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ABSTRACT

The Submarine Advanced Reactive Tactj

"training subsystem™

cal Training System (SMARTTS) will be the
af the 21A Serfes Submarine Combat System Trainers.

SMARTTS Ts

the result of a series of research :and development investigations directed by the U. S.
Naval Training Equipment Center investigating the application of advanced training

technology to submarine tactics training.
tactics training process by improving the g

by correcting current deficiencies of

training technology embodied under SMAR
capabilities that should be initially devel

based training system.

the

SMARTTS is expected to greatly enhance the
uality and quantity of tactics training and

tactics training system. The  advanced

TTS will present emerging concepts and
oped as an integral part of every simulator-
The paper summarizes the SMARTTS

pregram placing particular

emphasis on the development of the SMARTTS characteristics as a result of a modified
instructional systems development analysis,
primarily implemented via software additiens to the simulator programs, are applicable

to virtually every simulator-based training system.
te the Submarine Combat System Trainers; it reprasents

The SMARTTS characteristics, which are

SMARTTS will be a major addition
a milestone in that it 1is & major

gubgystem, emphasizing advanced training technology as an -integral part of the training
evice.
INTRODUCTION responsible tactical command and:controi. High
speed -digital data processing, coupled with
: computer  analysis of multiple-sensor inputs
The Submarine Advanced - Reactive Tactical requires highly developed operator visual and
Training System (SMARTTS} is the trainmin subsystam interpretive skills, These skills mwust be

of the submarine tactics training device. SMARTTS
-has been specifically designed to provide training
assistance features to the 2IA series Submarine
Combat Systems Trainers (SCSTs) and thereby enhance
their training effectiveness. 3MARTTS is designed
to address  individual and team training
requirements for the SSN MK .117 fire control system
and AN/BQO-5 sonar, and the SSBN MK 113 Mod 9 fire
control: system and AN/BQQ-2 sonar. .SMARTTS is a
strap-on subsystem, the preprototype of which is
currently being instalied on the 2iA4l SC3T,
Norfolk, Virginia. An evaluation of the training
effectiveness of the 21A41A SCST (i.e., with
SMARTTS) will be. accomplished in ‘the aperational
training setting Tmmediately following completion
of. the preprototype installation.

BACKGROUND -— DEVELOPMENT OF
SUBMARINE TRAINING TECHNOLOGY

The U.S. Navy submarine forces are experiencing
accelerated transition to significantly improved,
although increasingly complex, weapons and tactical
cammand and control systems for both SSNs and
SSBNs. -These technclogical advances are matched by

expanding . submarine mission roles and tasks 1in
tactical and strategic warfare, and other
classified operations, . Enhanced operational
performance - of weapons, fire control, sonar,

periscopes, electronic support measures, and other
sensors, together with advanced . ship
characteristics, places heavy  emphasis an

Note: The authors are solely responsible for this
paper; it does not represent U. S, government
positions or policy.
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-technologically

-submarine tactical

-officer (PCO) courses,

supported by the operator's abi1ity to make complex
tactical decisions. The number of personnel

~directly involved in command and control within the

submarine's tactical decisionmaking processes has
Tikewise increased with fleet introduction of new
advanced systems. These
developments are placing . increasing demands on
and operational training to
promote operational readiness.

The overall submarine tactfcs training systen,
whether providing formalized team training in
shore-based attack centers or individual on-the-job
training at sea, principally exists to support
submarine force operational readiness.  Submarine

Combat Systems Trainers {SCSTs) For $SNs and $SBNs

are TJocated at all major submarine operational
training centers. $imulation methodology and
equipment- retrofits provide the Tatest in onboard
equipment developments for the SCSTs.
Collectively, these SCSTs represent the primary
component of the submarine tactical training
system,

Tactics training presently -satisfies a wide
range of requirements, from the submarine officer
basic, - indoctrinatlon, and advanced courses
(SOBC,SOIC, and SOAC). through advanced levels in
the prospective executive officer (PX0) and the
submarine force commander's prospective commanding
Training within these
courses spans individual through team contexts.
SCST utilization includes these formal shore-based
courses, as well as support for ships in refresher
and predeployment -training. Advanced training
technology to enhance the training process is
required for these SCSTs.



Until recently, with the advent. of digitally
processed sonar (e.g., AN/BQQ-5) and fire control
(i.e., MK 113 Mod 10 and MK 117) information and
advanced weapons {e.g., MK 48 torpedo, Tomahawk),
submarine tactics had changed little since World
War II. This was generally true of both the
hardware :systems and the tactics employed in their
use. -Although some hardware changes did evoive,
they were primarily the result of better hardware
designs to perform the same functions.
notahie exceptions were the MK 51 analyzer and
sevaral plotting techniques (e.g., EkTund ranging)

“which = were developed during this period.
Nevertheless, those changes that ~did . occur
represented a steady evolution in suybmarine

tactical capability. During this period, the Naval

Several -

%o

Trafning Device Center (NTDC) {which is currently

the Naval Training Equipment Center -— NTEC) had
initiated a variety of research and development

efforts investigating the improvement of training -

technology. With several. notable exceptions, the
- majority of these efforts were concentrated on
surface and aviation -Navy training devices. Much
of the early work investigating tactics training in
the submarine force was performed in a series of
NTDC/NTEC-studies by Sidorsky and others during the

19605.{1’2’3) Sidorsky's work centered on tactical
decisionmaking, resulting 1in a decisionmaking
taxonomy  that has been the basis for several
applications of decisionmaking theory in the

operational enviranment. Hammell and Mara 4) used
the taxonomy as the basis of an approach to
submar ine tactical decisionmaking  training.
Observations .on. SCSTs, discussions with naval
training and operational personnel, and analysis of
at-sea exercise data indicated the potential of
this approach to training. A later effort by

Pesch, Hammell, and Ewalt, 3 used the Sidorsky
taxonomy as one level of a multileveled approach to
submarine officer tactical decisionmaking
training. This Tatter approach has beesn used
successfully to train merchant ship masters in

decisionmaking regarding the international rules- .

of-theuroad.{s)

A second major development by Sidorsky was the
TACTRAIN device, an individualized CRT-based
tactical decisjonmaking trainer. It was developed
to train advanced tactical. decisionmaking to senior
submarine officers. °~ TACTRAIN introduced several
new concepts to the submarine training community.
It provided individualized training to senior
officers; it was based on a CRT driven by a computer
in a war-gaming format; it enabled a wide range of
flexibility in controlling the training process;

and its model functioned on the basis of
probabiT{ty -estimates (e.g., probability of
counterdetection). At that time, however, the

operational submarine fire control system {e.g., MK
113 Mod B) did not deal with probability estimates
or display such data on CRTs.

The submarine fire control systems in tse during
the mid-1960s were basically similar to the earlier
fire control systems in function, although somewhat
different 1n hardware layout. The Submarine School
(SUBSCOL) in New London was charged with training
officers entering the S0BC. The traditional
approach had been  to provide dndividualized

training on the. attack director, followed by team’
individual .

training on the SCST. A group of
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torpedo data computers (MK 4) were used Tor-
individualized training with vegard to the older
basic submarine fire control systems (MK 106).
Individual training devices, -however, were not-
available for individualized training on the newer
MK 75 attack director used in the MK 113 fire
control system series. . A .request by SUBSCOL for. a
group of indiyidualized MK 75 attack director
trainers prompted NTDC to initiate an investigative
effort fo @ determine specific submarine officer:
requirements for tactics trainers. The intent was
approach the tactical +training issue by
systematically analyzing: tactics training to
determine the then current and future training:
davice requirements. During the late 19605, a
variety of fundamental tactics and hardware changes
were 1in the developmental stage {e.g., digital
sonar hardware, digital fire control hardware, and’
MK 48 torpedo). These advances were to have a
profound impact on submarine tactics.

The iJnvestigation, which initially considered
basic Tevel training and was Tater expanded to:
include advanced offiger training and all SCSTs, '
identified a variety of areas in which the tactics

training process could be improved!7’8) The
identification of the need for a variety of
individualized training devices together with the
advanced knowledge of the computer/CRT-hased fire

control systems under development at that time,

resulted in the recommendation for the Generalized _ -

Individual Trainer. The recommended Generalized

Individual Trainer was to be a general purpose

computer-based CRT console that could be readily

configured to meet the wide variety of training

needs; furthermore, this device could incorporate

advanced training technology concepts. More

importantly, these investigations found that the

current  SCSTs Tacked  fundamental training

technology capabilities which had the potential of
greatly enhancing the training process.  The

authors concluded that if these capabilities were

incorporated 9into the training device ~when

initially developed, they would represent a
relatively small increase in cost. A variety of
training-related capabilities were recommended to

be installed on. the existing SCSTs. These.
recommendations addressed three aspects of _the

training system: 1) trainee 1information; 2)

instructor support, and 3) - training system
management. The SMARTTS characteristics represent

the development and application of these earlier

developed concepts.

Hammell et a].(g) carried the investigation a
step further by developing a performance
measurement - approach for  submarine  tactics
training. The nature of the submarine tactical
problem {i.e., decision-nmaking) -has precluded the
development of complete standardized operating
procedures, resulting in a difficult performarce
measurement task. The developed technigue fs hased
on the use of submarine system effectiveness models
{e.g., weapon systems effectiveness models). The
model would generate complex measures of overall
system or subsystem. effectiveness which could be
related to specific trainee actions. Although the
operational forces were still using the analog-
based fire control systems at that time, tactical
operations were beginning to undergo substantial
changes, which would be conducive to the use of
this performance measurement approach (e.g., use of
sound wave ray path analysis during approach and



use of probability of counterdetection}. These
tactical changes coincided with the major new
developments in sensers and fire control systems,
such as the MK 81 weapon control console. Thase
factors have led over the succeeding years to
.acceptance of the training concepts and
capabilities that were to be embodied ih SMARTTS.

The Naval Training Equipment Center took another
step in the development of submarine tactics
training capabilities by evaluating a Taboratory
version of the advanced training technology

subsystem(lo’ll]that embodied many of the
recomeended training assistance capabilities. A
variety of Naval -training and operations personnel
from Submarine Farces, Pacific (SUBPAC); Submarine
Training, Pacific {SUBTRAPAC); Submarine Forces,
Atlantic (SUBLANT)};  SUBSCOL; and other groups
reviewed the capabilities of the laboratory version
and participated in experiments with it. The
respanse was uniformly strong in approval of using
the advanced training technology concepts.

Additional support for the advanced training
technology concepts came' from naval training
personnel- at the Z21A40 SCST site.
training technology concepts incorporated into the

~development of the handbook for the 21A40 SCST
resulted in reguests by the staff for the upgrading
of their trainer to 1include - several of these
capahilities. The MNaval Personnel Research and
Development Center- (NPRDC) developed a limited
experimental capability on the  21A40 for

The Timited -

investigating the effectiveness and acceptance of

several of the recommended fraining assistance
“technology capabiiities. Results from the

investigation by Callan, Kelly, .and Nicotra(lz) of
the operaticnal training of submarine crews, showed
- increased training effectiveness as a result of the
advanced - training technology. Many of these
-concepts have been further Incorporated into other
training programs and devices ({e.g., Sonar
_Operational Training and Assessment Program —
- S0TAP); these applications generally support the
effectiveness of the advanced training technology
concepts.

The advanced +training technology concepts
forming the {raining subsystem that should be
integrated into the training device/simulator
design were developed by a series. of NTDC/NTEC
investigations. The systematic applied development
of the advanced training technology subsystem,
however, remains to be undertaken.
accomplished via the SMARTTS program.

TACTICS TRAINING SYSTEM

The training system, in any area of appiication,

is composed of several elements. Various
specifications for these elements are avail-
ab]e(13’14). A somewhat simplified version of the

training system, as shown in Figure 1, consists of
four major - elements. The -training objectives,
which comprise the first element, specifically
define the goals for which the remazinder of the
training system should be designed in the most
cost-effective manner. The training objectives are
“typically the result of an analysis of tasks,
skills, knowledge, performance standards, and
conditions under which the preceding should be
attained.

This is being
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Figure 1. Elements of the Training System

The design characteristics for the remaining
three elements of the training system should be
determined  on the basis of a trade-off analysis
between each, so as to. achieve the most cost-
effective overall  system: design. The training
program - addresses the content of the training

process as well. as the methodology by:which it is

achieved., The materials to support the training
process  (e.g., instructor's guide, trainee
handbook, and exercises) contain the training

program.. The training devices are tools to be used
by the instructor.as an aid in accomplishing the
training objectives during the %training program.
The training system may have cne or more training
devices, including both part task and whole task
trainers. On-the-job training, the final element
represented in Figure 1, is an alternative to the
training device in achieving certain of the
training objectives. It is important that on-the-
Job" training be investigated as a cost/effective
means in trade-off with the training device.

Close integration between the design
characteristics of the training device and training
program is of primary importance to the achievement
of a cost-effective training system design, The
training device should be viewed as an aid to the
conduct of the training program, in the achievement
of the training objectives. To this end, the
characteristics of the training device should be
designed so as to aid the training program. This
point is crucial; the training device should
contain only those characteristics that most cost-
effectively aid the training process. The modern
training device, - therefore, .in. the context of
complex operational systems such as the submarine
combat system, should have two major functions: 1)
simulation of the operating environment and 2}
training assistance (see Figure 2}. The vast
majority of simulator-based training devices in use
today, by the military as well as commercial
industry, do not- adequately address the training
preblem. That is, they typically provide adeguate
simulation but provide Tittle if any assistance to
the conduct of the training process. The typical
complex simuTator/fraining device is computer based
and has the capability to generate a wide variety
of finformation- relevant to the conduct of the
training process, as well as provide much needed
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Figure 2. Major Subsystems of the Training
Device and Their Functions

assistance to the instructor. This aspect of the
training device has been grossly overlocked, al-
though the basic capabilities may be readily devel-
oped to provide effective assistance to the
trainees and finstructor. - SMARTTS directly ad-
dresses the training functions of the training

device; 1t does .not address the simulation func-

tion. SMARTTS-keys on the training system concept,
allocating to the instructor and other elements of
the system those tasks for which they are most
capable,
structor from rudimentary tasks such as data re-
cording, allowing him additional capacity to focus
on more important tasks of the training process
{e.g., monitoring trainee performance). Further-
more, SMARTTS capabiiities supplement the instruc-
tor by generating needed information and providing
control assistance which are typically beyond the
capability of most instructors. Furthermore, the
capabilities are designed to permit the evolution
of the training system so as to be responsive to the
constantly evolving operational and training needs.
SMARTTS is a set of capabilities that represents
the training function of the training device, in
support of the training process.

SMARTTS DESCRIPTION

SMARTTS will be the Tirst major subsystem of a

simulator-based training device developed specifi-
cally to support.the training function, rather than
the simulation function of the training device. An
extensive requirements analysis, therefore, was ne-
cessary. This analysis drew heavily from previous
investigations to define the tasks of the various
members of the fire control and sonar parties on
the SSN and SSBN. The available information wes
updated as necessary to address the tasks to be
performed in support of the MK 117 and MK 113 Mod 9

fire control systems, and the AN/BQQ-5 and AN/BQQ-2

sonar systems, and the utilization of recently
developed weapon systems. - The analysis aiso iden-
tified skill and knowledge requirements as well as
performance criteria, measures, and standards, and
identified the comprehensive set of training objec-
tives across submarine tactics training. The func-
tional characteristics for the SMARTTS were devel-
oped in consonance with these. Additionally, hard-
ware and software design aspects of the pofent1a1
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~ already been developed.

For example, SMARTYTS relieves the in-

SMARTTS were analyzed during this analysis so as to
delineate the potential costs of SMARTTS. The in-
depth requirements analysis was necessary for
SMARTTS since it represents the initial attempt to

- comprehensively define the training function of the

training device. This represents a substantial
change in philosophy regarding the design of the
training device; that is, a change from simulator .
design- to simulator plus iraining technology de-
sign. It, furthermore, represents the evolution of
the training device from merely a.support aid into
a central integrating function directly impacting
the design and conduct of many. aspects of the
training process. B

SMARTTS provides the foundation upon which the
integration of advanced training technology into
the training device will have been developed and
evaluated. Resulis of the tesi and evaluation
phase of 3MARTTS, in the operational environment,
will complete the 1initial development. It will
result. in a catalog of demonstrated training tech-
nology concepts that can be integrated into other

- training devices in a wide range of applications.
~ Subsequent applications of this trafning technology

will require a considerably less extensive training
requirements analysis since the concepts are gener- -
ic in nature and may be readily tailored to many
training :applications. Rather, the development of
a new training device would require an analysis
only to identify the training objectives and to
select from those SMARTTS characteristics that have
The selected characteris-
tics would have to be tailored to the particular

- training application; this, however, would require

considerably less effort.

SMARTTS will provide features to support three
major aspects of the training process -(see Figure-
3): 1) trainee information, 2} instructor support,
and 3) training system management. SMARTTS capabi- -

. Tities in each of these areas are summarized below,

- Trainee Information

The importance of feedback information to the
trainee regarding the outcome of his actions has
been known Tor many years as an essential part of an
effective training process. -Relatively little in--

TRAINEE INFORMATION INSTRUCTOR SUPPORT

EXERCISE SELECTION L!BRARY
EXERCISE SETUP
PERFORMANCE EVALUA FION
ANSTRUCTORS CONSOLE
TRAINING CONTROL

INSTRUCTOR'S HANDEOUK
AUTOMATIC INTERACTIVE

TARGET

PAEEXEACISE BRIEFING
IMFORMATION DISPLAYS
ALTERNATIVE TACTICS
POSTEXERCISE DEJRIEFING

TRAINING SYETEM MANAGEMENT

SIT SITE MANAGEMENT

GENTRALIZED TRAINING
SYSTEM MANAGEMENT

Figure 3. Major: Support Areas of SMARTTS



formation is -currently provided to the trainees
prior to, during, or even after the training exer-
cise an the SCST. The information that is provided
to the trainee is generally a result of the in-
 structor’s observations, and is provided verbally
immediately following the exercise. SMARTTS will
"~ provide capabilities to generate, store, and pre-
- sent performance-related information to the
trainees. A wide variety of tactical and perfor-
. mance-related parameters will be computed during
the exercise; these may also be computed prior to
and following each exercise so as to discuss ra-
lated points and alternative ownship actions. The
generated parameters wiil be presented fo the

 trainee on appropriately designed information dis-

+. plays {e.qg., “graphical, tabuTar summaries}.
- SMARTTS will alse provide the instructor with the
capabilities to present the information in a vari-
ety of formats, tailored to the specific training
problem, The information may be presented to the
trainees on CRT monitors in the attack center
{e.g., during a problem freeze) and on large screen
displays in an adjoining classroom (i.e., prior to
and/or following the simulator exercise). An exam-
ple of a graphical display presenting several tac-
tical performance indicators simultaneously is pre-
sented in Figure 4. The important aspect of these
characteristics is that SMARTTS will provide the
capability to generate and present the information.
The particular performance indicators used, display
formats, exercises, etc., will be tailored to the
particular training problem; these are Tikely to
evolve over time, changing to meet the changing
training problem. SMARTTS will provide meaningful
visual feedback to the trainee, enabling him to
correlate his actions with relevant tactical param-
eters pertaining to his teammates, ownship dispesi-
tion, and the target disposition. These character-
istics represent the major area of SMARTTS concern.
A summary of the specific characteristics follows:

e Preexercise briefing. A variety of capabili-
ties will be available in a classroom context
to assist the instructor in briefing the
trainees prior to participating in the simu-
lator-based exercises. The alternative
tactics capability will enable fast-time gen-
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Figure 4. Example of Trainee Single
Graph Feedback Display
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eration of problems in the classroom, inciud-
ing the generation and display of performance
indicators and other tactical parameters for
a variety of ownship and target tactical
actions., The classroom preexercise briefing
sessions can be conducted while a different
“group s simultaneocusly participating in
training on the simulator,

o Information displays. SMARTTS will generate
a variety of performance indicators and rele-
vant tactical parameters (e.g., probability
of counterdetection). The information gene-
rated can be presented to the trainees on
CRTs in the attack center and on a large
screen display in the adjoining classroom.
These displays will provide the means to
-present information for the preexercise
briefing discussions, fJmmediate feedback

" during the simulator exercise, and. the post-
exercise debriefing discussions. The infor-
mation so presented will enable the trainee
to learn and understand the relationships
_between the various tactical parameters of
interest as well as the fmpact of his actions
and ownship's actions on the tactical prob-
lem. The displays will be under control of
the fnstructor, A trainee entry device
(i.e., a button) will be available at each
operating station to permit flagging of tac-
tical events during the exercise for later
discussion.

e Aliernative tactics.  Alternative sets of
“ownship and target actions can be generated
in fast-time during briefings to enable in-
vestigation of the relationships between re-
tevant parameters (e.g., the impact . of
earlier ownship maneuvers; the impact of dif-
ferent ownship maneuvers on target motion
analysis guality)., These will assist train-
4ing by enabling direct comparisons of perfor-
-mance indicators generated during the alter-
native actions. ’ )

e Postexercise debriefing. The postexercise
debriefing is currently used in SCST train-
ing. The SMARTTS finformation genearation,
storage, and presentatien capabilities will
greatly enhance this process. Postexercise
debriefing will be possible in the attack
center. using the SMARTTS CRT displays.
Ideally, . however, the debriefing sessions
will be conducted in the classroom using the
large screen display. The SMARTTS capabili-
ties will enable the presentation of alil
relevant  information concerning the just-

- completed exercise as well as the generation
and investigation of alternative sets of tac-
tics for the exercise situation and other

. situations. The capability will be present
for the instructor and trainees to completely
analyze the tactical problem, and focus on
aspects of particular interest.

‘Instructor Support

SMARTTS will greatly augment the currently 1i-
mited instructor support facilities at each of the
SCSTs. It will provide the instructor with addi-
tional capabilities to design and set up exercises,
to contrel and monitor exercises while they are
being conducted,- and to provide more effective
information to the trainees prijor.to, during, and



after each simulator exercise. Instructor support
capabilities are summarized below:

® Exercise selection library. A library of

highly structured prestored exercises will be
available for selection by the. instructor.
Each exercise will be keyed to tactical and
training objectives. The exercises will be
highly structured altlowing for necessary mod-
ification by the instructor either prior %o
or during their conduct on the simuiator.
Furthermore, the set of avafiable exercises
will be standardized across all SCST sites.

Exercise setup. An off-Tine ‘capability will
be provided to enable the instructor to de-
velop and evaluate exercises prior to their
use in training. A remote terminal will be
provided for this capability. The instructor
will be able to develop the exercises, run
them in fast-time, and investigate the re-
suTts. He can designete appropriate perfor-
mance indicators, training objectives, event
cues, and s¢ on, which will be prestored with
the exercise. Furthermore, this capability
will enable him to compare different .exer-
cises and readily modify them to - achieve
particular exercise design goals.. Finally,
the instructor will be able to add the new or
modified exercise to the exercise Tibrary for
- permanent storage.

Performance evaluation. A set of performance
indicators will he available under SMARTTS.
A subset of these indicators will be keyed to
each exercise, achieving automatic genera-
tion and storage of %he performance data
during the exércise. The imstructor may
develop and store additional performance in-
dicators as well as modify existing perfor-
mance indicators. Furthermore, he can desig-
nate additional performance indicators for a
particuTar exercise or remove existing per-
formance indicators from an exercise. Cues
will be provided, keyed to each exercise, to
alert the instructor to particular predeter-
mined observation requirements. The variety
of performance indicators, and other tactical
parameters will be availabTe at an instruc-
tor's remote consele for monitoring during
the exercise, The information will be pre-
sented on a CRT display in an appropriate
format (i.e., graphical, %fabular, or some
combination); additionally, selected param-

eters will be available for monitoring on an

instructor's portable handheld remote con-
sole.

Instructor's consoles. A remote semiportable
console will be availabie for monitoring and
control of the trainee exercise. It will
consist of a CRT display, general purpose
keyboard, and function keyboard. This semi-
portable device will be easily moveahle to

different Tocations in the attack center. It

will enable the instructor to monitor and
control from an attack center Tocation while
cbserving the trainees. A portable handheld
display will also be availahle to enable the
instructor to monitor selected parameters
-while wmoving about in the attack center.
ldeally, this portable display will be wire-
less. The instructor displays will present
information related to the performance
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indicators, current: tactical parameters,
geographic track history, ownship status,
training cues, instructional alerts, and
alarm conditions.

¢ Training control, - The instructor will have
expanded capabilities te control the training
exercise. These will include a fresze capa-
bility, projection of multiple ownship and
target actions to evaluate their likely im-
pact on the exercise, and analysis of trainee
progress to assist in tailoring exercise se-
Tection and configuration,

& Instructors' handbook. A-comprehensive in-
) structor's handbook will be developed to as-

sist in the development and conduct of. an -

- effective training process using the SMARTTS
capabilities. The handbook will address the
particular capabilities of SMARTTS as well as
effeciive training practices. - &n instruc-
tor's course will be developed and adminis-
tered to all instructors prior to their use
of the SMARTTS system. :

o Automatic interactive target. Currently,
"~ targel actions on an”SCST are either prede-
termined and canned, or controlled by the .
- instructer. Target control by the instructor
- requires a considerable amount of time and
often reflects the particular instructor's
experiences rather than a representative set
of target actions. The automatic interactive
target (AIT) will provide for computer con-
Irol of target actions, emulating in a proba-
bilistic manner 1ikely actions of the target,
based on the best avcilable intelligence™in-
formation. The target will, in essence,
react to ownship actions in concert with
information provided via the environment, the
target type, his mission, and the world situ-
ation.

Training System Management

The preceding two areas of SMARTTS primariiy
addressed conduct of the trafning process. The
training system management capabilities of SMARTTS
address:the long-term structure and functioning of
the training system and the training process. It
provides for beth intrasite and intersite manage-
ment of the training process. Specific capabili-
ties are as follows:

¢ Standardized curriculum materials. SMARTTS
characteristics and other materials provided
along with SMARTTS will be standardized
across all SCST sites. These will include
instructor and traineas handbooks, the exer-
cise Tibrary, the SMARTTS system operator's
manual, and an integrated curriculum across
sites, '

¢ SCST site management. The tactics training
curriculum will be standardized across SCST
sites, appropriate to the level of trainees
and other factors heing addressed at each
site. ~ Each site will participate in the
development of the curriculum; each site
will, Tfurthermore,. have the capability to
tailor the curriculum to meet specific Tocal
needs. - Changes 1in tactical doctrine would be
~quickly implemented by a centralized activi-
ty, resulting in a reduced administrative
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burden at each site.
will be standardized for SMARTTS across
sites, Finally, various training methads
will be recommended singly and in combination
for use with various exercises: this will
further standardize the training methodology
employed across sites.

Instructor training

e Centralized tactics training system manage-
ment. A fraining management structure has
been identified to configure and control the
training process across SCST sites, This
structure would come under the force com-
mander's direction and would proyide more
unified and controlled- curriculum, proce-
dures, and performance criteria. This struc-
ture would act as the coordinating body
across all SCST sites. Furthermore, the
effectiveness of training at each site, the
effectiveness of the various training methods
being employed, the exercises being used,
etc., would be monitored by this central
activity, providing for a long-term analysis

- of the system's training.effectiveness and
the training needs.

SMARTTS DEVELOPMENT

The above discussion addresses the three major

-areas of SMARTTS, and summarizes characteristics of

each area. These characteristics, which are expli-
citly identified in the SMARTTS Tvpe "A" Specifica-

tion, 15
SMARTTS.
currently being developed and installed on the
21A41 5CST at Norfolk, Virginia. This preprototype
will incorporate the essential features of SMARTTS,
although not all of the specific characteristics.
It should be noted that the sssence of SMARTTS is
the general computer-based capabilities denoted by
the three major areas; the specific characteristics
under each of these areas are likely to evolve as
SMARTTS: is used, with changing operational probl-
ems, changing training needs, and develaping train-
The SMARTTS capabilities will

pertain to the eventual production

The preprototype installation on the 21A41 SCST
will enable the evaluation of SMARTTS in the apera-
Information is presently
being collected at the 21A41 SCST and other SCST
sites regarding the instructor functions, training
methodologies employed, and tactical team perfor-
mance prior to and following training sessions.
These data collected from traditionally-trained
groups will comprise the contrel group data base
for comparison with the SMARTTS-trained groups
after the preprototype installation becomes opera-
tional., The c¢ollection of SMARTTS training data,
as well as the subsequent evaluation of the trafn-
ing effectiveness of SMARTTS, will be conducted by
an independent group. The purpase of this investi-
gation will be two-fold: 1) to evaluate the effec-
tiveness of groups trained using the SMARTTS tech-
nology with traditionally trained groups, and 2) to
evaluate and improve the training effectiveness of

the various characteristics of SMARTTS. It is

expected that although SMARTTS will prove to be a
cost-effective adjunct to the simulator/training
device, its reiatively Targe number of characteris-

tics will have differing degrees of training effec-

tiveness. Furthermore, it is expected that these
characteristics will be improved over time and will
be supplemented by additional SMARTTS characteris-
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tics as appropriate to enhance the training pro-
Cess, It is the intent, therefore, that the
SMARTTS evaluation aiso generate information rele-
vant to the fimprovement/evolution of the various
SMARTTS characteristics.

SMARTTS is a training subsysiem specifically
designed to meet reguirements for the tactics
training of submarine officers. The training tech-
nology concepts identified and developed, however,
embody considerable generic aspects. Hence, they
are likely to be directly applicable to most simu-
Tator-based training systems. It is likely that

.SMARTTS-type capabilities should be resident on
many major computer controlled training devices.
Specific characteristics, such as particular per-
fermance indicators and display formats, reces-
sarily have to be tailored to each particular
training applicaticn. Nevertheless, the generic
capabiltities represented by SMARTTS are potentially
applicable %o substantially fimpact the effective-
nass in a wide rangs of training areas. For
example, the SMARTTS technology has been applied
and investigated for application in commercial deck
officer training on ship bridge/shiphandling simu-
lators; preliminary resuits indicate that this type
of technotogy would substantially impact the effec-
tiveness of those training devices. As an order of
magnitude estimate, the SMARTTS capabilities, if
developed and designed into the training device
when initially procured, would cost about 20 per-

-cent of the device cost. Since the characteristics
are predominantiy implemented in software, rela-
tively minor additional. cost increments would he
required for additional production units.

The - training device, albeit a simulator, has

“often been deveioped independently of the other -

elemefits in the training system. The potentially
extensive training assistance capabiitities of the
training device/simulator when configured to pro-
vide the SMARTTS-type training technology, necessi-
tate close integration with the other elements of
the training system so as to achieve the most
effective design. Whereas the training systems
- design-approach (e.g., Instructional Systems Devel-
opment approach has often been ignored in the past,
the potential training effectiveness gains to be
achieved by incorporating the SMARTTS-type techno-
Togy make the systems -approach mandatory. The
training device should not be independently devel-
oped; rather, it must be developed and closely
integrated with the training program to meet the
specific training objectives.
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