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NOTICE 

The project that is the subject of this report was approved 
by the Governing Board of the National Research Council, 
whose members are drawn from the Councils of the National 
Acade� of S ciences, the National Acade� of Engineering, 
and the Institute of Medicine. The members of the commdttee 
responsible for the report were chosen for their special 
competences and with regard for appropriate balance. 

This report has been reviewed by a group other than the authors 
according to procedures approved by a Report Review Committee 
consisting of members of the National Acade� of Sciences, the 
National Acade� of Engineering, and the Institute of Medicine. 

* * * * * * 

This is a report of work supported by the Departments of 
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FOREWORD 

This study was made under the auspices of the Maritime 
Transportation Research Board (MTRB) of the National Research 
Council as a part of a continuing program of advice to the 
federal government directed toward improving maritime and 
maritime-related transportation. The study was undertaken at 
the request of MTRB's sponsors. 

The process of identifying and adopting innovations is a 
subject that affects all sectors of the maritime industry. 
Accordingly, an interdisciplinary commdttee was formed to 
address the problem. The areas of competence represented on 
the committee include naval architecture, economic geography, 
technology transfer, distribution and transportation planning, 
economics, labor relations, marketing, and engineering manage
ment. Edward M. MacCutcheon, a consultant and the former 
Chief of the Office of Research and Development of the 
Maritime Administration, served as committee chairman. 

I extend my thanks to the committee chairman and members, 
liaison representatives, and project manager for their fine 
work on this report. My thanks also go to the review 
commdttee for its efforts on behalf of the Board. 

Washington, D. C. 
October 1979 

iii 

R. R. O'Neill 
Chairman 
Maritime Transportation Research 

Board 
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PREFACE 

In a country built by innovative risk-takers, the current 
depressed state of the u. s. maritime industry is an issue of 
great concern. Following World War II, U.S. -flag vessels 
carried nearly 5 8  percent of all u.s. oceanborne commerce. 
Since that time, there has been a steady decline in that per
centage, and, in fact, within the last year two large u. s.-flag 
shipping companies have experienced such financial difficulties 
that they have ceased doing business. 

As one approach to finding some answers to this problem, 
the Maritime Transportation Research Board convened a committee 
to look at innovation in the marit ime industry and to recommend 
ways to improve the climate for innovation. 

As the committee began the study, we faced a variety of 
quest ions. Is the u. s. maritime industry really as conservative 
and inflexible as some people feel? Are foreign maritime indus
tries really more innovative? How does one measure innovation? 
What, in fact, is the true nature of the u. s. maritime industry? 

The committee quickly found or invented definitions, formu
lated hypotheses, and selected a positive plan for action. We 
tried to choose a route that started with recognized principles, 
pursued directions guided by our idealism, and finally led to 
practical, achievable recommendations. 

We agreed that America should have a maritime industry com
mensurate with the importance of its trade, and that, in the 
past, innovation has been an important factor in the growth and 
maintenance of that industry. However, in recent years, other 
techniques, including the buying of added strength through 
direct government subsidies, have been used. Most of these have 
offered an immediate, measurable stability. However, they are 
short-term solutions and cannot ensure continued health in such 
a highly competitive industry. We have attempted to define the 
long-term advantages of innovation and to formulate recommenda
tions that will increase maritime innovation and improve the 
competitive position of the u. s. marit ime industry. 

v 
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The members of the committee have contributed much personal 
time to the development of this report. Our Project Manager, 
Marlene R. B. Phillips, and our editor, Linda L. Jens�rom, worked 
diligently to combine diverse committee styles into a single 
document. 

We are grateful for the opportunity to learn from each other 
and to promulgate some thoughts that we hope will increase the 
strength of the u.s. maritime industry. 

Washington, D.C. 
October 1979 

vi 

Edward M. Maccutcheon 
Chairman 
Committee on Innovation and 

Technology Transfer in the 
Maritime Industry 
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EXECUTIVE SUMMARY 

BACKGROUND AND P URPOSE 

The u.s. maritime industry serve s  the nat ion i n  many 
ways i nc luding bo lsterinq nat ional �e fens e ,  providing 
transportation servi ces,  a nd improvi ng the nationa l economic 
we ll-b eing . Continued accomplis hment of these funct ions 
re�uires a strong indust ry , capable of me eting competi tion 
not only from the mariti me industr i e s  of other nations , but 
a ls� from other forms of transportation such a s  a i r  
tran sport a n d  pi pelines.  If the u.s. mar i t i me industry is 
t o  compete succes s fully, it must conti nue to inc rease i t s  
capa c i ty to i nnovate. 

I n  February 1 97 7 , the Mariti me rransporta tion Re search 
Boar d  (MTRB) of the National Re search Cou nci l formed a 
committee to ad�ress  the sub j ect o f  i nn�vation and the 
i nn�vation process within the maritime indus t ry .  Committee 
members knowled�eable in a numbe r of areas , i ncluding naval 
architecture , transportat i on and distribution ,  ship 
operation , labor re lations , i nf�rma t i on exchange,  and 
econ�mi c s , were selecte� to consi der the factors that 
i nfl uence the u.s. maritine industry ' s  abi l ity to innovate 
and t o  recommend a ctions that would i mprove the climate for 
i nnovation within the industry .  

APPROACH 

Early di scus sions within the commi ttee convi nced members 
that innovation is useful and essential to the growth of all 
forms of commerc e ,  i nclu�i ng the mar i t ime industry. 
Acc�rdingly , the committee e stabli shed the following 
obje ctive : to f i nd ways to i ncrease the generat ion and 
ad�p t ion of  i nnovations that will he lp the u.s. mari time 
i ndustry better serve its purpos es i n  c�nt i nued consonance 
with the soc i oeconomic values of the nat i on .  To accompl ish 
the study obiec t i ve ,  the committee s urveyed current 
l i te rature , talked with innovators a nd people involved in 
the innovation proces s , and exani ne� examples of mar it ime 
i nn�vations to determine what factors acted a s  e i the r 
i nce ntive s or � e terrents t o  the process and what changes 
could be made t� i mprove the cli mate for gene rating ,  

1 
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t ra n s f erring , and absorbi ng new technology and new 
practice s .  The committe e e�amined t he progress of spe ci f i c  
hardwa re a n d  sof tware innovations , a s  wel l  as the total 
proc e s s  of innovation within the industry. They found that 
the proc e ss of innovatio n consists o f  f our basic stages 
reco g nit ion and selection , planning a nd development , 
i mpl e mentati on , and d i ff us i o n .  ro some extent , each o f  
these stages is appl i cable to all innova tions studie d .  Case 
s t udie s deve l ope d f or committee de l iberation are included in 
the Appendix of this report . 

CONC LUSIONS AND RECOMMENDATIONS 

Three ba sic industry groupings compr i s i ng a complex of 
organi z at ions ma ke u p the u. s. oc eangoing maritime industry. 
rhe d i f f e renc e s  a mong these gro upings -- s hi p  operat ion, 
s h i9bu i l ding , and port ope ration -- made the ana l ysi s of 
prob l e ms and the development of conc l u sions and 
r e co mmendations mo re dif f i cult. 

The f oll owing i s  a s umma ry of the committee conc lu sions 
and recommendati ons . The ful l text of the concl usions 
appea r s  at the e nd of each chapt e r ,  and the recommendations 
are contained in Chapter VII. The conclusions and 
recommendations res ulting from this study are grouped in 
f o ur areas -- fi nance and economic s ,  people and 
i ns t itut i ons , re search and deve l o pme nt , and informat ion and 
e ducation. 

I n  general , the prof it potent ial domi nates the plann ing 
goal s of industry decisi o n  ma ke rs. In some case s ,  dire 
nece ssity a nd the threat of e conomic disaster have been the 
motivating f a c t o rs that have caused i ndustry members to 
i nnovate . At other ti me s ,  the opportunity for high pro f its 
has been perceived a s  outweighing the ri sk of innovati on 
f a i l ure . B o th o f  the se cases provide a strong, positive 
i n fluenc e to t h e  s peedy adoption of i nnova tions. 

Jn the other hand , the l i mited si z e  and relatively low 
ret u r n  on inves t ment characteri s t i c  of the va rious segment s  
o f  t h e  i nd ustry make them uneconomic a l  narket s f o r  suppl iers 
and reduce t he i ndustry ' s  abi li t y  to att ra ct risk capi ta l. 
The cyc lical nature o f  the busine s s  and the use of d i rec t 
s ubs i d ie s , a s  wel l a s  the time re�uirement s for the 
p r omul gation o f  regulati on s and the u. s. tax structure , 
reduce the i nd us t ry ' s abil i t y  to innovate . The high cost of 
shi ps makes them poor sub j ects for experiment s ,  and a 
pos s i bil ity o f  innovation f a i l ure wil l  af fect the insurance 

2 
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rates. The committee recommended several changes to help 
improve the in�ustry position. 

• Prom�te industry-government co�peration in 
exploring a variety of indirect subsidy and/or tax 
benefit arrangements t� stimulate industry-wide 
innovation. 

• Oevel�p insurance programs to insure against loss 
of operating revenue during innovation trials or 
shakedown periods. thus increasing industry's 
willin�ness to accept the high costs and high risks 
of innovating. 

• Demonstrate the application of research results 
throu�h the periodic building �f innovative 
merchant ships to government account. such ships 
would be suitable for resale or charter to u.s.
flag operators. 

• Un�ert�ke the testing an� adoption of innovations 
on government-operated ships. thereby having 
government share in the risk associated with system 
failure. 

• Explore additional government-industry cost-sharing 
an�/or loan-financing to under�rite innovations and 
defray the introduction costs associated with 
innovation. 

• Examine the appropriateness of special tax credits 
for innovators and modify the current depreciation 
allowance structure aimed �t recovery at current or 
replacement value. 

• Increase the flexibility in the designated periods 
of cost recovery and retained profits for domestic 
operators to allow more timely allocation of the 
benefits of successful innovati�n to the 
innovators. 

� lack of awareness and/or � lack of accurate and timely 
information about the uses and benefits of new technologies 
often acts �s � barrier to innovati�n. Alternatively. 
informed flexible. effective managers within any company can 
�perate as � stimulus to innovati�n. Better educated 
engineers and managers as well as a corporate recognition of 
the nee� to �evelop innovative capacity and responsibility 
will improve the ease with which companies adopt 
innovations. 
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The relationship between labor and management has a 
significant effect on the speed and effectiveness with which 
inn�vations are adopted. The two groups can improve the 
clinate for inn�vation through cooperati�n in the transition 
phases of the introduction of new technologies and 
techniques. Conmittee recommen�ations in the area of people 
and institutions are 

• Develop better management-labor cooperation in 
providing improved employment opportunities and 
training and retraining programs to smooth 
innovation transitions. 

• Recognize the human costs of adjustment to new 
technology as a part of the cost of installation, 
thereby assuring equitable job and income security 
for affected workers. 

• Increase the number of government-industry 
cooperative programs in all areas of maritime 
transportation to improve the recognition and 
adoption of innovations. 

• Undertake periodic policy reviews of federal 
constraints on the introduction of new technology 
and mo�ify or remove those constraints f ound to be 
unnecessary. 

Most new technology results fron successful research and 
development projects. Even technologies borrowed by the 
maritime industry, whether from different nations or 
different industries, have required engineering development 
to complete the adoption process. Valuable research is 
being conducted at government and private research 
institutions, and government-industry cost-sharing programs 
have had a high success rate. Yet, with the possible 
exception of shipbuildin�, investnemt in maritine industry 
research and development is sorely inadequate, and many u . s .  
inventions are �eveloped overseas and ret�rned to the u. s .  
under leasing or royalty arrangements. Several changes are 
rec�mmende� to increase support of u.s. maritime research. 

• Increase research and development spending in both 
industry and government to increase the 
identification and development of maritime 
innovations. 

• Establish priorities for federally funded maritime 
research and development throu�h expanded industry
government dialogue. 
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• Allocate a larger share of f ederal research funds 
to basic R&D to develop the f undamental technology 
necessary for the industry. 

• Allocate additional funds to s�pport research to 
improve methods of adopting, implementing, and 
embedding new technologies to increase the 
identification and developnent of maritime 
innovations. 

!nfo�tion_agg_�!tioQ 

The rate of innovation in the u.s. maritime industry is 
dependent, in part, on the rate and quality of information 
exchange an3 dissemination. The development of f unctioning 
inf�rmation exch ange systems is necessary for ef f ective 
problem solving through information exchange and 
identification �f potentially transferable technology. 

Even more basic is a recognition of t he need to use new 
technology and 3iverse sources of information. University 
pro�rams and internal corporate inf�rmat ion flow aid in the 
coupling of technology and market; however, engineers must 
still be educated as to t he sources of available technology. 
The committee 3eveloped a number of recommendations aimed at 
inpr�ving the flow of information and the improvement of 
instruction dealing with inf ormation exchange. 

• Increase the development in educational 
instit utions of inf ormation transf er tools 
including seminars, workshops, and course work to 
further the professional development of students. 

• Establish a center f or exch ange of maritime 
information to serve as a f ocal point f or efforts 
to evaluate industry nee3s and stimulate technology 
transfer. 

• Appoint people to serve as inf ormation liaison 
agents within individual companies to help the 
company become m�re effective and competitive. 

• Appoint information liaison agents within trade 
associations to increase the flow of inf ormation 
about new technologies to potential users. 

• Devel�p special industry-g�vernment programs aimed 
at increasing public awareness of the value of the 
commercial shipping industry. 
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�dvancing technology has been an integral element in the 
emergence of the United States as a world power and leader. 
Vigorous research and developmen t d�rin� two world wars was 
followed by outstanding accomplishments in space. 12• 

(Su�erscript numbers ref er to bibliographic entries 
contained in the report �ppendix. ) It has been estimated 
that technological innovation was responsible for QS percent 
of the nation's economic growth between 1929 and 1969.154 
Not �nly do u.s. scientists and technol�gists accept 
technological a�vance as a way �f life, but our leaders and 
our people share their f aith in it. The layman's f aith is a 
pra��atic recognition of the needs he has seen satisfied by 
new technology. Man has prospered by techn�logical advance; 
�rganizations need it f �r survival; and it is an integral 
part of the �merican way. The continued growth of 
organizations, including nations, re�uires a continuing 
evolution in technology. Witho�t te chn�logical advance, 
�rganizations risk obsolescence and replacement by 
competitors. 

The purpose of the u.s. maritime in�ustry is to be an 
arm �f the national defense in the event of war, provide 
maritime transp�rtation services for customers, generate 
profits and goal satisfaction f�r industry owners, improve 
the national ec�nomic well-being, and help provide f or the 
security of the nation in peace and during f oreign 
conflicts. The socioec�nomic values of the Unit ed States 
require that these purposes be serve d with adequate 
attention to social equity, environmental protection, 
saf ety, and stewardship of resources. 

The ocean transportation sector of th e �erican maritime 
in�ustry is involved in �ngoing c�mpetition f rom two 
sources. The first, and more apparent, is competition from 
fore ign carriers for the existing maritine trade. In 1966, 
the Unite� States ranked sixth in the w�rld in total number 
of trading vessels; in 1976, it ranked eleventh. The second 
s�urce of competition is th e development of alternatives to 
maritime transp�rt. �lternatives inclu�e other forms of 
transportation, such as air transport and pipelines, as well 
as alternative nanufacturing an� distribution systems. 
C�ntinued fail�re to meet this competiti�n puts the 
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oceangoing sect�r of the u. s .  maritime industry in jeopardy 
�f extinction. 

If the u. s. maritime industry is to compete 
successf ully, it must increase its capacity to innovate. It 
must evolve improved and/or lower cost services that can be 
offered at competitive rates. It is im�ortant to learn 
better way s to accomplish useful advances in maritime 
tech nology. Therefore, this study c�mmences with the 
preDise that ef fective innovation is usef ul and essential to 
the growth of all forms of commerce, including the maritime 
industry . 

BACKGROUND 

over a span of several meetings, the Maritime 
Transportation Research Board (MTRB) �f the National 
Research Council discussed two problems within the maritime 
in�ustry: user �emands and the lack of a flexible industry 
res��nse to those demands, and t he apparently slow pace of 
the absorption �f new techn�logy into the industry. The 
overlap of these two issues led to examination of a broader 
subject -- innovation. 

In February 1 977, the MTRB formed the Committee on 
Inn�vation and rechnoloqy Transf er in the Maritime Industry 
(see page vii f�r list of members) t� study innovation w it h  

its broader issues, including such activities as research, 
development, invention, technol�gy �ransf er, inf ormation 
exchange, and the diffusion and adoption of new things and 
methods. This report contains the results of the 
com�ittee•s study. 

STUDY OBJECTIVE 

As a committee, we def ined our study objective as 
foll�ws: to find ways to increase t he generation and 
ado9tion �f inn�vations that will help the u . s .  maritime 
industry better serve its purp�ses in continued consonance 
with the socioeconomic values of the nation. To achieve the 
objective, we examined the inn�vation process in the 
industry and defined the manner in which the industry 
dis��vers, sele�ts, and intr�duces techn�logical advances. 
Finally, following the study, we f ormulated recommendations 
for ways to improve the climate f�r generating, 
transferring, and absorbing new things and new methods. 
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STUDY APPROACH 

To accomplish the study objective, ty pical examples of 
the invention or development of ideas, activities, or 
hardware were examined. The process of transferring 
innovations from other industries or nations, as well as 
from company to company, was also explored. An attempt was 
made to determine how innovations are selected an d how they 
are introduced and absorbed into the industry. Incentives 
and deterrents to the introduction �f helpful innovations 
were studied and compared. 

�s we began our analysis of the inn�vation process in 
the maritime industry ,  our approact centered on the use of 
existing information, when possible, and the development of 
new naterial as necessary. �cco rdingly, an extensive review 
of published material dealing with innovation was conducted. 
Special abstracts of the literature were developed to 
facilitate comparison of the material in each book, report, 
and article. �e also consulted with recognized innovators 
and other persons associated with te chn�logical change in 
the maritime industry , other industries, government, and 
academia. In many instances, these people made 
presentations to the committee. 

�s our work progressed, we found that new material was 
needed to fulfill the objectives of the study. Although the 
lite rature provided analytical studies of the many 
incentives an d deterrents to the innovation process, there 
were too few studies specif ically a�dressing the birth of 
inn�vations in t he maritime industry . Therefore, we 
developed a series of case studies �f innovations in the 
maritime industry. The following t�pics selected for study 
repre sent a broad cross section of industry components: 

• Evolution of the Concept and �doption of the Marine 
and Intermodal Container; 

• � Federal Demonstration Project: N.S. SAVANNAH; 

• The National Shipbuilding Research Program; 

• Maritime Satellite Communications; 

• The Innovation and Implementation of LA S H  (Lighter 
�board Ships) ; 

• Port of Seattle Growth rhrough Modern Customer 
Services; 

• Landbridge services; 

• Highly Skewed Propeller; 
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• Development of Gas Turbine Propulsion: the G.T.S. 
JOHN SERGEANT; 

• History and Current State �f Shipboard Automation; 

• Contra-rotating Propulsion S ystems f or U.S.-Flag 
Merchant Ships; 

• Hydrof�ils in the u.s. Maritime Industry; and 

• Air Cushion Vehicles. 

Each case study provides backgr�und on a particular 
inn�vation. Many of the innovat ions studied are traced f rom 
inception to present standing in the United States, as �ell 
as the world�ide maritime industry. Emphasis is placed on 
the known or perceived factors that may have aided or 
inhibited progress, as well as on the interre lationships of 
these factors. All f actors are described in the context of 
the economic, s�cial, and regulatory conditions prevailing 
at th e time the innovation was launched. Each case study 
attenpts to quantify the inf luence the innovation has had on 
both the u.s. and foreign maritime industries. 

Nhile the factors represented in a specific case study 
�ill not necessarily prevail for all situations in the 
maritime f ield, the cross section presented by the case 
studies provide1 valuable insights into the process of 
inn�vation in the maritime industry. These case studies are 
include1 in the Appendix of this report. 

In revie�ing all of the assembled material, we found 
that the innovation process in the maritime industry is a 
vague set of activities that are complex in character, 
ambiguous in their effects, and diff icult to describe. A 
large portion of our analysis �as devoted to the 
identification �f the pr�cess, its many diff use e lements, 
and the factors that influence and dictat e the bounds of its 
behavior over time and �rganizations. 

During our earliest meetings, we developed a list of 
nearly forty factors that may act as either an aid or an 
impe1iment to the devel�pment of an inn�vation. Am�ng these 
fact�rs were management, education, profits, economic 
necessity, patent laws, antitrust la�s, and the public 
perception of the maritime industry. 

We f oun1, h�wever, that a precise ranking of influencing 
fact�rs was not possible. some of the insights developed 
f rom the special interviews and case studies have revealed 
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the dual char acter o f  some factors . � f a c tor that i s  an 
i nce ntive for i n novation i n  one s i t u at ion o r  at one time 
mi ght be a deterrent to i nnovati on i n  some other situati on 
or t i me .  In a d i i ti o n , a factor ma y s i multaneous l y  have both 
a po s i ti ve and negative effect on th e i nnovative proce ss in 
d iff erent se ctors of the i ndustry . I dent i fi cati o n  of al l of 
the re levant f actors and a full a s s e s sment of al l the i r  
effe cts prove i parti cul a rl y  d iff i cul t .  � second di ffi culty 
was the s e l e ction of a means for mea suri ng the effects of 
the fa ctors on t he innovation proces s and the effect s of the 
i nn:>va t i on on the industry . For exa mple , fac tors that 
s t i mulate i nnovati on do no t nece s s a r i l y  enhance the u.s. 
ma riti me industry in rela tion to its international 
c ompetiti ve po s i ti o n  or i ts prof its . 

�s a vol unteer committee , we maie n:> attempt to conduct 
deta i led a na l yse s of the factor s .  Our concern was to 
deve l op a re alistic p icture of the c l imate in which the 
i ndustry f uncti ons . Exten s i ve eco n:>mic and/or policy 
a na l y se s  were beyond our time commitment .  

The effe c t  o f  any si ngle inf lue n c ing factor i s  a 
�ua l itat ive jud � ment derived from the experience s of  
ma r i t i me i ni ustry managenent , i nclui i ng owners , banker s ,  and 
key executives . I n  mo st c a se s ,  the mana gement pers onnel we 
cons u l te d  expre s sed judgments on th� eff ect of various 
infl uenc ing fact ors based on their exper i e nce s wi th 
pa rt i cular i nnovations i ntended to i mprove t he profit or 
compe t it i ve pos i tion of thei r companies. Many authors o f  
the c a se stud i e s  a ttempted t o  recons_t ruct the judgme nt s made 
by nanagement and discove r cause- ani- e ff ect relationsh i p s  
exi sting a t  the ti me pol icy dec i s i on s  we re made . The 
accuracy of t he reconstructi ons in the c a s e  studies i s , of 
cours e , de penden t  upon the �ual i ty :>f avai l abl e 
documentati:>n and the accuracy o f  the me mory of tho s e  who 
we re a s s ocia tei wi th the o r i gina l de c i sio ns .  � strong 
effort has be e n  made to rec:>ncile the informa ti o n  and to 
i ientify a nd il lumi nate the key factors that i nfluen ced the 
progress of the i nnovati on s de scri bed .  

T o  s impl i f y  the di sc u s sion , the f actors have been 
ge n�rally labe l e d  as i ncen tive s or de terrents . The te rm 
incentive i nc luie s encoura gement s ,  h e l pe r s , i nducemen t s ,  
mo t i vations , opportuniti e s , provoc ati ons , stimul a nts , and so 
o n .  The term i�terrent inc l ude s bar r iers, constrai nts , 
h i nirances , i n hibi tors , i mpediment s ,  prob l e ms , prohi biti ons ,  
restra i nts , and the like. 

DEFI NITI ON OF TERMS 

�c c o rding to Webster ' s  d icti onary ,  innovation i s  the act 
of innovating; i . e . ,  the i ntroduc tion of new things o r  
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met h�ds . The �ord innovation common ly is a l so used to refer 
to s omethi ng ne� that is i ntroduced , whet her it be a new 
pi ece of equipment ,  a ne� technique , or a new procedure.  

Howeve r ,  we a pproached the term i nn�vati on o n  a broader 
l e ve l .  Innova ti on is n� t synonomous with i nvention. 
I nve nti ons a re newl y  created pr�duct s or techniques . In 
c�ntra st , innovati ons ma y be exi s t ing c�ncept s that are new 
to a g iven i nd ustry , enterpri se , or a ppl i cat ion. Thus , an 
inn�vati on a dopted by the ma ritime industry c ould 
con� e i vably be some thi ng or me thod that t he min ing indu st ry 
had used for decades . Sec ondly, i nn ovati on refe r s  both to 
thi n g s  o r  products and to techni ques or methods. Thus , an 
inn�v a t i on can b e  any ne � c�mponent, i ncluding change s i n  
manage me nt procedure s or personnel � r  changes to machi nery 
(i . e . , e ither ha r dware or softwa re ) . A new bottomrwelde r ,  a 
new compute r ,  a new computer program, a new s upp ly order 
f o rm, a new rota ti ng- shift schedule , or the formation of a 
ne� �eve lopment office within a company, can all be 
consi dered i nnovations. 

Rega rdle s s  �f whe ther a given innovation is a new thing 
or a ne� method , we dete rmi ned t ha t  the �ord "innovation " 
has two contents . The technolog ical content of an 
i nn�vati on refer s  to the thi ng �r method i ts e lf.  The 
enbe dding content refers to the va ri ous adaptati ons that 
must be made by the host s ystems o r  � rgani z ations in order 
t�  e mbra c e  the new techno l ogy. Usi ng shi pboa rd a utomation 
a s  an exampl e ,  the techn � l ogical content o f  the innovation 
i ncl udes the compute r- based hard�a r� (i. e . , the new 
mechanized equipment) as wel l  as the sof tware (i . e . , 
computer pr�grams and new procedure s ) . The embe dding 
c�ntent includes such factor s as the ne� a rrange ment s  and 
a dju stme nts requi red in staf fing patterns , staff rol e  
defi ni t i ons , and personnel tra i n i ng proced ure s ,  a s  wel l a s  
new r e quirements for on-board l i vi ng acc �mmodati ons and 
w�rking space . 

Beca us e the embedding content i s  less tangible and i s  
harder to de f i ne t han the te chn�logi c a l  conte nt ,  all too 
o f t e n it is not give n  adequate atten t i o n .  An example of 
f ail ur e  t� addre ss the e mbedding content can be seen i n  the 
i mpl e me ntati on of the LASH s hippi n g  conce p t .  The fir st time 
that a L�SH l e f t  Rotterd a m ,  its barg e s  contai ne d  tractor s 
that had bee n  ma nufactur ed and l�ade d on t he bar ges in 
Ge rna ny and floated down the Rhi ne . By the time the shi p 
made he r tra ns-\tlantic cros s i n g , n�s t � f  the tractors �ere 
r educed to s crap meta l .  The y  had be e n  sec ured suffi c i ently 
f or tran spor tati �n down the Rhi ne ,  since that was �hat t he 
barge men knew how to do ; however , t he ba rge men had not 
been t r a ined i n  the proper me thods �f securi n g  tractors for 
a n  ocean c r � s s i ng . aa9 C l e ar l y ,  i t  �as n � t  the technol ogical 
content of the innovati� n ,  the LASS shi p a nd barges, tha t 
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was a t  f ault . Rather , the fa i l ure l ay i n  the embedding 
cont ent , in the i nadequate pre pa rati on given to the support 
syst e m .  

I n  the literature reviewed , we f ound the term i nnovation 
was often used r a the r loose l y .  There fore , we ma de a 
d i s t i nc t i on between any g i ve n  a ct of innovat i on and the 
i nn�vati on proce s s . The function of sec uring new thi ngs and 
me thod s a nd i ntr oduci ng the� is c a l l e d  i nnovatin g ;  the a ct 
o f  doing thi s i s  innovati on ; the new things o r  me thods that 
a re put into pla ce in ho st systems o r  organi zati ons are 
inn�va ti ons ; and the sequence of typi cal act ivities 
unde rtaken when i nnovati n g  i s  the i nnovation process. 

�R3ANIZATION OF THE REPORT 

As our di scu s si ons , reading, and ana l y si s progressed , it 
became o bvious that the prima ry i nfluenc i n g  factors fe ll 
i nto fou r  l a r g e r  area s .  rhi s report , ther efore, proceeds 
f r on a general discus s ion o f  the i nnovat i on proce ss, to a 
d i scu ssi on o f  i nnovation i n  the ma ri t i me i ndustry , to the 
f ac t o r s  affect ing innova t i on in the i ndustry , and , f inal ly , 
to our commi ttee recommendati ons . 

Br iefly,  Chapter I descri bes the the o retical found ations 
cons i dered useful in exa mi n i ng i nnova t i � ns and the 
i nn� v ation proc ess . Dra wi ng on theo r i es deve loped in other 
fi elds , spec ific example s  are gi ve n from the history of the 
o.s. maritime industry tha t c lari f y  .how i nte l ligent planni ng 
c a n  max i mi z e  the potenti a l  for suc cess �hen intro ducing an 
inno vati on. 

Cha pter II c ontai ns a n  overvi e w  of t he current status of 
the o. s. mar itime indust ry , a bri e f  overvi ew of the role o f  
innovati on i n  the ind ustry , a s  we l l  a s  a review of a mode l 
pr�g ram that demonstrates what has b e en done to i mprove the 
c li:nate for tec hno logical chanqe i n  one segment of the 
industry . 

:ha pte rs III through VI conta i n  groupi ngs of i nfluenc ing 
f a c t o r s  we ident i fied as incenti ves and/or deterrents to the 
i nnovati on proce ss . Cha pte r III di scusse s facto r s  that are 
es s e nt i a l ly external to the ind ustry , i n c l udi ng t he publ ic ' s  
perce pti on o f  the i ndustry and the e f fec t s  of va rious 
gove rnme nt a ctions on the i ndus t r y ' s  pro p ens i ty to innovate. 
Chapter IV di scusses financi a l  f a c t� r s  tha t a f fect the rate 
of t e chnol ogi cal chang e ,  i nc luding the ec onomic motivations 
t �  i nnovate , ava i labil ity o f  capital,  and pe rce i ved ri sk s of 
i nn�vati ng . Cha pter V p re se nts a revie� � f  the key ro le s of 
pe �ple in the i nnovat ion p rocess, inc lud i ng mana gement , 
l ab�r , a nd cha mpi ons of i n n�vati on.  Chapt e r  VI discusses 
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the relationship between industry and re search and how t hat 
re l�ti on ship mig h t  be improved. 

rhe last section of each cha pter contains a list of our 
conc lusions. It should be note� that these conc lusions may 
not cover al l o f  the mate ria l  and opini�ns presented. 
Ra tner, the conc lusions carry the we iqht of committee 
c�n s e nsus . I n  s ome instances, the text of secti ons of 
chapters of the report was supp�rte� by the majority o f  the 
com�i ttee , but dissentinq opinions were hel� by a suffic ient 
numbe r  of  membe rs to precl ude a�opti on of a committee 
conc lusion .  

� hapter VII presents our rec ommendations . Each 
rec��mendation i s  derived from the c onclusions and, 
therefore , carri e s  the we i ght of committee consensus. 
h� pe �  that a �opt ion of tbe reconmendati�ns by industry 
government wil l help facil itate the i nnovation process 
the u. s. mariti me industry. 

I t  i s  
and 
in 

rhe �ppendix of this report has been published a s  a 
sep� rate volume. I t  conta i n s  a number � f  case studies t hat 
were developed to aid us in our deli berati ons as well as the 
bibl i ographi c l i st of reference materials used. The 
reference superscript numbers appearing i n  the text of the 
ma in report ref e r  to thi s bibli� graphy. We have include d  in 
the body of  the bibl iography the text· of a serie s of 
abstract s deve l � ped by committee members during the course 
�f  this study.  The abstracts address  speci f ic committee 
atte nti o n  to deterrents an� incent i v.es t o  innovat ion . 
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CHAPTER I 

THE PROCESS OF INNOVATI ON 

� fai lure to adopt a pr� posed innovation or the failure 
�f  �n innovation a fter adoption may be �ue to some basic 
def ect in te c hni cal desi gn ; howe ve r ,  many failures are 
unrelated to the possible lack o f  me rit of the de sign or to 
e ng i neering ine f fi ciency . After reviewi ng many examples o f  
failed i nnovations , w e  conclude� tha t problems associa te d  
with the acquisi tion o f  capi tal, t he organiz ation o f  the 
f i r n ,  management- labor relationshi ps, mai ntenance or  
ope r a t i ng c osts, market demand , �r  ot her ambi ent factors are  
nore f requently the determinants o f  the success or f ai lure 
of �n i nnovati on . For thi s reas o n ,  and because an 
un�erstanding o f  the process may revea l ways to avoid some 
f a i l ures , it  i s  important to exa mi ne the i nnovat ion proces s .  

Basically, the process consists  o f  several interlocking 
stages . t l9  I t  begins with an initi a l  re cogn i tion of a need 
or opportuni ty to i nnovate and concl .udes wi th the succes s ful 
adopt ion, implementation , and di f f us i on of the i nnovat ion. 
The events that take place duri ng each s t age of t he process 
g overn whether or not a potenti a l l y  e f fective innovati on 
wi ll be s ucces s f ully ad� pted withi n a company or industry . 
The proc ess does not occur in a vacuum. Rather, it i s  
i nfluenced a nd s ha ped by avai lable and ac ces s ible 
technology, economic condi ti ons , and the s ki ll s  and 
i nterests of all personnel withi n the organization o r  
i ndustry . 

There is no simple bl ueprint f or the innovation proces s .  
Ne ve rthe le ss , w� found i t  he lpful t �  exa mi ne the sequence of 
a cti viti e s  t hat c ommonly occurs when an i nstitution, 
c ompany , or in3ustry innovates. Als �, i t  was he lpful to 
defi ne stages in  the innovati on process.  By analyz i ng the 
sta g e s  of the process, we found it possi ble to i dent i fy some 
bas i c  characteristics that eithe r expedi te d or i mpeded the 
adoption of  spec i fic innovat i ons . 

I n  the foll�wing discussion, we should note that the 
d e l i neation o f  s tages can be s� newhat arbitr ary, and each 
stage can be di v ided into a number o f  steps.  We have 
arranged the stages  i n  a crude c hrono logi cal sequence;  
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however , it s hou ld be remembered tha t portions o f  adj acent 
stages  may overl a p ,  whol e sections �ay be omitted, 
i ndi vidual stages may be repeate d ,  and recyc l ing to ea rl ier 
stages wi ll  s ome times be necessary. 

Fi gure 1 is a simple schematic repre sentation of the 
ma j o r  stages an� the se� uence in whi ch t hey commonly occ ur . 
The f our major stages are 

I .  Recognition and Selection ; 

I I . Planning and Devel opment ; 

III . I mplementa tion; and 

IV . Di ffusion 

Presenting s uch a streamlined vi ew of the innovation 
process can be a useful point of depa rture for di scussion ; 
however ,  the real-life process can be qui te protracted . 
S ubs tantia l amounts of time can be c onsamed i n  real ignin g 
pers onne l ,  a ll ocating the necessary economic resources ,  and 
deve l opi ng a nd i mplementi ng the di ff erent ki nds o f  
activities that a re needed to nourish each stage . Any o f  
the s e  factors -- t h e  time i nvol ved , the resources needed , 
and the st age- ap propriate activi ties re�ui red -- may be 
ove r looked , and , as a resul t , a basica lly sound innovation 
may fail . 

ST�3E I :  REC03NITION AND SELECTION 

The f i rst stage of the i nnovation process , recognition 
and selection , begins with the recognition of  ei ther an 
oppo rtunity to i nnovate or a nee d  to innovate . Generally , 
an opportunity t o  innovate can be inte rpreted a s  a chance to 
surpa s s  compe ti t i on and to i ncre a s e  prof its ,  whi l e  a need to 
innovate is often a dire economi c  si tuation or a need to 
ma t� h the opportunity-inspired nove of the compet ition. 
The n ,  the speci fi c  innovation that b e st meets  the need or  
e xpl oits the opportunity must be s e l ected.  

�uch of the theoretical l ite ra ture that addre sses the 
i nnovati on pro� e ss is or i e nted pri ma r i ly t oward probl e� 
s o lving.  Yet ,  a n  examina tion of the history of 
tec hnologi ca l change in i ndustry provide s  many i l lustrat ions 
of najor innovat ions that have been adopte d not because they 
provide a solut i on to an i mmedia te , press i ng economic or 
organizati ona l problem, but rather because they promi se the 
i ndus try fut ure g rowth , greater e f f i ciency , more secur ity , 
o r  o ther desirable returns . Exa mp le s of u . s .  ma ritime 
i nnovations adopted because they repres e nt ed new 
oppo rtunities include L�SH , containe rs , ra dio , the large 
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bulbous bow on s low speed ships , and the Mar i sat satel lite 
sys t e m .  (Of c�urse,  a s uccessful innova tion tha t is adopted 
in re sponse to a perceived opportuni ty by one company or one 
sect�r o f  an in� ustry may be ad� pted l at er by others as a 
mea n s  of remai ni ng competiti ve . ) Rec ogni tion that many 
i nn�vati ons may be adopted because t hey offer  an opportunity 
to i mprove productivi ty or  service i s  cr i t i cal to 
unde rstanding the innovati on proce ss . I f  innova tions are 
vie�ed only a s  a means of probl e m-s� lving , many potent i a l  
i mpr oveme nts wi l l  be by- passed. 

� f  c ourse , the i nnovation process is also us ed through 
rec� gnit ion and selection to solve percei ved problems . In 
ge ne ra l ,  perce i ved probl ens rel ate e ither to def i cits or 
i na dequa cies of present technology or to changing market 
cond itions . � perception of a need for new technology m ight 
a ri s e  f r om a demand for increased sa fety , more e fficient 
e ngi neer ing pe rf ormance , o r  the reduction of an 
envi ronmenta l haz ard. �a rke t conditions may generate a 
des i re t o  i mprove the prof it-los s ra t i o  o f  a company or 
mai nt ain a company ' s  competitive posi tion. I f  the 
i nn�vation process i s  to cont inue to the next pha se -- i . e . ,  
the search f or a feasibl e  soluti on - - the recogn ition of a 
t echni ca l or marketing need/opp�rtuni ty must be coupled with 
a c onvic tion tha t  a feasi ble sol ution pr obably c an be found. 

In searching for a feas ible solution to a recogniz ed 
prob lem, or for the best means o f  exploi ti ng a recogni zed 
opportunity , a number of a lternative s  must be investigated. 
Thes e alternatives must be plausible in terms of existing 
economic , techni cal , and personnel resources . rhe number 
and type o f  alte rnatives c onside red wi ll depend directly on 
the a vailabi l ity of  venture capi ta l ,  the i nterest o f  
mana geme nt i n  seeking changes , the �ua li ty of available 
labo r , a nd the receptivity of la bor to c hanges t hat may 
a ffect exist ing j ob speci f ications , a s  we l l  a s  the user ' s or 
customer ' s  perception of pote ntial benef its.  

I de a l l y ,  Sta ge I i ncl udes s� me , i f  not a l l , o f  the 
foll owing steps : 

• �n oppo rtunity or problem i s  recognized . 

• � proce dure or mechani s m  f � r  as ses s i ng the problem 
or opportunity is  e i the r establ i shed or 
responsibility i s  a ssigned to an exi sting unit in a 
c ompany or o rganiz ation. 

• The imp l i cation s of the opportunity are assesse d ,  
or the causes o f  the problem or dif ficulty are 
diagnosed . 
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• � search i s  undertaken ei ther for optional ways to 
take advantage of the opportuni ty or fo r potential 
solutions to the recognized problem. 

• Seve ral options are generated.  

• Potenti al  be nef its and costs of each option are 
estimated .  

• The degree of organizational adapta tion requi red by 
each option i s  assessed.  

• Economi c ,  social ,  and ins titutional factors 
a ffecti ng each option are a sses sed. 

• Specimens , sample s ,  models , or prototype s may be 
deve loped for the more promi sing option s .  

• Solution or options are s el ected for further 
development and trial. 

The tasks required during Stage I demand careful 
thought, planning , and eva l uation.  The e f fort neces sary , 
especia l ly to eva luate potential alterna tive s  realistica lly,  
is  f requently underestimated. Most o f  the failures o f  
attenpte d  innova tions result f r o m  mi s judgments made during 
stage I in the process . l l 9 a • s 

The National Shipbui lding Re search Program, described in 
more detail in � hapter II and in an �ppendix case study , i s  
doing an excellent j ob of c arrying o u t  t h e  steps of Stage I .  
O n e  f acet of  thi s program i s  a n  organiz e d  mechani sm for 
diagnosing probl ems i n  the shipbui ld ing industry and for 
i den t i fying poss ible solutions .  The procedure f o r  
ident ifying new areas o f  resear� h i s  based on a pool ing o f  
information among shipbuilders. Usi ng a committee 
structure , shipyard representatives comp i le and evaluate 
e x i s tinq problems and sha re their knowledge of technology 
that potentially bears on so luti ons. In the process o f  
deve loping a res earch proposa l  for f undi ng by the prog ram, 
shipya rd s  con�u� t  a thorougn surve y  of the resources o f  the 
shipbuil ding industry as wel l  as rel ated o r  potentially 
supportive i nd ustries . such surve ys have occas ionally 
produced solutions without the need for further research . 
I f  no ready- ma�e solutions are f oun� , t he shipya rds 
part icipate in � eciding on the direction in which a so lution 
is l i kely to be found through re search . I n  f act , they help 
draw up the resea rch speci ficati ons. 6 7  
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STAG E I I :  PLANNI NG AND DEVELOPMENT 

In the plann ing and development stage , a set of prec ise 
g�ideline s must be formulated to  qi ve c�nc rete shape to the 
ma rk e t ,  techni ca l ,  perf�rmance , envi r�nmental ,  and personnel 
req�irements of the proposed innovation. Al though in 
practice some steps may be omitted , i deally,  thi s stage 
i ncl udes ste ps such as the following : 

• � pr�ce dure or mechanism f�r de s i gning a pl an to 
implement the innovation is created , or 
re spons ibility is a ssigne d  to an exi sting unit, 
eithe r within or external to the firm. 

• Existing techn�l�gy is re searched and scrutinized 
for appl i cability f or i mple ment i ng the innovation . 

• The advice and experience of  si mi la r  or related 
f i rms i s  reviewed and evaluated . 

• Guidelines and plans f�r te chnical  a nd/or marketing 
requirements are devel �ped. 

• Guide lines and plans  f�r the management o f  
ec�nomi c ,  social , and institutional factors a re 
developed . 

• Gui d e l i ne s  and pl ans for � rgani z ational adaptat ion 
and support are developed. 

• Experiments are conducted , i f  required . 

• Procedures for eval uating the i nnovation are 
developed . 

�n i mportant component o f  this pha se i s  the search for 
a ddi t ional inf �rmation �n existi ng t echn�l ogy and market ing 
practices that may be relevant to the proposed i nnovation. 
Frequently , it i s  possible to draw u pon an ex ist ing pool of  
techn�logical and marketing practices t� sati sfy some of the 
planning requi re me nts.  rhis inf �rmation may come from 
ins i d e  the industry or f rom othe r re l a ted industries .  

I n  devel opi nq guidel i nes and plans for i mplementing an 
inn�vation,  cons i derable a ttention must be given to the 
deve lopment of procedures that wi l l  e ns�re �rganizat iona l 
adaptation and s upport . A s  was previous ly noted , the 
d eve lopme nt of  quideline s  for the adaptat i on o f  the 
� rganiz a ti on t� the inn�vation i s  called designi ng the 
e mbe dd ing content of the i nnovati�n.  The embedding content 
may i nclude pr�cedures for meeting safety and environmental 
standa rds and pl ans for real l ocation of space and equipment . 
H �weve r ,  one of the most critica l  a s pects of  des i gning 
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embe ddi ng content i s  the development of  new personnel 
policies and procedures. 

�n i mportant a spect of the plann i ng phase is a clear 
understanding of the effect the innovati on wi ll  have on the 
pers onne l involved .  When changes are made in the way 
pers ons are expected to function , it i s  e ssentia l that their 
c oope ration be obtained and that they be given the skills 
and �nderstanding needed to perf orm i n  thei r  new roles . 
Occ� s i onally , ne w role s re sulting from innovations may 
appea r  deflating , c reati ng a feel ing of loss of status , of 
doing somethi n� more routine than wa s done before.  They may 
offer fewer opport unities for exerci sing j udgment. I f  the 
ch� n� e s  are perc eived in  t h i s  w� y ,  workers will  res i st .  I f  
res i stance i s  st rong eno ugh, it can be �n e f fective barrier 
to � doption of the innovation , regardles s of the 
inno vation ' s  technical s oundness .  

ro avo i d  fai lure , workers must b e  trai ned i n  the ski l l s  
nece ssary to use the new technol ogy o f  t h e  innovation . 
Specializ ed units within a n  organiza t i on o r  new roles for 
its personne l may have to be created .  Changes i n  the 
org�nizational h ierarchy o r  in lines of  reporting and 
command may be required, particularly if a new 
org�niz ational unit i s  established.  New uni ts a nd new roles 
requi re planninq f or new l i nes o f  co mmunicat ion. 

rhe case of automated shipboard operations i l lustrate s 
the need f or careful atte nti on to personnel requirements . 
Ef f�rts to i ntroduce greater shi pboa �d mechanization i n  
navi �ati on ,  pro p ul sion control , a n d  fire and flooding 
cont rol obviously involve more than technologica l 
i nnovati on . The function of the crew i s  changed radical ly 
from human perf ormance of these operations to monitoring and 
ma i n tenance of the computeri z ed control machinery. A new 
set of j ob def ini tions become s  neces sary ,  and it must be 
recoqnized that the se new j ob def ini t i ons wi l l  a ffect the 
s el f - concepts and motiv� tions of crew me mbers . Jobs mus t be 
more i nterchan�e able , and j ob as s i gnments more flex i bl e. 
Ef f�rts to introduce more autom� ted control aboa rd Swedi sh 
shi ps we re s ucce s sful because ca re ful attention was given 
not only to the technical requirements of  automa tion, but 
also  to the pers onnel nece ssary to s upport the i ntroduct ion 
of the new technology . & l 9 

The L�SR example cited earlier i l lus trates the 
i mportance of  de veloping a c lear und erstanding of the impact 
an i nnovation m�y have on the people involved.  It also 
illustrates one type of a daptation that take s  place when a n  
i nnovati on i s  p � t  i n  place , i . e. , the  a1aptation of  the 
org� niz ation or sys tem to the innova tion . O ften , a se cond 
type of ada ptati on al so i s  necessary , i. e . , the adaptation 
o f  the innovation to the organiz ation. Seldom c an any g iven 
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innovati on be l i fted off the shelf  or drawing bo ard, or even 
b�rr3wed from another ind ustry or competitor , wi thout some 
modi f icati on of i ts techn�l�gica l c3 ntent.  For exampl e, a 
conputerized bi l ling sys tem used by a rail road will probably 
requ i re prog ram mod i f icati on prior to i nstal l ation in a 
s hipping company . These two forms o f  adaptation requi re 
substant i a l  planning dur i n g  the inn�vati �n process . 

S T�G E I I I : I MPL EMENTATI ON 

During the i mplementation stage , the guidelines and 
plans formulated f or adopting the innovation are 
i ncorporated into the ope rati ons of the o rganizati on . The 
obj ective is to ensure that the inn�vati on i s  success ful ly 
uti l i z ed .  � key require ment o f  this stage i s  the 
deve lopment of a demonstrati on �r pi l ot program that t ests , 
3n a limited sca l e ,  the feasibi l ity o f  the prototype pro j ect 
i n  t e rms of technical , ec�nomic , and worker perf ormances . 
Unf � rtunately,  t he trial pha se i s  someti me s  omitted for one 
rea s on or  a nothe r.  sometimes , t o  eliminate a technical or 
ma rke t in g  probl e m, a solution is ordered into ef fect a s  
thou � h  i t  we re goi ng t o  b e  permanent . �ithout a dequate 
testing,  the pr�bability o f  success  for a proposed 
i nnovation decl i ne s  markedly .  rhe f ai lure of the propos ed 
s olution may , ul timately , ha rden re sistance to innovation 
with i n  the organi zation.  

Idea l ly ,  the implementation s tage ha s the f o llowing 
step s : 

• � procedure for implementing the innova tion i s  
e s tabli shed , o r  respons ibi l i ty i s  a ssigned to an 
exi sting department . 

• The gui de l ines and plans developed during Stage I I  
a re appl ied in a pi lot site o n  a trial bas i s .  

• As di f f iculties ari se , adaptations a re made either 
i n  the technologi cal conten t of the innovation or , 
more li kely , in the embeddi ng content. Thi s ma y  
i ncl ude changes i n  the guideline s . 

• Evaluation proce dur e s  are a pplied to obtain data on 
benefit s  and costs. 

• On the basis  of the evaluation ,  a decis ion i s  made 
to continue , expand , or te r minate the innovatio n .  

• I f  the. deci sion i s  to expand , steps are taken to 
extend the innovation f rom the pilot si te to other 

- - - ---
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relevant sites within the o rganization ( interna l 
diffusion) • 

The like lihood of succes s ful implementation can be 
increased by controlling the scale of the prototype pre
test . Li mited- scale trial  implement ations or demonstrat ions 
are gene rally use ful in generati ng evaluation data and 
provi ding an experimental atmosphere conducive t o  
adjus tments i n  the prototype innovation while also limiting 
the i n itial inve stment. Small -scale testing ,  however, i s  
n o t  without its limitati ons.  I t  i s  important that testing 
be carri ed out under reali stic f ield condi tions, rather than 
bei n g  limited t� laboratory coniitions wi th thei r special 
supe rvis ion and support. The l atter approach only 
demonstrates th� t  the innovation can be implemented with 
spe c i a l i zed i nput ,  support , and attention,  and does not 
c�nstitute a rea l trial. In some cases,  s uccess may re�uire 
a series of tri a l s  rangi ng from lab� ratory demonstrat ion , to 
fea s i bility tests , to pi lot tests on a small  sca le under 
actual f ield conditions. 

rhe evoluti on of conta inerization , de scribed in an 
Appendix c a se study,  illustrates a success ful maritime 
innovati on . Although the mi litary and MarAd had 
expe rimented wit h  containe r units a f ter World wa r I I , the 
pre s e nt integr�ted , intermodal container system began with 
an e x per iment conducted by a land t r ansportation company . 
McLean Truckinq,  having acquired Pan Ame r i can St eamship 
=om9any ( later renamed Sea- Land) , co�ducted a small- scale 
trial ba sed on a new idea . The innovation to be tested was 
the shipboard c� rriage of trailers between u. s .  Gulf coa s t  
p�rts and New York . From thi s  beqinninq ,  the present 
cont� ine r  system has evo lved in stages , t hrough trials 
c�nducted under field conditions . severa l modif ications 
were requi red in the ori q i nal c�ncept be f o re an effect ive 
and  economically e f fi cient system wa s  developed. 

The f irst ste p ,  in 1 9 5 6 ,  cons i st e d  �f carrying the 
trai l ers on spec i al ly constructe d spa r decks of tankers 
ope rat ing betwee n New York and H ouston. R aving demonstrated 
the feasibil i ty of the shi pboard st�rage and carriage o f  
trai lers , the company designed a rol l- on/rol l-of f 
tr� i l ership,  an  idea that wa s aba nd� ned at the contract plan 
staqe in favor o f  the more technical ly fea sible and 
economical l i f t- on/li ft- of f princ i p l e .  S i x  c - 2  type ships 
were converted to full conta inershi p s , e quipped with 
shipboard cranes f or loading and d i s chargi ng . The ships 
c�rr ied 2 2 6  thi rty- five f oot containers.  The techni cal and 
ec�nomic  attract iveness of the sys te m  was clearly 
demo nstrated un� e r  these f ield �per�t ions.  The subsequent 
success story of sea-Land is we l l  known. Af ter this 
successful demonstration , the company instituted an 
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i ntercoastal service in 1 9 6 2 , and , by 1 9 6 6 , had ente red 
fore ign trade with the sys tem. 3 e  

The importance of the impl ement a tion stage i s  also 
evi 1 e nt in the a doption of containeriz ation by Matson 
Navi qati on : o .  Thi s  coapany , which oper ates a service 
between the u.s. West Coast a nd H a wa i i , wa s having e conomic 
prob lems and dec ided that port productiv i t y  was a de finite 
cont ributor about which somethinq had to be done . To find a 
solut ion , Matso n , i n  a move unchar acteri stic of the 
i ndus try , establ i shed an i n- house re search department to 
a nalyze its enti re shipping operat i o n  and suggest 
i npr ovements to  the system that could sol ve the identi fied 
produc tivity prob lems . Using systens analys i s  techniques , 
incl uding a computer simulation mode l , thi s department was 
able to a nalyz e a number of poss ible changes . These studies 
poin ted to containerization as the best opti on to consider 
for f urther deve lopment and trial demonstration. l 6 0 

Li ke Sea- Land,  Matson introduce1 the new system 
caut ious ly by carrying conta i ners on the decks o f  
conventional fre ighters . The succes s of the se 
1emonstrations l ed to conversion of a c- 3 type s hip, the 
H �w�I I AN  CITI Z EN ,  to a ful l cellular containership.  During 
the planni nq an1 development a s  wel l  as the implementation 
sta� e ,  Matson not only d e velope1 new technology, such as 
s pec i a l  te rminal c ranes , in support of the i nnovation, but 
a l s �  a ddressed the probl ems of l abor and custome r 
acce ptance . The refore , a s  the trial implementation 
pro�ressed ,  the feasibility of conta �nerization was 
demonstrated both i n  ter ms o f  tec hn i c a l  des i gn and i n  terms 
o f  neet ing labor and mar keting r equi rement s .  

The Matson proj ect s h� we 1  t hat f i el 1  demonst ration o f  
t he feas ibil ity o f  an innovation c a n  b e  consi derably 
strenqthened by a f ormal e valuati o n  strateqy . A solid  
pr��r am is neces sary to  eva luate the  various eff ects of  the 
i nsti tuted c ha n � e s  to en s ure that the innovation is working 
at l e a s t  as  well as oriqinally i nt e nded and that its 
be ne f i t s  j usti f y  permanent a dopt i � n  and eK panded use by the 
comp a ny .  I f  the organiz ation cannot be convinced that the 
i nnova tion is an improve me nt , the impl e�entat ion stage may 
terninate prematurely with littl e q a i n  and , perhaps , 
cons i de rable los s .  

Evaluati on i s  a n  important part o f  i mplementation. 
B owe ver ,  i t  i s  1 i f ficult , and care f u l  presentation o f  its 
purp� se i s  essential . I n  pre sent i n� the case f o r  wide-scale 
use of conta iners by Mats � n ,  for exampl e ,  the proponents o f  
t h e  i nnovati on d i d  not promote conta i neriz ation per � ·  
Rat h e r , they e mp hasized the cost s a vi ngs and pro f its to be 
real i z ed by usi nq contai ners . 
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Generally s peaking , the more vis ible the benefits , the 
more likely it i s  that t he inn�vati�n wi l l  be adopted and 
di f f �sed throuqhout the company . I n  his p re sentation to the 
comnitte e ,  Foste r Weldon , former Vi ce Pres i dent of Res earch 
at �atson, explained tha t ,  at M�tson , the proponents of 
c ont� inerization were sensitive t� t he problem o f  
capi taliz ation , including both the p rob� ble inves tment 
re��ired and the dif f iculty of  secur i ng capital in  an 
i nd�s try with a relative ly low return on i nvestment . To 
e f f e ct the c hanqeover to an inte qrated i ntermoda l system, 
man� gement accepted a recommendation that a cost- reduc tion , 
debt- financing �pproach be used to c reate the capital needed 
t� l aunch the innovation . This wa s achieved , in part, 
thr� �gh the unprecedented West c�a st Mech aniz ati on and 
M�derniz ation ( �&M) Agreement , an aqreement between labo r 
and management t hat call ed for a moratorium on the 
empl oyment of �dditional Cla s s  A longsh�remen t� o f fset 
ann�al attrition in the labor f orce . I n  e ssence , a 5 
pe r� ent annua l attrition i n  lab�r provided a cost reduct ion 
t hat could be used to fina nce the capit�l indebtedness o f  
cont � iner conve r si on. In thi s case,  the benefits of the 
conversion were highly visible and we ll  documented .  The 
c onversion was planned over an exten ded period o f  time , 
c�ns i s tent with capital avai labi l ity and effecti ve market 
dema nd . The pr� cess was constantly moni tored and eval uated 
to e nsure that t he innovation wa s achieving i ts prescribed 
goal s . & 6 o 

STAG E I V :  DIFFUSION 

Diffusion is the f inal s tage in the innovation proce s s .  
I t  empha sizes wi de spread appl ication �f  innovati ons that 
have been developed in Stage II and i mpl emented in a pilot 
or demon str� t i on program in Staqe III. The d i ffusion stage 
may have two phases , interna l di f f us i on and e xte rnal 
d i ff u s ion.  

within a f i rm,  a succe ssful pi lot test o r  demonstration 
is � s ua l ly f oll �wed by the deci s i on to ad �pt the innovat ion 
and t� apply it  on a wide scale .  Tbe innova tion can then 
become a n  accepted and wi del y us e d  te chn i cal and/or 
marketing feature in the ope rati ons of the company. 

E xte rnal ly , other f i rms or i ndus tries may borrow an 
innovati on f rom a firm that has succ es sfully impl emented and 
di f fused it inte rnally . Often, the borrowing proce s s  
involve s more than the s i mpl e trans f e r  a n d  appl i cation o f  
the innovati on t o  a n  existing operat i on. Frequently,  the 
innovati on must be scrutin ized �nd teste d for its 
a ppl i cabil ity to the borrowe r ' s  s peci fic nee d s .  Thi s  can 
re�� i re a repeti tion of the recognit ion and selection, 
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p l anni ng a nd development , and i�p l e mentati on stages , perhaps 
in s ome abbrevia ted form. 

Repetiti on � f  the se stages May �e nerate a number o f  
m��i f i ca tions i n  the inn�vation t o  f i t  new and different 
c i rcumstance s .  I f  enough borrowi ng and adaptati on o f  the 
inn� vati on takes place , standardiz ed set s of spe cificati ons 
eve ntua l ly may re place the singl e ,  �riginal spec i fi c  
i nn�vation. Standard siz e s  for containe r  units are a n  
example of the re sult o f  such b�rrow i ng a n d  adaptation . 

The diff usi�n stage i s  likely t� incorporate the 
following steps : 

• Mechani s ms a re establishe d  to ensure continuity o f  
the di f fusion process.  

• Mate ri a ls for the dissemina tion � f  the innovation 
a re pre pared , e . g . , wri tten an� audiovisual 
mate ri a ls , training manuals , etc . 

• Inf ormati on systems are establi s hed for storing and 
retrieving data about the operational use o f  the 
i nnovation . 

• Communi cation c hannel s are developed to promote 
per s ona l contacts between the design ers of the 
innovation and the a dopters , as wel l  as among 
adopte r s .  

• Formal communicat ion device s  are provided, e . g . , 
i n�ustry level w� rkshops a n d  conferences , and 
present ations at meeti ngs �f pro fes s ional 
societi es . 

• I nterna l systems , with gui�elines and cr iteria,  are 
used t� evaluate the ef fectiveness  of the 
innovation .  

I f  a n  innovation has been succes s fully implemented b y  a 
c�mp a ny ,  interna l diffus i�n usually wi ll not pre sent many 
d i f f icul ties . It is imp�rta n t ,  h�we ver,  to  ensu re tha t  
e � u a l  care a n d  a ttention i s  give n  t� the dif f usion of both 
the embedd ing content an� the te chni cal content o f  the 
i nn�vation . Jus t  as the embeddi ng c ontent may be easi ly 
�verl ooke� � ur i ng the pl anning an� �evel �pment stage, so may 
i t  be neglected during internal diff usi�n.  I f  this occurs , 
c omp3 ny pers onne l may beg i n  t� res ist  the di f fus ion o f  t he 
inn�vation . 
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Exte rnal d i f f usion wi l l  present its own s et o f  haz ards , 
part i cul arly to the borrower . �gain , the hi story of 
�ont� ine rizati on provides an illustrati�n. Although Sea
Land and Matson both devel oped i ntegrated intermodal 
syste ms ,  the i r  a pproache s to conta ineriz ati on had many 
technical and des ign differences . These differences 
reflected the ir different needs and di fferent problems . One 
did not simply borrow the innovati on f r�m the other .  

�s conta i ner systems grew i n  popularity,  these 
var i at i ons were at times i gnored by steamship companies 
eager to reduce their o wn  operating costs and improve their 
depressed profit margins . By fai l ing to recogniz e  the need 
to adapt containerization to their own particular 
si t��tions ,  these compan i e s  f ailed to reap the expected 
economic rewards . The attempt to borrow a technology from 
e ither Matson or sea-Land witho�t g� i ng through the stages 
�f the innovation proces s resulted in  m�ch l ower odds for 
s �cce ssful adopt ion of the innovat i o n .  

This problem can be compounded b y  a n  adopting 
orq� niza tion • s e mphasis on enginee ring and design 
feasibil ity with inadequate attention to the embedd ing 
content .  For exampl e , Grace Lines , Inc. , fared poorly i n  
i t s  early e f f orts to convert to containe r  operati ons . With 
both Matson and Sea-Land setting the pace by converting to 
c�nt ainer service in domesti c  trade, G r�ce Line e xecutives 
were eager to � 3 opt this new concept and �se it in fore i gn 
tra3 e . �ltbough G race Lines was attempti ng to introduce the 
i nnovati on i n  a more complex so� ia l , . ec�nomi c ,  and personnel 
envi ronment , the company moved very rapi dly i nto the 
i mplementation stage . With hindsigh t ,  i t  is clear that 
i nade�uate time and e f f� rt were given t� planning and 
deve l opment . V� st porti ons  of the e mbedding content of the 
inn�vation were i gnored . �s a resul t ,  when the f irst Grace 
L i ne s  conta i neri zed vessel put i nt� a s�uth Amer i can port , 
the l � ngshoremen were both une�ui pped and entire ly unwil ling 
to � nload the s h i p . 3 a  �f ter Grace  Lines • f ailure to 
int r o duce contai ners in 1 9 6 1 ,  the fe der� l government became 
overly cautious and did not enc � urage  b� i l ding o f  ful l 
co nt ainerships f o r  a number of years . 

BUI LD I NG INNOV�TIVE CAP�CI TY 

The foregoing review of the sta�es � f  the innovation 
proc ess  i l l ustrates many of the d i f f i c ul ti es inhe rent in the 
process . Fortunately , a nunber o f  t hese di f f iculties can be 
avoi ded with practice . I ndeed , prac tice i n innovating tends 
to substanti ally  strengthen a company ' s  or an in dustry ' s  
i nno vative capaci ty . Innova tive capacity re fers to an 
organizati on ' s  capabi lity to abs orb a seri es of  innovations 
in � more or les s regular manne r. I ntroducing a single 
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inn:»va tion -- e ven if it i s  succe s sful - - does not ens ure 
that the ad:»pting organizati on wil l  deve lop a continuing 
capa bi l i ty t:» i nnovate . Often the pe:»pl e  involved in a 
si ngle innovation are either those who have invented a given 
piece of tec hnol ogy and want to see it i mplemented, or those 
who have a parti cular organizational problem and are see king 
a s� luti on . I n  either ca s e ,  they a r e  c:»ncerned with the 
inn�vation proce ss only with res pect to . a  pa rticular 
i nnova tion . The ir i nterest tends t:» wane when t he 
inn�vation has been i nc orporated or the problem solved . 

�lthoug h adoption of specif i c  inn:»vations and 
deve lopment of i nnovative capaci ty are both important, t he 
l atter  has greater long- te rm impact. Unless an organization 
has such a capac ity , eff orts to inn�vate are impeded and 
c�sts  are increased by ��that might be cal led the " reinventing 
the ��thee l" syndr ome. 

The innovati on proce ss i s  c:»mplex and requires the 
mars h a l ling and applicat i on of spe ci f ic analytic and 
eva l uative s ki l l s .  The innovation proce ss begins when a 
company perceive s  an opportunity or a need to innovat e .  
Then,  a n  analys i s  mus t  b e  conduc te d. The analysi s  results 
in  t h e  s e lection of a proposed i nn:»vati�n.  A second per iod 
of a nalysis  then ensues.  It becomes nece ssa ry to determine 
h:»w the innovati on must be modi f i e d  t:» f i t  the user and,or 
h�� the user mus t be acclimatiz e d  to the i nnovation. 
Simi l a rl y ,  a f ter trial � f  the inn:»vation ,  analys i s  i s  needed 
t� determi ne whether or n�t it was a ctua l l y  bene f ic i a l  to 
the user . 

�t e ac h  of these ana lytic points , systems studie s ,  
envi ronmenta l studies , ec� n:»mic stud i e s , and soc ial and 
i ns t i tut iona l s tudie s may be nee ded.  The various steps in 
the innovation pro cess , as well as the va rious analytica l  
s tud i e s  that may be requ i red , are  al l li ke ly t o  be more 
easi l y ,  e f f i c iently , and e c � nomi ca l l y  ac compl ished by a 
comp a ny that has  f oc used on bui l d ing i nn:»vative capacity as 
an � rgan iz�tiona l goal . 

I n  genera l , the i nnovati on proce s s  � nd the bui lding o f  
a n  i nnovative ca pacity can be f a ci li tated by the assignment 
�f re spons i b i l ity for inn:»vati:»n to an i ndividua l  or group 
wi thin t he company . Alth�ugh s uch pers�nnel may have 
re sp:»nsibi lity f or other cGmpany functi�ns , they shoul d  be 
selected on the basi s  of the i r  abi lity to ca rry out the 
kind s  of activi t ies  that typica l ly a re a part of the 
i nn�vation proce s s . The se activit i e s  inc l ude information 
e xchange , pl a nn i ng ,  des i gning experi ments and 
dem�ns trati�ns , constructing mode l s  a nd,or facil i tie s ,  
test i n g ,  recor1i ng ,  anal yz ing re sult s , a n d  Teporting . 

2 8  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

I n n o v a t i o n  i n  t h e  M a r i t i m e  I n d u s t r y
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 8 2 9

http://www.nap.edu/catalog.php?record_id=19829


Deve lopment of a research unit s i milar to that o f  Matson 
may be beyond the economi c reach o f  many f i rms . St i l l , 
pract i ce i n  innovation doe s  expa nd the i nnovative capaci ty 
of a f i rm, a nd a ss ignment t� spe ci f i c  pe rsonnel o f  
re s 9 � ns ibility for intro duc i ng i nnovations ensur e s  a 
cont i nui ng rete nti on of acce s s  t o  ne ce ssary s kil l s  and a n  
element of corpo rat e memory . Thus , i t  i s  one o f  the most 
e f f i cient me ans of ensur i n g  the gr owt h  �f innovat ive 
capacity . 

CON:LUSIONS 

• The bas ic e lement s and phas e s  o f  the four-stage 
innovat ion proc e s s  appe a r applicable to all 
i nnovations studied , re cogn i z ing , of course , that 
some st ages may be truncate d ,  whi le others might 
req uire several repeti tione , depending on the 
spec i f i c  innova t i on .  

• corpora te a s signment of innovat ion awarenes s  · 

respons ibi l i ty and delegati on of authority wi ll 
hel p  to i ns titutiona lize and buil d  innovational 
capac i t y .  
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C HAPTER I I  

THE ROLE OF I NNOVAT ION I N  THE 
MAR I TI ME INDUSTRY 

The Uni ted State s  ma riti me industry is a co�plex o f  
publ i c  and priva te enterpr i s e s  tha t  c reate , oper ate, 
ma inta in , and su pport the wa terborne transportat ion of the 
Uni t e d  S ta te s .  It i ncludes shi p p e r ,  con si gnee ,  forwarde r ,  
s hi p  des igne r ,  s hipbuilde r ,  shi powne r ,  s hi p  operato r ,  s h i p  
a g e nt , shi p re pa i re r , port �perat � r ,  ter�inal op erator , 
carg � handle r ,  cargo contr ol ler, i ns pecto r ,  i nsurer , and 
bank e r .  I t  i nc l udes the per s on n e l ,  the management ,  the 
f aci l i ti e s , and the equi pment that a re nece s sary to the 
func t i on s  li ste � above . I t  inv� l ve s  t he cont iguous 
t ransportati on s y stems that compl ete the door-to- door 
s e rvice , as we l l  as segme nts of nat i onal , st ate, and loc a l  
g�ve rnme nt s .  

3 i ve n  the he terogeneous nature � f  t h e  u. s .  marit ime 
i n dus try , i t  is apparent tha t the hi story of attempts t� 
inn� v a te , the deterre nts to the i nn� vati on proce s s ,  and even 
the i ncentive s  that moti vate inn �vators wi l l  di f fer from 
s e ct or to sector of the i ndustry. This complexity of 
i n�ustry s tructu re has ,  of c o ur s e ,  c o mpl i c ate d o ur tas k as a 
c o mnittee . Neverthel ess , we have be en a b l e  to ident i f y  many 
i nc e nt ive s and �eterrents t h a t  seem to �perat e i n  a var i ety 
of t he se ctors of the industry. 

The ve ry complex nature of t hi s  i nd� s t ry , combined with 
our p hys ical and time const raint s  a s  a committee , 
nec e s s i tated tha t we focus our e f fort s on the oce angoing 
industry segme nt . we inc l ud ed i n  thi s analy s i s  
c� n s i der at i o n  of oceango i n g  ve s s e l s  and of the p o r t  and 
s h i pbui l ding i n� ustri es that support t hi s oce an activity . 

A brief overview of the u. s.  ma ri time industry i s  
pre s e nte d i n  t h i s  chapte r ,  a l ong wit h a n  overvie w  o f  s ome o f  
th e  s ource s of i nnovati o n s  u se f ul t �  the i ndustry and some 
o f  t h e  evi d e nce that the i ndustry doe s not always make r apid 
an� e f fective us e of ava i l able new t e chn � l ogi es .  Fina l l y ,  
t h i s  cha pter i n c l udes a brief de scri ption o f  one program , 
j o i nt ly spon so r e d  by gove rnme nt and i n d� st ry , that has been 
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succes s ful i n  pr omoting r a pi d  deve lopment and ut i liz ation of 
new technology. 

THE INDUSTR� 

The United State s  ha s one of the h ighe st standa rd s o f  
l i vi ng i n  the � r l d  and c o r resp� nd i n g ly hi gh labor rates . 
The one mo st i mp ortant re source that hel p s  of fset the costs 
of h i gh hourl y rates is our high tec hnical capab i l ity .  By 
a d � p t i ng i nnova t i ons tha t ma ke t he u . s .  ma r i t ime industry 
h i g h l y  prod uctive . i t  is h o p ed t hat t he i n dustry wi l l  become 
more competi t i ve . 

The u. s .  ma ritime industry needs t o  be one o f  the 
�or l d ' s  l ea ders in techni c a l  and ind ustri a l  competence . Its 
s i z e  must be adequate to s upport u . s .  ma ri time ob jective s  
pe r t a i ni ng to the nationa l  defense a nd t he national economy 
as o ut l i ned in t h e  Decl a r a ti on of Po l i cy of the Me rchant 
�a r i ne �ct .  1 9 3 6 .  Ti tle I .  Sec t i o n  1 0 1  stat e s : " It i s  
nece s s a r y  f�r t h e  nationa l d e fense a nd devel opment of i t s 
fore i gn and dome sti c comne rce that t he Uni ted St ates sha l l ·  
have a merchant marine ( a )  s uff i c ient to carry i ts domestic 
�a t e r- borne commerce and a s ubstanti a l  portion of the wate r
borne export and import foreign commerce o f  the Uni ted 
S t a t es a nd to pr ovi de shi ppi ng s e·rvi ce e s sent j.al for 
ma i n t a i ni ng the f l ow of s uch domes ti c and fo reign water
borne comme r ce at all ti me s .  (b) c a p a ble of serving as a 
nava l an d mili t a ry auxi l i a ry  in time of wa r or nationa l 
eme rgency . ( c )  owned and operated un der t he Unit ed States 
f l aq by ci t i z ens o f  the United S ta te s inso f a r  a s  may be 
pra c t i cable . ( d )  c omposed of the bes t - e�uipped .  safest . and 
mos t  s ui ta ble type s of ve s s e ls . cons tructed in t he United 
st a t e s  and manne d  with a t raine d  and e ff i c ient c i tizen 
pers onne l .  and ( e )  suppl emented b y  e f f i c i e nt fac i lities for 
s hi p bu i l di ng and s hip repa i r .  It is hereby decl a red to be 
t h e  pol i cy o f  the Uni te d States to f oster the de velopment 
and e ncoura g e  the mai nte nance of s uc h  a merchant mar ine . " 

Be cause every ma j or ma ri time nat i on considers 
ma i n t ena nc e of a heal thy mer c ha n t  ma rine t o  be in its publ i c  
�el f a r e .  the u . s .  maritime i ndus try must face fo reign 
competitors who . l i ke the u. s .  i n dus t ry . are aid ed by 
var y i ng ty pe s a n d  forms of c a rg� re s e rva t i on and pre ference 
a n d  by s e l e c ti ve f orms of gover n me nt s hi p  con struct i on and 
�p e r a t i n g  s u bs i d ie s .  as we ll as ot h e r  g�ve rnme nt a l  f inanci al 
a s s i stance . t o o 1 0 3 

The re i s  a t endency to spea k o f  the maritime indus try as 
thou gh i t  is one simple and hom� gene ou s  ente rpri se ; it i s  in 
f a c t . three bas i c  i ndust ry groupings compri s i ng a complex of 
o r g a n i z a ti on s  that have the mutua l p urpose of moving t he 
nat i � n • s  wat e rb o rne commerce . The se i nd u stry grouping s - -
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shi p operations , s hipbui l ding , and p ort operations - - have 
expe r ienced va ry ing degr e e s  o f  e conomi c s ucces s  or fai lure 
and have s hown d i f ferent rates o f  te chno l ogical progre s s . 
Each i s  exami ne d briefly bel ow. 

· §hie..2e!!Utl2n! 

�t the end o f  1 9 7 7 ,  the privatel y owned, deep-draft, 
a . s . - fl a g  f l eet ( i ncluding G reat Lake s  ve s se l s) tota led 7 4 4  
shi p s . Whi le the number o f  u. s. - f lag shi p s  has c ontinued to 
decl ine duri ng t he decade o f  the sev enti e s ,  the total 
t onn age and prod uctivity of the shi p s  in the u . s .  merchant 
ma rine f leet has i ncreased due t o  la rger ,  faster , more 
e f f i c ient , a nd techno logically supe r i or ship s . Almost a l l 
o f  t he net g a i ns i n  tonnage can be attri buted to the 
ocea ngoing compo nent of the f leet. In 1 9 7 0 , the re were 8 2 5 

· u. s . - f la g ,  oc e angoing s h i p s ; by January 1 ,  1 9 7 8 ,  thi s number 
had decreas e d  to 5 7 8  shi ps. The tota l ,  oceangoin g  
dea dwe ight tonna ge , howeve r ,  had i nc reased f rom 1 4 . 9  mil l ion 
to 1 7 . 5  mi l l i on d uring the same t ime s pa n .  This represents 
a t o nna g e  incre a s e  of a l most 1 8  pe rcent, most of which h a s · 
been in the tanker segment . t • 

Tabl e 1 provides a pro file of the · Uni ted Sta tes f l ee t  
f rom 1 9 6 6  throu�h 1 9 7 6 .  The table s hows tha t the re ha s been 
a tr end towa rd l a rge r ,  f a ster ships .  Th i s ,  i n  turn, has 
mea n t  increased carrying capaci ty and increa sed e ff i ciency .  
: ompa red to the othe r ma j o r fleets o f  the worl d, the u . s .  
f l ee t  i s  older t han avera ge. Howeve � ,  a s  Table 1 
i l l u stra te s ,  s o me imp rove ment has be en made in moderniz i ng 
t he f leet s i nce 1 9 7 0 . t o • 

I n  s p i te of improveme nts in the fleet, the actua l 
per� enta ge o f  the total tonnage o f  t he nat i on ' s  fore ig n  
wa t e r borne comme rce carr i e d  b y  t he u . s .  merchant ships i n  
1 9 7 6  had dropped to 4 . 8  pe rcent ( Tab l e  2 ) . I t  s hould be 
note d ,  howeve r ,  that tota l  t onna ge of u. s . - forei gn trade 
car�o ne ar ly doubled between 1 9 6 0  a n d  1 9 7 6 ;  t her efore, t h i s  
4 . 8 percent does represent a ra pidly i nc reas ing absolute 
we i � ht .  Neve rthe le s s , whe n compared t o  t he 5 8  percent 
carr i e d  by the u . s . - f lag ope rators at the end of World war 
I I , a s ubstanti a l  potenti a l  for i mprovement i s  evident . 3 9  

� closer examination o f  the u. s .  merchant fl eet and the 
s h i p  o perating i ndust ry reve a ls that the re a re s ubs tanti al 
d i f f e rences in c urrent leve l s of s uc c e s s  enj oyed by the 
di f f e rent secto r s  of the fleet as de f ined by type s of 
s e rvice sectors and vessel s .  There a r e  three ma j or s e rv ice 
sect o r s  the line r fleet , t he non- line r f le e t , and the tanke r  
flee t .  
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TABLE 1 

PROF ILE OF THE u . s .  PRIVATE LY - OWNED FLEE T 
1 9 6 6  - 1 9 7 6 *  

Year Age SEee d  Draft Gro s s Ton s DWT 

1 9 6 6  1 8  1 6  3 0  1 0 , 7 0 0  1 5 , 5 0 0  
1 9 6 7  1 8  1 6  3 0  1 0 , 8 0 0  1 5 , 5 0 0  
1 9 6 8  1 9  1 6  3 0  1 1 , 0 0 0  1 5 , 9 0 0  
1 9 6 9  1 9  1 6  3 0  1 1 , 4 0 0  1 6 , 6 0 0  
1 9 7 0  1 9  1 7  3 1  1 2 , 3 0 0  1 8 , 2 0 0  
1 9 7 1  1 8  1 7  3 1  1 3 , 3 0 0  1 9 , 5 0 0  
1 9 7 2  1 8  1 7  3 1  1 4 , 2 0 0  2 0 , 9 0 0  
1 9 7 3  1 6  1 7  3 2  1 5 , 9 0 0  2 3 , 0 0 0  
1 9 7 4  1 6  1 7  3 2  1 6 , 8 0 0  2 4 , 7 0 0  
1 9 7 5  1 7  1 8  3 3  1 7 , 4 0 0  2 5 , 9 0 0  
1 9 7 6  1 7  1 8  3 4  1 8 , 3 0 0  2 7 , 8 0 0  

• Age in y e ars ; s pe e d  in kn ot s ; d ra ft in fe e t . 
Al l me a s ure men t s are ave rage value s . 

The re are f ive general categor i e s  of ves s els in t he 
u . s . - f l a g  li ne r fleet : break-bulk c � rgo carriers ; f ul l  
c�nta iners hi ps ; partial c�ntaine rshi ps ; ba rge ca rrie rs ( LASH 
and SEABEE ve s s e l s )  ; and rol l-on/rol l - of f  ve s sel s .  I n  1 9 6 6 ,  
our l i ne r  f l ee t  ranked s e c ond a mong mari time nat i ons o f  the 
worl 3 on the bas i s  of dea dwe i ght t on s  an 3 s event h with 
res p e c t  to t otal number of ships . B y  1 9 7 6 , the s e  ranking s 
had decl ined to s i xth and el even t h , respectively . In al l ,  
t h e  t o tal u. s .  l i ner tonnage dec l i ne d  by 2 8  percent duri ng 
this ten- year pe riod. 1 o • The greate st d e c re a se in total 
numbers of s h i p s  has occurred in t he break-bulk cargo 
carr i e r  cl as s .  

B oweve r ,  t h e  u. s .  li n e r  f l e e t  ha s n � t  de c l in ed i n  al l 
ves s e l  c l as s i f i cations . The numbe r o f  shi ps in the uni t ized 
c a rg �  c l a s s e s b� s i nc re a sed subs t a nt i al l y . In t h e  r o l l
�n/r � l l- o f f  category ,  the u . s .  f le e t  ranks f i rst in the 
worl3 on the b a s i s  of dea d we i ght tonn age . ( Where u. s. i s  
u s e 3  to re f e r  t �  tonnage s and/or s hi p s ,  i t  i s  t o  be read as 
u . s . - f lag . ) Tabl e 3 i l lustrates the very high proporti on of 
uni t i z ed c a rgo ve s se l s  � pe rating un3er the u . s .  f lag in 1 97 6  
c omp ared to t he vessels of the othe r ma ri time na tions i n  the 
worl d .  

· 
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TABLE 2 

U . S .  OCEANBORNE FORE IGN TRADE/ COMMERC IAL CARGO CARRIED 

TONNAGE �Mi l l ions ) 19 6 7  19 6 8  19 6 9  19 70 19 7 1  19 7 2  1 9 7 3  19 7 4  19 7 5  19 7 6  

To tal Tons 38 7 . 6  418 . 6  42 7 . 5 4 7 3 . 2  45 7 . 4  5 1 3 . 6  6 3 1 . 6  6 2 8 . 9  6 1 5 . 6  69 8 . 8  
U . S .  Percent 5 . 3  6 . 0  4 . 6  5 . 3  5 . 3  4 . 6  6 . 3  6 . 5  5 . 1  4 . 8  

Liner Tons 47 . 9  4 6 . 1  41 . 9  5 0 . 4  44 . 2  44 . 6  5 1 . 3  5 1 . 4  44 . 3  49 . 8  
U . S .  Percent 2 2 . 2  2 4 . 0  2 3 . 1  2 3 . 5  2 2 . 9  2 1 . 9  2 5 . 8  2 9 . 8  30 . 7  3 0 . 9  

Non- Liner Tons 19 0 . 4  209 . 5  2 1 2 . 1  240 . 7  2 20 . 7  2 42 . 6  2 8 1 . 9  2 8 2 . 7  2 7 5 . 3  289 . 6  
U . S .  Per cent 2 . 8  3 . 0  2 . 2  2 . 2  2 . 1  1 . 6  1 . 6  1 . 8  1 . 4  1 . 7  

Tanker Tons 149 . 3  16 3 . 1  1 7 3 . 5  18 2 . 1  19 2 . 5  2 2 6 . 4  29 8 . 4  2 9 4 . 8  2 9 6 . 0  3 59 . 4  
U . S .  Percent 3 . 0  4 . 6 3 . 2  4 . 4  4 . 9  4 . 5 7 . 4 7 . 0 4 . 7  3 . 8  

w 
U1 

VALUE �� B i l l ions � 

To tal Value 3 6 . 3  41 . 1  41 . 9  49 . 7  50 . 4  60 . 5  8 4 . 0  1 24 . 2  1 2 7 . 5  148 . 4  
U . S .  Percent 2 1 . 7  20 . 7  19 . 3  2 0 . 7  19 . 6  1 8 . 4  1 8 . 9  1 7 . 7  1 7 . 5  1 7 . 8  

Liner Value 24 . 8  2 6 . 8  2 7 . 2  3 3 . 5  3 2 . 4  3 7 . 4  49 . 6  6 3 . 4  6 4 . 0  7 5 . 8  
U . S .  Percent 29 . 8  29 . 0  2 7 . 6  2 8 . 8  2 8 . 4  2 7 . 7  2 9 . 1  30 . 6  3 1 . 2  3 1 . 5  

Non- Liner Va lue 8 . 6  10 . 8  1 1 . 1  1 2 . 2  1 3 . 2  1 7 . 4  2 5 . 2  34 . 7  3 6 . 6  3 8 . 2  
u . s .  Perc ent 4 . 5  4 . 6  3 . 6  3 . 3  3 . 1  2 . 4  2 . 5  2 . 3  2 . 8  2 . 8  

Tanker Value 3 . 2  3 . 4  3 . 6  4 . 0  4 . 9  5 . 7  9 . 2  26 . 0  26 . 9  34 . 4  
u . s .  Perc ent 4 . 8  6 . 6  5 . 6  5 . 6  5 . 5  6 . 2  9 . 1 6 . 9  5 . 1  4 . 2  
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* 

TABLE 3 

PRIVATELY OWNED MERCHANT FLEETS , 19 76* 

Other 
Ship Type Uni ted S ta t e s  Countr i e s  

No , P er cent No . Per c en t  

Bre ak -bulk Car go Carr ier s 1 1 3  3 7 . 8  11 , 4 7 1  9 0 . 8  

Full Container ship s  105 3 5 . 1  40 3 3 . 2  

Par t ial Con tainer ship s 4 5  1 5 . 1  5 5 2  4 . 4 

Barg e C arri er s 2 3  7 . 6 1 8 2  1 . 4 

Ro l l -on/ Ro l l - o ff Ve s s e l s  1 3  4 . 3  16 0 . 0 0 1  

TOTAL 2 9 9  100 . 0  1 2 , 6 24 100 . 0  

Data der ive d from Merchant Fl e e ts o f  the Wor l d ; U . S ,  Depar tment 
o f  Commer ce ; December 1977 . 

The u . s . - l i n er service s have been f a r i ng somewhat be tter 
than the re s t  of the u. s . - f l a g  f l e e t  in garne r i n g  t he i r  
s hare o f  u . s . - fo reign tr a d e .  A uni � ue c o mbi nati on o f  
t e c hn o logy . f i na nc i ng . bus i ne s s  ma n a g e me n t .  gove rnment 
s ubs i d ie s .  and a hea l t hy union e nv i r onme n t  ha s made the more 
i nnova tive c ompa n i e s in our l i n e r  s h i ppi ng indus try 
p r o f itabl e .  I n d ustry advanc e s  a nd new t e c hnology inc l ud ing 
cont a ine rshi ps . LASH . and r o l l - � n/ r o l l -o f f s h ips . as wel l  as 
g o v e r nme nta l f in ancial and c a rgo p re f e rence i ncentives . 
a l er t  shippi n� c ompany ma nager s .  a n d  a c o o pe r at i v e  wor k 
f o r c e  have a l l  come together i n  a t i me l y  f a shion to ensure 
r e a s onable s uc = e s s .  The d e l i ve r y  c a p a c i t y  o f  the s ubs idiz ed 
u . s .  liner fleet has inc r e a s e d  s i g ni f icantly . The u . s . - f lag 
s h a r e  o f  l i ne r  = argo tonnage in u. s . - fo r e i gn trade i nc re a s ed 
f r o n  appro x i mate ly 2 2  pe r c e nt i n  1 9 6 7  to more tha n  3 0  
perc e nt i n  1 9 7 6  ( Tabl e 2 ) . Thi s was i n  s p ite o f  the fact 
that the f l e e t  decl ined in numbe rs f rom 2 1 5 s hi p s  i n  1 9 7 0  to 
1 6 6 in 1 97 7 .  De s pi te in f la t i on .  the ope rating s ubsidy c ost 
per unit o f  c a rrying capa c ity has de c l ined by mo r e  than 1 0  
pe rcent s i nc e  1 9 7 0 . 1 • 
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The u. s. non- l iner f leet consi s t s  of three di stinct 
ves s e l  type s -- ore and combination carr i ers , dry- bul k 
carr iers (prima r i ly grain ships ) , and the relati vely ne� , 
f � s t  gro�ing are a o f  neobulk shi ps .  The d ry-bul k  shippi ng 
i ndustry t h r i ves a s  a vi g � rous bus i n e s s  on the u . s.  Great 
Lakes and rivers , but is a l most non- exis tent in u. s . - flag 
oce� n trade. There has been li t t le d ome stic con struction of 
deepe r- d raft bul ker tonn age over the pas t  decade , and there 
a r e  no� only 1 8  deepwater bulk ve s se l s  remain ing under the 
u. s .  f l a g .  Mos t  of thes e  are near i n g  the end of their 
e c o n � mic uti lity . While the u. s.  bulk tonnage s hrank by one 
ha l f  between 1 9 6 6  and 1 9 7 7 , the worl d  bulk tonn a g e  increased 
by 3 3 0  percent . As a re sult , the u. s .  bulk f leet i s  able to 
c � rry le ss than 2 perce n t  of the u. s . -foreign trade in dry
bu lk commodities . 1 o • 

The u. s .  tanker flee t ,  o n  the other hand , has been 
· i ncrea s i ng i n  tonnage. B etween 1 9 66 and 1 9 7 7 ,  the actua l  

numb e r  of ta nke r s  declined b y  8 perc e nt ,  but , becaus e the 
new s hi p s  entering the f l eet were much l a rger than those 
b e i n g  sc rapped , deadweight tonn�ge i ncreased by 5 6  percent. 
By t he close o f  1 9 76 , the Unite� s t a te s  had 1 2  tankers that 
were ove r 1 0 0 , 0 0 0  deadwe ight tons ; f ive o f  t hese �ere ove r 
2 0 0 , 0 0 0  deadwe i ght tons. Thus , the tanker f l eet has been 
the f a stes t grow ing segment of the u . s .  fleet . 1 o • 

rhe 1 9 7 0  ame ndments to the Merch ant Ma rine Act o f  1 9 3 6  
e xp� nded sub s i d y  programs to incl ude bot h dry and li quid 
bulk ve sse l s . The new subs i dy a rrangeme nts were 
s p ec i f i c ally gea r ed to s upport a rapi d i nc rea se in the 
numb e r s  of u . s . - f l ag shi p s .  To unde r stand the i n it i al 
impa c t  o f  the 1 9 7 0  Act , it i s  ne ce s s a ry to review 
cha r � cteristics o f  the s hi pbui lding sector of the mar itime 
industry . 

§l\!eQ!!i!digg QperatiaQ!U! 

Shipbui l d i ng companies e ach ha ve the i r  o�n s pecialties 
and trad iti ons . Compl aint s  are often he a rd that the u. s .  
s h i p b ui l d i ng in� ustry i s  a nti quated and i ne f fici ent . Su ch 
gene r ali z at i ons do not ade quate l y  re f lect the complex 
prob l e m  of pro�uc i ng shi p s  in the Un i te �  S tates . u. s .  
shi pyards e x c e l  i n  the economica l  produc tion o f  
te c h n o lo g i c a l l y  advanced ships. r h e y  special ize in ai rcra ft 
c a r r i e rs , nuc l e a r  submarines , LNG c a rrie rs , navy de stroyers , 
d ri l l  rigs , an� s o  fort h .  These s hi p s  requ i r e  a hi gh degree 
of s ki l l  and tec hnology . On the othe r hand , simple ve sse l s ,  
s uc h  a s  mid- s i z e d ,  dry-bul k shi p s , are d i f f i.cult for u. s .  
yar�s to bui ld c ompetiti ve ly . such ve ss e l s  orde red 
i ndividua lly or i n  small n umbers do not j us t i fy plant 
i n ve stment for ma ss produc tion ; so they a r e  idea l ly s uited 
for c onstruct ion in the shipyards of deve l oping nati on s ,  
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where the lower technolog i ca l  competence o f  the workforce is 
matc hed by lower wage s .  

When the Me rchant Mari ne Ac t  ame ndments of 1 9 7 0  were 
pas s e d ,  planners e nvi sioned t he construction of three 
hun3 red ships over a ten-year perio3 . By 1 9 7 6 ,  only 6 2  
cont ra cts for ships , with an aggre ga te contract value of S 3  
billion, had been placed with u. s.  shipbui lders . t 3 9 The 
outl ook for nava l construction also  i s  bleak . Contractual 
impe rfections in the vari o us naval const ruction programs 
have res ulted in shipbuilde r  clai ms that , until recent 
s ettleme nts , totalled ove r S 2  bil l ion. s • Unfortunately, the 
relationship between the s hipbui lders an3 the Navy has been 
c ha�acterize3 by much acrimony. 

A 1 9 7 6  Pentagon report on the profits of def ense 
contractors indi cated that , for the five preceding years . 

· the shipbuilders had the highest level of capital 
i nvestment , but the lowest leve l of profi t related to sa les 
of any group of contractors.  S i nce i ndustry earnings have 
been fa r from satis facto ry , industry imp rovement s have been 
large ly f inance3 by debt capita l . If  p� ofit margins remain 
l ow, f unds for industry improve ments may be even more 
3 i ff icult to secure in the f utu�e. 1 2 s 

I n  his Febru ary 1 97 8  testimony before Congre s s ,  Robert 
� .  B l ackwe l l , As si stant secretary of Commerce for Maritime 
�f f a i rs ,  noted that total  shipyard e mployment increased from 
6 0 , 0 0 0  production workers in 1 9 7 0  to 1 00 , 0 00 in l ate 1 97 7 .  
Howe ve r ,  he pre3 i c ted tha t  there wi l l  be a sharp drop in 
s hi pbuil ding emp loyment within the next two years .  The 
proj ected near-term empl oyment f a l l- o f f  cannot be o f fset by 
cur�ently anti ci pated Navy a nd priva te orders . Citing the 
continui ng ,  worl 3wide sh i pbuildi n g  3 e press ion as a primary 
cul prit,  Ass i sta nt Secretary Bla ckwe l l  pointed out, howe ver,  
that the u. s .  i �dustry i s  not f a ced with t he drastic 
r e t r enchment prospects c onfronting s ome foreign shipbuil ding 
c ente rs . He al s o  noted that the f l o w  of orders under the 
�ari time Administration ' s  program ha s increa sed since the 
1 9 75- 1 97 6  contracting drought . t •  Sti l l ,  shipbui lding 
pros pect.s are di scouraging , and the need for new approache s 
i s  evident .  

Port e ff iciency i s  c r i t i cal t o  t he ove ral l health of  the 
u . s .  mar itime industry . The ship i s  recogni z ed a s  only one 
link in the thro ugh-trans port from producer to c ustomer. It 
has been estima t ed that as much as 6 0  pe rcent of port . ti me 
an1 related cost s for bre a k-bul k ca�go could be s aved if t he 
worl 1 1 s  port s we re to improve the i r  ship , feede r ,  and cargo 
sy stems .  These improvements have the potential of reduci ng 
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port costs by a s  much as $ 1 5  bil li on and , in effect , 
i ncreas ing shipping capacity by 20 percent . 3 3  

On t he surface , u . s .  port operat i ons may appear to be 
hom�gene ous . However , c l � ser e xami nati�n di s closes unique 
comb i nations o f  te chnica l operations , ma na gement style s ,  
s oci a l  con3 i ti ons , and f i nancial a rr ange me nt s  in each u. s .  
port . some port s thrive whi le othe r s  fl ounde r. In the San 
Fran ci sc o area , for exampl e ,  the Port of Oak l and ,  an 
i nn�vati ve and a ggressive port , i s  a succe s s f ul operation ,  
whi l e  j ust acros s the bay , the Port o f  S an Franc isco has 
di ff iculty . 

��RI TIME INNO�T IONS AND THE INNOVAT I ON PROCESS 

�s a commi ttee , we f ound that the topi c of marit ime 
· inn�vation is n�t easily a ddressed . For t oo long , 

3 i s � u s si ons of the i nnovation p��ces s have remai ned within 
the realm of the academi c theori s t s .  I n  the maritime 
industry , cons i d erati on � f  i nn�va t i � n s  has u s ual ly been 
l i mi ted to chan�es in shi p de sign and/or enginee ring 
s y s t e ms . In part , thi s  rep� rt see ks to bridge the gap 
bet�een the the � retical and the concrete .  On ly in thi s way 
can reco mmendati ons be gene rated that wi l l  i mpr� ve the 
cli nate for technological change in the ma ri time indus try . 

The ma riti me industry has , for many ye ar s , been 
cha�a cte riz e d as conservative and re s i stant to change. To 
dete rmine whethe r such a llegati �ns are t rue or whether t hey 
mas k  the complex e f f ects of deterrents to the innovation 
pr�c e s s ,  it is necessary to e xami ne those cha rac teri sti c s  of 
the i ndustry as a whole that have a d i re ct bearing on the 
inn�vation proc e s s . In addi tion , the ori gin s ,  avai labi l i ty, 
and f requency of adoption o f  mar i t ime innovat ion s  are 
revi ewed .  

The compl e x i ty o f  the marit i me i ndustry has been amply 
3 em� nst rate d .  rhi s  heterogeneity ha s often had a n  adverse 
e f f e c t  on the i n novation process . S h i pbui l d i ng f irms , 
p�r t s ,  s ubs i di z e d  lines , uns ubsi diz e d  li ne s ,  and labor e ach 
have the ir own uni que pe r s pe cti ve on any proposed 
i nn� vati on. 

The hi story of the devel opme nt � f ·  landbri dge serv i ce s , 
desc r i be d  i n  mor e  detail in the �ppendix , i s  a c a se in 
poi n t .  In 1 9 73 , two East Coast port s and a l ab� r uni o n  
f i l e d a Fe deral Mari time Commi s s ion ( FMC) act ion against 1 4  
s t eams hi p  companies t hat we re of fe ring bri dge se rvices 
between the Far East and u. s .  East coast port s .  The 
l a ndbri d ge o pe ra tors had i mplemented the innovative services 
as a mea ns of i nc reasin� uti l ization of thei r ships . 
Shi p9ers we re us ing the services bec a use transit time wa s  
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reduced at rate s competi ti ve to al l - wate r tr ansi t .  This 
succ e s s ful innovation had ,  howeve r ,  a l legedly da maged other 
sect ors o f  the i ndustry.  There we re at least th ree 
cate gori es of vi ctims : a l l -wate r carriers , who were los ing 
s hi pp i ng contrac ts ; conf erences of a l l-�ate r carriers , since 
the l andbridge servi ce s  �e re totally out si de the i r  control 
and p l aced the m in competi tion they we re organiz ed to avoid ; 
and the u . s .  East Coast ports se rving the al l-wa ter trade . s o 

I n  1 9 7 7 ,  after four years of hea ring s , an FMC 
admi n istrative l aw j udge i ss ued an i niti al decis ion in f avor 
o f  the l andbri dge carri e r s . As an i nnovati on ,  the 
l andbri d ge has been very suc cess ful . Its i mpact on the 
current status o f  the maritime indus try ha s been to shift 
the 1ema nd for port f aci l i ti es from one coast to another , 
and i t  may have weakened t he conference system i n  the u. s . 
tra d e s . Whi le i t  i s  beyond the scope of thi s report to 

- j udge the ove ral l merit of the l andb rid�e concept ,  it is 
c l e a r  that the c o mplex structure of the industry had an 
e f f e c t  on the introducti on of the innovation , just a s  the 
i nnovati on had s i multane o u s l y  po s i t i ve and negative effects 
on t he d i f fe rent segments of the industry . 

The number o f  innovati on s  available to the i ndustry has 
a real e ffect on the rate o f  te c hnol ogical change . We 
cons i de red a det a i led analys i s  o f  the o r i g i n  o f  invent ions 
and innovations avail able to the industry beyond our 
ma�d a te .  Howeve r ,  the ava i l abi l ity o f  ne� techno logy is a 
crit ical ing redi ent in the i nnovation proces s . 

Re search and development eff orts are a primary s ource of 
n e w  technology . Yet ,  since 1 96 4  whe n u. s .  publi c and 
private spend in� on re search an d de velopment reached a p eak 
of 3 percent of the gros s nat iona l pr oduct ( G NP) , such 
s pending has sli pped to the current leve l of 2 . 3 percent of 
the GNP. 6 4  �lthough the Uni ted Sta t e s  sti l l  ret ains an 
over all lead i n  total amounts s pent on re search and in 
numb e r s  of  new  i nventions ,  i ts economic ri va l s  a re expanding 
the i r  re search e f fort s  at a muc h f a s t e r  rate . Furthermore, 
the United State � dedicate s almost 50 pe rcent of its 
r e s e arch and devel opment f unds to de f ens e-related pro j ects 
whi l e  foreign competitors s pend very little on mi litary 
resea rch . 

I n  1 9 7 7 ,  u . s .  industry spent S 1 7 . 5 bi l lion on re search 
and deve lopment for commerc i al marke t s .  Thi s repre sents a 
decl i ne i n  constant value dollars over the past s evera l 
yea r s . Mo reover , these expenditure s are hi ghly 
c o nc e ntrated , wi th over 8 5  perc e nt o r i g i n at ing in j ust s ix 
indus t ri e s : e l e ctrical equi pment and communicati ons ; 
cheni cal s  and a l l ied products ;  machi nery ; motor vehicles ; 
a i r c ra ft and mis si les ; and instrument s .  I ndustry funding of 
ba s i c  re search a l s o  has de cl ined dra mati ca l ly , with two 
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thi r d s  o f  the annual expenditures of approximately S 6 0 0  
mi l l i on concent r ated in the firs t t�o industries named . s ? 

N� f i gures for private expenditure s on re search and 
deve l � pment in the u. s .  mari time i nd ustry are readi ly 
avai l abl e ; however , there is no reas on to suspect that the 
mari t ime industry di ffers si gnif icantly f rom other u. s .  
i ndustr i e s  i n  i t s  re search expendit�re trends . 

�ver the pa s t  severa l  dec ade s , the feder al government 
has played an i n creasingly important role in the funding of 
ba s i c  re sea rch and development e f f or t s .  However , the 
percent of the t otal federal re searc h and development budget 
usei to fund the category "rrans po r t ation and 
C�mnunic ations" dropped f rom a hig h  of 5 percent in 1 9 7 1  to 
an e stimated 3 percent i n  1 9 7 7 .  Of the S 7 02 mil l ion 
bud�eted f o r  thi s catego ry in 1 9 7 7 , air transportation 
re s e a rch rec e ived 6 1  perc e nt ; gr ound transportation 

· re s e a rch , 27 pe rcent ; wate r transportati on re search, 5 
percent ; multimodal transportation re searc h ,  3 percent ; and 
c�mnunications research, 4 percent . Fund s  for water 
tra n s porta tion re search have dec reased from a hi gh o f  
a pproximately S 4 7 mil li�n in 1 9 7 2  t o  approximate ly S 3 2  
mi llion i n  1 97 7 . 2 

�ne poss i ble reflection of thi s nati onal reduction i n  
acti ve R&D ma y l i e in o u r  f�reign commerce o f  go ods . The 
Uni t ed States i s  importing substanti a l ly more manufactured 
�ooi s than i t  export s .  r h e  u. s .  trade �!,!Qi t i n  
man � f a ctured goods for the f i rst hal f of 1 9 7 8  wa s  S 1 4 . 9 
bi l l i on ,  whi le west Germany and Ja pa n (wi th the help o f  high 
tari f f s)  were expected to run JY�!g§!§ in manufactured 
go oi s o f  S 4 9  bi l lion and S 6 3  bi l l i on ,  re s pective ly. • •  

Dec reasing f in ancial sup port f or ba sic re sea rch and for 
r e s e a rch and devel opment e f f orts i nc reas es the importance of 
maki n g  rapid and e f fective use �f inventions and other 
i nnovati ons that are alre a dy ava i l ab l e .  A number of 
imp� r t ant inve nt ions /innovations have be en developed in 
pri vate re se arch i nstitute s ,  g�vernme nt l aborat�r ies , and 
uni v e rs i ty res ea rc h  progra ms . Examp l e s  include the la rge 
bulb�us bow f or low- speed shi ps , s h i p de s i gn ec�nomics , 
vi br a t i o n  reduct ion ,  seakeep ing ana l ysis , and i c e -bre aki ng 
bows ; yet ,  the rate o f  a dopt i on o f  t he s e  i nnovat ions appears 
s l o � .  

rhe numbe r � f  i nnovati on s  that have been adopted in t he 
u. s .  mar itime i ndustry has been s ma l l compared to the 
a ppa re nt opportuni tie s  f o r  techn � l o � i cal c hange .  Too often, 
e x p e r i mental prototypes are develope d  and then a bandoned , 
a nd too ma ny i nve nti ons have be en te s ted , but ,  f o r  one 
re a s on or anothe r ,  have not met with �id e spread acceptance 
�ith i n  t he industry. In s ome i n s tances , i nventi ons 
generated wi thi n  t he Uni ted Sta t e s  have been adopted abroad 
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and , a t  least f or a time , ignore d at home . For exampl e. 
s ome of the f i rst LNG containment sy stems ori ginated in the 
Uni t e d  state s , yet overs e a s  developnent of the sy stems has 
res �lted in u. s .  royalty payments as hiqh as $ 1 , 0 0 0 , 0 0 0  for 
i nstal lation of foreiqn syste ms on u. s . - built ships . 

Another e xample i s  compute r- cont roll ed steel cutting 
s y s t e ms for us e in construct ing ship hul l s .  The se systems 
were f i r st deve l oped in the Uni ted S t ate s .  Finding no u . s . 
mark et, the i r  developers sold them abroad. In 1 9 7 3 ,  the 
Ma ri time Admini s trati on ( MarAd) , i n  consultat ion wit h u. s .  
shipy ards , selecte d  and li censed the best o f  the foreign 
s ys t e ms . Ma rAd then leased the ri ghts to the system to 
intere sted u. s .  builders . • •  Sub sequently,  a new and 
i mpr oved system was developed through the National 
Shipbui ldi ng Re search Program. 

In other ins tance s , ma ri time innovati ons are adopted by 
one s egment of t he industry and i g nored by another .  By 
1 9 6 0 ,  succe s s ful cont ainer systems had be en deve loped in the 
dome stic trades by both Matson a nd s e a -Land. Yet ,  not unt i l  
S e a- Land announc ed the inauguration of  a wee kly containe r 
s e rvi c e  to Europe i n  1 9 6 6 ,  d i d  t he ma j o r i ty o f  the owners o f  
subs i diz ed lines begin to move toward contai neri z ati on . 
Uni t e d  Sta te s  Lines , · the d ominant U. S . -f lag oper ator in the 
No r t h  Atlantic at the time , quickly made des i gn c hange s in 
f i ve break-bul k/ l i mi ted- c o ntaine r-ca pac i t y  ships it then had 
unde r constructi on .  As a result , Uni ted Sta tes Line s 
launc hed a f l e e t  of j umbo - s i z ed full cont ainerships in 196 8 .  
Unf o rtunately ,  t he company was , by then, two ye a r s  behind 
its c ompetiti on. 3 •  

F i na lly , a more conte mporary example . MARIS AT, the 
com�e rci al s atel lite commun icati ons servic e  for the mari ne 
worl d ,  became operable i n  1 9 7 6 .  I ns tit�tion o f  thi s  s ystem 
marked the beginning of a new era in shi p- to- shore 
communicati ons . The system provi d e s  cons tant , high- qual ity 
s e rvi ce and can be used both at sea a nd in po rt. Yet , even 
now, few shi ps h a ve i nstal l ed e � ui pme nt need e d  t o  make use 
of �ARI SAT . t 2 t 

ro demonstrate the benef its of  t h i s  commun ic ation 
s ys t e m ,  MarAd sp onsored a pro j e c t  j o i nt l y  funded with 
i ndus t ry .  rhe proj ect i nc l uded instal la tion o f  the 
e q ui pme nt aboard seve ral u. s . - f l ag s h i p � , cre at i on o f  a 
comp u ter-based nessage handl ing sy st e m ,  and d eve l opment o f  
pl ans t o  f ac i l i t ate use o f  the syste m.  However, the pro j ect 
d i d  not i nclude development of mod e l  compute r programs that 
wou l 1  l i nk on- bo a rd compute r s  wi t h  home- o f fi ce management 
i n f o rmat ion system compute rs . Few c ompa ni e s  are now wil li ng 
t o  �ndertake the i nvestme nt require d to develop such 
c o mp uter s of tware on an expe r imental basi s . • •  rhis 
i nno vation seems to be stalled because nei the r  i ndustry nor 
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g ove rnme nt i s  wi ll ing to i nvest i n  the f u l l  development o f  
t he innovation ' s  embedding content . 

There are many other example s of mari time innovations 
that have be en a vai lable to the indus try but have either not 
been wi dely a dop ted or have been ad�pted at a ve ry slow 
rat e . Neverthe le s s ,  MarAd 1 s  e f f orts to enc�urage innovat ion 
i n  t he indus try have become i ncrea singly e f fective .  One of 
the mec hanisms used by MarAd to stre ngthen the i nnovat ion 
pr�c ess has been to support universi ty re sea rch pro j ects . 
The purpose of s uch proj ects is usua l ly to devel op 
t e c hnological in novations . Howeve r ,  i t  i s  becomi ng evident 
tha t re searc h  i n  the area o f  the i nnovat i on proc ess itse l f ,  
part i cul arly the embe ddi ng and t he di f fusi on of innova ti ons , 
shou l d  receive the attenti on of both government and 
i ndus try . such research c ould serve to c l a r i fy many i ssue s  
and l e a d t o  the developme nt of i mpr�ved embe ddin g  and 

· di ff us ion te chni ques . 

· I nnovations that req ui re ma j o r  capit al i nvestment and/or 
a s i gnif icant amount of organiz ationa l change are less 
rea1 i ly adopte d .  Howeve r ,  not a l l  i nnovat ions are l ar ge .  
Many i nn ovations can be characte ri z e d  a s  rel ative ly low
cost , incrementa l i mprove ments i n  me t hod s ,  materi als , or 
mac hi nery . In many industri e s ,  the princi pa l  so urce of such 
i mpr oved products or methods is outs i d e  t he indu stry i ts e l f .  

Unfo rtunately ,  mo st segments o f  the u. s .  maritime 
industry lack the necessary economic leverage to induce 
s uppl i e r  i nd ustrie s to devel op new p roducts . Fo r example,  
s hi p bui l ders s pend more f o r  ste e l  than for any other 
ma t e ri a l . Yet , the i r  purcha ses t� tal le s s  t han 2 percent of 
the total steel mi l l  output. • •  

Though t he industry i s  small and lacks t he economi c 
powe r to sti mul a te suppl i ers , it doe s make use o f  a wi de 
spectrum of re l a ted tec hn o l� gies . The re f ore , innovation s  in 
ot he r transporta tion indus tri es , the construction 
i nd u st ries , and the chemical industr ies may be s ucce s s fully 
appr opri ated . To undert a k e  succe s s f u l  borrowing o f  
t e ch n o l � gi cal a dvance s requi res that some means o f  defining 
the need s or problems faced by the marit ime indu stry be 
deve l � ped . I t  a l so requires a conce rted e f f o rt to se a rc h  
f �r use f ul t e c hno log i cal advanc e s  occurr i ng outs i de the 
i ndu s t ry . The f ollowing exa mple de s c ri bes a pro gram that 
ha s been pa rti c u larly succes s ful i n  help i ng o ne s egment of 
the i ndustry def ine needs and search for tec hnol ogical 
solut i ons . It a l so has been j u 1 ge d  s ucce s s ful in 
s timu l at ing i nnovation . 
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A M�DEL PROGRAM 

Recent R&D expenditure s  by the shi pbui lding industry may 
be a n  excepti on to the gener a l ly dec lining trend in R& D 
s pe nd i ng de scribed i n  the precee ding sec t i on . The Nat iona l 
Shi pbuilding Research Program repre s e nts an i ncrease in 
d i re c ted government/private R&D fund ing i n  the shipbui lding 
i ndustry . 

The Nationa l Shipbui l di ng Re search Program i s  jointly 
spons�red by �ar Ad and the society o f  Na va l Archi tects and 
Ma ri ne Enginee rs ( SNAKE) . The pr�gram �as l aunched in 1 9 6 9  
and i s  operated on a sha red- cost bas i s  �ith gove rnment and 
i ndustry act inq in partn e rship t o  identi fy and a sses s 
techn ical probl e ms and deve l op s o lut i ons . The re sults o f  
proq ram- sponsore d pro j ects a re nade avai l abl e t� al l members 
o f  t he industry . The program ha s approxi ma tely 1 0 0 proj ects 

- ei t h e r  c ompleted or i n  pro gre s s .  Many �f the pro jects h ave 
bee n success ful ; s ome have fai le d .  The organization and 
techni que s used have permi tted the program to ex ploit its 
s ucc e s s e s  throuq h wide i n d ustry d i f f us i �n. Th� program a l so 
inc�rporates mechanisms that pe rmit the recognition of 
f a i l ure s  in ti me to avo i d  l a rge expe ndit �res of resources . 

A number o f  barriers had to be �ve rc ome in the cours e of 
i mpl e menti ng thi s program. In q e ne r a l , i ndustry is 
d i s trust ful of q overnment pro j e c ts and pro j ect personnel . 
3 �ve rnment anti t rust activities caus e  add i t ional worries on 
t he part of industry ,  espec i a lly about pa rti cipa ting in the 
deve lopment of a program that s e eks coope rat ive f act- find ing 
a mo n q  companies . Hi storica l ly ,  companie s wi thin the s ame 
i nd u s try have been hi ghl y competit ive . Thi s ,  of course, 
reduces inf�rma t i on excha nge . Final ly , i ndustry often vi ews 
g�vernme nt a s  be i ng unabl e to carry out l � ng-term 
comni tme nts . The government ' s  team wa s a b le to overcome 
pr3blems in each o f  t hese a reas through pl anning , pa ti ence , 
and sincere e f f o rt.  

rhe structure of the p rogram doe s much to encourage open 
c omnunic ation . The cospons3rshi p by SNAME provi des a 
c r it i cal l ink i n  thi s proces s .  SNAME acts a s  a condui t for 
i nf 3 rmati on about the pr� g ram,  a s  �e l l  as  for in format ion 
ab��t advanc e s  made by other Mar Ad- s ponsored pro j ects . Each 
pro j e c t  i s  c onducted und e r  the direc t i on 3 f  a program 
mana ger h�used �ithin one of the industry ' s  shipyards .  The 
proq ram mana gers are held re spons i ble not on ly f or 
s upe rvi s i ng the indi vidual re search and deve lopment 
p r � j ects , but f � r  dissemina ting inf � rmati on about the 
proj ects to the re s t  of the indust r y . Con f erences are held 
p e r i 3dical ly t3 assess ne� i ndus t ry need s ,  and o pen , on- s i te 
demonstrations � f  each pi e ce �f  new t echn3logy devel oped 
thr� ugh the proq ram are mandatory. 
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The foll owi ng are the cri tical fact� r s  that contribute 
t� t he s uccess o f  the Nationa l Shipbui lding Re search 
Program: 

• Use r pa rticipati�n in the 3evelopment o f  re sear c h  
and demonstration prioritie s and pro ject 
spe ci fi cations ; 

• Ri s i ng e xpectati ons am�ng s hipbui lders about the 
potenti a l  benefits of the program for the indust ry ; 

• Open c�mmunication and exchange o f  technologica l 
inf o rmation among parti ci pants ; 

• Cost- s h aring among partici pants ; 

• And , m� st important , a ra re , open partnershi p 
between government and indus try . 

A detailed 1escripti on o f  the ope ration ,  successes , and 
f a i l ures of the National Shi pbu i l d i n g  Re search Program i s  
c�nt a ined i n  the Appendi x. The strategies devel oped t hrough 
this j oi nt e f fort may we l l  be worth e mulating in other 
sectors o f  the u . s .  mari t i me in3ustr y .  

CON: LUSI ONS 

• The u . s .  mariti me industry i s  b�th compl ex and 
heterogeneous. I ts segment s of ten have confl icting 
i nte res ts . The s hi pbui lding fi rms , the po rts . the 
sub s i 3i zed line s , and t he unsubs i di z ed companies 
each have their own perspective on any given i s sue .  
The f ra gmented structure an d  internal conflicts o f  
the in3 ustry make the introduction o f  new ideas 
di f f icult.  

• Res earch and deve lopment ef fort s  are a primary 
source of the new thing s and me thods that stimulate 
innovation.  Yet , in gene ra l ,  there has been a 
s e ri ous dec l ine i n  the leve l  of f unding for 
re search and development pro j ects i n  the Uni ted 
States over the past seve ra l  years . Fe deral 
funding for u . s .  ma ritime re search has fol lowed the 
general decl ine .  

• The re a re and have been ma ny te chno logic al advance s 
tha t of fered potential economi c  re�ard to t he u . s .  
mar i t i ne industry . Many we re a3�pted s l owly and/or 
a re not currentl y i n  us e.  In s � me i nstances , 
foreign competitors have be en the f irst to adopt 
the se u . s .  techn � logic a l  advanc e s . 
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• Many excellent idea s are developed in re search 
programs in pri vate re search institutes , government 
l aboratories , and unive rsities.  Recent example s 
i nc l u�e the large bulb�us bow f o r  s low speed ships , 
ship de sign economics , vi bration reduction , 
seakeeping anal ysi s , and i c e-breaki ng bows . 

• The li Dited siz e of va ri ous se � ments that compri se 
the industry makes them an unec onomi cal market for 
the development o f  ma j or co mpone nts of equipment , 
e i the r by the i ndustry itse l f  o r  by suppl iers to 
the i ndustry M 

• Althou� h the mari ti me i nd us t ry i s  relatively smal l ,  
i t  draws on a wi de spectrum o f  related 
te c hnol ogie s .  Conseque ntly , it i s  possi ble f or 
i nnova t i ons in other i n dustries , such as 
construction and aerospace , to be of  interest to 
the ma ritime world.  Whi l e  the mar i ne industry 
cannot a f ford to support re search and demonstration 
pro j e c t s  in all areas , the i ndustry wou l d  benef it 
by care fully monitoring ext e rior developments and 
ada pting them to the ma r i ti me f i eld when 
appropriate . 

• Whe n the fe deral govern me nt wor ks c lose ly with 
industry to a ss e s s  industry nee d s  and develop 
re search priorities , there is a high ra te o f  
impleme ntation o f  the results o f  federa lly funded 
research .  Cost- sharing programs sponso red by the 
Ma riti me Admini stration have proven particularly 
e f f ective .  

• The re i s  evidence that the s hi pbu i lding industry 
has been accele rating its r ate of re search and 
development . Thi s i s  be ing heavily inf luenced by 
the suc ce ss of the c oope rat i ve MarAd/SNAME 
Shi pbui lding Program. A si mi la r  e ffort has not 
�evel o ped be tween t he s hi p  o pe rators an d the MarAd 
research and deve lopment program. Clea rly , the re 
are strong bene f i ts to be � erived f rom such a 
program. 

• The Na t ional Sh i pbuilding Re s earch Program has 
uti li z e d  limited re source s e f fectively. It i s  
e x pected that,  while s � b s ta ntia l government support 
wi l l  continue to be re� u i re d ,  the s hi pbuilding 
indus t r y  wil l  incre a se its f i nancial commitment to 
the deve lopment o f  new technology .  
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CHAPTER I I I  

ENVIRONMENT FOR I NNOVATI ON 

The u. s .  ma ritime industry does not exist in a vacuum. 
Rath e r , like any industry , it is i ne xtri cably woven into the 
complex soci a l ,  politica l , and legal fabric of  the Uni te d  
States . Thus , s ome of t h e  incentive s and deterrents to 

- i nnovation and t echnology trans f e r  i n  the maritime indus t ry 
have the i r  o ri g i n s  outsi de the i ndustry itse l f  and are 
e s s e ntia lly be yond industry control ; most are not, however , 
bey�nd i ndus t ry influence . To i nf luence factors beyond the 
i mme diate contro l of industry re quires f i rst that these 
f a ct o rs be i dent i fied , and secon� that they be analyze d  and 
posi t i ve di recti ons for c h ange be charted. 

In the cours e of our deliberations on the environment 
for i nnovati o n ,  we identi f i e d  and a n a l yz e d  four ma j o r  
i nf l uencing factors o f  external ori � i n .  Even though the se 
fact ors are e s s e nt i a l ly external to t he ma rit ime indus tr y ,  
t hey have a signi f icant impact o n  the cl imate for innova tion 
with i n  the i ndustry. The fi rst fact or i s  the publ ic 
perc e ption o f  the mariti me indus try , a f a c tor that has 
soc i a l  o ri g i ns a nd politi cal consequence s .  The second 
f act or , protecti onism,  has poli t ical an� economi c  origins 
and both legal a nd economi c cons eque nces . The f inal two 
sets of factors are laws , legal de ci s ions ,  regulations , and 
rule s ;  a nd the tax structure . rhe s e  last two groups arise 
prinarily from t he federa l government and from the various 
i nte rnat iona l ,  multi - lateral treat i e s  that re gul at e the 
�orl �wi de ma ri t i me industry . Each o f  the se factors is  s een 
a s  ha ving an i mportant e f f ect on t he rat e  of innovat ion and 
technology trans fer experienced by the u. s .  mari time 
in�ustry . Each wi l l  be di scussed in thi s chapte r .  

PUBL I C  P ERCEPTI �N O F  THE MARI TI ME I NDUSrRr 

�ne o f  the deterrents to progres s in ma ri time innovation 
and techno lo�y 3 evelopme n t  i s  the l a c k  o f  public percept ion 
o f  t he u . s .  mari time industry as a s i gni fi cant component of 
t he u . s .  tra ns po rtati on system. One hun dred years ago , u. s . 
s hi ? S  dominated our commerce an1 c a p t ured the imagination of 
the �me r ican pub l i c .  Forty years ago , pas se nger ships 
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pr�vided near ly a l l  ocean busine s s  a nd ple a sure travel . 
Now, with the a 3 vent o f  a i r trave l a nd s pace exp l oration , 
publ i c  interest i n  ocean travel and ocean transport has 
wane d . 

The pub l i c  l acks interes t i n  today • s  merchant marine 
p a r t l y  b ecause i t  i s  the least visible sec tor of the u . s .  
transporta ti on network .  Few Ame ri ca n s  h ave any contact with 
shi p s . Othe r m� des of trans port , especi a l ly ai r 
tra n sporta t i o n ,  are far m�re vis i b le . Aerospace innovat ions 
a r e  s pec tacu lar and rece ive wides pre ad public attention.· 
whi l e  a 3 va nc e s i n  the ma r i t i me i n3 ustry general l y  go 
unn�ticed. As a result, the u. s .  me rchant ma rine i s  
perc e i ved by t h e  public as outm� ded , i ne f f i cient , and 
nonc�mpe titive . The industry ' s  nee3 for subsidy has added 
appreciably to this poor public image . 

G e ne ral pub l i c  apathy ha s prompt ed p o l i cy makers to tend 
t �  ii smiss mari t ime powe r as non- e s senti a l . t 3 9  Yet ,  the 
Merc hant Marine Act of 1 93 6 ,  as well as the 1 9 7 0  amendment s 
to t he Act ,  sti pulate that the merchant marine s hould 
cont inue to serve important nati onal function s .  The 
me rc hant ma rine i s  descr i bed by federal law as the bas ic 
l ogi s t i c  transp� rtation s e rvice f or the military in time s of 
e mergenc y .  The d e f ense �f e ssenti al  sea lanes i s  cons idered 
n e c e s sary n�t only to mai ntain a s teady supp ly o f  strate gic 
goo i s  duri ng war ;  but ,  it is  a l s o  de e me3 essenti al to ensure 
a c�nstant f low of raw ma teri a ls for u. s.  industrie s during 
peac etime .  I n  spi te o f  this expres s e d  and legis l ated 
nati�nal pol icy , t he very rea l  threat to nationa l securi ty 
a r i s i ng from the decl ine � f  u. s . - f l a g  shi pping and the r ise 
of o ther maritime powers , espec i a l ly the s oviet fleet, goe s  
unn� ticed by ma n y  policy makers and b y  t he ma jority o f  t he 
gene ral publi c .  

I t  i s  c le a r  that a mea ns mus t b e  found t o  in creas e t he 
publ i c ' s  awa rene s s  of the importance of  the merchant marine .  
Unf �rtunate l y ,  t he economi c realities faced by the maritime 
i n3ustry wi l l  ma ke thi s di f ficul t .  A re cent ly publ i s hed 
s t ui y s pons� re3 by the �a ritime Admi ni st ration sought to 
esta b l i s h  t he e c onomi c i npact �f  the u . s .  mar itime indust ry. 
U s i n g  1 9 7 0  a s  the base ye a r ,  the res e a rc he rs found that 
s a l e s  of goods a nd servi ces f�r the i ndustry totaled S 8 . 3 
b i l l i o n ;  payments f or g��ds and servi ces tot al ed S 2 . 4 
bi l l i o n ;  wages a nd salaries tota led $ 2 . 3  b i l l ion ; c orporate 
i nc � me total e d  s o . a bill i o n ;  and fede ra l ,  state ,  and local 
t a x  reve nues tot aled $ 0 . 7 bi lli�n. 3 9  As impressive a s  i t  
looks , t hi s  S 1 4 . 5 bil lion total re pre sents a very smal l 
share o f  the $ 2  trillion u . s .  economy .  

This sma l l  s hare o f  the G NP i s  not rea lly indicati ve o f  
the bene f its re ndered by the mar i t ime industry to u. s .  trade 
and n a t i onal security ; i t  .doe s ,  howeve r ,  help explain why 

4 8  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

I n n o v a t i o n  i n  t h e  M a r i t i m e  I n d u s t r y
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 8 2 9

http://www.nap.edu/catalog.php?record_id=19829


the �merican public i s  unaware of the hi gh percentage of 
u. s .  tra de carri ed by fore ign-owne d,  fore ign-controlled 
ships and by u . s . - owned, foreign- f la g  ships . 

Not only i s  economic leverage la cking , but the 
pote ntia lly harmful economic consequence s of a declining 
u. s .  merchant fleet a re not readi ly a ppa rent to the publ i c .  
Many bel ieve tha t foreign nations with large fleets and low 
carg� rates should carry u . s .  ca rgo , the reby saving the 
United States the cost of ma inta ining its own shipping 
capa bi l ity . I t  i s  not genera lly rec ogni z ed that reliance 
upon f oreign shi ppi ng may leave the United State s vulnerable 
to t he arbitrary acti ons of fore ign tra3ing partners s uch as 
those experienc e d  during the oil exi gency of 1 9 7 3 - 7 4 . 

Subord inati o n  of long-term e conomic goal s to short-term 
savi ngs on f reight rates r educes the abi l ity of u. s . - f lag 

· ope rator s to gene rate capi ta l f�r investme nt i n  innovation 
or c on struction and weakens the f lee t ' s  abil i ty to respond 
t o  c omme rcial and defens e demands . 

E ven tho se rec rui ting new ta lent for the industry are 
a f f e cted by publ i c  apathy . Recruite r s  find i t  d i f f icult to 
attract high- qua l ity personnel for manager ial and 
engi n eering pos i t ions (see Chapter V) . Schools that teach 
nava l architecture and ma rine engineering report a 
substantia l port i on of the ir American undergr aduate stud ents 
a r e  � ri g inal ly attracted bec a use of thei r intere st in yacht 
des i gn ( though t hey often expan3 the i r  i nterest with t ime) . 
rhe n ,  when qual i fied undergradua ted students apply for 
graduate stu3y i n  marine-rel ated eng i nee r i ng pro grams , few 
can be a dmitted be cause of the me age r and uncertain re se arch 
support a va i l able to u. s .  univer s i ti e s  in the maritime 
fiel 3 .  I n  short , the re i s  a lack of concern ab� ut nat ional 
mari t ime prestige , nationa l maritime power , and the 
concomit ant nati onal sec urity cons iderations . 

B oweve r ,  the most da n gerous res u l t  f rom the l ack o f  
publ i c  a warene ss i s  a la ck o f  unders tanding o f  the cruci al 
role o f  u. s . - f l a g  cargo s h i p s  i n  nat i onal de f ense . During 
the Vi e t Nam con flict , 98 pe rcent of all mil i tary support 
f l owed by ship - - the wi dely proclai med airli ft 
notwi thstanding . The vi gorous publi c promoti on of airli f t 
i s  proba bly re spon si ble for the low level of pub l ic 
per� e pti on of the import ant s upport role the u. s .  merchant 
mar i ne played . 

rhe u . s .  a i r l i ft of mi l i tary e qu i pme nt and s uppl ie s in 
s upport o f  the I srae l i  war was a huge succes s .  This suc cess 
was nade pos s i bl e  be caus e the jet fuel f or the a i rl i f t ,  
whi c h  weighe d  four ti me s  a s  much a s  t he e � ui pment moved, was 
del i vered by shi ps .  

4 9  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

I n n o v a t i o n  i n  t h e  M a r i t i m e  I n d u s t r y
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 8 2 9

http://www.nap.edu/catalog.php?record_id=19829


The American public i s  basical ly una�are of the funct ion 
o f  t he merchant marine and the need f or ma intaining a 
coma e rc i a l  f l e e t . Thi s  l ack o f  a�a r e nes s hamper s industry 
gro�th . I t  al s o  handicaps the i ndus try i n  its efforts to 
i ntroduce innovati ons or te chno l ogi c a l  changes that wi l l  
strengthen the tJ . S . - flag fleet. Thi s important problem 
sug�ests an oppo rtuni ty to i nnovate to i ncrease publ ic 
a�arenes s of the nationa l importance o f  the mari time 
i ndustry . 

PROTECTIONISM 

Na tions that enj oy a h igh standa rd o f  living have been 
characte rized by highly product i ve �orkers . High 
pr oductivi ty thrives in an environment i nvol ving high 
capi tal i nve stme nt i n  e�ui pment , mas s pr oduction , strong 

- manager ial leaders hip , i nnovative engineering ta lent , 
enlightened labor-manage me nt re lations , and a po l itical 
envi ronment that l ends s upport t o  the industry with a 
mi ni mum of interference. Under the s e  ci rcumstances , wor kers 
can earn high hourly wage s  because t he ir high producti vi ty 
�ene rate s  labor costs per unit that are no h igher than t hose 
generated in les s advanced nati ons . Even when unit cost s  
a r e  higher,  the i ndustry may ma i ntai n a competit ive edge by 
o f f e ring a more de sirable product. Better products a re made 
poss i b le throuqh market surveys and advanced technology . 
Ro�eve r, under the high hourly �age r a tes tha t prevail i n  
a dvanced nations , an industry that mai nt a i ns labor-intens ive 
me t hods wi l l  sel dom be able to c ompe te i n  the world ma rket. 

supp lying s o me f orm of prote c t i o n  i s  o ften s uggested as 
an e qual izer to enable l abo r - inten s i ve industries to compete 
in �orld markets . Littl e direct evi dence exi sts to 
demons trate the e f fect o f  protecti onism o n  the i nnovat ion 
p ro : es s .  Nevertheless , this impac t  can be inferred by 
exami ni ng the re lationshi p  bet�e en prote ct i onism and 
economic mot ivat ions . �f inte rest i s  the contra st between 
t he s h i p  ope rati ng i ndustry and the s hi pb� i l ding industry . 
Some s hi p  o pera t o r s  have been a b le t o  move away f rom a 
labor- i nte nsive approach and to �ar d a cap ital -intens ive 
appr o a ch wit hout bene f it of direct subsi dy ;  the 
s hi pb�ilders , howeve r ,  have not , e ve n  wi th the bene f i t s  of a 
va ri ety of prote c tive la�s and r e g�l at i o ns .  

None o f  the �sual forms o f  protec ti oni sm completely 
e l i ni nate compe titi on or the pro f i t  moti ve . Ho�ever , many 
do t end to red�c e competition and , t o  that extent , must be 
cons i dered � e te r rents to the innovat i on process . Cabota ge 
( t he l e gal re striction to domestic c a rri e r s  of transport 

bet�e en points �i thi n a country ' s border s )  and cargo 
preference l a�s are abs o lute re�ucers of competi tion in the 
sens e that t hey l i mi t  compe t i t i on to domestic fl eets . 
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Bi latera l agreeMents and confere nces a ll ow more flexibil i ty ,  
but attempt out of nation a l  interests  t �  exclude predators 
wh� would inv�ke pres sure s e xternal to shipping 
economic s . l l 6 Other forms o f  prote ction i s m  such as federal 
mort qage ins �rance ar� wea ker deterrents beca use they do not 
lower the survi va l and pro f i t  motive s .  

I t  h as been argued , with at least s�me j usti f icati on , 
that shipbui lding i s  inherently lab� r- intensive, and ,  
therefore , the United States must continue some form o f  
fede ral encouragement i f  the industry i s  t o  survive . 
Cons idering the e xtremel y cyclical n ature o f  the u. s .  
s hipbuil ding industry described brie fly i n  Chapter I V, i f  
s hi pya rd s are to maintai n any c�ntinuity i n  trained 
e ngi neering and production s taf f , if they are to avoid 
havi nq to hi re � nd fi re accordi ng to the f luctuations of the 
orde r books, some form o f  fe der�l protec tion is required . s s  

· I n � ddit ion, to be competitive internationally, many u. s .  
shipbuilders a nd ship operators require protective 
a r r � n gements to compensa te for highe r costs whic h are caused 
by t he e xpense of compli ance with higher u . s .  environmental 
and safety standards . 

E ven though the u . s .  shi pbui l d ing indus t ry benefits from 
f ederal subsidi e s  and othe r f orms of protection, it has 
lag�ed f ar behind its fore ign competitors in int roduci ng 
i nnovati ons . �l though there has been a distinct recent move 
t ow� rd making the i ndustry more capi tal inten sive , i t  would 
be d i f f icult t o  show that u. s .  s hi pyard workers are now more 
productive than those in nations whe re l abor rate s are only 
a fr�ction of  th ose in thi s country. 

· 

rhe effect s  of direct subsi 1 y  f o r  ship c onstruc tion and 
ship ope rati on a re di ffi cult to gauq e .  some bel ieve that 
such subsidies encourage complac ency and reduce competitive 
spi ri t .  Others feel tha t ,  since sub s i di es are available to 
all u . s .  fleets , competi tion is not gre� tly a f fected within 
the i ndustry itself , and that c�mpet iti�n wit h  foreign 
mar i t i me nations is impossible without thi s form of federal 
support . 

The attempts of the subsidi z ed u . s .  line s  to bui ld 
c ont a ine rships in u . s .  yards are often del ayed by the 
restrict ions an1 bureauc rati c cons t r a i nts of the subs i dy 
pr��ram and , because of the unce rtai nty of  recei ving 
governme nt construction funds , s hipyards o ft en delay or fail  
to i nvest in  the nece ssary machi ne ry . ro ill ust rate , G race 
L i ne s ,  I nc .  awarde d  a des ign contract t� Sun Shipbuilding 
Co.  for four containersh ips  in late 1 9 6 1 .  The c onstruction 
c ont ract for the ships was not awarded unt il mi d- 1 9 6 3 .  The 
1eli very date f o r  the fir s t  shi p was the spring o f  1 9 6 6 , and 
del i very of the last in spring 1 9 6 7 .  I n  contras t , a C hi lean 
l i ne awarded a 1esign cont ra ct for f o ur cont aine r ships t o  a 
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Japa nese shi pyard in spring 1 9 6 3 ; de l i very o f  the f irst ship 
took place in the fall of 1 9 6 5 ; by s pring 1 9 6 6 ,  the last 
ship was deliver ed . • ? The Chile an project wa s comple ted in 
� ne- ha lf the time o f  the U. S . /G race Line s pro ject .  

Although the federal bureaucrati c procedures were not 
the only contributing f a ctors in thi s case ,  t hey were a 
maj � r fa ctor . At the time ,  many u. s .  shipya rds , including 
Sun, lacked the machi nery neede1 to  produce containershi ps 
e ffic iently. The fai lure of subsi di z ed lines to take early 
adva n tage of the pioneering work of the unsubsidized l ines , 
compounded by the lengthy de lays e ncountered during the 
des i gn and c onstructi on process , ser iously weakened the 
competitive stance o f  the u. s .  f leet in world trade .  

In the last several ye ars , nany u. s. ship operators have 
made a strong move toward capital- intensiveness. Crew 

- membe rs are fewe r  in number than in years pa st , and they are 
worki ng with shi ps that are ten to twenty times as 
productive as the vessels they repla ced. Moreover, some · 

u. s .  shi powners have led the wa � i n  certain technologica l  
devel opments . J ften , the � st innovative companies have 
been those operating without direct subsidie s . 

The two companies , Sea- Land and Matson, that f irst 
unde rtook indepe ndent devel�pment of containerships were not 
direc t ly subs i diz ed . Al th�ugh i t  s hould be noted that both 
Matson and Sea- Land bene f i ted f r om cabotage and cargo 
pre f e rence laws ,  as well as indi rect aids such as Title XI 
m� rt age insuranc e ,  their capacity t� operate in world trade 
without bene f it of direct subsidy mus t be largely attr ibuted 
t� better manage ment and careful pur suit � f  the innovation 
process . Conta i ne rizati �n was n�t a d�pted  on a wide s ca l e  
by s ubsi diz ed lines unti l a fter Se a- Land launched i t s  fi rst 
fore ign trade c�ntainer service.  

�ne conditi�n that is ba sic to the various forms of 
federa l  assi stance i s  that the g�vernment must be assured 
that the recipient will  meet the re�uirements of the law. 
As a res ult, the re are a p lethora �f  res trictions and legal 
acti vi ties and  paperwork . The complexitie s  o f  federal 
ma ri t i me interve ntion s and labor uni on constraints place 
enormous admini s trative burdens on u . s .  shipowners,  
part i cularly th� se who accept oper at i ng subsi die s .  Thes e 
ship owners us ual ly are unable to make ra pid adjustments to 
changing opportunities  e ither i n  the market or in t he 
ava i labi lity of  new techn3 logies .  P reoccupied wi th 
admi nistrative natters tha t  are the inevi table consequences 
� f  feder al suppo rt , subsi dized shipowners have less time or 
l i tt l e  inc l i na ti on to try new c�ncep t s .  Moreover , when 
lega l re qui rements be come outmoded , these re stri ctions are 
ofte n d i f f icult to change and 3 f ten h o ld back progress .  
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Subsidies have been cited as being responsible for the 
poor management of several o. s. - fla� ship operat ors . 
Test i fying before the B ouse Merc hant Marine a nd Fisherie s 
:on�ittee in February 1 9 7 8 , Assi stant Secretary of Commerce 
f o r  �aritime Aff airs , Robert Blackwe ll , stated that, of the 
ten u. s .  liner o ompanies receiving o perating subsidy ,  one 
(PFEL) vas in ba nkruptcy and two others (Prudential Line s 
and States Steamship) 11are in a condi tion tha t  i s  of 
conc ern . " Be  said the ma jor nonsubsidiz e d  l i ner companies 
(Sea-Land , u . s .  Lines , and  Centra l  3ul f) all  operate 
pro f itably . Re�arding the contrast between the performances 
of the subsidized and nonsubsidi zed liner companies , Mr. 
Blackwe l l  ventured that the nonsubsidized carriers,  
generally ,  had extremely· good management and tha t ,  i f  they 
were n ' t the recipients of subsidy,  the other operators 
11 iiould probably work harder. 11 1 0 e 

It  may be , however,  that some more i ndirect forms of 
fede ral aid to ship operators and sh ipbuilders  c o uld provide 
the same economi c protecti on whi l e  e ncouraging more 
technologi cal change . Two outstandi ng examples of how other 
countrie s ha ve supported i nnovation through indi rect means 
are f ound in the O. K .  and Japan. 

The United Kingdom has devel oped a number of financial 
support programs that directly e nc ourage the adoption of 
innovati ons . To support development of the new industries 
such as the hove rcraft industry, B ri t ain e stabli shed the 
Nati onal Re s earo h and Deve l opment Corporat ion which prov ides 
venture capital to projects cons idered to be in the national 
i nterest . The a i m  of the corporat ion is to be f inanci al ly 
self - support ing from the commercial operation s of the 
pro j ects it has funded. Of the $ 9 . 5  mil l i on invested in 
hove rcra ft p ro j e cts , the corporati on has already recovered 
over $ 5 . 7 mi llion. 4 o Clearl y ,  t he re are pos s ibil ities f or 
the deve lopment of u. s .  indirect subsidy programs . This 
is sue should be studied in more detail , as shoul d the is sue 
of  deve loping tax programs designed to encourage the 
adoption of  new technology . 

I n  Japan , the fi rst automate d se agoi ng s hip, K INKASAN 
MARO , va s produced under a government program started in 
1 9 59 . The Shipbui lding Techni cal Counci l ,  at the request of 
the Japanese �inistry of Transportation ,  e stabli shed 
subcommittee s  a nd instituted a j oi nt effort by s hipbui lding, 
shipping , and re lated industries to assi st in  the progra m. 
The Ship Bureau of the Mi nistry of rrans portation 
co o r d i nated the proj ect ' s  re search a ctivi tie s .  

The Ministry of Transportation conti nued its e f f orts , 
and,  in 1 9 6 7 , e s tabli shed an ambitious program to further 
adva nce automati on technology by  bri nging together 
representatives of the shipbui ld ing industry , shipowne rs , 
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component suppliers ,  industry and univers ity res earch 
acti vities , and classification socie ties to function as 
members of the Joi nt Research C�mmittee  on Advanced 
Inte grated Control  systems for  Ships . The cooperative 
e f f � rts o f  this group were i nstrumental i n  producing a 
series � f  highl y automated · merchant ships between 1 9 6 9  and 
1 9 73 . 7 6  

LAWS , LEGAL DECI SIONS , RE�ULATIONS , AND RULES 

statutes and regulati�ns a re the means by which Congress 
and regulatory agencies ,  s uch as the u. s .  coast Guard, the 
Lab� r Department ' s  Occupational Safety and H ealth 
Admi nistrati on, and the Envi ronmenta l Protection Agency ,  
promulga te their pol icie s .  Many of these laws and 
reg� l ations purport to encourage innovation as a matter of 

- poli cy .  At the very least , they do not deliberately attempt 
t� inhibit innovation. 

However,  in the past five ye ars , the time it takes to 
pronulgate regulations ha s  i ncreased beyond the needs of 
democ ratic proce ss . Legal istic and bureaucratic delays 
place ma ny i ssue s  in limbo , so that i ndustry hol ds back on 
resea rch and appl ication o f  inn�vative idea s whi le awaiting 
the outcome of regulatory de lays . rhe process could be 
quickened appre ciably with bene f it to the innovative process 
with�ut threatening the dem�cratic process . 

I nability t� e stablish s ourc e- to- destination bi lls-of
lading f or throuqh passage in i nternati3nal land and water 
carri age of inte rmodal c�ntainers re s ult s from existing laws 
that act as deterrents to the innovation process . For 
i ns t a nce , land and water segments of intermodal movement are 
regulated by tw� i ndependent agenc ie s ,  the I nterstate 
: ommerce Commiss ion and the Federal Mari t i me Commiss ion. As 
pres ently written , antitrust laws re lated to rates for such 
carri age a l s o  block this needed change. 

Patent l aws and policy can act as both a sti mulus and a 
dete rrent to i nventors .  Strict pate nt laws are intended to 
pr�tect the f inanc ial inte re sts of i nventors and , the ref ore , 
enc3 urage tec hn3logy growth. H3weve r ,  nany federal research 
and deve l�pment contracts req uire that any patents f l owi ng 
from work on the contracts be available to all . • • The 
under lying n�ti�n is that since publicly f unded research led 
to t he patent , everyone should benef i t .  As R. B. Hannay 
n3te s ,  the probl em is that what be longs to everybody usually 
is 3f intere st to nobody . rhe l arge investments required to 
manu facture the resulting new produc t and develop a ma rket 
are unlike ly to be rewarded by a sat is factory economic 
ret m rn in the absence of an e xcl usi ve license . Hannay notes 
that patents resulting f rom federa l l y  funded res earch and 

5 4  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

I n n o v a t i o n  i n  t h e  M a r i t i m e  I n d u s t r y
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 8 2 9

http://www.nap.edu/catalog.php?record_id=19829


devel opment pro j ects could become a stimul us for the 
adoption o f  new technology i f  ne w pr �visions for exclusive 
licensing were e stablished. S ? 

Uncertainty created by c hanging governmen t  attitudes and 
poli � i e s  is  another deterrent t� technol�gical change in 
ind�stry . The net .effect o f  thi s uncertainty is to shorten 
the time- f rame within which man a ge me nt i s  wi lling t� plan. 
Th�s , cauti�us , small improvements in operations may be 
appr�ve d  by mana gement ,  while l �ng-term, capital - intensive 
inn�vations are avoided. There f ore , the many , o f ten radical 
c hanges that have occurred in the f e deral regulatory area 
�ver the past two decades continue to act as deterrents to 
technologica l change . s ? 

I nternat iona l policies are expre s sed by the world 
c omm�nity throu� h · multi-l ateral treaties from c�nventions 

· such as the Sa fety of Lif e  at Sea C�nvention (SOLAS) . The 
p� licies devel�ped by the convention participants may al so 
infl uence techn� logical change, primarily becaus e the 
proc ess of ratifying and revising such conventi�ns is time 
cons �ming an� re �uires �btaining the appr oval of a ma jor ity 
( � ften two- third s)  of al l partie s involved . Each country 
must carry out those actions re�ui re d  f�r internal treaty 
rat i fica tion an� revi sion of domestic legislation . The t ime 
re��i red for t hi s ratifica tion slows the pace of 
tec hnologica l c hange for all �f the treaty parti cipants. 

In another way, however,  international organ izati ons 
s�ch  as the I nte rgove rnmental Mari time Consultative 
Organization (I�CO ) help the u. s .  ma ritime industry by 
ad�pt ing standards in the i r  a greements that force 
competitors to e mulate Ameri ca ' s  general ly higher 
envi ronmenta l pr otection and safety code s .  These agreements 
prob a bly have li ttle or n� e f fect  on inn�vat ion within t he 
u . s .  industry be cause u. s .  standa rds a re usua lly the bench 
ma rks for i nte rnati�nal agreement s , and,  of course,  t hey 
alrea�y prevail in the u . s .  mari time in�ustry . 

�the r ma riti me regulations pr�mul gat ed  as rules o f  non
g�ve r nme ntal organizations , such a s  lab� r unions and the 
c la s s i fi cation societies , may either e ncourage � r  discourage 
innovation .  For example ,  unions generally have opposed 
acti � n s  that bri ng about greater mechanizati on in the 
ope ra t ion �f shi ps and ports out � f  f ear o f  losing j ob 
�pp� r t unitie s  for their members . M� st classi fication 
soci etie s ,  on the other hand , have tried to steer a mi ddle 
course in setting mi nimum requi rements . Ove r ly stringent 
rule s wi ll irive shipowners to c�mpeting societi e s ;  over ly 
rel a xed rules wi ll  lead to frequent losses and 
dete rioriati ng c redibi lity in the eyes �f  s hipowners and 
unde rwri te rs .  �veral l ,  however,  c lassification soc ietie s 
ten� to  err on the side of gradual ness i n  settin g minimum 

55 

Copyr igh t  ©  Na t iona l  Academy o f  Sc iences .  A l l  r i gh ts  rese rved .

Innova t ion  in  the  Mar i t ime  Indus t ry
h t tp : / /www.nap .edu /ca ta log .php?record_ id=19829

http://www.nap.edu/catalog.php?record_id=19829


requi rements f�r innovative technologies . This conservati sm 
ini t i a lly acts to slow progress ,  but without such prudence 
inn�vative devel opments may suffer embarrassing failures 
that could lea3  to the applicati on �f even greater 
cons ervatism. 

Fina l ly, the re is the body �f mariti me or admiralty law 
pronulgated by the 

·
courts and regulatory agencie s that i s  

based on the res ults of li tigati on between di sputing 
parties.  Since the first re sponsibi l i ty o f  these 
orga nizations i s  to reach a j ust dec is ion on the matter 
being tried before them, the pol icy i mpl ications of such 
deci si ons are l e ss likely to be c�ns i dered. In general, the 
precedents set by such dec isions can be al tered only through 
the slow leg islative pr�cess . 

rhere is a strong tendency for legal and qua si- legal 
. rule s to inhibi t progres s .  What i s  a wi se rule in today • s  
mi li eu may be f�olish tomorrow. Yet , laws and rules are not 
easi ly changed, and so they often prevent the quick adoption 
o f  new tec hnologies or new Deth�ds � f  operation. 

Governments in other countries , especially Japan, wo rk 
more c losely with industry to foster innovations and 
exports . At time s , i t  appears that the u. s .  government has 
adopted a h�stile attitude toward business , subjecting i t  to 
thou sands of costl y  regulations . F� r exampl e ,  i n  the making 
�f s tee l , companies  must comply with more than 5 00 0  
regu lations i ssued by 2 7  dif ferent federal agenc i es . t The 
nat i onal legal/regulatory structure has become 
coun terproductive as a public servi c e  tool . The net public 
inte rest would be better served by s i mpl i f ication and 
reduction of the regulations on priva te enterpri se and by 
adde d incentives for innovation. 

rAX STRUCTURE 

Tax i ssues that are re levant to i nn�vation include the 
treatment of capital gains , investment credits,  
depreciation ,  and the tax treatnent of res earch and 
devel�pment expenses . Little bas be en written about how tax 
i ncentives a f fect innovation.  �bi le some argue that tax 
ince ntives do encoura ge firms t� innovate , others maintain 
that there is n �  e vidence t� su�ge s t  that tax in centives 
wi ll encourage f irms to apply retained earnings to the 
deve lopment of new products. 4 9  

Alt hough experts disagree about the e f fects of tax 
i nce ntives on re search and � n  innovation in industry 
gene ral ly,  in our investigation ,  we found that there is  
little di sagreement on the dampenin� effect o f  t he current 
tax structure on innovati�n in the ma ritime industry . 
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rhe capi tal gains tax structure has been cited as be ing 
one reason for the drying up of venture capital. The 
maxi mum tax on capital gains was rai sed from 25 percent in 
1 9 6 9  to the recent 4 9  percent rate . For inve stors,  thi s  
increase e ffecti vely cut what might have been a 2 5  percent 
gain on a high- r isk inve stment to an e ff ective return of 
about 1 2  percent . .Even wi th the rec ent congress ional ro l l  
ba ck of the capi tal gains rate , the negative e ff ects o f  ten 
years under the old structure may co ntinue for a whil e  into 
the future . • 4  

I t  appears that the current u. s .  tax s tructure tends to 
discourage innovation , particularly capi tal-intensive 
innovati on , in two signi f icant ways . Fi rst, depreci at ion is 
calculated on the basis of histori ca l costs and does not 
recogni z e  re cove ry of current or rep l ace ment val ue. 
�lt hough f ut ure recovery o f  book value i s  allowe d ,  the 

- purc hasing powe r of the val ue recove red wi ll have been 
s igni ficantly reduced by i nf lation. H ence , an i nvestor mus t  
earn a highe r af ter-tax profit i n  order to maint a in hi s 
capi t a l  in real terms . second, taxe s are ba sed on a 
perc enta ge o f  be fore-tax pro f its . I f  an i nnovat ion loses 
money and there i s  no income from othe r  source s ,  the 
inve stor must a b sorb a substantial  porti on of the loss . 
Pro fits , however , are sha red with government , roughly on a 
f ifty- f i fty basi s .  Thus , the potent i a l  prof i t ,  which would 
norma l ly act as an i ncenti ve to encourage industry to 
undertake the ri sks of innovation, can be reduced 
s ubstantially by taxes .  Under t hi s  s tr�cture , it is not 
surprising that industry tends t o  ignore innovations that do 
not promise quic k ,  high prof i t  margi ns . 

rhe u. s .  ma ritime industry � if fe rs from most others i n  
that it i s  in � i rect competition wit h fore ign industri es , 
many o f  which are owned or controlled by the i r  respective 
gove rnme nts and have bee n ef f ect ive l y  shielded from the 
eKigencies of the free market.  Spec i a l  economic and tax 
consi derati ons have been grante� the u . s .  industry via t he 
�erc hant �arine Act of 1 9 3 6  a s  amen�ed in  1 9 7 0  through 
c rea tion of tax def erred construct i o n  fund accounts . 
Ad�i t ional s peci al tax consi de ration s  such a s  short- te rm 
write-off  of capi tal investments a n� revised cal culati on of 
depreciati on would a i d  the i ndus try in servi ce o f  the public 
wel f are by i mproving the c limate t o  innova te and would not 
nece ssari ly a�ve rsely af f e ct other i ndustries . 

�ne approach f or changing the tax structure i s offered 
by � . E .  Zimmie , Presi dent of Z i D Dite Corporat ion and wel l
kno�n innovator . Z immie bel ieve s th a t  t he current maritime 
subs idy system s uppresse s  c reativi t y .  In pl a ce o f  the 
pre s e nt subs idy system, he recommends a more rapid tax 
wri t e- of f ,  c laimi ng that i t  woul d pr o vide a more e f fective 
i ncentive for innova tion . I f  thi s  me thod were a d opted , he 
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sugqests , a productive and profi tabl e innovation would 
aut�matically pay for itself through rapid write-of f . The 
=ana dians , f or e xample , of fer  a vari a ble time-frame for tax 
�rit e- o f fs . t • • 

Philip �belson , editor of �ienc� magazine , cites hi gh 
i nte rest rates and .current tax policy as two fac tors that 
disc�urage innovation. He supp�rts rapi d wr ite-off  by 
cit i ng as  a contrast that in Japan c ompanies can write-o f f  
capi ta l expenditures in 3 t �  5 years ; i n  the Uni ted States , 
�ri t e- o f f  time i s  1 0  years or more . t Of course , the 
�pinions o f  Z i mmie and �belson a re only two among many views 
that must re pre sent a wi de range �f j u dqment on the comp lex 
i s s � e  of the levy and use of government taxe s . 

CON� LUSI ONS 

• I n  qenera l ,  the public is  u naware of the economic ,  
def ense , and security-related contri butions o f  the 
u. s .  maritime industry .  Thi s  makes it difficult 
for many sectors of the i ndustry to secure funds 
for resea rch and devel�pment proj ects and to 
attract qua l i fied nanaqer i a l  and engineering 
personnel . It a l so makes it di f f ic ult to attract 
quali fi ed undergraduate st�dents to maritime
rel ated enginee ring programs . While ma ny qua li fied 
students apply f or graduate st�dy in marine-rel ated 
enginee ring prog rams , f e w  c an be admitted because 
of the meager and uncertain res earch support 
availab le to u. s .  universities in the maritime 
fie ld . 

• The vol ume o f  regulations and standa rds as we ll as 
the time required for t he pro�lgation o f  
regulations place a va r iety of c onstrai nts on 
busine s s  operati ons . Examp l e s  include operat ing 
s ubsidy requlati ons , industry standards , work 
rul e s ,  steamshi p conference arrangements , and 
classif ication socie ty requirements . �lthough i t  
i s  uni nte ntiona l , these requlat i ons sometimes s erve 
to de lay or inhibit the introduc tion of new devices 
a nd method s .  

• Direct federal s ubsidy of segments o f  the industry 
appears to have a dampening e ffect on innovation. 
The qua l i ty of mana gement in subsidi zed firms has 
been ci ted as  be ing l��er . Ho�ever , there is 
evi dence suggesting that indirect subsidy 
a rrange ments ma y stimul ate i nn�vation and improve 
the qua lity of manageme nt .  
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• Federal tax and accoun t ing str�ctures t end to 
dis c�urage innovation by re duci ng financial 
benef it s .  The current method for  calculating 
deprec i ation , hi gh-capi tal- gains t ax ratios , and 
the l ac k  of special tax treatment for profi ts and 
l osse s a ssociated· with high -risk innovations tend 
to discourage investment in innovations . 
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CHAPTER IV 

ECONOMIC S  AND INNOVATI ON 

The commi ttee assumed instinctively that , during 
peacetime, the strongest incentive s for innovation are 
economic . Our belief wa s  strengthened by the observations 
of a number of a uthorities who have studied t he innovation 

- process in this country . & • •  In  gene ral,  both potential 
prof it and economic necessity tend to stimulate innovati on , 
while ec onomic c omplacency tends to act as a deterrent . An 
economic inducement to innovate may be mitiga ted by either 
or b oth of two f actors , capi tal avai labi l i ty and/or the 
perceived ri sk o f  the innovation. Ke made no attempt to 
con1uct any deta iled e conomi c  analyses such as appl ication 
of  t he sophisticated Bechs cher- Ohlin the ory of factor 
pri o i ng and inte rnational trade ( whi c h  as sumes a freely 
competitive model market that does not exist in the mari time 
industry) . we leave such analyses t o  the economic 
theoretici ans . Instead, we have looked at the economic 
moti vations for innovati on i ncl uding profit,  economic 
nece ssity, and complacency ; capital avai l abi lity ;  and 
perceived risk . We conclude with an assessment of the 
perceive d  role of innovation in the mari time industry, 
prinarily in financial terms . 

PR� F I TS ,  ECONOMI C NECESSITY ,  AND COMPLACENCY 

The more prosperous i ndustries in thi s  country have 
learned to foster innova tions ; they have l earned that 
i nvestments in research and deve lopment pay good returns . • ' 
Authori t ies agree that f or- profit organi z a ti ons are more 
like ly to innovate succes s fully than are government
supporte d entiti es . ? o H oweve r ,  many government agencies , 
such as the u . s .  Navy , have been able to show money- savi ng 
returns arising from the application of research and 
deve l opment f in1 ings . The role of innovations in reducing 
loc a l ta x burden s has been recogni z e d ,  even by urban 
polit i c i ans . • z  

These facts have not been lost on the maritime industry. 
For e xample , a d esi re for an improve d economic climate and 
for  improved pro f i ts was a ma j o r  incentive in the recent 
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gr��th o f  the Port of  seattle which , by deliberate e f f ort , 
has become a multi-purp� se , mult i-terminal port. 3 3  The 
deve l�pment �f the LASH ship by Prudential Lines wa s also 
stimulated chi e f ly by a desi re for profits . a z •  It is not 
surprising , then , that when economic pres sure s are 
a ttenuated by s ubsidy , protecte� trade ,  or other for ms o f  
g�vernment support , the i ncentive t o  innovate ma y  be 
correspondi ngly reduced. a o e In turn , the prospe ct o f  
pr�f its commens�rate t o  the r isk i s ,  witho ut que stion, a 
ma j o r  driving f�rce behind i nnovati� n .  

I n  Norway and Sweden , a ma j or and rea d ily identifiable 
e ff � r t  d i recte�  at development �f practi cal shipboard 
aut�mated systems was initiated in the late 1 960 s .  From the 
outs e t ,  i t  was recognized that both the cost o f  introducing 
aut � mati on and the risks involved would be high. However ,  
it wa s al so rea l i zed that the ul ti mate p ayback to the entire 

- i ndu stry woul d be extremely attractive . H aving identi fied 
the magnitu�e of the tas k as wel l as the potenti al be nef its,  
sucoes s fu l  programs were ini tiated with the support of all 
sectors of the industry - - ship�wners , s hi pbuilders , 
mari t ime unions ,  government , classification societie s ,  and 
unive rsity a nd i ndustry re search fac ilit i e s . ? • 

Economic neces sity can be the mother of  inn�vation , a s  
we ll a s  i nve nt i o n . For e xample , i n  the case of  Matson 
Navi ga tion c ite1 earlier , the c�mpany was faced with t he 
hard choice of e ither finding a way of reducing i ts port 
costs  or incre a s ing the rate s charge d to shippers . Since 
t he l atter would i nvite dangerous competition , the company 
conducted re search and decided to move into the rel ative ly 
new a rea o f  cont ainerization . 31 1 6 0  Similarly,  the 
con�it ions of  over capacity on many container trades 
provi �ed a strong economi c i ncentive to i ncrease uti l izat ion 
by �ha tever means possible . Hence , the deve lopment of 
landbridge servi ce s . s o  

Jrganiz ations that are i n  decline are often motivated to 
innovate because of the sheer economic necessity of trying 
some t hing ne w and , usual ly , the avai labi lity o f  the requ ired 
managerial and e ngineering manpower. However , i f  the 
decl i ne i s  cause d by an i ndustry -wi�e  sl ump, pes s imism 
within the boardroom or at the banking e stablishment may 
act �a lly d i sc ourage techn�l�gi c a l  change . • ' 

rhere is an important c�ntra st i n  the fact that, whi le 
�at s � n  introduce d contai nerships  out o f  economic necessity ,  
Sea- Land introduced them because the pr�f i t  potential was so 
appa rent . 3 1  1 6 0  The ec� nomic forces were working in the 
same direction f or both compani e s .  rhe di fference was t hat 
Mat s o n  was pushed i nto innovati � n ;  Sea-Land was drawn. 
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Economic c omplacency acts as a dampener o f  the 
i nnovation proc e s s .  Studies confirm the common observat ion 
that private companies have little time or inclination to 
i nnovate vhen order books are full . • '  rhere are , of course, 
exceptions , such as when a company has plenty of contracts 
but is  sti ll los i ng money. · Under these circumstances , the 
f i r s t  likely innovation may be nev faces i n  top management. 
Moreove r ,  these new managers may be brought in precisely 
because they vil l  innova te .  I n  more typical cases ,  however, 
full order books mean comfortabl e ec onomi c conditions. and 
no one wants to cause unnecessary upsets when things are 
going ve ll . With the organi zati on going all-out to meet its 
comni tments , it is unlikely that a ny managers or engineer s  
vi ll f ind o r  make time t� innovate . • ' 

�s was noted earl ier in the di scussi on of subsidies,  
even when order books are not full , managers of protected 

- industri es tend toward economic compl acency. we as a 
committee have observed that federal intervention i n  f ree
ma rket operations inevitably pla ces  a bal ancing burden o f  
constraints on the recipie nts o f  public largess.  Thus , i f  
economic nece ssi ty i s  absent and the normal desi re for 
i ncreased profits is diluted by complacency and/or federal 
protection , technological c hange vil l  falter . 

CAPI TAL AVAIL�BI L I TY  

�n innovation usually ,  though not always , requires 
capi ta l inve stme nt . An economic mot ive to innovate will not 
alwa y s  be sufficient to carry the ide a .  The ava i labil ity of 
capi ta l to s upport innovation is a compl ex subj e ct. Aga i n ,  
the experts di sagree . 

I n  a 1 9 7 3  study, ��iers t�_lQQ2�iQn_in_!ndu§t�X• a 
pri nc i pal finding with respect to venture development and 
f in� ncing for innovation was tha t there i s  no shortage of 
venture capita l .  In fac t ,  the study found that there are 
vast pool s o f  institutiona l and private capital actively 
see ki ng venture i nvestment opportunities that are qual i f ied 
and p r udent . Deterrents to the inve stment of venture 
capi tal identified in the study incl uded t he high risk 
i nv� lved , especially during sta rt- up ; the length of time in 
whi c h  t he investment i s  not liquid ; the e f fort required by 
the initial inve stor to monitor and evaluate innovative 
venture s ; and bank constra i nts t hat dete r  the sponsorshi p  o f  
s ophisti cated technology. �s a c onse quence , venture c apital 
i s  t end ing to s h i f t  i nto l e s s  te chni cal, l over r i sk 
si tua t ions that are at a relatively later stage of  
commercial evolution. e 3  

Coincidental l y ,  a n  infusion of government-controlled 
venture capital of fers no soluti on. Research ha s shown that 
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the most likely result of  the infusi on of large amounts of 
gove rnment c a pi ta l  is to drive out private c apital . When 
the government c omes in, i t  will  not take the high- risk 
ve nture s ; rathe r , it funds the good r i s ks ,  thereby driving 
out private venture capital. t z o  

I n  the di scu s sions o n  tax policy , subsidi es,  and 
depreciation ,  �e assert that the pr�bl ems of private 
inve stme nt in i nnovation s  and the development of capital are 
clos e ly tied to these issues . �!though , i t  i s  a complex 
s ub j ect,  it of f e rs signi ficant pos si bilities for stimulat ing 
pri vate inve stme nt in ne � techno logy . s 7 s uc h  po s sibi litie s 
have not bee n  a dequately explored ,  however .  

� n  the gloomie r  side , for man y  years there has been 
ina 3equate capital for new plant c onstruction or at least 
i ns � f f i c ient incentives for capi tal i nvestment . As a 

. res�l t ,  in s ome i mportant industries , such a s  steelmak ing , 
s h i pbui l ding,  a n d  rai lroa3 trans port , techno l ogy that is 
a l re a1y availabl e has not been f ul ly exploited.  The re fore , 
the re i s  little incentive to invest i n  st i l l  mor e advanced 
technology . Jerome Wiesner c ite s  as an example, 11We know 
t hat s mooth- ri 1 i ng ,  2 00-or 3 0 0-ni l es per- hour (or even 
f as t e r )  trains are possi b l e ,  but who wi l l  pay for them and 
who �ill put them to work? " l 6 t 

The findings o f  a recent study uphold the idea that some 
proposed i nnovat ions are abando n ed because of a lack o f  
capital .  Based on an examinati on of 200  industrial 
innova ti ons that were stopped by management deci sions some 
t i me before s ucces s ful commerci a l  appl ication , the lack of  
capi ta l wa s f ound to  be  a barrie r  t o  adoption of the 
i nno vat ion i n  1 5  percent of the failures. 3 2  

I n  his presentation to the c ommi ttee , W. E .  Z immie 
addres sed the avai labili ty of capital  to s upport the 
adopt ion of innovations in  the mar i t ime industry . He noted 
that ret urn- on- i nvestment (ROI ) ha s , in recent years , be en 
l ow i n  the ma ri t ime industry.  Many u . s .  ship operators and 
shipya rds have earned less  than a 5 pe rcent return on 
i nvestme nt ,  eve n  in " norma l "  ti mes . The refore,  they cannot 
afford to indulge in extensive resea rch and deve lopment 
beca use , e sp ec i a l ly for shi pyards , trying a new idea 
inv� lves too much risk . Bec ause of the need to guarantee 
new ship pe rf orma nce for a year and the l ow return whi ch 
a f f � r ds no real buf fe r ,  shi pyar1 s avoid risk and stay wi th 
often outmoded , but proven , s ystems . A cons i stently l o� 
rate o f  return a lso limi ts t he a mount of investment capi tal 
the industry ca n attract . With l i t t l e  i nves tment capita l ,  
the r e  i s  minimal incentive t o  assume the risks a ssociated 
with adopting i nnovations . t • •  
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PERC EIVED RI SK 

The difficulty of acquiring capi tal i s  one of the 
consequences of the perceived risk of innovating . However , 
when managers a re consi�ering the ri s k s  � f  innovating many 
othe r  factors must be studied. Pete r Bouse and David 
Jone s• t deli neate one important c�nsi deration that is  of 
part i cul ar interest to the maritime industry . The cyclic 
cha r � cteri stics of the business , especial ly the s hipbu il d ing 
industry , tend t o  magnify the i mportance o f  risk . For 
exanpl e ,  between 1 9 5 5  and 1 9 7 5 ,  the numbe r o f  commercial 
�eadweight tons ( i n  thousands)  contracte d for construction 
in o . s .  yards f l uctuated from lows of 1 2 3 . 0 in 1 9 5 4 ,  1 78 . 3 
i n  1 9 6 2 ,  1 6 1 . 4 i n  1 9 6 5 ,  and 5 7 3 . 3 i n  1 9 7 1 ,  to hi ghs of  
1 9 4 0 . 7 i n  1 9 5 6 , 9 5 4 . 9 i n  1 9 6 7 , and 2 9 8 4. 6 in 1 9 7 2 . 5 5  

H i storically , these cycles i n  the shi pbuilding busines s  
- have made the � nning dec i si ons o f  aanagement more 
diff icul t .  Large numbers of pr�ducti on workers , designe r s , 
and engi neers ha ve been laid-off dur ing s lumps and rehired 
duri ng peaks . �anagement decisions rega rding other 
re sources such as expansi on of f ac il ities,  purchase of new 
e �ui pment , and other long- te rm capital i nvestments necessary 
for innovati on are more di fficult t� justi fy under 
fluc tuat ing work loads and manpower levels .  When there is a 
pe ak o r  feast, � ompanies are pre occupied wi th maximiz ation 
�f  s h� rt- term benefits ; during the decline , long-term 
capi tal fo r innovation and expansion is d i f f icult to obtain. 
Unf � rt unately,  when the i ndustry i s  i n  a busines s slump or  
trough and there are few shi ps to bui ld, the conservative 
m� na ger with the less m�d e rn or backward shipyard may do 
much bet ter than the pioneering manager wi th the highly 
automated produc tive yard. t O 

I f  an innovation does not pe rf orm as expected , there i s  
a ri sk o f  i ncurr i ng costs as soci ate� with downti me for an 
enti re system. The fai lure of the innovation may cause the 
ent i r e  unit ( e . g . , a ship) to be remove� from se rvice in 
orde r to restore the mal function i ng system to service, o r  to 
per f �rm re�uire d  modification. I n  e ithe r  ca se , downtime 
costs wi l l  be incurred. 

An example of concern about this type of risk was 
�esc r i bed by Reuven Leopold.  He studie� innovation adopt ion 
in naval ship de sign and relate� it to � owntime repair 
and/ �r repl a ce me nt due to f a i lure of the experimental item. 
Leopold found that the u . s .  Navy tend s  to disapprove a new 
conc ept unless  i t  is shown to be cost-ef fect ive in its 
i n i t i a l  instal lation ,  as pro j ecte d �ver its life cycle . Be 
states  that the navies of other coun tries are wi l l ing to 
look upon the initial instal lati on �f  a new concept as  an 
inve stment that may pay off in s econd or third generat ion 
f leet applicati�ns . 
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Leopold a l s o  says of f i cers i n  charge of naval ship 
pro curement are extremely ca utious a bout cost and del ive ry 
sche iule s .  I n  their eagerne s s  t o  ca rry out thei r 
responsibi li t i es , they have little sympa thy for innovative 
s h i p  des ign and building . I nnovati o n  in their eyes may 
bring mi nor benef i ts in the f ina l produc t ,  but wil l ,  i n  many 
ca se s ,  e scalate costs and di srupt schedules . ? • Paral l el 
pres sures exist in the merchant mari ne , where the pres sure 
to mini mize cos t s  i s  as great as in the Navy . 

�e noted that the u. s .  Navy and the Mari time 
��mi nistrati on �evote great attention and large sums to 
i nnovation and experimentation.  rhey have , i n  the past and 
pre s ent,  des igned and constructe d numerous ships for wholly 
or partially experimental reasons -- on occasion , ships of 
radi cal type s and, frequen tl y ,  s hi ps incorporating ma j or 
innovative technologi cal a dvances and ne � concepts .  The 

- fede ral gove rnme nt can a f f ord such r i sks because a s ma l l e r  
proporti on of  t n e  total national sys t em and capital iz ation 
is  j eopardiz ed . On the other hand , for  a private 
ente r pri se ,  the perce i ve d  cost of downti me repair and/or 
repl acement due to failure of  expe ri mental i tems is  a mo st 
s i gni f icant barr ier to the intro duction o f  an innovat ion . 

�hen an innovation i s  being te sted , the caus e  of  shi p  
down t i me i s  not alway s hardware fa i l ure.  One extreme 
exaDple occurre� on the N. S.  S�VANN�H . rhe crew became 
di ssatis fied and walked o f f  the shi p .  rhe s h i p  was idle for 
the year it took to sel ect a nd train  qual i fied replacements 
to  o perate thi s nuclear powered prototype . a • z 

�n innovat ion may require a substantial capi tal 
i nve stment in order to ach ieve s ucce s s .  When a very lar ge 
i nve s tme nt i s  ne eded to i ntroduce an i nnovation ,  there i s  an 
adde � ne cessity of provi ng that a l arge e nough market ex ists 
t o  j usti fy that i nvestment . • '  rhe uncertainty of securi ng 
the  large market is a perceived ri sk  b eyond any technica l 
c ons i derations of the innova tion . rhe i nt roduct ion o f  
inte rmodal conta iners described e a rl i e r  requi red 
modi f i c a ti on of a large fl eet of cargo shi ps as wel l as 
ma j o r  port-s i de investme n t .  The cos t as socia ted with the 
s h i p  mod ificati ons and related techno logi cal changes was o f  
s uch  magni tude that wide a doption o f  the i dea wa s  del a yed 
nearly two dec a � e s . 3 e 

�nother perc eived risk that ma y  reduce the willingne ss 
of ma na gement t o  i nnovate i s  tne r i s k of l os ing t heir job i f  
they make a bad decision. This perc e pti on i s  ve ry rea l  to 
mi d i l e  a n� uppe r manageme nt and is usual l y  caused by the 
lack o f  an i nnovative environment or capacity wi thi n the 
company .  rhe mo st innovative compa n i es are o ften the 
s mal ler,  new companies where people f e el free and , in fact , 
are  e nc o ura ge� t o  propos e and test n e w  i deas whi le fol lowing 
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the basi c des ign outlined in Chapter I .  I n  an environment 
�here j ob securi ty is the most i Mportant factor in decis ion 
maki ng.  the safest path. i . e • •  tbe status quo . will most 
ofte n be chosen. 

Insurance firms naturally tend to be extreme ly cautious 
in �nderwriti ng untried conc epts.  rhe N. S .  SAVANNAH. for 
exanpl e .  could not have operated wit hout congressional 
backing for protection and indennity insurance. A decade 
ag�.  �hen Great Lakes shipo�ners f irst became interested in 
�i nter navigati �n . mo st we re discourage� by what seemed to 
the� to be unrealistical ly high i nsurance rates set by the 
underwriters . 

�hen asked to  quote a rate . mari ne underwriters . by 
tradition, place heavy emphasis on past performance . 
Innovative plans can offer l i ttl e or no hi story. so most 

· underwri ters react by protecting themselve s with relatively 
high rates . The one Great Lakes fleet that �as able to go 
��t a nd prove the safety of winter navigation wa s  one that 
wa s self - i nsure� . the u. s .  Steel corporat ion ' s  Great Lakes 
flee t .  

Expe rience h a s  shown that people are o ften preoccupied 
�i th problems that have a low probabi lity of occurrence. 
Ma ny o f  the envi ronmenta l probl ems s tudi ed are � f  this 
gene ral type . �ne example is the po s sibility of a dangerous 
gas c l oud f rom a damaged li�uefied natural gas ( LNG) 
carrier.  The u. s .  has great dif ficu lty a ccepting the ri sks 
a s soc i a ted with LNG import , even th� �gh other countries .  
many o f  which i mport as much a s  96  pe rcent o f  their LNG by 
sea . offer a hi story of operati � n  �itho�t ma j or incidents . 
I n  a ddit ion to anticipated problems , the re a re unanticipated 
andl or undef i ne� environmental probl ems that may develop at 
some f uture date . A propo sed inn�va tion often el icits t hi s  
fear of  the unknown ; thus , a paradox exists . for i n  orde r to 
overcome the fears associa te d  wi th a n  innovation . it mus t be 
put into use and demonstrated to per form sat i s factorily on a 
day- to- day bas i s . There have always been a few l eaders who 
perc eived the p�te ntial gain as  j ust i fyi ng the r i sk o f  t he 
unknown (see Cha pter V) ; however , for many • the unknown 
p�tentia l  envi ronmental impact of an innovation serves a s  a 
s ubstantial barrier .  

Even a fter t he be st o f  marketing studie s ,  the 
poss ibi l i ty exists that c ustomers may be s low to uti lize  new 
systems or s e rvi ces. Ac ceptance is  not automati c .  One o f  
the dete rrents t o  techno logical change can b e  unexpected o r  
unantici pated s h i fts i n  the market.  Of 2 0 0  i nnovations that 
falt ered or fai led in the marketplac e ,  a pos t-mo rtem 
anal y si s  showe� that over hal f  �ere stil l j udged by 
mana gement t o  be 11 good 11 innovati ons. 3 2  
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CONCLUSIONS 

• The strongest notivati�ns to innovate are economic , 
whe t her they arise f rom the incentives o f  potential 
pro f i t  or  the pressures of avoi ding economic 
catastrophe . 

• Because the maritime indust ry i s  capital-inte nsive , 
high- r i s k ,  and , o ften , low- prof i t , there is great 
reluctanc e  to introduce new technology that wil l 
increase risk without assuring a commensurate 
inc rease in prof it. 

• Because of  the cyclic  feast or famine nature of 
some se gments �f the industry , there is minimal 
l ong- te rm capital p lanning. The fea st phase tends 
to caus e  preoccupation with maximizing s hort- term 
benefit s .  The prospect o f  a fami ne pha se makes 
long-te rm capital di fficult to obtain. The famine 
pha se i tself generates shortages of both manpower 
and capital for innovati�n.  

• � merchant ship represe nts a ma j or capital venture . 
�ny los s in operati ng time entai l s  a ma jor expense 
as f ixe d costs continue . The re fore , owners are 
hes itant to try new techn�l ogies or new techni�ues 
that ma y entail unplanned d owntime .  

• I n  many i nstanc e s , abn� rmal ly high insurance costs 
inhibit shipowners and bankers f rom investing in 
i nnovative ships or new ope rati ng procedures .  
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C HAPTER V 

PEOPLE AND INNOVAT ION 

The people i nvolved in an attempt to develop new 
technology or launch an i nnovation a re criti cal to the 
s uccess or fail u re of the proj ect . I n  studying what i s  
known about these people , we divided the examinat ion into 

- thre e ma j or areas . The relationship between the activities 
of tbe mana geme nt and the personne l as they operat e  as 
either incentives and/or deterrent s  to the innovation 
pro� ess was anal yzed in deta i l .  rbe role of the innovat ion 
pron�ter , called here a linker or champion ,  was also 
examined , as wa s the speci fic role o f  labor in the 
innovation process . 

There are many factors that affect management deci sions 
and can thereby inhibit innovation i n  all industrie s ,  but 
s ome a re parti cularly germane to tbe u. s .  maritime manager . 
Any business executive can ident ify  easily with the 
clas sical admoni tion, "Be not the fi rst on llihom the new is 
trie � . n Few people or groups of people · manage to do 
anyt hing right the first time.  rrue pioneers can expect to 
meet more than t heir sha re of dead- e nd pa ths and booby 
tra ps . He who l ag s  back j ust a bit c an o f ten take advantage 
of the l eader ' s  mistakes . Unforeseen te chnical problems 
al �o s t  invariably increa se costs or decrease income , 
pa rt i cularly in tbe earl y  stages of  development. a • a With a 
shi p ,  a failure o f  even some sma ll c omponent may force a 
prol onged out- of - service per i od ,  a pros pect few owners care 
to r i s k . 2 7  The reasons be hind this reluctance to trigger 
change are parti cularly pronounced among s hipowners . A 
mer� hant ship wi.th a pri ce tag � f  fifty  t o  one hundred 
mi l l i on dollars is obvious ly an expensive sub ject on whic h  
t o  e xperiment . 

competit ors ( other s hip operators , rai lroads , etc . ) may 
force delays through regulatory agencies o r  may meet the 
chall enge by a�opting even better innovation s . s o  Li ke 
mana gers in othe r industries , tbe ma ri ti me manage r  c onfronts 
many organiz ati ons that can sometime s cause delays o f  
pros pective mari time innovation :  underllirite rs ,  standards 
a s s�ciations , c la ssi fication soc i e ties , unions,  and 
g�vernment agenc ies to name j ust a f e w. I n  addi tion, 
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problems can  be c reated by the previously cited weakness o f  
o a r  patent system and fear o f  federa l anti trust laws . 

�the r factor s that discourage manage rs and innovators 
ari s e  from the c yc lical nature of the industry and the 
consequent unce rtainty about the future business 
envi ronment. Si nce adoption of an innovation can someti mes 
re qu i re reorganizati on of  a coMpany ,  managers wi l l  be 
reluctant to change, and this wi ll a l so have a dampeni ng 
effect , espec ial ly during financ iall y le an times . 

I n  the face o f  such odds , how do maritime personne l 
re a c t  when a n  i nnovation i s  suggeste d ?  Ship managers , for 
e xa mple , may avo i d  the a doption of any innovation that has 
the pote ntial  of being a highly vi si ble mi stake. 
Un�erstandably ,  they prefer to make the le s s  obvious mis take 
o f  c l i nging to traditional ways .  As i s  noted in the 

· foll �wing di scussion o f  ef fectivenes s in management, the re 
i s  rea son to bel ieve that tbe marit i me i ndustry ' s col l ective 
mana gerial talent,  like othe r  indust ries . contains its s hare 
of s uch ultra-conservative i ndividua ls . 

EFFECTIVENESS OF MANAGEMENT 

To understand the relationship between management 
activiti e s  and the incentives and deterrents to innovation 
and technology t rans fer, we examine d vari ous categorie s  of 
ma na gerial pe rf o rmance that were rel ated to the rate o f  
acce ptance and i ntroduction o f  new technology . The group o f  
a ctivities so  identi fied i s  intended to be representative , 
and,  thus , s houl d suggest actions that may tend to bolste r  
the e f fe ctivenes s of manageMent. 

In our f ree enterpri se e conomy , management must 
a nti cipa te the s hort- and long-term consequences of each 
managerial act . � proposal for a pr o ject may be viewed as a 
bundle o f  short- term and long- te rm opportuni ties and 
prob l ems . The e ffective manager mus t be able to anticipate 
t he ma gnitude of the opportuniti e s  and problems, a sses s the 
r e l a tive risks a nd rewards , and reach a l ogi cal and time ly 
deci sion.  

Sometime s ,  the se con�ary benefit � f  a pro ject may exceed 
the benef it of the primary mission. For e xample , in a 1 9 7 5  
case study , E . H . Tempest e mphasi zed the secondary benefits 
that  c an accrue from the government cont racting procedure . 
I n  t h i s  stud y ,  the contract�r le arne d the technology 
nece s s ary t� bui ld the new type of e lectronic device 
re qui red by the government contract. After buil ding several 
u ni t s  for the Navy ,  the contractor went on to ma rket a 
comme rc i a l  pro�uc t .  The sales o f  t h e  product and the 
re sulting growth of the company were substantial . Thus ,  
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beca use mana geme nt antici pated t he l ong-term benefit that 
coul d be derived from the pro ject, the company prospe red . & • • 

E f fe ctive management must al so c onsi der and evaluate the 
short- and l ong- te rm problems of a propos al.  It must have a 
plan for evalua ting the performance o f  innovations and the 
�i ll i ngness to terminate an inn�vation that is not proving 
bene f i cial to the company .  

rhe i nbred c onservative atti tude s of management can be a 
si gni f i c ant deterrent to success . such conservative 
atti tude s surfaced often during the init i al years of the 
National Shipbui lding Re search Program. Program staff 
enc�untered suc b  problems as indus try di strust of  government 
proj ects and pro j ect personnel,  industry worries over 
g ove rnme nt ant i t rust activities , lack of cooperation �ithin 
the industry , and the perception that the government �as 

- unab le to ma ke long-term commitments . • • 

For a company to overcome resistance to change, 
mana geme nt must provide an organizational environment that 
moti vates member s to be innovative.  Change i s  a way o f  
l i f e .  Res istance t o  change is also a way of  lif e .  The only 
�ay that success ful change c an take place is to overcome the 
res i s tance to it and provide the proper organizational 
conj i t ions to enhance it . Encouragement s hould be offered 
to s t i mulate progres sive thinking. Fail ures and setbacks 
should , generall y ,  not be punished by l�ss of j obs or los s  
o f  profess ional status . 

�ne example of the need for effe ctive p l anning in the 
ma ri time industry is illustrated by an arti c le in �t��� 
�� · Because o f  the eff iciency of modern f a st 
conta inerships and jet a i r  freighters , consignments o f te n  
move f a s ter than the acc ompanying pa per �ork , insurance , and 
c us t oms proc edure s .  Management needs to step in  and improve 
archai c  systems for handl ing such things a s  c ustoms, 
payments , i nsurance , and customer clearances . & z 7  

\ recent arti cle by Blair Li ttle and Robert Cooper 
a ddre sse s ma nage ment i nadequa cies in planning and how the 
l a ck of planning acts as a deterrent to innovati on. The 
promote rs of ma ny potential  i nn�vati ons do l ittl e or no 
marketing re search because they feel that suc h  re search will 
proj uce either the wrong answers , vague and i nconclus i ve 
ans�e r s ,  or no a nswers. Yet ,  ma rket ing re sea rch is  
esse ntia l i f  management i s  to  ma ke i nfor med deci s ions . • •  

I t  h a s  been argued t ha t  one o f  the shortcomings o f  
man3 qement i n  the mariti me industry i s  its  inabi l ity to 
carry out sound , long- term planning. H 3 rry Benf ord looked 
at tbe forecasts made in the pos t-World war I I  period . He 
foun j that only seven deve lopments predi c ted by management 
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actu a l ly came into being ; six predic ted developments fel l by 
the wayside. whi le a total o f  forty- one deve lopments that 
were not f oresee n have materiali zed. • 

I n  tradi ti�nal industrie s .  change is  inc reme ntal . 
I nn�va t i ons of maj or techn�logical a nd economic signi f icance 
ten� to come f r�m outside the target industry . e . g • •  from 
f � reign technol�gy . from independent inventor s. or from new. 
sma l l  firms . t 3 6 A recent Of fice � f  Management and Budget 
study of the impact of federa l  re search and deve lopment 
f un�s f o un� that small businesses accounted for almost hal f  
� f  a l l  major innovations i n  a period f r�m 1 9 5 3 t o  1 9 7 3 .  and 
tha t small busi nesse s produce f�ur t i mes as many innovat ions 
per researcher as big businesse s . s z Aggre ssive. flexible 
management is �ne . but probably not the s ole rea son for this 
di ff erence . Since the maritime indu stry has a solid .  
tra�itional orientation. and because it is  large r and older 

. than many industrie s .  its management tends to re flect so lid. 
tradition-oriented views . 

�ana gement• s fail ure to keep inf orme d  of the rap id 
gr��th � f  techn� loqy and to try to understand its potential 
is  a deterrent to  innovati on.  Donal d Schon summariz es his 
fin1i ngs by sayi ng that industries that are old . linked to 
the i r  pa st . and based on cra fts tend to lack 
entr epreneurship . generate low profi ts . inve st l i ttle in new 
tec hnology . an� possess a heavy c�mmitme nt to ol d methods 
and equipment . t 3 6 An increasing numbe r of industrie s are 
pros pering because of their  attention to the importance of 
obta ining young . e ffective managers  and engi neer s .  and 
upgr a d ing ex perienced personne l already in middle and top 
ma na geme nt and technical positions . 

I n  focus ing on the e f fectivene ss of mana gement and . in 
part icul ar .  sources of maritime industry l ea�ers hip. H ar ry 
Benf �rd offe rs some intere sting stati sti cs .  Approximately a 
deca de a go .  the average annual �utpu t of nava l architecture 
undergra dua te �e grees was bel ieved to be 3 5  in the United 
King��m. 55 i n  t he Unite d State s .  3 0 0  in Japan.  1 . 2 0 0  in the 
People ' s  Republic  of Chi na . and 7 . 50 0  in t he USSR ( f igures 
are credited to F . H .  Todd) . Benford says . "The arresting 
fact i s  that the United States i s  l a gging far behind the 
worl d ' s  lead ing maritime nations in this respect . 11 l O  

There  are a number o f  example s  that i l lustra te the 
i mportance � f  e f fective leadershi p in st imulating t he 
adopt ion o f  inn�vations . The current availability of the 
�ARI S AT system i s  one ca se . The ori ginators o f  MARISAT cal l  
the n e w  satell i t e  commun ications system the most signi ficant 
adva nce in marit i me communicati�ns s ince the advent of  
wi re less  telegraph . t t • P rudenti al Line s  ha s lea sed � SAT 
s ystems for its four LASH ve ssels .  Beca use the new 
communications system is  una ffected by weather. ionosphe r ic 
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c�ndit ions , or by frequency crowding , Prudential is able to 
dea l with port a nd weather schedul ing problems and use bhe 
expensive L�SH vessels to the best advantage . Although the 
adv� ntages of the systen have been demonst rated and are well 
rec�gniz ed , a recent report in �tr�de indicate s that 
di ffus ion of satellite coiD!Ilunicstions b other shipowners 
has been s low, a s  few c�mpanies have been wi lling to invest 
in t he necessary accompanying softwa re. • • 

The role of education is strong in encouraging 
innovation . Better educated manager s and workers seem to be 
bett er able to utiliz e  resea rch results and are more 
incl i ned to i nve st in re search an� devel �pment . • • Harry 
Benf � rd looks into the future in his paper , " Of Ships and 
Shipping , 2 0 0 0 � . 0 . , 11 and suggests t hat education and 
trai ning may be one of the most important challenges to 
mansgement.  He notes : "The net res ult wi l l  be to render 

- obs � l ete th�se i ndividuals and �rganizat i ons that cannot 
adapt to change . The secret of survival l ie s  in continu ing 
aggressive resea rch and deve lopment spurred by more and 
bette r  educated engineers and ms nagers who have been taught 
t� t each themselve s . " •  

Elsewhere , B enford makes three salient point s about the 
re lationship between education a nd profess ional development 
i n  t he maritime industry . Firs t ,  tbe re i s  a consistent and 
l on�- te rm demand for naval architect s and marine engineer s ,  
even dur ing peri ods o f  economic slump. Second , innovative 
des i gns are sometimes del ayed or av� i ded because of the 
sh�rtage o f  engineering ta lent. Thi rd , other industries 
have learned the value of  persons educated and trained in 
the maritime art s  and recruit them a way from the maritime 
industry with ve ry attractive of fers . ·& O 

� low level of professional deve lopment can limit the 
us e of new technology . For exanple,  Will i am carey points 
out that one of the reasons that l ocal  and state governments 
do n �t parti c i pa te in re searcb and devel �pment that could 
res � lt i n  needed innovations is because they lack the 
nece ssary techni c al capacity and informati on capacity . & •  

rhe United S tates seems at least partially de fici e nt in 
needed educati onal re source s .  Alt h�ugh there are a number 
of �ua li f ied mar itime academies that educate and train 
pers �ns for shi pboard careers , and a host of univers it ies 
wi th excel lent graduate programs i n  busi ne ss administration, 
the fact remains that onl y  a handful of our engi neering 
scb�ols offer  programs i n  nava l a rchi tecture and marine 
engineer ing . 
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LI NK ERS AND CH��PIONS 

While ef fect ive managers may be essential to success ful 
i nn� vation , effect ive management may be an in suff icient 
stimulus to innovate . Often , f�r innovati on to go forward, 
an i nnovation promoter is needed .  The innovation promote r 
may,  but nee d not be ,  found withi n the management strata of 
a c� mpany . I ndeed, he or she may not be within the company 
at a l l .  The innovation promoter may be an indiv idual or 
firn  mar keting a new technology , or a member of an 
information exchange organiz ation. I n  genera l ,  there are 
t�o type s of innovation promoters , l i nke rs and champions . 

Several stud i e s  have shown that the pres ence of  an 
effective individual , of f ice , or organiz ation tba t  serve s  to 
pronote ideas through technology exchan�e and/or information 
exchange i s  often critical to the innova tion 

. process . 3 7 • •  1 s a usual l y ,  the s e  li nkers do not go on to 
becone p ers�nally involved in the innovation or assume a 
leadership role �ithi n the adopting company. Rather , they 
carry the idea only to the point whe re it is reco gnized a s  
havi ng promi se b y  those who may impl ement i t .  However , 
the i r  role in  the proces s appears to be important ,  i f  not 
spectacular . 

�nother type of  promoter could be called a l eader, but 
i s , perhaps, bette r  termed a champion.  � champion p layed an 
i mpo rtant role i n  many of the cases stud ied by the 
committee , i ncluding the development of the National 
Shipbuildi ng Re s�arch Program and the development of  the 
L�S B  s hi p .  I n  e ach of the se cases , the innovation appea red 
to progress  to t he adopti on s tage ma inly as a result of t he 
champion ' s  vigorous and skillful promotion. 

:hampions are important to the innovation process.  
'lthough many idea s have reached the adopt ion stage without 
a c h a mpi on , many innovat ions would have taken much l onger to 
be a dopted ha d they not had chanpion s .  The champions were 
o ften more than l eaders. Some of them appea red to have been 
inspi red by deep persona l conviction.  �alcom McLean, the 
chanpion of containeriz a tion at Se a- Land , is an excellent 
example . 3 e  

I n  some cases , o f  course , personal conviction coul d 
out�e igh good j udgment to the point that mi sappl i cations are 
promoted , but the se case s are the except i on r ather than the 
rule . 

L�B� R ' S ROLE I N  I NNOVATI ON 

The i s sue of the rol e of labor i n  innovation in any 
i ndustry tends to  polariz e  points of view. Labo r ha s the 
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pote ntia l  for hi ndering the innovation process in the 
maritime industry , as  G race Lines di scovered when 
introduc ing container operations in  South America, and as 
the Mari time Administration discovered when tryi ng to put 
the N . S .  SAVANNAH in service. 3 e  1 1 • Innovations that may 
res�lt in a significant saving in manpowe r can call forth 
strong opposition. Typi cally , l abor stri ves to maintain the 
c�r� ent level of manpower and the status quo in j obs . Labor 
leaders are als� quick to argue that the desire of marit ime 
workers to prese rve their j obs coincides with the national 
security requis i te of ma i ntaining a large pool o f  well
trained maritime manpower .  

�ana gement may stand a t  the oppos ite extreme . For 
exa:nple , Donald Schon , in his article "Innovation by 
I nvasion , " write s :  

we pay a price for techni cal change .  Tradition
ally , we have paid the price by supporting the 
victims of change : by subsidie s ,  tari f fs ,  import 
�uotas . But this technique has not worked . It has 
merely def erred the eventual dec line of obsolete 
industry . Henceforth, we must pro�te industrial 
�obi lity :  tne abi lity of  industry and workers to 
move to new skills and new regions. 1 3 6 

In spite o f  this dichotomy of views, innovation can go 
f orward. Looki ng to fore ign nati�ns , we f ind example s of 
suc�ess  in e sta b l i shing a r� le  for l abor in the innovation 
pr�cess , such as the Japanese industries , as wel l as 
e xamples of fail ure , such as the i ndustries o f  Great 
Bri t ain. • ? The u . s .  maritime industry nas a mixed rec ord of 
success and failure .  Joseph Goldberg ha s the fol lowing 
comments concerning the u. s .  mari t ime industry : 

The labor f �rce has been organized,  entry li mited , 
reti reme nt e ased and l iberalized , and flexible 
utiliz ation increased .  These and additional 
f actors have made for assurance of work 
opportuniti e s  and earni ngs,  even in the face of 
i mmediate di slocati�n and p�ssible future decline 
in j obs . • o 

I mproved techniques of collective bargain ing should be 
able to ameliora te the potential problems of innovation 
rela ted to labor . For example ,  s hipboard mechanization, 
which re sulted in a reduction of c re w  si z e s ,  has been 
acce pted cooperatively by maritime l abor for nearly a 
deca :ie . This a c ce ptance has been predicated on the premi se 
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that " re asonable " manning would be retai ned. Reasonable 
�anning has been interpreted as a le ve l  that allows for 
proper navigati � n  and maintenance of vessels . 

�d j ustment a greement s reached through collective 
bargaining �ay i nclude providing advance noti ce o f  the 
i ntended implementation of an innovation , providi ng training 
a nd retraining , a ssuring no j ob lay- o f fs , provid ing other 
forns of job pr� tection, relying on attri ti�n ,  instituting 
" re:i circle•• wag e  rates ( i . e . , 111a i ntenance o f  salary level 
f or employees h�lding jobs that have been downgraded) , 
pr�viding senior ity protection, assuring rehiring rights , 
institut ing e a rly retirement , provi:i i ng " bri dge benefits " 
for early retirees , spreading the w�rk , a ssuring transfer 
and relocati �n rights , and providing s everance pay. 

�bile this a rray of benef its may be considered the 
· resp�nsibi lity � f  manage ment , lab�r has its own share of 
res��nsibilities . The wil lingne ss of la bor to work with 
mana gement to i �prove productivi ty and the capabi lities o f  
pers �nnel through training programs i s  critical . to the 
growth of the industry. Labor can g reatly strengthen the 
inn�vation proce ss by learning new s ki ll s and trades as old 
skil l s  a nd tra:i e s  become obsolete.  Of  aou rse , if  labor i s  
to 9 a rticipate i n  t hi s  way ,  they must be forewarned about 
i mpe nd ing change s by manage111ent. 

�ost l abor l ea ders f eel that tec hnol�gical advance s and 
i ncrea sed productivity shoul d  be enc �uraged as l ong as t he 
bene fits are shared by both labor and management . For 
ma na gement,  thi s means i ncreased pr�f its and operational 
e f f i c iencie s ,  leading to i ncreased ability to compete in the 
w�rl d ma rket an:i , possibly , higher p r:>fits . For labor , it 
means higher wages , job security , and attractive fringe 
bene f it s .  I 5 3  

�n approach used with some s uc ce ss  a t  Litton ' s  Ingal l s  
Shipy ard has been the La b�r-Management Committee , which was 
establ ishe:i in 1 9 6 5 .  F�rty t� f i f ty t op management 
pers onnel meet monthly with an equal numbe r o f  
re presentatives  f rom fourteen un i �ns . B�th the management 
a nd t he uni�n re presentative s  fin:i that the meetings serve a 
use f ul purpo se . Union pe�pl e bel ieve that their concerns 
rea c h  the right management ears , anj management f inds the 
comni t tee struc t ure useful a s  a vehi c le for obta ining un ion 
i np�t on the f � rmation o f  company po l icy . e s Simi lar 
c �mni ttees coul d  undoubtedly smooth the way for many 
prop�se:i i nnovations.  
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CONCLUSIONS 

• An effective manager can act as a st imulus to 
innovation within a company . Ef fect ive managers 
are those who are able to understand all facets of 
new proposals , incl uding both the potential short
term and long- term. benefits . � enerally , they are 
flexibl e and receptive to new ideas and are good 
planners and capable leader s .  

• The i nnovation process in all  industries , including 
maritime , would be enhanced by employment of an 
increasing number of well-educated engineers and 
busines s managers . 

• Lack of awarenes s  about new technolo gie s and/or a 
lack of accurate and timely information about the 
uses  and benefits of new technologies act as a 
barri e r  to innovation in tbe maritime industry. 
Essentially , it is the re sponsibi lity of management 
to ma ke the effort to naint ain an awareness of  the 
state of the art in new technology. Thi s  
management funct i on must be adequately discharged 
for a company to remain competiti ve an� to opti mize 
new bus �ness opportunities. 

• The climate for innovation i s  enhanced when 
management and labor cooperate in planning change 
and in the transition phases of the introduction of 
new tec hnology and new technique s .  
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CHAPTER VI 

INFORMATION AND I NNOV�TION 

�s noted in Chapter I I , expendit ures for research and 
development (R&D)  in the United State s have not grown at the 
rate necessary to mainta in the c ountry ' s  creative edge in 
many technol ogi cal areas . Th� percentage of the u. s .  budget 
provi ded for re search and devel �pment has declined over the 
past several yea rs . To complica te matter s ,  priva te venture 

· capital no l onge r  seeks i nve stments in h igh-r isk . long-term 
research and development e fforts . I n  1 9 7 2 , 1 0 4 small 
research and deve lopment f irms were able to raise see d  money 
on t he var i�us s tock exchanges.  I n  1 9 78 , only four were 
able to do s o . • •  Consequently, Pres i dent Carter has 
expressed hi s concern about stagnant u. s .  technology. 
Recently , he e stabli shed an interagency committee to conduct 
a c� mpre hensive review of i s sue s  and pr�blems related to 
industrial innovation . • • 

Re search i s  fundamenta l  to t he devel�pment of  new 
technology ; t herefore , it has a pivotal role to play i n  
i nn� vation . To be sure , innovation can occur wi thout 
re sea rch . Tec hnology can be trans fe rred from industry to 
industry ; a company can bo rrow a succe ss ful practice or 
piece of hardware developed by a competitor . Neverthe le ss ,  
at s ome poi nt in the history of any i nnovation, a res earcher 
usua lly will be found . Even tec hnology trans fer , whethe r it 
i s  between i ndustries or between s i mi l ar compani es,  us ua l ly 
re�uires some level of  research sophistication .  It i s  rare 
that a new technology or practi ce can be borrowed wholesale;  
rathe r ,  a se ries o f  adaptations must be made by the 
borrower . The se usually take plac e through a testing 
pr� cess , though , at time s thi s may c onsi st of  trial and 
erro r .  Yet ,  the worlds of the resea rcher and the busine s s  
man a ge r  are usua l ly far removed from one another , and thi s  
gap c a n  be a significant deterre nt to  innovation . 

A re late d factor that a f fects the rate of innovation and 
technology trans fer in i ndustry is communication and 
info rmation exchange . One means of overcoming the gap 
bet�een re se a rcher and potential user is to develop new 
patt erns of communication and new ways of exchanging 
i nfo rmation. The transfer o f  te chn� l ogy from po int to point · 
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i s , o f  cours e ,  �holly dependent upon communication and 
i nf orma t i on e xchange . I t  i s  reasonable to concl ude, 
the r e f or e ,  that more communicati on a nd speedier informati on 
exchange c ould accelerate technology trans fer in industry .  

I n  our deli beration, we looked a t  what happens to the 
i nnovati on process when there i s  no ef fective communication 
between re searchers and users.  we a l s o  sought to ident i fy 
the �ays that people in the industry exchange informati on , 
and looked for �ays to i mprove communication , and close the 
gap bet�een research and practice. 

THE 3AP BETWEEN RESEARCHERS AND USERS 

vari ous authorities h ave doc umented an i mportant factor 
that res earchers o ften overlook ,  name ly,  tha t new ideas and 

- new f ind ings are apt to go unheeded unles s there is a need 
fo r  them !!-Q�££�!ved by the�£- • 1 6 1 The fina l phrase is  
unde rscored beca use we have obse rved tha t, withi n  the u. s .  
mari time i ndustry , there a re a fair s hare o f  mana gers who 
appe a r  to be unaware of the potential be nefits o f  research 
in  �eneral , or �f what the ir own nee ds a re i n  pa rticular . 

I n  some instances , of course ,  the need i s  obvious .  
Fran k Ebel cites such a situation. Afte r  Sea -Land 
introduced conta i ner service in the Nort h Atl antic,  shippers 
�uickly saw the advantages of c� ntai ners . Sea-Land' s  
com9etitors we re forced to innovate at �nee or go out of 
busi ne s s . 3 e  Frank Dashnaw ' s  rep ort o n  the development o f  
t he hi ghly s ke�e d propel ler i s  a nother qood example . He re , 
s hi p owne rs had a bad vibrati on probl em and recogniz ed that 
an i nnovative propeller might effect a cure. 3 o The Port of 
Sea t tle ' s  moderniz ation plan serves as an example of how an 
acc u rate percept ion of the needs of  shippers led to the 
deve l opment of e xcellent container-handl ing faci l ities as  
�e l l  a s  highly s ophisticated inf ormati on systems . The 
result was a n  a maz ing revi va l of the port as a center for 
internat ional trade. 3 3 

I n  recent years , the Maritime Admini stration ' s  Office of 
Comne rc i al Development has made serious e f forts to ful f i l l  
Mar�d • s  cong ress ional mandate t o  emp hasi z e  the type of  
research that the  indust ry says it needs . Toward that  end ,  
�a r�d has cooperated with the u. s. coast Guard, u. s .  Army 
Corps o f  Engi nee r s ,  Seaway Authori ties , and othe rs to stage 
seve ra l ind ustri a l  conf erences.  The pri �ary aim of these 
conf erence s  has been to e licit a l ist of potenti al  re search 
proj ects and r a n k  them a ccording to need . In addition, 
Mar�d often requires that companie s s hare in the cost of 
research . The wi l li ngne s s  of c�mpan i e s  to do so provide s  a 
di rect measure o f  the perceived i mportance of the research. 
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�lthough the wisdom of l istening to the perceived needs 
�f industry is  unquesti�ne d ,  relying on thi s  approach alone 
is �ften not en�ugh. As previ�usly mentioned , there are 
mana gers in �he u. s .  mari time industry who are seemingly 
una�are of the i r  own needs . Moreover , even thos e who are 
aware are often ignorant of the vast amounts of research 
alre a dy ava i lable to them. some of the bl ame must be borne 
by t he research frate rnity , which has failed to e stablish a 
re c�rd f or effe�tive articulation , much less salesmanship.  
Thes e shortcomings are evidenced by the proporti on of 
maritime re sea rche rs who are content to write their reports 
in their own language (integral signs) instead of the 
language � f  industrial dec ision make rs (dollar signs) . l & 9  

This failure of communication works in both directions .  
F o r  whatever rea sons , researchers freque ntly misunderstand 
the real needs � f  industry and so g� about solving the wrong 

- prob lems .  The maritime i ndustry is probably not any worse 
in t hi s  respect than any othe r. But , with so pi tifully 
li tt l e  re search bei ng conducted in the field,  and with so 
much obvious nee d for improvement , misdi rected re search 
e f f � rts are some thing the industry can i l l  afford .  

� e  should stress that we are not speaking o�t against a 
reas �nable proportion of relatively undirected basic 
re s e a rch . Stud i e s  such as those reviewed by Peter House and 
Davi d �ones repeatedly e mpha size that the long-term health 
of �ur economy demands a continuing e f fort in ba sic 
re s e a rch . These studies also establ ish the basi s for the 
persua sive a rgument that the federal government s hould take 
pri nary re sponsi bi lity for supporting ba sic research and 
encouraging dissemination of the f indings . • '  

RETR IEVI NG TECHNICAL INFORMATION 

H i storica lly , information about new technology has been 
disseminated through j ournal papers , rep�rts , patents ,  and 
word of mouth .  The recent technology and information 
expl�sion ha s ca used the n umber �f j ournal articles , 
rep� r t s ,  and patents to multiply to a point where i t  i s  
unli kely tha t a n  i ndi vidual can ma intain a n  awareness of the 
state of the art of a subj ect area without the use of 
adva nced informa tion retrieval techn�logy . For examp l e, 
there are over 2 0 0 0  sepa rate and specialized technical data 
base s in the Uni ted States alone . Many of these data bases 
inc� rporate computeriz ed search and retrieva l  capabilitie s .  
Some o f  the lar�er data base s ha ve �ver �ne mill ion entr ies 
each. A w�rkin� knowledge �f the techn�logy , products , and 
proce sse s of te� hnical i nformati on retrieval is essentia l to 
indi viduals in management, production ,  ma rketing , 
deve l opment and/or re sea rch. Yet , there are many 
i ndications that few maritime personnel have the knowledge 
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or the s ki l l s  to enabl e them to make use of the exist ing 
inf� rmation and data banks . 

For exampl e ,  enginee rs new to the maritime f ield face 
pre�ictable problems in adjusting . One of these problems is 
securing the special  type s  of information needed to des ign 
f or the ocean environment. I n  a 1 9 7 5  Na tiona l Re search 
Coun c i l  pane l re port , the largest def i ci ency found among 
� ce � n  engi neers was thei r lack of awa rene s s  o f  existing 
s our c e s  of inf ormation. rhe re �re , in f ac t ,  information and 
data ret rieval s ystems that are spec i f ic a l ly des igned to 
me et the ocean e ngineer ' s  needs ; yet , ocean engi neers are 
lar�ely  unaware of  them. Those that are aware of them a re 
unsu re about wh� t  data and i nformati on t hey cont ain or how 
to nake e fficient use of the materi� l .  11 Even the largest , 
oldest , most ve rsatil e , or most automated systems are 
complete ly forei gn to ma ny promine nt practicing ocean 

· engi neer s . 11 • a  

S ince the free flow of informati on i s  so cri tical to the 
i nnovation proce ss , some me� ns of  he l ping personnel in the 
ma r i t i me industry learn the tec hni �ues and skill s required 
f � r  technical i n formation re trieva l i s  needed . Prevai ling 
edu= � tional curricula do not see m  adequate to do this . 

C�M�ONICATIJN AND INFORMATION EXC H ANG E 

Before exami ning the various mec hanis ms f or exchanging 
i nf ormation about new re search , new technology, and 
i nn�vations in t he maritime industry , it is wise to examine 
what exactly i s  to be communicated.  As was ment ioned in the 
preceding section ,  researche rs � f ten report their findings 
in � language that is n�t always int e l li gi ble to the res t  of 
the  worl d .  Consequently , it is nece s sary to be concerned 
not only wi th the availa bi l i ty of r e s earch and technical 
i nf � rmation, but with the translation or transformation of 
tha t i nf ormation into a forn tha t can be used by industry . 
Technica l information can be trans la ted for industry 
indi rectly ( thro ugh the written wo rd , lectures,  via 
c �ns ultation , et c . ) or d irectly (through j ob rota tion, j ob 
trai n ing ,  demons tration of a new techni�ue or device , etc . ) .  

The number o f  potentia l avenue s for exchanging 
inf� rmation about new techn�logies and i nnovations in the 
mar i t i me i ndustry is virtual ly l imit le ss .  �orldwide , 
informa tion i s  e xchanged t hrough educati onal centers ; mult i
nat i onal compani e s ; trade j ourna l s ; i nte rnational civi l  
cooperative agreements ; and through mutual de fense 
� rg� niz ations , s uch as the North Atlanti c  Treaty 
Org� n i z ation .  Nationall y ,  communication can occur between 
g�ve rnment and i ndustry , on an i nter- in� ustry ba s is ,  and on 
an  i ntra- ind ustry bas i s. 
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One of the keys to making use of these avenue s to 
stimu late innova tion and technol ogy transfer is to ident ify 
the various mechanisms that can trans mit technical 
i nforma tion. One such mechanisn i s  the �ritten �ord . 
Peri o dic newsl etters , abstracting se rvices , and trade 
j ourna ls a l l  provide a readily avail able means o f  
info rmation exchange . There are a numbe r o f  the se serving 
the maritime in� ustry , i ncluding the Maritime Research 
I nf � rmation Service (MRI S) , mana ge d  by the National Re search 
coun ci l ; �!!��n, distributed by MarAd ; and Fac t  Sheet, 
distributed by t he u . s .  Navy. rhe se and many other sources 
are read ily avai lable but are apparently l ittle used by 
industry personnel . 

P eople can also serve a s  an effective mechani sm f or 
i nformation exchange . Thi s proce s s  was i llustrated in a 
fede r a l  gove rnment intern program that placed engineers and 

· s c ie ntists f rom the airf rame indus tr y  in both government and 
private s ector l aboratories . 3 More typica lly,  �hen grad uate 
s tu� ents complete their formal education and go to work, 
they take with them new found knowle dge o ften that they have 
he l � ed create , and that may be more advanced than that o f  
t he i r  colleagues who graduated i n  earlier years .  The most 
common , and pos s i bly most ef fective , means of 
peopl e/inf ormati on transfer is the techni cal forum. 

�any studi es document the need f or properly c oupling the 
te c hnology and the market to pro duce a s ucces s ful 
innovation. 6 t  94  t 4 e One way to obtain such an alliance is 
to h ave the pote ntial user o f  the innovati on participate in 
the ea rly re search and planning stage of product ion. The 
suc= e s s  of this approach has been demonstrated by Stanford 
Re search I ns ti tu te . Un�er contract to NASA, they were able 
to u s e  thi s  method to encourage the private sector to use 
ne w space techn� logies . t 4 a 

Fina lly , a s  was noted in Chapter v ,  linkers often se rve 
a cr itical func tion in accelerat ing the rate of 
te chnologi ca l change . Li nkers serve to connect new 
technologies wi t h  potentia l  adopte rs . Thi s f unction can be 
carried out on an ad hoc or semi - i ns t itutional bas i s , or it 
can be accepte� as a forma l res ponsi bi lity .  For example , 
the prog ram managers that di rect the research an d 
deve l opment proj ects for the Nationa l Shi pbuilding Re sea rch 
Prog ram are bec o ming kno�n throughout the shipbu i lding 
industry as sources of informati on about new technology. 
They report that they often rece i ve inqu i r ie s  about a 
vari ety of  techn ol ogical advances that may o r  ma y  not be 
d i re ctly re lated to the projects for whi ch they are 
res � o nsi ble . rhus , the program managers , who have accepted 
di rect respons i b i l i ty f�r di s seuinating i n format ion about 
thei r specific proj ects ( i ns titutionaliz ed l inke r  
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responsi bi lity) , are gradual ly a s s uming broader ad hoc or 
semi - inst itutionalized linker functi ons. 

�a ny industries have made profitable use of f ormalized , 
t hi rd- pa rty inf ormation exchange mec hani sms to improve 
tech n o logy trans fer .  An obvious e xample i s  the federa lly 
sponsored �gricultural Exten sion Service . The prime 
re spo nsibilities o f  this service are to disseminate 
i nf ormati on about agricul tural innovatio ns and to  encour a ge 
f arners to adopt them. Such a model could , of course , be 
adapted to serve the maritime industry. The sea Grant 
pro� ram may one day be equal ly e f fec tive in serving the 
mari t ime industry. 

However , the final re sponsibility for improving 
i nf o rmation f l ow re sts squarely upon industry . Companie s  
t hat s e t  a priority o n  the a cqui sition o f  information about 

. tec hnological a3vances are bound to be ahead o f  their 
competitors in l earning about potentially use ful 
i nnovations . 

The vari ous means of  informa ti on exchange involve 
d i ff e ring degree s of trans lation or i nterpretati on from 
s c i e nce , to techno logy ,  to applicati on. � cost 
ef fectivene s s  judgment i s  re quired i n  the select ion . 
Beca n s e  most effective technology transfers requi re human 
i nte r pretati on, these tran sfers are like ly to be the mos t  
expe nse.  

• The e xc h ange of information and a s upporting 
environment for using thi s  i nformation are cruc ial 
to the innovation proce ss . 

• To make u se of the l arge nnmber of  potentially 
useful and prof itable innovations available, the 
maritime industry must f i rs t  solve the problems 
related to exchange and dis s emi nation o f  
informa tion. 

• Quid- pro- quo exc hanges of i nformation with other 
leading maritime nations can be ne fit the u. s .  
maritime industry . When exchange s can be arranged 
with na tions offeri ng informati on comparable to 
that offered by the Uni ted State s , both nations 
wil l  prof it. 

• New res earch find ings and new techno logical 
advance s  are apt to be ignored unle ss the potent ial 
use r pe rceives a need f or them. 
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• Many engineers , production personnel , and managers 
in the maritime industry are both unaware o f the 
various sources of technical information that a re 
available and are i nexper ienced i n  retrieving 
inf orma ti on .  Opportunities for innovation are lost 
because of this l ack of awarene s s .  

• For innovation to go forward , the re i s  a need for 
prope r couplin� o f  new technology and prospective 
market . One way of acc ompl ishing this is to have 
the potential u ser o f  a technological advance 
partici pate in the early planning and research 
s tages of  the technology. 

• Information exchange and the transfe r of 
technologies and innovations wil l  be expedited if 
engi neers ,  technical personnel ,  and managers are 
introduced early to the benefits and uses o f  
informa tion networks and information retrieva l 
syste ms . Thi s  expo sure could be accomp lished by 
inc lusion of courses in these a reas as a part o f  
the sta ndard un iversity curriculum. 
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CHAPTER VI I  

RECOMMENDATIONS 

�s a committee , we accepted the premi se that innovation 
a nd the consequent tech�ological i mprovement in the u. s.  
mari time industry are crucia l to the surviva l  of the 
industry a s  a wnole , as well as es sential to the ful fillment 

. of the purposes of the United states and of  the industry . 
�cco rdingly , we examined the fa=tors that influence the 
i nnovation proce ss and conclude3 tha t  the rate and quality 
of i nnovation i n  the industry coul d be great ly improved. 
Because the economic factors see med to be the dominant 
infl uences , we c oncentrated on ident i fyi ng opportunities to 
adj ust t hese f actors and make the cli mate more favorable for 
innovation and technolo�i cal chan�e.  We also explored 
methods of i mproving the actual process of innovation within 
the i ndustry , wi th parti cular enphas is on the adoption , 
i mpl e mentation,  and diffusion stages . 

The recomme ndations that fol l ow are derived direct ly 
from our conclusions . These conclusions , in turn , were 
deri ved from the analyses of the f actors that affect 
innovati on as outl ined in the body of the report . 
Recommendations have been grouped under four headings : 
Finance and Economics ; Pe rsonnel and I nstitutions ; Research 
and Deve lopment ; and Inf ormation and Education. 

FIN�NCE AND ECONOMICS 

In general , profit potential dominates the planning 
goa l s  of industry decision makers . Therefore , we have 
acco rded first priority to those rec ommendat ions that wi ll 
e ither strengthe n the competitive pos ition of companies 
wi ll i ng to undertake innovation or technological  change , 
reduce the nee d  for federal s upport , provide suf ficient 
fina ncial protec tion for compani es wi lli ng to incur the risk 
of  i nnovati on , or encourage the federal government to share 
and/or assume f inancial risk in innovative ventures .  

• We recommend that the �ari t i me �dmi n istration , in 
cooperation with industry , explore a variety of 
indirect sub sidy and/or tax benefit arrangement s  
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tha t c o uld serve to sti mulate i n novation in t he 
maritime industry . 

• We rec o mmend that i ndustry and the Mari t ime 
Adminis tration cooperate to expl ore the development 
of i nsurance progra ms to encourage the introduction 
of new technology. I f  requi red , new legis l at ion 
s hould be developed that would a s si st companies  
wi l l i n� to i ntroduce hi gh-c o s t ,  high-ri sk 
technol ogies by i nsuring them aga inst downti me 
a nd/or cata stro ph ic  los s .  To the extent that 
reasona b le coverage is f ound to be unavailable in 
the c ommercial insurance ma rket ,  such l egis lation 
s hould include provi sions for insuring u. s. - f lag 
shi powne rs agai nst l oss o f  operating revenue that 
may res ult f rom the failure of innovative features 
during the trial pe riod and dur i ng the initial 
period o f  regular operation. 

• we re co mmend tha t the Mar i t i me Admi nistration 
pe r iodically contra ct f or b ui ldi ng innovative 
merchant ships on government account . Such 
government-owned ships should be bui lt to 
demonst rate the technical ,  i nstitutiona l ,  and 
economi c feasibi lity of  applying re s earch results 
and/or new techno logies . S uch ships should be 
suitable f or resale or c har te r  to u . s . - fl ag 
operators . Government cons truc t i on of such shi p s  
i s  not without precede nt.  

• �e recommend tha t the Mi litary Seal i ft Command 
(MSC)  undertak e , as part of its mis s ion , the 
adoption of innovati ons and new technol ogies on MSC 
ships . Such a shift in MS: pol icy s hould be made 
wi th f u l l  recog n i tion g i ven to the probabi l ity that 
a porti on of the innova tive fea ture s wi l l  fail  and 
that one or more MSC ships  may be put out o f  
service  f or some time.  

• we re c o mmend that the Mar i t i me Admin istration 
explore alternat ive s f o r  deve lo ping a cost- shar ing 
and/or loan- financing system to unde rwrite 
innovation . The ai m shoul d be to devel op and 
imp leme nt a coope rative i ndustry/government 
re vo l vi ng f und to defray the i ntroduction costs 
associ a ted with innovati on. suc h a program would 
be part icularly use ful in e nc ouraging i nnovat ions 
requiri ng ma j or capital  f inanci n � .  Similar systems 
a re cur rently use d by the United Ki ngdom an d  ot her 
nat ions to foster the i r  mar i t ime indust ries .  

• We recommend that the Mar i t i me Administrat ion and 
the i ndustry wo rk togethe r to e xamine t he 
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appropriateness 3 f  special tax credits for 
innovators , as we ll as modi f ication s  in the cur rent 
depre c i ation al l owance structur e ,  aimed at full 
recovery of current or repl acement value rather 
than i n itial C3St. Suc h a system might be s imi lar 
to the tax defe rred reserve fund allowed for ship 
c onstruction that was establ ished by the Merchant 
Marine �ct of 1 9 3 6  and amended in 1 9 7 0 .  

• We rec�mmend that the Federal Maritime Commis sion 
and the I nterstate commerce commi s s i on work with 
ship operators engaged in domesti c trade to seek 
ways of increasing the flexibil ity o f  the 
des ignated period of cost recove ry f or operator s .  
a s  we ll  a s  the designated period o f  ret ained 
pr� fits resulting from innovati 3n s ,  before freight 
rate re ductions are put into effect to allocate the 
benefits to shi ppers .  

PEOPLE �ND I NSTITUTIONS 

People and i nstitutional factors also a f f ect innovation. 
We st res sed the need to achi eve S3ci al equity and the need 
t� as sure the cooperation of labor �hen innovation is  
unde rtaken . The recommendations i n  this  s ection are 
desi gned to achieve these purpos e s .  

• We rec � mmend that manaqers and l abor leaders work 
c losely togethe r  to improve employment 
opportuni ties and labor productivity and to 
institute training and retr a i ning to enabl e 
workers , including displaced workers ,  to deve lop 
new ski ll s and trades . 

• we rec�mmend that management and government rega rd 
the human costs o f  adj ustme nt to new technology as 
part of the cost of install i ng such techno logy. 
Speci f i cally , we recommend that i ndustry adopt 
pro cedures that wil l  provide  suf ficient advance 
notice  so that l a bo r  and manage ment can prepare 
ad j ustment procedures to as sure e quitable j ob and 
inc ome security f or affected workers . 

• We recommend that the Ma ritime �dministration and 
the Soc iety of Naval Ar chitects and Mar ine 
Enginee rs cosponsor research and development 
progra ms in all segments of the mar itime industry . 
The exi sting Nationa l Shipb ui ldi ng Research Program 
c ould serve as a model . I n  part i cular, such 
programs are needed in the s hipowner/ope rator 
segment of the i ndustry and the materiel
supplie r/ship- chandlery segment of the industry . 
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• We rec�mmend that the Mar i t i me Administr ation and 
other a ppropriate government agencie s e s tabl i sh a 
periodi c ,  routi ne policy review procedure for 
exami ni ng federal c onstraints � n  the introducti on 
� f  new technology and techni que s .  The Maritime 
Adminis tration shoul d peri�di ca l ly petition 
Congres s and�or the executi ve b ranch of the federal 
government to modify or rem�ve those constraint s  
found t o  be unnecessary . 

RESEARCH AND DEVELOPMENT 

Mo st new tec hnology results from s uc cess ful research and 
deve l opment proj ects . Even technology that has been 
borr�wed from othe r industri es �r other nati ons may requ ire 
some additional research or, at the ve ry lea st,  some pilot 

- test i ng and demonstration be fore it c an be adopted by the 
u . s .  maritime industry . Yet , i nve stme nt i n  re search by the 
u. s. maritime i n d ustry i s  sorel y i na dequate when compared to 
what is consider ed a prudent level �f inve stment by othe r 
u. s .  ind ustries  or foreign mari time i nd�stri e s .  Since 
research is inte gral to the innovati on proce s s ,  we have 
gene rated re commendations f�r impr�v i ng the climate for and 
supp�rt of u. s .  maritime research.  

• We rec�mmend that both indus try and government 
increas e  their inve stme nt i n  u. s .  mariti me  re search 
and development pro jects and progra ms .  The 
greate s t  increa s e  i n  fund ing should be generated 
within each company through private enterprise 
inve stment , but an increase in  the leve l  o f  funding 
provi ded by the Maritime Admi ni stration and other 
governme nt programs i s  needed as wel l .  

• we rec�mmend that the Maritime Administration , 
togethe r with other institution s  and groups i n  the 
mari ti me community,  conti nue and expand 
opportunitie s f or dia l � gue and consultation on 
establ i s hing appropriate priori ties for federal ly 
f unded r.e search and devel op ment e f forts . 

• We rec�mmend that , despite the current e conomic 
situati on , the Maritime Administration, the u.s. 
Coast G uard , and other federal agencies be 
enc�ura ged to a l l oc ate an  i ncreased share o f  their 
research dol lars to ba sic  re sea rch leading di rectly 
to the development of f undamental technology for 
the maritime industry . such re search i s  needed to 
ensure the conti nued , long- term enri chment o f  t he 
tec hn�l ogical content � f  innovation s .  
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• we rec�mmend that , in  addition to basic res earc h, 
funds be allocated to support re search in the areas 
of improving method s of adopting , i mplementing , and 
embedd i ng new techn�logi es  and new t echniques ,  as 
wel l  a s  improving methods of  inf orma tion exchange 
and dis seminati on• 

I NF�RMATION AND EDUCATION 

The rate of i nnovati on i n  the u. s .  marit ime industry is , 
a t  l ea st i n  part , depend ent on the rate and quality of 
inf � rmation exchange and i nf ormati on disseminati on . In the 
rece nt p as t ,  the United State s has witne ssed an explos ion in 
the shee r qua nti ty of avai lable technol�gical information, 
as we ll as a rapid growth i n  advanced me thods of information 
storage and retr ieval . Our recoamendati�ns are aimed at 

· improving the information flow withi n the maritime indus try 
and providing i nc reased educationa l  opp�rtunitie s for 
industry personnel . 

• We rec � mmend that the Society � f  Naval Architects 
and Mar ine Engineer s  and othe r maritime - rel ated 
profess ional organizations take the lead in 
promoti ng the developme nt �f  c�urses , s eminars , 
and/or workshops , on the avai la bi l i ty of  
i nf �rma ti on retrieva l  s ystems , i ncluding the 
technol ogy ,  pr� ducts , a nd proces ses of the systems. 
S uc h  c o urses woul d be o f fered by col leges and 
univers ities engaged in teaching maritime 
management,  production , and res earch an d 
devel opment personnel.  

• We rec o mmend that the Ma r it i me Admin istr ation , with 
the support of  the industry , expand its leaders hip 
role in improving information e xchange within the 
mar i t i me commun i ty. Speci f ical l y ,  we r ecommend 
that the Marit i me Administrati�n e stab l i sh a center 
for the e xchang e of tec hn�logical i n formation . 
Such a center could serve a s  a foca l  poi nt f or 
e f f orts to eval uate industry ne eds , stimul ate 
innova tion,  tra nsfer techno logy , and de velop forms 
of inte r-industry cooperat i on .  rhe center could 
serve a s  a techno logy c lear inghouse and be staf fed 
with i nd ustry techni cal coo rdinator s . 

• we recommend that individua l enterprise s appoint at 
least o ne competent person to  se rve as an 
inf orma tion lia i son agent ( linker , gatekeeper)  to 
sea rc h  for and disse mi nate new approaches and/or 
technol ogy that will  he lp the e nterprise become 
more e f fective and competi t i ve.  The l i a ison agent 
al so c� uld function as  a continuing source o f  
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i nf orma tion about the nee ds and problems o f  the 
enterprise that are amenable to technological o r  
i nnova t i ve solution.  I n  th i s  rol e ,  the l i aison 
a gent �ould have ready acc e s s  to individua l s ,  
a genc ie s ,  and i nstituti ons engaged in  research. 

• �e rec� mmend tha t  each ma ri time t rade a ssociation , 
such a s  the Shi pbui lders C� unci l of Amer ica ,  the 
�me rican I nstitute of Merc hant Shipping ,  the 
Committee o f  �erican Shi p Operators , the Ame ri c an 
�ssoc i a tion of Port �uthori ties , and the counci l  on 
�meri c a n  Flag Shipping ,  appoint at  least one 
c ompete nt i ndivi dual t� serve as an information 
liai son agent. The liai son agent withi n these 
org aniz ations s h� uld w�rk t o  increase t he flow of 
te c hnol ogical informati on a mong the various 
memberships . I n  parti c ular , the li aison agent 
could expedite the f lo� of information about new 
technol ogies to potential  users . In  addition , each 
liai son agent could pe r form a feedback function by 
identi f yi ng the research nee ds and probl ems o f  the 
part i cu lar constituency.  

• We rec�mmend that maritine tra1e associ ations , the 
Maritime �dmini stration, the u.s. Navy, and the 
u . s .  co ast G uard develop specia l programs to 
incre a s e  public understandi ng � f  the value of 
commerc ial s hipping to the national wel f are . 
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