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ABSTRACT

Considerable research has been directed at understanding the processes involved in acquiring and using
knowledge and skills. One focus of this cognitive teséarch is the application of formal models of learning and
knowledge representation to the design of computer: based instrustion. Advances in adaptive instruction and
intelligent tutoring have been driven by implementing explicit models of the knowledge to be learned, and the
strategies used to communicate that knowledge. Two recent experiments, employing Navy personnel, have
demonstrated the effectiveness of using a formal approach to instruction in an embedded training environment.

The design of the instructional material began with a fine grain analysis to determine the knowledge to be
learned and to develop the basic structures upon which the adaptive processes operate. There is evidence that
curriculum content which is generated from the results of an explicit cognitive analysis process enhances learning:
In the first experiment the effectiveness of using a cognitive. analysis process to structire the information and an

- adaptive process to sequence the information was evaluated for domain naive students. In the second experiment the

effectiveness of the knowledge compilation approach was evaluated using Navy instructors. The results of this
research are discussed in the context of the application of current cognitive learning research to embedded training.

INTRODUCTION

During the past decade, the cognitive psychology research
effort has advanced the deveiopment of instructional theory
through the application of cognitive models of competent
performance to the development of more precise instrectional
methods and strategies (Glaser & Bassok, 1989).  Over this
same time period, the study of intelligent intoring systems
(ITS) has emerged as an interdisciplinary research field
(Johnson, 1991; in which artificial intelligence techniques are
applied to implement these cognitive-based methods and
strategies as instructional system programs and architectures.
An emphasis on the implementation of more explicit instruc-
tional methods and strategies should also benefit more tradi-
tional computer based training systems.

The military services have moved to provide effective
embedded training (ET) through building training capabilities
into or adding them onto operational systems. Williams and
Reynolds (1989), in a review of existing ET systems, pro-
posed that the implementation of cognitive leaming principles
and intelligent mtoring strategies would improve the instruc-
tional technology component of ET and lead to considerable
raining gain over conventional computer-based instruction.

What types of instructional strategies will be most effec-
tive for embedded training environments? On-board embed-
ded training (ET) provides console operators with a high
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fidelity environment in which to practice, refresh, and refine
the highly perishable cognitive and motor skills nesded to
skillfully interact with complex systems. Also, ET provides
the opportunity to gain the new knowledge and skifls re-
quired for qualification on advanced watch stations. The
objectives of an ET sessior is t6 build on existing knowledge,
to diagnose and correct deficiencies as efficiently as possible,
and to allow for consolidation of skills through practice. The

- waining effectiveness of ET sessions will depend upon

instroctional echnologies and strategies that promote effi-
cient acquisition and retention of skills and knowledge.
Candidate instructional technologies were selected to be-
implemented, and experitnental evaluations of the impact of
these technologies on the acquisition and reteniion of skills
and knowledge were initiated. ‘Two of these experimental
evaluations were conducted on the Navy’s Lesson Translator
(L-TRAN) embedded training system for the general purpose
tactical consoles supporting Navy Factical Data System
(INTDS) sensor and weapons operations. The first experiment

. (Williams et al., 1989) evaluated, for entry level console

operators, the impact on training gain of structuring the
lesson content based on a cognitive analysis process, and of

- adapting the sequence of training to individual performance.

Both strategies were found to have an effect-on learning with



the domain naive students. ‘A second experiment extended

that effectiveness evaluation to more experienced users, and
identified the distribution of practice throughout the lesson as

a contributing factor of the increased effectiveness. This

paper summarizes the research; discusses the application of a ™~
cognitive analysis process to the design and sequencing of - -~
instructional exercises, and interprets the research results

within a knowledge compilation framework (Anderson,

1983). .

PROCEDURAL LEARNING
AND INSTRUCTION =

Tactical console operations can be characterized as
involving the skillful application of specific perceptual,
cognitive, and motor ¢perations to the goal-directed process-
ing of complex information patterns. -Developing compe-
tence at organizing appropriate sequences of operations in
response to particular conditional contexts can be understood
25 a process of acquiring and proceduralizing knowledge.
Given this perspective, it was determined that an appropriate
instructional strategry for embedded training of console
operations could be based on applying a cognitive skill
acquisidon approach to the problem. One assumption regard-
ing the implementation of this approach is that the essential
information and operational procedures required for perform-
ing a task, such as those involved in operating a tactical
console, constitute the elements of an ideal model of compe-
tent performance (Anderson, Boyle, Corbett & Lewis 1990).
For the operator, learning to perform a task can also be
interpreted as an active knowledge construction process
through which a representation, or cognitive model, of the
essential information and required procedures is developed.
This model then serves as a basis for the operator’s future
interaction with the device. -

Generating Bules

There is considerable research svidence to support a
characterization of human processing as inclined towards
encoding patterns of information in a manner consistent with
the generation of rules. People are very good at abstracting
rules from examples, when those examples involve concrete
events to which they can relate {e.g., Cheng, et. al., 1936).

- One difference between experts’ and novices” knowledge is
that experts tend to functionally organize information in
cause and effect relations that are linked to the conditions
under which it can be used (Glaser & Bassok, 1989). The
utility of coding knowledge in terms of rules is further illus-
trated by examples from instructional research. For example,
Chi, Bassok, Lewis, Reimann and Glaser (1989) demon-
strated that good students are able to expiain the conditions
and consequences associated with a specific action, whereas
poor students are not.- Good students also generate more
complete condition-action rules during the learning process.
They construct such rules from the instructional material
presented to them (Bovair & Kieras, 1990).

The production system framework (Newell & Simon,
1%72; Anderson, 1983) for modeling cognitive processes
provides an explicit formalization of cognitive skill develop-
ment. Models implemented as production systems form the
basis of many current intelligent tutoring systems. Briefly, a
production system consists of a set or network of production
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rules or condition-action pairs of the IF-THEN form, a
context or environment, and a control strategy. The condi-
tion side of the preduction rule specifies task goals and
subgoals, along with specific states of the environment. The
conditions are the inputs to the rule. If all of the conditions
of a rule are matched, then the rule is triggered and the action -
side is executed. - Essentially, production system models
attempt to establish links between cognition and the produc-
tion of actions. -

Knowledge of procedures can be represented by sets of
production ruies. These sets of productions are directed
towards achieving goals and incorporate goals in their struc-
ture, starting with a high level goal and decomposing it into
subgoals. The goal siructure, in turn, assists in specifying an
appropriate set of production rules. The preduction rules can
be reorganized depending on the goal structure of the task,
Anderson (1986) has ncted that by establishing a goal tree,
one can predict what rules are likely to be composed by -
students.

From this perspective, the console operator’s knowledge
and skill is structured as a production system modet of the
instructional information. The goal of training is to provide
an environment for students to acquire or refresh thesa
production rules (Anderson, Conrad, & Corbett, 1989) which
represent the tasks to be performed and the information
necessary for their performance.

. Knowledge Compilation

The learning process through which procedural knowl-
edge is acquired has been referred to as knowledge compila-
tion (Anderson, 1983, 1986). An overview of this approach
with its implications for instruction provides a basis for
understanding the acquisition of console operation skills.
Knowledge is thought to be encoded as declarative structures
through langurage comprehension and perceptual processes.
However, in order to convert this knowledge of facts (de-

- clarative knowledge) into knowledge of how to correctly:-use

those facts to produce actions in a particular situation (proce-
dural knowledge), the declarative knowledge must be applied
and interpreted in the context in which it is to be used.
Declarative knowledge is typically applied in a trial and
error fashion resulting in the generation of more efficient and
task specific production rules. Performance becomes more
goal directed. As practice continues, the knowledge becomes
more procedural, the need to refer to declarative knowledge
is reduced, and the application of the rules becomes more
automatic. This transitdon from using declarative knowledge
to using procedural knowledge has been calied
proceduralization (Anderson, 1983). Through knowledge
compilation, high level rles that link key information and .
action components of the situation in a more efficient manner
are produced. Small steps are "composed” into single units
which can be accessed independently and applied when
appropriate. In addition to composing rules into larger
‘chunks’ and proceduralizing successful rules, new informa-
tion about specific cenditions and actions may be added to
declarative memory. With continued practice, more produc-
tions ¢an be formed based on these additional declarative
structores. Anderson (1986) and others, have found that
experts have difficulty recalling procedures which they used
early in their training. As experts acquire knowledge, old
procedures are composed to form higher Ievel condition-



- action segments. At some point, it may be difficult for

experts to retrieve the lower-level procedures from which the

higher-level procedures were formed.

In addition to the compilation process, empirical evidence
exists to seppott a strengthening process (Anderson, 1982,
Anderson, et al., 1990). As declarative and procedural
knowledge are used, they are applied more efficiently, atlow-
ing resources to be used to process new information. Ander-
son reports evidence which demonsirates that encoding tme
is reduced from first to second application of a production.
This is interpreted as the compilation of knowledge into

procedural form followed by a gradual reduction in encoding

time as the production rules become strengthened.. From 2
knowledge compilation perspective, learning involves a
process of acquiring new declarative knowledge using exist-
ing productions, applying this declarative knowledge to new
situations, compiling task-specific productions, and strength-
ening both declarative and procedural knowledge.

A number of investigators (Anderson, et 2l. 1990; Carroll,
1990) have identified a problem: with technical instructional
material. Typically, some of the information the trainee

needs for task performanice is omitted. The student must then

infer the missing information or discover it through trial and
error. Also, information that is not useful for either under-
standing or performance in the task domain is presented. The
student then uses time and cognitive resources atempting w
interpret this information in the context of the task environ-
ment (Kieras, 19872). When instruction is not precise and to
the point, the cost in terms of time and cognitive resources
increases, as does the potential to negatively affect perfor-
mance through incorrect interpretation (Anderson & Jeffries,
1985). A number of researchers (Kieras, 1987a; Reder, -
Charney & Morgan, 1986) have demonstrated the effective-
ness of concise and well focused textual instruction.

The cognitive madeling perspective provides a frame-
work for determining the content of instruction. A cognitive
model,-or in Anderson’s terminology, an ideal student model,
provides a cognitive level representation of training require-
ments for achieving competent performance. One instruc-
tional strategy is to embed this ideal model into the instruc-
tional system and use it to diagnose student errors and gener-
ate instruction. Evaluations of these intelligent tutoring -
systems indicate that they can achieve better results than
standard classroom instruction (Anderson et al. 1990), _
Anderson also reports that instructional materials designed to
communicate the information in the ideal model can be more
effective than standard texts even without an @daptive tutor-
ing component. -

The explicit cognitive model framework has generated 2
aumber of instructional principles that provide guidance with
reference to designing and presenting material to the traines
in a way that will make leaming more efficient. Forex-
ample, learning will progress more efficiently when the
individual can explicitly observe the rules to be learned.
Therefore, by keeping the langnage concise and focused on
an explicit encoding of the facts, relations, and rules, the
process of interpreting declarative knowledge can be made
more effective. In addition, graphical representations that
make logical and spatial relationships explicit will reduce the
inference requirements and facilitate interpretadon (Larkin &
Simon, $987). When the focus of declarative instruction is
skill development, learning can be enhanced by presenting
material in a format appropriate for mapping onto the goal
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and subgoal structure of the task environment. The knowl-
edge representation should specify not only the rules but the
functions of these rules, any preconditions that apply, and the
anticipated consequences.
- The knowledge compilation model makes certain as-
sumnptions about how the sindent’s knowledge changes as the
student progresses through a learning program. - These as-
_sumptions can be used to goide a strategy for presenting the
. components of instruction. For example, the components of
a rule should be explicitly identified and coupled to allow for
more efficient composition of rules. This will minimize the
working memory load required during the learning process,
and ultimately during performance. ' - )
Proceduralization can be facilitated by providing interac- -
tive practice opportunities and feedback to0 assure that wain-
ees have correctly interpreted the declarative instructions.
The knowledge and skill objectives of the instruction, the
structure of the domain to be learned, and the existing skill
level of the trainee set the bounds on the appropriate level of
composition to be achieved. Within these bounds, rules can
be composed into higher level productions or decomposed
into substeps. By providing opportunities for practice at both
the composed and the substep levels, the trainee, or the
- system, can adapt instruction and apply practice based on the
strength of existing declarative and procedural knowledge.

" THE INSTRUCTIONAL METHODOLOGY

Console operatars typically monitor or manually perform
activities which include: searching for, detecting, and track-
ing targets with radar/sonar, identifying the target track(s) as
friend or foe, evaluating and ranking by threat posed (e.g.,
platform, proximity, speed, heading), assigning and engaging
weapons 10 counter targets, and assessing the results of
engagement. These tasks are complex and require a signifi-
cant amount of knowledge as well as cognitive and psy-
chomotor skills. Operators must possess the required know]-
edge so that they do not have to look up information and
procedures; they must also possess sufficient speed to operate
their console while handling muliiple incoming threats.

The development of a production system model of the
instructional material is accomplished by conducting a
cognitive task analysis (Kieras, 19872, 1987b, 1988; Wil-
liams, Reynolds, & Carolan, 1990). The cognitive analysis
methodology shares many of the principles and processes of
the GOMS model of Card, Moran and Newell (1983). The
purpose of the cognitive task analysis is to determine what
specific knowledge has to be learned through the training and
to develop representaions of that knowledge which are
consistent with those produced by mechanisms of human
learning, such as production memory and its associated
cognitive procésses. The technigue of generating produciion

__urits for instructional systems has been applied to mathemai-
ics, (Anderson, 1981; Reif, 1989), programming, {Anderson,
Conrad & Corbetz, 1989}, and tactical console operations
(Williams, et al., 1989).

Cognitive Task Analysis

Consistént with the approach discussed by Kieras (19872,
1987h), the initial analysis focused on the development of a
hierarchy of task goals from the information required o
effectively operate a tactical console. ‘This analysis involved
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Figure 1. A partial graph of @ method to accomplish the UPDATE goal.

the specification of high level goals, and the identification of
the tasks that could be performed on the device which
directly related to the awtainment of those goals. For console
- operations, this analysis provided information at different
levels: (1) a description of the physical layout of the console
with locations of controls and outputs; (2) a description of the
various functions of the console; (3) the external console
operating procedures; (4) the functional relationships be-
- tween console parameters and task parameters; and (5) how
to use the console parameters to perform the relevant tasks.
A device description-hierarchy (see Williams, Reynolds,
Carolan, 1989; 1990 for detail) consisted of the information
that would be used to explain or describe the relationships
among the inpat and output componenis of the console. This
hierarchy included things like action buttons and display
components. A goal or function hierarchy consisted of the
information that explains what tasks the console is to be used
for. It is used for accomplishing such tasks as acguiring a
new track on a potential target, updating information on a
firm track, and identifying characteristics of the target. Each
element of the function hierarchy is a goal that the user or
trainee must accomplish. Achieving each goal requires using
elements of the device description hierarchy to perform
specific tasks. By linking the elements of the device descrip-
tion hierarchy to the appropriate elements of the function or
goal hierarchy, a task-goal hierarchy is developed.
Consistent with the GOMS approach, once the tagk goals
are identified, the-methods which make up the task proce-
dures are detailed. Each method specifies a goal or subgoal
to be accomplished, as well as the sequence of steps to be
executed, and conditions to be met, in order to accomplish
that task goal. All responses that the individual requires in
performing the to-be-learned tasks are specified and associ-
ated with each task goal and subgoal in the hierarchy. All
conditions associated with each individual response are
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identified and Yinked tc that respense. All constraints re-
quired by console operating procedures are identified and
. linked to the appropriate responses. Each step of each

method consists of an operator or action which is executed.
Operators can be perceptual, such as observing the location
of a symbol; actual, such as pressing a button;. or cognitive,
such as maldng a decision; orstoring or retrieving memory
information. This detailed cognitive analysis of the domain
knowledge then organizes the goals, subgoals, methods, and
operators into a graph hierarchy. A portion of the task-goal
hierarchy representing tactical console operations in ANDY/
OR graph form is illustrated in Figure 1.

Goals and subgoals can be nested within methods and
submethods when specifying the operation of a device, and

within a method, other methods may be called by a particular .

step. If more than one method may be used, the GOMS
model requires a selection rule which discriminates between
alternative methods, and determines. which specific method
should be used. For example, an alternative method for
hooking a target is to press the sequence button and then the
hook button. This method will sequence control to the next
target. A selection rule would specify the conditions under
which gach method is used. ’

The result of this analysis is the detailed specification of
all of the knowledge needed to complets tasks associated
with console operations. The specification of methods within
the GOMS model essentially identifies a set of production
units and rules for relating these productions through the
goals and subgoals. The goal and subgoal analysis divides the

problem into small enough parts so that the methods or rules .

can be generated. The specification of these rales is the
development of the production system that simulates system
functions and operations. Exercises developed as a result of
this cognitive analysis process explicitly specify the cognitive
model which the mrainee must acquire to effectively produce



correct responses consistent with the domain knowledge.

The goal of the training program is achieved when the trainee
works through the exercises and develops an accurate model
of the knowledge domain.

\ ruction nten

Instructional frames were developed from this hierarchi-
cal production system model. When working with existing
lessons, the lesson content is restructured based on the
preduction system model developed through the cognitive
task analysis. Each individual rule or method in the lesson,
as well as each rule that combines relevant facts and/or lower
level rules, is composed into an individual exercise. An

- exercise can consist of information presented on a single
screen or frame, or over a sequence of frames. A lesson is
made up of a number of exercises each presented over one or
more a frames. This breakdown of the lesson into a hierar-
chy of individual exercises is not inconsistent with the modu-
lar srructure of the L-TRAN system. Each subject matter
module in a lesson is considered to be an independent unit in
content and in presentation order. These subject matter
modules Tepresent the task goal level of the GOMS hierar-
chy. Our explicit use of the GOMS methodology separates
the material within a subject matter module into instructional
units at the methods and at the operator levels, It is these
units which we refer to as exercises. Each exercise explicitly
describes the subgoal or goal state which triggers the produc-
tion represented by the frames making up the exercise. In
working through the frames the student learns all the declara-
tive facts and how to compose or compile these facis so that
when specific cues.or subgoals are set, specific actions or

-sequences of actions are miggered. Each exercise frame
created with this methodology is explicitly finked to the

- conditions, actions, or other miles that make up a production.
This methodology is consistent with the principles for lesson
design discussed in the L-TRAN style guide, but provides for
a mere specific design process, - .-

Each exercise consisted of three parts: (1) an exposition
of the information specifying a rule; that is, the knowledge to
be learned; (2) a problem or example which required a
response to a question or the performance of a procedure, and

-which tests the student’s ability to use the knowledge and
provides practice in implementing the procedure; and (3) 2
set of diagnostics that determine the source of any error(s) in
terms of the specific conditions or actions of a production for
which the student’s knowledge is weak.

Exercise Sequence

Advantages of coupling instructional content to a rule-
based cognitive model include efficient delivery of exercise
content and effective diagnosis of errors relating to specific
rules, declarative facts, or combinations of ruies. Since each
exercise created employing this methodology can be explic-
itly linked to pieces of a production in the form of conditions,
actions, or other rules, the raining program can query the
trainee to determine what conditions, action, or other rules
have been or not been learned. This assessment of student
strengths and weaknesses can then help to determine what
lesson content should be presented next. -

The hierarchical stucture of exercises; the specification
of goals and subgoals,-and the derivation of exercises from

underlying productions are all consistent with empirical
evidence from cogritive learning experiments. The structur-
ing of the information content of exercises is consistent with
the way procedural knowledge is organized. The problem
segment of gach exercise provides the student with the
opportunity to practice {Rosenbloom & Newell, 1986) what
is learned from the exposition segment, and thereby use
declarative knowledge to develop procedural structures. By
using diagnostics to localize strengths and weaknesses, more
specific feedback can be provided {Hayes-Roth, Klahr, &
Mostow, 1981) to the stadent and the system can be guided
in its selection of the next best exercise for that student.

The capability to select an exercise which overlaps most
with what the student knows can be built into an instructional
system through an adaptive selection heuristic. The adaptive
heuristic facilitates learning by sequencing exercises so that
the contents of any two consecutive exercises share as much
knowledge as possible. The sequence is based upon what
each individual has learned, and therefore the sequence can
be different for any two individvals. Upon failure or success .
on a particular exercise, the system searches for and selects
an exercise for presentation which overlaps most with what
the stadent knows and least with what the student does not
know. This method exploits strong existing knowledge to
build new knowledge. To keep track of the student’s
progress, the system keeps a record called the student model.
The student model records the status of each criterion frame
and diagnostic as the lesson progresses. The strength of each
piece of knowledge or production rule is determined by the
strength of the individual elements which make up that
knowledge. The student completes the criterion frame, and if
unsuccessful, the system presents the appropriate diagnostics.
Then the strength of all rules is updated to reflect the ¢current
state of the student’s knowledge of the lesson. The heuristic
search routine selects the next frame to be presented, based
on the information about the current strength of the indi-
vidual knowledge and rule units which make up the lesson
{see Williams, Reynelds, & Carolan, 1990 for detail).

In situations where adaptive exercise sequencing is not

- possible, the knowledge compilation and strengthening

processes suggest guidelines for fixed exercise sequences and

- branching. ‘When lower levels in the hierarchy of related

facts and rules are strengthened initially, with ample opportu-
nity to interact and develop procedural representations, the
effect spreads to other related rules. Composite rules, further
up in the hierarchy, are also strengthened by virtue of their
microunits, thereby facilitating their assimilation.

EXPERIMENT ONE

In the first experiment (Williams et al., 1989), a study
was conducted to evaluate the effectiveness of lessons which
were restructured based on the cognitive analysis process and
sequenced using the adaptive methodology. The domain was

. tactical console operation procedures.: An intelligent com-

puter aided instruction system composed of cognitively
developed instructional content and the adaptive instructional
strategy was integrated into the Navy’s L-TRAN system. A
detailed discussion of this experiment was presenied at this
conference last year (Williams, Reynolds, Carolan, 1950) and
will be summarized below.

~ Forty-eight enlisted Navy students, none of whom had
any prior experience with tactical training consoles, were



randomly presented one of three versions of a basic lesson on
a standard software emulation of an Navy Tactical Decision
System (NTDS) console. The content of the L-TRAN lesson
was restructured based on the cognitive task analysis process.
An adaptive exercise sequencing heuristic was implemented
in software, and diagnostics were developed. The result was
three versions of the L-TRAN lesson: (1) the original ver-
sion currently in use, (2) a cognitive version in which the
content was structured according to production rules devel-
oped from a cognitive task analysis and presented in a fixed
sequence, and (3) an adaptive version in which cognitively
structured exercises were sequenced, based on the
individual’s performance.

There was a dramatic impact on fraining gain when the
instructional content of the test lesson was restructured using
the cognitive engineering process. Trainees using the
cognitively restructured lesson made 65% fewer errors ona
final performance test than the control group (See Figure 2.
This final performance test required the trainee to interact
with the device to recognize the appropriate task goal to be
achieved for a given situation and vo perform the explicit
. procedures required for the achievement of that task goal.
These results confirmed, for the domain of console opera-
tions, that structuring the information to be learned according
to gaidelines developed from a production system model of
knowledge representation can have a profound impact on
learning effectiveness.

B Criginat
12 W Cognitive
9.5 . Adaptive

Mean Performance Errors

Figure 2, Mean number of errors in each group on the
final performance test irial,

In this experiment, performance was further improved
when the sequence in which exercises were presented was
controlled by an adaptive selection heuristic. After an initial
learning trial, the use of this adaptive selection heuristic
resulted in increased efficiency of learning; that is, more
improvement in leaming per unit of icarning time. These
results indicate that by taking advantage of each individoal’s
prior knowledge and history of performance on the lesson,
adaptive frame sequencing is a means for improving the
efficiency of ET sessions. To the extent that students with
varying degrees of competency are using the ET, the effec-
tiveniess and efficiency of adaptive exercise sequencing
should be maximized.

The results of this experiment provided convincing
evidence that; for naive trainees with little existing domain
specific declarative knowledge and virtually no domain
specific procedural knowledge, the more formal cognitive
approach to instructional design was more effective than 2
traditional, less formal approach. The target population for
embedded training may consist of fleet personnel with eatry
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Ievel to advanced training and experience backgrounds. The
trainees using embedded training lessons enter a particular
lesson or series of lessons with individual differences in both
the declarative knowledge they bring to the lesson and in the
device specific procedural knowledge. Will exercises which
have been structured based on the cognitive modeling frame-
work make any difference when the trainees are already
competent in both the general knowledge domain, and in
console operation procedures? -

EXPERIMENT TWO

A second experiment (Carolan, Williams, Moskal, 1991}
was designed to: 1) transition the previous research on an
NTDS console emulator to research on NTDS operational
consoles, 2) evaluate the cffectiveness of this kmowledge

engineering methodology with more experienced subjects,

and 3) evaluate the impact on learning gain of varying the
opportunities for performance feedback.

In the L-TRAN embedded training research described
above, fully adaptive sequencing was possible only when
NTDS console emulator systems were used. The emulator
system allowed for medifications to the control software to
implement the student model and sequencing algorithms. In
this second experiment, NTDS instructiona consoles were
used and modification of the NTDS software was not fea-
sible. For this reason, it was not possible to include further
evaluation of adaptive exercise sequencing in the second
experiment.

An L-TRAN lesson designed to teach the material and
procedures required for an advanced waich station was

subjected to the cognitive analysis process described in the
" previous sections and detailed in Williams, Reynolds, and

Carolan (1989). The content of the lesson was restructured
based on this analysis. Bach exercise in the lesson was

" tightly constrained to match a single rule, or composed rule.

Not every rule however, was represented as an exercise in the
lesson. Since this was an advanced lesson, the production
rules included in the lesson represented middle to upper
levels of the skill. Subgoals which involved lower level
productions were not always explicitly prescnied. These
include recognition of basic symbology, location of fixed and
variable action buttons, composition of low level methods
such as hook and ball tab. These productions arc prerequisite
to the current lesson, and should already be weli-learned.
Each exercise generally consisted of two patts: (1)
expository information specifying the knowledge to be.
learned: and (2) a problem or example which required a
response or the petformance of a procedure. The second part
of the exercise required the student to practice using the
Jmowledge and provided an opportunity to implement a

- proceduralization process and to receive feedback. Three

versions of the lesson were compared. These versions dif-
fered in the structure of the expository and the practice parts
of the lesson. For one version, the expository information
was structured 1o be explicitly related to the sequence of mles
developed from the cognitive analysis process described
above. The lesson proceeded, for the most part, in a fixed
sequence in which expository text explicitly defining a rule is
presented and is followed by practice in oxder to test one’s
interpretation of the text and to incorporate the rule as 2
procedure. This sequence of exposition and practice contin- -
ued at each step in the lesson. For example, refetring back to



Figure 1, each node in the graph of UPDATE représents a
rule, and ¢ach rule is represented in the lesson by an exercise
that includes both an expository and practice component.
This version of the lesson is consistent with the fixed se-
quence cognitive version of the previous study (Williams et
al. 1989), and is therefore referred to as the cognitive version.
A second version of the lesson was developed using the same
restractured information as in the cognitive version. In this

- version, however, the student did not have the opportunity to

- evaluate one’s interpretation of the declarative text informa-
tion, and receive appropriate feedback, at each of the lower
level nodes. The only opportunitics for practice occurred at
the level of the composite task goals (i.e., the UPDATE node
in Figure 1). Hence, we refer to this version of the lesson as
the composite practice version. The remaining version is the
original L-TRAN lesson in which the structure is not based
on an explicit cognitive analysis, and, as in the composite
practice version, the opportunity to practice is usually pro-
vided only after all the required steps have been presented.

In sumnary, the resuit was three versions of the lesson:
(1) the original L-TRAN version currently in use (criginal);
(2) the cognitive version in which both the declarative and
procedural components were cognitively restructured (cogni-
tive); and (3) a. composite practice version in which only the
presentation of declarative content was restructured (comp.,
practice). The experiment was designed to test the effective-
ness of the cognitive and composite practice versions as
compared to the criginal version.

Thirty-six enlisted Navy instructors participated as
trainees in this experiment. The rank and rate of the instruc-
tors varied. They were selected from two categories based on
their NTDS console experience. The less experienced par-
ticipants were not NTDS console instruciors and had litle or
no NTDS console experience. The more experienced partici-
pants were NTDS console instructors, but were not experi-
enced in the general lesson content. There were: 18 subjects

- in each category. Instructors were randomly assigned 1o one
of three lesson conditions (i.e., the original version, the
composite practice version, or the cognitive version). A
pretest-posttest design was used.

As in the previous study, a performance test was
designed that included most of the major lesson goals and
procedures. The performance test was essentially a graphic
simulation of a series of wctical simations composed of the
scenacios presented during the lesson. Tt required the trainee
to take the appropriate actions, based on knowledge of
symbology and procedures. The performance test was made
up of 18 procedures. Correct performance of each procedure
was scored manually by an experimenter standing behind the -
subject. In addition, there were paper and pencil tests for
recognition and recall of the lesson material.

Results and Discussion

The goal of the analysis was to determine the effect of
lesson structure on procedural learning. The criterion for
having learned a procedure is error-free performance of that
procedure on the postlesson simalation test. The criterion for
having learned all the procedures presented in the lesson is
error-free performance on the entire simulation. Since time
was limited to one pass through the lesson, it was not feasible
to train each subject to asymptotic performance and then o
measure the amount of training fime required to reach crite-
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ron. In the ET environment, the trainee has a limited time -
available for raining and should, therefore, get as much as
possible out of each session. An alternative o repeating the
lesson until some criterion is reached is to look at how close
subjects can come to that criterion after one pass through the
lesson.- Of the 36 subjects, 27 made two orless errors (of 18
possible) on the post lesson performance test, the remaining
nine made five or more errors. One measure of the relative
effectiveness of the lesson structures is the percentage of
subjects in each group who reached the given level of perfor-
mance. Of the 27 subjects:who made two or less errors, 11
were in the cognitive group (%1%), nine in the composite
practice group (75%), and seven in the original group (58%)

‘The three groups were compared for effectiveness of
training as measured by performance error difference scores,
that is the aumber of errors made on the pretest minus the
number of emmors made on the posttest. For all three groups,
the decision to end the lesson was controlled by the subject.
They always had the option of going back over any portion of
the Iesson before ending the lesson and attempting the perfor-
mance test. An analysis of variance was performéd on the
difference scores for each subject in cach group; the means
are shown in Figure 3. Main effects were found for experi-
ence (p<.01) and for lesson structure. (p==.05). There was no
significant interacton. - ’

12 10.84
B Original - .
B Corp. Practice _.~ .-

10 7 B Cognitive

1ean Difference In Scores

Training Method

Figure 3. Mean reduction in performance errors from pretest to post test

The significant overall F allows us to reject the null
hypothesis that there are no differences in performance that
can be attxibuted to lesson structure. An analysis of differ-
ences in time to complete the lesson did not yield significant
results and therefore do not account for differences in perfor-
mance. In order to further assess the validity of our hypoth-
ases, that both the declarative {composite practice) and the
cognitive stracturing of the exercises would improve perfor-
mangce over the original version, and to further identify the
soarce of the variance, a pair of contrasts comparing the
composite practice and the cognitive groups to the original
group were computed. The ditferences between the group
means were evaluated using Duncan’s multiple comparison
procedure. The difference between the means of the compos-
ite practice group and the original group did not fall within
the significant range. The difference berween the cognitive
group means and original group means was found to be



significant at p<.05. Therefore, our hypothesis was con-
firmed reganrding the improvement which cognitive restruc-
turing produced relative to a standard instructional systems
design approach to curriculum content. However, perhaps
-more important than how the declarative information is
structured is the manner in which the opportunitias to prac-
tice using that information and receive feedback are distrib-
uted throughont the lesson,

-Having further isolated the source of the main effect to
the variability between the cognitive and original versions of
the Iesson, the next logical question is to ask whether this
difference is equally distributed over both levels of experi-
ence? - To evaluate the hypothesis that the approach will be
mere pronounced for Iess experienced subjects, comparisons
were computed between the cognitive and original cells for
both the less experienced and the more experienced groups.
The difference between cell means was found to be signifi-
cant for the less experienced group (p<.025}, but not for the
more experienced group. Figure 4 provides a comparative
illustration of performance error difference means for each of
the experience level by lesson structure cells. -

While the lesson structure had an impact on the ability to
perform procedures correctly, there was little effect on
declarative recognition or recall. An analysis of the variance
between the three groups in recognition test difference
scores, and in recall test difference scores yielded no signifi-
cant effects. That is, the difference in lesson stracture did not
influence the trainees” ability.or motivation to memorize
information as much as it did their ability to perform proce-
dures. This can probably be atiributed to a general ‘learning
by doing’ principle and to the opportunity to receive immedi-
ate feedback. When we present opportunities for interaction
with a systemn during training, we are emphasizing the impor-
tance of the information presented in the interactive format,
and de-emphasizing all other information. The student
attends to just that information with which he is encoaraged
to practice, and for which he is provided feedback.

CONCLUSIONS

The results of these experiments support the argument
that procedural knowledge and skills can be acquired more
effectively when instruction is presented in accordance with
cognitive learning principles interpreted within a knowledge
compilation framework. Those instructors with NTDS
experience came to the training session with device specific
procedural knowledge as well as general domain declarative
and procedural knowledge. - They are more highly tuned to
the training environment and can therefore easily apply
existing knowledge and skills to organize and interpret the
new instructional material within the fraining environment.
Differences in organization of the instructional text do not
significantly enhance their ability to encode and apply the
relevant information. In addition, these instructors have
existing console specific procedural knowledge which prob-
ably makes practice at the microstep level unnecessary.

Those instructors without NTDS experience came to the
training session with general domain knowledge but without
device specific procedural knowledge. In fact as iHlusirated
by their comments {(e.g., “I’'m not used to doing it this way.”),
their methods for achieving specific task goals often were in
conflict with the target methods of the training session. The
opportunity to interpret and apply declarative information at
each substep before going to the composed level enhanced
the effectiveness of the training lesson for these individuals.
In general, while the effect was much more dramatic with
entry level trainess, even these well ained and maotivated
individuals learn the procedural methods more effectively
when the oppormnity is provided to perform and practice
those rethods, and receive feedback, at each individual step
in the procedure.

18 ~

16 -

Mean Errors

Less

M Original
B Comp. Practice
B Cognitive
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Figure 4. Mean pretest-post test performance difference for each of the experiznce levels by lesson structure cells L
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This approach can be applied to other embedded training
systems and is currently being transitioned to the Acgis
Computer Assisted Submode Training (CAST) system.
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