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Preface

This report is part of the nine-volume series entitled Technology for the
United States Navy and Marine Corps, 2000-2035: Becoming a 21st-Century
Force. The series is the product of an 18-month study requested by the Chief of
Naval Operations. To carry out this study, eight technical panels were organized
under the Committee on Technology for Future Naval Forces to examine all of
the specific technical areas called out in the terms of reference.

On November 28, 1995, the Chief of Naval Operations (CNO) requested that
the National Research Council initiate (through its Naval Studies Board) a thor-
ough examination of the impact of advancing technology on the form and capa-
bility of the naval forces to the year 2035. The terms of reference for the study
specifically asked for an identification of “present and emerging technologies
that relate to the full breadth of Navy and Marine Corps mission capabilities,”
with specific attention to “(1) information warfare, electronic warfare, and the
use of surveillance assets; (2) mine warfare and submarine warfare; (3) Navy and
Marine Corps weaponry in the context of effectiveness on target; [and] (4) issues
in caring for and maximizing effectiveness of Navy and Marine Corps human
resources.” Ten specific technical areas were identified to which attention should
be broadly directed. The CNO’s letter of request with the full terms of reference
is given in Appendix A of this report.

The Panel on Human Resources was constituted to address items 7, 8, and 9
in the terms of reference for the overall study:

7. In the future, Navy and Marine Corps personnel may be called upon to
serve in non-traditional environments and face new types of threats. Applica-
tion of new technologies to the Navy’s medical and health care delivery sys-
tems should be assessed with these factors, as well as joint and coalition opera-

ix
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tions, reduced force and manpower levels, and the adequacy of specialized
training in mind.

8. Efficient and effective use of personnel will be of critical importance.
The impact of new technologies on personnel issues, such as education and
training, recruitment, retention and motivation, and the efficient marriage of
personnel and machines should be addressed in the review. A review of past
practices in education and training would provide a useful adjunct.

9. Housing, barracks, MWR [morale, welfare, and recreation] facilities, com-
missaries, child care, etc. are all part of the Quality of Life (QOL) of naval
personnel. The study should evaluate how technology can be used to enhance
QOL and should define militarily meaningful measures of effectiveness (for
example, the impact on Navy readiness).

The terms of reference charged the panel with conducting a very broad
review of human resource issues. Within the context of its charge, the panel
focused on the following four areas:

1. Manpower and personnel. How can technology improve performance
while reducing manning requirements at sea and ashore?

2. Education and training. How can technology increase the effectiveness
and stabilize the cost of education and training?

3. Medical care. How can technology provide both protection and rapid
medical care for sailors and marines in the emerging environments for naval
operations?

4. Quality of life. How can technology improve the quality of life for sailors
and marines at work, at sea, and at home?

The panel reviewed current practices and processes in these four areas and
projected both requirements and the candidate technologies that would enable the
Navy to more effectively meet these requirements by the year 2035. The panel
sought the best and most up-to-date information it could find to help understand
how activities in these four areas are accomplished now and how they are likely
to be affected by emerging concepts of operations, human resource trends, and
new technologies. The panel surveyed the practices of major corporations and
other non-Defense Department sources to see how human resources are managed
in the nondefense sector. Finally, the panel sought advice and information on
trends and desirable outcomes for Navy and Marine Corps capabilities in these
four areas of activity.

Panel membership included expertise in human factors engineering, educa-
tion and training, biomedical engineering, psychology, psychiatry, surgery and
internal medicine, telecommunications and information science, management sci-
ence, economics, and operational experience managing large manpower pro-
grams.
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Executive Summary

INTRODUCTION

As the 20th century closes, the United States is pursuing a worldwide foreign
policy. It is one of the few countries, and in many instances the only country,
capable of leading in international politics. That the U.S. armed forces are a
principal tool of this leadership will surely be as true in 2035 as it is today.

Many features of the present world order are likely to exist in 2035, but it is
also likely that the United States will face, in one form or another, competition for
world leadership and possibly an emerging, powerful adversary. The armed
forces will be no less important in 2035 than they are today, and their capabilities
and competence may well become more important. One difference between 1997
and 2035 will be the dramatic advances in technology and its applications occur-
ring over these years.

Such advances in technologies represent both significant challenges and op-
portunities. The Navy and the Marine Corps must adapt to these advances and
make the most of them if they are to meet their responsibilities for leadership
among the world’s military organizations. These adaptations must not be limited
to the acquisition of materiel. Without the people—the human competence—
needed to operate, maintain, deploy, and command the naval force materiel as-
sets, investment in these assets will return far less than what is intended and may,
in fact, be wasted.

Modernization should also include Navy and Marine Corps processes for
recruiting, training, educating, managing, and supporting people. These initia-
tives should keep pace with investments made to apply technology elsewhere.
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They cannot wisely be shortchanged in favor of materiel acquisition. They are
modest compared to investments in materiel and will support themselves. Most
importantly, they will yield significant advances in naval force effectiveness.

The criticality of human performance to Navy and Marine Corps operations
and its effective development and management were recognized in the terms of
reference for the original Navy-21 study, Implications of Advancing Technology
for Naval Operations in the Twenty-First Century.! This earlier study foresaw
the following trends:

* Increasing system complexity;

* Long operational periods away from home bases;

* High demand for high-aptitude people;

* A smaller, more mature, and more proficient force whose members are
retained longer in the Service;

* Increasing need for reliable, easily used equipment to reduce manning
requirements;

* Increasing substitution of intelligent machines for people;

* Increasing use of advanced technology for training; and

* Increasing use of embedded training to distribute training to distributed
forces.

Many of these trends are carried forward into the current report, as are the
concern with human performance and the necessity of ensuring human compe-
tence in our naval forces. The present study seeks, in part, to update Navy-21
findings in the light of technological and strategic changes that have occurred in
the intervening 10 years. It also responds to additional tasking in the areas of
quality of life and medical care.

APPROACH TO THIS STUDY

The most difficult aspect of the panel’s task involved anticipating develop-
ments and requirements in the year 2035. How might the United States have
developed training for World War II before fighting World War I? How might
our nation have prepared for the Korean War in, say, 1920?

Revolutionary breakthroughs are rare and, by definition, difficult to foresee.
It is possible, however, to extrapolate developments that are evolving from cur-
rent technology and global trends. The Panel on Human Resources sought to
determine what might be done now to encourage the evolution of capabilities and
practices that will ensure the efficient acquisition and management of human

INaval Studies Board. 1988. Navy-21: Implications of Advancing Technology for Naval Opera-
tions in the Twenty-First Century, Volume I: Overview, National Academy Press, Washington, D.C.
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EXECUTIVE SUMMARY 3

resources needed by the Navy and Marine Corps to meet operational require-
ments in 2035. The panel specifically tried to identify areas in which relatively
small investments are likely to yield substantial returns.

Some aspects of the operational environment likely to exist in 2035 could
have a substantial impact on the development and management of human re-
sources and thus are emphasized here. The panel assumed the following:

» Service personnel will be inundated with technology and information.

» Fewer people will be required or available for Navy and Marine Corps
missions, but the investment in those people will be greater. Individuals will
have more training, autonomy, decision-making responsibility, and military value.

* Many operations will involve joint and/or multinational forces. Service
personnel will have to deal successfully with organizational and cultural diversity
and to coordinate their operations with both military and civilian organizations.

* Units will be dispersed, but most operations will require rapid organizing
of tasks and training for preparation of forces. The Department of the Navy will
require the capability to determine quickly and accurately the location and capa-
bilities of units and individuals as well as their specialized skills and knowledge.

* Responsibilities for missions other than war (i.e., peacekeeping, peace
imposition, disaster relief, and counterterrorism) will continue. These missions
will require rapid, ad hoc preparations for unusual and unforeseen contingencies.

* Biological and chemical threats will increase.

STRATEGIC OBJECTIVES IDENTIFIED

Eight Strategic Objectives

On the basis of the considerations noted above and in response to its charge,
the panel developed eight strategic objectives that it believes require and deserve
the attention of the Chief of Naval Operations (CNO) if our nation’s naval forces
are to develop and maintain the human resources—the human performance and
competence—they will need to meet the challenges of the 21st century. The
eight strategic objectives, and the chapters in which they are discussed, are as
follows:

1. Recruit a higher proportion of people with above-average abilities, in-
cluding already trained people through lateral entry, and retain high performers
for longer periods (Chapter 1).

2. Reduce the numbers of sailors required on ships and ashore, and increase
their performance by investing in their professional development and personal
well-being (Chapter 1).

3. Emphasize education for officers as an essential part of career develop-
ment, especially education in science and engineering (Chapter 2).
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4. Invest more in the conversion of conventional forms of training to tech-
nology-based, distributed training (Chapter 2).

5. Provide for significant advances in the development and application of
medical technologies for reducing combat casualties and deaths (Chapter 3).

6. Strive for a duty, career, and personal life environment that increases
retention, enhances readiness, and promotes performance (Chapter 4).

7. Invest more in people-centered research to support the introduction of
useful new technologies and to increase efficiency (Chapter 5).

8. Develop a more integrated system for managing people in response to
advancing technologies, in order to increase efficiency and improve readiness
(Chapter 5).

Discussion of Strategic Objectives

Manpower and Personnel

1. Recruit a higher proportion of people with above-average abilities, in-
cluding already trained people through lateral entry, and retain high performers
for longer periods.

Personnel selection pays off. During the late 1970s, the Armed Services
Vocational Aptitude Battery (ASVAB) was misnormed,? with the result that the
test scores of recruits were highly inflated. Because of this error, about 30
percent of recruits actually fell into the lowest acceptable category, rather than
the 5 percent being reported at the time. In the aftermath of the misnorming
problem, Congress ordered the Services to validate the ASVAB as a selection
device by using hands-on tests of performance. Based on analysis of the results
of these new tests, an estimated $3 billion across all of the Department of Defense
(DOD) was lost in lower than expected productivity as a result of this inadvert-
ently poor selection. Clearly, continuing vigilance to maintain the validity of the
ASVAB is necessary.

The Navy and Marine Corps, like all the Services, take a bifurcated approach
to recruiting. Most enlisted recruits are high school graduates, and most officers
are college graduates or beyond. This model has served well in the past because
most young people fell into one or the other of these two categories. In the future,
however, continuation of current recruitment practices may become increasingly
problematic because more and more young people are graduating with associate
degrees from community colleges and thus fall outside the two categories. Cur-

zNord, R., and E. Schmitz. 1991. “Estimating Performance and Utility Effects of Alternative
Selection and Classification Policies,” The Economic Benefits of Predicting Job Performance, J.
Zeidner and C.D. Johnson, eds., Volume 3, The Gains of Alternative Policies, Praeger Publishers,
New York.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/5865

Technology for the United States Navy and Marine Corps, 2000-2035 Becoming a 21st-Century Force Volume ...

EXECUTIVE SUMMARY 5

rently, the Department of the Navy recruits only about 400 of the more than half
a million people who graduate with an associate degree every year. Navy and
Marine Corps recruiters should consider expanding their presence in this large
market of skilled people—a market that is growing while the Navy Department’s
traditional market for personnel is decreasing. Policies and procedures, such as
provisions for lateral entry allowing individuals who possess advanced skills to
enlist at advanced pay grades, or to advance rapidly to them, should also be
considered for this population.

Classitying people into their correct job and career categories will also be
important. One study using Army test data3 found that the average predicted
performance of soldiers could be more than doubled if these data were used to
match people to jobs and military skill requirements.

Technology, particularly computer-based testing (using items that can be
presented only by computer), can provide comprehensive profiles of the interests,
values, and abilities of individual recruits and may yield substantial returns in
terms of increased retention and personnel readiness and reduced attrition and
recruiting costs. These benefits are likely to be large and should be pursued by
systematic programs of research and development in both selection and classifi-
cation.

The current retirement system, which provides 100 percent vesting at 20
years of service but none before, skews the career lengths of a large fraction of
the career force toward 20 years. As a result, some personnel stay too long, and
others not long enough. A new system is needed that smoothes out retirement
incentives over a longer portion of the career. Furthermore, new late-career
retention incentives and modification of the mandatory retirement rules will be
necessary to encourage top performers to continue serving in the naval forces.

2. Reduce the numbers of sailors required on ships and ashore, and increase
their performance by investing in their professional development and personal
well-being.

Fiscal restraints will require that future ships be designed to operate with
smaller crews, and technology investments will be necessary to effect this change.
Reducing ship manning* has the collateral benefit of reducing the shore infra-
structure and overhead required to maintain current ship manning levels.
“Outsourcing” and turning more work over to civilians will enable the Navy to
achieve substantial savings while still getting necessary work done. The re-

3Zeidner, J., and C. Johnson. 1989. The Economic Benefits of Predicting Job Performance, IDA
Paper P-2241, Institute for Defense Analyses, Alexandria, Va.

4The term “manning” is used as a convenient, generic shorthand for assigning personnel, male or
female, to organizational and technical tasks within major systems and support bases.
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sources saved can be used to better support the remaining force and otherwise
modernize Navy operations.

Since World War II the Navy has reduced the manning of warships—by as
much as two-thirds in some cases. However, an optimum mix of people and
automation must be established to maximize the cost-effectiveness of operating
warships. For example, some combat system departments have increased sub-
stantially in the past half century because of the addition of sensors, computers,
and weapons that did not even exist earlier, whereas some engineering depart-
ments have experienced a 30 percent decrease in manning due to the substitution
of gas turbine for steam propulsion.

There should be a total-ship initiative to produce the significant manning
reductions that are required. The goal should be a greater than 50 percent reduc-
tion, not only of ship manning, but also of the total infrastructure that supports the
people on board ships. There are vast differences between Navy manning and its
commercial counterparts. The Department of the Navy will have to adapt strate-
gies from commercial practices using fewer but more experienced people to yield
lower manning costs and higher readiness. Watch standing, damage control,
maintenance and repair, and training all must be examined in light of the need to
reduce personnel requirements. The Navy will have to reduce the need for
human monitoring and assessment of purely mechanical functions, eliminate
excessive layers of supervision, and expand the concept of just-in-time manning.

The Navy will have to design ships for inherent resistance to damage, pro-
vide more automation for damage control, and provide better tools for repair
parties. It will need to design ships for reduced maintenance and increased
reliability; instrument for condition-based monitoring using embedded diagnos-
tics; provide vital equipment redundancy; and expand the concept of fly-in main-
tenance and repair teams, the use of digital maintenance manuals, and the use of
just-in-time maintenance capabilities such as electronic performance support sys-
tems. Shipboard habitability and technology that increase the quality of life
aboard ship will also be important for future ship design. The Navy should also
explore the possibility of enhancing human performance through the use of im-
proved human-machine interfaces, possibly including mind-machine communi-
cation.

Finally, the Department of the Navy should elevate training to a position of
importance equal to that of operations in systems design requirements and devel-
opment. It should use embedded training and training on demand, provide con-
tinuous learning systems, and expand the use of adaptive training and job perfor-
mance support systems.

Life-cycle costs, not just shipboard and acquisition costs, should be used as
the measure of effectiveness in studies of system tradeoff. Senior management
must lead the effort to determine the extent to which legacies of culture and
tradition are allowed to drive future ship manning.

Copyright National Academy of Sciences. All rights reserved.
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EXECUTIVE SUMMARY 7

Education and Training

3. Emphasize education for officers as an essential part of career develop-
ment, especially education in science and engineering.

Although it is commonly recognized both here and abroad that the real
strength of the U.S. educational system is at the graduate level, paradoxically
there is little indication that Navy leadership prizes U.S. graduate-level education
as a necessary component of an officer’s educational background. The discipline
in graduate study of tackling an original research problem that has no known
“right” answer; of learning how to frame and tackle a question; of knowing how
to interpret data, how to draw significant conclusions from them, and how to
present and demonstrate the validity of the result provides an extraordinarily
effective approach to problem solving that is beneficial throughout a career. The
nature of the discipline or the particular problem is less important than the pro-
cess. The Navy does not value sufficiently the problem-solving potential repre-
sented in substantive graduate programs in technology, engineering, and science.

The needs of the Department of the Navy are not limited to what graduate
education can supply. The rate of technological change substantially increases
the need for officers with a strong undergraduate foundation in science, engineer-
ing, mathematics, and technology. It also increases the premium on technically
capable and technically talented enlisted personnel.

Navy Department needs are now, and will increasingly become, highly
advanced scientifically and technologically. The march of information and com-
munication technology, sensing and display techniques, computer system capa-
bilities, material and power options, and other technically sophisticated capabili-
ties has reduced routine shipboard manning requirements and improved
warfighting strength. However, these technical capabilities substantially increase
the Navy’s need for personnel able to analyze and choose among competing
technological avenues, critically assess and lead technological development, and
continuously formulate new technological visions.

Present Navy needs in science and technology may now be met insufficiently
by its officer corps and civilian laboratory personnel. Moreover, the gradient of
the quality and quantity of naval force talents in technology, relative to mission
needs, is not positive but negative. This trend limits the technical capacity of our
naval forces today and increasingly will isolate them from the technological
growth and innovation essential to sustained military effectiveness over the next
35 years. Some indications of this trend are the following:

* The Navy no longer encourages or nurtures postgraduate technical educa-
tion among its officer corps.

* Fewer of the best U.S. high school graduates opt for a Navy career or a
college education in fields relevant to Navy technology needs.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/5865

Technology for the United States Navy and Marine Corps, 2000-2035 Becoming a 21st-Century Force Volume ...

8 TECHNOLOGY FOR THE U.S. NAVY AND MARINE CORPS « VOLUME 4

* Few of the students who are preparing for a Navy career via higher educa-
tion specialize in science, mathematics, or engineering.

» Officers who specialize in science, mathematics, or engineering as under-
graduates are less frequently provided postgraduate education, are less rapidly
promoted, and are more likely to retire early.

* Navy civilian laboratory personnel, once nationwide leaders in science
and engineering, are now less prepared to meet important new Navy needs.

To supply the level of human performance required for naval operations in
an increasingly technology-intensive environment, the Department of the Navy
will have to do the following:

* Increase significantly the proportion of naval force officers who obtain
bachelor’s degrees in science, mathematics, or engineering;

* Ensure time in the career paths of all officers who are capable of and
motivated to invest the considerable effort required for postgraduate study in
science and technology, and ensure that they are rewarded in their careers for
their added skills and capabilities;

* Restructure the mode of teaching science and technology at the U.S.
Naval Academy with the use of personnel on loan from major research institu-
tions and industrial laboratories and/or the establishment of joint programs with
research-based academic institutions;

* Reconfigure promotion policies and practices to retain and more fully
reward technically skilled officers and enlisted personnel, who will be increas-
ingly needed for predominantly high-technology naval duties;

* Identify the most promising leaders among those technologically edu-
cated for special management talent recognition and fast-track movement to lead-
ership positions that can benefit from their expertise; and

* Place priority on ensuring a continuing stream of fresh, young talent
employed in naval laboratories. Those who are retained in a longer career path
should have regular opportunities to refresh their talents.

4. Invest more in the conversion of conventional forms of training to tech-
nology-based, distributed training.

Education and training are key to developing and sustaining the levels of
human performance required by 21st-century naval forces. The effectiveness and
efficiency of the Navy’s education and training programs can be improved sub-
stantially through the application of instructional technologies. Investments in
these technologies will yield significant returns that can be us