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SUMMARY

Objective

The overall objective of this project was to design, develop,
implement, and evaluate an authoring system which would provide a
basis for cost effective production of computer-assisted instruction
(CAI) materials for use in the context of computer-managed Air Force
technical training. The specific target application was the Advanced
Instructional System (AIS) located at Lowry Air Force Base, Colorado,
and the software developed was to be integrated into this system. The
project work was conducted through two parallel efforts which are
described in Parts 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 of 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.

Approach

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
experiences, analysis of the characteristics (traininq, 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
Drior 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 change 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 the system's data base. Experience with these interactive
editors suggested that they could provide a model for the author/computer
interface. It was also concluded that the system should structure the
author's task, promote principles of good instructional design, require
very little training for its use, and provide aids for managing a
materials development project.

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

5A_



as to CAI presentation strategy details. As defined by the Lditor, a
CAI module is divided into objectives. The system is frahwe oriented and
each objective can contain up to I0 frames. Three classes of frame
types are supported: textual content frames; question frames and special
purpose frames. The author enters the frame content in exactly the
format in which it will be seen by the student. All foniatting of
question frames is done autoviatically and the autnor is prompted to
supply a feedback statement for each alternative or constructed response
and a prompt statement for each attempt at answering the question. To
individualize instruction, the author can define branches from any frame
to any other frame. The decision of whether or not to branch can be
based on a specified number of questions being answered correctly or
incorrectly, on a set of frames having or not having been presented, or
on a specific student response. Branching logic is entered in a highly
prompted, multiple choice foriat, and the result is then displayed in
English.

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

A variety of printouts of program content ind logic are provided.
lIodule content can also be printed out in a format suitable for student
use as a progranned text.

Evaluation Procedures and Results

The software developed was evaluated as part of the total authoring
system. through 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 the use of the authoring system. The evaluation procedures
and results are described in detail in Part II of this report and are
only suimmarized here, in Part I.

Under the materials production effort, CAI modules were developed
for six lessons in the AIS Weapons Mechanic course. None of the three
members of the authoring team had prior CAI experience; although, all
were experienced technical training authors. Approximately 2200 man
hours were required for development of the six modules. The modules
accounted for a total of approximately 2b Plan of Instruction (POI)
hours and resulted in an averaqe student contact time of 18.7 hours.
Thus, development efforts required an average of 66 iman hours per POI
hour and 116 man hours per student contact hour. This compares very
favorably with the figures of 222 and 246 man hours per contact hour



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

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

Conclusions

The approach taken to facilitating CAI developmient appears very
promising. Experience to date, while limited, lhas demonstrated that con-
tractor personnel were able to produce effective CAI with a level of
effort that is comparable to the effort required to produce paper and
pencil m |aterials. ATC personnel were able to learn to use the Authorinq
Editor and to produce CAI materials within a very short period of time.
These trainees expressed highly favorable attitudes about the approach
and found no serious faults with the Editor.

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

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

Computer-based instruction has the potential of achieving signif-
icant savings in costs related to Air Force technical training. A number
of steps toward realizing this potential have already been taken, e.g.,
use of the PLATO system and development of the Advanced Instructional
System (AIS). The former 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 (CMI) and CAI.

CMI 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, diaqnostician, prescriber, and
manager of instructional events. In CAI, by contrast, all of the stu-
dent's instructional activities are conducted on-line, at an inter-
active computer terminal. CMI can be characterized as being extensive,
managing instruction for a large number of students throughout a larqe
body of course content. CAI, on the other hand is typically intensive,
concentrating on detailed and hiqhly interactive instruction for a
limited segment of course content and a relatively small number of
students. Extensive application of CAI has, to date, been limited by its
high cost, in terms of both materials production and terminal costs,
and by the limited utility of insular segments of individualized instruc-
tion in a group-paced environment.

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

Project Purpose

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

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

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

Project Context: The Advanced Instructional System

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

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

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

When the student has completed all content lessons in the block,
a block 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. That is, since there is no end-of
course test, block test performance serves as the basis for certifying
mastery of the objectives contained in the block. A student not meetinq
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 loQic is repeated, and
the student is assigined to the next block of study. The student's con-
tinued progress throuqh the course is essentially a repetition of these
events.

11
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control over student behaviors afforded by CAI would be particularly
useful for the functions of review and remediation.

As AIS courses are currently structured, each block ends with a
review lesson which is assigned inmediately prior to the block test. No

specific instructional modules had been developed to support these
lessons. Rather, it was intended that students would use this assign-
ment to review those block objectives on which they had encountered
problems. The CMI system provides a "Block Report" which flags the
objectives which the student failed on the first attempt at the lesson
test. Instructional activities during this period are, however,
detenrmined 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 perfonmance 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 deleglated to the
instructor. To guide the instructor in making appropriate assignments,
the objectives which the student failed on the block test are listed
on the Student Status Report printed when the block test is scored.
Again, student performance data suggested that this remedial time could
be employed much more effectively.

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

Although block review and remediation were seen as two prime
targets for CAI, it was assumed that CAI would also be used for
alternative modules for first pass instruction. While CAI mig]ht
occasionally be used for the first module developed for a lesson, 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 Piodules.
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Antic pated Characteristics of CAI flevel opment Personnel

In considerino the characteristics of the personnel who would be
devel opino CAI modules, it was first thouolht that a teai alproach, such
as advocated by Bunderson (1)73), would be appropriate. Such an approach
would soecify differinq roles for (at least) subject matter experts, in-
structional technolonists, and proqram coders. However, further analysis
of the military technical traininq environmient stronoly suoested that,
while desirable, the team approach was very likelv to encounter serious
problems in practice.

Ourino the b years in which the AIS has been operational, there
have been repeated efforts to define specific roles for the specialist"
who are so important to effective operation of 01I e.o., 0 ':aterials
writers, evaluators, and data base manatlers). To date, tlese efforts
nave had only limited success. It was concluded, therefore, that the
CAI authorinq system should be structured so as to allow a team
approach to CAI development but should not be dependent on it..

For the i mediate future, at least, it was reasonable to expect
that the personnel wno would be developinj, evaluatim, and revisi nk (Al
;,uterials woulu, for the mo)st part, be classroom instructors. It was%
assumed that such authors would typ icallv be expert in their subject
matter area, would have li ited tra in mu or ewperiesice in instructional
systems desi qn , would have 11) prior exposure to (Al , and would have no
computer pro(ira inq experience. Additional pertinent characteristics
included a relatively hioh turnover rate for military instructor%,
little or no opportunitv for formial trainino, and l imited, fraiiented
periods of availability (e. u., tf to 00 minutes followiln a norlial
instructional day).

An obvious problem raised by this orofile et the typical CAI author
is the lack of computer oroqranriinq exoertiste and the strono indication
that attemptin to train relatively transiont authors to prooram would
not be practical. Therefore, an approach wa% south t w ni-h would
eliminate, or at least substantially reduce, the need for coimputer
prograii inq on the part of the author.

Another implication of the analysis of authori no-personnel
characteristics was a need for procedures which would structure the
authoring task. At the same time, it was recooni zed that excessive
structurinq could be perceived as beinq undesirable, even offensive,
and could consequently detract from the authors' imotivation. It was
reasoned that they would be more anienable to task structurino once (Al
was established and authorinq problems had been recoqnized. It was con-
cluded that the authorlnq system should provide a detree of task
structurinq necessary to prevent a novice author from becomino hope-
lessly bewildered and should also provide for implementlinq nmre
extensive structuring in the future.
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The high turnover rate of military personnel had the obvious

implication that the authoring system and procedures should be such
that a novice author could quickly be brought to a productive level of
proficiency. Further, it was apparent that it would often be necessary
for new authors to complete CAI modules that had been desiqned and
partially developed by others.

Coupled with the hiqh turnover rate was the expectation that there
would be little 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 often have to work in
short segmented periods or in an environment subject to frequent inter-
ruptions, it was desirable that they have rapid access to the portion
of the module on which they were working, that any work accomplished be
captured immediately rather than requiring a lengthy storage process,
and that the current status of work accomplished be clearly summarized.

Finally, experience gained from various DOD projects indicates that
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 has been possible, especially with respect to productivity
and quality control, thus, there was a need for software tools that
would facilitate man;gement 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 staqe were considered especially important.

CAI materials evaluation had potential for problems which were at
least equal in severity to those of authorinQ per se. It was assumed
that the CAI authors would have primary responsibility for formative
evaluation of their own materials but would have little, if any, prior
evaluation experience. As a result, there was a need to structure
student performance data collection, retrieval, and reporting. In this
case, it was thouqht that there would be little neqative reaction to
over-structuring and that the data collection process should be almost
totally predetermined and should result in standard reports tailored for
formative evaluation.



Software Censidera t ions

Tnt, two aspects of the AIS software wnich moest s trOrilv Inft1 n0
authorinq system desitin decisions were avai labili t of the kAIIL '
Oro ra'tiin I anqutja ke anrd past ex perieiict wvi th tit, use' o f Iinteract Ie
d at a basev ed it ors.

The CAII L [~lnquaie C'AM 1 ( Compu ter A'ss St ed MallIa eed I nstruc tional
Lariuj' i1sa ~ i le; is a hio ht'r 1level , oefleral 1 )itpoSo p'ro-
WaP~inq 1 anotuaqe developed as an inteoral part of the, Al ' . Several1

hundreei CAMI L proeIranis are currentliS operat ional and are used for all
On-I nt 211. %tso of the, system.

11n speci fyi) al lAnkidtaee for AIs * it was determi ned that it Would.
nved to bet tieth CAI 1ind LMI oriented and usable by oei-somnel Witt)l a
witle ranqle of experience. If support requi rei'ents, had beenl 1 inn tud to
CAI. a l anijflailt such as TLIToN (She~rwood , 19'74 ) as ic.1p1emented at the,
Un ivers ity of Ill inois. *could have' beenl Cons ide red while tra 'Iit il.) 1
1 atioumi' such I a% PLI1 . FORTiZAN anid Chokll coud n iave been cons i deredi I
CMI had been thet only tartlet appi icat ion. Sinct' beth appl ications weIre
to be supported and no known 1 anquakle cent ained spvc iti c capabiIit ies
for both,* a new 1 .n~iuaqi was c-onsi1de~red nece ssa rY

To) accolmIplii l its di verse~t qoa1 . k'A,1iL 1, Ij dl ided i ito two sub-
I J1Lan k1aVS ias i c CAMIL ano i tenkted o Ar]i . 6aI c AM] C is oriented
pr imar ily towa rd sys temis and applications 'e rmi tasks . It pro-
vi des a full rantie of standard data t v ot-I Iiin A li~;.~,:UMP'tKN
LOGICAL . CHARACUiR, STRING. TIM. CI ASS and St i.T Hit data structurinki
me thods incl1utde ARRAY and KU COR I tv pes, . I he 1 av or o)f th li,'rolc ed ura 1
component is, s imil1ar to other AL60L.-basro 1ankluaties: pro'cedures Are
earily' def ined ; the scope of var iabe 3h1- ,cent reT 11 ed t hr'ouel the' Use Of
H1ocks ; anld sIa tement~s Canl bet comb1I ned inrte leeCAII i call meani ful k1Iroups"
throutlh th, IL' Of c01mpoun11d statemen(1ts,.

xtended CAMIL is oriented toward the rajpid devel oixient of lanev
prooirans . Its mrost Important feature is thet sentence faci iitv wnicli
all ows codino 1 n natural I anquaqle- lIke s tateiilents . Al so.* fewer pro-
qIranier coili-ienits are requi red because of the level of documentat ion
Whichi the sen tence faci iitv prov i dts. ; us i U ci sentence decIa ration
sta temaents , new sentences canl be croa ted L) 'v 00 1111 iN new wor~ds -- nouns
verbs, adverbs, adjectives. and preposi t ions. Them,' words can bet
comiitined in any meani nqful way to fomi I larcie set of sentences. New
data types and operators can also be definled. Sentences, extended kdata
types . and e xtended opera tors can t hen bet p I aced i n a CAM I L I i brarv.
Lxtended CAMIL Proqrams can also Util iZe iBaSiC AMIL . allowini the user1
as much control as experience perral ts .

A tottil system approach was adopted to Make the' lanqu* aqe rel idble,
efficient, and easy to use. This systemn consists (if the lanquaqe, a
compiler, loader, interpreter, source proqranr editor, da ta base file



manaqer, and proqram archiver. The combination of lanquaje, compiler,
and source program editor facilitates efficient creation and tainten-
ance of reliable CAMIL proqrams and reliabil iv is enforced during
execution by the Interpreter. Programs interface easily with the file
manager to rapidly perform the extensive data base manaoement required
for CIMI applications.

Oue to the nature of the CAMIL system, large anount% of error- free
code can be written and checked out in a relatively short tinec. 6iven
the structured nature of the lantiuaoe, the enforced ndularity, and the
interactive environment, relatively few loklic errors are encountered.
Once a program has been compiled, it is almoiist certain to run properl .
Finally, the Extended CAMIL sentence facility provides a powerful pro-
qraniniing and docuimientation tool for relatively Inexperienced

AIS. Lxprience witli Interactive Iditons. While the AlS CMI functions
are supported by L-so-wae,-t-e-day-to-da' operation of the CMI
system is controlled throuioh a set of data base editors. 11he intent of
these editors was to allow course pertsonnel with no prokiraniIl)
language skills to define the characteristics of their courses ano
establish the rules b. which student assiqInnW'nts are Inkde.

The approach taken was that of a total ly table-driven s' stem. At
each point where an instructionil decision is required, an attem.'t was
made to allow for a variet> of decision rules. Tilt indication of which
rule was to be used kand in soMe caNe, the rule itself) was then
treated as a data iteni rather than be inn coded in the softwae, ?lh s
both the decision rule and the inf l-ilat ion to be processed by tie rule
(typ icall a corlbitnat lon of student performance data and cour.e
characteristic oaranmter. ) are Co01i dered to be data. With tills
approach, software chanijes Arv 01e ,n lV reklired wflell tilt basic. oloer,11ll, t
p) hi l(sOhIk of the svs terli is a I tered. ,o , r ,.a'erational chanves if)

course content and confi tiurat ion, resource inventories. and stukelit
assInnilent selection rules are made by chani ling the Course data 'ase via
tle interactive data base editorln.

Operational experience with tills apsproah flas beel ,uite ,isItIVe.

Relativel V few software chanlnes. have been necessar to l1'et tit,
system's evolviniq instructional requireients. Llespi te tile coInlexit
of the data base, course personnel have been able to use the editons
to institute uata base chankles appropriate to their needs, 'his is
not to say, hom'ver, that tile use of tilt editors is totall.*yv si!ple and:
straitihtforward. The data base and the interactions aiiolno Its com-
ponents are complex. In somle cases, thi coiiplexit* was not adequatel
taken into consideration in the hunall egllinietrl'in of the editor.. Whi 1 e
all tf the editors o romt the user's input to sori, dt','ee, k\teslivie
promptiig was sonetinmes sakcrificed InI ravor of efficienc.\. In
retrosoect. this trade-off was often inalpropri ate.
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In oeneral , however, the interactive editor airoacn was thougiht to
hold considerable promise for facilitatina at least some aspects of the
'AI development process. It was also recog.nized that where such an

approach was adopted, it would be desirable to provide extensive
prompt i nn.

Prior Approaches to the Autnorinq Problem

A growing recognition of the problems associate,i with CA! develop-
,11vilt has resulted in a substantidl literature addressi nh tnese problem,
ano proposing alternative solutions. The following sections provide a
brief introduction to the concept of authorino systens, an overview of
the types of existing systems, and a suimiiiary of two Air Force
experiences in CAI developmiwent.

Autnorinq System Considerations and Criterla. inn kl74) lists
tou,' cri teria fon as~essl nn tue offctiveness aIIJ utilitv of CAI autnor-
inqi larquatles: reliability, efficiency, flexibility , and convenience.
These sane cri teria can be appilied to the more general concept of
authonii ys tens.

Jne'r rel ian i ii tv, inn incl ides aUtoMatic recove rv for botn author
.in,: .tudent followin*I s ysten failure, limitinti tne loss of autiored :
,kiteri'll and 1 mi tin ' the domain of author errors, i.e., an error in
one part of a prooral' should not impact other parts of the prooram or
,t",,r proirams. ifficiencyv refers to both tne time required for
ait',orirn, and the computer time required to translate author lanouane
.%t.tex'nts Into executable code. Flexibilitv considerations include
ACces - to a var1et of devices, access to alternate Nodes of execution
or conventions and the capability of adding1 new operators, statements,
,.l. NUL routin .

Author convenience iN treated as a major consideration. .inn
suggests trnat the lanquage (or system) should have a minitnum of
redundancy and irrelevant syntax, e.g., the program listinn should be no
more complex than the author's actual task. There snould be provision
for alternative authorino styles, e.Q., whIile many authors indicate a
preference for interactive entry, others prefer to work with paper fonis
which remind the author of system capabilities and requirements. With
respect to revising an existinq program, inn notes the advantages of
on-line editing and sugglests that the system,. should provide access to
the original file, use straightforward notation for determining changes

to be made, and confirm that chanqes were accomplished. In testing a
program, the author should be able to begin execution at any point and
trace through the program using labels as indicators of location. The
language notation should help a reviewer understand the intent of the
instructional content anti strategy. Finally, access to system
capabilities should increase with experience.

Kaplow (197b) 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 author's state-
ments should refer only to this uoit. 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 that a program be complete before it can be tried out.

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

Example Autnoring Systems. The earliest CAI programs were written
in the available general purpose lannuages. Although this is still a
popular approacn (e.g., the extensive use of BASIC), there was early
recognition that authoring could be facilitated by languages tailored
to the particular requirements of CAl. Consequently, there was a pro-
liferation of CAI authoring languaqes--at least 30 by 1973. The last
decade has also seen experimentation with various author entry systems--
approaches which are relatively independent of a specific language. The
followinn paraqraphs briefly describe an example of a modern CAI author-
ing language (TUTOR) and some approaches to developinn authoring systems.

TUTOR (Sherwood, 1974) needs to be considered in the context of the
complete PLATO (Proqramminq Logic for Training Operations) system. The
systei provides for interactive entry, easy trial and revision of code,
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and is quite responsive to authors' needs in teors of uisj lay ti:t'
compilation tine, and diagnostics. The author's task is facilitated
by a number of aids, such as on-li access to reference materials,
sar i'le program routines, and files of current docurmentation and coe:re nts.
To a large extent, the PLATN approach to authorinq is based on the model
of an aultnor who is a versatile professor, an expert in the subject
'Idtter, an experienceJ teacher with sound but innovative ideas about in-
structional presentation, and a capable pron ra iier. Jithin the uni -
versity envir-onwient, this approach has resulted in a lrnje nunber of
excellent CAI lessons. In other envirotinents, where the autnors have
been less experienced, less skilled, and/or less motivated, the ap,)roach
has not proven as satisfactory.

dowsey (1974) describes five cateoories of aproaches to Liildinkl
easy author-entry systems: separation of loqic and content, avoidance
of an autnorino lanquage, use of lesson plannirM Quides, conversational
'Idt*rials ieneration, and macro s)stems. The approaches in eacti
cateoorY tend to uuild on the concepts of tne prior catetiories.

-AICOst all of these approaches eiiploy the tactic of separating in-
structional content from program lo(ic. Tnis divides the autnorino task
in a way that is particularly amenable to a team approach. P)owsey notes
that to oe effective, such separation requires siiiilarity of structure
between the two components.

The no-author-lanquaqe approach not only senarates content and logic
but does oot require the author to define the logiic. On ly the content
is specified, in the form of frames or problem categories. This is then
acted upon by a lesson generation program which treats the content as
data to produce instructional materials.

Twe use of lesson planninq guides, while requirinq the services of
a coder, perrits the author to communicate with the computer in L Ilish.
Typically, the author defines the material to be presented, questions,
expected answers, and corresponding courses of action on a standard form
which specifies the categories of inforiiation required. One of the nx)re
sophisticateu examples of this approach is Dowsey's own COURSERAKER,
designed for use with the COURSEWRITER III language. It is based on use
of a paper form which includes a presentation section containinq the
material to be displayed, a question section indicating the student
response(s) expected, a decision section defininq wrether a branch is to
be taken (and if so, the type of branch), and an analysis section con-
taininq response judginq rules.

Conversational materials generation represents a quite different
approach. The interactive system assists the author by eliciting the
content and logical structure of the lesson through a natural lannuaqe
conversation. Paloian (1974) describes one example of this approach.
The author !.efines the program structure by entering a sequence of action
verbs. The system checks the accuracy of the sequence and, if it is
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correct, promipts tilt au thor' to supply tile text, ati icpa ted rspolises.
counter naines, etc.

DowsCy ses tile use Of 11,10c t'o ot i 110S as 110tOrut Id lII V [~i 11 tilt' AeI)', L
powerful approach. In uIsill noSuch a SysteM, the aIuthor retrieves a P'IT-
prokiraiuied sequence of code anld sp ec i fiO es a ruV)0n tS Wu ic CoI1rle tlt,
routine. One characteristic of this approach is that it iimposes a
definite structure onl the mnaterial produced. Tile Tiiw-shared * Initer-
active, Cmputer-Controlled, Inforination Television (TICCI) sYsteml
(S tetton , Vol k 4 flunderson , 1,,7) is probably' thle best Knw I1OWilil of.I[~10U
a inacro system~. TI CCIT eimployvs a s mokle instruct ionlal strateovy or'ienlted
toward concept learnino , w ic h ass urieS leartner control over 500 uJVInCt'
iheC strateq(_y sp~eci fitS o1W t1Ie subject mnatter snould Ne structulred e.
rul1 eS , eXailp~ C S , or ac t i ce i teiis )anld e ven s wuoqes t s t he a proIr i at to
nlumbier of i toi'is ill each cateciorv. Thus. iiutci ot thle author s ta1sk
COnlSi sts of.1 1 tol din1i. tile, Content~ to fi t tile, stratoqv . PI1111nn JIl n k Ia it's
are used to foria t thet content and defint p!reSe'iltat Ion tact ics I')
select i nk ,imntow available options. A\ iIiac ro proc-s soi' tnen converts till s
nforrmation k.content * content" torina t * and 5 trateq.y opt ioils) Ino conputer

Onle other ma re-or iei Itetd al)PoOch wfI)1cil de~seve's Il~ie) oll I s tilt,
use of Ilnoforlls lc h u )L1z, 1 :)dOVe 10oued for uINe bY vIiil tdrv , Vu1t!Iot'S
or) PL,%TL) IV 111 'i10thoilot'l PILICrOs * writ ten in) 1 T I ,wrt intenlded to

a q aes t ioni fotnluat anIId '1 Id 1at i1 il1 tiet nee tI Vk OV'Ite3 aI tlot' to U nlder'S t,111d
TL TOR~. A total ofO n fie aci ros Woet devel oled for inn 1 Cl'it ecno ice,
construckted reSpolise" arId 11,1tchiIlll .111Cti~lis15 ,I 1 0,10l 100St iOnl *Vl)t'

thle i0l10 forvms di ffer withi res:)ect 0k var iationis ill fovilatC, t. le ol
feedback and (for nul1t i- It hoi:e ~;etbN),order of' alternlativel
Prosten tat iOll. TilerO are l 't a1, 1lIW!ibel' of oo1t i oll viitn in eac~i lonfr
Thle autilor copies thle deo sred 1lono~fo n1I anld fo 11 OWS tie 1 uS ti')C t ions
supolied in thle foriii o t o'ooi corleln ts ' to suaio I v tite nsti-tl oucon toi

and tatilor tile T1.l1ii. colriailds "k) 'Iis: hler Snoif~ ic i'Oqui i'(1leit 5' Schiiil : [
reports tla t use of lono forms re'dulced tile 2 to L)10ut iioui ueti oilvl Op-
tift tiic to only It) to 1 ', ninutes.

Air Force L'Al Autlorin n.1\,ww'n~co. tii,' 11 (1r.')itpi'ts a
coiipari soni ~ 31 1, n VPL k aoth10?'flo eff 1 l eiicv condic ten( at 'laxwe 11
Ah;. The Iesul ts of tile' coilipari Soil W01'0 i1IrIClis)V ye llCl little
diftferenc e founld 1c twon thle tlvo approa cies . InI tit 1O ron uc t in
5 taden t contact. 11akrs of CAI , tune IhAT,) teoa;i i'oqu ired an) IVerOIe 01
;11,11 hikurS ()Or' OIOU' %iu lo1 t ileI Ti I ,T teoali requ I red Of.4 (t p'ater
iiitere't is (iimvicllu 15 1-riOt)lol Ot tile' IO?'Oedu re S foIl o0We1d an
rObiCIS is encounltered, Oatlcl ark ki tilt, 1 Ii\) tea'l. 'he t'a in n1io no-

vided for 11,J0T teami veiINers C011sttoo Of lil I 11101151 e ., weelk NeOsion 01

aniu biS Pseuent COlitilldO~s -onjsutubtik stiopo?'t tP 1.1 i sl,t . II 1CL I
tedaiit Cra ini i niov ieoan *i tn ' weeks of t al.i1 I ain :,I i ionl to I Iovxea sot It ) 1011
later, tv 3; WeeKS of I1 ltOI)S IV ye Ci'.) Ill 1 i I ll ()')ill II & 50 * .1 tfi ' lill ill1k

I'09l111't'd appears exesy ot~a Os f LI S !Ii' 1 'T' no,
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iiwc re -orts tm1('t imnandfv instances thet authors didI not caiitoll ize
oi PLA) 'TI flIexi i l it., wi ,t resnect to i nstruct iona I stra te (I es a Flu

cose uetl , a Ild not demons trate theo Sys telr! S ful 1capabil itiCs .

OImall , IeLeo , Ila in ano. ~.i 1 irian ( 107 7) rovi de a comprenensi ye
dlescri ption of an experiment it) the use of PLATo IV for Alir Force

ec til a ra ,i nino. At the reinfinI Of tiletest~, COI,,U~te at L ndo l~t

AF,.), the ty )icail PLATO autnori no mdel Was adopt1ed wi tn eaCn autnlor
acti 1 no v.de1 Learn ini TkT MR Was fOUnd to occur v a 11dj or [nort ion

ofautnors' tirie. Au. thors mau varyinq st',les anld Jual itV COntrOl
stanluaris , drno is a resul t, theo curri CuIl wr as fraoilento wi tn li ttle
Continluity betwen lessons. Oal limar et al .concludeu tooat a 0asic flaw
in tnis approach was tne unrealistic assumption thiat all materials
authors were e\perts i 0 both SUbieCt rotter anij instructional practices.

A teari a proach w a s s utbsoe uen t 1 ado )tetd 1n wO 1 c r trio, team con-
si sted of an autnor, suzpiect ;-atter exnert, Inostructional ;roora~rer,
ario cooer. Al thOU11h tis was a 0i sti nct 1 "prove rent over the prior
aoroacri, a nlWI'r Of )rol ems were still enIcountereki. 40 writtenl
?'rO:ed ur(s Were- de fi ned, *on1 V itnfOr al InderS tan ii n 1S 111011(l tour1' ine10rs.
m i is res i 1ted ill I i ,cn ( COtIL11 O cordinat ion rob I c'!saniefcet
Use of telarm s ec iali s ts. Ai n nstrati ye a ni rianatl0-lenlt O rOCedures were
neover well (iefi ned anor tnere was a continruous nceJ, never resol ved. for
better, riore extensive author trainil ni.

A1 riu!ier of PL4TJ features were found to b0 JL i te Useful. 01-1 nol
Jata col lection routines Supp) l led DiV the PLWTP staff and the capabi 11i tvY

for on-l ine, text edi tinc, were both cons idered imp)ortant. ToTJR was
ade~iuote for tie site's needs wi tr authors handli In, the simpler aspects
of prooIraiino andi coders required for only the more Coivle\ portions.
Only a few of treio mere experienced authors, hlowever, cool ital izod on
PLA'TO s instructional flexi hi 11 tv. Almost all of the 1lessons produced
empl oyed trie saime simiple tutorial ixdel . The report authlors uqoos t
tna t thi s approacm was foll1owed oecause trie materia01s were easy to
prepare, toe subject mtter was not that complex, and student comn-
prehension arid retention requ iremnents were low. kbranclint 10Was u'sed
ma Iinl1y for fOrced review anrd TtiTO ' s resoon5e Judo inoi co a bill t) was
Seldom uti 1i.-ed. 6nly about '0 percent of the kquestion1s developed
eviployed a constructed response fom'at.. Not only were const~ructed re-
sponse questions i-ire time consuming to code, students disliked them
because Of unfar'ril1i an ty with the typewri ter keyboard.

0al lman et al. drew a number of conclusions relevant to tne current
project. The team process was found to be more efficient anid effective
than individual authrios. Authors did not exploit PLATO'S full
capabilities due to resource constraints, lack of C-AI expertise, anid
i nadeq uato trainino in instructional proq rarinirio techOI ques F I na 11 Y
Sophisticated CAI capabili ties MaY riot be necessary foi- effective learn-
inki of the type of tasks and level of knowledqe required for adequate
Military technical trainingl.



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 5 to b 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 the project was never assigned ant adequate number of
instructional programters.

Design Conclusions

Although many aspects of the military technical training eniviron-
ment are not amenable to efficient development of instructional
materials, particularly CAI, it was concluded that it was preferable,
at this tinie, 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 authorinq tools would themselves act as changle
aglents. For example, it was decided that the authoring system should be
designed so as to promote the concept of an authorinri team but not to
rely on its existence. Given a trade-off between authorinq flexibility
and a structurei presentation forrmat, structure was almost always
selected. Di ffcul ties in assurinq adequate author training was accepted
as a major problem. Despite the fact that many features of CAMIL were
designed express ~y for this purpose, it was recogInized that any approach
Which relied ni an) uthor/proqraiiiier had little chance of success.
Further, it was considered unlikely that personnel would be assignled to
such a spec iali zed function as CA I coripoter prooirati ig inl stiffien t
numbers to adequately support many authors.

1 his assessmlent Su(JgeSted either a no-autoor-1languagle approach or
a macro system approach. Tile foniier was consideredt to be too rigjid for
the evol1vin g computer-based techn ical1 t rai n ino e nv ironneit . A m1acro
system~ iiidel ed on the 11CC IT illiroach was rejec ted because a si!:ipl er
autrio rinq process was des ired ; tne sar re objectionl was enlcounltered for
approaches simil1a r to lono foris . Tot ae~doited ilt- iion comb i Iie( to best
aspects of several prior aI'proacht-, * reliv tic nvi 1 onl ctracteri stics
of the existinq LArIIL system, and C,111i liid 0e1 on rior i\I experience-
with inuteractivye daita base; edi tors. 1"S SUlLt2 tO' by' 1,illOW (1/') ;)), toe'
total systeml wds de si onefd Witt) thet rior (loal (if fadiciitatiog CIAI
Materials development.

To alle'Viate the need for computor progirdlinn~ni toe approach
adopted Was to pirovide a siniai 1 number of fi cxibi e teimpiate'' CA I pro-
sentatiori progr~is , each of wh ih ciwont1d suppor0tt .i class of CAI IljduiLes.
100ii0 thi di saproach still reqiu ires the se rv ico~s of a co'rioater prograrrer
to expand, thre extent of these services V3s red ,uced ill two ways,. First,
thet- teriiate, prog1ramsl were de'si nIned to be as flexible os 0055 it' Wi th-
Out be ilrig unduly conIOpi X . Pr-inc il es wh ichi had been eri oveu ill
develoin ii the A IS Adaptive Ildt.l and its da ti base were, ustJ to a ss re
that ai single proqra; structure would( support a variety ofit odules
addressing( di fferent tonpics . Seconki, livyen the cinarac ten 'A. Vs of tire



CA,'11L. 1 anidiie and a teruipiate0 IWO(JaI h 1 Ocli wa., well s truc tured anid
documented,. it Was a tt i c i ilate(l t lia t a red It i ye, 1 v 1 riexper i erice I If I' 0t" [V%(,I
COU 1 d rx If if y t lie bhas i c protIranI to IIee vt theIt rok II rerrnlt~ of now
ail icat lri.

The riailor emphias is Was p1lace.d oil des I orr 1114: an i riterac t ,ye antt ho r i ii
vdl tor by Ileanls of, Whi chi an author coul1dt de fi ne (A I con tent and braric hilk
1 oo Ic Thlt ties1(lIn joal1s were to provie antithor.. w ithr a van etv of1
opllt I 01n% w it 11i it at s truclk tureil frankwo rk , to a lyrolr I a tev en I i. kald11 oeapt
aitltor% dec. Isions with respect. to these, op~tions '.o *I, to min ini :e te
liedn for tlrrud 1 tra illi or, to antoma ticl v (.1 dck oiip ii as, mncrli 0 t ti
PI,00'ldl ii no detail as feasible, and to cI illinat e airy nee1d fo' lint horN, to
bt, aware of tille kcomnpnter anilne. I lie forr~k t of tile ailt no rs 'it I'l ut
was% to be a s s imilar as po sIhe to what S tuidets' t on % aOfJC tn 11 WOse.
An thI or errorks were( Lo be di. ec ted arid i kient 1if ii ed at ht. !wL ire t heV \ , Ier

col-Il t ted . Starila I'd rout i ries arnd relports wt. re to be Irov 1 dtod for st der
peonrnlce da ta col I IIc t ionil arid aria 1% Is is I Il Ii . ire' s> t I'I wa % t o
provid c orIIver v nint a ccetss. t o reit" i Io tI I Irforat loll wiln 11 woni j d'is Nt

ii arikiti fill k I dlevvl opmerit



III APPROACH

Thle approach taken to supporting efficient CAI production in the
technical training environment centered around development of a CAL
Authoring Editor and a template Presentation Program. Student perfor-
mance data acquisition routines were built into the presentation progIram
and reports developed which focus on fornuative evaluation requirements.
A CAI Miaterials Print ProgramI was developed to provide hard copy list-
ings of CAI Materials for author and student use. All but one of thle
supporting progIramis were written in CAMIL. Tile Editor and Presentation
Program were designed to operate onl the current AIS interactive
tenridindis. which are a modi fication of the PLATO terminal, but provisions
were made for easy transition to less expensivye tenninals. inc Authorinq
[di tor, Presentation Program, D)ata Acquisi tionl and Analysis Prograils,
tile Materials Prinlt Progjram, and documentation of the authoringo system
are descr ibed 1 n deta il ill thle fO 11oWil nisecti Iis

1 ne CAI Autho rir Ldt o

NCe hartL Of thlt sOftWtwr SUilpOrtl~ UW ngte S CA I jotirori nq svste.,:l
is anl interactive Aaithoringi Ldi tOr. 10 introduce thle [di tot, tile
structure and chiaracteristics of the CAL no1dUleS produced wi to it are
first uescribed. Thle [di tor itself is then discussed, begjinning with
various suor~ary dAisplays whi ch providle central reference poinuts for tile
author' s work. Thle mec hanics of gjenera t ing text anld g ireS tion tra:les
and of defininql~ branchinri looic ire then de!scribed an1d illustrated ill
somic de ta ilI.

M1odule Structure, Frame 112~ il . As structured 11Y
the Au thor in riLdi tor , a CAL module i s se qmeo ted i nto objectivyes . 10roughl
thle Authoring [di tor, the author can define only the seguenco ili wo icl
objectives are to be presented. Any branichinq between objectives is a
function Of the Presenrta tion P ingram. L.act0 iliiduo emust i nclIude all
Objectivye 0 that conita ins material (usually an overview) per tainiri to
the lesson as a whol1e . Thle aut hor may then defi ne upl to 10 ndruiibered
objectivyes con ta i inri the uiodul1e 's irist ruc tiornal1 con tent. -a ch Objectivye
can con ta in on to 1,10 frames. Ten frame types havye been deftined which
can bie classi fied inuto three categjories: textual content fram~es;
question frames ; and special purpto se frames . 4vw types can be de fined
as requ irements arise . The frame types iln each category aire diescribed
briefly below.

There are si x di fferen t types of textual con ten t frames. These are,
all s ijii 1at' in that thevy simnply present textual information to the
student arid rekirel- no response other than1 ani illdlicat ion that thet S t udol
is ready to proceed. Tile six types are di fferenitiated primarily for
idanagleierit treasons . In some cases, a spwec if i k frame typ~e may be re-

qu0ired at a certaiin poinit il ri te frame11 Seqjuene 11i list ini frameks h.y
type provides a qui ck Overview of tile instructional sequence.



Tile basic "Text" fraiae is, as its name implies, the primary mediuri
for presentin(I instructional Content. A Text frame can contain up to
four "pages" or screen uisplays. There is no provision for branching
withiin frames, i.e., between pages. unce a frame has been selected, all
of the pa(les in that frame are presented. Authors are instructed that
a Text frame should present a discrete chunk of infornuation pertaininq
to a sin(le concept.

The second textual frame type is the Elaboration frame. It 6iffers
frovi a Text frame only by name and intended function--to present infor-
mation to students whose performance indicates that they need further,
more detailed explanation of a concept presented in a Text frame. The
Title frame, when used for the purpose imiplied by its name, can be
recoqnized as a dividing point in the frame sequence. The Statement of
Objective frame is required at the start of each objective other than
Objective L). Similarly, an Overview frame is mandatory within Objective
J. Finally, a Naterials List rame, listinq any reference materials
wrich the student needs to complete tile nodule, is required in Objective
J. Any of tne oandatory frame types can also be used, dt the author's
discretion, at other points in the module.

The Editor currently supports two types of Question frames:
.Jultiple choice and constructed response. These frame types provide the
primary means of evaluating students' understandinq of the material beinq
presented. Q)jestion frames consist of the question steti, up to five
uuiltiple-cnoice alternatives or nine anticipated constructed response
alternatives, feedback statements for each alternative and promipt state-
nents associated with successive attempts to answer the question.

There are two special purpose fraiie types, neither of which is pre-
sented to students. The first is 0ocuentation frame required at the
beginning of each objective to provide a means of documentinq the
authorini/evaluation/revision process. The author is instructed to pro-
vide information such as the dates during which the module was being
developed or revised, the names of additional authors who have worked on
the module, the learning strategies employed, the nature of and 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 "Branchinq Decision" frame. It is a
dunny frame, containina no material, which allows for a branchin) point
without anything being presented on the screen.

There are eiqht varieties of "flags" which can be set anainst a
frame to indicate to the CAI Presentation Proqrarm that a particular
action is to be taken when that frame is encountered. Like the frame
types, flags have one to two character code names which, when displayed
on the frame listing, contribute to providing a suilnary of the instruc-
tional strateqy 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
presented to students. This allows the author to store alternative
material in the body of the module itself. The Fix Answer List flag,
which can only be set against a multiple-choice question frame, indi-
cates that the list of alternatives is to be presented in the order input
by the author rather than being randomized. A Student Break flag elicits
a display generated by the presentation program suggesting that the
student take a short break from working on the module. It allows the
author to alleviate student fatigue on long, complex modules. Finally,
the Decision Point flag indicates that the presentation proqram is to
collect Decision Point student performance data followinq presentation
of that frame.

Module, Objective and Frame Surmiary displays. Throughout the
Lditor, a philosophy was adopted of providinq extensive prompting and
"fail-safe" mechanisms. Each author entry is prompted to the extent
possible. Commands which will result in the deletion of materials or
branching lonic require a second "Yes, I want to do it," response on
the part of the author and it is always possible to back out of an error
situation without the Editor taking any action.

Whether an author wisnes to create a new CAI module, revise an
existinq module or display a odule, the same basic procedures aoly.
After accessini the Authoring Editor froii an interactive term'inal, the
author encounters a display, illustrated in Finure 1, re(JuestiQ Lh,
sequence of numbers (Course *uber throu(h ;1odule iu-ber) identi fyin-I tue
particular :1odule to be accessed or created. Entry of each value is
prompted and tue ran(ge of allowable values is specified. Tne aijthor v
also request a list of existing m1odules (by oressin Function ey Hl).
If this ot)tion is selected, the author is asked whetner all 'iouules or
only those belonging to a particular author are to be listed and wuetne r
the list is to be displayed on the terminal or printed on the cetral
line printer.

If the identifier of an existinq m:odule is entered, tUe author is
asked whether that miodule is to be displayel, cuanied (revised or adJed
to), or deleted. Whereas any mo)dule can be uisplayed, only those created
by tnat author can be channed or deleted. If the author enters the
identifier of a module wnich does iot exist, tie dutnor is asked wnetner
a new miodale is to be created, and if so, whether the iiimouule is to he
a copy of an existing module. This copy feature allows an autnor to
revise a mlodule which nas already been imleented in tue ciassroorm, to
revise another author's 1o0dule, etc. If the new module is to b, created
from scratch, the author is required to enter the title of tue fmoO lt
and the nu-bier of ob~jectives which it i- to contain.

If tne author is creatino a new mnodule or revisinq an cxistin
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Figure 1. Authoring Iditor Wkdule Siclectioti DiSlay.



module, the next display asks which data collection routines are to be
activated: response data, decision point data, and/or student coi ients.
None, any, or all of the three types can be selected.

The author next encounters the Objective List display illustrated
in Fiqure 2. This display provides a central reference point for the
author--a top level overview of the module's content and the control
point for creating, chanqinq, or listinq complete objectives. Objectives
against which no material has been entered are shown as beinq undefined
(Undef). For the display illustrated in Figure 2, the n-odule includes
the mandatory Objective 0 and four additional objectives, two of w~nich
are as yet undefined.

Actions which can be taken at this point are listed as options at
the bottom of the display. If the author enters the nuviber of an objec-
tive, the list of the frames defined for that objective is displayed.
One can also add or delete an objective, reorder the sequence in which
the objectives are to be presented, or request a printer listinq of one
or i:wore objectives. As is the case for all of the Authorino Editor dis-
plays, the author can back out without takino any action by pressino the
"BACK" key.

If a new Pmodule is beino created, all of the objectives woUld Ihe
shown as undefined, and the author would first be required to define
Documentation, Overview, and laterials List fraves for Obtjective 0. The
author could then define additional Objective ) frames or return to the
Objective List display and proceed to define content and branchi nq with-
in the individual, numbered objectives.

When the auithor accesses a specific objective, the first ois;lay
encountered is the Frame List illustrated il Fi nure 3. The Fralle list
provides a central point for work .ithin an objective. The li.st dfines
the sequence and types of fracies coi;iprisino the ob,iective and provides
an overview of the branchinq loqic and any special conditions i.ioseld 01n
specific frames. Actions which can be taken are listed as Options at
the bottoii of the display.

A Frame List consists o f one to four ia,ies wit ,i , to h fra,:es
listed per paiqe. The objective represented '' Y the Fraie List sIown in
Fif ure 3 is relatively short, only .2 fra.ves. Tile di ,la. provides a
substantial amount of information alnut the content and itistructi ona1
stratuny eciployed in this objective. Each frank, nas tothi a nu'ib, r I,
throulh .,;) ano a n1ai e consistinq of one ofr two letters e.,,0 for
ducumentation, S for Stateiient of U)niectiw) aind one or i or' oiits
i dicatIno whether this was the first, second , ,tc . frate of tnils ti'e
to be defined. If there is branchinn l01 ic as saciated with a fraA, I
the class of 1o0ic (Pre-frame, After-frarle , or sionse contil,'int) is
indicated, an liitson the nuFhvi, of ttemts ,toa
questions are shown:, as are rarie Mi-, q.



oSCTwlw LM for C-V.-LU-m

gJ * objective 9 is modu.le descriptor date

I

2
3 Ldef
4 Undof

OPTIONS: Objective number, dimplay/chsngo frome list
1, inset objective
R. reorder objective
0, delete objective
OCX. return to modkAle selection pae

ENTR choice )

Fiqure 2. Authorinq Editor objective List D)isplay.
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FRA LIST for OBJECTIVE I

Frame Brch Fa Flags Frame Brch An& Flags
No Name Log Try No Name Log Try

1 0i no none 16 El no none

2 Tit no none 17 T6 no none

3 Si no none 18 T7 no none

4 01 no none 19 QC2 no none

5 Ti no none 20 T8 no none

6 QMi no 2 none 21 QM5 no 1 OT
A 2 F/O 22 QM6 no i OT

8 T2 P A none 23 QM7 no 1 OT

9 T3 no none 24 Qt18 A I OT

is TI, no none 25 QM9 no 1 OT

11 QM3 P none 26 QMIN A I OT

12 QM4 A 0 27 T9 no OF

13 T4 no none 28 Tie no OP

14 T5 no none

is QCi RA none

OPTIONS: Frame number, display/change frame data

I, insert frame D, delete frame(s)

F, pecify flag(s) 0, reorder frames

B, branching logic R, replace frame
C, comment file
*/-, display next/previous frame list page
BACK, return to objective page

ENTER choice )

Figure .3. Authoring Editor Framie List Display Shiowing

Set of Initial Options.
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be inserted and to select the Tyoe of the new frae. The Frane Type
selection rwenu is shown in Figure 4. Once Frame Type has been selected,
the author is placed in the frame creation mode for that type. niote
that Uption 11 on the Frame Tyoes menu allows the author to copy an
existinq frame. Any frame, including one from another author's pro'iram
can be copied. Further, the author has the choice of aking an actual
copy of the frame, wnicil can then be nodified to suit tie author's
purposes, or of simply "aliasing" an existinn frame. with the latter
option, the frai.e is not actually copied but rather, wuen an "alias"
frame is encountered by the Presentation Prooram, the frame content is
retrieved from its original location for display.

The third initial Frame List Option, Specify Flaos (F), allows t ne
author to set the previously discussed Frame Flags against specific
frames. Specify Branching Logic (B), permits the autnor to define
branchino logic for soecific frames. Option C, Comrient File, accesses
the list of student comments which have been m;,ade aglainst specific
frapies. The existence of such cormients is indicated by the occurrence
of a "C" in the Flags column of the Frame List display. The Frame List
may consist of up to four !)anes, and the control characLers "+" and "-"

access display of the next or ;Orevious pauie of the List, respectivel .
The Oelete Frare (0) Option allows deletion of one or more frames which
are no longer required. The Reorder Frames (J) Option permits tie author
to move frames to different positions in the Iramc sequence. If the
author decides to replace all of a frame's content, the Replace Frame
(R) ,)ption is available. Finally, the author can always return t. tile
Objective List display by pressing the BACK key.

Text Generation. Tile 1 rocess by wnich all six ty;pes of textual
content frY;ies are produced and edited is essentially tie sar.e. ,,no n
the author elects to create one of these frame ty;)es via the Franc Types
,lonel (se Fikure 4), a blank temllate, such, as is ill strated in Fi oure
o, is ,isplayed. ",ote that the framlie nurer, frame na;ie, and nu ber of

tnis pagle witni tie frame are shown at the top of the disnlay as is
the fact that the author is in Insert mode and has already entered one
line. Typed content appears on the line next to the arrow-u:iaped cursor,
and tie :ALXT key is )ressec to end each linc. Tne autnor is free to
enter the content in any for"iat within to cons tra i uts of tho nlarins,
indicated b tr" cursor on tre left and the vertic il line on the rilvit.
Lacn page can contain no to £1 lines of j6 characters oacn.

After enteri ntc one or ;xmre characters, the author can ,re s ,,*C '
tO access a collctiOn of editi'),i fuctions. This sitdation is ills-
trated in Fioure o arnd is the sa,'e as the dislay WVOich woul be ,ore-
sented if th, autwor accessed an existino, Text 'rare to :.Iodifv it. Tne
[ditino Options are listed at the bottom of tn,' dis,lay.

The Insert Line(s) (1) Ontion allows the author to dtfio addi tional
lines of text followini or between lines of existin n text. hile insert-

3 .3



V

FRE LIST for OBJECTIVE I

Frame Brch An. Flags Frame Brch An. Flags
No Name Lot Try . No Name Log Try

I DI no none 16 El no none
: Tai no none 17 T6 no none
3 SI no none l6 T7 no none
4 01 no none 19 QC2 no none
5 Ti no none 25 T8 no none
6 QM1 no 2 none 21 QMS no I OT

QA 2, R F'O 22 t16 no i OT
8 T2 PA none 23 QMI? no i OT
9 T3 no none 24 QM8 A i OT
i@ Ti2 no none 25 QI9 no 1 OT
II Q03 P none 26 QMI A i OT
I Q 4 2 T9 no CF
13 T4 no none 28 TIS no CF

14 T5 no none

15 QC I RA) none

FRAME TYPES:
I Documentation 7 Constructed Response Question
2 Statement of 06jective 8 Bi"anchinr Decision
30Overview 9 Title

4 Text I3 Material List
5 Elaboration iI Copy of an existing frame
6 Multiple Choice Question

ENTER choice

Figure 4. Authoring Editor Frame List Display

Showinq Frame Type Selection options.
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FRAM 5; TI; PAGE I OF I INERT 10CC I Lires
I These are the first couple of lines

) typed by the author.

OPTIONS: Enter 4e-xt material.
Press NEXT to end each line.
COPY keys copy previous line.
Press BACK when finished.

Figure L). Autlioring Editor Text Frame Display as Seen When

Creating a Frame.
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FM 5; TI; PAGE 1 OF i
These are the first couple of lines

2 typed by the author.

OPTIONS: I, insert line(s) P, replace line
D, delete line(s) B, draw/erase bo) (es)
S, save 1 lne () F, fetch saved line (s)
E, empty save buffer
.-/-, display/change next/previous pace of frame
BACK, return to frame selection
NEXT, display/change text for next frame

ENTER Choice

Figure 6. Authoring Editor Text Frame Display Showinq

Frame Editing Options.
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i ng Mrateri al between lines , the two lines preceding and one line
followinq the entry are also displayed.

The Repldce Line (R) Option al lows the author to edit one or more
exi st ino lines. Thet o iqi na 1 vers i on of thll line i s di spl ayed , thll
author's new version is shown be low it (to the ri oh t of tire cursor) d
the tpreced i n and fol11owl ig lines are also di sp1layed to provide the conl-
text of the chanwl. A situation ill which line 3 of a display is being
edited is illustrated in Figjure 1. A set of Ldit keys faicilitate the
eui tinF(l process by dl 1 wing( the author to erase, copy, or tem~poratril1
store the coipl ete 1ine. spec ific words or individual characters. Af ter
the- lie nlas been choanqeld , thet [ di tor redi is playvs thet e dited text and
move's diOwnI to th net I xt 1 incIt to all OW th a1 1uthor to edi t it. fs inl thet
Insert 'mode, Lire atuthor cant idkCK out of iRePIC aceit ode t IInY t i me

The delete Line(s) (0) opjtion (see I ioure h ) 1llows toe aULInOr to
erase, one or iore, 1ines of text. Thet [.di tor promr' ts the autilor to ill-
dicatk! the I ioes Lo be dele'ted (thet m1,1ilers of the first arnd last l ines),
surrounids the indicated lines by a box for viUI Lmnal tihaS is anIJd SKS if
the author w ishes to complete or cmncel the del etion retluos t. Aniy text
onl the page fol lowi noi the deletionl is Iloved up to replace, thet deleted
-ia ten a 1

The Save Li ne(s ) kl s) kip tioti provijkA'vr % calmb ii tv for s lvi ro up to
.1 1 li nes of utenrial inl a ''Save'' buffer. Thet saved 'taterial can then be
itiser ted at any po in t in rmay textual1 content. fraimte inl any L.AI I'lodUt10
Th is is use ful inl edit imii cmtcrial1 , cot'vi no iles of framecs wi thou t
r'ety pitmt and tiov inn ma ten ioa to other ilvodo 1es. Once anl aunot hla, saved
one( or 'lore Iinoe, they cart be retrieved at anyv titi'e ititil 1,o thdSvel
bulffe'r iS e11ti ti

tie eotch Saved Line(s) (I ) ption lrovi des the meons 11V witicti
;iateriail is rtrieved from~ the Save! buffe'r. If, WWIIt thet u1,terilal is
fc-tclict! to [it irtsrted! oit a 'alet al r'eady conta mm''o text, th2 1 ttstrtel!
ttkltnitl ill)41 r'esml t ill A total1 Of ron' titanl 21 litre'S, toeL Author i~l
warnedk of tis tact and ;i vvn the 00ti0t1 of 01cancell thet ilet.ch itad

or I] lowiri' to''. I di tor to r'eformat the, text. to overflow ottto sm',~'t
'aqes Of thl *r%- It-

mite ",V I t mv fft')* (I ) ptioart sit iply r e Ii i.~'itcls ol Lfl\,
)av V, Out - tr ,6 "avM 11t 1 ow tatrial .

tO l. ' ti (I ) (:1) Opt ion a I 1oi.s t te itt1,101 'ot 0 to r'll

i~di 1 'i~mi titi or' loire 1int's of i wteri.rllit Itr cItt 01 t, \,I I 1e

1I vn tlt os'iti olt of tilt, first and Last charic ters Ii Ohy linetms. till to
Si XtttI bOXC% LOHit 00 dtt ile0 Ill d ., l'~t vti N.



FRA 5; Ti; PAGE i OF i LACE MODE 2 Lines
This is an exanple of a mil led word

) This is an example of a mtsap

that need editing.

OPTIONS: Enter 4 ext material r.-vision.
Press NEXT to end each line.

COPY keys cop, li ne to be modi fied.
Press BACK when finished.

rFiqurt' 1. Authorinq I iiitor Text I tmr spl,.¥ In

Nt'pl dci' M~d3.
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I
I!

FAFM i3; I2; PAGE 1 OF I
fECLASSIICATION

3 Bomb fuses are classified in THREE WAYS--by
4 POSITION, by FINCTION. and by MlTHOD OF PIMING.

6 0.0 5v position relates to the POSITION the
7 fuse will occupy in the bomb.

9 A fuse can be of three posit ion types

11 o a NOSE fu e if it is used
12 in the FRONT of the b,.
13
14 o a TAIL fuse if it is used
15 in the REAR o' the bomb.
16
17 o MULTIPOSITIONAL if it can
to be used in EITHER nose or

tail POSITION.

21

OPTIONS: I, insert line(s) P, replace lite
0. delete line(sl B, draw erase box es)
S. save line(s) F. fetch saved linets)
E, empty save buffer

-, display-change nedxt previous page of frame
BACK, return to frame selection
NEXT, displavychange tedt for net frame

ENTER Choice )

fi u-te '. Au ti ori n, Iitov" Text 1r,vie tlisol,%y

S110wiiq U so of toes for i.mphas is.
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The final three options pertain to the mechanics of paqe and frame
selection. To move forward to the next paqie of the current frame or back
to the previous pacle, the author enters "+" or "-" respectively. Press-
ing the NLXT key routes the author to the first pane of the next frame in
the sequence. The BACK key returns the author to the pane of the Frame
List display listinq the current frame.

Althouqh the Authorinq Lditor does not current ly provide any exten-
sive tqraphics capability, the author can, with sole inoenuity, create
simple qraphics fiqures by usinq the standard keyboard characters and
any "unrecoqInized" character, which creates a solid, ciiaracter-sized
rectan(lle. An exanple is provided in Finure 9. Note that the display
is shown in Inspect Only rode with an abbreviated list of author options.

Nuestion Generation. Multiple choice and constructed response
question rames provide the author's primary means of interactino with
and evaluatinq the student's understandinn of the materi al Oei;(i ir-
sented. As structured by the Authorino [ditor, a nultil1o choice
question consists of the question stv'ii and two to five altrnati yes.
After selvctin, this frame type ( QM ) fro the fravre Types 1mnu , the
author is shown a terplate displav and oro,1 ted to enter tlic juestion
stemni. The text of the steri is displayed as 'it is en terCl Anid a double
press of the rII XT key notifies the Iditor that. tht, steri his been Coil-
pleted. Tile author is then pro: rpted to enter the first alternative.
A double ML-XT indicates tht, eno of each alternatie, arid elicits a prom-Ipt
for the next alternative. This process continues unrtil the a uthor in -
dicates that all alternatives have been entered by l res141 IIACK or un til
the mia xi mum of five alternatiwys nas been entered. An o xairpI' of a
partially coMpl1eted :u lti pie choice question iS shown in l ijure 10.

Once tire question stem ind alternaties i)ave Lw en entered, the
author is prompted to specif v the correct alternative or altrnaties.
At least one correct answer must be deffined before the author is allowed
to exit the question fra:le. In addition, the, author is irorvi ted to
speci fy tne nri xinmum number of ,ttempts allowed in a nswl erili the ques' tionr.
Tht. author may select a number tir inricate that the leinfault valre,
currently three, be used.

A constructed response question consists of the yiestior ster) and
one to nine anticipated responses. When this frame type (i'() is
selected, the procedure followed is essertiallV the salw' as for i
multiple choice question. The aut hor is iromloted to enter tit ,liestion
stehi and successive anticipated responses l, to a ia xinitri of ii ne. The
correct responsv(s) and maximul nllimb'lr of allowable attvorlt., rlll' t then
be specified. A completed constructed resvonse ipestion is illustrated
in Fiqure 11. The asterisks to the left, of four of tme alterratives il-
dicate that any (if these resp)onses ill lit, acceilted a, hi'in correct.

Currently, the AIS t'Al software lwpports only vxak-t ',atch's oir
constructed response questions,. That is, otner tridi variations be the'n
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FWE 13; T41; PAGE I OF I INSPECT ONLY

2 PRIMER

3
4

6
7 DETONATOR
8 AND
9 PRIMER

Is MOVING
I I INTO

12 ALIGNMENT
13
14
15

16
17 FIRING
18 .-PIN= -. flT

19

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

ENTER Choice )

Figure 9. Authoring Editor Text Frame Display in Inspect

Only Hode Showing Use of Simple Graphics.
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F S; Q 1 INSERT MODE .Lirne
T'his is a sanple mulitple choice question with

Z THREE alternatives.
3
4 1. This is alternative one.
5

6 2. 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 kevl will allow

question alternative entries.

COPY keys copy previous line.
Press BACK when finished.

Figure 10. Authorinq Editor Display of Partially

Completed Multiple Choice Question.
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1 In whiat block of the AMO ra. 398 should t'he
2 Federal Supply Classification be recorded?
3
4 . I. 18

S * 2. ten
6 3. 9
7 4. 7
8 S. 5

9 * 6. block 11
I3* 7. block ten

OPTIONS: I, insert tine R, replace line
D, delete line C, specify correct answers
F, display/change feedback message*
P, dsplay/change prompt messages
BAC, return to frame selection
NEXT, display/change text for next frame

ENTER Choice )

Fiqure 11. Authorinq Editor lisplay of Completed

Constructed Response Qouestion.
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upper and lower case, the student's response must exactly match one of
the author's anticipated responses. Otherwise, the student's answer
is treated as an unanticipated response. Work is currently in progress
to support recognition of key words and strings and misspelled words
which phonetically match an anticipated response.

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

The intent of a prompt message is to 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
student's attempt at answering the question. That is, prompt message
number one will be presented following the student's first incorrect
attempt, prompt two following the second incorrect attempt, etc. Prompts
are not presented following a correct response but are otherwise inde-
pendent of the specific alternative chosen.

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

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

Vefinition of Branching Logic. In preparinq a CAI module, defini-
tion of effective branching logic may require the greatest thought and
be the most difficult part of the process for an author to understand.
The effectiveness of a lesson, however, can ninqje on nowi well this
feature is used. Therefore, particular attention was qiven to
facilitating this aspect of the authorinq process.
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Within the AIS CAI scheme, all branchinn decisions are associated
with individual frames and can be evaluated at three different points
in the presentation of the frame. Pre-frame logic is evaluated at the
point at which the Presentation 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
the branch being taken if a particular response is made. After-frame
logic is evaluated after the student has indicated a readiness to advance
to the next frame. A branch can be made to any frame within the objec-
tive which has been defined in the Frame List display.

Currently, four types of conditions can be evaluated by Pre- or
After-frame branching logic: (a) Given a set of question frames, take
the branch if at least a specified number of these questions were an-
swered correctly. (b) Given a set of question frames, branch if at
least a specified number of these questions were answered incorrectly.
(c) Branch if at least a specified number of a given set of frames (of
any type) have been presented. (d) 3ranch if at least a specified numiber
of a given set of frames have not ueen presented. In addition, uncondi-
tional branches can be defined where the branch will always be taken if
the branching point is reached. As mentioned above, Response logic pre-
sents a different situation in which the branch is taken if a particular
response is made.

Any number of branching logic instructions, of any or all of the
three types, can be entered anainst 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-
jective.

Branchinq 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 to
Pre-frame logic was defined), the frame will be presented. If none of
the conditions of Response or After-frame logic are met (or if no such
logic was defined), the next frame in the sequence will be presented.

The process by which an author defines branching logic for a frame
is illustrated by Figures 12 through 20. Like most aspects of an
author's work within an objective, the process begins on the Frame List
display where the author selects the Branching Logic Option (B) and
enters the number of the frame for which logic is to be defined. This
results in the Branching Logic display shown in Figure 12. In the
example shown, no logic has yet been defined for the frame. The author
selects the action to be taken from the Options list--in this case, to
Insert Frame Logic (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, Frame 24
MItiple Choice Question a

Pre-Frame Logic - none

Response Logic - none

After-Frame Logic - none

OPTIONS: Frarme u er. disp'ay/chenge frame logic

NEXT, display/change next frame logic

I, insert frame logic D, delete frame logic
BACK, return to frame list page

ENTER choice ) i

Fiqure 12. Authorinq Editor Display for 0efininvi

Braiichinq Loqic.
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rrome List for Entry of Logic Condition

1 01 21 Qt1S
2 Tii 22 Q16

z3S 2
4 01 P4 218
5 Ti 25 (I19
6 Q tI 26 Qtlt9
7 QM12 21 T9
a T2 20 TiE
9 T3 126 EM 08D

18 TI2 127 END LSN
11 Q113

IJ T4
14 T5
is QCI
16 Ei
1? T6
18 T7
19 QC2
29 Te

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

Figure 13. Authoring Editor Display for Selecting To-be-brancheu-

to Frame for Pre- or After-frame Branching Logic.
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Fram. List for Entry of Logic Condition

1 01 21 QMS
2 Tni 22 Q16
3 SI 23 (M
4 01 P4 M
5 Ti 25 Q19

6 QMI! 26 Qt11S
7 Q2 2 V T9
8 T2 4 28 Tis
9 T3 126 END OBJ

to Ti2 127 END LSN

11 Q113
12 Q(14
13 T4
14 T5

15 QCI
16 Et

17 T6
is T7

19 QC2
28 To

The frame log'c to be evalua':ed is to be based on one
of the following conditions:

C, if a set of frames (questions) is correct
1, if a set of frames (questions) is incorrect
P, if a set of frames has been presented

N, if a set of frames has not been presented

NEXT, no conditions; an unconditional branch is to occur

ENTER choice > c

Figure 14. Authoring Editor Display for Selecting Class

of Pre- or After-frame Branching Conditions.
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From. List for Entry of Logic Condition Correct

I DI * 21 QIIS
2 Til * 22 Qfl6
3 SI 23 M7
4 01 F L2!La
5 TI 25 Qtl9

6 Qr1I 26 QuIx
7 Qt2 2' T9
8 T2 4 28 Tis
9 T3 126 END OBJ
if T12 127 END LSN

It QiI3
IZZ Qtl4
13 T4
14 T5
15 QCI
16 El
17 T6
18 T7
19 QC2
26 TB

Frames which rust meet the conditions specified will be

denoted by an * to the left of the frame nujmber. To
change a designation, reenter the frame nurmber. To
denote additonal frames, enter the frames numbers and
an * will appear. Press NEXT when finished.
ENTER frame number ) 23

Figure 15. Authoring Editor Display for Selecting Question

Framies to be Evaluated for Correctness for a

Pre- or After-fraiie Branch.
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Frame List for Entry of Logic Condition Correct

1 Di * 21 QI5
2 Til * 22 Q16
3 Si *3 t-
4 01 * F ( e I
5 Ti 25 Q19
6 Q '1 26 QiliS
7 QM2 2 T9
8 T2 - 28 Tim
9 T3 126 END OBJ

is T12 127 END LSN

it Q13
12 QM4
13 T4
14 T5
15 QCi
16 Ei
17 T6
18 T7
19 QC2
20 Te

Enter the number of frames which must meet the
condition specified in order to present the desired
frame.
ENTER choice ) 4

Figure 16. Authoring Editor Display for Indicating

Number of Correctly Answered Questions

to Meet Pre- or After-frame Branching Condition
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Branching Logic for Objective I, Frame 24
MIltiple Choice Question 8

Pre-Frame Logic none

Response Log ic none

After-Frame Logic

Go to TIE if all of the following are correct:
Q5, QM6, QM7,Qe

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

ENTER choice o

Figure 17. Authorinq Editor Display Showing Completed

After-frame Branchinq Instruction.



Frame List for Entry of Response Logic

1 Di 21 Qtl5
2 T i 22 QM6
3 S1 23 iM7
4 01 M8
5 TI 1 25 E2
6 Q t1 26 E3
7 Q12 21 Ql9
8 T2 28 QM10
9 T3 29 T9
1s Ti2 36 Tis
11 QM3 126 END 0J
2 QM4 127 EN LSN

13 T4
14 T5
15 QC1
16 El
17 T6

18 T7

19 QC2
20 T8

Enter the frame to be presen':ed correspondir to the

alternative chosen. If no response logic 1s to be used
for the alternative, then press NEXT.
ENTER frame number for alternative 2 or NEXT ) 26

Figure 18. Authoring Editor O) Dnpay for Defining Response

Contingent Branching Logic.
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Branching Logic for Objective 2, Frame 24
rtultiple Choice (uestion 6

Pre-Frame Logic - none

Response Logic

I Go to E2 when alternative I is chosen.
2 Go to E3 when alternative 2 is chosen.

After-Frame Logic
I Go to TIe if all of the following are correct:

QSM5,QM6,QM7, QM

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

ENTER choice J

Fiqure 19. Authorinq Editor Display Showinq Completed Response

Continqent and After-frame granchinn Instructions.



Branching Logic for Objective 2, Frame 15
Constructed Response Question I

Pre-Frame Logic
I Present this frame if all of the following are not presente

T4,T5
I Go to T6 if all of the following are correct:

QM3.Qt14
3 Go to T6 if I or more of the following are presented:

Response Logic
I Go to El when alternative I is chosen.

:Go to E when alternative 2 is chosen.

Ofter-Frame Logic
I Go to E3 if 3 or more of the following are incorrect:

QI . , QM 3, QV 4.QC I
Go to Tb.

OIPTIMS: 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 7

li iure 20. Authorinq [ditor 'Uisplay Showinq Nlrrt Classes

of Biranchinq Instructions.



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

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

Assume that the author wishes to enter a Response loqic instruction.
After Options I (Insert logic) and R (for Response logic) have been
selected, the text of the question is displayed with the correct
answer(s) indicated to refresh the author's memory as to its content.
Next, the author is shown a variation of the Branching Logic Frame List,
as illustrated in Figure 13. For each alternative, the author is to
choose a frame number from the list or simply press the NEXT key if no
branch is to be taken when that alternative is selected. As they are
entered, the numbers of the alternatives are displayed to the left of
the correspondinq frames in the list. In this case, the author has in-
dicated a branch to frame E2 if alternative 1 is selected and is in the
process of indicating a branch to E3 if alternative 2 is selected. After
all alternatives have been considered, the logic which has been defined
is suimmarized as shown in Figure 19. When the author returns to the
Frame List display, the existence of Response and After-frame logic will
be indicated for this frame.

Some of the more extensive branchinq possibilities are illustrated

by Figure 20.

The CAI Presentation Proarams

While Authorinq Editor provides the vehicle by which CAI materials
are ueveloped, there must also be software to support presentation of
these materials to students. CAI oresentation is accomplished throuqio
the use of a general pronram structure and set of support routines
driven by the CAI ,miodule description, decision lonic, and text records
created by an author using the Authorinq Editor. Through the use of
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this generalized proqrai structure and a table-driven approach, a wide
ranqe of computer-assisted tutorial and drill and practice instruction
can be presented with minimal programning effort. To date, three
different CAI Presentation Programs have been developed from the basic
skeletal structure and support routines. One, the first developed, pre-
sents standard modules in support of lessons assigned on the student's
first pass through a block. The second supports block review modules,
assigned just prior to a student's block test, which present material for
just those objectives which the student failed while studying in the
block. The third supports block remediation modules, assigned after a
block test failure, and presents material for just those objectives that
the student failed on the test.

The basic skeleton and support routines were written during the
development of the first-pass module program. This program required
the i;xst extensive design and development since it was to form the
basis for subsequent programs. The block review and remediation pro-
grams were then created by slightly modifying the main loop code.
Developixnt time for variations to the basic program has proven to be
;inii;ial and can be done by entry level progranriers. It should be rnoted
that the first-pass module presentation program is sufficiently general
to support the Presentation of all suci CAI modules written for any AIS
Course. Similarly, the review and remediation programs are general
enough to handle the presentation of any cognitive objectives for AIS
block review and remediL-ion.

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

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

Student CAI Scenario. As was discussed in the Introduction to this
report, when the AIS makes a lesson assignment, it determines whether
there are two or more alternative modules, including any 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 rule, CAI modules are assigned to that proportion of the students
for whom they are considered to be the most appropriate, assuming that
the required instructional resources (in this case, an interactive
terminal) are available.
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When assigned a CAI module, the student signs onto any available
interactive terminal by typing in his or her student account number.
If the AIS does not recognize the number, the user will be told that the
account number is not registered and will be logged off. If the number
is recognized, the student's Student Data Profile record is checked to
determine whether the student's current assignment is indeed a 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 module description record, created by the Author-
ing Editor, to determine whether or not student response and decision
point data are to be recorded and whether student comments are to be
elicited. If so, data recordinq is activated for those classes of data
which are to be collected.

The Presentation Program beqins by presenting the material in
Objective 0, containing at least an overview of the lesson and a required
materials list, and then begins the instruction contained in the first
numbered objective in the series. Frame descriptions, branching logic,
and text records, all created by the Authorinq Editor, determine the
sequence and content of the presentation. While authors can define a
variety of different instructional strateqies, a sinqle approach will be
described here for explanatory purposes. First, the statement of the
objective is presented and briefly elaborated. This could be followed
by one or more pages of text and a set of practice questions. The number
of practice questions could, and should, be a function of tile student's
perfon,ance on prior questions. Additional frames, elauoratinq specific
problem areas will be presented, as necessary, on the basis of te
student's responses. A typical page fror a text frame, as seen by the,
student, is presented in Fiqure 21.

At any point in the ubjective, the student rwy opt to review the
iiiaterial that has already been presented by pressinq tie [,CK key. In
review mode, text is displayed in the nurmal manner arid (questions art,
displayed with the student's answers indicatd.

Questions and the feedback and proripts followini1 incorrect resplonlses
forri a critical part of tile instructional process. For boti constructed
response and multiple choice questions, students are required to continue
answerinq until correct or until reachin( the specified Mnximum 1 number
of attempts. For multiple choice questions, the student's last response
is indicated by an arrow pointin to the alternative selected while
prior responses are indicated by asterisks. Ficiure 2 2 presents an
example in which the student is about to miake a third atteMIpt to answer
Lhe question. Note the author-supplied feedback (first three lines) anid
proript (last three lines) at the bottom of the display. 0n con structed
response questions, the student's prior incorrect responses are listed
beneath the question stem. Figure 23 presents an example in which the
student made two incorrect responses followed by the right answt'r, rias
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Cbi ect ive I FWVV 4 BAO( to review

All missiles have at least three distinct

sect ions. Look at Figure 1. The Guidance and

Control Unit, sometimes called the G and C Linit.

the warhead and the rocket motor are the componant

parts of a missile.

GUIDANJCE and CONTROL I WARHEAD) I ROCKET MOTOR

TYPICAIL MISSILE
(three sect tons)

Press NEXT to go on or C to comment o~n this te',t.

Figure 21. Presentation rrouiraii Display of ~i

Text Frame.



Obi4Sct le I FFJV 58 Prs BACK to review

Detonation of the AIM-4 warhead will occur when

I. either the contact fuie or proximity fuze
contacts the target.

* .the inpact fuze contacts the target.

-3. the missile is 265 to 325 feet from the
launching aircraft.

4. the triggering areas A~re broken by or :ome
in contact with the target.

Tell me would you want to be 325 feet from an AIM1-4
missile when it went off'7 Neither woui4 pilot. that
kind of stuff will me&* up your hair.
Okay, you're my buddy so I'll give you a hint.

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

TRY AWN

Figure 22~. Presentation) Prokramn Lhsilay of Iultilfle Clioice

Question Showinq Feedback aind Second Attemipt Pronlit.
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Objective 2 FRM 19 Prose SAC to revia"

In what block of the AFTO Form 353 should the
Federal Supply Classification be recorded?

Enter a short response of 23 characters or Ie

and press NEXT.

1. 5
2. 7
3. is

GOT IT. Glad you finally woke up'''

Press NEXT or C to comment on this question.

Figure 23. Presentation Proqram ilisj)lay of Constuctcd Response

Question Answered Correctly on tne Tfiird Atttvnpt.



received a statidard feedback messane for a correct resn)onse and is
ready to continue.

Over the course of a long nodule, the author nay want to encourane
the student to take one or more breaks; to exit the rodule anu leavc
the terminal for a short rest period. Other forms of module inter-
ruptions can occur due to computer failure, end of shift, or breaks for
ieals. In each case, the student can log off or, if tile Presentation
Progra;i does not receive a keypress for a specified period (currently
1 ) miiutes), it is assumed that the student has left the termninal ani,
after displaying 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 automaticdlly restarts the module at ti' frame-
on wnich the interruption occurred when the student logs back onto the
term vial.

After a period of instruction and practice, an objective typically
ends with a series of test questions. Given t e criterion that a
certain number of the questions must be answered correctly, the autflor-
defined brancning would normially route the student to tne end of te
objective as soon as the criterion has been ret. If, on te other nand,
the student's performance is below criterion, tile student would normially
not exit the objective until troublesome points have been reviewed and
retested with additional test iteris.

Upon exiting the objective, the student will pass through a frame
aqainst which either an Objective Passed or Objective Failed Flag Ilas
been set. If the objective is considered to be prerequisite to a sub-
sequent objective, a Lesson Failed Flag would normally be set against
the same frame as the Objective Failed Flag. The student will continue
through the objectives, in sequence, until all of the objectives nave
been presented or until the Presentation Program encounters a Lesson
Passed or Lesson Failed Flai.

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 desi'nator.
The Program passes this form to the main AIS inanagement program, the
Adaptive Model. The Adaptive ilodel records the student's perfor'lance
on the lesson and generates the 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 pool for reassignment. The
student can then obtain a hard copy printout of the next assignment by
submitting a request form to a management terminal.

Author/Reviewer Mode. Access to the CAI Presentation Proqram is not
limited to students. Lesson authors and reviewers may wish to run the
Presentation Program to verify accuracy of rodule content and to view
the module from the student's perspective. Author and reviewer access
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to the Presentation Programs is, however, handled by standard AIS pro-

gram access methods rather than being under the control of the Adaptive
Model. The CAI Presentation Program differentiates between students and
registered authors and reviewers. The author/reviewer does not have a
Student Data Profile record containinq a current assignment, and there-
fore is required to enter the identifier of the CAI module to be pre-
sented.

fHaving accessed a particular rodule, the author/reviewer may, with

a few exceptions, take the module like a student. Unlike a student, an
author/reviewer may override the frame control logic of the Presentation
Program and request the presentation of any frame within an objective
througn the use of a special function key. In addition, the autnor/
reviewer may always enter comments about the miaterial that is being
presented. Student convients are only elicited and accepted if tne
Stuuent Coiri:ent ilodule Flag has been set to True. Completion of a r,odule
in author/reviewer mode does not result in submission of a lesson com-
pleted or ,faileu form to the Adaptive Model. In all other respects, the

user's interaction with the Presentation Program is identical to that of

a student.

Student Perforilance Oata Acquisition and Analysis

The CAI Data Acquisition and Analysis systemi consists of four !"lajor

co ipooents: data recording; routines in the Presentation Prooran;s; a
Data Collection Prooram which i:ioves student iperforimance data froim disk
to taipe; a oata Analysis Keport ProIrai- w0ich generates three different
types of reports; ano a Report Submittal ProIravi which facilitates users'
requests for specific reports.

The student performance data collection and analysis process begins
with data recordino routines eimbedded in the Presentation Progravis.
These routines operate interactively with data beinq recorded directly
onto disk. The infornation recorded is seirerated into two files:
Response Point data, which are recorded followinn every frane; and
Decision Point data, recorded only at specified Decision Points.
Periodically, the data are duped from disk to tape by the batch CAI

Oata Collection Prograti. The CAI Response and OLecision Point history
tapes provide the primary data source for the CAI Data Analysis Report

Proqrati. Tie Report Pronram can, nowever, also retrieve recent data
storeu in the disk files for applications requirinn sall, current stu-
dent sa:;iples. There are both backnround (CAt1IL) and batch (PASCAL)
versions of tne Data Analysis Report Prooram. The forier is used to
access data on disk while tile latter accesses only the tape data. A

single CA2.11L proorari provides for setup arid subrittal of both the back-
.round anu batch versions of tne Report Pro(rai.

The data collection process arid the rep')orts available are discusso'u
in greater detail in the followine sub sections. Although tne process

employed is somewhat different than for purfori-ance data collection, tne
storaqe and retrieval of student anJ reviewer commients are also descrilt,-'



Udtd Collection ano Storage . Wetner s tukden er~cr,.wc jalC ota at

co-tieits are collec ted d uriin ~the t'resen tat:1onl of a C U okdl is e 1. e ,on-
,,ont on wne tne r the i0dU 1 e a uthor ia s set the a, ' ro,,r i a tt do toi collec tion0?
fi dos for that :Iodulke via t 1C Autlioriwno L ': tor. That is, 'or ;,itj J t ,Jn
onle of tot, three ca teoor ies (~es oolls e, 2c 1si ofl Poin t, a i'! Colmetlts ) tc
Lct saveta , tne aut.hor ius t nave set tne Data Collect ion Fl for t!III,
ca tciory to True. Tn is )h ilosooliv of 11' 1 tcd da ta collect ion wasano'te
to avoid nonera ti on and s tora ie of "mre iIli enlse '1"Okn ts of .a t' a ni cll
WOUl1(;th 0001i so occur. The intent is toat data be collcc t ?d e r o riat iveC
anti suirative evaluation :)uriposts ho t not dun no nor-ial oeratiolns ,\Ce t
for consiCouslyV ini ti ated sarml ilno.

Ii'0rsoos data relresents "lte iost dIeta iled data atlrv.The dMta
arle Collected at the enld Of QdCh fram~e presented to thie student, rom
less of fra iic tvve , and include the foll1owqitno i te-s:

1.The StUd!ett'S Student Account NLIo'be".

Z.The frame identifier.

3. Tile n umber of the StUdet' S S st0I*0kl~ th is fram'e.

4. Ine current date.

J. Tile current tirle ill 1inlutCS after .idnli( nt.

u I ne total tine, inl Secondks, Silenmt onI tlle framke.

7.Tne t i a, inl seconds, srten t inl review ,iodu i f revi1 w
wa s iitiated from this frame.

If the franic is a question frarie, thre foll1oIJl.'i ' data are also coilecteoo

~.The nariber of attel'outs made to answer the question.

9. The num111ber of the alternative selected, 1) y\ atteipt nlber
(where alternative numbers are also assioned to the variious
anti ci pated rec, onses and the catelory* of unanti cilated;
responst. fmi onstruc ted response questions).

13J. The response latency, by attempt nuj:1rl'er.

11 . The 1nmber of unanticipeated1 resoionses.

1.. The text of up to five unant ici patea responses.

ieci sion Point data are collected at the end Of the Ilodul e at the
end of each Objective, and at the end of cachi frat-le aiqainst which a



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 and transfer the data to the CAI
History tapes.

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

Data Analysis Reports. There are four different CAI Data Analysis
Reports available to authors and evaluators: the Decision Point Data
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Report, the Response Analysis Data Report, the Unanticipated Respone
Report, and the Coinnents Listinq. In addition, standard AIS CMI replort,,
can be used to provide a description of overall modu le perfonrance.

All reports are requested from an interactive tenminal, for tne
three student perfonirance reports, requests art- submi tted via a (AMIL
program (CAI Reports Program) which prompts the user to enter the variou,,
report request parameters. Thus, the user does not need to learn how to
set up job control and input data cards. The report request paramot ,r"
mdc ude:

I . The nmdule identifier (Course, Course Version, lock,
Lesson and Module numbers).

2. The type of report.

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

4. The input mediurn (dis'N or tape).

b. The objectives within the module which are to be reported.

b. If desired by the user, the numbers of tile specific fratmes
within each objective to be reported (where a set of
frames is defi ned by the numbers of the first and last
frames itn the set).

Once the request parameters have been defined, the report submitta]
pro(Iram soLS up the necessary tiles, submits the .job to tienerate the
r, port on the central line pri titer, and qkives the user the job nUler
which will appear on the report printout.

the l)ecision Poillt Report is q1erierattd ft'ohi 0.1ta , stored elt ter on
disk Or tape, in the Decision Point Data 'i10. lNis 1 report lroVides a

ulliary (if student perforniance within each objlectve and within tnose
intraobjective segments (sets of frames) whlici the author has definied
by settinq Decision Point I la s at the beqlInlliink and end of each "s, illt'llt
An exarmple paq"e from the Decision Point Report is presented in li iart,
'4 . iach component of the Report con ta itns the 1 iubher a11d ibleo of t Ih

frame representing that Decision Point; whether the data re )o rted per-
tains to students' first, second, or subsequent passes throutlm thlat
point; the elapsed tittle, nUmber of questiotIs a1swered anld nuIIJ t ,iniweted
correctly since toe last Decision Point; the lbraclhinh i lol ick, ,valuat,,d
at this point; and tile ,nui;Iber and percotilta (It of ,tudel ts takll] n 'acl
branch.

An example paie trom tile RespoiSse Ana ivsi,, Report , is presented Ill
Fiqure 2J. Lach comliponlelt of tle report is Ident ti ed by tile tlulh.ibe r iid
name, of the relevant frame and whothOr the daLa reported pertaills to
students' first, second, etc.. pass thrroujkl thil frame, Ior fra"t-,
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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 suiniary of student performance on the
question (total percentage correct, p rcentaqe 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 2o. 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.

Connents Listin(Is are requested via the Authorino Editor rather than
the CAI Reports Program. Frames aqalnst which coiiiients have been made
are indicated on the Editor's Franme List display for each objective. Ihe
user can request that cociments mwade on a particular frame be displayed
at the terminal or that cor'ients on one or nmre fraines be listed on the
central line printer. The user also hIs tne option of having the
conmlents purqed from the file a- they are displayed or listed.

CAI Material Print Prorl

As authors create, review, ind revise CAI modules, it is often use-
ful to work from a hard copy printout of the mwdule's content in addition
to, or in place of, the displays provided by the Authorinq 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 [ditor queries the author for the desired print options and then
initiates a special background (non-interactive, low priority) program
to produce the printouts.

Author Llstings. In addition to listings of student corrients, four
different types ofprinter listings are available to authors, ranginq
from summary inforimation to detailed listinqs of frame contents. The
option of requestinq multiple copies is available for each type of
listing.

At the most general level, the Module Surinary Listinq provides an
overview of all of the CAI modules, operational or under developmxent,
currently defined in the data base. The information provided for each
module includes the module identifier (Course Number through Module
Number), module title, author's 1) (Social Security Number), and the
number of objectives defined within the module.

For a particular module, the Frame Sunmmary Listinq provides an over-
view of the content of individual objectives. An example of this listing
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is presented in Figure 27. The information provided by this listing is
essentially the same as the Editor's Frame List Display . Lach frame in
tile objective is listed by number and frame name. The existence of any
branching logic and Frame Flags is noted and the maximum number of
attempts ilowed to answer questions are shown. If a frame is an alias
(i.e., references another frame), tile referenced frame is identified.

Tile most frequently used printout is probably tfie Frame Contents
Listing: the co;iplete printout, by frdade, of all text and question
iiiaterial. Such a listin'j can be requesteu for an entire iiodule, an
individual objective, a specified set of fra.ies or a single frame. Tie
material contained in a textual content frame, up to the full four pages,
is printed on a single printer page with appropriate headings. An
example printout of a Text frame is shown in Fiqure 23. For a Question
frame, the printout includes the question stet;i, the alternatives or anti-
cipated responses with the correct answers denoted, and all author-
supplied feedback and prompt messages. An example is presented in
Figure 29.

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

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

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

Material is currently printed in a double-spaced format. Boxes
which the author has used to emphasize material in the module are shown,
as are any of the simple graphics which the author may have provided.
For such graphics, a "%" symbol is substituted for the solid, "unrecog-
nized character" symbol typically employed. As an option, the author
may request that the material be printed on special unlined, 3 1/2" by
11" paper. The option of printing multiple copies is also available.
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There are a variety of uses for such printouts. They can be used
as hard copy backups for students assigned 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.

Authoring System Docuinentation

A CAI Authoring Editor User's Manual was written to describe the
CAI concepts supported by the Editor, the mechanics of its use, the CAI
Presentation Programs, the various CAI Reports available and the pro-
cedures by which they are requested, and the availability and use of the
different types of author and student printouts. The Manual was actually
developed on-line as a 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 milanual are also produced as needed
by the CAI Material Print Program.

This approach has assured rapid and easy revision of the manual to
provide up-to-date docunientation 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 infon.lation
on the selection of content for CAI treatment, instructional strategies
appropriate to CAI, and guidelines for evaluation and revision of CAI
modules.

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

0ocum~entation to support subsequent maintenance and revisions of
the Editor itself, the Presentation Programs and the various supportiig
programs is provided by a Part I, Product Oevelopment Specification.
This Part II Spec was also produced on-line (via a different, less
structured Editor), is stored on tape and is accessible for tile pro-
duction of hard copy documentation.
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In addition to the Al support software effort described nere, toe
CAI development project also contained a second authoring procedures
effort. The purposes of this second effort were to (a) define and docu-
mient a set of procedures for CAI materials selection, production, eval-
uation, and implementation in the AIS environment, (b) evaluate the
utility of the total CAI authoring system by developing, implementing
ana evaluating a number of CAI modules in an AIS course, and (c) train a
snall nuber of ATC personnel in the use of the procedures and support
software. The results of this effort are reported in full il Part II of
this report (Lewis, Lovelace, ahany and Judd, in press) and will be
outlined only briefly here.

The authoring procedures effort began with a rough definition uf
the procedural model which was then revised and refined on the basis of
experience. Followini the steps outlined by the procedural model, work
began by selecting candidate lessons for the CAI eueJrInstratii. J f toe
four AIS courses, te ea)os >;echlanic course ws considered tie most
proiising because of its cou.bination of varied subject niatter, lare
studenrt flow, and recent relatively noor field )crforriuance data.
Standard ;ilS CiII reports were used to identify six lessons in two olocks
of toe course wnico demonstrated unacceptably nigti lesson test failure
rates, relatively nigh failure rates ol tile enu-of-block tests for tie
objectives contained in these lessons, and wnich contained subject ilatter
unlikely to be modified in the near future. These lessons were targeted
for tnree types of CAI application: (a) six modules to be used as alter-
native treatments on students' first pass through the block, (b) two
block review modules containing CAI treatment of the objectives fromn
these lessons, and (c) two block rei.ediation modules, again containingl
CAI treatment of the objectives from tne six lessons.

After examining the existing materials and tests, it was concluded
that neither the lesson tests nor those portions of the block tests per-
taining to the relevant objectives were adequately valid or reliable for
evaluating the effectiveness of the CAI treatments. Consequently, both
forms of the two block tests and two forns of each of the six lesson
tests were substantially revised and expanded to more closely match the
stated perforance requirements of the Specialty Training Standard. Once
the revised tests had been approved by course personnel, they were imple-
mnented in paper-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 mdterials
were available in the form of proqralnied text and, in some cases, audio-
visual modules, the content was substantially revised to niure 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 desiqned and the module structure de-
fined. Therefore, the earliest authoring was done on paper display
forins. When a rudimentary form of the Editor became available, text and
questions which had been prepared on the forms were input by a secretary.
It was thought that some of the authors minht prefer the use of forms and
wish to continue with this approach but, as additional Lditor features
becaie available, all of the authors found it more convenient to input
and format the materials themselves. All of the work on the last three
lessons was accomplished this way. Surprisinqly few problemis were en-
countered during module developient, but miany aspects of the Authorinq
Editor were shaped by frequent interactions between tne authorinq and
software teams.

As soon as the modules were completed and their content revieweu
by Weapons Mechanic course instructors, they were tried out on a one-on-
one basis with a small number of student volunteers. A nuiuiber of minor
revisions were Ilade on the basis of tnese reviews and tryouts, and tie
modules were implemented in the course for purposes of formative evalu-
ation. Following revisions ciade on the basis of t:0is evaluation, tihe
modules were reimplementeu for suiriative evaluation. The results of this
evaluation are presented in Part 11 of this report. The objectives fron
the first-pass modules were then copied, revised ano snortened, and co.-
bined to fori, two block review iodules an6 two block remeoiation
modules.

Tne CAI autnoring teail consisted of tnree riembers. Al l were exer-
ieiced tecnnical traininq authors (of proqIraitiied text and auuio-visual
materials) but none had any prior CAI authoring experience. In fact,
none Iad even used CAI as a student. Only one of the three could be
considered a Weapons Mecuanic subject matter exdert.

As is often the case, the tean did not keep accurate records of
development tiv'es but tilles can be estimated for the six first-pass
modules. At the end of tne first t) months of the project, tne first-pass
modules nad been revised and implermented for su ,t.ative evaluation. Ttie
team leader spent relatively little time actually autnorinq, concentrat-
ing insteau on definini the procedural i)odel, producin the , Aat1Ior'S
Handbook, interfacino witn the software personnel, and attendin,: to
administrative problems. The other two teao rieobers were occai on11allv
called upon for assistance on otlher on-.joini projlects. ,, I i ,e ra 1 es t i -
,ate of te total tine spent in uevelopino, ovaluating, and revisi n,. tnte
six inwdule is i '.,Ju manhours. Tnis iuclioues titie spent iII revi ,0 tie
Uloc and lesson tests even tnouoh block test revision was "ecunicll.
not part of tne CAI effort.

ALcoruinq to tne course's Plan of Instruction I!i I), tne content
taug)ht by the c AI nmodules was equivalent to aiproxisnately '. clissroo,
tiours. On this basis, CAl develoi ,ent reoired ;,, iialno urs .er P.' i'our.
Avera,]e student cov:pletion time, totalle acro-ss tie ix 1o,001los, was

i . .... .... ' "- °



l.. 7 !iours. Tnis results in an ,stiLlated 11. ilannours per student
cuntacL iour. INese values are cooparaule to developi:ent times for
proqrdaied text riaterials in this environment.

Usability of tie Authorin'I Editor was also evaluated tnrouo!i train-
ino tnree ATC instructors in use of the Editor. These instructors were
drawn from three different courses supported by the AIS--Inventory
,Manaqeiient, Precision 'leas-uring Lquipment, and Weapons ,lecnanic. ione
of the autnor trainees were computer progra~imers and none had prior CAI
developiient experience. The training period lasted for 3 weeks, during
wnicn the trainees came to the contractor's facility for 3 to 4 flours
each iwrning. The first session Was spent in providing ai overview of
the AIS CAI systei) and the role of CAI within the AIS and in introducing
the trainuees to the Authoring Editor and tile CAI Author's Handbook. No
fonial training took place durin( the subsequent 14 sessions. Using the
Handbook as a reference manual, each of the trainees used tne Authoring
Editor to develop a CAI module in the area of their own specialty. Con-
tractor personnel were available to answer questions and to review and

content, on tile trainees' work. In many cases, author trainees were also
able to work on their iaodules durinq tile afternoons while performing
their normal classroom- duties.

The author trainees asked relatively few questions after the first
few sessions. :1st of the suqgestions made by contractor personnel per-
tained to tie need for mo~re frequent questions in the modules and in-
creased individualization through brancnino. AL the end of the 3 week
period, each trainee nad deve~oped a ,odule, iiad nad it reviewed by the
contractor and other ATC per.,onnel, had run single student tryouts, and
had made minor revisions (, the basis of these reviews and tryouts. Tne
consensus of tnose reviewing tie modules was that they were ,]enerally of
good quality and na6 capitalized fairly well onl the capabilities of CAI.

One of the modules was subsequently imple;ented in the Weapons Iechanic
course. The time expended by the author trainees on this first module,
through revision following] single student tryouts, was approxii.mately 90
nours per student contact hour.
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V CONCLUSIONS AND RECOMMENDATIONS

The Authoring Editor approach to facilitating CAI development
appears, at this time, to be very promisinq. Experience to date, while
admittedly limited, has demonstrated that reasonably effective CAI
modules can be produced at a very acceptable cost in terms of manhours
per hour by personnel without prior CAI authoring experience. In
addition, it has been shown that ATC personnel can learn to use the
Editor in a reasonable period of time without formal training. While it
had been anticipated that the ATC author trainees would have numerous
suggestions regarding desired changes to the Authoring Editor, this was
not found to be the case. They were, in general, quite satisfied with
the Editor and all expressed an interest in having 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 programning work has been done beforehand
and provided in the form of the Editor and Presentation Programs. Future
needs for programming effort will depend on how adequately this software
meets the requirements of future applications. Although it certainly
cannot be proven, the authors of this report think that, due to the
flexibility built into it, the existing software could serve the needs
of the AIS environment for some time to corr.. Eventually, however, it
is anticipated that developing author expertise will justify increased
software capability.

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

A third major faLtor in facilitatinq authorinq is undoubtedly the
numan-engineered, computer-aided input, formatting, and editing
capability provided by the Editor. Other than the approach to defining
branching loqic, there is little here that is radical or even novel. The
work involved only the application of existing technology to a particular
.robleml area. Given the diminishing cost of computer use, there is
little reason not to provide authors with the benefits of this
t c. l nn loqy.

.,t this ti,,e, it is difficult to evaluate the utility of the auto-
structjred student performance data collection and analysis
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rou t i es Toe repior ts dioc not b)ecuoe avdil abl1e until th nl1a ter s ta ges
of fori'at i Ve evaIuat ion Of thle S iX f irIst-laSs n;odul. I )S urinq their

imited period of use, tney did appear to be easy to use and interpret.
I ne meinbers of thi s !)arti cula r autnori og teaii were, however, iccustoimed
to coil ectilI gSuch diata and usil ni the data to improve instructional
ma1,terials. [or' broader appl ication , more extensive j'roi-iptn niand
gU idJanlce in 1U Se 0of tile Ld td colIlIec t ion rou t inies w igqht be de si rd b Ie.

It sniould be noted toat the softwaire developiment effort reported
here was substantial . ui yen the extent of ne various funtions to 1L'esupported, thle authors of this report belieove that i t Would no0t 1lave
been plossi1bleC to compl ete the project within the temiporalI doIu fiscal] conl-
straints of toe contract if it had not been for tile dvai labi 1ty of the
W-111-L languatge, the software developiment capability of the All), anld thC
well-structured naiture of the CMI sys tem il1 wtii1ch the CAI was eiabedded.
The relative eaSe With which CA1IL code could be produced and debugge-1d
all owed thle devel opers to expeCrimlent Wi to a number of different
ajtproacnes to various problems, obta in user feedback onl these clifferunt
approaches, and revise the code accordingly. The process was essentijally
that of fo miati ye evaluoat ion and reviion wi th in the doimiain of n uman -engineered software. rhese same characteristics of 'k-M-IL and the AIS
will facil1itate any future expansion of tWe CAI 1 othoril 1 5ys Lou.

With respect to recO1x'tenddt ions tor future activities , the mos t
cri tical action that Must be taken if the effort reported nore is to bie
justi fi ed, is that the CAI authoring system bie used. The resul ts Of toe'
evaIua t ionl desc ri bed iln Pdrt II Of th is report, a 1though 1lim'itedl st roni -[
lY indicate that, usedI judiciously, CAI cani serve a useful functionl inl
a technical training envi ronmient such as that of thle AIS. Iurther, usa-
biIi ty evalunation results reported both nere and in Part 11 demonstrato
tooat CAI development can be m'ade cost effective throughl use of thle
autnorinri systemi.

It is recogIni zeu that there are certain i nadegudcies inl tile author-
ing system, priiaari ly in the areas of response processing and autnort-
gJenerated gIrapnics. These areas provide two of the most likely

anldi dates for future software development.

dSa discussed in Section 11 of this report, answer processing
for constructed response questions has been a problem area in CAI devel -
oped fur Mili ta ry techni ical train i O(. While sopn ist ica ted a go ri thinis
exist to aid in response recogIni tion, the CAI systems eniployl ug tcSe
alglorithms have not made the authoring process sufficiently simple for
tile algori tnms to be used correctly. It is reLOL11110 tde d, therefore, that
i response processing dialog he deVelopeCL1 and added to the Authorinq
L di tor wii ici would guide the author in def iing anti cipa ted responses to
cons truc ted response questions . The encod i u a1 go r ithini emploYea by
PLATO could be used to reco(1iie iisspell1inos. As currently conceived,
this dialog would first prompt tile author to enter anl anti cipated1 re-
sponse . The L di tor would break the response down inito i ts comtponent



words anid ask the author to identify the "i';iportant" words inl the
response. Aoise words such as articles, prepoj)sition1s, dnd auxiliary
verbs would be recognized and thle author would be questioned as to their
importance. Aext, thle author would be asked if word order is important
anld, if so, would be prompted to indicate important word gjroups anld anly
ordering restrictions within and amng word groups. Finally, tile author
would be prompted to enter synonyms for the importanlt words. Ani approach
such as tis would not only simplify thle authorinq process buL would
help the author to identi fy thle critical aspects of response judg ing.
This, inl turn, sitould promote generation of better anticipated responses
arnd constructed response questions of more uni foni qnali ty.

Tile software described inl tis rt.'no rt.n Akes iot1 p~ro Visi on for a1UL1nor
;0110ra~ian Of jrapi ic displys. Al thlOUki such displays canl be coinstruc-
ted throughl use of tole CAtl IL 1 an-nujoe , it i s recoiti ended thalt a1 Igrdphi cs
edi to r be developed wolC IcnWould d alow the nonl- roaran illn aiathor Lo
de finte drawl ogs inl tern~s of has ic neomt r it celemien ts (e.q. , s tra It ot
l ines, circles, anld arcs). Such anl editor would be relatively efficient
inl turns of storacle and redi splay since Only ttile basic elements of tole
drawing need to 1)e sto red and shoul1 P prove adequate for p repa r il nosimp le
fiquI~res and almiost all scheciatic diagjramls.

If iiiore comtplecx drawi tills are requ ired, nowever , i t becoi nes aucti
more dIi fficul t for thle author to define the figjures iii terms of tivometric
snapes. While it is poss ibl e to define "freehanld" shapeCs thrOUilh ke 'Y-
Wia rd control over a Cursor, thIe process i ss Uta ~ltidIa11y Silljilifi ed
tiiroulih use of a 1 igot ieni or dig itizitnq device. 11n0 lalsma diSpla '
toni inO is used by the A IS canniot support lii git peni capab ility . Two
fonis of di( itizers are availiLble--video Mnd tablet. A Video di'jitli'er
uses ai video camnera to scati the drawing arid con1vert it inlto at dot madtri\x
To use a tablet digjit Izer, tolt autLhor overl ays a special electronic
tablet With thel drawitrio to be repjroduced' arid tineti uses a styl1us to trace
Lna t port ion of tile drawl nq wnic ciIs to be transimitted to thie tio t
com'pu ter and stored. Typni call,', tine tra c i n process Call be e OIinr Con1-
t inIuous or s teliIsoe. Thlt nraj or i'rob 1 ii w itti a v ideo d ill I t ze or
cont11inous tracinti onl a tablet dili ti zer is blat tole draw no is rel'e-
sented inl turnis of dots rattler tiian 'ieonitr ic ciele s. <di sp aY of
si nle dots oti a vector terminal is an extre iel. tiiie-cotisun ill nJ process,
I ire dig it i 2d i:ia tri x is real11ly sajil tat e onti lvfotr rca iw~ -lY on a torn in 1
wi to a refresn wierory wni cii canl be preloatot-i wI ii tile irapii c. I or, a
IlraiiCS diq'it izer tio t'e feasible for grapoiics loirtoll u's1i ni t hC
currenit A I ) toriinina is * so ftware wool d tie roqo t-en to t rais tori Lite dot
;natri x ito a 11,ui0I'r 0it basic ioinetr i c lo Oi'it', Miicii could o nore,

qJuickI lv rdi l aye~d. ! ilCii Si)ttliare Joold lP no.101 n o otourt' r0coi it l oti
routinre,; wicn Woul 1 it hi lon- trivial to dove 1ol'

It 15 roo Nund tial t triot isto of a tat, let dil lIt I .0r' k'0Oil11OC told
d ir.?cl V t I I Ill IIi CS e, Iiit t. iiV 0,'2I- l t Ok. lit') '111 3P WO~t ' h 1,

tile tyl 1 as of t"din' l i it i I,?-'t cmiii toit, v, I i ko a I I Jn t '~oil, arid tl

t~l1)1 CO IIt I-0tlt~ i 1 IW ili ", t h ' J1 l il ' i )IlIlt



ed i cur. To use such a systeili, toe author' Would sel ett thilt'ier
element to be reproduced frniii the menu and note, the poinlts reres-tenti n-I
the lii iits of toe elei.ien t. I or example, a~fter the W n0p wo de tn ed,
fruit thle IVenu d a1 ie seulment would be entered as the two enld loinrts of
the line; a circle would be entered as the center poinit and a jioi nt on
the ci rcui-iference. lThis ainproac dcoul d coiihinte the t roim po in t,, of
both the di qi tizer and a Araphics edi tor.

In a totally di fferent area, it i,' sulliested tnot the utility of
tile hithori ng sys tei could be SubSt llinal 1y inc reased throuih1 PrOv I , ion
of addi tional tools for manaoi n' thet autnoriim process. The Oalproac!i
envisioned i ncluodes captUri nq rel evant pa ramel(te'S Of thet deve oi0)lLtt
process and providing access to this i nformat ion throuqh sUo' itury di spi aYs
and reports. Only a start has been miade in this area. 'IuICh I'0111iiis toodt
Canl and should tie dotie.

Finally, it is recoitiended that tile authorinut system,,', 1 Cpi i tit's
for on-iline production of imterials initenided for off-linte use be C,\-
padeId . Tiiis would be part icularly useful i f tile addi t ional 1.ilonaqeeIt01
tool s tient iotied above %Ntre also i.iadt availoabe. SofVtware detve opi'en t ill

ii s area woul1d intclu de a meatis of prnduc inoj sc rambled pron rai-ined textLs
from lessotn maiterials anld auttior-suipp ied dec ision lotlic and a text
a rcti ver . Au thors coul d devel op noater ial1s ont-Ii ne , use, the (Co I P reme ito-
t ion Proqraii anid i ts embedded doatoa ) clc ti on rou~t .iIW tie for formatiye
eVail utioti , make needed revi siotns on-linte, pri nt the nuciher of coneos
needed, otid all ow the madttri l to iOe reoveOVd tLO tape. W1hen add it iO1n,11
coJ iC s are needed or rev isi ons a(re requi1red , tue authior coul d place at
arcol ye request to tmove the lesson mnaterial fri; tape to disk for revi s-
ion or pri uti nq. SuIch ati appjroach woold Hiot oily facill tte thet t'roc0SI.
of development and formative evalunation, it could drasti call 'v reduce,
ima Icr ia1s reproduction requirements . Cu rretl y , i t i s cotailon pt-ac ticL'
to request tmany more copies of materials toadti MrT 1eqUi red so as Lo al low
for io ma 1 claissroom wea r and tear. Tilte material s are thenm often te vise d
be fore manyw of the extra copies are ever put to uise'. he apiproa ch
suggested here woou1d elinmi note theit need for theset extrl' O'aclie S
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