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g2111slile_

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
(CAI) 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 I 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
II, concerned the definition of a procedural model for CAI production
and evaluation of the complete authoring system.

Approact

The design activities began with analysis of the probable functions
of CAI within the AIS, review of prior approaches to supporting CAI
materials development, examination of previous military CAI development
experience, analysis of the characteristics (training, prior experience
and work environment) of the Air Training Command (ATC) personnel who
would be developing CAI 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 CAI 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 chano 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 programming language even
though this would limit the author's flexibility. The AIS employs
editors which engage the user in an interactive, English language dialog
to control tne system's data oase. 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 CAI Authoring
Lditor. The Editor structures the author's task while providing options



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

cAl materials are delivered by a CAI Presentation Program. A

standard presentation program was first written for CAI as an alternative
instructional module. Two modified versions of this program provide
review anu remediation over the specific objectives with which the
student nad problems. The presentation programs contain student per-
formance data collection routines which can be turned on or off by the
author. Standard data analysis reports are requested by means of a
secona interactive editor which prompts the user as to the options avail-
able.

s*, variety of printouts of program content and logic are provided.
lodule conteht can also be printed out in a format suitable for student
use as u rogrammed text.

Lvaluation Procedures and Results

The software developed was evaluated as part of the total authoring
systeti tnrough the production and implementation of a set of CAI lessons
in 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 II of this report and are
only suimarized here, in Part I.

Under tne materials production effort, CAI modules were developed
for six lessons in the AIS Weapons Mechanic course. None of the three
members of the authoring team had prior CAI experience; although, all
were experienced technical training authors. Approximately 2200 man
hcurs were required for development of the six modules. The modules
accounted for a total of approximately 25 Plan of Instruction (POI)
hours and resulted in an average student contact time of l8.7 hours.
Thus, development efforts required an average cf 83 man hours per POI
nour and 113 man hours Der student contact flour. This compares very

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

6 I I)
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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. None of the trainees were computer
programmers 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, each 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 questionsand the modules produced were of generally good quality and capitalizedfairly well on the capabilities of CAI. The trainees were quite
satisfied with the Editor and all expressed an interest in implementing
CAI in their courses.

,; --,..-1.7=4,74441116.1rAS

Conclusions

The approach taken to facilitating CAI development appears very
prowising. 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 found no serious faults with the Editor.

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

The authoring system is ready for use by ATC instructional develop-
::ment personnel in its current form but it should not necessarily be
considereo to be d finished product. There are a number of features
which could be added to increase its utility. As the system is used, it
can be v)wanded and refined on thc basis of accumulating experience to
becblime d powerful tool for instructional development.

711



I INTRODUCTION

Computer-based instruction has the potthtial of 'achievi-g signif-
icant savings in costs reIated tojOr Force technical training. A number
of steps toward realiiing this-ptlential have already beep taken, e.g.,
use of the PLATU systeni.and'development of the Advanced Instructional
System (AIS). The fotmer is an application of computer-assisted in-
struction (CAI)- while the latter represents a Comprehensive computer-
based instructional (CBI) system supportino both computer-managed in-
struction (LAI) and CAI.

CM1 can be defined as a situation in which the majority of the
stuuent's instructional activities are completed_off-line. The
computer's role is that of evaluator, diagoostician, prescriber, and
manager of instructional events. -ntus by contrast, all of the stu-
dent's instructional activitie:3 are conducted on-line, at an inter-
active computer terminal. CMI can be characterized as being extensive,
managino instruction for a large number of st#,,ants throughout a large
body of course content. CAI, 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. ixtensive appliution of CAI has, to date, been Iimited by its
nign cost, in terms of both materials production and terminal costs,
and by the limited utility of insular segments of individualized instruc-
tion in a group-paced environment.

The work reported herein addreeses the concept of a comprehensive
instructional system in which CAI is embedded in the context of CMI.
Such an integrated system has a number of distinct advantages. Student
Pacing, being individualized, is compatible with efficient use of CAI.
Student performance on 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 CAI, when and where it is most needed.

The relatively expensive CAI must, however, be employed judiciously
in the CMI context to be cost effective.ttIf one assumes that the off-
line instructional materials being managed by CMI are reasonably
effective, the use of CAI is only appropriiate when (a) the concepts or
facts to be taught are uniquely difficu4fand 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 CAI production costs remain high.
With few exceptions, the programming languages and production methods



employed require extensive and very detailed effort. Secondly,
reldtively sOphisticated instructional design skills are required aswell as, in lost cases, computer programming skills.

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

The software tools developed.under this project are intended tosupport a broad spectrum of tutorial and drill and practice tasks.Tney would not be as useful, for example, in developing CAI to simulateequipment or processes. Similarly, the authoring system developed is
text oriented as opposed to supporting extensive production of computer-
generated grapnics. Unless sophisticated graphics production software
ana/or equipment is available (a requirerevt beyond the scope of this
project), the production and delivery of computer graphics is quite
expensive. Additionally, when use of supplementary hard copy visuals(e.g., scnenatics and photographs) is considered, there are relativelytew tutorial or drill-and-practice applications in which computer gen-erated grapnics can be shown to be cost effective.

project Lontext: Tne Advanced Instructional System

Tne authoring support software was designed for application in thecontext of the AIS located at Lowry Air Force Base, Colorado. The AISis ideal for tnis purpose since it is a large scale computer-based in-struction (CBI) system supported by hardware and software designed to
saPport ooth CMI and CAI. The system was designed to improve the effec-
tiveness and efficiency of Air Force techhical training and to provide anoperational 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 byenlisted Air.force personnel. An *adaptive instructional decision model
employs state-of-the-art computer.hardwa.2, software, statistical method-ologies ana instructional procedures to provide instructional management



and individualized assignments to alternative instructional materials.

AIS Lourse Structure. Eacn AIS course is divided into "blocks" of
instruction wnich may require from 1 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 relationships. 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
which 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 CAI
session.

An AIS Student Scenario. A student's first experience with AIS 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
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 tourse 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
biocks which have no prerequisites are considered. If there is more
than one such 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 Systemo-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 Mbdel assigns preference weights to modules on the
basis of minimizing the impact of the assignment on the availability of

10
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instructional resources. The final lesson and module selection is based
on a compromise between the two sets of preference weights. The form of
the criterion test is chosen at random.

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

After studying the lesson materials, the student completes a
multipIe-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
selection procedures are repeated, and the student is assigned a new
lesson.

If the student's assignment is a CAI module, there is only a slight
variation in tnese procedures. Tne function of the self-test is
assumed by questions 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 managenent terminal.

When the student has completed all content lessons in the block,
a dlock Review lesson is assigned. Following review, the student is
randomly 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 tne basis for certifying
mastery of the objectives contained in the block. A student not meeting
the block test criterion is reassigned to the block in a status whereby
assignments 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.

5
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AdTr-ORINu SYSTP HSIGs4 CUNSIDUATIJNS

jesign of a cost-effective CAI component for the AIS began with an
analysis of,tne AIS environment: the appropriate role of LAI within a

syste suonortinn nilitary technical training; the characteristics
of tne :,ersonrel wno, it was antici:iated, would be developing CAI
Tiaterials; and tne software tools currently available within the AIS.
Lessons learned from prior approacnes to CAI development were also
considered.

Ine rtole of CAI witnin the AIS

Virst, it must be recognized that toe prototype AIS is primarily a
cumputer-manaded instructional system. This is not to imply, however,
that the system WaS not designed to accommodate CAI. The System
larr,uage, CAMIL (Computer Assisted/Managed Instructional Language), was
specifically develoPed to suppnet aoth CAI and CMI. Rather, within the
context of tne AIS, CAI was seen as one of several possible media avail-
able for instructional Purposes. Management and monitoring of students'
Progress throuln a course, assionment to specific instructional treat-
ments, and evaluation of instructional effectiveness are all supported
by the CI component of the system.

'Cliv&i the nature of the AIS form of CMI, defining the role of CAI
within tnis structure was relatively straiohtforward. Recall that an
AIS course s divided into blocks of instruction whicn conclude with
certification tests. Blocks are divided into lessons, and each lesson
is supported by one or more modules, each of which addresses all of the
lesson's oojectives. Wnen more than one nodule is available for a
lesson, triy are treated as alternative instructional treatments for
tnat lesson. The Adaptive Model assures that a student is not assigned
a lesson until all prerequisites have been completed. Assignment of a
specific nodule is also a CMI function. Thus, CAI was seen as providing
one of two or more alternative instructional treatments for teacning
a lesson, and as such, CAI materials would be packaged and assigned as
modules. Student terminals required for CAI would b2 treated as
instructional resources managed and assigned by the Adaptive Model.

It was assumed that if a student was assigned and icompleted 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 CAI component.

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

As AIS courses are currently structured, each block ends with a
review lessen which is assigned immediately prior to the block test. No
specific instructional modules had been developed to support these
lessons. Rather, it was intended that students would use this assign-
ment to review those block objectives on which they had encountered
problems. The CMI system provides a "Block Report" which flags the
objectives 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 problems,
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 much more effectively.

CAI block remediation modules were envisioned which would differ
only slightly from the review no6);es. Student assignments to CAI
remediation would be made by the instructor, and selection of specific
objectives for remediation would t&e based on the student's block test
performance 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 letson, as
long as CAI 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.



Anticipated Characteristics of CAI Development Personnel

In considering the characteristics of the personnel who would be
develouinr! CAI modules, it was first thought that a team approach, such
as advocated by Bunderson (1973), would be appropriate. Such an approach
would specify differing roles for (at least) subject ratter experts, in-
struttional tecnnologists, and program coders. However, further analysis
of the military technical training environment strongly suggested that,
wrile desirable, the team approach was very likely to encounter serious
problems in practice.

Ouring the 5 years in which the AIS has been operational, there
nave_been repeated efforts to define specific roles for the specialists
wno are so important to effective operation of CMI (e.g., materials
writers, evaluators, and data oase managers). To date, these efforts
nave naa only limited success. It was concluded, therefore, that the
CAI autnorinl system should be structured so as to allow a team
approach to CAI development but should not be dependent .on it.

Fur the immediate future, at least, it was reasonable to expect
that the personnel wno would be developing, evaluating, and revising CAI
materials woulc, for the 'most part, be classroom instructors. It was
assumeu tnat sucn authors would typically be expert in their subject
matter area, would have limited training or experience in instructional
systems design, 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,
little or no opportunity for formal training, and limited, fragmented
periods of availability (e.g., 60 to 90 minutes following a normal
instructional day).

An obvious problem raised by this profile of the typical CAI 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 substantially reduce, the need for computer
programming 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 CAI
was establisned and authoring problems had been recognized. It was con-
cluded tnat 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.
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The high turnover rate of military personnel had the obvious
implication that the authoring system and procedures should be such
that a novice author could quickly be brought to a productive level of
proficiency. Further, it was apparent that it would often be necessary
for new autnors to complete CAI modules that had been designed and
partially develrped by otners.

Coupled with tne high turnover rate was the expectation that there
would be litle or no opportunity for formal training in either the
mechanics of developing CAI materials or the instructional principles
underlying 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 iften 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
management of instructional materials development is an area that has
been generally problem prone because of its complex, unstructured nature.
Few effective management procedures have been successfully implemented.
Consequently, little monitoring of individual authors during materials
development 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 ho.1 potential-ibr problema which were at
least equal in severity to 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, retrielal, and reporting. In this
case, it was thought that there 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
formative evaluation.



Software Considerations'

Tne two asnects of the AIS software which most strongly influenced
autnoring system design decisions were availability of the cAnIL
pronralmini languaoe and nast experience with the use of interactive
data base editors.

Tne CAIIL Language. CAMIL (Computer Assisted/Managed Instructional
Language) (Pflasterer, 1973) is a higher level, general purpose pro-
gramming language developed as an intenral part of the AIS. Several
hundred CAMIL programs are currently operational and are used for all
on-line phses of tne system.

In specifying a language for AIS, it was determined that it would
need to be both CAI and CMI oriented and usable by personnel witn a
wiae range of experience. If support requirements had been limited to
CAI, a language such as TUTOR (Sherwood, 1974) as implemented at the
University of Illinois, could nave been considered while traditional
languages such as PL/I, FORTRAN and COBOL could have been considered if
CMI nad been tne only target application. Since both applications were
to be supported and no known language contained specific capabilities
for both, a new language was considered necessary.

To accomplisn its diverse goals, CAMIL is divided into two sub-
languages: Basic CAMIL and Extended GAMIC. Basic CAMIL is oriented
primarily toward systems and applications programmfng tasks. It pro-
vides a full range of standard data types including INTEGER, NUMBER,
123GICAL, CHARACTER, STRING, TEXT, CLASS and SET. The data structuring
methods include ARRAY and RECORD types. The flavor of the procedural
component is similar to other ALGOL-based languages: procedures are
easily Uefined; the scope of variables is controlled through the usg of
blocks; and statements can be combined into logically meaningful groups
through tne 4se of compound statements.

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

A total system approach was adopted to make the language re.tiable,
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 program 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 aPPlications.

Due to the nature of the CAMIL system, large amounts of error-free
code can be written and checked out in a relatively short time. Given
the structured nature of the language, the enforced modularity, and the

. interactive environment, relatively few logic errors are encountered.
Once a program nas been compiled, it is almost certain to run properly.
Finally, .ne Extended CAMIL sentence facility provides a powerful pro-
gramming ana documentation tool for relatively inexperienced
programmers.

AIS Experience witn Interactive.Editors. While the AIS CMI functions
are supported by CAMIL software, the day-to-day operation of the CMI
system is controlled through a set of data base editors. The intent of
these 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 assignments are made.

The approach taken was that of a totally table-driven system. At
eacn point wnere an instructional decision is required, an attempt was
'lade 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
treated as a data item rather than being coded in the software. Thus,
botn the (recision rule and the information to be processed by the rule
(typically a comtination of student perfcrmance data and course
characteristic parameters) are considered to be data. With tnis
approacn, software cnanges are only required,wnen the basic operating
philosopey of tne system is altered. Normal operational changes in
course content and configuration, resource inventories, and student
assignment selection rules are made by changing the course data base via
tne interactive uata base editors.

Jperational experience with tnis approach nas been quite positive.
eelatively few software changes nave been necessary to meet the
systen's evolving instructional requirements. Uespite the complexity
of the data base, course personnel have been able to use the editorS
to ins6tute data base changes appropriate to their needs. This is
not to say, however, that the use of the editors is totally simple and
straightforward. The data base and the interactions among its com-
nonents are complex. In some cases, this complexity was not adequately
taken into consideration in the human engineering of the editors. While
all of the editors prompt the user's input to some degree, extensive
ororlpting was sometimes sacrificed in favor of effi iency. In
retrospect, this trade-off was often inappropriate.
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In eneral, nowever, the interactive editor approach was thought to
nold considerable Promise for facilitating at least some aspects of the
%.k.I development Process. It was also recognized that where such an
apLroacn was idopteg, it would be desirable to provide extensive
oromptin;;.

Prior kpproacnes to tne Autnoring Problem

A :mowing recognition of the problems associated with CAI develop-
lent has resulted in a substantial literature addressing these problems
and proposing alternative solutions. The following sections provide it
brief introduction to the concept of authoring systems, an overview of
tne types of existing systems, and a summary of two Air Force
exoericnces in Ct:%I development.

Autnorin. S stem Considerations and Criteria. iinn (1974) lists
foix criteria for assessing tne ec ectiveness anU utility of CAI autnor-
Inl lan1uat,7es: reliability, efficiency, flexibility, and convenience.
Nese sane criteria can be applied to the more general concept of
intnprini: .;"Ste-ts.

reliaJility, Linn includes automatic recovery for both autnor
-Aucent following system failure, limiting tne loss of authored

aterial and liitincrthe domain of author errors, i.e., an error in
one part of a program should not impact other parts of tne program or
Jv-er prolrams. Efficiency refers to both tne time required for
aAtrirg av,i tne colouter time required to translate author language
statements into executable code. Flexibility considerations include
access to a variety of divices, access to alternate modes of execution
r Conventions and the capability of adding new operators, statements,
ant: subroutines.

i;utnor convenience is treated as a major consideration. Linn
suglests tnat the language (or system) should have a minimum of
redunduncy and irrelevant syntax, e.g., the program listing should be no
ore complex tnan the author's actual task. There snould be provision
fur alternative authoring styles, e.g., while many authors indicate a
preference for interactive entry, others prefer to work with paper forms
wmith 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
the original file, use straightforward notation for determining changes
to be made, and confirm that changes were accomplished. In testing a
prograM, the author should be able to begin execution at any point and
trace througn the program using labels as indicators of location. The

language notation should help a reviewer understand the intent of the
instructional content and strategy. Finally, access to system
capabilities should increase with experience.

KaP:014 (1975) states that in order to maximize assistance to the



author, it is not sufficient
to simply add authoring aids to a pro-

gramming language. Rather, the total CAI 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 auth9t's state-
ments should refer only to this unit. Kaplow suggests that the
operational aspects of the authoring and CAI delivery components should
be separated. A CAI program should be treated as a data base containing
the content and structure of the program as well as the computer
commands to be executed. The system design snould make it explicit that
the program is a collection of information organized so as to be
amenable to understanding. The computer itself should automatically
perform many programming functions, such as checking structural complete-
ness and finding cross-reference errors. Finally, the system should not
require tnat 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 should be defined on the basis of the
implications of tne author's instructions rather than having to be
spelled out. ',liven a modular program structure, the system should nelp
the author kee;w track of the interrelationships between the various
Parts. Tne fact that it is often easier to write a new program rather
tnan to modify an existing one is particularly unfortunate considering
tne ow)ortunity, even re4uirement for CAI revisions based on student
performance. Since the source of this problem is usually one pro-
gramer's difficulty in understanding the structure and logic used by
anotner, the system snould place particular emphasis on the ease with
wnicn one can builu on existing material.

Example kutnoring Systems. The earliest CAI programs were written
in tne availa0e qeneral purpose lannuages. Altnough this is still a
Popular approacn (e.g., the extensive use of BASIC), there was early
recognition tnat authoring cou* be facilitated by languages tailored
to the particular requirements of CAI. Consequently, there was a pro-
liferation of CAI authoring languagesat least_30 by 1973. The last
decade has also seen experimentation with various authorJentry systems--
approaches which are relatively independent of a specific language. Tne
following paragrapns briefly describe an example of a modern CAI author-
inn language (TliTuR) and some approaches to developing authoring systeam.

TUT3R (Snerwood, 1974) needs to be consiAered in the context of the
complete RAVI (Programming Ionic for Training Operations) system. The
systeri provides for interactive entry, easy trial and revision of code,



anj is Anite responsive to authors needs in terms of display time,
comPilation time, and diagnostics. The author's task is facilitated
zry a number of aids, such as on-line,access to reference materials,
samPle program routines, and files of current documentation and comments.
To a larqe extent, the PLATJ approach to authoring is based on the model
of dn autnor vont) is a versatile professor, an expert in the subject
natter, an exoerienced teacher with sound but innovative ideas about in-
structiinal oresentatioh, and a capable programmer. Athin the uni-
versity environment, tnis approach nas resulted in a large number of
exce11ent i lessons. In otner environments, wnere the autnors have
been less experienced, less skilled, and/or less motivated, the approach
nas not proven as satisfactory.

Ahastly (1J74) uescribes five categories of approaches to building'
easy autnor-entry systems: separation of logic and content, avoidance
pc any dutnorin,I language, use of lesson planning guides, conversational
miterials ;eneratian, and macro systems. The approaches'in each
,.ate.:,iry ten.; to ouild on the concepts of the prior catenories.

.1!l05 t all of these approaches employ the tactic of separating in-
strpctional content from program looic. Tnis divides the authoring task
in a waj that is particularly amenable to a team approach. Dowsey notes
that to ee effective, such separation requires similarity of structure
petween tne two components.

TNe no-author-language approach not only separates content and logic
:,ut does not require the author to define the logic. Only the content
is specifie,;, in the form of frames or problem categories. Tnis is then
actel uLlon by a lesson generation program which treats the content as
L;ata to produce instructional materials.

Tne use of lesson planning guides, while requiring the services of
a coder, permits tng author to communicate with the computer in English.
Typically, tne author defines the material to be presented, questions,
expected answers, and corresponding courses of action on a standard form
whicn specifies tne categories of information required. 'One of the more
sopnisticateu examples of this approach is Dowsey's own COURSEMAKER,
designed for use with the COURSEWRITER III language. It is based on use
of a paper form which includes a presentation section containing the
aidterial 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 judging 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 lanquagrf
conversation. Paloian (1974) describes one example of this approach.
The author defines the program structure bientering a sequence of action
verbs. Tne system checks the accuracy of the sequence and, if it is
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correct, prompts the author to supply the text, anticipated responses,
counter names, etc.

Uowsey sees the use of macro routines as Potentially being the most
powerful approach. In using such a system, the author retrieves a pre-
programmed 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, Volk Bunderson, 1973) is probably the best known example of
a macro system. TICCIT employs a single instructional strategy, oriented
toward concept learning, which assumes learner control over sequence.
The strategy specifies how tne subject matter'should be structured (e.g.,
rules, examples, practice items) and even suggests the appropriate
number of items in each catenory. Thus, much of the author's task
consists of oolding the content to fit the strateqy. Planning guides
are usea to format the content and define presentation tactics by
selecting among available options. A macro processor then converts this
information (content, content format, and strategy options) into computer
lanouage.

une otner nacro-oriented approach wnich deserves mention is the
use of Amoforzis (schulz, 1975) developed for use by military authors
on PLT . Inc lonoforw macros, written in TUTOR, were intended to
facilitate urenaration of frequently used question types by providing
question format and eliminating the need fur the author to understand

_ILTJR. total of nine Hacros were-oeveloped for multiple choice,
constructed resNinse, and matching questions. Witnin each question type,
the :ionnforgs differ with resnect to variations in format, type of
feedback and (for nultiple choice questions), order of alternative
presentation. meere are also a number of ontions within each Monoform.
The autnor copies the desired Monoforn and follows the instructions
(sunnlied in the form of program comments) to suoly the question content
and tailor tne TLTUP commods to his/her snecific requirements. Schulz
reports that use of lonoforms reduced the 2 to 6 hour question develop-
thent tiaie to onlv 10 to 15 minutes.

orce i..A1 Authoring Ex erience. Himwich (1977) reports a
comearison of ICC[T and PL 0 authoring efficiency conducted atMaxwell
AF'b. Tne results of the comparison were inconclusive with little
difference found t.etween the two approaches. In the production of 32
stauent contact 'lours of CAI, tne PLATO team required an average of 222
.gunnours oer hour wnile the TICCIT team required 240. Uf greater
interest is !Amwich's description of tne procedures followed and
problelis encountered, particularly by the PLATO team. The training pro-
vided fix PLATO team members consisted of an intensive 2 week session
anu suuseguent coetinuous consulting support oy the PLAT9 staff. TICCIT
0.:(1,1 training negan witn i weeks of familiarization followed, Soft months
later, uy 3 weeks of intensive training. In both cases, the training
required apoears excessive to the autnors of tnis report. Further,



nilwicn reports tnat in many instances the authors did not capitalize
on PLAT's flexiility with resnect to instructional strategies and,
consequently, did not demonstrate the system's full capabilities.

,JeLeo, lain ant (Allman (1977) provide a comprehensive
description of an experiment in the use of PLATO IV for Air Force
technical trainiw!. At the beginning of the test, conducted at Cnanute
413, the tyoicil PLAId authorin9 model was adopted witn eacn author
acting inependently. Learning TuTOR was found to occupy a major portion
of authors' tine. Authors had varying styles and quality control
standards, and as a result, tne curriculum was fragmented with little
continuity between lessons. Jallman et al. concluded that a basic flaw
in this aporoach was tne unrealistic assumption that all materials
authors were expert in both subject matter and instructional practices.

A teali ar.yroacn was subsecoently adopted in which tne team con-
sisted of an auvlor, subject natter expert, instructional programmer,
dud coder. kIttJyalh tnis was a distinct improvement over the prior
approacn, a h.gber of problems were still encountered. No written
:wocedures were defined, only informal understandings among team members.
Thi resqlted in ti-ie consuming coordination problems and inefficient
use of team specialists. Administrative and management procedures were
n'Ater well defined and tnere was a continuous need, never resolved, for
Loetter, nore extensive author training.

A nu-11)er of PLAID features wer. found to be quite useful. On-line
ddtd collection routines supplied by the PLATO staff and the capability
for (in.-line text editing were both considered important. TUTOR was
adeloate for tne site's needs with authors handling the simpler aspects
of programinn and coders required for only the more complex portions.
inly a few of tne more experienced authorsthowever, capitaljzed on
PLATU's instructional flexibility. Almost all of the lessons produced
employed tne same simple tutorial model. The report authors suggest
that this aproach 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. Branching was used
;lainly for forced review and TUTOR's response judging capability was
seldom utilized. 6oly about ..20 percent of the questions developed
employed a constructed response format. Not only were constrUcted re-
sponse questions more time consuming to code, students disliked them
becauie of unfamiliarity with the typewriter keyboard.

oallman et al. drew a number of (onclusions relevant to the current
project. The team process was found to be more efficient and effective
tnan individual authors. Authors did not exploit 'NATO's full
capabilities due to resource constraints, lack of CAI expertise, and
inadequate training in instructional programming techniques. Finally,
sopnisticated CAI 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 6 to 6 month slips
in the full implementation of CAI courses. The major problems were re-
ported to be changes in the Plans of Instruction during CAI development
and the fact that tne project was never assigned an adequate number of
instructional programmers.

desion Conclusions

Although many aspects of the military technical training environ-
ment are not amenable to efficient development of instructional
materials, particularly CAI, it was concluded that it was preferable,
at this time, to adapt the system to the environment rather than to
develop an authoring system which assumed a more responsive environment.
It is hoped that the authoring tools would themselves act as change
agents. For example, it was decided that the authoring 'system should be
designed so as to promote the concept of an authorinn team but not to
rely on its existence. Given a trade-off between authoring flexibility
and a structured presentation format, structure was almost always
selected. Pifficulties in assuring adequate author training was accepted
as a majar problem. Despite the fact that many features of CAMIL were
designed expressly for this purpose, it was recognized that any approach
wnicn relied on an author/programmer had little chance of success.
Furtner, it was considered unlikely.that personnel would be assigned to
such a si,ecialized function as CAI computer programming in sUfficient
nunberS to ade.aiately support many authors.

lois assess7ient suggested either a no-autnor-language approacn or
a macro system approach. The former was considered to be toc Aigid for
tne evolving computer-based technical training environment. A macro
systen modeled on tne TICCIT approach was rejected because a simpler
autnorinl Process was oesired; tne sane objection was encountered for
approacnes si,Ailar to ;Ionoforms. Tne adopted design combined the best
aspects of svral prior approaches, relied heavily on characteristics
of tt: exislinl LA!1IL system, and caoitaIized on 'prior AIS experience
witn interactive data base editors. As suggested by Kaplow (1975), the
total systen was designed witn the major goal of facilitating CAI
materials development.

To alleviate the need for computer programming, tne approach
aJopte1 was to provide a small number of flexible "template" CAI pre-
sentation programs, each of whicn would support a class of CAI nodules.
Anile this aaproach still requires the services of a computer programmer
tk. exand, tie extent of these services was reduced in two ways. First,

tvilate orolrams were designed to be as flexible as possible with-
o;.t Lwini undaly complex. Princioles which nad been employed in
ievvlo;.inn the AIS Adaptive ode1 and its data base were used to assure
that J single prograP structure would support a variety of nodules
adc.ressinri different topics. Second, given the characteristics of tne



civa language and a template program which was well structured and
documented, it was anticipated that.a relatively inexperienced programmer
could modify the basic nronram to meet the requirements of new
applications.

Tne major emphasis was placed on designing an interactive authoring
editor by means of which an author could define CAI content and branching
logic. The desion noals were to provide authors with a variety of
options within a structured framework, to appropriately gui6e and prompt
autnors' decisions with respect to these options so as to minimize the
heed for formal training, to automatically accomplish as mucn of the
'prograli nq detail a feasible, and to eliminate any need for authors to
ue aware of tne computer language. The format 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 time they werecomitted. Standard routines and reports were to be provided for student
performance data collection and analysis. Finally, the system was to
provide convenient access to meaningful information wnich would assist
in flanajinn LAI development.
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III APPROACH

The approach taken.to supporting efficient CAI production in the
technical training environment centered around development of a CAIAuthoring Editor and a template Presentation Program. Student perfor-mance data acquitition,routines

were btelt into the presentation programand reports developed which foces on foimative evaluation requirements.A 'CAI Materials Print Program was developed to provide hard copy list-ings of CAI materials for author and student use. All gut one of thesupporting programs were written in CAMIL. The Editor and Presentation
Programcwere designed to pperate on the current AIS interactive
terminals, which are a modification of the PLATO terminal, but provisionswere made for easy transition to less expensive terminals.' The AuthoringEditor, Presentation Programs Data Acquisition and Analysis Programs,
tne Materials Print Program, and documentation of the authoring system
are describe() in detail in the following Aections.

Tne l uthorinj Iditor

Tne 'wart of tne software supporting tne AIS CAI authoring systemis an interactive Authoring Editor. To introduce the Editor, the
structure ana characteristics of the CAI modules produced witn it are
first aescrioeu. Tne Editcir itself is then discussed, beginning with
various sumary displays which provide central reference points for the
autnor's work. Tne mechanics of generating text and questionframes
and of deftninq branching logic are then described and illustrated in
some detail.

'4oaule Structure, Frame Types and Frame Flags. As structured by
tne Autnoring Lditor, a CAI module is segmented into objectives. Through
tne Autnoring Lditor, the author can define only the sequence in which
objectives are to be presented. Any branching between objectives is a
function of the Presentation Program. Eacn module must include an
Objective o tnat contains material (usually an overview) pertaining to
tne lesson as a wnole. The author may then define up to-100 numbered
objectives containing the module's instructional content. Each objective
can contain uu o lo0 frames. Ten frame types have been defined which
can ue classified into three categories: textual content frames;
question frahies; and special purpose frames. New types can be defined
as requirements arise. The frame types in each category are described
briefly below.

There are six different types of textual content frames. These are
aT1 siiailar in that they simply present textual information to the
ctudeht and require no response other than an indication that the student
. ready to proceed. The six types are differentiated primarily for

iaanagement reasonS. In some cases, a specific fraMe'type may be re-
quired at a certain point in theJrame sequence and listing frames by
type provides 4 quick oVerview of tne instructional sequence;



The aasic "Text" frame is, as its name implies, the primary medium
for presentin9 instructional content. 'A Text frame can contain up to
four "pages" or screen uisplays. There is no provision for branching
-lattnin frames, i.e., between pages. unce a frame has,been selected, all
of the dages in tnat frame are presented. Authors are instructed that
d Text frame should present a discrete cnunk of information pertaining
to a single concept.

Tne second textual frame tyoe,is the Elaboration frame. It differs
from a Text frame only by name and intended functionto present infor-
matin to 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 dS dividinn point in the frame sequence. The Statemenx-of
dbjectivê frale i re u' ed at the start of each objective other than
Jbjective Simila an Overview'frame is mandatory within Objective
J. Finally, a 'uaterialsjist ,rame, listing any reference materials
wnic;) tn-.2 student needs to con4lete the module, is required in Objective

-"my of tne rlandatory frame types can also be used, at the author's
discretion, at otnk!r points in 'the module.

The Editor currently supports tw types of Question frames:
cnoice and constructed response.\These frame tyoes provide the

Liri!lary leans of evaluating students'Anderltanding of the material being
presented. .;aestion frames consist of the queion sten, up to five
Jihltidle-crloice alternatives or nine anticipated constructed response
alternatives, feedback statements for each alternative and prompt state-
!tients dssociated with successive attempts to answer the question.

Tnere dre two special purpose frane types, neither of which is pre-
senteu to students. The first is documentation frame required at the
beginning of ,each objective to provide a means of documenting the
authorin g/evaluation/revision process. The author is instructed to pro-
vide inforAation such as the dates during which the module was being
developed or revised, the names of additional authors who have worked on
tne module, the learning strategies employed, the nature of and reason
for any revisions, etc. It is anticipated that the information requested
.will become more structured as a function of experience. The second
special purpose frame type is the "Branching Decision" frame. It is a
dummy frame, containing no material, which allows for a branching point
without anything being presented on the screen.

Tnere are eight varieties of "flags" which can be set against a
frame to indicate-to the CAI Presentation Program that a particular
action ts to be taken when that frame is encountered. Like the frame
types, flags have one to two character code names which, when displayed
on the frame listing, tontribute to providing a summary of the in_zruc-
tional .strategy employed.

-Four of the flags (Objective 'Passed, Objective Failed, Lesson
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Passed, and Lesson Failed) notify the Presentation Program that, if this
frame is encountered due to author-defined branchinn, the student has or
has not completed the objective or lesson satisfactorily. The Skip This
Frame flag indicates that the frame, even when encountered, is not to-be

,presenteo to Stuoents. Thismallows the author to store alternative
material in the body'of.the module itself. The Fix Answer List flagf
which can only be set against a nultiple-chdice question frame, indi-
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 suggesting that the
student take a snort break from working on the module. It allows the
4uthor to alleviate student fatique.On long, complex modules. Finally,
the Decision Point flag indicates tnat the preSentation program is to
collect pecision Point,student performance data following presentation
of tnat frame.

nodule, ibjectiye and Frame Sunnary displays. Throughout the
lotor, a onlloscwhy was adopted of providing extensive prompting and
"fail-safe" 71ecnanismS. Each author entry is prompted to the extent
possible. k..o.lmanjs wnich will result in tne deletion of materials or
brancnin,, lolic recwire a second "Yes, I want to do it," responseon
the :art of the autnor and it is always possible to back out of an error:
sitLation without the Editor taking any action.

Wnether an.author wisnes to create a new CAI nodule,l'evise an
.existiq .10djle or dis;:lay a nodule, the same basic procedures adoly.
:.fter accessinl tne rwthoeinq Editor fron an interactive terminal, the
auvior uricoters i display, illustrated in Figure 1, requesting.tiha
sec.uce ec ntrltrs (Lours imttr thrown ;lodule :iumber) identifying the
dartilar lodale to be accessed or created. Entry of each value is
tTor:;,,ted and tqe ranqe of allowable values is specified. Tne author may
also rtNuest a list of existing riodules (by oressing Function Key F1).
If this ootion is selected, tne author is asked whetner all modules or
.unly thuse oelonlinq to a darticular authu. are to belisted zid.wnetner
the list is to be displayed on the terminal or printed on the central
line ;Tinter.

If, the identifier of an existing module is entered, tne author is
ciskl whether tnat nodule is to be displayed, changed (revised or adued
to), or deleted, whereas any module can be displayed, only those created .

by tnat autnor can be changed or deleteir., If the author enters the
iuentifier of a mOdule wnicn does,hot eiist, the author is asked wnetner
new nodale is to be created, and if so, wnether the nodule is to be

a copy of an existing module.' Tnis copy feature.allows an autnor to
revise a module which nas already been implemented in the classroom, to'
revise another author's nodule, etc. ,If the n0a module is to be created
from scratcn, the author is required to enter the title of the nodule
and the number of objectives wnich it iS to contain.

If tne autnor is creating a new nodule or revising an existing



CAI Authoring Editor

Mdule Description Informetion
,Pre55 Fi fr CAI MbdUle List)

numter
re versIn

? 1k rkienber 0
4 Lessn number 0

'1.1.,Jule number 0

Course number )
Parise is I thru 13

Figure 1. Authoring Editor Module Selection 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.
none, any, or all of the three types-can,be selected,

The author next encounters the Objective List display illustrated
in f-igure 2. Tnis display provides a central reference point for the
author--a top level overview of the module's content and the control
point for creating, changing, or listing complete objectives. (.)bjectives
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 Objective 0 and four additional objectives; two of which
are as yet undefined.

Actions wnicn can be taken at this point are listed as Options at
tne bottom of tne display. If the aothor enters the number of an objec-
tive, tne list of tne frames defined for that objective'is displayed.
jne can also dud or delete an objective, reorder the sequence in which
the objectives are to be presented, or request a printer listing of one
or more objf:ives. As is the case for all of the Authoring Editor dis-
plays, tne aJthor can back out without taking any action by pressing the
"BAO;" key.

If a new module'is being created, all of the objectives would be
snown as undefined, and the author would first be required to define
Documentation, Nerview, and laterials List frames for Objective O. The
author coulu tnen define additional Objective 0 frames or return to the
Ab)t:ctive List display and proceed to define content and branching with-
in tr noividual, numbered objectives.

rinen tne a,,thor accesses a specific objective, the first uisplay
encountered is the Frame List.illustrated in Finure 3. The Frame List
;,rovides a central point for work within an objective. The list defines
tne sequence dflt; types of frames comprising the objective and:provtdes
an overview of the,branching logic and anj special conditions imposed lin
specific frames. Actions which, can be taken are listed as Options at
t3le to!: of tne display.

A FratJe List consists of one to four pages with up to 30 frames
listed per page. Tne objective represented by the Frame List snown in
Fihure Yis relatively short, only ;:.; frames. Tne dtspIay provides d.
substantiel amount of information about tqe cofttent and instructional
strategy eLployed in this objective. Each frame has both a number (1
throunn, anG a name consisttng of one or two letters (e.g., 0 for
uocumentation, S for Statement of Objective) and one or more digits
indicating whether this was the first, second, etc.,frarie of this type
tO be deftneu. V there is branchinn logiC associated with a fraMe,
the class of logic (Pre-frame, After-framet; or Response contingent) is
indicated, and limits on the nuMber of atterpts allowed to answer
iluestions are shown, as are Frame Flans.



OLNCTIVE LIST ter 04-111411.4.1412

-+ objective I s modUle descriptor cisto

1

2

3 Undef
4 Undef

OPTIONS: Objective number, display/change frame list
I, insert objective
R, reorder objective
D. delete objective
BACK. return to module selection page

ENTER choice )

6

Figure 2. Authoring Editor Objective List Display.
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The ozljeLtive illustrate in Filu're J benins 11ttht re:;uireu
..!OC "rt -)r, rye (d1,, d State!lent of 06ject1ve iS1), a Title (Ti*

Jverview frame (.;1). Following a singlejext frame (TO, tne
aptho' tests the student on a werequisite concept, using two multiple
oolic* kv'l and ,A). duly two attempts are allowed to answer
.zacn luestion. The seconJ 4uestion is followed uy (After-frame) branch-
111-: 1Jic Wilcq routes the stent'around a review 07 the concept (frames

.:erfornance on tne two lueStions is adequate. Only tne
existe;ce -of the logic is shown, not its detail. The review consists of
thret,, ext friries and two,more qultinle choice questions. Note that the
n4c1e Tr4me nu'ib-.!r 10 is T12. This indicates that the frame was Added
latr, ifter frame 111 had been defined. The frane 12 After-frame logic

-uetr' nes whether the student has now mastered the concept. If not, the
stuien is retury d to frame number .; and to review the concept a second
tiAe. ,nen fra7le nunber 11 is encountered the second time, the Pre-frame
lolic t. isss tne multiple choice questions and routes the student to

.er L. To deterlino how many students are ueing routed throu9nrvi ra-ls and th., the required for review, the author nas le-
flhu ,ecisien Point Flans (J) prior to (frame number 7) and followinn
;fra-!t i2 tnt review sequence.

Trhi air odj of instructional content is presenteo by frame num-
ders I , cunsistino of Text, Elaboration (E), and constructed

fra;les. Since no s pecific limit has been ,Aaced on the
of atter4.t5 for answerint; cnese questions, the default value of

thre eatf.;,ts will be allowed. Responsetontingent branchino lo!jic has
jt.ur. fr fraNe )CI. If tne response batches a particular anti-

.tt responst:, tne student will be routed to Llaboration
L; to correct the nischnception. Utherwise, frame Ll is

tl 1 .tfter-fra...e branch.

41s7:ry of the objective is evaluated by six multiple choice
luest oPs. ;*:.%1Ae numbers kl througn ZU). only on0 attempt is alloweu on

Tne criterion for passing the objective is four out of
six .:prrett, anthtne author nas defineo After-frame branching logic
follJwmi", to sKio tne last-two questions if the first four were alI
correct. :,:Lnerwise, the student's performance is evaluated following
frxv If the criterion was not met, frame 19 is presented to in-
form tne Student of this fact. ,The Frane Flag (OF) indicates the
occurrencq of in objective failure to the presentation pronran. If the
criterion was met, after either four or six questions, frame 110 is
Dresented which 'congratulates the student and tne OP Flag'notifies the
Presentation, Prow-an that the objective has been passed.

The actions,which the author can taiee'are listed as'Options at the
oottom of the display (see Figure 3). Entry of a specific frame number
accesses that frame for the author's mview or revision. 'Option I (In-,

sert) allows the author to' define a new frame and insert it at any point
in theframe sequence. If the Insert Option is selected, the author is
dsked to prOvide the number of the frame, after which the new frame is to ,
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te inserted and to select the Type of the new frame. The Frame Type
selection menu is shown in Figure 4, Once Frame Type nas been selected,
the author 'is ulaceA in the frame creation node for that type. Note
that uption 11 on tne Frane Types menu allows the author to copy anexistind frale. taly frame, including one from another author's programcan be coied. Further, the autnor nas the choice of making an actual
copy of tne frame, vinich can then be modified to suit the author's
-purposes, or of simply "aliasing" an exi.sting frame. With the latter
option, the frame,is not Actually copied but rather, wnen an "alias"
frame is encountered by the Presentation Program, the frame content is
retrieved fro71 its oriqinal location for display.

Tne third initial Frame List Option, Specify Flags (F), allows tne
author to set tne previously discussed Frame Flags against specific
frames. S;n'cify 6rancninq Logic Oh permits the autnor to define
brancnint: logic for suecific frames. Option C, Comment File, accesses
the list of student comments which have been made against specific
frdries. Tno existence of such corrients is indicated by the occurrence
n; A "L" in the Flaes column of the Frane List display. The Frame List
lay consist of up to four nanes, and the control characters "+" and "-"
access dis:lay of tne next or previous pale of the List, respectively.
Tne Jelete Fra-le (3) Option allows deletion of one or more frames which
are no longer require The Reorder Frames (3) Option permits the author
to move frames to di ferent positions in the trame sequence. If the
author decicies to re.lace all of a frame's content, the Replace Frame
(q) 'ption is vi lle. Finally, the author can always return to the
.4.jctil.e List dis ay by pressinq the BALK key.

,e '.enerat o . The process by wlich all six types of textual
content raaes e produced and edited is essentially the sane. When
t4e uthor elect tn create one of these frame types via the Frame Types
ehu (SLv li';,1* 4), a blank template, sucn as is illustrated in Figure

is . "iote tnat the frame nunber, frame name, and number of
1'c),;0 wit' tne frame are shown at toe top of the:display as is

tne fact tnat tne author is in Insert node and nas already entered one
line. I -ontent appears on the line next to the arrow-snaped cursor,
and ittt Key iS pressed to ond thich lint:L. The author is free to
enter tne c ntnt in any format within the constraints of tho narginS,
inAicated J tne cursor on the left and the vertical line on the right.
Lacn pale -:an contain up to 21 lines of 5b characters eacn.

mf r enterine one or more characters, the autnor can press OACK
acctt a cn111.!ction of editing functions. This situation is illus-

tratea lure i2 Am; is the sele as- the disAay which would be ,)reStte if tailtnor accessed aq existing Text frame to modify it,. Tne
-e listed at the bottom of.tho dislOay.

Ole Insert Line(s) (1) Option Allows the author to define additional
li s of text following or between of existinn text. While insert-
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"RPM LIST tor OBJECTIVE 1

Frame
No Name

arch Ans Flags
Log Try

Frame
No Nlame

.4111,Ammit

arch Ana Flag*
Log Try

pi no none 16 El no none
4. Iii no none 17 T6 no none
3 St no none 18 17 no none
4 01 no none 19 QC2 no none

Ti
6 QM1

no
NO

.2
none
none

211 18

21 QMS
no
no 1

none
OT

7 Q12 2 F/D 22 QM6 no 1 OT
T: P A none 23 QM? no 1 OT

9 13 no none 24 QMO A 1 OT
LI TIZ no none 25 QM9 no 1 OT
Ii Q113 none 26 QM1S A 1 OT
12 QM 4 0 27 19 no OF
13 1 4 none
1 4 15 no none
15 QC none

28 111 no OP

FRAME TYPES:
1 Document et ion

Statement o f Objective
3 Overview
4 Text

S Elaboration
6 MUltiple Choice Question

ENTER choice )

Constructed Response Question
e Branching Decision
9 Title
11 Material List
11 Copy of an exist ing frame

Figure 4. Authoring Editor Frame List Display

Showing Frime TYpe Selection Options.
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FRAME 44141AGE i OF
ere Are coup e 0 ins .

typed by the author.

1 INSERT MOE 1 Lira.

OPTIONS: Enter 4:ext material.
Press NEXT to end each line.
COPY keys copy previous line.
Press two< when finished.

Figure Authoring Editor Text Frame Display as Seen When

Creating a Frame.
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FRAME 5; 11; PAGE 1 OF 1
1 hese ore the first couple of lines

typed by the author.

OPTIONS: I, insert I ine(s) P, replace line
0, 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, diepley/change text for next frame

ENTER Choice )

Fiqure b. 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
existing lines. The original version of the line is displayed,Jthe
autnor's new version is ihown below it (to the right of the curSor) and
the preceding and. following lines are also displayed to provide the con-
text of tee change. A situation in which line 3 of a display is being
eoitiA is illustrated in Figure 7. A set of Edit keys facilitete the
editing process by allowing the author to erase, copy, or temporarily
store tne complete line, speciftc words or individual characters. After
the line nas been changed, the Editor redisplays the edited text and
loves down to the next Iine to allow the author to.edit it. As in the
Insert mode, tne autnor can SACK out of Replace mode at any time.

T e Jelete Line(s) (D) Option (see Figure 6) allows the autnor toA'
eras,? one or iore lines of text. The Editor prompts the autnor to in-
dicate t:.ie lines to be deleted (the numbers of the.first and last lines),
surrounds the indicated line's by a box for visual emphasis and asks if
tn t! author wishes to complete or.cancel the deletion request. Any text

tne page following the deletion is moved up to replace the deleted
.!aterial.

Toe (pite Line(s) (S) Option provides a capability for saving up to
.A lines o laterial in a "Save" buffer. The saved material can then be
inserted It Iny .doint in any textual content frame in any CAI nodule.
7.1is is us,_.cal in editing material, conyinn pages of frames without
retyArvi in,J 'loving material to other modules. Once an author has saved
.)ne ur -iore tines. they can be retrieved at any time until the Save
ti'"er is e-ipti1.

Tuo Fe2tn Saved Line(s) (F) Option provides the means by which
aterial is rytrieved from the Save buffer. If, witen the material is
fetcned to be inserted on a page already containing text, the inserted
haterial will result in a total of more than 21 lines, the author is
warneJ uf tnis fact and (;iven the odtion of canceling the Fetch corrand
Jr allnwin- tne Editor to reformat the text to overflow onto subsequent

es of tip,'

Tri0 tj Scive iuffer (1) Uptinn simply erases tne contents of the
uuffer arior to sclVing new material.

Tno JrabaLrase !tox(es) 0) Option allohs the author to graph-
ical)! sJrrbind one or lore lines of rAterial fur erpnasis. Ah example

ih r iiwre anxes can be tirawn arouno any $itOe line ot
lines. Tne autnor enters the nuliber of tne first ano last,

litqs tfi sarroanded and ;.ht: horizontal willth of tne box i aetermined
Li tele oosition of the first and last characters in thelines. Up to
sixteen iaoxes can ue defined in a sinlle frare.



FRPtE ; T1; PAGE 1 OF 1 MODE 2 L nes
This is an emimple of a mispelled word
mis is an example of a missp

that need editing.

oPTIDNS: Enter te-xt material
Press NEXT to end each line.
COPY keys copy line to be modified.
Press BACK wben finished.

ri u e 7. Author: Editor Tex,t Frame Display In

Replace Mode.
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FRAME 1111; T12; PAGE 1 OF 1

nylt asessIrtcAnoN

3 Bomb fuses are classified in THREE WAYSby
4 POSITION, by FUNCTION, and by METHOD OF ARMING.
5

6
7

9

19

11

13

14

15

16

1 7 o MULTIPOSITIONAL if it can
te be used in EITHER nose or
19 tali POSITION.
29

By position relates to the POSITION the
fuse will occupy in the bomb.

IA fuse can be of three position types

o a NOSE fuse if it is used
in the FRONT of the bomb.

o a TAIL fuse if it is used
In the REAR o the bomb.

OPTIONS: I, insert line(s) P, replace line
D. delete Itne(s) B. draw/erase box(es)
S. save line(s) F. fetch saved line(s)
E. empty save buf(er
+/-, display/change next/previous page of frame
BACK, return to frame selection
NEXT, display/change text for next frame

ENTER Choice )

Figure Authoring Editor Text Frame Display

Showing Use of Boxes for Emphasis.
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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 pane, the author enters "+" or "-" respectively. Press-
ing the NEXT key routes the author to the first page of the next frame in
the sequence. The BACK key returns the author to the page.of the Frame
List display listing the current frame.

Although the Authoring Editor does not currently provide any exten-
sive irapnics capability, the author can, with some ingenuity, create
simpl- grapnics figures-by using the standard keyboard characters and
any 'unrecognized" character, which creates a so:id, character-sized
rectangle. An example is provided in Figure 9. Note that the displat,
is snown in Ins:tect Only node with an abbreviateo list of author options.

Ouestion Generation. Multiple choice and constructed response
question frames provide the author's primary means of interacting with
and evaluatinn the student's understanding of the material being pre-
sE4ited. As structured by the Authoring Editor, a multiple choice
question consists of the question sten and two to five alternatives.
After selectinI this frame type (QM) from the Frame Types menu, the
autnor is sor a template display and Prompted to enter the question
stem. Tne tex: of the sten is displayed as it is entered and a double
pr4-!ss of the NEXT key notifies the Editor that the stl has been com-
pleted. Toe duthor is then prompted to enter the first alternative.
A double !.1...j indicates the end of each alternative and elicits a prompt
for tOe next alternative. This process continues until the author in-
dicates tat all alternatives have been entered.by pressing,BACK or until
the laxinum of five alternatives nas been entered. An example of a
partially colleted multiple choice question is shown in Figure 10.

ince tne question stem and alternatives have, been entered, the
aut)or is iirompted to specify the correct alternative or alternatives.
At lea,A 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 oaximum number of attempts allowed in answering the question.
Thv author nay select a nuqber or indicate that the default value,
currefitTrtiiree, 4e used.

A constructed response question consists of the question stem and
one to nine anticipated responses. When this frame type (QC) is
selected, tne procedure followed is essentially the same as for a
mujtiple-choice question. The author is prompted tolenter the question
sten and successive anticipated responses up to a maximum of nine. The

correct response(s) and maximum number of allowable attempts muSt then
1,e specified; A completed conitructed response question is illustrated
in Figure 11. Tne asterisks to the left of four of the alternatives in-
dicate that any of these responses will be accepted as being correct.

;kirrently, the AIS CAI software supports only exact matches on
cnnstructed response questions. That is, other than variations between
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FRAME 3; Til- PAGE i OF I INSPECT ONLY

3

4

5

6

PRIPER 4
4

DETONATOR
8 AND
9 FqqMER

IS MOV)ING

INtO
qLIGNMENT

13

14

IS

16

I? F IRING

CET

V

Id .....RINa=s-0 I. DIET BOOSTER

OPTIONS: +/-, display nextvrevious 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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FRAME S. I INSERT MODE 7.Lines
s is a sample rr..litpl. choice question wit

2 THREE alternatives.
3

4

5

6

1. This is alternative one.

This is alternative two.

3. >This is alternative three.

OPTIONS: Enter multiple choice question alternatives.
Press NEXT to end each line.
A line with no material (just a NEXT key) will allow

questionAlternative entries.
COPY keys copy previous line.
Press BACK when finished.

Arorr...

Figure 10. Authoring Editor Display of Partially

Completed Multiple Choice Question.
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FRAME 1, 2

n t b *c * t orm 35111 s
2 Federal Supply Classification be recorded,
3

4 1. ii
2. ten

6 3. 9

7 4 7

5. 5

9 I 6. block IS
block ten

OPTIONS: I, tneert !me Re replace line
D, delete line C, specify correct answers
F, display/charge-feedback-messages
12, clisplowchenge prompt messages
8ACK, return to frame selection
NEXT, display/change text for next frame

ENTER Choice )

Figure 11. Authoring Editor Display of Completed

Constructed Response Question.



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 resporise. Work is currently in progress
to support recognition'of key, words and strings ahd 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 fr ! defined for the
occurrence of unantictpated responses. If the 'Author does not define
a feedback message for an alternative, a standar( 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 mo/e 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
stuoent's attempt at answering the question. That is, prompt message
number one will be presented following the'student's first incorrect
attempt, prompt two following the second incorrect attempt, etc. Prompts
are not presented following a correct response but are otherwise inde-
pendent of the .specific alternative chosen.

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

Question generation mode provides tile author w4th some of the text
editing features (insert, replace avt delete) described under Text
Generation. The use of these features is, however, somewhat restricted
oue to the structured nature of question;entry. The save buffer and box
oPtions are not available.

Definition of Branching_ Lo91c. In ;preparing a CAI module, defini-
tion of effective l?ranching-logic may rOquire the greatest thought and
be the most difficult part of.the proce4s forL an author to understand.
The effectiveness of a lesson, nowever,:can hinge on how wel1 this
feature is used. Therefore, particulariattention was given to
facilitating this aspect of the iuthorihg process. .



Within the AIS CAI scheme, all branchinn decisions are associated
with individual frames and can be evaluated at three different points
ip the presentation of the frame. Pre-frame logic is evaluated at the
point at which the Presentation Program first encounters-the frame,
before it is displayed. Response logic, which can only be defined for
a question frame, is evaluated as the student answers the question 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 objet-
tive wnicn nas Peen defined in the Frame List display.

Currently, four types of conditions can be evaluated by Pre- or
After-frame brancning logic: (a) GiVen a set of question frames, take
the pranch if at least a specified number of these questions were an-
swered correctly. (b) Given a set of question frames, branch if at
least a specified number of these questions were answered incorrectly.
(c) :;ranch if at least a specified number of a given set of frames (of
any type) nave beeh presented. (d) Uranch if at least a specified-number
of a liven set of frames have 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 kdifferent situation in which the branch is taken if a particular
response is made.

Any number of branchine lo)lic instructions, of any or all of the
three ty:ies, can be entered against a single frame. The.only restriction
is the total storage space required for all branching instructions within
an objective. At least 300 instructions can be defined for a single ob-
iective.

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

The process by which an author defines branching logic for a frame
is j1lustrated by Figures 12 through 20. Like most aspects of an
author's work within an objective, the process begips on the Frame List
display where the author se;ects the Branching Logic Option (8) and
enters the number of the frame for which logic is 'to be Wined._ This
results in the Branching Logic disp4y shown in Figure 12. ,1A the_
example shown,, no logic has yet been defined for the *frame. The /labor
selects the action to be taken from.the Options list--in this case, to
Insert Frame Logic (1). 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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branching Logic for Objective 1, Frarft 24

Multiple Choice Question 8

Pre-Frame Logic none

Response Logic - none

After-Frame Logic - none

OPTIONS Frame number, diap'ay/change frame logic
NEXT, display/change next frame logic
I, insert frame logic D. delete frame ogic
BAcK, return to frame list page

(NTER choice )

Figure 14. Authoring Editor DispL for Defining

Branching Logic. 51)
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I DI 21 QMS
2 Tii 22 QM6
3 SI 23 QM7
4 01 12 4 Q18 I

5 Tt 25 Q119

6 QM1 26 Q118
QM2 2/ 19
12 28 T18

9 13 126 END OW
18 112 127 END LSN
tt QM3
12 QMPII

13 74
14 15

:5 QC1

16 E1

1, r6

18

19 QC2
2, 18

Ente- the frame number to be presented if the logic
conditions specified are met. NEXT will present the
current frame.
ENTER choice 28

Figure U. Authoring Editor Display for Selecting To-be-branched-

to Frame for Pre- or After-frame Branching Logic.



Frame List for Entry of Logic Condition

01
T11

21

22

QMS
QM6

3 SI 23 ct17

4 01 124 QM0 ]

T: 25 OM9
b 26 QM1O

21 79

S 20 T11/1

; 7) 126 EtC) oeJ
:0 TIZ 127 END L94
* 4 ..;t4 3
4

4 44 t,4

:4

;

e

:4 74:

.20 79

'he frame locc to be evaluated is to be based on'one
the following conditions:

Z. If a set of frames (questions) is correct
I. If a set of frames (westions) is incorrect
P. if a set of frames hes been presented
N. if a set of frames has not been presented
NEXT. no conditions; an unconditional branch is to occur
ENTEP choice ) c

ure 14. Authoring Editor Uisplay for Selecting Class

of Pre- or After-frame Branching Conditions.
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Frame
4-1111t for Entry of Logjc Condition Correct

1 DI zit Qms
2 Til 22 Q116

SI 23 00M7
4 ('1 k4 QM8
5 Tf 25 Q19
6 QMI Z6 Q1I8

QM2 2, 19
8 72 4 28 Till
4 T3 126 END OW

ti 71z 127 END LSN
11 QIM3

I: Qh14

1) 74

:4 TS

:5 cm::

tf) EI
T6

IS T 7

19 QC::
ze Ts

rrames which must meet the cnditions specified will be
Jenoted by an s to the left of the frame number. To
change a designation, reenter the frame number. To
denote additional frames, enter the frames numbers and
an s will appear. Press NEXT when finished.
(NTER frame number ) 23

Figure l. Authoring Editor Display for Selecting Question

Frames to be Evaluated for Correctness for a

Pre- or After-frame Branch.
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Frame List for Entry of Lovc Condition Correct

I Di 21 QMS
2 Tit 22 QM6
3 S1 * 23 QM,
4 01 * k4 9M6
5 T1 2$ QM9
6 4'11 26 QM11
7 QM2 2/ 19

T2 28 Tle
9 13 126 END OW

tO T12 127 END LSN
Qm)

1Z 414
1) T4

14 15

IS QC1

lb El

T6

18 17

19 QC2
211 Te

Enter the number of frames which must meet the
condition specified in order to present the desired
frame.

ENT(R choice ) 4

Fiqure 16. Authoring Editor Display for Indicating

Number of Correctly Answered Questions

to Meet Pre- or After-frame Branching Condition
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Branching Logic for Objective 1, Frame 24
Multiple Choice Question 0

Pre-Frame Logic - none

Response Logic - none

After-Frame Logic
Go t T1O if all of the following are correct:
;I15,Qm6,Qm7.QMS

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

EN+ER choice )

Figure 17. Authoring Editor4Display Showing Completed

After-frame Branching Instruction.
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Frame List for EntrY or Response Losic

01 21 QM5
Til 22 QM6

3 SI 23

4 01
T1 1 25 E2

6 QM1 26 E3
-w 21 QiM9

3 1.2 8 Qt1t6

29 79

10 'IZ 36 716
126 END OW,

: ,1r4 4 127 END LSN
4

:4 -5

4

Enter the frame to be presented corresponding to the
alternative chosen. If no response logic Is to be used
for the alternative, then press NEXT.
ENTER frame number for alternative 2 or N(XT ) 26

rilure ld. Authoring Editor Display for Defining Response

Contingent Branching Logic.
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Branching Logic for Objective 2, Frame 24
Multiple Choice (uestion 8

Pre-Frame Logic -. none

Response Logic
E: when alternative I is chosen.

to (3 when alternative 2 is chosen.

After-Frame Logic
1 tc- 710 if all of the following are correct:

4.)NS: Frame number, disp'ay/change frame logic
NEXT, display/change next frame logic
I, insert frame logic 0, delete frame logic
-BACK, return to frame list page

ENTER choice

Figure 4. Authoring Edithr Display Showing Completed Response

Contingent and After-frame Branching Instructions.
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Branching Logic for Objective 2, Frame 15
Constructed RespcAse Questi6n 1

Pre-Frame Logic
Present this frame if all of the following are not presente<
14,15

Go to 16 if all of the following are correct:
Qt13.Qm4

3 to 1 6 if i or more of the following are presented:
Tz:73

Response Logic
t: Et when alternative 1 is chosen.

E2 when alternative 2 is chosen.

After-Frame Logic
t: E3 if 3 or more of the following are incorrect:

-t.

TIONS: Frame number, disp ay/change frame log c
NEXT, display/change next frame logic
I, insert frame logic 0, delete frame logic
BACK, return to frame list page

ENTER ,:hoice

Filure U. Authoring Editor Disnlay Showing Three ClasseS

of Branching Instructions.



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

Once the to-be-branched-to frare has been selected, the display
changes to that shown in Figure 14. The arrow pointing to frame number26 indicates the frame to which the branch will be made if the conditionsare met. The author is now requested to select the class of conditionsto be evaluated. Assume that the author wishes 4) branch if some numberof questions was answered correctly and, therefore, enters "C." Theauthor is then requested (Figure 15) to enter the numbers of the framesto be evaluated. As a frame number is entered, an asterisk is shown tothe left of the frame in the list. When this step is completed (Figurele), the autnor is asked to enter the minimum number of questions which:lust be answered correctly for the branch to be taken--in this case, allfour. Tnis completes the author's entry of this logic instruction and
the logic defined for the frame thus far is summarized as shown in Figure17 At this Point, the .author can enter another logic instruction, goon to the next frame, or return to the Frare List page.

Asswie that tne author wishes to enter a Response logic instruction.
Lfter notions 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.
4ext, t autnor is shown a variation of the Branching Logic Frame List,
as illustrated in Figure 13. For each alternative, the author is toceoose a franc number from the list or simply press the NEXT key if nourance is to be taken when that alternative is selected. As they are
enteren, tne nembers of the alternatives are displayed to the left of
tne corresoending frames in the list. In this case, the author has in-dicated a brancn to frame U1 if alternative 1 is selected and is in theprocess of indicating a branch to E3 if alternative 2 is selected. Afterall alternatives ,nave been considered, the logic which has been defined
is strviarized as shown in Figure 19., When the author returns to tneFrame List disnlay, the existence of Response and After-frame logic will
be inuicaten for tnis

of tn.! lore extensive brancning possibilities are illustrated

Trt AI Presentation Programs

4nile Autnnring Editor 0-ovides the vehicle by wnich LAI materials
are eevelooed, tnere must also be software to support presentation of
ts naterials to students. CAI presentation is accomplished throuen
tiw asp of a Ieneral pronrtr structure and set of support routines

t); tni! CAI -)odule nescrintion, decision logic, and text records
Crt'Ite,! 1'4 dO aethor using the Autnoring Editor. Through the use of



tlis generalized program structure and a table-driven approach, a wide
range of covuter-assisted tutdrial and drill and practice instruction
can be dresented with minimal programming Ofort. To date, three
different CAI Presentation Programs have been developed fron the basic
skeletal structore and supPort routines. One, the,first developed, pre-
sents standard modules in support of lessons assigned on the student's
first pass tnrouen a block. 'The second supports block review modules,
assigned just prior to a student's-block test, which present material for
just those otjectives which tne student failed while studying in the
,block. The third sUpports block remediation modules, assigned after a
block'test failure, and presents material for just those objectives that
tne student failed on tne test.

Tnt basic skeleton and support roUtines were written during the
Geveloent Gf tne first-pass module program. This program required
tne -lost extensive design and development since it was to form the
pasis 1=.x -,:rograns. The block review and remediation pro-
0-;,t's were tnt: created by sli)ntly modifying the main loop code.

tie for variations to the uasic program nds proven to be
,l tr.; cull aune by entry level programmers. It should be noted

tnat the first-,:ass nodule pretentation program is sufficiently general,
tp :Jad,,ort dresentation of all sucn CAI modules written for any AIS

tne reviaw anC renediation programs are general
to trie presentation of an,/ colnitive objectives for AIS

review ,inu rene6iation.

to suportine CAI presentation for student study, the,
7q1t,Iti)ri programs can :fe used by subject matter experts and

.1e,ieners oho wish to view the module from the student's

following section describes the typical sequence of events which
occ4rs student interacts with a CAI module of the type developed;

assinnmemt to a first-Pass module. The subsequent section
describes tne use of the presentation program by an author or reviewer.
Thc: student k!rformance data collection action's which take place during
the dresertatioh of a CAI module are mentioned only briefly. A full

uescrirt1 1 of the data acquisition and analysis process is presented
ie tne subsequent section.

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

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

The PreSentation Program begins by presenting the material in
dbjective J, containing at least an overview of the lesson and a required

.

liaterials list, ana then begins the instruction contained in the first
numbered objective in the series.. Frame descriptions, branching logic,
and text records', all created by the Authoring Editor, determine the
sequence and content of the presentation. While authors can define a
variety of different instructional strategies, a sinole approach will be
JescriLed nere for explanatory purposes. First, the statement of the
ubjective is 0-esented and briefly elaborated. This could be followed
by one or more pages of text and a set Of practice questions. The number
of practice ;ioestions could, and should, be a function of the student's
perfbr,ance on ;,rior questions. Additional frames, elaborating specific
erot)i...y areas be presented, as necessary, on tne basis of the
r.,t!nt's res,nns'.:S. A typi'cal page from a text frame, as seen by the

,Aueent, Is :res,!nted in Finure fl .

ktt. dhi t.oint iv the objective, the student nay opt to review the
-aterial tnat nas already been presented by pressing the BACK key. In
rt.vit!vi 10A!, text is displayed in the normal manner and questions are
uisdlayek: wite tne student's answers indicat-d.

.uestOns and tne feedback and r.ronpts following incorrect responses
for d critical eart of the instructional process. For botn constructed
resAnse and lultOle choice questions, students are requtred to continue
answerine until correct or until reaching the specified maximum number
of attenots. For aultiole choice questions, the student's last response
is indicated by an arrow pointing to the alternative selected while

res;.ovses are indicated by asterisks. Finure 22 presents an
exTirle in wnich the student is about to make a third attempt to answer
Lhe iuestion. :tote the author-supplied feedback (first three lines) and
;.rmit (last tnree lines) at the bottom of the display. On constructed
rosvInSe questions, the student's prior incorrect responses are listed
ocr,etan the ooestion sten. Fieure 3 presents an example in which the
stud,:nt InaJt: two incorrect resonses followed by tne right answer, nas



_492jective i FRAME 4 wick to review

All missiles have at least three distinct

sections. Look at Figure 1. The Guidance and

Unit, sometimes called the G and C Unit,

*.he warhead and the rocket motor are the component

c.arts a missile.

-3LJDANCE and CONTROL i WARHEAD 1 ROCKET MOrn7TO

TYPICAL MISSILE
(three sections)

Press NEXT to go on or C to comment on this tevt.

Fiqure 21. Presentation Program Display of d

Text Frame.
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9b)ective I FRAME SS Press way to review

Detonation of the AIM-4 warhead will occur when

1. either the contact fixre or proxfmity fuze
contacts the target.

Z. the inpact fuze contacts the target.

. the missile is 265 to 325 feet from the
launching aircraft.

4. the triggering areas are broken by or :vile
ln contact with the target.

Tell me would you want to be 325 feet from an AI1-4
missile when it went off") Neither woui4 a pilot, that
kind of stuff will mess up your hair.
Okay, you're my buddy so I'll give you a hint.

IT S THE TRIGGREING AREAS.
Good hint huh' I got all the answers.

TRY AGAIN

Fiyure 22. Presentation Program Display of Multiple Choice

Question Showing Fee back and Second Attempt Prompt.
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active 2 FRAM 19 Press am( to review

In what block of the NTO Form ISS should the
Federal Supply Classification be recorded?

Enter a short response of 21 characters or leas
nd press NEXT.

1. s

2. 7

3. 11

GOT IT. Glad you finally woke upfl,

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 d standard feedback messane for a correct response and is
ready to continue.

Over tne course of a long noeule, the author may want to encourage
the student to take one or more breaks; to exit the nodule and leave
the terlinal for a short rest period. Other forms of module inter-
ruptions can occur due to computer failure, end of shift, or breaks for
,leals. In eacn case, tne student can log off or, if the Presentation
Peoera.1 does not receive a key;ress for d specified periodicurrently
1.4 minutes), it is assumeu that the student has left the terminal and)
after cisplajinq an inquiry as to whether anyone is there, tne student
is logged off automatically. If a module is interrupted for any reason,
the Presentation Program automatically restarts the module at the frame
on which tne interruption occurred wnen the student Togs back onto the
terminal.

efter a period of instruction and practice, an objective typically
ends eitn d series of test questions. 6iven tne criterion that a
eertain number of tne questions must be answered correctly, the author-
defined nrancnin7: would normally route toe student to the end of tne
oljective as soon as the criterion nas been net. If, on tne other nand,
(me students t-erfomance is below criterion, the student would normally
not exit tne objective until troublesome points have been reviewed and
retestetl witn additional test items.

Upon exitinn the ob jective, the stuaent will pass through a frame
against wnicn either an Objective Passed or Objective Failed Flag has
been set. If tne objective is considered to be prerequisite to a sub-
se:quent objective, a Lesson Failed Flag would normally be set against
tne same frame as the Objective Failed Flan. The student will continue
t.oroueh the objectives, in sequence, until all of the objectives have
been presented or until the Presentation Program encounters a Lesson
Passed or Lesson Failed

When a Lesson Passed or Lesson Failed Flag is encountered, the
Presentation Program generates a module test form containing a list of
any objectives failed and a lesson passed or lesson failed designator.
Tne Program passes this form to the main AIS management program, the
Adaptive Model. Tne Adaptive Oodel records tne student's perfornance

tne lesson and generates thP student's next assignment. This assign-
ment is displayed on the terminal for the student to copy. The student
is then logged off the terminal and the module's instructional resource
(the terminal) is returned to the resource 000l for reassignment. The
student can then obtain a hard copy printout of the next assignmentby
submitting a request form to a management terminal.

Autnor/keviewer Mode. Access to the CAI Presentation Program is not
limited to students. Lesson authors and reviewers may wish to run the
Presentation Program to verify accuracy of nodule 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-
gram access methods rather than being under the control of the Adaptive
Model. The CAI Presentation Program differentiates between students and
registered authors and reviewers. The author/reviewer does not have a
Student Data Profile record containing a current assignment, and there-
fore is required to enter the identifier of the CAI 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 the frame control logic of the Presentation
Program and request the presentation of any frame within an objective
tnruuqo tne use of a special function key. In addition, the autnor/
revitmtx lay always enter comments about the material that is being
presehted. Student comments are only elicited and accepted if tne
Stuuent Col,r.ent lodule Flag nas been set to True. Completion of a nodule

adtior/reviewer -node does not result in submi,ssion of a lesson con-
;blete or !''aileu form to the Adaptive tIodel. In all other respects, the

:r's irtoracti 41th the Presentation Program is identical to that of
a student.

Stude t Performance data Acquisition and Anatysis

datd ,ciiiisition and Analysis systeN consists of four ,tajor
to-,onents: data recordinl routines in the Presentation Programs; a
,(!td Dro.rwa which ;toves student performance data from disk

tict:; -ata Analysis Report Program whicn generates three different
ti,os re.orts; am a Report Submittal Program which facilitates users'
ret'; fcr siecific rei.orts.

st.id-n:. erfordance data collection and analysis process begins
alt!, Aut3 recnrip.,, routines eibedded in the Presentation Programs.
TIvc, rlAtirf,s u.erate interactively with data being recorded directly&tt .!is e. infornation recorded is seireoated into two files:

ons,_: Point data, which are recortdeci followinn every frame; and
Jecision Point data, recorded only at specified Decision-Points.

:n.! data are dumped from disk to tape by the batch CAI
,.ata collo.ction Proiran. The CAI Response and decision Point history
tries ,.roviwe tn.2 ;:rinary data source for the CAI Data Analysis Report
Proqrxi. TAr: ::ei,ort Program can, nowever, also retrieve recent ddta
stdre ir t iisk files for applications reoiring small, current stu-
dent scuylcs. There are both background (CANIL) and batch (PASCAL)
yet-sinus of tnk, ,iata Analysis Report Program. The former is used to
access Jata un disk while the latter accesses only the tape data. A
sinile IL program provides for setup and submittal of both the back-

am, :pitch versions of tne Report Progran.

Tne data collection process and.the reports available are discussed
ln :rcater dttAil in the following subsections. Although toe ixocess

is sor:ewhat different than for performance data collection, tne
.3t:weplo Jti:: retrieval of student and reviewer comments are also described



Oen:.

uata ,ollection and Stora e. Uneteer student perfornaece data and
co ceets are collected tne oresentation of a C.,AI nodule is depen-
ucet on wnether tne nodule author nas set the appropriate data collection
flae for that Indule via tne Authoring Editor. That is, for uata within
one of tee three categories (esoonse, Jecision Point, and Coqnents) to
ue savee, the author ,lust nave set the Data Collection Flag for tnat
cateenry to True. Tois onflosoohv of data collection was adoted
to awki.: generation and storage of tne ierienSe amounts of data wnicn
woule oteerwise occur. The intent is that data be collected for for.aative
ant, su:rhative evaluation purposes but not during nongal o;terations exceet
for cohsciously initiated sampling.

ees.eNnse data represents the "ost detailed data category. The data
are collected at tne end of each frame presented to the student, regard-
less of 4ra :e tyze, and include thP following itens:

student's Student Account !eiober.

itie frame identifier.

j. Tne 6ulfder of the student's pass tnrou n this frame.

4. Tne current date.

J. Tne ;_urrent tine in Ainutes after ;Aidni :It.

u. T.le total tile, in seconds, spent on the fraLle.

Tne tioe, in seconds, s;,ent in review rhode if review
was initiated from this frame.

If ts frae is a question frane, tne followine data are also collected:

Tne.nuober of atteLipts Made to answer the question.

The number of the alternative selected, by attempt number
(where alternative numbers are also assigned to the various
anticipated resionses and the category of unanticipated
response for onstructed response questions).

1). The response latency, by attempt number.

U. ThP number of unanticipated responses.

h. The text of up to five unanticipated responses.

decision Point data are collected at the end of the module, at the
end of each objective, and at the end of each frare against wnich a

Ili 64'
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Decision Point Flag has been set. The data collected include the
following:

1. The student's Student Account Number.

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

3. The frame identifier.

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

5. The current date.

6. The current time in minutes after midnight.

7. The elapsed time since the last decision point.

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

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

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

11. The branching type (Pre-frame, Response or After-frame).

12. The number of the instruction within its type.

13. The branch actually taken, if any.

Both Response Point and Decision Point data are stored on disk as
they are collected. Periodically (e.g., once a week), the CAI Data
Collection Program is run to delete the oldest data from the disk
Response and Decision Point Files 4nd 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 oppostid to data
collection being transparent to the user. Up to eight comments are
stored for each frame in a °circular" file on disk. That is, when a
ninth comment is entered against that frame, its content replaces that
of the first (oldest) comment. The content of the Comment files is
never transferred to tape.

Data Analysis Reports. There are four different CAI Data Analysis
Reports available to authors and evaluators: the Decision Point Data

b4 6,9



Report, 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 destription of overall module performance.

All reports are requested from an interaCtive terminal. 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 parametersinclude:

Tne module identifier (Course, Course Version, Block,
Lesson and Module numbers).

Tne type of report.

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

4. T e input medium (disk or tape).

Tne objectives within the module which are to be reported.

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

Once tne request parameters have been defined, the report submittal
program -ets up the necessary files, submits the job to generate the
report oo the central line printer, and gives the user the job number
wnich will appear on the report printout.

Tne ueciSion Point Report is generated from data, stored either on
nik or tape, in the Decision Point Data File. This report provides a
survary of student.perfomance within each objective and within those
intraobjective segments (sets of frames) which the author has defined
oy setting decision Point Flags at the beginning and end of each segment.
An excimpie pdge from the Decision Point Report is presented in Figure

zAch component of the Report contains the number and name of the
frame representing tnat Decision Point; whether the data reported per-
tainS to stuuents first, second, or subsequent passes through that
point; the elapsed time, number of questions answered ,and number answered
correctly since tne last Decision Point; the branching logic evaluated
at this point; and the number and'percentage of students taking each
branch.

,An example page from tne Response Analysis Report, is presented in
Fiore Lacn component of the report is identified by tne number and
nade of tne relevant frame and whether tne data reponted_nertOill
students' first, second, etc., pass through this frame. For frames

6,9
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other than question frames, only time data are reported. For question
frames, a matrix format is used, to present student performance and re-
sponse latency data as a function of the response (multiple choice alter-
native or constructed response) selected on successive attempts. The
margins of the matrix provide a summary 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
detailed 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.

Comments Listings are requested via the Authoring Editor rather than
the CAI Reports Program. Frames against which comments have been made
dre indicated on the Editor's Frame List display for each objective. The
user can request that comments made on a particuldr frame be displayed
dt 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
convents purged from the file as they are displayed or listed.

CAI Material Print Ptogram

As authors create, review, and revise CAI 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 CAI 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 comments, 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 CAI 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 tiile, author's ID (Social Security Number), and the
number ef objectives defined within the module.

For a particular module, the Frame Summary Listing provides an over-
view oethe content of individual objectives. An example of this listing
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is presenteu in Figure Tne information provided by this listing is
essentially tne same dS the Luitor's Frame List Uisplay . Lacii frame in
the objective is listed,by namber and frame name. The existence of any
orancning logic anti Frame Flags is noted and the maximum number of
attemvt, allowed to answer uestions are snown. If a frame is dn alias
ki.v., references anotner frame), the referenced frame is identified.

rkt: ,00st fre:;Jently used printout is probauly toe frame Lontents
drintout, fraue, of all text dnd qudstimi

Jott:ril1. ,ALn ii%ting can be requesteo for an entire module, an
objective, u specified set of frames or a single frame. Tne

rAt,erial cuntained in 4 textual content frame, up to the full four pages,
is printe.; on 4 siogle printer page 6ith appropriate headings. An
example printout of a Text frame is shown in Figure 23. For a Question
frtwe, the printout includes the question stem, tne alternatives or anti-
cibated responses dith the correct answers denoted, and all author-
supplied Feedback and prompt messages. An example is presented in

tne Branching Logic Listing, an example of which is snown
in iiqure 3,;, provides a,nard copy listing of all of the branching logic
wnich ha; twen defined for frames within an objective. The format in
woicn mtfoniation is presented is similar to the Lditor's Liranching
Logic. didiay.

Printed :7terials for Student Use. In addition to the various
author-Ts listings, h...trd 17opy printout uf a CAI module's content can be
re,aested In a forprat appropriate for direct use by students dS a
ixtpird,TWO tex,t. Special purpose (Documentation and Branching Decision)
frames are aUtomatically suppressed, and the author can elect to suppress
any otner frames by setting "Skip this Frame" flags via the Editor. All

utner'frames are printed in the order in wnich they ,occur in the mooule.
0-ancning logic is ;imply ignored.

textdal content frames, one screen display (a frame page) is
printed on eacn page. For question frames, each question is identified
by a nmiber, assigned sequentially. For constructed response questions,
only tne question stem is printed, wnile the alternatives and their
nulibers are printed for multiple cnoice questions. The answers to all
questions, identified by number, are listed on a test key page following
the body of the motile. Page numbering is provided automatically.

Material is currently nrinted in a double-spaced format. Boxes
wnicn tne author 'las used to emphasize material in the moduli. are shown,
as are any of the simple graphics which the author may have provided.
Fr such graphics, a "Z." symbol is substituted for the solid, "unrecog-
filed cnaracter" symbol typically employed. As an option, the author
may request that the material be printed on special unlined, d i/e by
11" paper. Tne option of printing multiple copies is also available.
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1 No. Boti rocket and missiles have warheads.

frOm I in thdt,

t 2 No, roclets do not have any guidance system.1, rock.lt; rije no irhell.

r 44.3 I 1i1cQ I 3 Way off! The type of propellent doesn't matter.
..1 I j .0 11 luL 3 Cr ',o.t I ert tr)t ors.

4. 'IA...II..., ')." t PJ1Itne'e
...

PkOMPT :SSAGiS

t 1 There are three parts of a missile one of them is
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ilqure Lxawle Page from Frame Contents Showing a Question Frame.
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There are a variety of uses for such priniouts. 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 CAI modules. Their most important
function however, may well be as a first step toward the on-line develop-
ment, evaluation, and revision of materials intended for off-line use.

AuthorihiSystem bucumentation

A CAI Autnoring Editor User's Manual was written to describe the
CAI concepts supported by .t e E itor, the mechanics of its use, the CAI
Presentation Programs* the various CAI Reports available and the pro-
cedures by wnicn they are requested, and the availability and use of the
different types of author and student printouts. The Manual was actually
developed on-line as a CAI module (without branching or question frames)
and is available to novice authors via any of the AIS interactive ter-
minals, hard copy versions of the manual are also produced as needed
by tne CAI 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 CAI treatment, instructional strategies
appropriate to CAI, and guidelines for evaluation and revision of CAI
modules.

Aitnougn it nad not been implemented at the time this report was
prepared, it is intended that a secoad type of Editor documentation will
be provided. "delp" routines will be imbedded in the Editor itself.
That iS, tnrougn the use of a special Function Key, the author will be
aule to access information pertaining to the use of the Editor Options
wnicn are available to him/her from the currently displayed page of the
Editor. Tnese Help routines will access tne information contained in
apdropraite frames of the User's Manual. Thus, most required revisions
tu tne documentation will only need to be made in one place, in the
manual itself. The Help sequelces will then access the updated infor-
mation automatically.

Jocumentation to support subsequent maintenance and revisions of
tne Editor itself, the Presentation Programs and the various supporting
programs is provided by a Part 11, Product Oevelopment Specification.
'his Part II Spec was also produced on-line (via a different, less
structured Editor), is stored on tape and is accessible for the pro-
duction of hard copy documentation.

79
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In addition to tne LAI support software effort described Here, tne
CAI developnent project also contained a second authoring procedures
effort. Tne ..)arposes of tnis second effort were to (a) define and docu-
lent a set of :Jrocedures for CAI materials selection, production, eval-
uation, und inplelentation in the AIS environment, (b) evaluate the
utility of tne total CAI autnoring system by developing, implementing
and evalaatinl a number of CAI modules in an AIS course, and (c) train a
51(111 nuilber of ATC personnel in the use of the procedures and support
software. Tne results uf tnis effort are reported in full in Part II of
tois report ;Lewis, Lovelace, Aanany and Judd, in press) and will be
outlined unly briefly nere.

7ne autnorim3 procedures effort began witn a rough definition of
tne drocedurdl saudel wnich was tnen revised and refined on the basis of
exderience. lowinri tne steps outlined by the procedural model, work
Lwlac by 7.wiectinn candidate lessons for the CAI demonstration. Coe
t',Ar t!te Weddoni echnic course Was considered tne most

of its co:Abinition of varied subject natter, large
t F1,0, recent relatively noor field performance data.

.;..anuard reports were used to identify six lessons in two ()locks
of tie coArse woicn demonstrated unacceptably nigh lesson test failure

nilh failure rd tes on tne ena-of-block tests for tne
uojeLtive contained in these lessons, and wnich contained subject matter
unliKely LJ ;A: .,-,Youified in the near future. These lessons were targeted
fur tnree tf,:es of CAI application: (a) six modules to be used as alter-
native treit:lents on students first pass througn the block, (b) two
LAjc review ,00dales containing CAI treatment of the objectives from
tnese lessons, and (c) two block remediation modules, again containing
LAI treatrient of tne objectives from tne six lessons.

After exdmining the existing materials and tests, it was concluded
tnat neitner tne lesson tests nor those portions of the block tests per-
taining to tne relevant objectives were adequately valid or reliable for
evaluating tne effectiveness of the CAI treatments. .Consequently, both
fqrms of tne two block tests and two forms of each of the six lesson
tests were substantially revised and expanded to more closely match the
Stdted performance requirements of the Specialty Training Standard. Once

. the revised tests had been approved by course personnel, they were imple-
mented in oaper-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 some cases, audio-
visual modules, the content was substantially revised to more closely
Match the requirements of the Specialty Training Standard. Instructional
strategies were also, of course, tailored for CAI presentation.

Work Started on three of the modules before the Authoring Editor



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

AS suon dS tne modules were completed and their content reviewed
by Weapons Mechanic course instructors, they were tried out on a one-op-
one basis with d small number of student volunteers. A number of minor
revisions were made on the basis of tnese reviews and tryouts, and tne
modules were implemented in the course for purposes of formative evalu-
ation. F.ollowing revisiOns made on'the basis of tnis evaluation, tnemodules were reimplementeo for suanative evaluation. The results of this
evaluation are presented in Part II of this report. The objectives from
the first-pass modules were then copied, revised and snortened, and com-
bined to fona two block review modules and two block remediation
mouules.

Tn I autnoring team consisted
ienced tecnnical training authors (of
-4(2terid1s) but none ndd any prior CAI
none 1,1,1 even used CAI dS a student.
considered 4 Weapons Mecnanic subject

of tnree members. All were exper-
programmed text and audio-visual
authoring experience. In fact,
Only one of the three could be
matter eximrt.

As is often the case, the team did not keep accurate records of
development titles but times can be estimated for the six first-pass
modules. At tne end of tne first b months of the project, the first-pass
modJles nad ueen revised and implemented for summative evaluation. The
team leader spent relatively little time actually authoring, concentrat-
inq instead on defining the procedural model, producing the CAI Author's
handbocA, interfacing witn the software personnel, and attending to
adwinistrJtive problems. The other two team members were,occasionally
called'upon for assistance on other on-ping proiects. A liberal esti-
mate of tne total time spent in developing, evaluating, and revising the
six modules is &Ju manhours. Tnis incluues tine spent in revising the
,ulock and lesson tests even tnough block test revision was technically
nut part of the CAI effort.

At;cordiAq to toe course's Plan. uf Instruction (POI),"the content
tauint hy tne LAI modules was equivalent to approximately IJ ClasS,MOIA
nours. JO tnis basis, LAI development requi-red mannours per POI nour.
Average student completion tile, totalled across the six modules, was



7.11 results in un estimated 11.) mannours per student
ontaci. hour. 'Hese values are comparaole to development times for
r(v:raHried text laterials in tnis environment.

i:sabiliti of tile Autnuring EiJitor wa also evaluated tnrougn train-
ing three ATL instructors in use of the Editor. Tnese instructorS were
:.ratin from tnree different courses supported by the AIS-,-Inventory
Management, Precision Measuring Equipment, and Weapons Mechanic. None
of the author trainees were cooputer programers and none had prior CAI
development experience. The training period lasted for 3 weeks, during
wnicn tne trainees came to tne contractor's facility for 3 to 4 nours
edch uorning. Tie first session wds spent in providino an overview of
the AIS systeh and the rule of CAI within the AIS and in intrOducing
Ole trainees to tne Authoring Editor and tne CAI Author's handbook. No
formal training took place during the subsequent 14 sessions. Using the
hanklbook ds d reference manual, each of the trainees used tne Authoring
Loitor to develop a CAI module in the area of their own specialty. Con-
tractor oersunnerwere available to answer questions and to review and
Luktient un the trainees work. In many cases, author trainees were also
able to work on tneir modules during tne afternoons while performing
their normal classroon duties.

dutnur trainees asked relatively few questions after the first
few essie--.. lost of the suggestions made by contractor personnel per-
tained to tne need for more frequent questions in the modules And in-
creased individualization througn brancning. At the end of the 3 week
deriod, each trainee nad developed 0 module, had nad it reviewed by the
contractor and utner ATC personnel, had run single student tryouts, and
na.,1 oude :iinor revisions on tne basis of these reviews and tryouts. Tne
cohsensus of tnose reviewing the modules was that they were generally of
good quality and nau capitalized fairly well on the capabilities of CAI.
%Ate of the i4odu1es was subsequently implemented in the Weapons Mechanic
course. Tne tile expended by the author trainees on this first module,
through revision following single student tryouts, was approximately 90
nours per tudent contact hour.



V CONCLUSIONS AND RECOMMENDATIONS

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

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

Me second greatest contributor to facilitating the author's task
is probably the extent to which the task is structured by the Editor.
Tne overall structure of the module.js determined for the author, units
within this structure are matched to the requirements of the environment,
and tne occurrence of critical units is either forced or prompted.
Anile the dutnor retains a great deal of flexibility, this flexibility
is exercised tnrough selection of speCific options whith provide a
legree of control over the authoring precess, while reminding the author
of tne various coursesof action which may be taken.

A third major factor iniacilitating authoring is undoubtedly the
,numan-engineered, computer-aided input, formatting, and editing
capability previded by the EdOtor. Other than tne approach to defining
brinchitiq' logic, there is little here that is radical or even novel. Tne
work involved only the application of existing technology to a particular
prbblem area. Given the diminishing cost of computer use, there is
little reason n)t to provide authors with the benefits of this
technology.

At this time, it is difficult to evaluate thi utility of the auto-
matici struct4red. student performance data c011iction and analysis
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roJtiues. Tne reoorts Ulu not becone available until the later stages
of fortative evaluation of tne six first-pass'modules. During theirliiteJ ;ieriod of use, tney diu appear to be easy to use and interpret.

.aeA)ers of tois iartitular datnorinq team were, however, accustomed
to co:lectinq sucg uatd and usioA the data to improve instructional

ror oroauer application, more extensive prompting and
quidance in-use of tne,ddta collection routines might be desirable.

It s'iouIJ be noted toat the clftware development effort reported
here WaS substantial. riiven ry_ extent of tne various functions to be
supported, tne authors of th . report believe that it would not nave
been possible to complete the project within the temporal dad fiscal con-
straints of tne contract if it had not been for the availability of the
CnMIL language, the software development capability of the AIS, and the
well-s:..ructure., nature of the CNl system in wnich the CAI was embedded.
Toe r.Aative ease with which CA:IIL code could be produced and debugged
alluwek; toe :;evelopers to experiment wito a nunber of different
adixoaLoes to var.ous problems, obtain user feedback on these different
approacnes, dnd revise tne code accordingly. Tne process was essentially
tndt of foriative evaluation and revision witnin the domain of numan-
engineered software. Tnese same cnaracteristics of CAMIL and.the AIS
will facilitate any future expansion of tne CAI authoring systevi.

i;ith respect to recommendations for future activities, the most
critical action that must be .;aken if the effort reported here is to be
justified, is that the CAI authoring-system be used. .The results of the
ev4luatioh described in Part II of tnis report, although limited, strong
ly iudte tnat, used judiciously, CAI can serve a useful function in

tecunical training environment such as that of the AIS. Further, usa-
lity evaluation results reported both nere and in Part II demonstrate

LAat (.4 development can be made cost effective through use of the
autnorinq system.

It is recognizeu that there are certain inadequacies in'the author
luq system, prii.larily in the, areas of response processing and author-
generated qrapnics. These areas provide two of the most likely
candidates for future software development.

As.was discussed in Section Il of this,report, answer processing
for constructed response questions has been a problem area in CAI devel-
oped fur military technical training. While sopnisticated algorithms,
existto aid in response recognition, the CAI systems employing these
algorithms nave notoade the authiring process sufficiently simple for
tne algoritnms to be used correctly. It is recommended, therefore, that
a response processing dialog be developed and added to the Authoring
Laitor wnich would guide the author in defining anticipated responses to
constructed response questions. The encoding-algorithm employed by
PLATO could be used to recognize misspellings. As currently conceived,
this diaiog would first prompt the authorto enter an anticipated re-
sponse. The Editor would break the response down into its component
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words and ask tne autnor to identify the "important" words in the
response. iioise,words such as articles, prepositions, and auxiliary
verbs would oe recognized and the author would be questioned as to their
importance. '4ext, tne author would be asked if word order is important
and, if su, wouth be prompted to indicate important word groups and any
ordering restrictions within and among word groups. Finally, the author
would be proivted to enter synonyms for the important words. An approach
suer) as tnis 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
and constructed response questions of more uniform quality.

Toe software uesc-ibed in this re:)ort .lakes no provision for dutnor
uf qraonic displays.. Although sucn displays can be construe-

teu tnrivan use uf to,.2 language, it is recommended that a graphics
editor be Jevel)oed wnicn would ;allow the non-programming author to
define drawinis in terms of basic geometric ele,ants (e.g., straight
lines, circltn, and arcs). Such an editor would be relativelpefficient
.in tcr is of storage and redisplay since only tne basic elements of tne
drawing need to De storeu dnd snould provt. adequate for preparing simole
fi,jures and almost all schematic diagrams.

:f ,Nre co,,ipieA drawings are required, oowever, it becomes much
Aire dfficult for the author to define the figures in terms of geometric

wlile it is possible to define "freehand" shapeS through key-
board contrul over d cursor, tne process is substantially simplified
tdirOUTi Tit.: of lignt oen or digitizing device. The plasma display
teminals bf tne A1S c)nnot support light pen capability. Two
forts f jOtizers are available--video and tablet. A video digitizer
J;t2; a vIdeu carlera to scdn the drawing and convert it into d dot matrix.
iu ase a taMt digitizer, tne author overlays A special electronic
taolet witl the urawing to be reproduced and tnen uses a stylus to trace
tnat nortinn uf tle drawing w.lich is to be transmitted to the nost
eoLipatt..r and stored. Typically, the tracing process can be eitner con-
tinuous or ste:.wise. Tne major problem witn a video digit."er or
,:.ontinuuus tracin-i on a tablet digitizer is tnat the drawing is repre-
senteo in ter.:s uf uots rdtner tnan geometric elements. Redisplay of
sin:le Jots un d vector terminal is an extre;aely ttme-consoming process.
ine diaiti:eu katrix is really suitable only for redisplay on a terminal
witn d refreso wnich can be prelodded with tne grdphic. For a
grapniL:s digitizer to be feasible for graphics generation using the
current tor:inals, software would be r'equirec to transform the dot
,autrix into a nulAber of basic geometric elements which could ue more
quicW redisplayed. Such_satmar'4' would require contour Tecognition
routine!) w!:ic!i eiou14tfl.non-trivial to develop.

1% is r,co;amlided that Of use of a tablet digitizer connected
tz i rapnics editor be investigated. Wit') sich an approach.,

tne stylus of the digitizer could be iled 'ike a lignt pen, and the'
---------- could contlin a menu of the qeoletric snapes recognized by the



ediLor. To use such d syste tne author would select the geometric
element tu ue re')rduced from tne menu and note the points representing
the llits of the eleuent. For example, after the sndpe was defined
from tne lenu, a line seqment would be entered as the two end points of
tne line; a circle would be entered as the center point and a point on
tne circu,ifereoce. Tois approach could combine the strong points of
botn tne digitizer and a graphics editor.

In a totally oiffereot area, it is suggesteu that the utility of
tne autnoring system could be substantially increased through provision
of additional tools for managing tne autnoring process. The approach
eovisioned includes capturing relevant parameters of the development
drocess and providing access to this information through summary displays
and reports. :)riTy a start has been made in this area. Much remains that
can dill, sr,0J1d bt done.

iinallj. it recomended tnat the authoing system's capabilitiesf9r on-lin orouuction of raaterials intendeI for off-line use be ex-
panded. Tnis .ould be particularly uSeful if tne additional management
tools mentioned above were also made available. Software development ini,i area ouu'd inclade a means uf producing scrambled programed texts
fro;;1 lesson materials and autnor-supplied decision logic and d text
arcniver. nutnors could develop materials on-line, use the CAI Presenta-
tion Progra!t an,a its embedded data collection routines for fonaative
evaluati:un, .idp.Q needed revisions on-line, print the number of copies
nee'leu, unU allow tne mdteridl tu Ue removed to tape. When additional
cupies dre needed or revisions are required, tne author could place an .

drcnive re,uest to move the lesson material from tape to disk for revis-
ion or printiog. Such an approach would not only facilitate the process
of development and formative evaluation, it could drastically reduceaterials repro,suction requirements. Currently, it is common practice
to request many :lore copies of materials tnan are required so as to allow
for normal classroom wear and tear. The materials are then often revised
pefore many of tne extra copies are ever put to use. The approach
suggested nere would eliminate the need for these extra copies.
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