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EXECUTIVE SUMMARY
PURPOSE OF STUDY

In the current post-Cold War era of down-sizing and reduced
budgets, the Navy, tasked with new and expanded missions, is expected to
do more with less. In this climate, approaches to reduced ship manning,
without sacrificing readiness or jeopardizing mission, would be of great
benefit inasmuch as manpower-related expenses combine to consume
about 60% of the budget. With that background, the Panel reviewed
reduced manning concepts and technologies with the potential to enable
significant ship manning reductions. The Panel then evaluated the impact
of automation on ship design and training.

OBSERVATIONS

Technology is not a roadblock to reduced manning. The application
of proven, currently available technology, such as low cost, high speed
computers, object-oriented software, open-system architecture, friendly
graphical user interfaces, shipboard fiber optic networks, networked
digital communications, reliable equipment health monitoring systems,
automated ship positioning systems, and corrosion and wear resistant
coatings, would yield substantial manpower savings.

Other than the "Law of the Sea" requirement for a posted lookout,
there are no legal impediments to crew reduction. Barriers can, however,
be found in an unwillingness to break with culture and tradition, in self-
imposed policies that inhibit or discourage manpower reduction, in a
pervasive perception in the Fleet that manpower is a "free" commodity and
need not be constrained, and in a risk aversion philosophy founded on a
lack of confidence in earlier attempts at automation.

Foreign navies, also faced with draconian budgetary constraints, have
ventured into crew reduction through automation. The results are mixed,
with greater success evident in ships designed initially for reduced crews,
as compared with those in which the reductions have been imposed as a
back-fit.  Although the foreign experience is not directly applicable
because of differences in mission, size, and national culture, their "lessons
learned" were useful in the Panel's deliberations.

Automation is already impacting the ways in which the Navy trains its
personnel. The use of multi-media training has reduced learning time and
improved individual performance. Embedded training ensures that
technicians and operators train on the same systems that they maintain
and use.

The Navy has the opportunity to revolutionize the process by which
ships are designed so that crew size becomes a principal consideration.
The Surface Combatant for the 21st Century (SC-21) Program, now in the
early stage of concept definition, should be the vehicle for this radical
change. Manpower reductions in the current fleet should be approached
through the insertion of technology for automation (which will require
some funding up-front) and the revision of restrictive policies (which does
not require funding but does require a commitment to reduce manning).
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RECOMMENDATIONS

PURGE INHIBITING POLICY DIRECTIVES

The Panel found that manpower-related policy, doctrine and
procedures (at all levels of command) tend to impose additional manning
requirements and inhibit reductions. Historically, the availability of
manpower encourages the continuation of full manning and provides little
or no incentive for reduction even when automation is introduced that
replaces a manned function. The Chief of Naval Operations (CNO) should
conduct a thorough, top-down review of manpower and personnel
directives to identify and purge those that are in conflict with the goal to
reduce manning. All retained manpower-increasing policy directives
should be justified by quantitative risk analysis.

REVISE THE ROC/POE DOCUMENTS

The Ship Manning Document (SMD) is based on ship missions and
capabilities and on the Condition III watches specified in the ship's
Required Operational Capability (ROC)/Projected Operational
Environmental (POE) document. Because there are currently no incentives
to constrain manpower, watch requirements are inflated. The Deputy
Chief of Naval Operations (Resources, Warfare Requirements and
Assessments (N8)) should revise the methodology for development of
ROC/POE to reflect an emphasis on manpower reduction through strict
control of requirements. As technology is injected to automate ship
functions, billet reductions should be generated and formalized during
periodic document reviews.

DISPEL THE MYTH OF "FREE" MANPOWER

At all levels of command in the Fleet, there seems to be a general
perception that manpower is a "free" commodity. Thus, there is no
inclination to either conserve or reduce manning since there is no "cost" to
the user. The CNO should establish in the Fleet a system of accountability
for the real cost of manpower and create at the Fleet and Type Commander
levels a manning budget in the personnel (MP,N) account, with
responsibilities similar to Operating Target (OPTAR) accounting in the
operations and maintenance (O&M,N) account.

REVOLUTIONIZE SHIP AND SHIP SYSTEMS DESIGN

The design process for new classes of ships does not focus enough
attention on the need to reduce the manpower required for operations and
maintenance. Specifications for new ship systems, both forward-fit and
back-fit, are similarly underconstrained. @The CNO should revise the
process for the design of new classes of ships such that the potential cost of
manpower becomes a visible and accountable factor in the dialog between
the platform sponsor and the ship program manager, as are factors such as
displacement and payload. New ship systems should, likewise, be required
to justify manpower increases. Mechanisms that provide incentives for
attention to manning issues should be established at every level.
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FOCUS ON THE SC-21

The SC-21 Program is in the early phase of concept formulation. The
Mission Need Statement for the ship specifies automation to a degree
sufficient to realize significant manpower reductions. The program does
not appear to be adequately funded to pursue that critical objective. The
CNO should increase funding for the SC-21 Program to enable a
revolutionary approach to the design of the ship and a thorough review and
resolution of manning issues. Ties to Fleet Process Teams such as Force 21
(COMNAVSURFPAC Study Group) should be institutionalized.

DEMONSTRATE TECHNOLOGY

Proven technologies are available with the power to reduce shipboard
watch standing and maintenance manpower requirements. Some
reluctance to apply those technologies is founded on a lack of confidence in
the reliability of advanced systems and the absence of incentives to
automate functions. The CNO should propose an initiative to demonstrate
reduced manning technologies in a deployable fleet ship.

SUMMARY

The Panel believes that the Navy stands on the threshold of a new era
in which highly capable ships can be made more cost-effective through the
introduction of automation and the technologies that enable significantly
reduced manning. The savings realized should be returned to the Fleet in
additional ships and weapons.
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The Terms of Reference

* Review current approach to ships manning
* Review previous reduced-manning studies

* Review manning concepts in foreign navies

 Identify high-impact emerging technologies

* Evaluate impact on training

* Evaluate impact on alternative ship designs
e Evaluate impact on policies

. 2

Terms of Reference

The Terms of Reference directed the Panel to study how technology
could be used to reduce ships manning.
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MRBE ~Reduced Manning Panel
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Membership
—
e Chairperson
Dr. Patrick H. Winston Professor Massachusetts Institute
of Technology
¢ Vice Chairperson
Mr. Reginald D. Low Vice President GDE Systems, Inc.
¢ Panel Members
Dr. Delores Etter Professor University of Colorado
Dr. Daniel N. Held Vice President Westinghouse, Norden
Systems, Inc.
Dr. Lee D. Hieb, M.D.
Bernard M. Kauderer VADM, USN (Ret) Kauderer Associates
Edwin R. Kohn VADM, USN (Ret) Private Consultant
Dr. Reuven Leopold President and CEO SYNTEK Technologies Corp.
Joseph Metcalf, I VADM, USN (Ret) Private Consultant
Dr. Irene C. Peden Professor Emeritus University of Washington
¢ Executive Secretary
Robert J. Hogan CAPT, USN NAVSEA
* ASN(RD&A) Sponsor
George R. Sterner VADM, USN Commander, NAVSEA
- )J

Reduced Manning Panel Membership

Panel members were selected to ensure representation from a
balanced, broad perspective, with participants from military, industrial,
academic, and medical backgrounds.
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Studies

Previous

e The Ships Operational
Characteristics Study (1988)

e Report of the Reduced Manning

Studies Coordination Group
(UK, 1989)

Contemporary
e Review of ROC/POE (N863D PAT)
e Smart Manning Study (N86)

Studies

In the course of its work, the Panel members examined many
previous studies and noted that at least two contemporary studies are
underway.

Among the previous studies, the Panel noted that the Ships
Operational Characteristics Study of 1988 was particularly well executed
and contains a great deal of material that remains highly relevant to ships
manning and to other factors in ship design. Accordingly, the Panel
decided to reprint the executive summary of that study in appendix A of
this report.
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Site Visits

* Great Lakes Naval Training Center, IL

e ICAS Facility, Norfolk, VA

e NAVMAC, Memphis, TN

* Royal Navy, Plymouth and Bath, UK

* Dutch Navy, The Hague and Den Helder
e USS Kitty Hawk (CV 63)

e USNS San Diego (TAFS)

e USS Cape St. George (CG 71)

e USS Willamette (AO 180)
\_ y,
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Site Visits

In the course of its work, the Panel visited various Navy shore
facilities for a firsthand look at training, condition-based maintenance, and
the manning process.

A subgroup of the Panel also visited the British Navy and the Dutch
Navy, both of which are actively working to reduce ships manning.

Finally, the panel members visited a variety of ships, including a
civilian-manned supply ship.
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ARGE 1

Representative Briefings

* The Required Operating Characteristics/
Projected Operating Environment (ROC/POE)
process

* NAVMAC manpower determination process

¢ Condition-Based Maintenance

¢ Damage control

¢ Coatings and preservation

* Training innovations

* The Surface Combatant 21 (SC-21) program

* The ARPA program Ship Systems Automation
(SSA)

e )

Representative Briefings

The Panel received many briefs, including presentations on the SC-
21 program and the ARPA program, both of which will have a strong
influence on the way ships are manned in the twenty-first century.
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l Two Views

* The expense-side view:
It is about saving money and
reducing the defense budget

e The opportunity view:
It is about getting the most
warfighting capability out of a
reduced budget

Two Views

Reducing manning, viewed as a way of saving money so as to enable
budget reduction, is an expense-side subject that has attracted little
attention. Times have changed, however. Now, budget reduction is a fact,
and the subject of manning should be viewed from the perspective of
providing the maximum value from the available funding. From that
perspective, manning is an opportunity-side question, not an expense-side
question.
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ARBC )
l Where Do You Start?

e Watch standing and damage control
are not the problems---the people
are there to maintain and preserve
the ship.

* Maintenance and preservation are
not the problems---the people are
there to stand watch and control
damage.

Where Do You Start?

Because most sailors aboard a naval combatant have many diverse
duties, automation of some functions can lead to a drop in labor hours
without a consequent drop in billets. Accordingly, the introduction of
technology aimed at manning reduction must simultaneously reduce the
number of people required; for example, to fight the ship, control damage,
repair equipment, and prevent surface corrosion. Among such activities,
manning reductions in warfighting functions and damage control have to
be achieved without loss of capability so as not to diminish the
effectiveness of a ship:

* To fight
e To avoid being hit
¢ To continue to fight even when damaged
Even though reduced manning technology has to decrease work

across-the-board to be effective, warfighting functions deserve special
emphasis.
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ARBE D

Admiral J.M. Boorda, USN, CNO

" For my entire thirty-nine year career, we
always talked about buying ships and
manning them with people....I think we
need to think about things differently
now. We need to figure out how to
have the fewest number of people
possible, and then build [ships] to make
them as effective as they need to be.”

Admiral J.M. Boorda, USN, Chief of Naval Operations

Just about everyone has strong feelings about reduced ships
manning. Admiral Boorda, for example, has expressed himself clearly on
the issue.

Some individuals, especially in informal discussions, pressed the view
that ships manning should be left alone and suggested that emphasis
should be placed on reducing the number of Navy personnel ashore
instead. Other individuals pressed the view that Navy experience leads to
tangible and intangible societal benefits that ought to be considered when
thinking about reduced ships manning. The Panel did not explore such
views, judging them to be beyond the scope of what the Panel was directed
to study in its Terms of Reference.
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Conclusions

e Technology is not a roadblock---
manning can be reduced
substantially using proven
demonstrated technology

e The roadblocks are to be found in
culture and tradition:
— Incentives and deterrents

— Unnecessarily risk averse self-
imposed policy

Conclusions

The Panel identified many manpower-reducing technologies that not
only exist, but also have been demonstrated on ships, yet remain
underexploited. When the Panel enquired as to why there has not been
more progress in manpower reduction, the most common answer was
"culture" or "tradition."

Generally, on further probing, the Panel was able to translate
"culture” and "tradition" to a lack of incentive for manpower reduction, or
more to the point, to the presence of incentive to increase manpower.

There is a lack of incentive to decrease manpower because
manpower is viewed by ship commanders, and even type commanders, as a
"free" commodity.

There is an incentive to increase manpower because a lack of
manpower is viewed as exposing commanding officers to casualty risks for
which they are likely to be held accountable by the Navy, and by public
opinion and Congress if a casualty is great enough. Such risk aversion
often leads to self-imposed policies that manifest due diligence and cover
all the bases, albeit at a high cumulative manpower cost.
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Our Path to Our Conclusions

—_— |

e Technology at work

* Training innovations

e Policy problems

e Manning reality

e Foreign Navies

* An approach to ship design

e Findings & recommendations

Our Path to Our Conclusions

The remainder of the study consists of a tour through the
observations that most influenced the Panel. The report concludes with
findings and recommendations.
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ARBC Demonstrated R
Enabling Technologies

e Low Cost, High Speed Computers

e Low-cost CD-ROM memory

* Graphical User Interfaces (GUIs )

* Large High Resolution Flat Panel Displays
e Expert Systems

e Reliable Sensors

e Fiber Optic Networks

* Object Oriented Software and Open-System
Architecture

* Corrosion and Wear Resistant Coatings
e Automated Geopositioning

Demonstrated Enabling Technologies

The Panel's first focus was on technology. During the past five to ten
years, amazing progress has been made. The technologies listed above are
representative of technologies that have moved beyond the merely
"existing” level to the "already demonstrated and well established" levels.
Such technologies have enormous potential to reduce manning
requirements today.

27



28



Condition-Based Maintenance

s Established by OPNAVINST
4700.7J &

e Applies Enabling
Technologies

* First step is Integrated
Condition Assessment

System (ICAS)

e Currently installed on 20
ships

e Savings projected at 6000
organizational labor hours
per year on DD974

3 )

Condition-Based Maintenance

As established by OPNAVINST 4700.7J, the Navy is taking steps to
implement the philosophy of condition-based maintenance. This
philosophy dictates doing maintenance when the condition of equipment
suggests maintenance, rather than when specified by a preventive
maintenance program or demanded by a failure.

In particular, the Integrated Condition Assessment System (ICAS) is a
computer-based, on-line, real-time system that monitors the condition of
ships systems and provides expert advice to ships personnel, enabling
them to perform maintenance tasks only when needed.

ICAS includes an expert system that monitors a variety of pressure,
temperature, flow rate, and other sensors to ascertain machinery and
equipment "health,” to note trends, and to formulate recommended
actions.

ICAS also provides fast, reliable links to technical documentation
such as Interactive Electronic Technical Manuals (IETMs) that provide
information needed for conducting maintenance or repairs. Links also can
be provided to computer-based training information to further supplement
information supplied in the IETMs.
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To date, ICAS installations have been completed on 20 ships, with
projected savings of an average of 6000 hours per DD974 ship per year of
organizational labor.

The Panel noted, however, that the primary driver for the
introduction of ICAS is the desire to do maintenance better, not to reduce
manpower.
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Job Performance Aids

Examples:

¢ Interactive Electronic Technical Manuals (IETM)
— Interactiveness is an experience equalizer

— Electronic distribution reduces errors
— Currently deployed in DD963s

e “Gold Disks” for electronic troubleshooting
— Provides circuit card diagnostics capability
— Offers 10:1 reduction in troubleshooting time
— Extensively deployed ashore and afloat

Job Performance Aids

Conversion of legacy, paper-based technical manuals to digital form
offers excellent opportunities to reduce infrastructure cost while meeting
the technical requirements of the 21st century weapons systems. The Navy
has already begun to digitize a variety of technical manuals with clearly
identifiable benefits: the digital technical manuals are easily and
accurately kept up-to-date; they provide on-line access to technical data;
and they provide information in a format that enables maintenance
personnel to do a better job.

Interactive electronic technical manuals are being deployed on
DD963 class ships for the maintenance of the LM2500 turbine engine.

Another example of the use of digitized data is the issuance of the so-
called "Gold Disks." These CD-ROMs guide maintenance personnel
through printed-circuit board troubleshooting procedures. Conversations
with maintenance personnel indicate a 10-to-1 reduction in
troubleshooting time.

"Gold Disks" are used in both the Combat and Hull, Machinery, and
Electrical (HM&E) arenas.
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The Panel noted that the primary driver for the introduction of job
performance aids is the desire to do maintenance better, not to reduce
manpower.
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Survivability Technology

e Damage Control Systems (DCS) that exploit enabling
technologies are in service today in U.S. & foreign
navies

* PC Computer-Based DCS currently installed on USS
Anzio & further installations planned

¢

Typical Console in Fully .
Traditional Damage Integrated DCS on
Control Console Israell SAR-5

Survivability Technology

The Navy currently uses what appears to be time-honored, but
excessively manpower-intensive methods in damage control.

Damage control response is commanded from a Damage Control
Central (DCC) location. This room is connected by sound-powered
telephones to each of the damage control lockers. In the DCC and in each
of the lockers, "phone talkers" man the telephone circuits, and in the DCC
a "plotter” prints the entries onto a grease board. An additional pair of
phone talkers man the sound-powered phone communicating between the
DCC and the Bridge. For a 963 class destroyer there are 6 phone talkers
in the DCC alone. Communication between a damage control locker and a
damage control team working within the ship is conducted via written
messages and messengers or "runners." The damage control message is
authored by the "scene leader."

. Thus, the movement of a message starting at the location of a fire is
as follows: a message is hand-written and then carried by the runner to a
damage control locker, where the message is read by a phone talker to
another phone talker in the DCC on a sound-powered telephone. The
phone talker in DCC then writes the message down and hands it to a
plotter who transcribes it onto a grease board. Some particularly salient
messages are subsequently relayed to the Bridge by yet another pair of
phone talkers.
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Modern damage control systems, currently coming into operational
service in both the U.S. and Israeli navies, have a computer-based
communications system. Information is entered via terminals in the
damage control lockers, and that information then appears simultaneously
and automatically in the DCC and on the Bridge, eliminating the DCC
plotter and all phone talkers.

More advanced systems are also starting to appear as demonstrations
on U.S. ships. These more advanced systems provide information on
combat-systems status and ship stability, as well as expert assistance in
combating fires.

The Panel noted that the primary driver for the introduction of such
modern systems is the desire to have faster, more accurate information
transfer and more reasoned prosecution of emergencies, not to reduce
manpower.
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Preservation Technology

e Effective, environmentally
responsive internal and external
coatings exist

* External coating life improved 300%

e Implementation impeded by product
cost (and by environmental
concerns)

* R&D continuing in industry and

government
s J

Preservation Technology

Both industry and government have developed environmentally
responsive, high-durability, extended-life coatings that are available for
shipboard use today. Examples are: (1) higher durability, higher gloss,
odorless, water-based paints; (2) higher durability non-skid coatings; (3)
epoxy tiles; and (4) flame spray aluminum.

A 300% improvement in life expectancy of exterior paints and non-
skid coatings is currently achievable. Implementation benefits include
significantly reduced maintenance labor.

Deployment of available improved coatings is budget-limited,
however. Current NAVSEA implementation plans range from one to twelve
years.

Investment in R&D continues in both government and industry.
Continuing improvements in environmentally responsive, maintenance
reducing coatings can be expected. A clear example is the Navy's
continuing R&D investment in "Unicoat." Unicoat is a family of "self-
priming" topcoats developed for the corrosion protection of metal and non-
metal structures. A 50% reduction in painting time coupled with
approximately a 50% reduction in Volatile Organic Components (VOC) has
already been achieved. Zero VOC discharge is expected by the year 2000
with the planned continuing R&D program.
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The Panel noted that the primary driver for the introduction of such
improved coatings is to address environmental issues, to reduce the cost of
materials and contractor application, and to improve ship appearance, not
to reduce manpower.
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I Existing Watch Standing Technology

e Global Positioning
System (GPS)

e Automated route
F planning

e Electronic charting &
navigation

Collision avoidance
systems

e Electronic log
keeping

UK ’I‘ype 23 anate

Existing Watch Standing Technology

During recent years, Global Positioning Satellites have enabled the
development of automated geopositioning systems that establish position
with amazing accuracy. Digital charts and search procedures (developed
in the field of Artificial Intelligence and elsewhere) add the capability to
plan routes so as to satisfy appropriate criteria (for example, shortest
distance, minimal structural damage, or least fuel).
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m Proposed Watch Standing Technology\
ARPA SSN688 Example

Enabling Technologies

*PBB Operator * High Performance Distributed
*PNB Operator Computing

e(Classifier ¢ Advanced Human-Computer
sLogkeeper Interaction
*Fire Control Coordinator * Massively Parallel Signal

eSonar Supervisor

Processing
sAuxiliary /Fathometer o 4 g 2
sWorkload Sharer * Advanced Artificial Intelligence

* Object-Oriented Databases

sSonar Phones

eSonar Repair Technician
*Plot Coordinator
*Time/Bearing Plot Evaluator
*Time/Bearing Plotter
*Contact Bearing Recorder
*Geographic Plotter
*Geographic Plot Evaluator
*Time Range Plot

*Contact Evaluation Plotter

¢ Scene Assessment Officer
e Workload Sharer

Proposed Watch Standing Technology

Although geopositioning technology has progressed dramatically,
technology for other aspects of watch standing remains to be developed.
More specifically, there is a need for more demonstration and development
of technology aimed at fighting the ship.

Accordingly, much of ARPA's Ships' System Automation program is
aimed at developing ship-fighting technology.

In an initial feasibility demonstration, the ARPA program showed that
it is possible to perform the tasks of SSN-688 sonar and plotting party
watch standers by one or two operators working with a highly capable,
highly automated Tactical Scene Operator Associate System. Using this
system, the operators focus on assessing and monitoring sonar (detection,
classification, tracking, and evaluation of acoustic underwater signals) and
contact management (the generation of the current tactical picture based
on all reported tactical sensor information) rather than data logging,
reporting, or manipulating data.

Some of the emerging technologies cited by ARPA that make the
development of such a Tactical Scene Operator Associate System possible
include:

* High Performance Distributed Computing: High speed networks will
enable multiple high-speed computers to work together cooperatively
and robustly.
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e Advanced Human-Computer Interaction: Advanced techniques for
data visualization and information presentation will permit
operators to review more information in a shorter period of time.
New software tools will allow rapid prototyping and tailoring of
display interfaces to meet evolving operating requirements.

o Massively Parallel Signal Processing: High performance array
processors on a common data backplane will allow energy across all
bearings and frequencies to be processed automatically. Processing
algorithms for energy detection, feature recognition, and energy
tracking will allow automatic detection, false alarm rejection, and
identification of target signals.

e Advanced Artificial Intelligence: Emerging methods from the
artificial intelligence community will enable much of the decision
logic of operators to be replicated by software algorithms.

e Object-Oriented Databases and Information Management: The
communication, storage, and retrieval of information is one of the
primary tasks performed by tactical sensor operators. The reason
for having several operators in plotting parties is simply to ensure
that all the information on all contacts of interest is communicated,
cataloged, and retrieved. Much of this work can be done
automatically.

The ARPA program is, of course, an ambitious, high-risk, high-payoff
program, as ARPA programs ought to be. Nevertheless, there are some
relatively low-lying fruits to be picked, and the Panel felt that the
program is sure to lead to substantial reductions in the manpower
required to fight a ship, while simultaneously improving the ship's
warfighting capability.
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Technology Summary

e Enabling technologies have been
demonstrated in maintenance,
preservation, survivability, and
watch standing

e Applications have been introduced
to improve performance, not to
reduce manning

e Manning reduction opportunities

are underexploited
" /)

=

Technolo Summ

Many important technolgies have been introduced in many areas, but
in general, the driver for such technology introductions has been improved
performance. Accordingly, considerable potential for manpower reduction
remains.
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We Can Train in New Ways

e Multimedia training: students benefit from
motivating graphics, video, sound, hot links

— Reduces training time
— Improves individual performance

e Embedded training: operators and maintainers
train on the systems they operate
— Merges operational and maintenance
training, with potential for Navy Enlisted
Classification (NEC) reduction
— Ensures that operation and training
hardware and software are the same

We Can Train in New Ways

Having addressed technology, the Panel turned its attention to the
impact of technology on training.

When you train using modern multimedia technology, training is
more fun, and when you have fun, you learn faster and better. At least,
such is the experience of the Service Schools Command at Great Lakes.
They have demonstrated that students learn more quickly, score higher on
tests, and require fewer instructors when the students are trained in an
electronic classroom with a liberal use of animated simulations.

The current focus at the Service Schools Command is maintenance
training of individual enlisted personnel. Twenty-two percent fewer
training days are needed using the new training technologies.

The Navy is making progress in the use of multimedia training as is
evident by the efforts at Great Lakes Service Schools Command. Efforts
are in place to expand the reach of the multimedia curriculum to include
other disciplines.

The same technology that enables improvements in shore training

could have an equally important impact when used to improve embedded
training systems.
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Embedded training systems are not new, of course. Existing systems
already reduce costs by reducing the time required for shore training and
by reducing the number of shore-based instructors.

The Navy recognizes the importance of embedded training, as
demonstrated by the inclusion of an embedded training requirement in the
procurement of new equipment. However, embedded training is often
sacrificed to accommodate cost overruns in other areas, even though
emerging training technologies increase the benefits of embedded training.
Accordingly, it is in the best interest of the Navy that much higher priority
be given to embedded training when cost trade-offs must be made.

The Panel noted that the primary drivers for the introduction of
multimedia training and embedded training are to improve performance
and reduce schoolhouse time, not to reduce manning.

As the training community looks at ways to improve its ability to
train, it should also address the impact that training can have on manning,
making reduced manning one of its goals. To reach the reduced manning
goal, the Navy must expand its use of multimedia training, protect the
embedded training budgets associated with new procurements, and
explore opportunities to back-fit technology.
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We Should Train in New Ways

e Condition-based maintenance
systems aid in detailed diagnosis

e Job performance aids reduce the
need for detailed training in repair
procedures

e Video conferencing moves
experience from shore to ship or
ship to ship

We Should Train In New Ways

We need to train in new ways to take advantage of the technologies
that are already available:

* Condition-based maintenance systems make it easier for
maintenance personnel trained in their use to identify when
equipment needs work and what should be done.

* Job performance aids lead maintenance personnel through repair
procedures, filling a substantial part of the role of a senior, more
experienced tutor.

¢ Video teleconferencing provides the sailor with real-time access to
technical experts ashore or on another ship.

We have been training sailors to specialize in one type of equipment
or another, spending a lot of time preparing him or her with just-in-case
training, which anticipates problems that might occur. We should provide
sailors with more general training, enabling them to use conditioned-based
maintenance systems (which help them diagnose a broader range of
equipment) and job performance aids (which help them repair that broader
range of equipment). Thus, we should move toward general-purpose
schoolhouse training, coupled with special-purpose training that occurs
when a problem actually emerges. With such training, the sailor is a
generalist who becomes a just-in-time specialist, created on the spot with a
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job performance aid.

Generally, the Panel was encouraged by the considerable use of new
technology in training, but such encouragement naturally stimulated an
appetite for even more. In particular, the Panel feels that there is an
enormous opportunity to push harder, bringing together multimedia
training, embedded training for equipment operation, condition-based
maintenance systems, on-line technical manuals, and job performance aids
into integrated systems with standard interfaces. Such systems would
have two substantial benefits: they would enable one person to both
operate and maintain a piece of equipment; and they would enable one
person to be cross-trained to both operate and maintain multiple pieces of
equipment.
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Policies, Doctrine, & Procedure A

* There are no /¢y« impediments to reduced
manning, other than the “Law of the Sea”
requirement for a posted lookout

* Risk aversion causes a specific, exceptional
casualty to be treated as if it were a general,
statistical regularity

¢ Many manning policies, doctrines, and
procedures are self-imposed, usually by a Type
Commander, Fleet Commander, or OPNAV

= B = d

Policies, Doctrine, & Procedures

Noting that the Navy is deploying technology with manning reduction
potential, but without strong emphasis on manning reduction, the Panel
turned its attention to policy.

Although some policies are externally imposed (by environmental
requirements, for example), others are unnecessarily self-imposed, often as
a result of excessively strong risk aversion, which in turn is a consequence
of traditions that dictate who is accountable for casualties of various sorts.

In such an atmosphere, there is a tendency to treat an easily
debugged problem or once-in-a-generation failure as if it were endemic. A
system that causes one ship on one occasion to go dead in the water
becomes a pariah system forever.

In order to "trust our instruments" the chain-of-command must
determine what is an acceptable level of risk and the chain-of-command
must accept that risk for the commanding officer. This in itself will require
a reexamination of one of the very core beliefs of the Navy; that of total
accountability and responsibility of the seagoing commander.
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Ship Manning Process

One set of obviously relevant policies are those by which manning is
determined. Accordingly, the Panel looked closely at such policies.

The Preliminary Ship Manpower Requirement Document is
developed by Naval Sea Systems Command during the initial design.
Subsequent to a ship's commissioning, the Naval Manpower Analysis Center
(NAVMAC) validates the document by on-ship work studies.

In the determination of personnel requirements, many factors are
considered, including ship characteristics, Required Operational
Capabilities (ROC) established by the Office of the Chief of Naval
Operations (e.g., N86), workload studies, and various manpower standards
developed by the U.S. Navy. The product of this effort is the Ships
Manning Document (SMD) which formalizes, for a class of ships, the
manpower billets required one month after wartime mobilization (M+1).
NAVMAC conducts a zero-based review of SMDs every four years.

The number of people assigned to a ship is generally less than
specified in the SMD. First, at the Chief of Naval Operations level, fiscal-
year funding considerations determine the percentage of M+1 billets in the
SMD which will be funded for active duty personnel. The remaining billets
are assigned to the selective reserves. For example, 92% of the billets may
be funded for the active personnel and the balance to the selected
reserves. The result is the Manpower Authorization (MPA).
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Next, the Chief of Naval Personnel considers the inventory of active
duty personnel available during the fiscal year to develop a Navy Manning
Plan (NMP), which is a "fair share" distribution plan. This determination
might reduce the number of people assigned to a ship to 88% of the billet
requirements.

Finally, in home port on any given day, off-ship training, -one-time
special on-ship training, shore duty, leave, personnel in transit, and other
such reductions limit the ship's productive work force, reducing the daily
accounting of people aboard (muster) to something like 75% of the ship's
SMD requirement.

Even though a ship will usually deploy with the authorized
manpower, the commanding officer's lack of people in port considerably
inhibits any interest in reduced manning initiatives. Instead, the lack of
available people as viewed by the commander is felt by the chain-of-
command and translates into upward pressure on the development of the
SMD.

Thus, the manning process focuses on explicit at-sea, at-war
considerations, but in-port considerations have a definite, albeit indirect
effect.

Accordingly, the Panel felt that the manning process needs some

revision to deal with in-port needs and to balance upward pressures on
manning with technology-based downward pressures.
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Manpower Comparison
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Manpower Comparison

In addition to studying our own Navy, the Panel studied manpower
reduction efforts in the British and Dutch navies. The Panel undertook to
study these foreign navies with a view toward looking at technology that
has been put to use on combatants, not with a view toward looking for
models of what the U.S. Navy should be, because foreign navies have
different missions, different sizes, different deployment habits, and they
are embedded in different cultures.

One striking consistency emerged: from navy to navy and over a
wide range of total ship manpower, the fraction of the manpower devoted
to each area is approximately the same. This reinforces the view that
concentrating technology on just one area may have little impact on
manpower reduction, because so many people have secondary
responsibilities in other areas. Eliminating preservation work still leaves
the sailors aboard to control damage. Eliminating damage control work
still leaves the sailor aboard to preserve the ship.
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Dutch Navy’s Experience
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Dutch Navy's Experience

The Panel noted that the Dutch Navy views itself, as suggested by the
graphic, as having reduced manning primarily by using manning reduction
technology in propulsion, weapons systems, ship control, and maintenance.
As they see it, technology will continue to help in warfighting and other
operational areas, but the more mundane, manpower intensive areas such
as cleaning, ship preservation, damage control, and replenishment at sea
will require more people than those necessary to fight the ship. To
continue the manpower trend downward, more technology initiatives need
be directed in such areas.
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Dutch Navy's Lessons Learned

e If a upgrade solution adds billets, it is
not the right solution.

e Reduced ship manning requires the
acceptance of more risk in some areas.

e Ships with reduced manning must be
fully manned with trained personnel.

e Manpower reduction must be an
integral part of ship design---removing
billets from existing ships is difficult.

Dutch Navy's Lessons Learned

The Dutch feel that they have been able to meet mission
requirements while reducing manpower needs by using a structured and
disciplined approach to ship design. Functional analysis combined with
other methods determine the human and automation interface
requirements. Manning reduction is the result of human-machine trade-off
decisions that are part of the systematic decomposition of the functions of
the systems. Human factors engineers are used early in the design
process. The net result is a fighting ship requiring fewer crew members.

In discussions with ship designers at The Hague and with ship
operators in Den Helder, several points of philosophy emerged:

e There is a consensus at all levels in the Dutch Navy that manning
reduction is essential.

e If an upgrade solution to a problem adds billets, it is the wrong
solution.

e To embrace the concept of reduced ship manning, one has to accept
higher risk in some areas.

e Ships with reduced manning must be fully manned with trained
personnel.
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e Manpower reduction must be an integral part of ship design;
removing billets from existing ships is difficult.
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ARBC Minimum Manning 1
Design Immatives

* First, require design to meet
warfighting space and manpower
requirements

e Require all functions to compete for
capped space and manpower, with
priority to warfighting functions

* Design all systems to connect
required functions to manpower
reducing technology

Minimum Manning Design Imperatives

Although manpower has always been a consideration in the design of
naval ships, the cost of that manpower has not. As a result, over the years
the overall use of manpower changed little, in spite of technology which
promised reductions. The core problem is that there has been little
incentive to effect reductions either on the part of the requirements setter
or the ship designers. One notable exception is to be found in the design of
the FFG-7 class. Former CNO Admiral Zumwalt attempted to constrain
manpower by setting a requirement limit. Many feel that the experiment
failed because intended shore support was not maintained.

The design philosophy of the manpower intensive ship of WWII and
before has continued. For example, with no change from those who set
requirements in the way a ship will operate, the ship's bridge continues to
be designed to accommodate a throng. Except for manpower reductions
accompanying the decline of crew-served weapons and manpower savings
accompanying the introduction of gas-turbine engines, technology has not
had a substantial impact.

If the manpower requirements to fight and operate a ship can be
reduced as a fall-out of technology introduction, then ship manpower
design criteria should be revised accordingly. In general, this has not
happened; tradition and practices associated with past ways of doing
business have driven ship design.Perhaps the most significant impediment
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to reducing manpower is the long-standing situation wherein neither the
ship builder nor the operator has to pay for the manpower they either
design into a ship or use to run it. In effect, manpower has been a "free"
commodity; thus, there has been no incentive to decrease the number of
shipboard people. Recent design practice seems to continue this trend. In
our newest ships, for example, large offices serve the paper on which
personnel records are kept. Paper manuals still line the spacious walls of
log rooms and weapons control spaces.

In the design of a ship, the impact of unnecessary manpower goes
beyond cost; in many cases it directly translates into a reduction in
warfighting capability and readiness. This paradigm must be broken.
Technology and revised operating practices must combine to reduce
manpower requirements, and the design focus must be on satisfying
warfighting requirements. All systems, whether they serve people,
machines, or weapons must be designed on a criteria of minimum
manpower.

Accordingly, we offer, as a sample, an alternative approach
characterized by the following:

» First, as in all reasonable approaches to design, the warfighting
purpose of a ship is paramount.

e Second, so as to create targets for designers to work toward, a
rational, achievable cap is specified on manpower just as a cap is
specified on weight in aircraft design. The Panel felt that asking
instead for a minimally manned ship would be to provide a license for
inaction as people argue that their equipment or function is
minimally manned.

* Third, so as to facilitate reaching the target, ship designers are

required to connect functions to established manpower-reducing
technologies in a manner outlined on the following pages.
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A Generic Design for Minimum Manning

The process of connecting functions to established manpower-
reducing technologies starts by dividing ship functions into areas. In one
possible partitioning, the ship functions (that is, the things people do
aboard a ship) are divided into five areas.
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Automation Candidate
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Minimum Manning Automation Candidate

The partitioning and subpartioning of functions are, ultimately,
required to connect to manpower reducing technology.

For example, ship control is a functional area under the overall area
of OWN SHIP SUPPORT. Shown under Ship Control are three automation
candidates that have the potential to reduce manpower:

NAVIGATION: GPS provides positional information. It is a clear example of
the potential of technology to enable manpower savings. The electronic
chart would replace the paper chart and the labor intensive requirement of
keeping charts filed and up-to-date. When used for piloting, the electronic
chart would replace navigation teams. The use of GPS and electronic
charts could eliminate the function of quartermaster and simplify the tasks
of the navigator.

STEERING: Automatic Cruise Control expands the notion of automatic
steering by adding the dimension of automatically following a preset course
and speed. The steering function can be installed at various locations in
the ship, such as the combat information center, and except for the
requirement for a lookout, could functionally replace the bridge. Radar
can be fused with electronic charts to provide a full multi-dimensional
picture of the ship's position and the environment around it.
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QUARTERMASTER FUNCTIONS: The quartermaster functions of log-
keeping and the maintenance of reference publications are excellent
candidates for automation.
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AMRBE Vinimum Manning Design I
Proposed Process

* Reestablish the ships characteristics board
(SCIB) responsible for requirements and
characteristics for new ship classes and
changes to old ship classes.

* The SCIB specifies the manpower allowance for
new ship class designs.

* Design the ship utilizing functional analysis,
technology, operating procedures, removal of
functions, etc. to meet that allowance.

e If the resulting design will not satisfy
requirements then alternatives will be
submitted to the SCIB for resolution.

\_ 2

Minimum Manning Design Proposed Process

By way of illustration, we note that one way to create the analog of a
customer in the commercial world would be to reestablish the Ships
Characteristics Board (SCIB). The SCIB would specify a manpower
allowance for new ships and manpower changes for old. The SCIB would
arrive at these allowances through an objective assessment of what should
be attainable, in close cooperation with fleet representatives, designers,
and engineers. Overall allowances would reflect limits placed on functions
and systems.

New ships would be designed to meet the manpower allowance
established by the SCIB. If the resulting design does not meet the
manpower allowance, alternative designs would be presented to the SCIB
for resolution.

Thus, the SCIB would both provide visability and establish a
mechanism for attacking the difficult problem of manpower reduction.
The SCIB could be the force that exerts downward pressure on manpower
by removing the roadblocks to technology and by providing proponency for
the design imperatives discussed earlier. Minimally, the reestablishment
of the SCIB would demonstrate that the senior leaders in the Navy are
interested in, and are serious about, manpower reductions.
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MRBE \finimum Manning Design A
Expected Impact

e Wartfighting functions performed by
normal steaming watch standers

e Damage control functions
performed by support personnel

- J

Expected Impact

The most obvious impact of a change in design philosophy will be to
increase the warfighting capability relative to the size of a ship.

With proper design and automation, the Panel believes necessary
ship control and warfighting functions can be performed by people on a
normal steaming watch. The ship will always be ready to fight.

Condition I will consist primarily of moving people to damage control
stations. The fact that a warship must be able to contain damage does not
mean that dedicated manpower for the damage control function need be
designed into a minimum manned ship; on the contrary, support persons
will form the damage control parties.
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The U.S. Warship Fleet for the Next 25 Years

Given what could be done with a fresh design, there is a temptation
to do nothing by way of current policy or back-fit. The problem with such
a temptation is that 80% of the ships of the U.S. Navy of 2020 are in the
water now.
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Elements of Comprehensive Attack

e Change policies, e.g.
— Manning the bridge
— Manning the signal bridge
* Backfit technology, e.g.
— Remote equipment and space monitoring
— Integrated GPS/Radar navigation system

* Revise SC-21 ship design approach, e.g.
— Focus on warfighting
— Other functions compete for manpower

\— )

Elements of Comprehensive Attack

Plainly, much can be accomplished but only with a broad attack.
Because we cannot wait for the next generation of ships, we must seize
upon obvious policy changes and affordable back-fits now.

On the other hand, we cannot neglect the next generation.
According to material in the standard SC-21 brief, 80% of the SC-21's
characteristics will be fixed during the next three years. At the current
rate of spending, this means there is just 18 million dollars standing
between knowing almost nothing, not even approximate size, and a nearly
frozen design.
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Opportunities

* Train just-in-time generalists,
rather than just-in-case specialists,
to reduce NEC manpower

* Develop metrics relating training to
warfighting effectiveness,
operational readiness, and manning

» )

Opportunities

In the training dimension, technology insertion is well underway, as
reflected by the introduction of multimedia training in the schoolhouse,
on-line technical manuals and on-line job performance aids on board.

One especially significant benefit is that it becomes possible to take
the training to the problem, both in time and space, reducing the need to
train in the schoolhouse for all possible eventualities on board.

Such technology insertion in training should continue rapidly, with
special emphasis on seizing opportunities for coordinated effort, so as to
work toward, for example, readily reusable software and standard
interfaces.

However, to justify such technology insertions quantitatively, a set of
metrics should be developed to ensure that the twin goals of improved
operational readiness and warfighting capability are being met. As it
stands, the Navy measures how people perform in the schoolhouse and
operational readiness. However, the Navy does not seem to have metrics
and methodologies that directly relate increased training expenditures and
new training technologies to improvements in readiness. The development
of such metrics and methodologies is important, because improved training
is often suggested as a way to reduce manpower.
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Thus, the Navy needs to understand, quantitatively, exactly what
effect improved training actually has on operational readiness.
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ARBE B

Policy

e Finding:
Other than the “Law of the Sea” requirement for a
posted lookout, there are no legal impediments to
reduced manning. Manpower related policy, doctrine,
and procedures originated in OPNAV and at Fleet and
Type Commands, tend to impose additional manning
requirements and inhibit reductions.

* Recommendation:
The CNO should conduct a thorough, top down,
quantitative review of manpower and personnel
directives to identify and purge those that are in conflict
with the goal to reduce manning. All retained
manpower-increasing policies should be justified by
quantitative risk analysis.

\_ -

Policy
The study concludes by offering six recommendations that the Panel
feels would lead to reduced ships manning, while potentially increasing
warfighting capability substantially and certainly not reducing warfighting
capability significantly.

The first three of the six recommendations focus on policy changes

that would lead to reduced manpower. Of these, the first calls for a policy
review to remove obsolete or excessively risk-averse policies.
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“Free” Manpower

e Finding:
At all levels of command in the Fleet, manpower is
viewed as a “free” commodity, and is therefore not
constrained.

* Recommendation:
The CNO should establish, in the Fleet, a system of
accountability for the management of manpower,
and create a manning budget in the (MP, N) account,
with responsibilities similar to OPTAR in the O&M,N
account.

"Free" Manpower

This recommendation suggests the adoption of a policy whereby
manning is no longer viewed as a "free" commodity, but rather as
something that has to be paid for and traded off against other items for
which real money is spent.
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ARBC ;
Required Operational Capabilities (ROC)

e Finding:
The Ship Manpower Document (SMD) is based on ship
capabilities and Condition III watches specified in the
ship’s Required Operational Capability (ROC)/Projected
Operational Environment (POE) document. Watch
requirements are often underconstrained.

* Recommendation:
N8 should revise methodology for development of ROC/
POE to increase emphasis on manpower reduction
throughout the process. N8 should ensure that injections
of new technology generate billet reductions.

Required Operational Capabilities (ROC)

This recommendation proposes to introduce downward manpower
pressure in the formulation of the Ships Manning Document, offsetting
existing upward pressures.
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Ship and Ship System Design

* FKinding:
In the design of new ship classes, and in the specification
of capabilities for new systems, backfit as well as forward
fit, little consideration is given to minimizing required
operations and maintenance manpower.

* Recommendation:
The CNO should revise the process for ship and ship
system design such that the cost of manpower is a visible
and accountable factor in the dialog between the platform
sponsor and the program manager.

Ship and Ship Systems Design

The final three recommendations deal with future ships. The first of
these proposes to elevate the importance of manpower in the negotiations
between the provider and the customer.
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SC-21

* Finding:
The Mission Need Statement (MNS) for the 21st century
combatant, SC-21, specifies automation to the degree sufficient
to realize significant manpower reductions. The program does
not appear to be adequately funded for that task; more funding
would, for example, enable stronger ties to Fleet teams.

* Recommendation:
— The CNO should increase funding for SC-21 study.

- Institutionalize stronger ties to Fleet teams, such as
Force 21.

- Establish a new design approach that makes reduced
manning second only to warfighting.

= -

SC-21

In view of its importance to the Navy in the next century, this
recommendation suggests the injection of adequate funding, more fleet
participation, and a new methodology into the SC-21 program.
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Technology

e FKinding:
Proven technologies have the power to reduce shipboard
watch standing and maintenance manpower

requirements. Technology is not a roadblock; application
is required.

* Recommendation:
The CNO should establish an initiative aimed at
demonstrating reduced manning technologies and
concepts in a deployable fleet ship.

Technology

Finally, this recommendation, to be undertaken with cooperation from
the Chief of Naval Research (CNR), proposes an initiative aimed at
demonstrating manpower reduction technology so as to move important
technologies over the risk-aversion threshold. Note that the proposed ship
is not to be a test ship nor an experimental ship; it is a deployable fleet ship,
for no other kind of ship could have the necessary demonstration capability.
Note also that it is not a ship for demonstrating new technology in general;
the focus must be on ships manning to have a substantive effect on
manpower reduction.
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Appendix A: Executive Summary, Ships Operational
Characteristics Study, 1988

Definition of embedded training- Training capabilities are being designed
into equipment/weapon system

Technologies that provide a broad spectrum of deployed training are
necessary for maximizing readiness. This is an issue that promises to
become increasingly important as manning is reduced under pressure
from drivers other than training. Payoffs for embedded training include
reduced costs via reduced training time, reduced numbers of shore based
instructors, and reduced human error rates.

Embedded training opportunities and simulation are normally
incorporated in the material development process. However, in the past
training has been sacrificed to accommodate cost overruns in other areas.
New and emerging training technologies make possible enhanced
individual performance levels and reduced learning times. It is thus in the
best interest of the Navy that much higher priority be given to training
when cost tradeoffs must be made.

It is the Service Schools Command at Great Lakes experience that students
learn more quickly and that fewer training personnel are needed when the
electronic classroom and animated simulation approach to training are
employed. The current focus at the Service Schools Command is
maintenance training of individual enlisted personnel. It is estimated that
22% fewer training days are needed as an outcome of the new training
technologies. Animation not only reduces learning time and eliminates the
need for a laboratory instructor, but also increases understanding.

WE SHOULD TRAIN IN NEW WAYS

We need to train in new ways to take advantage of the technologies that are
already available. Expert systems to diagnose problems are available in
most disciplines today. These systems enable the users to have real-time
access to diagnostics to aide in the assessment of the conditions at hand.
We must teach the utilization of these tools to improve the technical
performance of our people.

Job performance aids offer another splendid opportunity to take advantage
of enabling technology. We must change the approach to training to make
the sailor a generalist rather than a specialist. By taking advantage of the
job performance aid, the sailor trained as a generalist can become a “Just-
in-time” specialist. We can further expand this to Video Teleconferencing,
where the sailor can have real-time access to technical expert ashore and
to the Interactive Electronic Technical Manuals, where the sailor has
access to digitized technical information that has been tailored to
correcting the problem at hand. All of these technologies are existing and
lend themselves to the concept of a generalist.



PROGRESS

The Navy is making progress in the use of multimedia training as is evident
by the efforts at Great Lakes Service Schools Command. Efforts are in
place to expand the outreach of the multimedia curriculum to include
other disciplines. This approach to training will continue to be the way of
the future.

The Navy recognizes the importance of embedded training, including the
requirement in the procurement of new equipment. However, this
requirement is often sacrificed due to the cost overruns in other areas of
the procurement.

PROBLEMS

As the Navy progresses in the area of the electronic classroom and
multimedia training, there are problems. The application of electronic
classrooms and multimedia training is limited. The Navy is expanding its
use of this medium, but not at a substantial enough rate to take advantage
of this established yet still evolving technology.

As stated earlier, the implementation of embedded training is also slowed
as the requirement is often raided to offset the costs of other areas of the
procurement.

These problems are further compounded by the fact that there are no real
metrics. The Navy has no system to measure the impact that multimedia
and embedded training has on operational readiness or warfighting
capability. This absence of metrics allows the funding of these training
initiatives to be a target of opportunity to alleviate other shortfalls.

OPPORTUNITIES

The Navy should take advantage of the opportunities that training
technology offers. The Navy should train its sailors to be generalists and
provide the Job Performance Aids that will allow the sailor to be a “Just in
Time" specialist.

As the training community looks at ways to improve its ability to train, it
should also address the impact that training can have on manning. The
training community should have reduced manning as one of its goals. It
needs to lead the effort to reduce the manpower necessary to operate the
Navy and take advantage of the technology available.

To accomplish this the Navy must expand its utilization of multimedia
training. Also, it must protect the embedded training budgets associated
with new procurements as well as exploring the opportunities to back-fit
this technology. To aid in this effort a set of metrics must be developed to
ensure that the goals of improved operational readiness and warfighting
capability are being met or as expected, exceeded.
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Fnel:s (1) Volume I (Cperaticnal Report) of the Report of the Ship
Operaticnal Characteristics Study (U)
(2) Volume II (Analyses and Background) of the Report of
the Ship Operational Characteristics Study (u)

1. The SOCS was convened in Pebruary 1987, to recommend the
operaticnal characteristics to Dbe incorporated into surface
combatants of the year 2010. SOCS membership included
unrestricted line officers from Washington headquarters staffs and
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COMNAVSURFLANY, and DEPCINCLANTFLT and to members of their staffs
in early March 1988. In late March the briefing was given
successively to the Revolution at Sea (Group MIKE) Review Group,
to Group MIKE, and to the CNO and VCNO. Subsequent information
briefings were given to members of the PDRC and to Surface Warfare
rlag Officers and other Ssurface Warfare Officers.
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FOREWORD

The Ship Operational Ciaracteristics Study (SOCS) was convened in February 1987,
by the Deputy Chief of Naval Operations (Surface Warfare). The Study was to recommend
the required characteristics of the surface combatant ship of the year 2010 as determined
by Fleet and Eeadquarters Ucrestricted Line (URL) operators. This is the report of that

study.

The report is in two valumes. The {irst, the Opersational Reocr?, is an unclassified
document which describes the principal results of the Study. In the interest of brevity,
and to allow volume [ to be uneisssified, it contains very little informaticn sutstantiating
cur conclusions. That infor—ation is in volume [, Analvsis and BackgTound, which is

classified SECRZT.

Volume [ summarizes t&e Study results and can be used when an overview is all that
is needed or when an unclassified distillation of the Study is recuired. It will be neces=sary
to refar to voiume I to "=x cut how we accrcached the challenge of determining
coerational characteristics cf the Zlst century surface combatant. Volume [I addresses
cur methcds and assumptices and provides the rssults o 17 Functicnal Analyses, mini-
studies of ‘the ‘threat, o=<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>