

OPTIING: Enter *ext material revaision.
Press NEXT to end each line,
COPY keys copy line to be modified.
Press BACK when finished.

Figure 7. Author’ 7 Editor Text Frame Display In
Replace Mode.
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FRAFE 19; T12; PAGE 1| OF 1

1 FICATION

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

12

11 © a NOSE fuse 1f 1t 18 used

12 . in the FRONT of the bomb.

13 i

14 o a TRIL fuse 1f 1t 1s used

15 \ in the REAR o the bomb.

16 : :

17 | o MATIPOSITIONAL 1f 1t can

13 : be used 1n EITHER nose or

19 ! tai1l POSITION.

28 N

tv
P

+

OPTIONS: I, insert 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
+/-, display/change next/previous page of frame
BACK, return to frame selection
NEXT, display/change text for next frame
ENTER Choice )

Fiqure 5." Authoring [ditor Text Frame Dispiay
Showinyg ise of Boxes for Cmphasis.
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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 “-" prespectively. Presse
ing the NEXT key routes the author to the first page of the next frame in
the seyuence. The BACK key returns the author to the page of the Frame
List display listing the current frame.

although tne Authoring Editor does not currently provide any exten-
sive -rapnics capability, the author can, with some ingenuity, create
simp, > grapnics figures by using the standard keyboard characters and
any “uunrecoynized" character, which creates a so.id, character-sized
rectanqle. An example is provided in Fiqure 9, HNote that the display
is snown in Inspect Only rmode with an abbreviatea 1ist of author options.

fJuestion Generztion, Multiple choice and constructed response
question frames provide the author's primary means of interacting with
and evaluatina the student's understanding of the material beinq nre-
sented, A3 structurec by the Authoring Editor, a multiple choice
question consists of the guestion stem and two to five alternatives,
after selecting this frame type (QM) from the Frame Types menu, the
autnor is suson a tenplate display and orompted to enter the question
stem, Tne tex. of the stem is displayed as it is enterved and a double
press of tne NHEXT hey notifies the Editor tnat the st:m has been com-
pleteu ne author is then prompted to enter the first alternative,
n double LLAT indicates the end of each alternative and elicits a pronpt
for the next alternative, This process continues until the author in-
Jicates trat all alternatives have been entered . by pressing.BACK or until
the maxirnum of five alternatives nas been entered, An example of a
vartially cov.leted aultiple choice question is shown in Figure 10.

Jnce tiw Guestion stem and alternatives have been entered, the \
autnhar is prompted to specify tnhe currect alternative or alternatives.

At least une correct answer must be defined before the author is allowed

to exit tne question frame. In addition, the author is prompted to
specify tne naxinum number of attempts allowed in answering the question,
The autnour may select a number or inuica*e that the default value,

——

currently three, be used

A constructed response question consists of the question stem and
one to nine anticipated responses. When this frame type (QC) is
selected, the procedure followed is essentially the same as for a
ru)tivle choice gquestion. The author is nrompted to enter the question
ster: and successive antwcwpated responses up to a maximum of nine. The
correct response(s) and maximum number of allowable attempts must then
be specified. A completed constructed response question is illustrated
in Fiqure 11, Tne asterisks to the left of four of the alternatives in-
dicate that any of these responses will be accepted as being correct.

Lurrentlj. the AlS CAI software supports only exact matches on
constructed response questions. That is, other than variations between

0 a4



FRAFE 13; Ta1; PAGE 1 OF 1 INSPECT ONLY

L ad
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PRIMER o

+
w
DETONATOR v
AND v
P‘\I"ﬁ v
m\{,lm v

INTO
AL IGNFENT
v
FIRING .
= +PIN===s

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

Figure 9. Authoring Editor Text Frame Display in Inspect
Only Mode Showing Use of Simple Graphics.
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FRAFE 5 QM INSERT MODE 7?.Linee

This 1a & sample mulitple choice question with
THREE alternatives.

1. This 1s alternative one.

This is alternative two.

*o

N O s WA e

Lt

. >This 18 alternative three.

OPTIONS: Enter rultiple choice question alternatives.
Press NEXT to end each line.
A line with no material (just a NEXT key) will allow
question alternative entries.
COPY keys copy previous line.
Press BACK when finished.

Figure 10. Authoring Editor Display of Partially
Completed Multiple Choice Question,

- %



FPAE 19; QC2

1 “In what block of the ATO Form 335 ehould the
2 Federal Supply Classification be recorded?
J
4 = 1. 19
$ & 2. ten
] . 9
? . 7
] 5. S
9 6. block 19
i8 ?. 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

0ACK, return to frame selection

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

Fiqure 11. Authoring Editor Display of Completed .
Constructed Response (uestion.
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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 standarr 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 guide 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
stugent's attempt at answering the question, That is, prompt message
nurber 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 b0 characters each. Depending on the author's actions, one or both
messages will be displayad at the bottom of the screen following a
student's response. The prompt statement immediately follows the feed-

‘back statement, giving the appearance of a single informative message.

This concatenation of feedback and prompt: provides the author with a

bowerful tool for responding appropriately to students' errors,

_Question generation mode provides the author with some of the text
editing features (insert, replace an! 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,

]

\Uefinition of Branching Logic. In bceparing a CAl module, defini-
tion of effective branching logic may rﬁquire the yreatest thought and

. be the most difficult part of the proceys for an author to understand.

The effectiveness of a lesson, however, can ninge on how well this -

: feature is used., Therefore, particular; attention was given to

facilitating this aspect of the authorifig process.

e




Within theg AIS CAl 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 logic is evaluated at the

~point at which the Presentation Proqram 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
tne 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 wnicn nas been defined in the Frame List aisplay.

Lurrently, four types of conditions can be evaluated by Pre- or
After-frame branching logic: (a) Given a set of question frames, take
the pranch if at least a specified number of thase questions were an-
swered correctly. (b) Given a set of question frames, branch if at
least a specified nunber of these questions were answered incorrectly.
(c) Sranch if at least a specified number of a given set of frames (of
any type) nave been presented. (d) Branch if at least a specified number
cf a yyiven set of frames nave not been presented. In addition, uncondi-
tional brancnes 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
resoponse is made.,

Any number of branchina loBic instructions, of any or all of the
three tynes, can be entered anainst a single frame., The only restriction
s the total storaqe space required for all branching instructions within
an objective. At least 300 instructions can be defined for a single ob-
yective,

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

The process by which an author defines branching logic for a frame
is illustrated by Figures 12 through 2u. Like most aspects of an
autnor's work within an object.ve, the process begins on the Frame List
dispiay where the author se,ccts the 8ranching Logic Option (B) and
enters the number of the frame for which logic is to be defined. This
results in the 8ranching Logic display shown in Figure 12, In the

. example shown, no loqic 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

=
-
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Brarnching Logic for Objective 1, Frame 24
Multiple Cheice Question 9

Pre-Frame Logic - none

Response Logic - none

After-Frame Logic - none
~

NEXT, display/change next frame logic

I, insert frame logic D, delete frame;

B8ACK, return to frame li1at page
ENTER choice ¥ 1

OPTIONS: Frame rumber, disp'ay-/change frame logic /
og1c

Figure 12. Authoring tditor Displagy for Defining
Branching Logic. 5”
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Frame List for Emtry of Logic Condition

1 D1 21 QMs
2 Ty 22 QMe
3 St 23 QOM?
4« 01 24 QM|
5 T 2% QMo
6 QM 26 QMis
QM2 27 Ts
8 T2 26 Tis
9 T3 126 END 0OBJ
18 T12 12?7 END LSN
1ty QM3
12 Qs
13 Ta
14 Ts
H !
16 E1
1 T§
18 T2
19 QC2
2 Ts

Ente~ the frame rumber to be presented :1f the logic
conditions specified are met. NEXT will present the
current {rame.

ENTER choice » 28

Fiqure 13, Authoring tditor Display for Selecting To-be-branched-
to frame for Pre- or After-frame Branching Logic.
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Frame List for Entry of Logic Condition

1 D1 21 QMs
¢ Ty 22 Qe
I S 23 QM2
4+ O 24 QHO |
s T 25 QM9
O u N 26 QMg
R 27 Ty
8 T - 28 Tig
3y T 126 END QBJ
N A S 127 END LSN
NN
NN of
P T
HE
el
S-S 3N
o Te
;3 -
N TS Sy
28 T3

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

{ the following conditions:

. 1{ a set of frames (questions) 18 correct

. 1f a set of frames (questions) 18 i1ncorrect

. 1f a set of {rames has been presented

N, i1 a set of frames has not been presented

NEXT, no conditions: an unconditional branch 1s to occur
ENTER choice ) ¢

OV ors (1

Figqure 14, Authoring Lditor Display for Selecting Class
of Pre- or After-frame Branching Conditions.

RC - W 52




Frame List for Emtry of Logic Condition Correct

1 D1 * 21T QMs
2 Ty 22 QM
I} 51 23 QM7
¢« U0 g4 QHe |
5 Ty 2S Q@9
6 M <6 QMis
M2 2?7 19
8 T2 - 28 Ti1»
3 T3 126 END OBJ
18 Ty 12?7 END LSN
i1 M
12 Mae
13 Ta
14 TS
LSS
1% £
1Y T
13 T
13 L2
2 Ty

Frames which rust meet the conditions specified will be
Jenoted by an ¢ to the left of the frame rumber. To
charge a designation, reenter the frame rumber, To
Jenote additional frames, enter the frames rumbers and
an ¢ will appesr. Press NEXT when fin)shed.

ENTER frame rumber » 23

Fiqure 15, Authoring Editor Display for Selecting Question
Frames to be Eyaluated for Correctness for a
Pre- or After-frawe Branch,
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Frame List for Entry of Logic Condition Correct

t D1 s 21 QM5

2 Ta s 22 M6

3 S) s 23 QM7

+ 01 s g4 QMO |

s T3 2% QM9
6 QM 26 QM

7 QM2 27 T8

g8 T2 - 28 Ti#

9 T3 126 END 0OBJ
19 T2 12? END LSN
1t QM
12 QM4
13 Ta
14 T3
18 QC1
6 B
1 T
18 T2
19 QC2
28 Ts

Enter the rumher of frames which must meet the
condition specified 1n order to present the desired
{rame,

ENTER choice Y 4

Fiqure 16. Authoring Editor Display for Indicating
Humber of Correctly Answered Nuestions
to Meet Pre- or After-frame Branching Condition
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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
VG0 0 T 1 f all of the following are correct:

‘:“‘S‘Wév‘?"’-ws

OPTIONS: Frame number, disp’ay/change frame logic
NEXT, display/change next frame logic
I, 1nsert frame logic D, delete frame logic
) BACK, return to frame list page
ENTER choice B

Figure 17, Authoring Editor‘Display\Showfng Completed
After-frame Branching Instruction.
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Frame List for Entry of Reaponse Logic

i1 D
2 T
3 Si
4 01t
s T
6 QM
» \:‘\1:
5 T2
2R
3 T2
HES.
1Y e
Ty Ta
NE S
R
NS
YT
2 T
NI
<8 78

21 QMs

22 QM6

23 O
T
25 E2

26 €3

27 QMg

28 QMg

29 To

3g Tie

126 END 0OBJ
12?2 END LSN

Erter the frame to be presen’ed corresponding to the
alternative chosen. If no response logic 1s to be used
for the alternative, then press NEXT.

ENTER frame rumber for alternative 2 or NEXT 9 26

Figure 14. Authoring Editor Display\for Jefining Response

Contingant Branching Logic.
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Branching Logic for Objective 2, Frame 24
Multiple Choice Question 8

Pre-Frame Logic -. none

Response Logic
I 50 to E2 when alternative | 18 chosen.
SO to £3 when alternative 2 s chosen,

[ ]

After-Frame Logic
Voo e T f all of the following are correct:
IR Me, M7, QM8

w

QPTIONS: Frame rumber, disp'ay/change frame log.c
NEXT, displayschange next frame logic
I, 1nsert frame logic D, delate frame logic
BACK, return to frame ]:st page

ENTER chroice %

Fiqure 13, Authoring Editor Jisplay Showing Completed Response

Ltontingent and After-frame Branchina Instructions,
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Branching Logic for Objective 2, Frame 1S
Constructed Respc.vse Question |

Pre-Frame Logic
I Present this frame 1f all of the following are not presentec
: Ta,Ts ‘
Go to Te 1f all of the folloving are correct:
A3, Qe

3 G0t T 1f 1| or more of the following are presented:
T2, T3

ts

Response Logic
>t El when alternative | 18 chosen.
<t B2 when alternative 2 1s chosen.

[
ui G

[ 92

After-Frame Logaic
>t E3 if 3 or more of the following are i1ncorrect:
JELOAMI, M3, 0Me, Q1

Mo Te

- DA LN

WPTIONS: Frame number, disp'ay. charge frame logic
NEXT, display/change next frame logic
I, insert frame logic D, delete frame logic
BACK, return to irame list page

ENTER shoice »

Fiqure 2U. Authoring Editor Uisnlay Showing Three (Classes
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,

Unce the to-be-branched-to frame has been selected, the display
changes to that shown in Figure 14, The arrow pointing to frame number
248 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 ') branch if some number
of yuestions 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 teft of the frame in the list. When this step is completed (Figure
1u), the autnor is asked to enter the winimum number of questions which
Must be answered correctly for the branch to be taken--in this case, all
four. Tnis completes the author's entry of this logic instruction and
the locic defined for the frame thus far is surmarized as shown in Fiqure
17. At this point, the author can enter another loqic instruction, q0
on to the next frame, or return to the Frame List page.

ASsule that tne author wishes to enter a Response logic instruction.
Lfter uptions I (Insert logic) and R (for Response logic) have been
selected, tne text of the question is displayed with the correct
answer(s) indicated to refresh the author's memory as to its content.
Hext, the autnor is shown a variation of the Branching Logic Frame List,
as 1llustrated in Fiqure 13. For each alternative, the author is to
cnoose o frarme number from the list or simply press the NEXT key if no
brangn 1s to be taken when that alternative is selected. As they are
entered, tne numbers of the alternatives are displayed to the left of
the corres.unding frames in the list., In this case, the author has in-
Jicated a brancn to frame L2 if alterpative 1 is selected and is in the
process of indicating a branch to E3 if alternative 2 is selected, After
all alterpatives nave been considered, the loqic which has been defired
1S Surwarized as shown in Figure 19. When the author returns to tne
Frame List disnlay, the existence of Pesponse and After-frame logic will
Le Indicated for tnis frane.

suie of tne wore extensive branching nossibilities are illustrated
uy Fiaure 20,

ire CAl Presentation Programs

Anile Autnoring Lditor jrovides the vehicle Oy which CAI materials
are uevelobed, there must also be software to support presentation of
thwse materials to students. (Al vresentation is accomplished througn
e use of g veneral proaran structure and set of support routines
aiven he tae (AT “wdule descrintion, dJecision Joaic, and text records
Createl by an guthor using the Authoring Editor. Through the use of
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tms generalized progran structure and a table-driven approach, a wide
rande 0f corputer-assisted tutorial and drill and practice instruction
can be presented with minimal proqraming effort. To date, three
different CAI Presentation Proqrams have heen developed from the basic
skeletal structure and support routines, One, the first developed, pre-
sents standard modules in support of lessons assigned on the student's
first .ass tnrounn a block. "The second supports block review modules,
a5siqned just orior to a student's-block test, which present material for
Just thost otjectives which tne student failed while studying in the
block. The third subports block remediation modules, assigned after a

block test failure, and presents material for just those objectives that
the SLchnu fatles on tne test,

Ty LASIC Skeleton and support routines were written during the
veveloament of tne first-pass moaule program. This proqram required
the "onst extensive desiqn and development since 1t was to forn the
Lasts Sur subscguent yroagrans. The block review and remediation pro-
racs were teen greated by slimtly modifying the main loop code.
LBV, ey Litw for variations to the pasic proqram nas proven to be
A1 el ol cun o te Jone by entry level prograrmers. It should be noted
thatl tne first-pass nodule presentation program is sufficiently general.
Lo supeort tne presentation of all sucn CAl modules writtea for any alS
Laarse. Sindlarly, tne revizw and remediation prograns are general
eheas v 10 nandte the yresentation of any cognitive objectives for AIS

.\\

Dlala review ang reaeciation.,

A anntine 1o supportian CAl presentation for stuuent study, the
53 e L resentation groqrams can Le used by subject matter experts and

1 tractional desinners who wish to vieuw tine module from the student's
ers. Lt ive, \

Tw following section describes the typical sequence of events which
6CCdrs wien 1 Student interacts with a CAl module of the type developed;
s;ecifizally, assionment to a first-pass module. The subsequent section
describes tne use of the presentation program by an author or reviewer.
The student jerformance data collection actions which take place during
the presertation of a CAl module are mentioned only briefly, A full
sescripty 1 of the data acquisition and analysis process is presented
in tne subscyuent section,

Student CAl Scenario., As was discussed in the Introduction to this
resord, when tne.AlIS makes a lesson assignment, it determines whether
thara are two or more alternative rmodules, including any CAl wmodules,
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, CAl modules are assigned to that proportion of the students
fur whou 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 CAl 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 nunber 1s 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.

If the student is assigned a CAI module, the particular module is
Jetermined from the Student Data Profile record. The Presentation Pro~
gram then reads the CAI rwdule description record, created by the Author-
inq 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 Proaram beqins by presenting the material in
Jbjective J, containing at least an overview of the lesson and a required .
materials list, and then beqins the instruction contained in the first
numbered cbjective in the series. . Frame descriptions, branching logic,

- and text records, all created by the Authoring Editor, determine the

sequence and content of the presentation. Wnile authors can define a
variety of different instructional strateqies, a sinyle approach will be
descriled nere for explanatory purdoses. First, tie 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 wyuestions could, and should, be a function of the student's
serfortance on nrior questions. Additional frames, elavorating specific
#TOVIeT areas will De presented, as necessary, on tne basis of the
stusent's res.onses, A typical page from a text frame, as seen by the
stuygent, 15 reseznted in Fiaure 21.

~L any sinl in the objective, the student may opt to review the
caterial that nas already veen presented by pressing the BACK key. In
review Code, text 1s Jdisplayed in the nermal manner and questions are
aisolayed witn tne student's answers indicai-d.

westions and tne feedback and rrompts following incorrect responses
for a critical vart of the inStructional arocess. For botn constructed
resionse and mwltinle choice questions, students are reguired to continue
answerine until correct or until reaching the specified maximum number
of atternts. For .awltiple choice yuestions, the student's last response
is indicated by an arrow pointina to the alternative selected while
Arior resjorses are indicated by asterisks., Fiaure 22 presents an
exantle in wnich the student is about to make a third attempt to answer
(e question. ote the author-supplied feedback (first three lines) and
wrory t (last turee lines) at the botton of the display. On constructed
respanse questions, the student's prior incorrect resvonses are listed
ectedtn the guestion stem.  Figure &3 presents an example in which the
student rage two incorrect responses followed by the right answer, nas
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Objective | FRAME 4 BACK to review

All missiles have at least three distinct
sections. Look at Figure |. The Guidance ard
iontro‘l Umit, sometimes called the G and C Umit,
the warhead and the rocket motor are the componant

rarts of & miss)le,

SUITANCE and CONTROL | WARHEAD | ROCKET MOTOR |

+

TYPICAL MISSILE
fthree sections)

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 1| FRAME SO Press BACK to review

Detonation of the AIM-4 warhead will occur when

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

* . the inpact fuze contacts the target.

+ 3. the missile 18 265 to 325 feet from the
launching aircraft.

4. the triggering areas are broken by or :ome
1n contact with the target.

Tell me would you want to be 325 feet from an AlM-4
missile when 1t went of f? Neither woui< a pirlot, that
kind of stuff will mess up your hair. \
Okay, you re my buddy so I'l]l give you a hint.

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

TRY RGAIN

Fiyure 22, Presentation Program Display of Multiple Choice
Juestion Showing Feeuback and Second Attempt Prompt.
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jective 2 FRAE 19 Press BACK to review

* / In what block of the AFTO Form 358 should the
Federal Supply Claseification be recorded?

Enter a short response of 28 characters or less
and press NEXT.,

1. S
2. ?
3. 18

GOT IT. Glad you finally woke up'!'!

Press NEXT or C to comment on this question.

Figure 23. Presentation Program Display of Constructed Response
(Question Answered Correctly on the Third Attempt.
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received a standard feedback messane for a correct resnonse and is
reacdy to continue,

Over tne course of a lonn mocule, the author wmay want to encouraae
the student to take one or more breaks; to exit the rodule amd 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
-wals. In edacn case, tne student can log off or, if tne Presentation
Procraa Joes not receive a keyjress for o specified period™ (currently
1o tinutes), it is assuou that tho student has left the terminal and,
after cisplaying an inyuiry as to whether anyone is there, tne student
15 loyned off automatically. If a module is interrupted for any reason,
the Presentation Program automatically restarts the module at the frane
un wnich tne interruption occurred when the student logs back onto the
werviinal,

after a periou of instruction and oractice, an objective typically
ends witn a series of test questions. Given tne criterion that a
wertain nuaber of tne questions must be answered correctly, the autnor-
defined brancning wouly norually route the student to tne end of tne
objective as soon as the criterion nas been ret. If, on tne other nanu,
tne student's ,erfornance is below criterion, the student would norually
not exit tnhe objective until troublesore points have been reviewed and
retesteu with additional test itens.

Upon exitino the objective, the student will pass through a frame
against whicn either an Objective Passed or Objective Failed Flag has
been set. If tne 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 Flaq. The student will continue
wwroucn the objectives, in sequence, until all of the objectives have
been presented or until the Presentation Progran encounters a Lesson
Passed or Lesson Failed tiaq.

khen a Lesson Passed or Lesson Failed Flag is encountered, the
Presentation Proqram generates a module test forn containing a list of
any objectives failed and a lesson passed or lesson failed designator.
Tne Proqran passes this form to the main AIS managenent program, the
Adaptive Model. Tne Adaptive itodel records the student's performance
on tne lesson and generates the student's next assignment. This assigne
ment is displayes 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 reassiqnment, The
student can then obtain a hard copy printout of the next assignnent by

submittina a request form to a management terminal,

Autnor/Reviewer lode. Access to tie CAl Presentation Program is not
limited to students. Lesson authors and reviewers may wish to run the
Presentation Proqgraum to verify accuracy of module content and to view
the module from the student's perspective, Author and reviewer access

&



to the Presentation Programs is, however, handled by standard AIS pro-
gran access methods rather than being under the control of the Adaptive
Model. The CAI Presentatfon Program differentiates between students and
registered authors and reviewers. The author/reviewer does not have a
Student Jata Profile record containing a current assianment, and there-

fori ;s required to enter the identifier of the CAl module to be pre-
sented.

Havinc accessed a particular module, the author/reviewer may, with
a few exceptions, take the module like a student. Unlike a student, an
author/reviewer may override tha frame control logic of the Presentation
Program and reguest the presentation of any frame within an objective
tnrguqn tne use of a special function Key. In addition, the autnor/
revivwer aay always enter corments about the material that is baina
presented,  Student conments are only elicited and accepted if tne
Stutent Conrent touule Flaq has been set to True. Completion of a nodule
in autior/revicwer mode does rot result in submission of a lesson com-
pleted or failew fora to the Adaptive Hodel. In all other respects, the

ser's irteraction with the Presentation Program is identical to that of
a Student,

Student Perforuance Jata Acquisition and Analysis

e el Jata sciquisition and Analysis system consists of four najor
SO onents o data recording routines in the Presentation Prograns; a
weld uniboetion Protram which twoves student performance data from disk
oty @ Late walysis Report Proqran waich qenerates three different
Lzovs 0f reiortsy ani 3 Report Submittal Program which facilitates users'
redussts fer soecific reports, "

eostaeenl erforuance data collection and analysis process begins
T dala recoranee routines enbedded in the Presentation Proarams.
hese raatires yoerate interactively with data being recorded directly
eite N5. . Tne anfornation recorded is searcaated into two files:
“esyonss Point Jdata, which are recorded followina every frane; and
vecision Foint Jata, recorded only at specified Decision.Points.
“eriagically, tae data are duwed fron disk to tape by the batch CAI
«ald Lvollection Progran, Tie CAI Response and Jecision Point history
Lases roviee ne prinary data source for the CAI Data Analysis Report
Prodrat, Tae Teport Proaranm can, nowever, also retrieve recent data
storea 10 tee disk files for applications reyuirina small, current Stu-
Gent sasdus.  Toere are both vackaround (CAMIL) and batch (PASCAL)
versions of tne vata Analysis Report Proaram, The forrer is used to
decess Jala on Jisk while tne latter accesses only the tape data. A
sinile un Il proaram provides for setup and submittal of both the backe
Meount any vaten versions of the Report Progran,

The Jata collection process and - the reports available are discussed
noreater detadl dn the followinn subsections. Although tne process
eirioged 18 sorewhat different than for perforsance data collection, the
starace g retrieval of student and reviewer comrents are also described
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ere,

sata collection ang Storage. iinetner student perforiance data and
Co swenis are collected durin~ tne presentation of a Cal vodule is depen=
wehl on wiellier tne nodule author nas set the appropriate data collection
flans far that wdule via cne Authorina tditor. That 15, for uata within
e 2% tne three cateaories (Tesponse, Jecision Point, anu Coments) to
vt Savau, e aulhor aust nave set the Jata Collection Flan for that
Catecary 0 True.  Tnis philosophv of livited data collection was adorted
U availd eneration and storade of Lne imense amounts of cdata wnici
woulu Otherwise accur. The intent is that data be collectad for formative
ang sutcrative evaluation nurposes Lut not during norsal operations oxceut
for consciously initiated samplina,

resananse Jata represents the nost Jdetailed data cateqory., The Jata

are ¢nllected at tne end of each frame presented to the student, renard-
tess of fra e tyre, and include the following itens:

1. Tne student's Student sccount “iunber,

«+ ihe frame identificr,

3. e sunwer of the student's pass torouon this frame.

«+. Tne current date.

2. The current tite in ainutes after aidnicht,

L. Tae total tine, in seconds, spent on the fraue.

. Tne tiae, in seconds, spent in review mode if review
was initiated fyrom this frame.

If the frane is a question frare, tne following data are also collected:

we  Tne number of attenpts rade to answer the guestion.

3. The number of the alternative selected, by attenpt nunber
(where alternative numbers are alsc assigned to the various
anticipated res.onses and the cateqory of unanticipated
response fur onstructed response questions).

11, The response latency, by attempt number,

11.  Tne number of unanticipated resnonses.

le. The text of up to five unanticipated responses.

vecision Point data are collected at the end of the module, at the
end of vach cbjective, and at the end of each frarme against wnich a

5
' 63



Decision Point Flag has been set. The data collected include the
following:

1. The student's Student Accouﬁt Number,

2. The type of decision point (frame, objectiQe\or module).
3. The frame iden?ifier.

4, The number of fhe 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 daca 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 opposad 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 {s entered against that frame, its content replaces that
of the first (oldest) comment. The content of the Comment files 1s
never transferred to tape.

Data Anaii}is Reports. There are four different CAI Data Analysis
Reports available to authors and evaluators: the Decision Point Data
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Repoft. the Response Analysis Data Report, the Unanticipated Response
Report, and the Comments Listing. In addition, standard AIS CMI reports
can be used to provide a description of overall module performance,

A1l reports are requested from an interactive teminal. For the
three student performance reports, requests are submitted via a CAMIL
program (CAI 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. Tne module identifier (Course, Course Version, Block,
Lesson and Module numbers), -

2. Tne type of report. C -

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

4. Tne input medium (disk or tape). ’
3. Tne objectives within the module which are to be reported.

v. If desired by the user, the numbers of the specific frames
within each objective to be reported (where a set of
frames is defined by the numbers of the first and last
frames in the set).

Unce tne reyuest parameters have been defined, the report submittal
proqran ~2ts ub the necessary files, submits the job to generate the
revort on the central line printer, and gives the user the job number
wnich will appear on the report printout.

The vecision Point Report is generated frow data, stored either on
disk ar tape, in tne Decision Point Data File. This report provides a
sutiary of student.perforuance within each objective and within those
intraobjective segments (sets of frames) which the author has defined -
0y setting vecision Point Flags at the beginning and end of each segment.
AN example page from the Decision Point Report is presented in Figure
<w. o wdCn component of the Report contains the number and nawe of thne
frame representing tnat Uecision Point; whether the data reported per-
tains to students' first, second, or subsequent passes through that
p0INL; the elapsed time, number of questions answered and number answered
correctly since the last becision Point; the branching logic evaluated ‘.
at this point; and the nunber and percentage cf students taking each
branch,

An example page from tne Response Analysis Report, is presented in
Figure 2o, Lacn component of the report is identified by tne number and
nage of the relevant frarme and whether tne data reported pertains to~
students' first, second, etc., pass through this frame. For frames
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other than yuestion 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

“marqins of the matrix provide a sumary of student performance on the

question (total percentage correct, percentage correct by attempt, and
total time to correct response) while the matrix cells provide a more
detatled picture of how students reacted to the question.

An example page from the Unanticipated Response Report is presented
in Fiqure 26. For each constructed response question, each unique un~
anticipated response is listed in order of frequency of occurrence

~ together with the number of times which that particular response has

been entered,

Corments Listings are requested via the Authoring Editor rather than
the CAl Reports Program. Frames against which comments have been made
are indicated on the Editor's Frame List display for each objective. The
user can request that corments made on a particular frame be displayed
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 Ptogram

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 Editor. There
are also instances in which hard copy printout is desirable for student
use. A feature of the Authoring Editor is the capability to request a
variety of printed listings of CAl module'’s content and branching logic.
The Editor 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 requesting multiple copies is available for each type of

~ listing.

At the most general level, the Module Summary 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 ID (Social 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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15 presenteu in Fiqure ¢/, Tne information provided by this listing is
essentially tne saue as the Luitor's Frame List visplay . Lacn frame in
the objective 15 listed by number and frame name. The existence of any
brancuing loic and Frame Flags is noted and the waximum nuwber of
atierpls allowed to answer juestions are snown, If a frame is an alias
(1.0, references anotner frame), tie referenced frame is identified.

The wist freguently used printout 1s protdvly tne Frase Contents
cintine: e oo wlete arintout, by fraoe, 07 all text and question
daterial, aen g Tisting can be requeste. for an entire nodule, an
Tntviuaal objective, o specificd set of frases or a single frame, Tne
raLerial contained in a textual content frame, up to the full four paages,

Y oprintes on oA siaqle printer page with appropriate headings. An
example printout of a Text frane is snown in Figure 23. For a Question
frave, tuw printout includes the question sten, the alternatives or anti-
Cihated responses with the correct answers denoted, and all author-
supblied feviaback and promot wessaqes.  An example is presented in
Figure 1,

Finally, tne Branching Lugic Listing, an example of which is snown
tn o blgure Ju, wrovides a nard copy listing of all of the branching loglc
wiich has been defined for frames within an obiective. The format in
waten anfornation 15 presented is Similar to the tditor's sranching
LonIe dinalays,

Printed Jaterials for Student ise. In addition to the various
autnor's istings, hard copy printout of a CAI module's content can ve
reaested 1o a forat appropriate for direct use by Students as a
proqractiend text.  Special purpose (Docunientation and Branching becision)
fravies are autuuatlcally suppressed, and the author can elect to suppress
any otner frames by setting "Skip this Frame" flags via the Cditor. Al
otner frames are printed in the order in wnich they occur in the mouule.
grancning loaic 1s sinply ignored.

For textual content frames, one screen display (a fraue page) is
printed on edcn patye. for yuestion frames, each question is identified
Ly o nuber, assiqned sequentially. For constructed response questions,
only the question stem is printed, wnile the alternatives and their
nunbers are printed for wmultiple choice questions. The answers to all
yuestions, identified by number, are listed on a test key page following
the bhody of the mraule. Page numbering is provided automatically.

Material i1s currently printed in a double-spaced format. Boxes
whien tne author nas used to emphasize material in the module are shown,
as are any of the simple graphics which the author may have provided.
tar such qraphics. a "%" symbol is substituted for the solid, "unrecoq-
nizey cnaracter" symbol typically employed. As an option, the author
may request tnat the material be printed on spec1al unlined, 8 1/¢" by
11" paper. Tne option of printing multiple copies is also avax]able.
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There are a variety of uses for such printouts. They can be used
as hard copy backups for students assigned CAI modules in the case of
computer failure, They are useful to instructors for answering the
questions of students assigned CAl nodules. 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 Lucumentation

A CAl Autnoring Editor User's Manual was written to describe the
CAl concepts supported by the Editor, the wmechanics of its use, the CAI
Presentation Proyrams, the various CAI Reports available and the pro-
cedures by whicn they are requested, and the availability and use of the
different types of author and student printouts. The Manual was actually
Jeveloped on-line as a CAI module (without branching or question frames)
dnd 1s available to novice authors via any of tie AIS interactive ter-
minals,  Hard copy versions of the manual are also produced as needed
by tne CAl Material Print Program.

This approacn 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 CA] treatment, instructional strategies
abpropriate to CAI, and quidelines for evaluation and revision of CAl
modules.

Altnouyn 1t nad not been implemented at the time this report was
prepared, it 1s intended that a secoad type of Editor documentation will
be provided., "Help" routines will be imbedded in the Editor itself,
That is, tnrouygn the use of a special Function Key, the author will be
able to access information pertaining to the use of the Editor Options
wnicn dare available to him/her from the currently displayed page of the
Euitor.  Tnese ileip routines will access tne information contained in
apuropraite frames of tnhe User's ianual. Thus, nost required revisions
Lo tne documentation will only need to pe made in one place, in the
manual 1tse1f, Tie Help sequences will then access the updated infor-
mation dutomatically,

Jocunentation to support subsequent maintenance and revisions of
Lhe tditor itself, tne Presentation Programs and the various supporting
programs is provided by a Part Il, Product Uevelopment Specification.
Tnis Part Il Spe¢ was also produced on-line (via a different, less
structured tditor), is stored on tape and is accessible for the pro-
duction of nard cooy documentation,

ol
75 79

i



e R

IV TWPLLMENTATIO N Add EVALUATIUN

In audition to the uval subport sofiware effort described nere, tne
Cnl developnent project also contained a second authoring procedures
effort, Tne nuraoses of tnis second effort were to (a) dvefine and docu-
RNT g Set of Lrocedures for Cal materials selection, proauction, eval-
uation, ang 1plenentation in the AIS enviromsent, (b) evaluate the
Jtility of tne total Cal authoring system by developing, implenenting
any evaiudiing a numper of CAL wodules in an AIS course, and (c) train a
51l nuiber of ATC personnel in the yse of the procedures and support
software. Tne results of tnis effort are reported in full in Part Il of
tals report (Lewis, Lovelace, iahany and Judd, in press) and will be
sutlined only oriefly nere.

Tne autnering procedures effort began with a rough definition of
tne arocedaral wdel wnich was then revised and refined on the basis of
exoerience.  Foilowiinag tne steps outlined by the procedural model, work
Uttjan Ly Selecting candidate lessons for the CAl wemonstration. Of tae
THIr 0L Curhes, the Wedp0ns Mechdnic course was considered the most
PO Iatng cecade OF 1ts coabination of varied subject natter, large
Glanenl Fluw, ana recent ralatively voor field performance data.
2LARary 1o L reports were used to identify six 1essons in two vlocks
0T T Cuurse wiicn demonstrated unacceptably nigh lesson test failure
rates, reialtvely nigh failure rates on the ena-of-block tests for tne
ubjJecllves contained in these lessons, and wnich contained subject matter
anlinely T e mouified in the near future. These lessons were targeted
fur toree tyies of CAD application: (a) six modules to be used as alter-
Native treatients on students® first pass tnrougn the block, (b) two
Lloce review wdales containing CAl treatment of the objectives from
these fessons, and (¢) two block remediation modules, again containing
wnl lreatiient of tnhe objectives from tne six lessons.

nfter examining the existing materials and tests, it was concluded
that neitner trne lesson tests nor those portions of tie block tests per-
taining to toe relevant objectives were adequately valid or reliable for
evaluating tne effectiveness of the CAI 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 tne Specialty Training Standard. Once
the revised tests nad been approved by course personnel, they were imple-

- mented n pdaper-and-pencil form for all students in the course.

Work then began on developing six CAI modules for administration ‘
during students' first pass through the block. While existing materials
were available in the form of programmed text and, in sowme cases, audio-
visual wodules, the content was substantially revised to more closely

watcn the reguirements 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
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was ready, but after it had been designed and the module structure de-

fined, Tnerefore, the earliest authoring was done on paper display

forms. Wnen 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 thougnt that some of the authors might prefer the use of forms and

wish to continue with this approach but, as additional _ditor features

became available, all of the authors found it more convenient to input

and format the materials themselves. A1} of the work on the last three ‘

lessons was accomplished this way. Surprisingly few problems were en- —
- ‘ countered during module developwent, but many aspects of the Authoring ~
: tditor were shaped by frequent interactions between the authoring and
software teams.

nS SUON as the modules were completed and their content reviewed
by weapons Mechanic course instructors, they were tried out on a one-op-
one basis with a swall number of student volunteers. A nuiber of minor
revisions were made on the basis of tnese reviews and tryouts, and tne 2
modules were implenented in the course for purposes of formative evalu-
ation. Following revisions wade on ‘the basis of tnis evaluation, thne
modules were reimplementea for suwmative evaluation. The results of this
evaluation are presented in Part II of this report. Tne objectives from
the first-pass iodules were then copied, revised and snortened, and cow-
Dined tu form two Dlock review modules and two block remediation
modules,

Tne Lnl autnoring teaw consisted of tnree members,  All were exper-
lenced tecanical training authors (of proyramied text and audio-visual
iaterials) but nune nad any prior CAl authoring experience. In fact,
tong add even used CAl as a student. Only one of the tnree could be
considered a Jeapons Mechanic Subject matter exypert,

As is often the case, the tean did not keep accurate records of

developrent times but times can be estimated for the six first-pass
wdules. At tne end of the first b months of the project, the first-pass
modules nad been revised and iuplermented for surmiative evaluation. The
tean leader spent relatively little time actually authoring, concentrat-
ing 1nstedu un defining the procedural nodel, producing the CAI Autnor's
dandboun, interfacing witn the software personnel, and attending to ‘
adwinistrative problems. The other two teaw members were occasionally :
called upon for assistance on other on-Joing projects. A liberal esti-
mate of tne total time spent in Jeveloping, evaluating, and revising the

i Sk modules iy 20du manhours, Tnis includes tire spent in revising the

Lloce and Jesson tests even tnough block test revision was technically

not part of the CAl effort. ‘

AcCoraing to tne course's Plan of Instruction (PYI),.the content R

TR taujnt by tne LAT modules was equivalent to auproximately Z2u classroon :
nours.  un tnis Lasis, CAD development vequived so wannours per PJl aour,
Average student completion tiwe, totalled across tne s$ix mowules, was -
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Voo tours, Ty resalts inoun estinated 1. manhours per student
contact wour,  Tnese values are couparavie to developrment times for
wrora ted tesl igterials in this environment.

Lsability of tae Autnoring tditor was also evaluated tnrougn train-
g tnree ATL iastructeors in use of tne fuitor. Tnese instructors were
sraun fron three different courses supported by the AlS=-Inventory
Manaqenent, Precision lleasuring Lquipment, and Weapuns Hechanic. ilone
uf the autnor trainees were computer prograrmers and none had prior CAI
Jeveloptent experience. The training period lasted for 3 weeks, during
WAiCh the trainees came to tne contractor's faciiity for 3 to 4 nours
each vorning,  Tae first session was spent in providing an overvicw of
the ALS CAl systeni and tne rule of CAI within the AIS and in introducing
ine trainees to tne Authoring tditor and tne CAI Author's Handbook, HNo
formal training took place during the subsequent 14 sessions. Using the
Handbook das a reference nanual, each of the trainees used tne Authoring
tuitor to Jdevelop a CAl wmodule in the area of their own specialty, Con-
Lractor versonnel ‘were available to answer questions and to review and
vortient on tne trainees' work., In wany cases, author trainees were also
able to work un tneir wodules during tne afternoons while performing
their nurnal classroon duties.

The autnor trainees asked relatively few questions after the first
few sessieny, st of the sugyestions made by coniractor nersonnel per-
taned to tne need for more frequent yuestions in the modules and in-
creased Individualization tarougn brancning, At tihe end of the 3 week
weriod, edach trainee nad developed a wodule, nad nad it reviewed by the
contractor and otner ATC personnel, had run single student tryouts, and
N4y Mdde HTnor revisions on the basis of these reviews and tryouts. Tne
consensus of tnose reviewing the modules was that they were generally of
Jood yuality and nau capitalized fairly well on the capabilities of CAIl.
Jie of the wodules was subsequently implenented in the Weapons Mechanic
course. Tne tine expended by the author trainees on this first module,
througn revision following single student tryouts, was approximately 30
nours per student contact hour,
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- V. CONCLUSIONS AND RECOMMENDATIONS

The Authoring Editor approach to facilitating CAl development
appears, at this time, to be very promising. Experience to date, while
admittedly limited, has demonstrated that reasonably effective CAl
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 Editor, this was
not found to be the case. They were, in general, quite satisfied with
the Editor and all expressed an interest in having CAl 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. Al)l of the programming work sas been done beforehand
and provided in tne form of the Editor and Prasentation Programs. Future
needs for programming effort will depend on now adequately this software
meets the requirements of fut. ‘e applications. AFthough 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 come. Eventually, however, it
is anticipated that Jeveloping author expertise will Justify. increased
software capability, .

The second greatest contributor to facilitating the author's task
1S probably the extent to which the task is Structured by the Editor.
Tne overall structure of the module . is determined for the autnor, units
within this structure are matched to the requirements of the environment,
and tne occurrence of critical units is either forced or prompted.
“hile the autnor retains a great deal of flexibility, this flexibility
is exercised tnrougn selection of specific options which provide a
Jeqgree of control over the authoring precess, while reminding the author
of the various courses of action which may be taken.

A third major factor in facilitating authoring is undoubtedly tne
-numan-engineered, computer-aided input, formatting, and editing
capability provided by tne Editor. Qther than tne approach to defining
branchiry logic, there is little here that is radical or even novel, Tne
work involved only the application of existing technology to a particular
problem area. Given the diminishing cost of computer use, there 1s
little reason n>t to provide authors with the benefits of this
technology. \ -

At this time, it is difficult to evaluate tht utility of the auto-
maticy structured Student performance data collection and analysis
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rosllnes,  Tae reworts dig not becowe avdailable until the later staqges
of fortative evaluation of the six first-pass-modules. Duriny their
Tinited veriod of use, tney diu appear to be easy to use and interpret.
e esbers of Sty oarticular autnoring teawm Were, howsver, accustoned
Lo Codlecting such data and using the daty to improve instructional
mleriagis, Four proader gpolication, more extensive proipting and
quildance 1o use of the data collection routines might be desirable.

[t snould be noted tnat the <aftware developnent effort repurted
here was substantial, Siven th_ extent of tne various functions to be
Supported, tne authors of thi. report believe that it would not nave
buen possible to complete the project within the temporal and fiscal con-
siraints of tue contract if it had not been for the availability of the
Laflfl lanyuaye, the software develooument capability of the AIS, and the
well-siructures nature of the CHI systewm in wnich tie CAI was ebedded,
ne rolative ease with wnich CANIL code could be produced and debuyged
alloweu the uevelopers to experiment witn a nunber of different
dppradlnes o var.ous problems, obtain user feedback on these different
dUNrsdCnes, and revise the code accordingly. Tne process was essentially
that of furmative evaluation and revision witnin the domain of numan-
engineered software, Tnese same cnaracteristics of CAMIL and the AIS
will faciiitate any future expansion of tne CAl authoring systenm,

«1tn respect to recommendations for future activities, the most
critical action that must be tvaken if the effort reported nere is to be
Justified, 1s that the CAI authoring-system be used. The results of tne
evaluation descrived in Part 11 of tnis report, although limited, stronqg-
1y ndicate tnat, used judiciously, CAI can serve a useful function in
4 tecnnical training environuent such as that of the AIS. Further, usa-
Lility evaluation results reported both nere and in Part Il demonstrate
Lt (nl development can be made cost effective through use of the
authoring systen., ‘

It s recognizeu that there are certain inadequacies in the autior-
g systen, priuarily in the areas of response processing and author-
qenerated qrapnics,  These areas provide two of the most likely
cardidates for future software development.

nS was discussed in Section Il of this.report, answer processing
for constructed response questions nas been a problem area in CAI devel-
oved for military technical training, While sopnisticated algorithus .
exist to aid in response recoqnition, the CAl systews employing these
algorithms nave not made the authgring process sufficiently simple for
the alyoritnms to be used correctly. It is recoumended, therefore, that
a respunse processing dialog be developea and added to the Authoring
tditor wnich would quide the autnor in defining anticipated responses to
constructed response questions. The encoding algorithia employea by
PLATU could be used to recognize misspellings. As currently conceived,
this diaiog would first prompt the author to enter an anticipated re-
sponse, The Lditor would break the response down into its component
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words and ask the autnor to identify the "“iuportant” words in the
response,  401se words such as articles, prepositions, and auxiliary
verbs wuu]d be recognized and the author would be questioned as to their
inportance,  lext, tne author would be asked if word order is important
and, 1 f sou, woula be prompted to indicate important word groups and any
ordering restrictiuns within and among word groups. Finally, the author
would be proapted to enter synonyms for the important words. An approach
such s tnls would not only simplify the authoring process but would
nelp tne autnor to identify tne critical aspects of response judging.
Tnis, in turn, snould promote generation of better anticipated responses
nd constructed response yuestions of more uniform quality.

e software descibed 1n this revort wakes no provision for autnor
wnerattm ot ogragnic displays.  althouyh sucn displays can be construc-
ted Lurouin use of a2 CANUL language, it is recoumwended that a graphics
editor be Jeveloped wnicn would allow the non-programming author to
Jefine drawings in teris of basic geometric ele.ants (e.q., straignt
lines, circles, and arcs). Such an editor would be relatively.efficient

an ger s of s;uraqe and redisplay since only tne basic elenents of tne

drawving need to de stored and should prove adequate for preparing s1mo]e
finures and almost all schewatic diagrams.

Fwure conplex drawings are required, nowever, it becones wuch
ware Y Ffrcalt for the author to define the figures in terms of geometric
Shapes.  witle 1T 1S possible to Jdefine "freehand" shapes through key-
buard contrul over g cursor, tne drocess 15 substantially sinplified
arowrs ase 0f a4 Tiget pen or digitizing device. The plasma display
certiinals used by tne AIS cannot support ligint pen capability. Two
fors of gigitizers are available--video and tablet. A video digitizer
Sty a videy catera tu SCan the drawing and convert it into ¢ dot matrix.
19 ase g abiet digitizer, tne author overluys a special electronic
Lablel Wity the drawing to be reproduced and tnen uses a stylus to trace
al periian uf $ae Jdrawing which is to be transuitted to the host
coputer and stored, Typically, the tracing process can be eitner cun-
Ltnuous or sterwise,  Tne tajor problew witn a video diqit. “er or
wintinaous traciny on a tabiet digitizer is tnat the drawing is repree
sented in terts of dots ratner tnan yeowetric elewents., kRedisplay of
sindle Jots un g ovector termingl 1S an extreaely tine-consuming process.
fue Jratticed watriz is really saitable only for redisplay on a terminal
Wit g refresa wenory waicn can be preloaded witn tne graph.c. For a
arapnics Jigitizer to be feasible for qraphics generation using the
current «15 tertcingls, software would be reguirec to transform the dot

AMatrix Into a nuaber of basic geometric elements which could ve more

quickly redisplazed,  Such software “would require contour .recoqnition
roatines woics would-ha non-trivial to develop. .

1S s recoiniended that tne use of 3 tablet digitizer connected
reactiz oo grapnics editaor Le investiagated. With such an approacn, :
tie uiylus of the digitizer could be used Tike a lignt pan, and the o

“tablet could €ontain 3 renu of the geometric shapes recodnized by the ‘ -
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edicor.  To use such g Systew, tne author would select the Jeoieiric
elenent tu e redraduced fron tne meny and note the points representing
e Lty of tae elenent. for example, after the snape was defined
from the wnu, a line sequent would be entered as the two end points of
the line; a circle would be entered as the center point and a point on
the Clrcunference.  Tiis avoraach could coubine the strong points of
butn the Jigitizer and a yraphics editor.

In a totally aiffereat area, it is suggestey that the utility of
the auihoring systen could be substantially increased through provision
of additional tools for Manaqing tne autnoring process. The aphroach
envisioned includes capturing relevant parameters of the development
Jrocess and providing access to this information through suimary displays
ang revarts, Jnly a start has been made in this area, M"Much remains tnat
Can dny Stould e done,

Finally, 1t 15 recommended tnat tne authoring systent's capabilities
for on-line sroguction of materials intended for off-line use be ex-
Jatided.  Tnis would be particulariy useful if tne additional wanagement
tuols nentioned above were also nade available. Software developmwent in
Lals area wou'd tnglade a means of producing scrambled programmed texts
from lesson ruterials and author-supplied decision loqgic and a text
drentver,  nuinors could develop materials on-l.ne, use the CAl Presenta-
tion Proqgran and its embedded data collection routines for formative
evaluation, ‘wee needed revisions on-line, print the number of copies
Needed, and allow the naterial to ve removed to tape. When additional
COpIuS are needed ur revisions are required, tne author could place an
drenive roeguest to move the lesson material frow tape to disk for revis-
1on or brinting.  Such an approach would not only facilitate the process
of developrment and formative evaluation, it could drastically reduce
raterials reproduction requirements, Currently, it is cowmon practice
to request wany rore copies of materials tnan are required so as to allow
for nomal classroon wear and tear. The materials are then often revised
before many of tne extra copies dare ever put to use. The approach
sugested nere would eliminate the need for these extra copies,
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