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The National Research Council was established by the National Academy 
of Sciences in 19 16 to associate the broad community of science and 
technology with the Academy's purposes of furthering knowledge and of 
advising the federal government . The Council operates in accordance 
with general policies determined by the Academy under the authority of 
its Congressional charter of 1863, which established the Academy as a 
private, nonprofit,self-governing membership corporation . The Council 
has become the principal operating agency of both the National Academy 
of Sciences and the National Academy of Engineering in the conduct of 
their services to the government, the public, and the scientific and 
engineering communities. It is administered jointly by both Academies 
and the Institute of Medicine . The Academy of Engineering and the 
Institute of Medicine were established in 1964 and 1970, respectively, 
under the charter of the National Academy of Sciences . 

NOTICE: This report is a compilation of the presentations and comments 
of the individual participants in the Workshop on Innovation in Trans
portation.  The views and interpretations are those of the individuals 
concerned and are not necessarily those of either the supporting 
agencies and organizations or the National Research Council . 

The workshop and this proceedings were supported under Contract 
No .  DOT-RC-92002 between the U . S .  Department of Transportation and the 
National Academy of Sciences . 
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2101 Constitution Avenue, N . W .  
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PREFACE 

The papers collected in this report constitute the proceedings of a 
workshop on innovation in transportation organized and convened by the 
Committee on Transportation of the Assembly of Engineering, National 
Research Council, September 24-26, 1979, at the National Academy of 
Sciences in Washington, D . C .  The purpose of the workshop was to stimu
late wide-ranging discussion among a diverse group of participants con
cerned with the issues surrounding innovation in transportation, and to 
isolate some of the most important of these issues for concentrated 
attention . More than a hundred people (listed by panel under 
"Participants") took part . The numbers of people from the various 
transportation sectors were: four from foreign governments , 42 from 
the U . S .  Government, 36 from industry, and 30 from university, not-for
profit organizations, and the legal profession . The interest in having 
fairly large numbers of participants from each of the major sectors was 
to obtain balance in the representation and to elicit ideas from as 
many different sources as possible throughout the transportation com
munity . 

These views are those of the participants, are not necessarily 
consistent with one another , and are not necessarily those of either 
the supporting agencies and organizations or the National Research 
Council . 

The workshop is part of a comprehensive examination of innovation 
in transportation undertaken by the committee in the course of advising 
the U . S .  Department of Transportation on matters of policy and techno
logy . The committee has set two preliminary objectives for this examina
tion: 

• To identify barriers and incentives to innovation in 
transportation • 

o To develop recommendations for·detailed analysis and 
evaluation the Department of Transportation might under
take to encourage innovation in transportation. 

The committee expects to issue a report on its examination in 1980 . It 
should be noted that the ideas presented in this workshop will be con
sidered by the committee , along with ideas developed through other 
sources . The recommendations made by panel chairmen should be con
sidered preliminary, and the resulting final committee report may have 
a different emphasis in certain instances . 

iii 
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The subject of the committee's second objective was introduced 
into the workshop by the keynote speech on the federal role in stimu
lating innovation in transportation . 

To ensure that an ample basis was laid for ensuing discussions. 
three broad sets of issues were addressed by the principal speakers: 
the transportation community and the possibilities for innovation in 
transportation. the external climate for innovation. and labor and 
public interest considerations . 

To inform subsequent panel discussions and narrow their focus. 
each panel chairman proposed a brief list of items for the panel dis
cussions to follow . The meeting then divided into panels to hear and 
discuss papers that had been provided to participants before the work
shop on five subjects under consideration: the setting for innovation; 
interactions of government. industry. and academic institutions; econo
mic incentives for innovation in transportation; procurement and inde
pendent research and development; and technology and R&D policies to 
stimulate innovation . Each paper received comment from a discussant. 

By this method of presentation. and by providing all research 
papers to all participants in advance. the committee hoped to prevent 
an artificial separation of issues that are closely bound and mutually 
dependent . The economic and other incentives that encourage innovation 
in transportation. for example. cannot be understood in isolation from 
the interactions of government. industry. and academic institutions . 

Each chairman reported his panel's principal conclusions and 
recommendations to the assembled participants on the third day of the 
workshop following the deliberations in panel sessions. and these were 
discussed . 

A brief summary is provided here of significant points raised in 
the workshop and the panel chairmen's reports and recommendations . 
The views expressed by the participants (related in the summary) are 
their own and do not necessarily reflect those of their organizations. 
the Committee on Transportation. the National Research Council. or 
the Department of Transportation .  

Summary 

The workshop was convened to illuminate and discuss the principal issues 
in innovation in transportation. The summary should be read with that 
understanding; individual participants may (and do in the recorded pro
ceedings) disagree . 

The speakers emphasized that "innovation" is not synonomous with 
"invention" or "the introduction of novelty." but encompasses the 
successful introduction into the economy of a new or changed product. 
service. or manufacturing process resulting from the development of a 
discovery. or a suggestion arising from review and analysis. Some chose 
to emphasize particular aspects of this definition for innovation in 
transportation: the representative of labor. for example. pointed to 
innovative change in the workplace as equally important to the applica
tion of new technology in imProving transportation services . The impor-

iv 
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tance of market demand in creating pressure for innovation was under
l ined with examp l es by a number of  speakers ; others chose specific 
instances of technological research and development creating pressure 
for innovation .  These were framed in the context of pul l and push fac
tors of equal importance by other speakers . 

Severa l prob lems that encumber innovation in transportation sur
faced repeatedly : the extensive , and frequent ly frustrating , influence 
of government ; the incremental and dis jointed nature of innovation in 
transportation ; the dec l ine and overal l insufficiency of investment in 
the activities vital  to innovation , compounded by the pressures of in
fl ation . Several avenues to solut ion were proposed and discussed in 
the course of the workshop: 

o The urgent need to direct attention to the transportation 
system as a who l e ,  to understand it in the context of  
present and changing l ocal and nat ional needs, as a funda
mental  part of  our society . The recommendat ion emerged 
from various discuss ions of the workshop to undertake the 
col lection and analysis  of information that would lead to 
a long-range plan for innovat ion in transportation , to be 
updated at frequent interval s .  

0 The need for col laboration among government , industry ,  
academic and other research organi zations , and simi l arly , 
among regulators , management , and labor , to stimulate 
innovation . 

These were e l aborated and di scussed in panel sessions and reported 
in the final p lenary session .  The prel iminary recommendat ions , as 
reported by the chairmen , are briefly summari zed below .  Many of these 
prompted l ively discussion . 

Sett ing for Innovation 

The chairman of the panel out l ined the barriers to innovation in trans
portation in government , in industry , and in the university community 
and listed the panel's suggestions about how these barriers miRht be 
overcome . 

In the executive branch of  the federal government , respons ibil ities 
and authority are fragmented ; leadership changes bring changes in goal s 
and obj ectives . There is  no long-term plan nor regular , updated trans 
portation pol icy . Each of these states o f  affairs may act as a barrier 
to innovation . The great number and d iversity of  state  and local govern
ments create confus ion and hinder progress toward transportation inno
vation . 

In the l egis lative branch , there are too many overs ight , authori 
zing , and appropriating committees . Organi zat ion along these l ines 
gives rise to many constituencies , results in much overl ap and compro
mise , and impedes the appropriation process .  

In the industrial and commercial fie l �  the characteristics of large 
mature compani es with massive infrastructures are not conducive to inno-
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vation . There is  low return on investment in many transportation firms , 
�ompounded by the high costs and risks of the ful l -scal e ,  real -world  
tests  needed for successful marketing . 

The mechanisms by which support is  gained for research can act 
against innovative ideas . For example , the request-for-proposal (RFP) 
process is time-consuming and expens ive . 

The chairman noted that the panel offered suggestions to improve 
the setting for innovation . The Department of Transportation should 
i s sue an annual long-range (probably looking at l east 10  years ahead) 
National Transportation P l an , identi fying goal s ,  initiat ives , capital 
assistance , and research priorities . The department should work with 
the Office of Management and Budget and the l egis lat ive branch to con
sol idate , or at least to reduce in number , the committees now involved 
wi th transportation . It was c l early stated that this would be a very 
difficul t ,  long-term task . The department should develop even closer 
cooperation with state and local governments and industry . 

Both the executive and the legis l ative branches need to provide 
greater stabi l ity in goal s ,  programs , and funding to reduce uncertain
t ies in the industria l sector , according to the panel .  There is  a 
pressing need for long-term loans , or loan guarantees . A mechanism 
somewhat analogous to that of the Export- Import Bank might be used to 
permit l ocal governments or private enterprises to undertake innovative 
proj ects . Careful con s ideration of criteria , and evaluation based on 
national goals,would guide the sel ection of recipients . 

Interactions of Government , Industry , and Academia 

The chairman observed that in the panel ' s  view , universi ty engineers 
and scientists  should  play a strong rol e  in the Department of Transpor
tat ion's formulation of an innovative transportat ion research program . 
A long-range pattern of department -university col l aborat ion should be 
establi shed by stabl e programmatic pol icies , and with rel atively stable  
funding l evels . The chairman noted that univers ities should be careful 
about going too far into the appl ied research and development that 
industry is better equipped to pursue . Univers ities should concentrate 
on developing inte l lectual capacity and intel l ectual capital by train
ing and developing students ,  and enlarging bas ic knowledge . An exten
sion of these ideas was a suggestion that there would be a need for 
establ ishing "centers of excel l ence" to conduct applied research and 
development in selected areas of transportation . These could.be R&D 
organi zations outs ide the univers ities (al though in some cases they 
might be university affi l i ated) . 

Where government has been the developer and buyer , or buyer and 
user of  equipment or system� i t  has general ly been more succes s ful than 
when it conduct s the R&D , develops an item ,  then depends on another 
agency to buy and use it . Exampl es of  the former include the Department 
of Defense for its  systems , the Federal Aviation Administration for its 
air traffic contro l equipment and system , and research conducted by the 
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Department of Transportation related to issuing and enforcing safety, 
environmental protection, and other types of regulation .  A successful 
government program that might provide guidance for developing inter
governmental relations that encourage innovation i s  the Federal High
way Program. This effort is supported by competent staffs at state 
and municipal levels, developed through specific provisions of the 
Highway Act. State agencies not only share in the cost of highways, 
but supervise their building. Examples of the case in which the federal 
government may develop,but not buy and use,a system are the l arge develop
ment an d  demonstration projects (such a s  for new buses or rail systems ) 
in intercity or urban transportation where users are expected to be 
industry, or state and local governments. The chairman suggested that 
great care be given to research, development, and system evaluations when 
DOT is not the user. 

There is now no ·individual within DOT at the level of assistant 
secretary who has the responsibility for coordinating and overseeing the · technical affairs of the department. Adding such a technical person at 
�hat level cou�d help improve the innovation process. 

The chairman noted that,in his view,the transportation industry's 
primary role is to produce and operate the systems that people use. It 
was his opinion, and that of a number of other participants, that the free 
market is still the most sensitive barometer of public acceptance, and it 
is for this reason that industrial talent s ,  experience , and attitudes 
should be enlisted to support innovative concepts at the earli est  prac
ticable stage. Some important areas of applied research and development 
could fail to receive the sustained attention they deserve. Final ly , 

it was suggested that indust�y, as well as government, contribute finan
cial support, and join in continuing dialogue with faculty and students 
in universities to develop better understanding and interchange of ideas. 

Economic Incentives 

The panel concentrated on regulatory, tax, and anti trust matters. The 
panel noted that,over the past three decades, prices for transportation 
have seldom reflected true costs. Now, rising fuel QOSts and increas
ed capital investments to meet safety and environmental standards have 
overburdened the limited, internally developed capital  avai l able  in some 
of the auto �ndustries, and in others. The chairman reported that the 

-�
anel endorsed Executive Order 12044 . In essence, that order requires 

that the public be made aware of the risks, costs, and benefits of 
regulations before they are enacted; that priorities be estab l i shed ; 
that alternative choices be made clear; and that the regulations be 
systematical ly reeval uated . The chairman noted that the panel concurred 
with the prevailing tax rules applied to R&D , but urged early moves to 
liberalize depreciation rules on equipment and machinery . There were 
several views expressed about the actual number of years on which de
preciation should be based, but the suggested reconsideration of such 
existing provisions was· agreed to in general. Although there was general 
agreement that reconsideration of present depreciation rules should be 
undertaken, there were views expressed questioning the overall 
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effectiveness of such a move as a st imulant to innovation .  While  a 
l ibera l ization of the depreciation rules on equipment and machinery 
should increase capital funds avai l able , it should be pointed out that 
this would not necessari ly guarantee that such funds would be earmarked 
for expenditure on innovation .  Careful study of al l aspects should be 
included in the recons ideration . The suggestion was made that as the 
Civi l Aeronauti cs Board (CAB) and possibly the Interstate Commerce Com
mission (ICC) are gradual ly phased out , the Department of Justice may 
assume many of their res idual respons ibil ities . It  was suggested that 
Justice consider a l l owing the format ion of some integrated , intermodal 
transportation companies--a  step that could st imulate more efficient 
services . 

Procurement and Independent Research and Development ( I R&D) 

The chairman reported consensus on the pane l that the Department 
of  Transportation should take an interest in al l contractor programs 
where there might be an e lement of Independent Research and Development 
( I R&D) , to identi fy it as an important part of the contractor ' s  activity, 
to maintain respect for the importance of independence in I R&D , and to 
encourage the contractor to direct some portion of this  IR&D into acti
vities of interest to DOT . IR&D is now associated with the federal 
procurement part of transportation funds and these are less than a 
fourth of DOT ' s  budget . About $ 12 bi llion of the department's annual 
$1 7 bill ion budget is  expended in the form of capital , or other types 
of grants . In making grants to states or local agencies , the department 
might add a condition that a sma l l  portion be used for innovative analy
s is . Such an approach might be an additional tool in encoura2in2 inno
vation . 

The chairman noted that the provision in procurement contracts re
quiring that the contractor repay the R&D costs  of ideas developed under 
contract from whi�h they make money discourages innovation . The depart
ment was urged to fol low the new Federal Acquisition Regulat ions (FAR) 
that el iminate cost - sharing on goods or services developed for govern
ment use , and that provide for R&D recoupment , only if  i t  i s  clearly in 
the national interest . The general thrust of  the regul ations is  that 
recoupment should rarely be required . 

The chairman suggested that changes are needed in patent and data 
rights, and noted with approval a bi l l  now before Congress that would  
impose a upiform pol icy on  al l federal agencies . The proposed pol icy 
is that the ownership of patents  and data rights remains with the con
tractor. The government gets royalty-free rights. 

The chairman reported that the panel urged the adoption of  a pro
posed Federal Acqui sition Regul ation that encourages submission and 
expeditious handl ing of unsol icited proposals . The practice has been 
to trans l ate unsol icited proposa l s  into requests for proposal s , to 
publish them , and invite bids . This discourages those who have novel 
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ideas from seeking support . Final ly ,  DOT was urged to streaml ine the 
administrative process of procurement that is now unduly lengthy . 

Technology and R&D Pol icies to Stimulate Innovation 

The panel remarked that the percentage of its  budget spent by the 
Department of Transportation for research and development i s  much 
smal l er than the percentage spent by other agencies , such as the Depart 
ment of Defense or the Department of Energy . The department ' s  efforts 
in research and development need strengthening , according to the panel , 
and it  reaffirmed the recommendation of other panel s  for a high- l evel 
officer and supporting personnel in research and development . Thi s new 
function should be designed with a great deal of care. To provide out 
s ide views , the panel recommended that the department set up a full
time scientific advisory board to provide critical apprai sal and ideas . 
The panel urged the department to develop a set of obj ectives and per
formance requirements ,  rather than solutions , and to bring its criteria 
for research grants and contracts into l ine with these obj ectives and 
requirements . 

The panel cal led for an annual mobil ity assessment to give an in
dication of how wel l the transportation system is performing (in the 
view of passengers , operators , shippers ) ,  how much it costs ,  how wel l 
industry is doing , and where signi ficant gaps or problems are being 
experienced . 

Among other recommendations , the panel singl ed out some pressing 
needs for research and development now being experienced in various 
modes of transportation : the need to gain an understanding of what i s  
required t o  achieve s igni fi cant improvement and growth (perhaps increas
ing ridership from 4 percent to about 20-30 percent) through a much im
proved system of urban mass transportation , for exampl e .  The panel 
thought such an effort should receive more attention and research money . 
Other examples  the panel offered include the need for research in high
way maintenance , an examination of the feasibil ity of automating enroute 
air traffic control of aircraft , and more research t�_support the govern
ment ' s  regul atory functions . 

The valuable  participation of many individual s during this review 
i s  grateful ly  recogni zed by the committee . The panel members and parti 
cipants are l isted o n  pages 240 t o  245 .  

The committee expresses special appreciation for the many contribu
tions during the pl anning for thi s workshop by Dr . James R .  Nel son before 
his death Apri l 30 , 1980 . 

��.__;. 1.. tL...��-1. J; Raymond L. Bispl ing�off ·� 
Chairman 
Committee on Transportation 
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WELCOME 

COURTLAND D .  PERKINS 
PRES IDENT 

NATIONAL ACADEMY OF ENGINEERING 

I certainly do we l come al l of  you to this workshop , not onl y  for 
the National Academy of Engineering but for the National Academy of 
Sciences as wel l .  Thi s workshop is  being sponsored by the Committee on 
Transportation of the National Research Council , the U . S .  Department of 
Transportation , and the Industrial Research Institute and its Research 
Corporation . 

I t  goes without saying that innovation has become a good word in 
thi s  area . As a matter of fact , as I was j ust discuss ing with Ray 
Bispl inghoff , every two or three years we get a new group of studies on 
innovat ion . The one thing al l of them have in common is that after very 
carefu l l y  run s tudies , and very careful ly worded reports and recommenda
t ions , nothing ever happens . 

That brings me back to one of the speakers today, Bob Charpie , who 
ran the first innovation study that I remember , when he was with the 
Commerce Technical Advisory Board . Later , Betsy Ancker-Johnson and 
Herb Hol loman prepared studies , and now Jordan Baruch has conducted one . 
It  i s  hoped that out of this we lter of studies something wi l l  actual ly 
take place . 

In point of  fact , in response to the recommendations of  several 
NAE members, the NAE , under the chairmanship of Art Bueche of General 
Electric, is  planning a col loquium in December 1 979 . It  is  to be a 
study of the studies . The intent i s  to review al l studies of innova
tion , and to see if there is any agreement on what the maj or factors 
are and at what point these wi l l  become strong recommendations . To 
whom these would go, I am not quite sure . 

I also mentioned to Ray Bi spl inghoff that innovat ion is  starting 
to look something l ike the Air Force . In my experience with the Air 
Force , we ran studies of  the mil itary uses for space systems about 
every third year . We woul d recommend al l sorts of good things that way . 
We also conducted studies of  manned bombers . These surfaced about 
every third year a l so .  Innovation is now a very visibl e prob lem in 
Washington, and many of us are struggl ing to find out what can real ly  
be  done , and who wi l l  do  it . 

I t  is  interesting to me that in this workshop you have picked a 
narrow obj ective . You are going to talk about innovation in transporta
tion . There is  no question that whatever you decide upon wi l l  be 
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extrapol ated to other areas as wel l .  Let us take on innovation in trans
portation then , and see if  we can come up with some real l y  important 
ideas , about which somebody may do something . 

Certainl y  we need innovation in transportat ion , not onl y  because 
of the economics of the situat ion , but al so to so lve the difficult  
probl ems that we are facing , which wi l l  be even more difficult to solve 
in the near future . Therefore I am sure that those of  us who are look
ing at the broad gauge probl ems of  innovat ion in thi s  city wi l l  be l ook
ing to this workshop to see if  your result s  wi l l  lead us to a technique 
for some act ion ,  for some actual implementation . 

Therefore we welcome you . We hope you are successful in this  ven
ture . I was del ighted when I read the program . I t  is  a very powerful 
one , and you have exce l l ent speakers . You have very strong l eaders for 
the di fferent pane l s , and I am positive that if  anything can be done , 
it  wi l l  be done here . 

One of  the areas of  innovat ion that I do not see on the program is  
the one that concerns every one of us . This  is  the relationship between 
technical innovation and the educational process .  Whether the probl em 
gets fed into the probl em of  innovat ion in transportation , I do not 
know ; however , it does appear to many of us that we have di fficult prob
l ems in the engineering educat ion field . With respect to this particu
lar subj ect , I hope that somebody , or one of these pane l s , refers to 
this probl em at least briefly . I have talked about this with our indus 
trial members of the NAE on many occas ions , and those connected with 
innovative industries are deeply concerned . I hope that thi s  aspect of  
the probl em is noted in this  particular meeting , at  least as a side 
issue . I think that it is a maj or issue . 

Anyway , we we lcome you here . You are deal ing with an important 
and complicated problem .  So far we have not proceeded very far in 
actual ly  getting anything done . We hope that the focus of innovation 
on transportation wi l l  give us the l ead on how to get at thi s . 
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KEYNOTE ADDRESS: 

STIMULATING TRANSPORTATION INNOVATION--THE FEDERAL ROI.E 

BY 

HENRY ESCHWEGE 

The General Accounting Office (GAO) , under the leadership o f  the 
comptrol l er general , Elmer Staats , is an arm of the Congress  that re
views the programs and po l icies of  the federal government and makes 
recommendations for improvements . In this process ,  we sometimes step 
on people ' s  toes . Even helpful crit icism is  not always we lcome . But 
our intent is  pos itive . We bel ieve that government can be efficient 
and effective and that constructive oversight and program evaluation by 
the Congress and its  support agencies can help the federal  government 
serve the American peop l e  better . 

What ro le  does the General Accounting Office have in a debate on 
innovation? The answer to this question l ies in the extens ive influence 
government poli cies and programs have on innovat ion - -whether or not it 
is encouraged , suppressed , or ignored . GAO has a unique opportunity to 
identi fy impediments to innovation and to recommend improvement s .  

But before I get involved in suggesting approaches to so lutions , 
let us ask ourselves , what is  the problem? We are constant ly reminded 
that the Uni ted States is los ing its competitive edge in world markets 
because of decl ining innovation and product ivity , that private invest
ment in  long-range research and moderni zat ion of  capital plant and 
equipment is decreasing , that we are becoming an increas ingly "have not" 
nation in critical resources such as energy , and that our friends in 
Western Europe and the Far East have more efficient transportat ion sys
tems . 

What of solutions?  I begin on a note of  opt imism . I t  is  true the 
U . S .  reputation for techno logical superiority and innovat iveness has 
been somewhat tainted . Yet recent efforts by Jordan Baruch , assistant 
secretary of commerce , and this  workshop attest to our determination to 
reverse any negative trend . 

A s i zab l e  portion of  GAO ' s  resources ,  for example , is  devoted to 
reviewing the programs and pol icies of  the federal agencies involved in 
the U . S .  transportation system . These e fforts ,  logical ly , l ead us to 
an as sessment of how state and local government s ,  industry , and other 
parts of the private sector are affected by federal act ions . 

From this  vantage point , l et us cons ider the question : What can 
the federal government do to encourage transportat ion innovation and 
productivity? First , let us briefly exp lore what we mean by transporta
tion innovation and how transportation innovat ion is re lated to 
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product ivity and new technology . I suggest that one of the most impor
tant meanings of transportation innovat ion is using exi sting ideas more 
effectively . 

Second , I will di scus s  some of the barriers to transportation 
innovat ion and product ivity within the federal government and in the 
private sector . My purpose is to describe changes needed to encourage 
innovation and productivity and to suggest is sues for di scussion by 
this  workshop . 

F ina l l y ,  I will cite some recent GAO studies that suggest ways 
that federal transportation programs can be made more productive through 
needed changes in government organi zat ion and enabl ing l egis l ation , and 
through improvements in operating methods and procedures .  

A dictionary tel l s  us that the word " innovation" means "something 
newly introduced , a new method , device , et cetera , " and also "the act 
of introduc ing a change or something new . "  Obvious l y ,  this neutral 
de finit ion is not real ly what most of  us mean when we use the term 
" transportation innovation . "  We usually mean an improvement in our 
transportation system ,  a change for the better . In part icular ,  we tend 
to perceive the kind of improvement that increases economic productivity, 
that increases the qual ity or quant ity of goods and services produced 
from a given l eve l of resources .  

When we tal k about transportat ion innovat ion , we a lso tend to mean 
new technology- -new transportation systems , new devices to improve fuel 
economy or protect l ives , new te lecommunications systems that can sub 
stitute for phys ical transportat ion of passengers and mai l . We tend to 
emphas i ze scient ific and engineering improvements . We lay particular 
stress  on whether someth ing is new . 

The connotations influence the way in whi ch we th ink about tran s 
portat ion innovation . Obvious ly , new transportation technologies and 
new ideas in appl ied science and engineering are important aspects of  
transportation innovation , but many o f  our transportat ion probl ems are 
due to our inab i l ity to make effective use of the ideas that we already 
have . 

For examp l e , from a engineering point of view ,  we are now able  to 
make automobi les  that are much more fue l efficient than the average 
automobi l e  produced in the United States in 1979 . Our biggest national 
probl ems in thi s  area have to do not with the technol ogy but with 
( 1 )  convinc ing more American motori sts that fuel efficient cars are 
des irable , ( 2 )  the reluctance of American automob i l e  manufacturers to 
move too far ahead of consumer preferences , and (3)  institutional prob
lems within the federal government that prevent the deve lopment of a 
cohesive pol icy toward the automobi l e .  

Therefore one o f  the most  important meanings o f  transportation 
innovat ion should be , as I said , using existing ideas more effectively . 
This  is  perhaps a less gl amorous subj ect than potentia l scient i fic 
breakthroughs ,  but in the near term it is a more pract ical obj ective 
for federal transportation programs . 

Poss ible i ssues for thi s  workshop include the fol lowing : How can 
the federal  government and the private sector cooperate more productive
ly  so as to encourage transportati on innovat ion ? What improvements can 
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be made in the efficiency and effect ivenes s o f  the routine operations 
of our transportation systems so as to increase their economic pro
ductivity? 

As we consider these issues , we should  bear in mind the fo llowing 
maxims : New ideas are not always the most  useful ones . Useful ideas 
must be used to become productive innovat ions . Product ive innovations 
require changes .  Changes invo lve ri sks . Peop le  and institutions , by 
and large , prefer to avoid risks . It is j ust as sure a recipe for fai l
ure to  have the right idea SO years too soon as  5 years too l ate . 

An example  might be truck weight l imitations . GAO ' s  recent study 
of  weight l imitations for trucks travel ing the nation ' s  highways rai sed 
cha l l enging questions about the net benefi ts of  increasing weight l imits  
to conserve fue l . On first consideration ,  the idea of achieving fue l 
savings by resorting to heavier truck shipments is impressive . But the 
price we pay in terms of increased highway maintenance and maintenance 
of vehicles trying to traverse deteriorated highways may make this  idea 
neither useful nor productive . Also , at a time when we want automobi l es 
to be smal l er ,  the idea of  larger , heavier trucks seems to run counter 
to our e fforts to make driving s afer . 

In GAO reviews of  federal transportat ion programs , we have found a 
number of formidable  barriers to productive changes in the U . S .  trans
portation system .  One of the worst barriers to  transportation innova
tion is the l ack of trust and the mutual antagonism that frequent ly 
undercut productive cooperation between government and the private sec 
tor . 

There are those in government who tend to assume that the private 
sector is  no better than it  has to be , a col l ection of sel fish indivi 
dual s and profit-obsessed corporations that can on ly be forced to do 
the right thing by stringent government contro l s  and regulations . Many 
in the bus ines s  community see the government as the enemy pursuing un
real istic  and overly moral ist ic goal s at the expense of practi cal ity 
and common sense . And there are private citi zens deeply committed to a 
particular personal cause or goal who view both government and bus iness 
as dangerous adversaries to be supported only i f  they completely agree 
with one ' s  personal goa l s  and to be harshly condemned if they disagree . 

These problems are deeply  rooted in our society,  and it i s  c l ear 
that simp l e  solut ions are unl ikel y .  Thi s  workshop ought to consider 
ways in which mistrust and antagonism between government and the private 
sector can be reduced so as to improve the c l imate for transportat ion 
innovation . 

Pos sible  issues for discuss ion include the fo l lowing : Can citi zen 
understanding of  government and decision -mak ing in business be improved? 
Can government give better consideration to the views and needs of pri
vate citi zens and private industry? Can bus iness give better cons idera
tion to the publ ic ' s  views and interests?  

A second barrier to  transportation innovation is  fragmentat ion 
wi thin the federal government . Some of you may have seen an article  in 
the New York Times Magazine earl ier this month quot ing a secretary of  
commerce who said , "I have found that the  brown bears are under the 
j urisdict ion of the secretary of  agriculture . The gri z zly bears are 
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are under the care of the secretary of  the interior . And the pol ar 
bears are under my protect ion . "  This  was not the present secretary of  
commerce , Juanita Kreps , but Secretary Herbert Hoover ,  in 1 9 2 1 . 

In the transportation area , one of the most troubl esome examples 
of government fragmentat ion i s  found in federal programs and pol icies 
involving the automobile . According to a report issued earlier this  
month by  Resources for the Future , the passenger automobi l e  uses 1 3 . 1  
percent of  total U . S .  energy consumpt ion or s l i ght ly  over hal f of the 
energy used by the entire transportation sector . 

From a techno logical point of  view , there are some very good pro
spects for energy savings by improving auto fue l economy , by diverting 
motorists  to more efficient modes of transportation , and by making more 
e fficient use of the passenger car itsel f .  

I have already mentioned some of  the barriers in the private sec
tor to more efficient use of  the automobile . The American motorist has 
strongly resisted efforts to lure him into mass  trans it and car poo l s  
and only recently has begun t o  show any real preference for cars that 
save fue l . Moreoever , the American automobi l e  industry has been under
standably unenthusiastic about moving too far ahead of consumer pre
ferences . But in the present economic c l imate of sharply increased 
gasol ine prices and potent ial unavailab i l ity o f  gaso line , these barriers 
have been somewhat reduced . 

Sti l l  with us is  the probl em of  fragmented federal pol icies and 
programs for the automob i l e . Respons ibi l ities  for auto fuel  economy are 
divided between the Department of Transportat ion and the Department of 
Energy . Automot ive air pol lution control  is the responsibi l ity of the 
Environmental Protection Agency . Auto safety programs are administered 
by the Department of Transportation .  From a technological viewpoint , 
fuel economy , pol lution control , and safety are c lose ly  interre lated . 
Yet there i s  no comprehensive federal pol icy that l inks and integrates 
these programs . In practi ce , thi s organi zational fragmentation has 
thrust the burden of integrat ing federal  pol icies for the automobi l e  on 
the automobi l e  industry itsel f .  Since these pol icies are diverse and 
potential l y  confl icting , the auto industry has fel t  bel eaguered and 
defensive , and progress toward necessary environmental safety and fuel 
economy goal s has been s l ower than it  might have been . , 

I ssues for di scus s ion by this workshop inc lude the following : 
How can federal programs for auto fue l economy , safety , and pol lution 
contro l organi zat ional l y  be brought closer together? Can a uni fied 
federal pol i cy toward the automobi l e  be deve loped that would improve 
the cohesiveness and consistency o f  our auto-rel ated goals  and obj ec
tives?  Can federal automotive pol icies and programs be coordinated so 
as to improve cooperation and trust between the government and the 
auto industry , both in long-range strategic planning and in day-to-day 
operating relationships ? How can we bring together the results  of 
research conducted by government , industry , and the univers ities in 
support of  innovation without running afoul of antitrust laws and 
legitimate proprietary interest s ?  

A third barrier t o  transportat ion innovation i s  government regula
tion ,  both excessive regulat ion and inconsistent regul atory pol icy .  
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Excessive regul ation can be seen in some of  the federal paperwork re 
quirements pl aced on Ameri can business . In a recent study for the 
Joint Economic Committee of the U . S .  Congress , GAO found that federal 
report ing and recordkeeping requirements take up 69 mi l l ion hours of  
busines s t ime per year and cost over $ 1  bi l l ion . The Department of 
Transportation , Interstate Commerce Commission ,  C ivi l Aeronautics Board , 
and Environmental  Protection Agency are among the 1 4  federal agencies 
with the most burdensome reporting requirements . Wh i l e  many of  these 
requirements are needed to meet legitimate regul atory obj ectives , it  is  
apparent that some regul atory report ing requirements are excess ive and 
too costly  for the benefits they produce . 

Excessive regulation has two adverse effects on transportat ion 
innovation . First , the direct costs of  complying with unneces sary 
regulations require staff and capital expenditures that otherwise might 
be used more productively . Second , and even more important , excess ive 
regulation creates an economic cl imate that discourages ri sk -taking and 
p l aces a premium on adj ustment to the status quo . The rai lroad industry 
i s  an examp l e . The cumbersome regul atory requirements that govern 
whether rai l l ines can be abandoned or fre ight rates and servi ces modi
fied have discouraged rai l road managements  from adopting needed improve
ments in operating methods and procedures .  

Inconsistent regulatory pol icies a lso discourage transportat ion 
innovation . I have referred to the probl ems created by l ack of a 
cohes ive , consistent federal pol icy toward the automobi l e . Simi l ar in
consistencies can be seen in the federal government ' s  economic regula
tory po l icies for surface freight transportat ion . Al though the various 
freight transportation modes are in competition with one another , 
federal regulatory control s  vary from almost total coverage of  the rai l
road industry to partial coverage of the trucking industry to minimal 
coverage of the barge and pipe l ine industries . 

These  inconsistencies often make parts of the surface transporta
tion industry , part icularly  the rai l roads , l ess  competitive and l ess  
profitabl e , and handicap them in  taking the  initiat ive to  make needed 
investments in modern equipment and faci l it ies . Recent initiatives by 
the administration and the Congress  to overcome regul atory inconsisten 
cies and balance the cost of regulation against perceived benefits have 
begun to reduce the regulatory burden . 

GAO ' s  1 977  study of  fare reductions to be achieved from less  air
l ine regulation suggested savings of  $ 1 . 4  bi l l ion to $ 1 . 8  b i l l ion 
annual l y .  The congressional debate that fo l lowed resul ted in l egi s la
tion to phase out airl ine regulation. The pos itive resul ts from this  
l egis l ation have encouraged s imi lar efforts in the field  o f  surface 
freight transportation . GAO has a complex study underway to simul ate 
the impact of  freight deregu l at ion that we hope wil l contribute to the 
current congressional debate on this important is sue . 

The maze o f  federal and state government procurement regulations 
can be another barrier to maximizing innovat ion .  The prevalent pro
curement practice favors the lowest bidder who offers products  meeting 
acceptab l e  qual ity or minimal , but compl icated standards . In many 
cases , the publ ic would be s erved better by "best-buy" competit ion bas
ed on superior or innovative performance and l ife cyc l e  costs . 
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I ssues for di scuss ion by this  workshop inc lude the fol l owing : Can 
the paperwork burden required to meet legitimate regul atory goals  be re
duced and made more cost  effect ive ? What are the excessive or incon
s istent government regulat ions presenting barriers to transportation 
innovat ion and how can they be removed? 

Let me mention a few more recent GAO studies that address  the 
probl ems o f  making federal transportation pol icies and programs more 
effect ive . For the most part , these studies focus on needed changes in 
government organizat ion and in enab l ing l egi s l at ion , and on ways to 
improve operating methods and procedures . 

I would  argue that these are precisely  the kind o f  modest improve
ments  and innovat ions making effect ive use o f  existing ideas that are 
most needed to make our transportat ion system more product ive . 

In a report re leased earl ier this month , we observed that aircraft 
de lays cost U . S .  airl ines over $800 mi l l ion in 1977 , detained the travel 
ing publ ic  by 6 0  mi l l ion hours , and caused the airl ines to use an addi
tional 700  mil l ion gal lons  of  fue l . Genera l l y ,  aircraft de l ays result 
from excessive air traffic and bad weather . GAO recommended that the 
Congress  authori ze the secretary of transportation to decrease air 
traffi c during peak periods and that the secretary use peak surcharges 
and/or quotas to impl ement thi s  authority . 

In a report about to be i ssued , GAO discusses efforts by the Depart 
ment o f  Transportat ion to encourage better use of exi sting urban trans
portation systems through p l anning and coordination of local act ions 
affecting autos , taxi s , transit , pedestrians , and bicyc l es . We found 
that innovat ive transportation proj ects were not successful ly  competing 
for federal funds wi th traditional projects such as highway construc
tion and bus replacement . 

We wi l l  propose changes aimed at encouraging more innovative pro
j ects by state and local governments . We a lso wi l l  propose  integration 
of Federal Highway Administrat ion and Urban Mas s  Transportation Admini 
stration planning and review funct ions  in thi s  area , s o  as to provide 
better federal guidance to urban areas . 

In another study now in progress , GAO is  examinin� the causes of  
rai lroad frei ght car shortages . One of the  most important causes 
appears to be the very poor rai l car uti l i zation rate of some rai lroads . 
In other words , rai l cars are sitting idle  for long periods waiting to 
be loaded and un loaded . Thi s  i s  unproductive t ime during which they 
are bas ical ly func tioning as miniature warehouses . Cutting down thi s  
unproductive t ime would  free up a substant ial  number of rai l  cars and 
go a long way toward solving the rai l car shortage without requiring 
cos t l y  investment in new cars . 

In conc lusion , l et me express some words of  sat i s faction coupled 
with the traditional l anguage of caution you might expect from an 
auditor . The array o f  talent you have assembl ed here today from 
industry , academia , and government promi ses to generate the kind of  
debate and understanding that are sore ly  needed i f  we are serious about 
removing barriers and providing incentives to innovation . 

As Pres ident Perkins pointed out , however , beyond this  workshop 
there is  the need to trans l ate your ideas into actions . Your 
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suggestions for innovation must be convincing to the different sectors 
of society. Implementation of your ideas by government must be pursued 
through the political process so that needed changes in attitudes, 
policies, and processes can be achieved. We in the General Accounting 
Office have more than a passing interest in your efforts. We believe 
we can help each other to bring about transportation innovation. 
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SPEAKERS 

1 1  
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THE TRANSPORTATION COMMUNITY ANQ 
POSSIBTI.ITIES FOR INNOVATION 

BY 

ROBERT A .  CHARPIE  

In the previous paper , Henry E schwege made the point that i f  you 
have a probl em ,  you ought to get a good solut ion for it and not be 
fascinated either by technology or by innovation in and of  itsel f .  

He also commented that in his position in the General Accounting 
Office he has had the experience many times of being invol ved in giving 
helpful criticism that was not accepted . As sure ly  as innovation ,  i f  
it  works , can help solve probl ems , I would remind the GAO that the 
giver should not be the one to decide whether the criticism is helpful . 
That decision should come from the recipient , and as you prescribe 
innovation and as you prescribe programs that you think are helpful , do 
not forget that somebody e l se has to decide whether they real ly are 
helpful . 

My background is  as a scientist and a corporate executive , one 
by training and the other by experience . I know nothing about trans 
portation . I buy a lot of  transportation , but that is  about al l I know 
about it . 

However ,  I grasp instant ly the idea that we could stand some im
provements in transportation . It took me two hours to come to Washing
ton from Boston thi s morning . It was a perfect ly  cl ear day , yet our 
fl ight was held on the runway , both at Boston and at Washington . No taxi 
cabs were quickly available  i n  Washington . Th e  planes, both terminal s, 
and taxicabs I used at both ends of the trip were dirty . We can stand 
improvements in thi s  system that requires the passenger to do so much 
arranging . 

The on ly way we are going to get improvements in transportation is  
by  pul l ing ourselves together in  an organized way and looking at the 
prob l ems . Transportation is a very big business , a big activity . It 
is  20 percent of the gross  nat ional product (GNP) , and there are very 
few part s , big pieces , of  the GNP that disaggregate into our individual 
l ives as transportation does . 

Studies show that over a wide range of incomes , a ful l  factor of 
1 0 ,  the average individual spends about one - f i fth of his disposable  in
come on transportation . So not only  is  it  big in the GNP , i t  i s  big in 
the personal disposable  product , too . I t  i s  one of  our nat ion ' s  l arg 
est expenditures . 

Over a rather wide range of possibil ities , as the unit cost of  
transportation comes down , peopl e  consume more and more of  it , roughly 
in proportion to their income . There is a huge l atent demand for trans
portation . 
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�e automobi l e  is  the most  pervas ive and visibl e part of the trans
portat ion sys tem . When I think about the automobi l e ,  I do  not  think 
about it in terms of what it is or what it costs but rather in terms o f  
what it does . There are two important aspects : ( 1 )  it gives us tre 
mendous personal mobi l ity , and (2 )  whether we admit i t  or not , i t  has 
a huge psychol ogical impact on the design of our l ives . 

There has been much talk about the love affair between the American 
and his  car . That phrase dangerousl y  belittles  a very important human 
characteristic as re flected in our rel ationship with the automobi l e .  
One simply can not discuss transportation without talking about the 
automobi l e .  

The car does a l ot of things for us . I t  expands our act ivi ty 
radius and gives us speed and power ; for some people  it provides appear
ance , prestige , image , and more . It is not onl y  the American to whom 
those factors are important . Every nation , every society , exhibits 
the same reaction to the automobi l e . It  is part of the human condition , 
not an American idiosyncrasy . 

And so we must  be very careful  to describe the automobi l e  for what 
it is  and for how it contributes to our personal satis faction and what 
probl ems it creates in the way we use it . Only then can we evaluate 
proposed innovations  in automobi l e  transportation in a reasonab l e  con
text . 

The automobi l e  is  a perfect example  of a case where the experts 
have been befuddl ed for a long time . They have been confused by how 
rapidly  it has been accepted al l over the world . They have been dis
mayed by  the inelasticity of auto demand with  respect to  price . They 
fail ed early on , particularly immediately after World War I I , to under
stand the way in which it would interact with deeply cherished desires 
and generate new probl ems- - suburban sprawl , urban congestion , environ
mental insults , and so on . 

What i s  worse i s  the fact that even though we missed this under
standing the first t ime around , we persist  in misestimating the effect 
of the automobi l e . We tend to prescribe for the probl em the automobi l e  
creates by s aying that what we real ly need is  good urban mas s transit 
or that we ought to rej uvenate the rai l road system of  the Uni ted States 
and get the automobi l es off the road . 

The simp l e  fact is that peop l e  do not want to ride on trains . They 
al so do not want to ride on subways- -not if they can ride in automobi l es 
at not too high a penalty . That is the key point : at not too high a 
penalty in cost . The mistake that the des igners and the experts have 
made has been to underestimate the price people  have been wi l l ing to 
pay ,  and wil l be wil l ing to pay in the future , for mobil ity , for the 
convenience of going from point to point at a t ime of their own choos ing . 
Underestimated also has been peopl e ' s  wi l l ingnes s  to vote for people  
who propose  proj ects that make very l it t l e  economic sense to  the trans
portation experts ,  but whi ch are brought into being by  the mass of pub
l ic maj ority opinion . People  are wil l ing to pay a high price , a 
terribly high price--20  percent of  GNP and personal product - - for trans 
portation , o f  which a large portion is for automob i l es . 
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I f  we l ook at the rest of the transportation system , beyond the 
automob i l e , we wil l find the same effect . I t  is  surprising how high a 
price people  are prepared to pay for what they regard as acceptably 
good transportation services . Maybe it  is  the saving of  time , maybe it  
i s  the reliabi l ity of  del ivery , maybe it  i s  convenience or comfort or 
other perceived values , but somehow those  are the things that cause 
peopl e to pay the high price . 

Unfortunately ,  when we talk about transportat ion and economics , we 
often hear about the parts of  the system that are not faring too we l l , 
the ones that are in trouble--those that are appeal ing for or require 
subsidies , regul atory protect ion , tax breaks , or outright pub l i c  owner
ship to be success ful . Such cases are usual ly not a maj ority of  the 
transportation systems , but those  are the ones on which we tend to 
focus . We can best learn how to deal wi th those part s of  the system i f  
w e  pay particular attention to the other part s of the transportation 
system that do not require special treatment , special p leading , or de
s ignation as special probl ems , in order to understand what it is  peop l e  
want and what they are wi l l ing t o  pay for .  

I t  i s  cl ear that peopl e  wi l l  pay the high price requested for good 
transportation servi ces . It seems to me , as a bus ines sman , that i t  
ought to b e  possible  t o  have a transportation servi ce system that , 
as ide from some special case that I have not figured out yet , pays £or 
itsel f and earns an adequate return for the owners . That is  the only 
sound basi s  for suppl ying transportation services . 

That kind of thinking necessari ly l eads me to comment that there 
already is an excess of government activi ty in the transportation sec
tor . Some fract ion of our present poor performance is  attributable  to 
the way we are organi zed and the interact ion between the industry re
lated to transportation and the segments o f  government rel ated to trans
portation . 

Earl ier I mentioned my probl ems in getting here from Boston this 
morning . I think that serves as an interesting i l l us tration of an 
opportunity for new service , which I hope those in transportation wi l l  
provide . Transportat ion i s  now organi zed by modes . We have rai l roads , 
airplanes , highways , and other modes . Typ ical l y ,  each mode has its  
own constituency , its  own l obby , and its  own godfather in the form of  a 
regulatory agency , or two or three or four . The components are not 
always in step with each other . In travel ing from my home to a meeting , 
I do not merely want to buy an airpl ane ride from Logan Airport to 
National Airport ; I want to leave Weston , Massachusett s , and get to the 
National Academy of Sciences in Washington . This  is a fairly simp l e  
idea s ince the two requirements on the end of  a long airplane ride of  
59 minutes are fairly s imp l e , straightforward , and short . I can not 
buy a ticket from Weston to the National Academy . 

I t  is  easy to construct much more e l egant and difficult case 
studies involving several modes of transportation , which take into 
account as you cross the nodes where al l the trouble  i s , that there is 
baggage involved , there are other people involved , and there is con
sternation and confl ict and confrontat ion and plenty of  cussing invo lv
ed . Sooner or later , somebody i s  going to find out how to offer a 

1 5  

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 r a n s p o r t a t i o n :  P r o c e e d i n g s  o f  a  W o r k s h o p ,  S e p t e m b e r  2 4 - 2 6 ,  1 9 7 9 ,  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 ,  W a s h i n g t o n ,  D . C .
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 8 4 6 3

http://www.nap.edu/catalog.php?record_id=18463


service that cut s across  at l east some of the more troublesome nodes , 
that s imp l i fies the travel process , and that makes it  easier to get 
from source to destinat ion without handl ing al l the arrangements and 
hassles  at the hard spots  by yoursel f or with the help of  a travel 
coordinator . 

Other simi l ar opportunities have been exploited : Federal Express , 
container services , trailer on flatcars , auto -trains . They have not 
al l been successful , but they are examp l es of imaginative , if not inno
vative , attempts  to cope with the node problems , with the mul timodal 
probl ems of going from po int to point by using several di fferent kinds 
of  transportation to del iver the goods , whether that is  an individual 
or a case of wine , from source to dest ination in a coordinated way . 

We must increasingly pay attention to that probl em ,  and i f  we are 
to do so successful l y ,  the federal and state governments must pay 
attention to how they should organize  themselves so that they do not 
stand in the way , that is , deal on ly  with a piece of  the trip and re
gulate it in such a way as to make integration and coordinat ion harder 
or perhaps even impossibl e . 

When we talk about innovat ion ,  we must remember that innovation 
means change , no matter if  we mean using old  ideas or new ideas . Change 
in and of itsel f is harder to accept in the transportation sector than 
in many other sectors , for the incent ives to change are often too smal l 
or in fact may not exist at al l .  

Given that much of the transportat ion sector is  regul ated in one 
way or another , there is an inevitable  relat ionship between the modal l y  
oriented industry and the regulatory agency with which it interfaces .  
Now , if  one were to ask that industry to supply new services , to create 
new product s ,  or to del iver services and product s packaged in new ways , 
then there must be as a minimum concurrence and ideal ly outright en
couragement and support for such changes within the government agencies 
re lated to that industry . 

But why should such a government agency be innovative? Or , more 
particularly ,  why should the individual s within an agency of the govern
ment be innovative? The answer is that they should not . To be innova
t ive is not in their best sel f- interest . Innovation and change are 
risky ; it hardly  ever works right on the first try . The failure rate is  
very high . The process by which we find out which proposal s are good 
ones i s  to give our ideas a try- -to abort the fai lures and pers ist with 
the successes . 

So , viewed from a distance looking back , hi story often seems to 
suggest we have had a string of innovat ive successes . There are grave
yards ful l  of innovative failures . We can no longer get the facts about 
these once they have been abandoned . 

The motivation for success  in the industrial sector is  very cl ear . 
Everybody associated with the company that has such a success  i s  
probably bett er off personal ly . The individuals  who were the promoters 
o f  the success and who took l eadership risk pos itions probably have 
prospered personal ly--they may have been promoted , earned more money , 
gained recognition . 
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On the government s ide o f  the same activity , there is  no pos s i 
bil ity for personal gain . Given the high percentage o f  fai lures in the 
innovative situation , in fact , the probabi l it ies favor personal loss . 

And so in a regu lated industry , one of the things that the govern
ment has to do i f  it  i s  serious about promoting innovation is to find a 
way to reward its own peop l e  for promot ing and participating in success
ful innovation , instead of penal iz ing them for failures . Government 
peopl e  do not now receive any of  the direct rewards that those in the 
industrial  sector do . The government should not penal i ze its emp loyees 
for fai lure if the innovations they have been propos ing and promot ing 
were soundly conceived but turned out to be unacceptab l e  in the market 
pl ace . 

Another point I would make in the interface between industry and 
government on innovation is that an individual in a government agency 
must not al low h imself  to fal l in love forever with what seems to him 
to be a good idea . Even though that idea promotes a concept or a 
value in which he bel ieves , he can have no assurance that it  is  the 
bas i s  of a success ful innovat ion . In the innovat ion business , timing 
is everything . It  is as bad to be five years early as it is to be five 
years late with an idea . There is hardly an innovat ion made that has 
not been tried in some form earl ier , when it  was truly too early . So 
far as t iming goes , there is hardly an industry that does not have 
examples of companies that fai l ed to see the l i ght of day in time , and 
so "went down the tube" because they were too l ate in moving on a 
seminal idea that they understood but misappraised . 

Instead of  worrying about being early or late , the innovator and 
the agency al ike should worry about whether they can succeed by sheer 
force at a certain time and whether the market might pul l them through 
even i f  they bobbl e  the idea somewhat . 

Look at the automobi l e  again . We have three automobile  companies . 
What i s  their condition ?  I t  is  very cl ear that Chrys l er is in trouble . 
Despite the fact that everybody could see that smal l cars were coming , 
Chrysl er could not . At l east they could not see it wel l enough to 
make a positive decis ion to cap ital i ze on the very good early smal l 
cars they had and bet their company on them . Chrys l er inadvertently  
bet the company by  not having l ittle  cars in  quantity now , and I think 
they are going to lose out . 

---
Then there is  Ford . In the s ixties , Ford dec ided that safety was 

a good thing . The U . S. government told al l of  us and Ford that safety 
was a good thing . The government encouraged Ford and patted them on the 
head , and Ford was so pl eased with being patted on the head that for 
five years they tried to sel l the idea of  safety options and lost  lots 
o f  money at i t . That loss of  money repre sented the loss of  financial 
capacity . The loss  of capacity represented the inabil ity to do other 
things as wel l ,  and so on the one hand they diverted , and on the other 
hand they fai l ed to accumul ate resources as they might have . Ford has 
surely  not been mortal ly wounded , but they have been badly scratched . 
Ford is  not as strong today as it  would have been had it not pers isted 
in that safety campaign in which they were sel l ing safety as a good 
thing and as an extra at the time that the pub l ic did not want it . 
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That the publ ic was wrong , we might agree . We would al l be better 
off today i f  a lot of peop l e  had not been ki l led because they had been 
driving without those safety extras , but the fact of the matter is that 
decis ions on innovat ive proposals  are made by the publ ic vot ing with 
its  pocketbook , and with its  feet , and even i f  they are wrong , the way 
they vot e determines how the e lection comes out . 

By contrast ,  Genera l Motor ' s  sense o f  t iming on the smal l car was 
exquisite, and that is being refl ected in GM ' s  market share . 

Now , the government can not insulate anybody against ri sks . Some
t imes we act as though the government can do so , but it  rea l l y  can not . 
The government can mandate riskl ess innovation ,  but in so doing it  must 
necessari l y  push the costs  off on the consumer or the taxpayer . Amtrak 
is an examp l e  of a riskless  innovation . The decision to have seat 
belts  in al l cars is a riskless  innovati on ;  every manufacturer has got 
them . The government can al so trans fer risks to the producer as in the 
Corporate Average Fue l Economy (CAFE ) standards . 

The fact of  the matter is , however , that the ultimate decision on 
whether an innovation i s  truly a sound idea is  made by the pub l ic in a 
comp l i cated , unpredictable  way . The costs do not a lways track either 
the decision to act or the deci s ion to buy . 

Another probl em we al l know about that i s  part icularly important 
in the transportation sector is  that the scale  of  transportat ion acti 
vity i s  so l arge and the infrastructure so comp l ex that i t  i s  terribly  
hard to do  smal l -scale tests  to  determine if  a proposed change i s  good 
or even acceptab l e . 

Thi s  prob lem i s  compounded by the fact that peop l e  do not always 
act in accordance wi th what they c laim to bel ieve . Every transporta
t ion survey I have seen on the subj ect in the last two years shows that 
an overwhelming maj ority of the public  bel ieves that the 5 5 -mi l e -per
hour nat ional speed l imit i s  a good thing . I can testi fy that although 
more peop l e  are staying c loser to the 55 -mi l e-per-hour l imit now than 
last year , the average speed i s  t i l l  above 55  on the inters tate high
ways . 

The pub l i c  strongly supports in every opinion po l l  the proposa l s  
for improved mass trans it . We have qui te a few examples o f  good mas s 
transit , but practical l y  nobody i s  riding on them . The members o f  the 
publ ic  are in favor of urban mass trans i t  for al l the pub l i c  except 
thems elves , and they do not patroni ze it even though they claim to 
bel i eve in it  and want more o f  it . One of  our di fficulties  i s  that we 
do not know how to translate apparent opinion into rel iabl e  predictions 
of pub l ic response . 

I am not going to go through the long recitation of prob l ems we 
have had wi th apparentl y  good ideas that turned out not to be accepta
ble for one reason or another , or the g l itches we have had in the exe
cut ion of some o f  the good ideas that have caused them to arrive on the 
scene l ate and therefore not have maximum effectiveness . 

What I would l ike to do in clos ing i s  simply to focus on my pri 
mary assignment , whi ch i s  to make a couple  of suggestions about the 
government ' s  role  in innovation and to focus on what i s  possible  and 
what I think i s  impossibl e .  
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I t  i s  c l ear to me that the easiest ral lying point for transporta
t ion today i s  the demand for energy efficiency . The fact that we final 
l y  are in a pos ition where the president o f  General Motors can and did 
recently  remark that the American publ ic wants smal l cars i s , I think , 
a watershed in America . I f  the publ ic  wants them and creates demand for 
them at the deal erships , the pub l i c  i s  going to have smal l cars because 
the manufacturers are going to supply them . 

I t  i s  unfortunate ly perfectly  cl ear despite that fact that we are 
not l ikely to rea l i ze in the design of the U . S .  automobi l e  al l of the 
possib l e  energy reductions that can be techno l ogica l l y  accomp l ished , 
even though some of  these wi l l  be publ icly  acceptab l e . I doubt that 
the Congres s  can success ful ly l eg i s l ate  them e ither , except in the 
broadest pos s ible  sense . I think , however , that government might pro
vide incentives to make some of them happen sooner . The fl eet average 
mil eage standards are an example  of such as accompl i shment . 

Idea l l y , we ought to put a lot of people  to work thinking about 
the automobi l e  efficiency problem .  One simp l e  idea might be to have a 
big contest in whi ch there could be 1 , 000 pri zes  o f  $50 , 000 to $ 1  mi l 
l ion each for the best ideas over a period of t ime , s ay a coup l e  o f  
years . That sounds l ike a l o t  o f  money , but i t  i s  peanuts i n  thi s 
game , and I have a lot o f  confidence that the Department of  Transporta
tion can manage a contest that rewards innovat ion somewhat better than 
i t  manage innovation directl y .  S o  I would b e  wi l l ing t o  advocate such 
a contest . 

The second thing that I woul d  advocate woul d  be to go back and re
view the programs of the last  1 0  years in transportation that might be 
deemed innovative but have either fai l ed or been kil l ed and systemat i 
cal ly inquire for each one whether we would take the same course o f  ac
tion in the l ight o f  today ' s  problems . 

We have had a lot o f  big  programs come and go , ranging from the 
glamorous proj ect s  l ike the SST and automated h ighways to simpl er ideas . 

I am. convinced that there are some very good ideas that have been 
set aside , and I am convinced that we can learn more about how to manage 
these ideas better if we review decisions  away from the bat t l efield  o f  
circumstance i n  which they were made . 

I a lso think i t  would be a usefu l  thing for DOT to think about the 
question - o f how wel l the government - -not DOT- -has responded in the past 
in the innovation area in transportation , why it has d�ne what it has 
done , and how wel l  it did . I have a theory that the government ' s  per
formance in safety innovat ion , for examp l e ,  and innovations related to 
safety ,  has not been good and has not been t ime l y ,  al though in the end 
it has almost always been right . 

By way of  exampl e ,  I fel t  that the government wai ted too l ong to 
react to the data on the DC - 1 0  cargo door . I fel t  that it  took too 
much t ime to decide that the h ighway s ign foundation probl em was real 
and that people  woul d  continue to be ki l l ed unt i l  we did s omething about 
it . I may be wrong .  I may be impatient . But I would  l ike to have a 
thoughtful review of what the process was that caused so much t ime to 
be taken for those  important decisions . I think that there is a basi c  
weakness i n  government that i s  refl ected i n  i t s  inabil ity t o  react to 
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innovation quickly and positive l y .  There is  therefore an incommensura
bil ity between the government ' s  promoting innovation and the needs o f  
the system for change . 

I would hope that government might learn to create pol icies that 
would encourage innovation . The first thing , of course ,  that must be 
done is for government to say it is in favor of it . Those at thi s  
conference say that . Secondl y ,  government has to decide how to �e in
volved . I hope that government decides it is  not going to be in the 
innovation business  itsel f ,  and I hope it decides that it is possibl e 
to create useful  incentives and opportunities that wi l l  cause innova
tion to progress through conventional channel s - -tax incentives , nation
al competitions , and others . 

F inal ly ,  I would  hope that government woul d  continue , and much more 
vigorousl y  than DOT has in the past , to encourage imaginative research 
in our universities that might lead to the definition of new innovation 
opportunities or to the prescription of  useful innovations themselves . 
I think that one of  DOT ' s  weaknesses has been a lack of breadth and 
depth in coverage of basic university technol ogy support in transporta
tion alternatives . I f  we were l imited to a sing l e  recommendation for 
action , I would urge that it be for DOT to take a more active rol e  in 
the support of transportation technology and planning activities on our 
university campuses , rooted in the assurance that out of such a program 
would come a general description of several important innovative , eco
nomical l y  sensib l e  transportation opportunities  for the Uni ted States . 
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THE EXTERNAL CLIMATE FOR INNOVATION 

BY 

WARD J. HAAS 

My mis sion i s  to di scuss Innovation from the viewpoint of  the 
Industrial Research Institute ( IRI ) . The IRI  is an association of 
approximately  250 industrial companies with maj or R&D operations . 
Original l y  organi zed in 1 9 38 , the IRI  has as its  main purpose  the pro
motion of cooperative endeavors to  improve al l aspects of  industrial 
research operations . Company representatives in the institute are in 
variably senior R&D managers , who are al l too aware that R&D that does 
not culminate at some point in succes s ful innovation is o f  no value to 
their firm .  Hence our maj or interest in the general topic of  your 
workshop . 

About a year and a hal f ago , the IRI formed several subcommittees 
to discuss and study various aspects of the innovat ion process  in pre
parat ion for a three-day progra� of  papers and extensive discuss ions 
at our spring meeting last May . l I shal l attempt thi s  morning to b�i l 
down the three days of  this meeting into thirty minutes . Because the 
IRI , as a voluntary association , is onl y  partway through the process of  
reviewing and digesting many of  the points I wi l l  present , p lease view 
them as personal opinions of thi s  R&D manager and not as official pos i 
tions of  the institute . 

Starting off with a definition of technol ogical innovation as a 
process that starts with the discovery or compi lation of knowledge in 
one or more t e�hnical fields and culminates in the success ful introduc
tion of  a changed or new product , service or manufacturing process in 
the economy , we can picture or model it in s imp l i fi ed form as shown in 
Figure 1 .  In the middle  box are the i terative processes of discovery 
or invention , or whatever goea on in creative idea sessions , in analy
s is , hypothesis , evaluation , and testing in the laboratory and in the 
technological stages out l ined �ears ago in the reports by the Charpie , 2 
the Denver Research Institute , and many others . 

On the l eft -hand side of  the figure are the so -cal led Push factors . 
To make i nnovation possible , we have to have the techno logica l  compe
tence or understanding to do something new ; we have to be abl e  to pro 
duce it  (or del iver it  if  it i s  a service) ; and we have to have the raw 
material s  to make it . These latter requirements further mean that 
there must be economic resources , capital for investment , avai l able  for 
the innovation process , or nothing wi l l  happen . 

On the other s ide of  the model are the Pul l  factors . There has to 
be a real use ,  or need , for whatever the new innovation or change i s  

2 1 

Copyright © National Academy of Sciences. All rights reserved.

Innovation in Transportation: Proceedings of a Workshop, September 24-26, 1979, National Academy of Sciences, Washington, D.C.
http://www.nap.edu/catalog.php?record_id=18463

http://www.nap.edu/catalog.php?record_id=18463


N 
N 

Push 
Factors 

1 .  Tec h n ical 
Knowledge 

2. Qual if ied 
Pe rso n nel  

3. Cap i ta l  
Reso u rces 

Technological Stages 
1.  

research 
definition 

• 
r--- . ... 

research 
experimentation 

t 
3. 

product and 
process 

conception 

+ 
4. 

techn ical 
feasibility and 

as:>e$:.mc:nc 

+ 
s. 

labor; tory 
development 

and design 

I 

6. 
prototype and 

overall development 
•nd design 

r-- 7 . 
pilot twst 

8. 
preparatory 
product and 

process engineering 

9. 
production 

and 
plant in<OJial!at!on 

technological 
completion 

Pu l l  
Factors 

1 .  M a rket 
Need 

2.  O p p o rt u n ity 
f o r  
Fi n a n c i a l  
Ga in  

F IGURE 1 Th e  innovation process . Adapted from M . D .  Robbins e t  al . ,  "Federal Incent ives for 
Innovation , "  final report to the NSF by the Denver Research Institute on Contract C-790 , November 
1973 . 

Copyright © National Academy of Sciences. All rights reserved.

Innovation in Transportation: Proceedings of a Workshop, September 24-26, 1979, National Academy of Sciences, Washington, D.C.
http://www.nap.edu/catalog.php?record_id=18463

http://www.nap.edu/catalog.php?record_id=18463


going to  be . There has to be some way of  identifying and l ocating thi s  
need and of getting the new product o r  service t o  where the need exi sts , 
i . e . , to the actual market or market segment . Fina l l y ,  there has to be 
a return , or profit to pay back the Push factor requirements in order to 
motivate and move the whol e  process  forward . 

Although it  was not obvious ini t ial ly ,  and certain ly  not during 
the early stages of the post -World War I I  science and technology boom 
in the United States , we a l so now know that the Push and Pul l parts of  
the mode l are not equal in  their effort on  the whol e  process .  Numerous 
examples and historical s tudies have sho�� that the Pul l factors are 
much more important than the Push factors in actual l y  making innovation 
and change take pl ace . 

In addition ,  there i s  one other extremel y  important feature of  
technological innovation . I t  is  especial ly sensitive to uncertainty 
or risk . As i l l ustrated in Figure 2 ,  we al l know that costs escal ate 
exponential l y  as an innovation moves out of  the l aboratory stages to 
ward the marketp l ace or actual ful l -scale  ut i l i zation . And at each 
point a l ong the cost curve , the probabi l ity of final success and reward 
must  be j udged by the responsible  manager or management group . The 
greater the risk or uncertainty of return , the more courage it takes to 
proceed with the process , or ,  converse l y ,  the l ess  l i kely  it is that the 
extra costs  or resources to continue wi l l  be committed . 

In summary , your friendly private sector col leagues wi l l  te l l  you 
that techno logical innovat ion : 

1 .  I s  more - - a  great deal more - -than invention or discovery . 
2 .  Requires Push factors : capital resources , qua l i fied peop l e , 
and technical knowl edge . 
3 .  I s  especial l y  responsive to Pul l factors : need or mar
ket , and financial gain or reward . 
4 .  I s  especial l y  sensit ive to uncertainty or risk . 
Innovation also  has a number of  other characteristics that are 

not explicitly  shown in the Figure 1 mode l ,  but that are nonethe l ess  
very important to its  management . For instance , almost al l innovat ion 
is  incremental . So cal l ed "core" or basic  inventions such as the tran
s itor , xerography , the internal combustion engine , and the discovery of 
radio are mass ive in their eventual far-reaching effects ,  but they are 
few and far between and take a long whi l e  to show up in the marketpl ace . 
So most technological , social , and economic change results  from a 
sequence of  smal l steps that are often hardly  real i zed at the time by 
the participants .  

I t  is  a l itt le  di fficult  for me to think of speci fics in tran s 
portation that i l lustrate thi s  point because I have been so l e l y  a con 
sumer in your area , not a real participant . However , in my own busi
nes s , the pharmaceut ical industry , there are many exce l l ent examples . 
For instance , a direct progress ion of modi fied chemical structures can 
be seen from the ear l iest sul fa drug . Prontosi l ,  over about a decade 
and a hal f to the oral ant idiabeti c  agent s .  

Innovation is  user directed , pul l ed toward what users or markets 
real l y  want and wil l  pay for . I t  i s  therefore very sens itive to rates 
of change in user needs or des ires , serendipitous (subj ect to the 
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F IGURE 2 The innovat ion investment curve . Adapted from M . D .  Robbins ct a l . ,  "Federa l Incentives 
for Innovation , "  final report to the NSF by the Denver Research Ins t itute on Contract C - 790 , 
November 1978 . 

Copyright © National Academy of Sciences. All rights reserved.

Innovation in Transportation: Proceedings of a Workshop, September 24-26, 1979, National Academy of Sciences, Washington, D.C.
http://www.nap.edu/catalog.php?record_id=18463

http://www.nap.edu/catalog.php?record_id=18463


unexpected ) , and usua l l y ,  perhaps almo s t  a l ways , b i tterly res i s ted by 
the very peop l e  or con s t i tuen c i e s  that the experts might t h ink woul d  
benefit mos t from it . The con sumer goods indus t ry i s  very aware o f  
th i s  l at t e r  po int , but i t  i s  again di ffi cul t for me t o  th ink o f  i l l u
s t rat ive examp l es in t ransport at ion . One examp l e m i ght be the fai lure 
of the Ford Motor Company ' s  attempt to int roduce s eat b e l t s  and other 
safety feature s as maj or ben e f i t s  of a new mode l year back in the ear l y  
1 960s . 

Part o f  the inert i a l  res i s t ance to innovat i on i s  cert a in l y  due t o  
t h e  prob l ems o f  cap i t a l  rep l acement , as w e  have a l l heard from t he U . S .  
s t e e l  indus t ry . Probab ly much more important i s  the a l l too human 
"no t - invented -here" (N I H )  syndrome . One famous h i s tori cal examp l e  o f  
t h i s  prob l em i s  not i n  t ran sporta t i on , but i s  ge1�ane t o  the cha l l enge 
pres ent ed by l arge sys t ems i nvo l v ing many peop l e  in a bureaucrat i c  
organi zat ion . I t  concerns the U . S .  Navy and has been m�s t  ent ert ain
ing l y  to l d  by the techno l ogy h i s torian , E l t i ng Mori s on , in his des crip 
t ion o f  the di ffi cu l t i es in introduc ing cont inuou s aim firing in nava l 
gunnery . By the turn o f  t he century , r i f l e  barre l s  and fl at t raj e c 
t ori e s  were avai l ab l e  in art i l l ery and nava l guns , making pos s i o l e  
l onger-range gunnery . But the gun s were s t i l l a imed at a fixed e l eva
t i on from the deck and fired whenever the ro l l  of the ves s e l  brought 
t he mu z z l e  e l evat i on to a point where the gunner j udged he was "on 
target . "  A U . S .  nav a l  o fficer in the China fl eet - - a l ong way from 
Wash ington - -p i cked up the idea from a Bri t i sh co l l eague o f  put t ing con 
t inuous gearing on h i s  guns so they cou l d  be con s t an t l y  cranked up and 
down independen t l y  o f  the ang l e  o f  t he deck , thus great l y  increas ing 
both t he accuracy and the rate of fi re . After making the modi ficat ion 
and prac t i c ing a l it t l e , he was soon breaking a l l  the t arget pract i ce 
records in the fl eet and enthus i as t i ca l l y  wr i t ing back to the Bureau 
of Ordnance recommending adopt ion of the new sys tem to the who l e  Navy . 
He got abs o lute l y  nowhere . 

At firs t h i s  l et t ers , di agrams , and re su l t s  were d i s c ount ed , d i s 
be l i eved , and r i d i c u l ed . When h e  pers i s t ed ,  they were i gnored- - for 
months on end , nobody wou l d  even bother to answer "the crank . "  When 
that did not work anymore he was qui e t l y  threat ened , and then he fina l 
l y  got w i s e  (or de sperat e )  and made h imse l f  into what ( in the l ingo o f  
the i nnovat ion game ) i s  cal l ed " a  d i spo s ab l e  agent o f  change" ( a l so 
known as the human sacri fice ) . He wro t e  h i s  s tory out o f  channe l s  to 
the pre s iden t , Teddy Roo seve l t . Re l uctant l y ,  but obedi ent l y ,  the Navy 
final ly changed over , but of course even Roo seve l t  cou l d  not save the 
officer ' s  career . 

Th i s  anecdo t e  a l so i l l us t ra t e s  a final po int about the innovat ion 
proce s s  that mus t  be kept in mind . I t  almo s t  never work s wi thout an 
energe t i c  advocat e , the new product , proc e s s , or s erv i c e  champion , the 
ent repreneur , wi thin or without the spon s oring organ i z at i on .  And ,  i f  
such an indi v i dua l does not exi s t , somehow , one mus t  create him . 

Based on a l l these charac teri s t i c s , our I R I  groups t ook a l o ok at 
what needs t o  be done interna l l y ,  within the pr ivat e s ector profi t 
mak ing organ i z at i on ,  t o  increase innovat ion . The resu l t ing recommenda
t ions fe l l  into four g roups : 
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First , find and nurture innovators . Speci fical ly , search active ly 
in your organi zation for creat ivity and creative peop l e . Create an 
atmosphere for their autonomy and independence by the use of such 
devices as discretionary funds ,  proj ect free t ime , etc . And improve 
their motivat ion for invention , discovery , and innovation by adequate 
recognition and rewards for those responsible . 

Second , organi ze to  minimi ze the internal res istance to innovation . 
Make sure that needed technol ogy uni ts  are at a critical mas s (general 
ly more than one ,  but l es s  than ten professional s ) ; that the R&D manage 
ment is  sufficientl y  decentra l i zed that i t  can focus on market o r  ser
vice needs and be adequately user direct ed ; that al l pos s ib l e  too l s  for 
speedy trans fer of technology and knowl edge are used (e . g . , matrix or 
team organization and movement of knowledgeable  people  forward with the 
innovation proj ect ) , and final l y  that the organization al lows for the 
exi stence of the al l - important innovation advocate . I f  at al l possible , 
make him " indispensable" rather than "di sposabl e . "  

Third , take great care to insure the adequacy of the coupl ing ,  
understanding , between the functional areas involved in the innovation 
process ,  and , most  parti cularly , of -the coup l ing between your organiza
tion ·and the marketp lace it is seeking to serve . Fai l ure to accompl ish 
this al l -important l inkage can o ften be fatal even to the most  techno
l ogical ly  competent firms , as  was i l lustrated by the  co l lapse o f  Repu
b l ic Aviation on Long I s l and some years ago . Although Repub l ic had 
avail able  a l l  of the NASA technology tapes and everything one can think 
o f  in the way of aids to technology transfer , they were simply  unable  to 
coup l e  into non -space-related general consumer or civi l ian market needs 
in t ime to avoid financial  col l apse . 

And, final ly ,  emphasize  top management ' s  respons ibi l i ty for the " in 
novation imperative . "  I f  the chief  executive officer (CEO) o f  the cor
porat ion real ly  cares about innovating and changing or improving the 
corporate product or service l ine , remarkabl e  resul ts  wi l l  often ensue . 
In this connection ,  I can think of  an i l lustration from my own experience . 
When I worked for Pfi zer a number of  years ago , the then CEO was never 
satis fied with the broad spectrum ant ibiotic  innovations that initial ly 
made the company into a highly success ful  mul tinational enterpri se . He 
was constantly using al l of the mot ivational too l s  (both positive and 
negative) at his  command to cal l for new and different products .  By 
contrast ,  another much o l der and better estab l i shed pharmaceutical  com
pany was led by a manager who radiated vibrations to the organization 
that essential l y  said , "What ' s  the matter , i sn ' t Chloromycetin good 
enough for you?" This  l atter firm had a bigger and better basic  research 
organizat ion than Pfi zer at the t ime , but only 1 0  years l ater it was 
quietly  acquired by another company whi l e  Pfi z er continued to grow and 
expand . 

In fact , the IRI  study group taking a look at this aspect of innova
t ion management felt  that both the business schoo l s , at one end of  the 
management development process , and the corporate boards of directors , 
at the other , could  product ively devote more t ime and attention to train
ing and directing senior ·management to be innovation conscious . 

To move now to the recommendations concerning the external , and 
especial ly the governmental , c l imate for innovat ion , our study came to 
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one overriding general conc lusion . Federal government actions to stimu
l ate innovation at this point are real ly not required . What is  requir
ed are actions to di smantle  the barriers and reduce the disincentives 
to successful  innovat ion that have grown up over the past years as the 
government , the pub l i c ,  al l or us , looked the other way . These actions 
fal l into several  groups . 

The first of these are economic recommendat ions , the most impor
tant of which is  to control infl ation . As infl ation heats up , not on ly 
do high interest rates add appreciably  to the investment costs  of  in
novat ion , but the uncertainty of  the true value , in "real"  or deflated 
do l lars , of the expected return i s  great ly increased . Consequent ly,  
the time and risk hori zons of responsible management at  a l l  stages o f  
the innovation process are shortened , and the rate of innovation s lows 
or even stops . 

In thi s  connect ion , it  is  my opinion that congressional action to 
reduce federal deficits  and monet i zation of  the resulting debt is , in 
turn , the essential first step in the infl ation control  process . 
Attempt s ,  as at present , to manage infl ation by countercycl ical ly mani
pul at ing the interest rate  cost of  money not only are obviously  in
efficient , but add appreciably  to the overal l uncertainties that depress  
the innovation process . 

Next , as we a l l  know , innovation has an insatiable  need for capital , 
both for new investment and to rep lace plants and equipment made obso
l ete by innovation . In transportation , as in  the steel  and other capi
tal  intens ive industries , we must al l be particularly aware of thi s 
latter point . 

For thi s reason , we discussed a number of  ways to increase the 
formation of capital . These include : 

1 .  The study , for possibl e  phased introduct ion , of  al ternatives 
to our present progressive income tax with its numerous . inherent bi ases 
against the accumul at ion of  savings and wealth . One of these al terna
t ives coulo be a progressive individual consumption tax with a flat or 
regress ive income tax that is as smal l as possibl e .  A consumpt ion tax 
obvious ly sounds l ike a far out idea , but it  might j ust be one whose 
t ime , after a long hiatus , has come . I t  was original ly developed con
ceptuaS ly by the United Kingdom economist , Nichol as Kaldor , in the 
1940s , and it  was also part of a serious study of taxation undertaken 
by the Treasury Department in the l as t  administration . 6 I personal ly 
think it  makes sense ; it  may or may not be political ly possib l e . 

2 .  Further reductions in the income tax on so-cal l ed capital gain 
income . "So -cal l ed" because capital growth is not income , and an in
dividual or nation that spends or treats it as i f  i t  were is  headed for 
the miseries so wel l  described by Charl es Dickens ' Mr . Micawber and 
recently dramati zed by the city of New York . The sens itivity of the 
innovation proces s  to this kind of change is we l l  i l lustrated by the 
rej uvenation of  the venture capital market s in the United States s ince 
the "capital gains" t ax rate was changed back to  have some preference 
over other forms of again "so-cal led" nonearned income . 

3 .  Further increases in depreciat ion a l l owances and investment 
tax credits , at l east for technological ly venturesome organi zat ions . 
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Our study also considered the question o f  direct federal subsidies 
of soc ia l l y  important innovation , and we came to the conclus ion that 
they were j ust ifiable  for sufficient ly  important programs , but only as 
a l ast  resort . Specifical ly ,  we bel ieve that subsidies and other gov
ernment interventions into the marketp lace should not be used as an ex
cuse for fai l ing to deal more direct ly with the economic incentive and 
and capital formation i s sues di scussed above . 

Original l y ,  in drafting this pos it ion for IRI  discussion , I had 
put in the thought that subs idies might be j ustified i f  extremely 
large amounts of capital were required--a point that i s  probably of 
interest to al l of us in the field , considering our history of l and 
grants for rai l roads , federal highway programs , and the deve lopment of 
the air travel industry . 

Signi ficant l y ,  our present recommendation does not contain any 
reference to j ustifi cation for subs idies other than rel at ive appropria
b i l ity (I bel ive that this is the correct economic j argon term) of  the 
benefits  of  the proposed innovation to society as a who l e . As Gilpin7 
and others have emphasi zed , capital avai labi l ity for any proj ect , no 
matter how l arge , would not be a probl em i f  financial market s were in 
adequate shape and if  the rate of formation of  capital  was sufficient 
to keep its  price within reason for the risks involved in the proj ect . 

Our final economic recommendation was that the federal government , 
instead of  providing subsidies , should take an active and proper role  
in  the stimul ation o f  social ly important innovat ion by , as  Henry E schwege 
said in an earl ier paper , aggregating market s and setting performance 
standards through the procurement process .  Veterans of the l ast innova
tion batt l e  in the early 1 970s may reca l l  a di scussion I am going to 
use to i l lustrate thi s  point simply because it  did not happen and wi l l  
therefore not tread on any toes . Back when sol id waste was the probl em 
of the day ,  the idea was that the government should stop passing laws , 
rules , and regulations and should s imply buy sol id waste at whatever 
price was required to insure that it was de l ivered to the appropriate 
handl ing depot s rather than strewn al ong the highways . 

I f  the price was high enough at any set of  performance standards 
(e . g . , for presorted trash) to st imulate supply ,  some innovator would  
soon come along offering the housewi fe a new servi ce between her home 
and the buyer ' s depot . Another entrepreneur would then enter with a 
sort ing device , and so on , and the whol e  soc ial ly important innovation 
would take place remarkably rapidly . Analogies to this hypothetical 
series of events certainly  exi st in the transportation area . 

Our study then moved on to consider regul ation and regulatory un 
certainty . Obvious l y ,  regul ation is a necessary evi l . In al l modern 
socioeconomic systems , no other mechanism for meet ing and contro l l ing 
social costs , such as the exploitation of l imited natural resources ,  
the po l lution of the biosphere , and the exposure of  consumers to un
determined safety risks exi sts since they can not be readily  evaluated 
in the marketplace . And reasonably regu latory administrative require

ments have been shown to be important incentives to technological inno
vation in their own right . 
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But our IRI  group bel ieves  that the negative effects of  regulat ion 
on innovation over the past decade have been overwhe lmingly negative 
because regulat ions are : 

1 .  Rapidly increasing . 
2 .  Often unpredictab l e . 
3 .  Sometimes mutual ly incompatible .  
To expand on thi s  point for a moment , I am not aware- -although I 

am sure they exist- -of mutual ly incompat ibl e  regulations in transporta
tion8 However , Wi l l iam E .  Simon mentions some other examples  in his  
book that would be  funny i f  they were not so symptomatic . For example , 
the Armour Company was ordered by the Federal Meat Inspection Service 
to create an aperture in a sausage conveyor l ine so that samples  could 
be taken out for tests . After the company created the aperture , OSHA 
came along and demanded that it be closed because it was a safety haz
ard . In another case , OSHA required employers to provide special 
lounge faci l it ies for women ' s  restrooms . Then EEO said that if you 
supply lounges for women , you must supply  them for men . 

Overdone regul ations al so sap capital and other resources .  Both 
Murray Weidenbaum • s9 Center for the Study of  Business and , more recent 
ly ,  Chase Manhattan Bank economists l 0  have put a price tag of  $ 1 00 bi l 
l ion as the overal l annual cost o f  regulat ions in the Uni ted States . 
·I do not know how sound the figure is , but it  is  i l lustrat ive of the 
growing understanding in al l sectors of the economy that the costs of  
regul ation are very, very l arge- -quite probably  too big  a price to pay 
for the societal benefits  obtained . 

Charpie and Eschwege referred in earl ier papers to some of  the 
costs that might be contained in this figure . Some others that are a 
l i t t l e  more di fficult to put in dol l ars smack o f  j ust  p lain harassment . 
For example , Simon points out that the typical smal l bus iness in 1 976 
gross ing $ 30 , 000 a year or less had to fi l l  out 53  federal government 
forms , and the situationr�tainly has gotten worse s ince then . George 
Lockwoodl l  once gave a talk about an innovative agr ibus iness venture on 
the West Coast . Trying to get the operat ion underway had required re
porting to 40  different agencies . Not al l of these were federal ,  of  
course , but in  many cases state , city , and county bureaucrats can be  a 
lot more troublesome than federal inspectors . 

Now al l of these "costs" are particularly pernicious because they 
delay innovation by , and therefore effective ly deny market entry to , 
the smal l er entrepreneurial  new venture which has historica l l y  been 
responsib l e  for much , if  not most , of  the true technological innovation 
in the United States . 

Against this rather b leak picture , we then come to hopefu l l y  ap
propriate  recommendations . Perhaps surprisingly ,  IRI  i s  not in favor 
of deregulat ion . 

Why? Because we think deregulation very often fits Herbert Stein ' s  
definition , which I would l ike to read out of a recent New York Times 
Magazine : "Deregu l ation : A process of restoring free markets  by e l i 
minat ing the old , sma l l  regulations we are used to , a s  i n  the case of 
airl ine fares , and imposing big , new regulat ions , as in the case of  who 
can use how much energy for what purpose , with the resul t that the total 
number of  regulations becomes larger and stranger . "  
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What we favor i s  adequate admini strative review of regulat ions 
prior to imp lementat ion carried out by a truly nonpart isan group , in 
other words , by competent individual s  other than representat ives of  the 
regulatory agencies involved . 

As an as ide , most R&D managers such as myself  who have qual ity 
as surance and quality contro l responsibi l ities make sure that the 
qual ity contro l managers in our product ion p l ants do not report direct 
ly  to the plant manager . We do not believe in having the cops work ing 
for the robbers , as the o ld  phrase put s it . Simi larly ,  we do not be
l ieve that a regulation review should be managed by the regulators . 

In such a review , the effect o f  the proposed regulation on innova 
t ion should obviously  be of  primP. importance . I would l ike to see the 
review carried out (al though I do not know whether this is practical ) ,  
in somewhat the same way that the Office of Management and Budget con
ducts reviews on the financial aspects  of  a l l  government programs . In 
other words , the review ought to have some teeth in it ! 

In addit ion to such preimplementation reviews of proposed regula
tions , the regulatory process needs improvement by such means as : 

1 .  Changing wherever pos s ible  from l egal istic  advi sory procedures 
to minimum cost bal ance of risk approaches to regulatory rul e-making . 
As Eschwege indicated , our dedication to advisory procedures is  the 
mirror image of the mi strust probl em that exists  wide ly in U . S .  society . 
It  is  also compl icted by the fact , as many others have po inted out , 
that regulat ions are written by lawyers and often i s sued without ade 
quate technical review by competent professional s  in the fie ld . 

2 .  Uti l i zing market -adj ust ing economic incent ives as opposed to 
legal restrict ions and penal ties , wherever possible  to meet regulatory 
goal s .  The IRI  has noted that at l east the EPA has recent ly started to 
explore such economic incentives as marketab le  emiss ion permits , and 
they strongly bel ieve that al l regulatory agencies  should  be l egis la
tively or otherwise directed to  do l ikewi se . 

Actual l y ,  it i s  as much a di fferent mode of  thinking as it i s  
a set of specific  mechanisms that is  needed here . I n  spite o f  the 
pol itics of envy , which we see so we l l  i l lustrated in the current 
debates about energy po l i cy ,  we need to trust market mechanisms more 
and the bureaucracy- -no matter how enl ightened- - less  in attempting to 
meet social and po l it ical obj ectives . 

To further i l lustrate , l et me use again a personal experience 
example  that at least is  somewhat re lated to transportation . For a 
number of years , I have tried to make a suggest ion to help the traffic 
prob l em in New York City--admittedly without much success . The sugges 
tion is that , rather than worry about al l kinds of rules  and regula
tions to contro l congestion , veh i c l e - induced air po l lut ions , etc . , the 
city s imply s e l l  the traffic space on Manhattan I s l and to those users 
or private automobi l es who want the psychological and other sat i s fac
t ions of taking their terri tories onto the "common" by a variat ion of 
the present medal l ion l icense for taxis . There i s  obvious ly  some price 
for a private car meda l l ion that would adj ust the demand for automobi l e  
traffic space on Manhattan I s l and t o  the avai lable  supply , which is  
equally  obvious ly a very l imited economic good . This  price i s  probably 
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on the order of  $ 1 000 or $ 2000 per year , or $ 25 or $ 30 for j ust a s ingle 
day ' s  permit , and it  rea l l y  ought to be pol i tical ly pos sib l e ,  since most  
of the voting residents of  at least  the  i s l and borough do  not own their 
own automobi les . 

3 .  Finding ways to improve the performance of the personne l work
ing in the regulatory agencies . For example we now have internships 
from the private sector into the government . How about internships 
from the government into the private sector? To go a l it t l e  further 
out , how about requiring prior private sector experience (obviously in 
a nonassociated industry as far as a speci fic regulatory agency is con
cerned) or perhaps even requiring entrepreneurial or innovation manage
ment experience ,  before an individual can be qua l i fied for a senior 
position in the federal regul atory apparatus . 

Significant ly , no mechanisms now seem to exist  in this regulatory 
apparatus for adequately  recogni z ing the t ime and do l l ar cost of  del ay 
and uncertainty in handl ing any type of  permit or for example  a new 
drug appl ication . And there is certainly no discernible  reward system 
in the agencies for personnel who advance innovative or economical ly 
advantageous project s .  So the question is , "How can regulatory agency 
personnel be motivated to make appropriately bal anced decisions with 
respect to risk , cost , and benefits , and to become aids rather than 
barriers to useful innovation?" At a minimum , how about creating an 
"ombudsman for innovation" within each regulatory agency? In other 
words , as I commented earl ier about private sector firms , we should 
create within the agencies the advocates or innovation champions whom we 
know are necessary for the innovation process . 

Final l y ,  our IRI  study reviewed actions we fel t  would be important 
to increasing the new knowl edge or R&D part (the initial Push factor) of 
the innovation process , with recommendations as fo l lows : 

1 .  Increase federal support for basic  and expl oratory research 
at universities and other knowledge centers . 

2 .  Index this support in some way , possibly  by relating it  in the 
budgetary process to the nominal GNP , so that it  would  be reasonably 
consistent over a span of years . 

3 .  Modi fy antitrust regul ations where and if  required to permit 
private sector R&D consort ia for maj or proj ects . 

4 .  Modify or e l iminate the Treasury Department Regulation 1 . 86 1 -8 .  
Although i t  i s  almost impossible  for anybody but a cert ified publ ic 
accountant to understand , this  l it t l e  regulation has the net effect of 
stimulating managers in large companies with any kind of  overseas R&D 
operations to bui ld up the R&D staff and act ivit ies in the invention 
and discovery of  new knowledge overseas instead of  in this  country . 
Since R&D j obs are j obs l ike any others , this  point is one of  the very 
few on which both private sector management and big labor agree . 

5 .  Devel op coherent patent pol icies across al l the government 
agencies to encourage exclusive licens ing of federally  owned patents .  
As many of the points that Charpie and Eschwege made earl ier i l lustrate , 
this may perhaps be the most important recommendat ion o f  al l with re
spect to a quick return on the new knowledge base produced with support 
of publ ic funds . I f  exclusive l i cens ing of federal patents is not made 
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possible , · harnessing the Pul l factor of financial  gain or reward to 
make them exploitable  for innovation is very , very di fficult to do . 

These last points compl ete my summary of  IRI ' s  discussions of  the 
innovation process . In closing , I am al so pleased to report on more 
official actions that the institute has under way . I R I  has already 
i ssued a number of official papers , one on patent pol i cy and another 
on regulation not connected to its  economic aspects and is now wel l  in
to the process of disti l l ing out of  the points and recommendations out
l ined above an additional posit ion paper on the economic aspects of in
novation , which should appear sometime thi s  fal l . 

Thi s  paper wil l  start off with the same statement I made earl ier 
that what the country does not need is government actions to stimulate 
innovation . On the contrary , what i s  needed is  to repl ace to the maxi
mum extent possib l e , the dead hand of government with the invi sib l e  
hand of the free market economy . The paper wi l l  then go on to recommend 
that : 

1 .  We control the bas ic causes of  inflation . 
2 .  We increase capital format ion .  
3 .  We uti l ize  market incentives to meet regulatory goal s .  
4 .  The government properl y  exercise  its rol e  by aggregating mar

kets and setting performance standards in its  procurement operat ions . 
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LABOR AND PUBLIC INIERESI CQNSIDEBATIQNS 

BY 

WILL IAM B .  SAUNDERS 

I do not completely agree with the previous paper by Ward J .  Haas . One 
of the figures suggested that we do not need government stimulat ion in 
order to innovate .  

That may be true in many industries , but in transportation there 
is  an evident need for government participation . I address  the pub l i c  
interest aspects and the l abor aspects of innovation i n  transportation 
because there is  a pub l ic dimension as we l l  as a government dimension 
to the prob l em of  innovat ion . 

There are obvious di fferences between the normal process in un
regul ated industries and the proces s  in transportation . In other 
industries , decisions  about innovation and about research and develop
ment are made by the producing and consuming industries , j oint ly or 
separate ly . There i s  at  least an interaction between them wherein 
deci sions refl ect what Haas talked about : the market criteria . In 
short , the risk factors are borne by those who make the deci sions to 
spend the money . 

When the government i s  invo lved , there i s  a shi ft in the nature 
of the decision -making process . Bringing government in permits a re
examination of the time hori zon : management decisions must  have a 
shorter t ime hori zon than is  needed for R&D decisions by government . 
With government , we can have a reexamination of the pl anning criteria 
and of the risk criteria that individual enterprises are wi l l ing to 
absorb . 

That risk and rate of return feature is  fundamental to the rol e  
o f  government i n  providing a different innovat ion environment . I t  i s  
the risk feature on which government should concentrate : how to share 
the risk . 

When we talk about sharing the risk , we immediately run into 
criteria that are not very evident in private decisions : pub l i c  
interest criteria and l abor criteria .  Whi le  they are recogni zed in 
every decision , they may not be maj or or s igni ficant factors in decid
ing whether to go ahead or not in the case of  strictly  private sector 
decisions . 

Let ' s  talk about the pub l ic interest first . Legis lation and 
pub l ic understandings about pol i cy in the country lead to a who le  series 
of national goals  that any senator or congres sman wi l l  tel l  you about . 
They may include things l ike the Humphrey-Hawkins ful l  employment 
criteria , equal employment opportunity , environmental considerations , 
national defense ,  and so on . 
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The quest ion then is when you establ ish a pub l i c  interest  set of 
cri teria , what do you do with it? When government is  invo lved , i t  has 
to face this  question . There are two ways of looking at it . One is  to 
say that it is good to have that in the preamble  to some legi s l at ion so 
as to set the broad guidel ines and to give some as surance that the 
agencies administering that national po l icy tak e  into account these 
various cri teria . On the other hand , I would be very concerned if the 
approach were to take those cri teria and apply  them in eva luat ing each 
individual proj ect . I f  we go that route , we wi l l  be hindering the rate 
of  innovation rather than helping it . 

Almost any proj ect can be j ustified in terms of having some bene 
ficial  impact , some nat ional goal . In the same way , almost  any proj ect 
wi l l  have some aspect that might be found to have a negat ive impact . 
Hence it comes down to a question o f  weighing the broad pub l ic interes t 
of ,  for examp l e , more empl oyment versus lower cost . Somebody has to 
decide that . I f  we l et each proj ect be decided by a spec ial interest  
in a part icular aspect of the publ ic  interest ,  I think we  wi l l  stifle  
innovation directed toward overal l benefits . 

How do we decide? I f  we look at the proposed legi s l ation , S - 1 25 0 ,  
we get a point o f  view that I find very al arming . That l egislat ion 
talks about a technol ogy review panel in which there would be , c l earl y ,  
experts fami l iar with research , development , innovat ion , market ing , and 
the various other aspects that have to be considered in evaluat ing a 
proj ect from a bus ines s point of  view . But then it  goes on to say that 
it  should  a l so have members of the panel who are "affected by technical 
innovat ion . "  

When we talk about including anybody that i s  " affected by techno
logical innovation , "  the door i s  being opened to a vast variety of 
people  who could very readily  throw monkey wrenches into the machinery . 

The question is  then , what do we do about pub l ic interest ?  What i s  
the pub l i c  interest itse l f? I f  w e  look a t  the pub l i c  interest  criteria 
l i st I ment ioned at the beginning , it  i s  cl ear that a wide range of 
pol itical  j udgment s is invo lved in evaluating and deciding what the 
pub l i c  interest is . I t  is  a po l itical j udgment ; it  is  not a technical 
j udgment . 

The engineers and the scient ists , then , have to back away and ad
mit that they have no special  c laim to deciding the public  interest . 
On the other hand , one does not want to have a l arge number of ind ivi 
dual special interests  sitting on committees to say ,  "wel l ,  that is  a 
great idea except it has environmenta l impact" or "that is  a great idea 
except it has labor impact . "  

Therefore I suggest  to you that the stress o f  those who want to 
see innovation in transportation shou ld be on the pol i t ical process . 
Instead of talking entirely  about the technical s ide of  it , we should 
address  the pol i t ical process .  The po l it ical process  in America is 
one we should  be proud of.  I t  is  a very good process .  What I am sug 
gest ing i s  that a l l  these negotiat ions and trade -offs b e  handl ed through 
the Congres s  rather than in technical committees that are going to re 
view individual proj ects . I f  the Congress  appropriates money for a 
program , that wi l l  be the best way to see that the various interests  
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are considered , and then , in the overal l ,  given some re lative weight 
that i s  cons istent with the po l i t ical j udgment of the country .  The 
alternat ive , I bel ieve , is s imply to defeat innovation . 

On the other hand , it  is  fair to say that the pol itical process 
sometimes gives us funny resul ts . We now have a Nat ional Highway 
Traffic Safety Administration . I am sure it does a lot of good work . 
But the pol icy question to be asked is , would we l ike to have a safety 
administration for every mode in which we are interested? I think that 
would make it a nightmare for deci sion -mak ing , and again , we woul d  have 
one group with a special interest in safety alone directing the efforts 
of  a group that might be interested in safety as mere ly one factor to 
be cons idered . 

One has to ask whether in the pol i tical process , proposal s can be 
made to Congres s  that wi l l  be acceptab l e  and workab l e  but that wi l l  not 
result in a pro l iferation of agencies to tack le  the various segments of  
research . 

I am a bel iever in the systems approach , but we wi l l  never have a 
systems approach to decision -making in transportation if  we divide up 
all  the areas of  interest with separate admini strative groups looking 
narrowly at each one . 

We already have problems between departments :  for example , Energy 
and Transportat ion may have completely di fferent views about what is 
right or appropriate for the automobi l e  as one e lement o f  transporta
tion . 

Let us talk now about the pol itical process for determining the 
transportation share of the total research or innovation do l lar . From 
an overal l industry point of view ,  there is a movement to have the De
partment of Commerce to be a kind of  c learinghouse or central agency 
for research . Should  that be the vehic l e  for doing transportation 
research or fostering transportat ion research? I think not . I think we 
have enough expert ise  in the transportation industry ( including its 
supp l i ers) to have that industry be respons ibl e  for evaluat ing what it  
needs . That industry can work with the Department of  Transportation and 
its  related agencies to evaluate the needs of the transportation in
dustry . 

However , there is  a po l itical problem .  The probl em is  that trans
portat ion has to compete for its  share of  the total  do l lars the govern
ment spends and for its  share o f  the administrat i ve or pol itical 
interest that the government wi l l  expend on transportat ion as against 
al l the other industries that need attention . 

Now here we get one step closer to technol ogy . Getting a bi l l  
passed is  l arge ly pol it ical and strategic . The departments perform a 
part ly po l itica l  funct ion in compet ing with each other , but they also  
inj ect some technical input into the competition . 

I am talking about the stage where the Department of  Transporta
t ion has some technical input . It  has  pane l s , it  has committees re 
present ing peop l e  who understand the techn i cal probl ems , and that de
partment provides input vis  a vis  the Department of Commerce , the De
partment o f  Energy , NASA , the Department of Defense , and so on , in get 
t ing a share of  the l imited research and innovat ion budget . 
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I have to admit ,  however , that the democrat ic  proces s  very often 
takes a long t ime to make a decision . Too o ften the decis ions are made 
on ly  when the prob l em reaches a cris i s  stage . 

I view this  si tuat ion with al arm because cri s i s  decis ions are not 
the best way to reach opt imum so lutions . I remember in 1972  and 1973  
going to a briefing on  energy by  a staff group of  one of  the j oint 
committees ; their studies had shown that wi thin perhaps 10 years , i f  
nothing untoward happened , there would b e  a serious energy crunch . 
They were concerned about our dependence on forei�n suppl ies of petro
l eum .  

I t  was a very impressive demonstration . Afterward they told  us 
they had made presentations to about one hundred congressmen and sena-
tors , one or two at a t ime , and everyone they showed it  to had heen 
impressed , but each admitted he was not ready to urge conservation in 
automobi l e  use or substitut ion of new energy sources .  They feared po l i 
tical  reactions even when they knew what was good from a nat ional pol icy 
point of  view . 

So whi l e  the proces s was there , there was not adequate courage on 
the part of our representatives to stand up and tack le a very tough 
question . We are now in a real cri s i s  on energy , which we might have 
avoided had we started earlier to tackle  it . 

The same po int can be made with respect to rai lways , which are 
bas ical ly in a cri sis  situation . We have seen it coming for a l ong tinae , 
yet we are paral yzed in our pol itical approach . For exampl e ,  Congress  
has  not been wi l l ing , unti l  very recently ,  to say that there is  a lot of  
obsolete or  unneeded plant that we  should l et rai lways abandon . 

So whi l e  I say that the pol itical process i s  important and necessary , 
I am painful ly aware of  the fact that it takes a long t ime and we tend , 
too often , to operate on the crisis  theory . We need better ways o f  
reaching out to the pub l ic , which i n  turn reaches Congress . 

My own preference would be to see the pub l i c  interest issue describ
ed in terms of productivity .  I would l ike t o  see everybody who i s  
interested talk about product ivity a s  the main pub l i c  interest issue . 
Productivity i s  something we can al l understand and something we can 
measure , whereas standards involving national defense and social values 
are very difficult  to use in evaluating a government research program . 

I was del ighted to see the August report o f  the Joint Economic 
Committee , whi ch places very heavy stress on productivity . They say it 
is  the l inchpin for our economic progress . Our nat ional administration 
i s  beginning to get around to addressing productivity . I t  is  a pol iti 
cal probl em for the administration , but i f  we are going to try to con
trol inflation , we can get the support o f  the average person by talking 
about the power of increased productivity as a way of restricting the 
inflat ion rate . 

Let us take a look at Canada , because they have faced thi s  prob l em 
of  the pub l i c  interes t  in their research program . First o f  al l ,  when 
they set up their R&D effort , they set up an interdepartmental committee , 
which makes sense . In  their case , they put it  under the Treasury 
Board because that i s  where the money comes from . We have a l ittle  
different process  here , and we  do  not  have to  put it  under Treasury , but 
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one admirabl e effect of their process  i s  that it fi lters the decis ions 
through the various departments . So there i s  compet it ion in evaluating 
where the money goes and what k inds of proj ects are supported . 

The effect of  that is  that once a department has a chunk of money 
to spend , it tends to have the most to say about the nature of the pro
j ect , and that i s  not unl ike the situation in private enterprise . 

By looking at Canada , we can see one of the pitfal l s  that I would 
be concerned about here . In their case , for a lot of historical and 
sociol ogical reasons , they place great stress  on regional development . 
We have an Economic Development Administration in the Department of 
Commerce that also looks at regional matters , but in Canada , regional 
development is a very important , sensitive issue , and so they have a 
separate department concerned with regional economic deve lopment . That 
agency has a big chunk of the research budget , and so that agency gets 
into the decision -making process in transportation . It can decide to 
encourage research in certain subj ects because it wants to expand in
dustry in a given region where a nucleus exists . That decision may not 
be the best from the standpoint of increasing transport productivity , 
but it does fit a broad po l i tical obj ective . Looking at that from an 
American point of view ,  I would be concerned about letting the Depart
ment of Commerce , Economic Development Admini stration , decide that we 
ought to be doing research on some kind of a proj ect in transportation 
that would benefit , say ,  Appalachia , because that should not be the 
criterion for optimi zing the use of the l imited budget that we have to 
put into transportation . 

I t  i s  al so interest ing to note that the Canadian process does not 
contemplate a role for a Ralph Nader . They have a Consumer Association 
of Canada that i s  s imi l ar to what we have here . They do have a voice 
pol itical ly through their general impact on Parl iament , but they do not 
evaluate individual innovation proj ects . 

There i s  one other point to make about the Canadian method . They 
have a very powerful solution to the issue of risk sharing . In their 
process ,  a specific decis ion i s  made about what share of  the proj ect wil l  
be borne by the various interested parties . I t  i s  almost a bidding 
process . I f  the government has a pet idea that industry does not think 
i s  a very good one , then industry says it wi l l  not put up money for that 
proj ect . 

On the other hand , i f  the government sti l l  feel s  strongly about it , 
it wi l l  go ahead and spend only  government funds for its  own idea . But 
taking 1 00 percent of the risk i s  a sobering idea for the government , 
and it may be cautious about such proj ects . Yet again ,  industry may 
feel  there i s  some merit in an idea , but not be wi l l ing to risk more 
than X dol lars on i t . This  leaves room for the government to decide 
whether it  wants to spend any extra sums needed- - in compari son with the 
benefits it may derive from investing in other proj ects . Hence the 
share of funding is a way of measuring the rel ative risk . 

My own view i s  that government should look at i t  in the same way a 
private entrepreneur looks at it . Say that a normal business decision 
might have a planning hori zon of 3 or 4 years . As a manager , if  I can 
do it  in 3 or 4 years , then I am wil l ing to spend the money because I 
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am able  to predict within that range--not with certainty , but wi th some 
comfort . On this basis , I would  conc lude that government funding should 
be only a smal l port ion of the effort on proj ects that are , say ,  of 3-
year duration , whi le  a much larger portion would be appropriate on pro
j ects that have a potential payoff 10  years out . 

I submit that that criterion would enable  the do l lars to go further 
and would he lp the decis ion makers to look at the real choices in terms 
of possibl e impact on the economy and on the income statement of the 
entrepreneur . . 

Concerning the labor aspect , it  is  obvious that labor i s  directly 
affected by innovation . Labor can be hurt and hurt badly . I t  does 
not help an unemployed or underemp loyed or downgraded person to know 
that in another city and in another industry there wi l l  be new j obs at 
a higher salary . 

So there i s  a real difference between the shor� -run impact and the 
long-run benefits  to society,  and we have to be sensitive to that short 
run impact . Organized l abor has a j us t i fied concern about how innova
tion is hand l ed .  

What i s  the labor response to innovation?  I t  varies tremendous ly .  
The United Mine Workers under John L .  Lewis made a decision many years 
ago that no matter how many j obs were lost , everybody left would be a 
member of the union with a good income and good working conditions . 
Lewis was content with innovation as long as the people that were l e ft 
on the j ob did very wel l .  

The Internat ional Ladies Garment Workers Union ( I LGWU) faced a 
decl ining industry ,  and it decided to protect its  j obs ; instead of  j ust  
wai t ing , they spent money to find ways of increas ing productivity of  the 
factories in which their members worked . 

The Airl ine Pi lots Associat ion has shared direct ly and proportion
ately in  the economies that came from l arger , more efficient aircraft , 
but because their share of the total cost was re latively smal l ,  their 
compensat ion has not crippled the industry . I f  the pi lots accounted for 
a large proportion of total cost , that process  could not have worked as 
effect ive ly as it  has in aviation . 

The l ongshoremen fought the container movement bitterly . In effect 
they have set up employment protection systems , but there sti l l  remain 
economies in the container movement that permit that innovat ion to con 
t inue t o  grow and fl ourish . 

Let us take a look at the difference between the teamsters and the 
rail road unions . I t  points up an interest ing economic real ity .  My 
opinion i s  that the Teamsters Union over the years did not res i st inno
vation because it said : "Anything we do to stimulate the trucking in
dustry is going to take traffic away from the rai lways ; that is going 
t o  mean more j obs for our members , so it is a good thing . "  In other 
words , the nature of the market and the employment opportunities in 
trucking er,couraged or at l east permitted the leadership of the Teamsters 
to move in a positive or at least nonnegative direction with respect to 
innovat ion .  The contrast with the rai lways , where it has been a con
tinuous bat t l e  to get innovation , i s  c l ear .  
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I wi l l  mention one other interesting recent development - -Eastern 
Air Lines and its attempt to provide incentives for workers to be con 
cerned about innovation and productivity . Under the plan ,  3 . 5  percent 
of the pay of the employees and 5 percent of executive pay are put into 
a reserve fund . I f  earnings equal 2 percent of revenue , the money is  
paid back to  the employees . If  earnings are more than 2 percent , the 
extra money i s  shared with the employees . But if the earnings are less  
than 2 percent , then that fund i s  avai l able  to assure lenders or equity 
investors that the company wi l l  remain solvent . 

I t  has worked so far . How l ong it wi l l  cont inue to work I do not 
know . But it is  an innovative approach to sharing the cost of survival 
and progress . 

The overal l research approach to innovat ion is  important , but we 
should recognize  that efficiency and economy at the work pl ace are al so 
important . Changes in methods do not always require new techno logy . 
S imple  changes in work methods and rul es can be s igni ficant for improve
ment in transportation . 

Obvious ly ,  that kind of is sue permits only a very l imited rol e  for 
government . Educat ion and support for change would help , but retrain
ing would be the maj or specific  rol e  for government . However , innova
tion at the work place is hard to achieve without aggressive management , 
without hard work with unions , and without incentives for the workers . 
Part of the s low progress  in change at the work place can be attributed 
to what I cal l  regulatory malaise . Too many managements can j ust blame 
the government for al l their problems and therefore s imply coast along 
with things as they are . 

The fear of head-on confl ict and poss ible  strike acts  as a cloud 
over many management dec isions . A weak rail road has great difficulty 
in facing a strike . The Rock I s l and , which is  certainly among the 
weaker railroads , is now going through that . But for stronger rai lroads , 
that need not be the same kind of  l imiting factor . 

Again , I wi l l  use a Canadian exaple  that dea l s  with an institution
al or environmental factor from which we could  learn . The Canadians 
were way ahead of  us in gett ing rid of the firemen on the locomot ive 
back in 1 957 . It was precipitated by a strike , and as a result  of the 
strike , the government set up what they cal l a Royal Commi s s ion .  I am 
a great be l iever in the Roya l Commis sion proces s ,  and I wish we could 
do it  here . 

Thi s  is  how a Royal Commi s sion ,  of course here we must cal l it some
thing el se , works . When the government has a tough po l itical probl em to 
tackl e ,  it sets up an independent tribunal , very prestigious and com
posed of wel l -respected pub l ic figures ,  to evaluate and make findings 
and recommendations . 

The findings are not binding , but when the independent group does 
its j ob it  is  much easier for the government to take the hard po l itical 
deci sion and re ly on the Commi ssion ' s  findings . We could make more use 
of such powerful , independent tribunal s or commi ssions . We are al l 
tangled up in admini strative agencies that do not neces sari ly have the 
pol itical stature of the independent special commission . The findings 
of an administrat ive law j udge represent a technical decis ion rather 
than one of broad publ ic po l icy . 
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I would hope that we would  find ways of tackl ing big , broad i s sues 
by addressing them with thi s sort of independent commi s sion .  Unfortun
atel y ,  in America we are not as wi l l ing to accept the idea that a corn
mission can be independent and authoritative . Nonethe l ess , we need to 
do more to break away from our normal mode of administrative agency 
decision making . 

The Canadians are ahead of  us in another work place on the rai lways . 
Practical ly a l l  the switching crews in Canada now have on ly two workers . 
We almost always use three . Thi s  cost- saving , productivity- improving 
change did not require the government . No research effort was involved . 
Rather , it was a matter of negot iat ing , deal ing with supervi sors , deal 
ing with workers , seeing their ideas , trying to find ways of  taking 
advantage of it , and not being smug and ta lking down to people . 

One more thing we might l earn from the Canadian experience i s  that 
having a few strong companies wi l l  help to permit savings to be made . 
It  i s  not j ust that there should be only a few companies . They have to 
be strong , because having a hodgepodge of weak properties put together 
is not going to have the do l l ars ; they are not go ing to have the eco
nomic strength to tackl e  either their union problems or their publ ic 
re lations problems . 

I have come to the fol l owing conclus ions : 
1 .  I f  we had intermodal corporat ions in transportation , we would  

have a better chance for optimi zing the use of our scarce resources .  
There are intermodal corporations in Canada . Even so , they do not do 
as much in terms of a systems approach for purposes of  resource al loca
tion as they could . They tend to operate on the basis  of  profit cen
ters , which i s , a perfectly normal bus iness practice . It  makes sense 
in most industries . In the case of transportat ion , where there is a 
competitive thrust among the components and where there are options for 
deciding how given goods may be moved between point A and point B ,  I am 
not so sure that profit center criteria alone should  be used . I can 
see where a systems approach could be brought in that says on balance 
it would be better to divert some of this commodity moving from A to 8 
to the truck s ide or the rai l side or the air side for a variety of  
reasons that , overal l ,  wi l l  maximi ze the benefi t to the corporat ion as  
a whole . 

That is  a tough decision , and it is one that has a lot o f  pub l i c  
interest feedback . Many people  wi l l  say that thi s  wi l l  tend t o  reduce 
competition , and antitrust l aws ought to be appl ied to prevent inter
modal companies . But on the who l e , I be l ieve it  o ffers some potential 
for improving resource al location and innovation . 

2 .  Even i f  there were an intermodal corporation ,  we would not have 
any better results  in negot iating changes at the work place as long as 
we have the present structure of unions . There are now a number of com
peting unions , not only  mode to mode but within modes , and it is impos
sible  to visuali ze a system under whi ch an employee in union A can be 
l aid o ff and readily given a j ob in another mode run by the same com
pany . The union in the other mode wi l l  not be l ike ly to put that work
er into the seniority l ist at the same place he had in another union . 
That is simply not cons istent with the pol itical real ities today . 

4 2  

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 r a n s p o r t a t i o n :  P r o c e e d i n g s  o f  a  W o r k s h o p ,  S e p t e m b e r  2 4 - 2 6 ,  1 9 7 9 ,  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 ,  W a s h i n g t o n ,  D . C .
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 8 4 6 3

http://www.nap.edu/catalog.php?record_id=18463


Hence I do not see any advantage in having intermodal companies 
to tack l e  the probl em of expanding and contracting segments of trans 
portation , un l ess it was accompanied by a comp l etely different union 
structure . That process invo lves so many po l i t ical prob l ems and per
sonal ity probl ems that I can not see it in the reasonab l y  near future . 

3 .  We need to have a better sharing in the savings of innovat ion . 
When I say sharing , I do not mean j ust  that l abor should get a bigger 
share of the savings .  I think we have tended to concentrate so much on 
" labor productivity" that we have lost sight of the very difficult  and 
very real probl em of total factor product ivity- - l abor , capital , and 
material s .  Po l itical ly ,  it is  important to begin to stress total fac 
tor productivity- -because only in that way wi l l  we b e  abl e  t o  see the 
true advantages and disadvantages of management decisions on innovat ion . 
Only in that way wi l l  we be abl e  to se l l  the not ion that the l abor in
cent ive to innovate should be there , but it can not always take the 
maj or share of the total savings . 

Total factor product ivity i s  not discus sed enough in the government 
l iterature or in the po l i t i cal  environment . I woul d  hope that one of 
the benefits of  thi s  workshop is  that there wil l be a paper that wi l l  
go to congressmen stressing the benefit o f  looking at total factor pro
ductivity . 

4 .  We need new incentives , which wi l l  take tough bargain ing , in 
order to maximi ze work pl ace innovation and to reduce j urisdict ional 
probl ems . The transportation industry i s  ful l  of those probl ems . The 
solut ions seem to take a long t ime to spread from point to po int . 
Again , I wi l l  cite the Canadian experience on switching ; it  was done by 
negotiating with the appropriate authority to look at individual situa
tions on a local basis . When that was done , it  was reviewed and 
examined l ocat ion by location , and the result  is  that in a re lat ive ly 
smal l number of years , there has been a s ignificant change in the way 
switching is  performed by the rai lways up there . 

5 .  The government share of  any innovat ion effort should be based 
on risk . I f  the proj ect or the idea has great risk , the government 
share should be greater . I f  the proj ect. ��s low risk , the gove�ent 
share should be low .  There should be bidding on shares by the various �ar
ties to determine the rel at ive interest that peopl e  have in the potent ial 
of each proj ect . 

6 .  I f  a research effort i s  to be effect ive , we need to have the 
minimum possible  l ag by government . Now , how are we going to do that ? 
Government , once it sets the process  in motion , wil l inevitably be 
worried about making mistakes and that concern can be deadly  to innova
t ion . 

We have to re ly on the po l itical process , but I think we can mini
mi ze it  by  not having the pol itical process refl ected b. the technical 
boards that look at individual proj ects . 

7 .  In sett ing priorities for effort , it would � ·e a mistake to have 
government make the l is t . I t  would  be much more e t'fect ive to put the 
first respons ibi l ity on the industry invol ved to make the l ist  of pri 
orities  and to put in a j ust i ficat ion for why each proj ect i s  on the 
l ist , wi th costs , benefits , and so forth . 

When that is done , the government can review it and suggest , per
haps , that not enough attent ion was
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cons iderations . Those considerat ions could be i nc luded in a proj ect 
that the industry has offered or could be independent of other proj ect s . 
I f  it is  accepted that this i s  not an adversary process , the government 
sti l l  has contro l . It does not have to be a rubber stamp , but it wi l l  
be much freer to comment and expand on or delete proj ects than i f  i t  has 
to create the proj ects de novo . 

8 .  In eval uat ing proj ects , we ought to be asking what the cost  
con sequences are . There are al l sorts of  proj ects , and some of them 
are the pet proj ect of  some part icul ar sc ient ist or engineer . I f  we go 
into a proj ect , we should ask what the cost saving sign i ficance i s  for 
thi s proj ect as opposed to some other proj ect . Wi l l  we save 1 percent 
or 5 percent of operat ing expenses by successful ly solving thi s prob lem? 
The one that saves 5 percent (subj ect to these other considerat ions that 
I cal l pol it ical or pub l ic interest cons iderat ions ) ought to have the 
higher priori ty . 

9 .  We need more pub l i c  educat ion . We have an adversary system 
that is  encouraged by the po l i t ical process . I think we can do some
thing to educate peop le  about productivity that they can accept . The 
average citi zen can accept the princip le  of productivity .  We need to 
educate people  for that is a way of breaking down the spirit of host i l 
i ty i n  the adversary process  that results  in unsound decis ions . 

1 0 .  The ro le  o f  government in designing infrastructure di fferences 
into the system must be considered . One mode suppl ies  most or practi
cal ly al l of its  in frastructure . Another mode has it  almost ent irely 
supp l ied by the government . In one case , say ,  in the case of  trucking , 
there are fue l taxes that do not involve the same capital commitment 
that the rai lway has to have when it provides its own right of way . 
The airl ine i s  provided with a right of  way , and i t  has an argument about 
what the taxes are . The waterways have another kind of an argument 
about their respons ibi l ity for the provi sion of the infrastructure . 

So when we look at the share to go to each mode in trying to de
cide what is a rational approach to transportat ion innovat ion from the 
standpoint of the government , we have to cons ider the fact that the 
dol l ars are spent on quite different kinds of proj ects , because of the 
di fferent financial responsibil ities that managements  have .  

I would suggest , then , that we look at R&D expenditures , for exam
ple , expressed per do l l ar of total capital investment , not j ust  those of 
the company but the total committed to the industry ; l ikewi se , we ought 
to be looking at R&D expenditures in rel ation to the current year ' s  
capital out l ays . 

Why do I make the distinct ion? I make the distinction because in 
the case of rai lways ,  we have such an old  investment that the dol lars 
are obsolete do l lars . Much of  the plant may not even be re l evant . 
Whi l e  we ought to l ook at that to get a comparison of  the di fferent 
modes , it  wi l l  not tel l us enough without l ooking at the way current 
dol l ars are spent . Again , current dol lars means the dol lars currently 
spent in  each mode inc luding the government contribut ion . 

The practical suggestions that we may come up with should be direct
ed  toward the pol itical process that now prevai l s ,  rather than toward 
the theory o f  innovation or the organization of industry in doing 
research . 
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REMARKS BY CHAIRMEN ON THE SCOPE OF PANEL DEL I BERATIONS , 
PRE SENTATION OF BACKGROUND PAPERS , 

AND D ISCUSSANTS ' COMME NTS 
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THE SETTING FOR INNOVATION 

REMARKS 

BY 

FOSTER L .  WELDON 

My remarks wil l  be rather brief . I plan only to out l ine a framework 
within whi ch I think our panel can approach its  as signment . In the 
process ,  I hope to suggest how we might view the setting for innovation 
as a starting point for our del iberations . 

People  look at the term " setting" in different ways . For my own 
part , I would l i ke to define sett ing as s imply the environment within 
which a transportation change might take pl ace . What I am hoping we 
can do i s  l ook at transportation needs in terms of  performance require
ments and exp lore , then , why our abundant technol ogy has not been appl i 
ed more effectively ,  instead of  looking at what hardware might have 
been applied . 

In other words , we want to get away from specific  hardware ideas 
in order to explore the l arger sett ing : why technology has not been 
appl ied more fruitful l y .  

I know I wi l l  get some argument s on this point , because many 
peop le  say one cannot real ly l ook at the environment for innovation ex
cept in a speci fi c  problem context . That makes good sense . Certainly 
an innovative solut ion to an air-schedul ing problem is  deve loped in an 
environment that i s  quite di fferent from that in which a productivity 
improvement in a marine terminal is  made . 

But I have a rather simple-minded answer to that . I f  we imagine 
absolutely the worst environment for transportation innovation and i f  
we suggest ways for improving that setting , then I think we wi l l  have 
some results  that are general l y  app l icable . 

That i s  what we wi l l  be trying to do , and , of  course , the model 
"worst" environment that was in the back of  my mind when I developed 
this discussion framework is the urban transportation setting . That i s  
where the d iffuse trip problems are . That i s  where most o f  the pol it i 
cal probl ems are . 

Therefore , how does one categorize a worst environment from the 
point of view of looking at the sett ing for transportation innovation ?  
I have selected four maj or headings that I bel ieve cover everything we 
need to discuss . Number one is the governmental setting . I i so l ated 
that one because certain ly almost everything that is p l anned or done in 
transportation is affected by or impinges on government in one way or 
another and at one or more l eve l s . 
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Number two is  the industrial -commercial setting . Industrial 
commercial entities develop and provide almost al l transportat ion equip
ment and servi ces , so the environment there needs a clear look . 

Number three i s  the research setting . Why put that in? We l l , 
research certain ly is  the foundation for long-range planning and develop 
ment in transportation , and we need to take a good look a t  that side o f  
the problem .  

The fourth heading i s  the impl ementation setting , not because it is  
distinct from the  three already l i sted but because it wi l l  permit us  to 
focus on some very refractory probl ems that are common to the other 
three categories . 

So , we have al l these components to look at : governmental , indus 
trial -commercial , research , and the catchal l, impl ementation settings . 
Our overal l obj ective , in looking at innovation in this  framework , is 
to see if we can identi fy some recommended changes that wi l l  help DOT 
expedite the innovative process .  

The governmental setting necessari ly includes the federal govern
ment , state governments ,  and local governments - -al l those city , county, 
township , and special purpose districts or authorities that are set up 
to monitor or to operate transportation . 

The federal level appears to be the best source of funding for 
innovative programs , but unfortunate ly ,  the federal government is not 
the real customer for transportation innovation . Unfortunately again , 
the l ocal arena , which real ly i s  the customer in almost every case , is  
a hodgepodge o f  al l sorts of different quasi -governmental agencies that 
al l have di fferent ideas about what is good for them . At l ast count , 
in our 200-plus standard metropol itan statistical areas , there were more 
than 18 , 000 governmental units--a  highly fractionated customer indeed to 
be convinced and compromi sed into accepting any innovat ive idea in trans 
portation . 

What types of  questions wi l l  we be asking about this governmental 
setting? A few examples : Is there any way to stimulate innovation at 
the local leve l simply through a j udicious choice of initial proj ects?  
Demonstrat ion programs have tried time and time again , but too often 
by the time a proj ect gets approved it has been so compromised to accom
modate confl ict ing viewpoints that it does not represent innovation at · 
al l , and by the time the proj ect i s  in p l ace it contains nothing more 
than bff-the-she l f  components and concepts .  

Other obvious questions : How can federal resources best be deploy
ed to .  promote innovation ?  Not j us t  through funding alone but perhaps 
through basic  research? How about the state ' s  ro le? What is it now? 
More or l ess  a pass- through agency for funds ?  What should it be? We 
have a l ot to look at under this heading . 

In the industrial-commercial setting , there are at l east four 
factors we must consider--the equipment suppl iers ; the transport system 
operators ; the architectural , engineering , and construction firms ; and 
the special interest organi zations , that is the professional , occupa
tional , and industrial associations that represent the others . Al l are 
important in the innovation scene , and we want to find out what their 
influences are . 
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One thing that needs to be pointed out is  that the equipment 
supp l i ers and the transport system operators certainly represent a 
rather mature industry that is heavily  invested in fixed plant . In 
other words , they have characteristics  that are not particularly conduc
ive to entrepreneurial or agile  innovation . We want to examine whether 
this is indeed a deterrent to innovat ion and what might be done to 
change the s ituation . 

The archi tectural , engineering ,  and construction firms , (A-E and C 
companies) , though not s imil arly burdened with fixed p l ant , may also have 
a bui lt - in inertia to change that derives from al l of the rigid standards 
under which they must operate . Just bui lding codes , for exampl e , and con
struction standards may create s igni ficant deterrents to innovat ion . 

The special interest organi zations and trade associations are 
general ly dedicated to status quo , I bel ieve , to protect the interests 
of their membership . So there is  a lot of  inertia in al l these areas , 
and the k ind of  question we wil l  be aski ng is , what can DOT do to he lp 
overcome this resistance to change? 

As to the research setting , at least four types of  research faci l i 
ties enter into the picture . These are the government R&D fac i l it ies , 
the industrial R&D faci l it ies , the academic research centers , and the 
independent research organizations . 

Government R&D certainly houses a great deal of research talent and 
facil ities , but I do not bel ieve that transportat ion is  real ly getting 
a fair share of the spinoff from al l of these resources . Very l it t l e , 
in my experience , has been brought direct ly to bear on transportation 
probl ems from this source . 

Theoreti cal ly ,  the industrial R&D actitivities are avai lab l e  to 
DOT through the request for proposal (RFP) process , but here , again , 
there are some serious probl ems . Many companies are re luctant to par
ticipate in bidding for a number of reasons , e . g . , contract res trictions 
on the direction of effort , a l l owab l e  costs . 

In the academic centers , I detect a cons iderab le decl ine in inno
vative transportation act ivity . There i s  rea l ly no transportation 
curriculum in most  institutions , and transportation centers themse lves , 
in some cases , at l east , are suffering from what al l univers ities  are 
going through now , decl ining enrol lment and increasing costs . The 
first cut s are bound to come in the nondepartmental activities of the 
university .  

So that l eaves the independent research organi zat ions that are 
specia l l y  wel l -organized to handl e  the RFPs and respond to government 
proposal s . A lot of  good work i s  done in this sector , but that sort of 
act ivity does not ful fi l l  the university ro le  of producing young , inno
vat ive tal ent to go into industrial transportation activities . 

The fourth category is  the setting for imp l ementation ; without 
implementation there i s ,  of course ,  no innovat ion . Certain factors 
here are particularly important . One is the phys ical system character
istic  of  transportation . This inhibits  any kind of innovation ,  or so it 
is said , j ust by virtue of its s i ze . It  is  mass ive ; it is complex ;  and 
how can one change it s i gnificantly  in any reasonab l e  time frame? 
This  is  one aspect of  the imp l ementation sett ing that I would l ike to 
look at very critical l y .  

49 

Copyright © National Academy of Sciences. All rights reserved.

Innovation in Transportation: Proceedings of a Workshop, September 24-26, 1979, National Academy of Sciences, Washington, D.C.
http://www.nap.edu/catalog.php?record_id=18463

http://www.nap.edu/catalog.php?record_id=18463


Labor-management attitudes and obj ectives al so need to be s ingl ed 
out and l ooked at very careful l y .  As sociated with these are the mar
ket characteristics and certain human and organization factors that 
inhibit innovation . 

One final point in regard to the impl ement at ion of innovative trans 
portation concepts i s  the terrib l e  di l emma that faces a transportat ion 
innovator in the private sector . He cannot real ly risk mas sive company 
funds to test a system for whi ch he has no measure of the down-the-road 
payoff . Certainly,  it would  be possible  to construct fancy demand 
mode l s  to predict performance for expanding present transportation sys 
tems , but for a real ly  innovative system change there are no hard data 
to plug into the model  short of bui lding and test ing the new concept . 
A prudent manager s impl y  cannot put money into that kind of thing . One 
cannot afford to put a good idea into action j ust  to get the data one 
needs to evaluate the ri sks of the idea as an ongoing commercial venture . 

This  bus iness of  the speculative nature of transportat ion innova
tion l eads direct ly into l abor-management questions as wel l . Risking 
front-end money is only a smal l part of the picture in proceeding with 
a transportation innovation . There i s  the risk of  upsetting the esta
b l ished l abor-management relationships that are the foundat ion of the 
transportat ion bus iness  that one had before the innovation . So , the 
prospective change could mean risking more than the ini tial co st  of in
novation ; it  could mean risking one ' s  who l e  bus iness ,  because a strike 
could shut down and even ruin i t . 

Aside from l abor probl ems , there are organizational and human 
factors . Organi zat i ons and peop l e  are uncomfortable  wi th change . I f  
things are going we l l ,  why rock the boat ? And s o  i t  i s  the very com
panies that can afford innovation that are least l ikely to try it 
because they are do ing al l right anyway and they coul d put the front 
end money back into their existing business at no risk and probably  
make out j ust as  we l l .  

INNOVATION AND THE STRUCTURE OF TRANSPORTATION ACT IV ITIES 

BY 

WILLIAM L .  GARRI SON 

Our thesis  i s  structural and deterministic-- innovation in transportation 
i s  constrained by the structures of  transportation activities  that pro 
vide the environments for innovation and its  adoption . Innovation and 
technology supply,  in turn , affect industry structure . In addition , 
transportation activities adhere to development paths that may be describ 
ed as growth "dynamics , " patterns , or cyc les ; innovation opportunities 
and impacts di ffer upon the growth dynamic circumstances . 

We begin our analysis  o f  transportation innovation by describing 
the principal features of  transportation activit ies and characteri zing 
innovation and technology dep loyment act ivi ties . The discuss ion then 
narrows to the analys i s  of the characteristics of the separate modes 
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and their components ; guideways , vehicles , contro l techno l ogies , and 
institutions . We wi l l  examine characteri stics of transport ation that 
affect innovation and are common to al l modes , characteristics such as 
the standardizat ion necessary to l ink individual modes into networks . 
This analys i s  wi l l  exp lain the present status o f  innovat ion and provide 
a bas is for recommendat ions to better orient and accelerate innovation 
and technology deployment activi t ies . 

Al though we wi l l  use the extensive l iterature deal ing with the many 
aspects of innovation processes , our organ i z ing focus i s  that o f  indus 
try structure , a focus refl ected on ly in bits  and pieces in the innova
tion l iterature . 

We be l ieve that more attention should be given to the structures 
of activities that provide the environments for innovation . This atten 
t ion might c l arif�· the diverse findings of empirical studies such as 
those reviewed by Johnson ( 1 975 , chapter 4) . 1 It  a lso might exp lain why 
innovation differs among industries , the factors that condit ion the 
di ffusion of innovat ion knowl edge and its  di sregard or adoption ,  and 
the social  and economic ro les  of innovat ive individuals  and organ i za
tions . 

Concerns about innovation fo l low from the heavy investment o f  
government and some industries i n  research ; the regu latory , taxat ion , 
patent , and other po l i cies of governments  that might accelerate or 
dampen innovation and its adopt ion ; and the rol e  of innovat ion in 
economic growth , inc l uding its  contribution to the comparat ive advan 
tage of one nation versus others . To respond to these genera l concerns 
and our speci fic  interest in transportat ion , we make three recommenda
tions at the end of  this paper : to strengthen the assessment of com
ponent technology devel opment , to better define needs for systems , and 
to better formulate systems alternat ives . 

Al though these recommendations  are different from those of studies 
that have examined the national scene , such as the Charpie (U . S .  Depart 
ment of  Commerce , 1 967)  report , 2 we bel ieve our recommendations have a 
broad app l ication . In particul ar , these suggest ions  with suitable  
adaption might be genera l i zed to  publ i c  fac i l ities  such as  water supply 
systems , communication systems , and the pos t  office . (E l sewhere , we 
have written about the rather st�iking s imi larit ies between these sys
tems and transportat ion [ 1 97 8 ] ) .  

TRANSPORTAT ION 

Viewed in a general , s imp l i fied manner , transportat ion i s  performed 
when force is appl ied to d isplace a mas s  (soi l eros ion , the dri l l ing of 
cavities in teeth , and the fl ight of  an airp l ane are al l t ransporta
tion) . Viewed narrowl y ,  a transportation innovat ion i s  the organi za
tion of  a physical system to perform that work in some purposeful man
ner . Even before the bui lding of pyramids , innovat ive groups and indi 
vidual s had thought of ways to enabl e  and control  the displacement of 
masses . Five maj or transportation modes - -rai l ,  air , highway , water , 
and pipe l ine- -make up today ' s  systems . In order to adopt and deploy 

5 1  

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 r a n s p o r t a t i o n :  P r o c e e d i n g s  o f  a  W o r k s h o p ,  S e p t e m b e r  2 4 - 2 6 ,  1 9 7 9 ,  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 ,  W a s h i n g t o n ,  D . C .
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 8 4 6 3

http://www.nap.edu/catalog.php?record_id=18463


tecnnologies , institutional structures were necessary and they were 
created ; rai l roads and airl ine companies are pieces of the structure . 

Some things about transportat ion industries are not so obvious . 
Why are there five maj or modes and not some other number? (Here , we 
are viewing trans it as a variation of rai l and highway� ) Why do some 
modes involve both pub l ic and private activities and others appear less  
spl intered? Does it  matter? Why do  innovat ion and technology act ivi
ties d iffer , and what needs to be done to improve those act ivities?  
What are innovation opportunities?  These are simple  quest ions where 
s imple  answers do not g ive ins ight . 

Growth Dynamics 

One useful  way to approach these questions is to think of the modes as 
evo lving in a dynamic of physical  systems- inst itut ional systems-market 
systems . The history of the automobi l e  highway system during this 
century provides an examp l e . The automobi l e  was the triggering innova
tion ,  the putt ing together of the wagon chass i s  with a steam ,  e l ectric , 
or gasol ine engine ; then came the appl ication of vehicl e control pro
toco l s  to wagons and buggies - -the operator guided the vehic l e  and obey
ed the rules of the road . At first , the automob i l e  was truly a rich 
man ' s  toy ; it  was expens ive and had l ittle  use , for the road system did 
not accommodate travel .  But the s ituation changed drastical ly  in onl y  a 
decade or two . By the 1920s a paved roadway system suitab l e  for auto
mob i l e  and l ightweight trucks was expanding rapidly  (Figure 1 ) . A 
variety of  innovations such as l ightweight stee l s , improved testing 
methods ,  and assembly  l ine production was improving and reducing the 
cost of automobil es . The market was al so adj usting as suburbani zation , 
new patterns of  employment , and a different wholesale and retail  dis 
tribution pattern emerged . 

The dynamic was energi zed by improvements in acces s ibi l ity .  The 
decision to purchase a vehicl e  enabl ed the user to gain acces s ibi l ity 
provided by the road system and offered by changes in patterns of pro
duction and consumption . The gasol ine tax , a financial mechanism ,  l ink
ed automobi l e  use to road improvements ,  but it was truly the expansion 
of accessibi l i ty opportunities that shaped the dynamic . 

This dynamic involved more than the innovation of  a physical 
system ,  its dep loyment , and market adaptions . Institutions were neces 
sary ; they too required innovation . The Al fred P .  S loan type manufac
turing industry was one such innovation ; financia l  institut ions provid
ing instal lment credit were another . Institutions to provide the high
way system evolved , state highway departments were created or modified , 
and l ocal government and federal institut ions and financing arrangements 
were formed . Vehi c l e  insurance , driver training , and traffi c engineer
ing institutions were also  estab l i shed . 
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F IGURE 1 .  C�mparison of passenger car sales (sales [Motor 
Vehicle  �{anufacturers Associat ion , 19.77]  4 shown every fifth 
year [ 194 0 to 1 945  e l iminated] to 1 970 , annual thereafter to 
1 976 . )  with total and surfaced mi l eage of roads and streets 
(rural roadg and municipal streets [U . S .  Bureau of  the Cen 
sus , 1975 ] , series begins in 1 9 2 1 , ends in 1 970) . 

Each transportation technology form has a growth dynami c . Table  1 
characteri zes each technol ogy or mode within its  dynamic ,  and the inno
vation and technology adoption that corresponds to the phase of its 
dynamic .  

Now we wi l l  turn to the reasons for variations in innovation and 
technol ogy act ivities and lay a basis  for recommendations to improve 
those activities . 

The dynamic for a technology has beginning conditions from which 
it  emerges . The highway system provides an example . The King ' s  high
ways of  the fi fteenth and sixteenth centuries were swaths along which 
peopl e  could wal k  and drive animals . Improvements  were l imited to l ay
ing stones for footing over poor ground and the providing of narrow 
bridges . In the 1 7 00s , wagon and carriage traffic increased rapidly 
with the extension o f  maritime and colonial activities ; a dynamic 
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TABLE 1 .  Characteri zation of  Transportat ion Innovat ion and 
Technology Dep loyment 

Status of Transportat ion 
Technologies and Their Inst itut ions 

Near the end , at , or past their 
growth dynamic- -mass  trans it , 
rai l  freight , automobi l e  

I n  rapid growth phase - -truck 
highway , pipe l ines , inl and 
waterways , air . 

Near the beginning of their 
growth dynamic- - s lurry 
pipe l ines ; container , rol l -on , 
rol l -off ,  and l arge -bul k  sh ips . 

Innovation and Technology Activities 

Frenetic search for technologies to 
reduce costs  and to meet constraints 
inc luding : po l i tical requirements  
for service in  high cost market s ,  
regulatory , labor , capit al , and insti
tutional ; much government invo lvement 
in technol ogy matt ers ; technologies 
of  l imited scope (e . g . , improved ways 
to empty fare col l ection boxes , better 
rail  whee l s ,  l ightweight automobi l e  
hoods) ; there are narrow (e . g . , tech
nol ogy is  needed for fi l l ing potho les )  
and somet imes subopt imal views of  
technology needs ; some interest in 
new systems when the technol ogy i s  
we l l  past its  growth dynamic ,  e . g , 
personal rapid transit ; interest in 
technologies to protect traditional 
markets ,  e . g . , TOFC and COFC . 

Al ternat ive technol ogical and/or in
st itut ional forms continue deve lop
ment from early  growth dynamic phase , 
e . g . , spec ial i zed contract carrier 
trucks , new aircraft , product and 
s l urry pipel ines , and the United Par
cel  Service ; technology responding to 
safety and environmental regu l ation , 
other constraints may be pushed aside 
by productivity gains , al though they 
affect the techno logy , e . g . , Air Line 
Pi lots Association work and pay re
quirements ;  search for technol ogies 
for system expansion , e . g . , efficient 
short-range aircraft 

Search among the technol ogical and 
institut ional forms for old  and new 
market s ;  high productivity pushes 
as ide cons traints other than environ 
mental and safety ; l i tt l e  government 
involvement ; industry factors seek 
standardi zat ion . 
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responding to demand began . Highways were developed for wagons and 
carriages , with the as sistance of local government and to l lway organ i 
zations . P lank roads were used i n  the United States . The macadam road 
in England is remembered from thi s  period , although McAdam ' s  genius lay 
more in the organi zat ion and financing of highway bui lding and mainten
ance than in the type

6
of surface ordinari l y  associated with his name 

(Webb and Webb , 1 9 1 3 )  ; there was nothing new about that . 
Another example  of a dynamic running its  course , s lowing , and be 

ginning again , starts with the "break of bulk" steamship in the late 
1 800s . By the 1920� there was a stagnation of  technology (and institu
tion and market) development . Recent ly , containeri zation and the use of 
l arger container ships and large bul k  ships have set o ff a new dynamic .  

The highway system provides several examples  of  the reenergi z ing 
of a dynami c . The interstate system in the 1 960s enabl ed higher driv
ing speeds that , together with market shi fts , continued to improve 
access unti l  recent ly . Early in the century the highway-truck system 
evolved rapidly , serving mainly a l ocal col lector-distributor function . 
Improvements in the regional roads in the 1930s and 1 940s and deve lop
ment of the interstate system later set off another truck dynamic whi ch 
continues running its  course .  

Conditions at the beginning of a development dynamic include insti
tutions and market conditions , each with its  claims on  resources .  Much 
of the market is  subj ect to the "tooth and c l aw" o f  free enterprise ; 
its evolution with the growth dynamic is relatively unfettered compar
ed with other aspects of the dynamic . But market conditions and the 
difficulties of changing them are not to be dismi s sed complete l y .  As 
we have discussed e l sewhere (Garrison , 1978) , 3 systems users c laim a 
right to transportation service , and much of government regulat ion o f  
transportation service and subs idy , such a s  that of mass transit , i s  to 
offset changes resulting from growth and the new interplay of technology 
forms . 

Institutional change has a dynamic of its  own and usua l l y  occurs 
with the creation of new institutions . Once created , even new institu
tions refl ect the conditions of the times in whi ch they were created 
and become a brake on change . The rai lroad organi zat ions of today 
exhibit conditions from the time of their origins . Their geographical 
division ,  for example , reflect s communication s and logi stics condit ions 
that existed over a century ago . The rai l roads have changed , of  course ,  
but the basic organizational frame remains .  

The rai l roads put carriages on steel whee l s ; routes were l aid out 
primaril y  for passenger traffic . In the United States the abundance of 
coal and early adoption of high-pres sure steam engines , along with the 
constraints on labor , including construction management ski l l s , affected 
the grades and layout of today ' s  routes (Wi l l iams , 1976) 7 . The l ight
weight four-wheel carriage became a 100-ton or more freight car riding 
on four-wheel trucks , wi th up to 36-inch whee l s  and a much higher center 
of gravity than the carriage trans formed to a rai l road car . Al though 
physical  technol ogy has changed incremental ly and i s  radical ly  di fferent 
from what it was in the beginning conditions . G .  P lowman has identified 
(to the author in a letter) the increasing of gauge , doing away with 
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operating rai l roads on the carriage -wheel spacing of the eighteenth 
century , as one of the maj or probl ems of today ' s  rai l roads . 

Later , we wi l l  discuss the component s of transportation techno logy- 
guideway , vehicle , and contro l - -and how their di sj ointed charact er has 
l imited change to bui lding incrementa l ly from cond it ions exist ing at 
the start of a dynamic .  

Geographical Networks : Standardi zat ion 

The highway sys tem and the waterways system refl ect in their present 
deve lopment the existence of an initial  network (the then existing road
way and waterway networks) . Their present dynamics began with the 
necessity of serving those networks .  Much of the mi l eage of today ' s  
highway system was laid by the late nineteenth century . About 50 , 000 
mi l es of interstate route have been added , and mi leage has been added 
as cities  have expanded , but much of the dynamic growth of the twentieth 
century has occurred on the stage set by the exi sting road p l ant . 
Today ' s in land waterway and marit ime trade started out with existing 
routes t ied to the l ocati ons of ports and markets , and modern in l and 
waterway transportat ion technology takes p l ace on routes where raft s 
once floated and steamboats hauled cotton and pork . 

Rai l road , airl ine , and pipel ine networks were new , but even here 
there is the imprint of preexisting markets and the l ocat ion of the 
routes of compet ing modes from which these new modes hoped to snare 
traffi c . 

A preexisting network can restrain or ass i st the innovat ion pro
cess . I t  assists  because it eases the onus o f  tying places together 
by procuring land or terminal s . We wi l l  return l ater to the pos i tive 
s ide of the right-of-way or network quest ion when stress ing innovat ion 
opportunities . The sect ions on transportat ion system components and 
incremental decision-making wi l l  a l so deal  with the forcing of a tech
nology to operate on  an existing guideway . 

In order to benefit from accessibi l i ty ,  either people  or goods have 
to get from one pl ace to another ;  there are rewards from connect ing 
l inks into networks , system articulation , and standardi zation . A stan 
dardi zed time system was deve loped , and a standardi zed rai l road gauge 
was adopted . Other needs for standardization resulted in the creation 
of the Assoc iat ion of Ameri can Ra ilroads and , by other actors , uni form 
l abor rul es . Uni form air and highway traffic rules represent standardi 
zation in other systems , as does the evolut ion o f  pavement construction 
standards and the deve lopment of the rules -of-the-road in ports on in 
land waterways . Early , industry seeks standards ; the government ' s  rol e  
expands later as safety and service standards are demanded . Today , of 
course , nonindustry-specifi c  government safety and environmental re
straints apply  early . 

Standardization has two chief  effects on innovat ion . First , it  
almos t  locks out technologi cal change that is  more than incremental ; 
innovations have to fit the standards . I t  also  dampens innovation 
because of  the effort required to meet standards . 
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Yet , standardi zation forges a large market i f  a desirab l e  technique 
or device can be innovated to fit a standard ; a large market can result  
in  economies o f  scale  in  product ion . (Thi s seems to  be the motive 
behind creat ing s tandards for buses ,  wheelchair l ifts , and simi lar 
things . )  The critical matter i s  the ease with which standards can be 
bypassed . For example , al though there are standards for packaging , 
innovat ive techniques seem to work within or push as ide those staftdards 
by obtaining exceptions (U . S .  Department of Transportati on , 1978)  • 

As history shows , standards are pushed as ide i f  a development i s  
highly  desi red . MoPed advocates were ab l e  t o  sidestep safety standards 
for motorcyc les . The 707 aircraft proved so product ive that the stan 
dards for runway strength and l ength were dropped b y  airport operators 
who wanted j et service ; they l engthened and strengthened their runways . 
The ascent and descent rate used then in air traffic control suited to 
DC -3  aircraft and i l l -suited for j ets was a lso pushed aside . On the 
West  Coast , the longshoremen constraint gave way to productive container 
sys tems . Standards for harbor dredging a lso gave way rather quick ly 
before the product ivity avai l able  from l arge container or bulk  ships . 
Today , the product ivity gains to be garnered from increas ing truck 
weights and si zes are c l ashing with entrenched standards . 

Market Impacts 

Turning from standards to markets ,  we note production and consumption 
shifts as a dynamic evolves . Thi s  market response affects the charac
teri stics  of innovat ion during the dynamic .  Successful innovations are 
market -sensitive ; attention i s  given to the manner in whi ch the market 
is evo lving , and more effort is made to fit a techno logy to new deve lop
ments or to particular niches in the market . The development in 1 837 
of packet service out of  the Port of  New York for the North At lantic 
trade was respons ive to  a market niche . Today ' s  specia l i zed sh ips 
haul ing assemb l ed automobi les  are another marit ime exampl e .  Unit  trains 
and the spec iali zed trucks of contract carriers are other market niche 
innovat ions , and efforts to find techno logies suitab l e  for short -haul , 
col l ector-distributor air transportation represent a sensitivi ty to the 
need for fitt ing technology to market niches as we l l  as an effort to im
prove the network of service . 

Thi s  is  the pul l  of demand . A transportation technology evolves , 
and production and consumption organi zat ions shi ft how and where they 
do things considering the avai labil i ty of that techno logy . The continu
ed l earning and sh ift ing of the act ivities  or organi zat ions create new 
opportunities , the growth of organi zed divers ity on the market side . 

Innovation 

We can describe several rel ationships between innovation and technology 
uti l i zation and systems devel opment . Tab l e  1 l i sts in capsul e  form the 
act ivit ies resulting from these relationships . Be low , we out l ine a 
devel opment dynamic as it  runs its  course .  

57  

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 r a n s p o r t a t i o n :  P r o c e e d i n g s  o f  a  W o r k s h o p ,  S e p t e m b e r  2 4 - 2 6 ,  1 9 7 9 ,  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 ,  W a s h i n g t o n ,  D . C .
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 8 4 6 3

http://www.nap.edu/catalog.php?record_id=18463


· 0 There i s  a vigorous , early competition among forms of the tech
no logy- -vehicle , guideway , and contro l  combinations and their institu
tions . 

0 Al so early on , managers seek standardi zation to provide networks 
to serve markets and to achieve economies of scal e in production . 

o As the market evolves , more and more attention i s  given to pro
cess  and product innovat ions suitable  for particular markets . 

0 These technologies for market niches are constrained and l imit
ed . As  the system develops , exi sting institut ional arrangements and 
conditions set by the existing physical system l imit the scope of tech
nological change . 

o Attention shifts from the innovation of competitive technology 
forms to innovations of a very narrow scope , bits and pieces of hard
ware or processes .  The impacts  of  particular technology devel opments  
are l imited , although their aggregate impact may be  great . 

o Whi l e  there are restraints on systems from the start , inc luding 
those common to al l activities , transportation-specific  system con
straints on innovation and technology devel opment and deployment 
multipl y  as the dynamic unfolds . These constraints result part ly from 
increasing recognition of  system external ities ; they are originated by 
governments .  Many are imposed by the increas ing compl exity of trans-
portation institutions and the inabi l ity of  complex institutions to 
overcome stasis . The rights of l abor , management , and users are in
creasingly  cemented . Capital restraints tighten . 

o The pub l ics interested in �e system become less  supportive ; they 
are increas ingly disenchanted . At first there is support , for the 
system dynamic mult ipl ies accessibil ity . Later , gains are not as great 
and negative external ities more apparent . The systems ' bureaucracies 
become increasingly inflexible . The pub l i c  demands innovation and tech
nol ogy , often via regul atory mandates , to fix probl ems . 

o In contrast ,  late in the dynamic there are publ ics who imagine 
and value early  technology and market conditions . They seek maintenance 
of technology with no market for innovation (cab l e  cars ) , or a reincar
nation ( l ight [ s ic]  rai l trans it)  us ing the best avai lable  innovation 
and technology . 

o The concerned publ ics ' and the technologists ' views of innova
t ion and technology needs shi ft . Early , they are broadly framed in 
terms of systems and associated development . Later , they narrow and 
are addressed to correcting something about a smal l part of the system 
perceived to be faulty . 

o The systems ' growth i s  never unbiased ; conditions at the start 
of the dynamic strongly influence its  course and the opportunities for 
innovation . 

o Yet the path of  the dynamic is  never certain ; the dynamic may 
be changed ful ly or partial ly by market shifts  (more need for coal 
transport) or by techno logy and institutional development . 

o The role  of  the innovator changes as the dynamic unfolds . Early ,  
the innovators focus on the system ; later they address  bits and pieces 
of things . Because of the structure of the industry and societal views 
of needs , the smal l is valued more than the large . 
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. 
• Yet the above does not restrain innovat ive effort . Syste�s 

Innovators do not hold  the values of their peers and their institutions . 
As these values become more rigid , more innovators discl aim but their  
probabi l ity of  success dec l ines . 

' 

Again , the act ivities l isted in Tabl e  1 are some outcomes of these 
re lationships ; more outcomes could be noted . Not a l l the rel ationships 
are ful ly discussed , but their  bas is  and consequences wi l l  be more ful ly 
developed as we continue . 

Productivi ty 

Before deve loping further the characteri stics  of  transportation that 
are behind these re lationships , we ask whether these re l ationships 
matter . In our opinion they do . 9 

In his book on the automobi l e  industry , Abernathy ( 1 978) 
observed : ( 1 )  the devel opment of a dominant technology ( in this  case , 
the Mode l T) and ( 2 )  the evolut ion of a mass production , low-profit
margin method of producing it . He argues that the search for producti
vity is  consequently constrained to  minor (mass production) process 
improvements , which ere subj ect to dimini shing returns . The future i s  
b leak . 

In Chapter 4 of  his  book , Abernathy refers to supporting studies , 
and in a 1975 discuss ion paper with J . M .  Utterbackl O (which appears to 
be the bas is  for Chapter 4 ) , Abernathy provides examples from the semi
conductor industry ,  the aircraft industry , l ight bulb manufacturing , 
the automobi l e  industry , and the processed foods industry . Here and in 
his l ater work he offers a conceptual model in which an industry i s  
created by radical product innovations . One dominant innovation sets a 
pattern for a product ; then proces s  innovations dominate as ways are 
sought to produce that predominant type . 

In thi s  perspective of our paper , the restraint on the supp l i er 
activities in transportation resul ts from industry structure . Produc
tivity is  a quest ion more because of those constraints than because of 
those of the manufacturing process  of  parti cular firms . In contrast to 
automobiles , rai lroad cars , barges , and aircraft are produced on a j ob 
lot (a run of several ) basis , yet they too are productivity l imited . 
Abernathy ' s  view of the firm is  too l imited ; to change product ivity re
quires system change . Such change can be achieved if  system technology 
can be innovated and deployed to change a development dynamic or start 
a new one . 

Techno logy and Market Gaps 

Figures 2 and 3 abstract two performance characteri stics from the com
plexity of the organizations providing transportation . Figure 2 i l lu
strates that the cost of moving a unit decreases as the number of units 
increases . Figure 3 i l lustrates that the cost of moving a uni t  between 
p l aces , for a given number of units , varies from mode to mode depending 
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on the distance . Other such figures could  be drawn i l lustrating charac
teris t ics of  transportation activi ties . These might display re l at ion 
ship of  gro s s  t o  n e t  weight ; horsepower per ton moved ; velocity , say 
distance a commodity may be moved overnight ; and we ight/volume ratios 
for the fi l l ing o f  vehicles  or containers . Data on re lationships of  
this  type are displayed in National Trans tat ion Trends and Choices 1 2  (U . S .  Department o f  Transportation ,  1977 ) . J .  D .  Ward e t  al . 1977)  
have expl ored such data frui t ful ly .  

c.os tJuni t  \ 
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\ 
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\ 
'- Wa ter 

F IGURE 2 Rel ationship of  cost  to vol ume . (The dashed 
l ines suggest where exi sting modes perform best  and the 
"gaps" between them . ) 

c:os tJ 1 
un t 

dis tance 
F I GURE 3 Rel ationship of cost  to distance . (The dashed 
l ines suggest gaps . )  
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One may think of mapping between such performance characteristics  
of  transportation , markets ,  and the technologies and institut ions that 
provide transportat ion . Mapping on Figures 2 and 3 ,  we would expect 
rai l and water to provide for high-volume , l onger-distance movements .  
He licopters are used to move structural stee l for the construction of 
towers in iso l ated places ; airl ines get a l arger share of long-distance 
traffic than short . 

Gabriel  Boul adon ( 1967) 1 3 has deve loped a concept of gaps to 
describe the intersti ces where the existing modes do not serve markets 
wel l : the "too far to walk  but too c lose to drive" gap and the "too 
far to drive but too cl ose to fly" gaps , for examp l e  (Figure 4 ) . 

I 
1!1 

I 

DISTANCE (molnl 0 3  0 1  I 10 30 10 100 300 100 1000 3000 
TIME (mo-1 I I  7 5  .. Ill 15 11 5 2U 30 3,5 49 10 &9 96 5 
SPEED fm.p.h . l  u 4 1  6 9  14.1 24 34 2 73 120 112 370 100 170 11165 

F IGURE 4 Bouladon ' s  transportation gaps . 
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3000 

Bouladon ' s  devel opment of gaps i s  a useful introduction , but it  great ly 
overs imp l i fies the manner in which gaps may occur . In pas senger trans 
portation , gaps should  be imagined ari s ing out of  the performance 
characteristics of the avai lab l e  modes compared with the functions that 
passenger transportation serves and not with distance alone . E l sewhere , 
this  author and C l arke ( 1 977) 14 have sketched the concept of  a neighbor
hood car that , although serving in the range of "too far to wal k  but 
too c lose to drive , "  fi l l s the gap defined by those functions that are 
performed in neighborhood trave l . The camper vehi c l e  fi l l s a certain 
kind of gap . When sketching gaps for freight transportation , one should 
al so consider functions as wel l  as the comparat ive advantage of modes , a 
compl ex mapping . 

Institut ions compete with each other and strive to preserve them
selves . The interstices between which existing modes have a marked 
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comparative advantage are competit ive batt l egrounds . The rai l roads fight 
hard to maintain their c l aim on bulk traffic vi s a vis the agricultural
exempt truck and wat erways . Some rai lroads give attent ion to  trai l ers 
and containers on freight cars (TOFC and COFC ) and "merchandise" traffic 
in order to preserve their traffic or expand into that gap . Urban bus 
operators are preoccupied with expanding service in th in markets to com
pete with the automobi l e , and much of what is said to be needed in tech 
nology development of mas s transit  i s  technology t o  serve those markets , 
for example , paratrans it . 

Quest ions c�n be asked (but not answered) about the appropriate
ness o f  the present number of modes . For examp l e , in  terms of existing 
markets , is Amtrak needed given intercity bus service? The extent of  
rail road freight service i s  sometimes questioned given truck service . 
I s  a complex of  long-distance highways engineered for automobi l es 
rea sonab l e  given the avai l abi l ity of air transportation? 

Intermodal arrangements combine the advantages of two or more 
modes .  Techno logies to improve intermodal service were stressed years 
ago in the Eastman Report (Office of the Federal Coordinator of Trans 
portat ion , 1 940) , 1 5  but these are not o f  interest to the existing modes 
when one party has something to los e .  ( It i s  not surpri sing that rai l  
dominated services [ ICC P l an I I ]  are the more succes s ful  TOFC endeavors . )  
An intermodal service works i f  one party i s  not harmed and the other 
gains , or if both gain . Rai l trans it inst itutions wi l l  pave parking 
lots  and worry about bus stops adj acent to stations . Maritime container 
shipping organi zat ions and rai lroads are j o int ly  concerned about effi 
cient ports and intermodal service ; those  who carry containers to the 
port do not have the opt ion of cont inuing overseas with them . 

We wi l l  return to this notion of gaps and develop innovation and 
technology options more ful l y  after discussing some of  the character
i st ics o f  modal components .  

COMPONENT DISJOINTEDNESS AND INCREMENTALI SM 

Phys ical work in transportation is  performed by app lying a force to 
move something along a guideway . Whi l e  the guideway may control the 
direction of movement , there is always additional contro l activity . The 
core of the physical technology involves a vehicl e  and propul sion uni t ,  
a guideway , and a control system- -the components o f  transportation tech
nology . 

There are technological  and institut ional supp ly  streams for each 
component . Highway vehicles , for example , are provided by automobi l e  
and truck manufacturers through a system invo lving dealerships , financ 
ing institutions , regulating inst itut ions , fuel supp l iers , and so on . 
The technologies here are main ly those of mechanical engineering for the 
vehicle  (and chemical engineering for fuel s) . Guideways are suppl ied 
by governments  drawing on several subspecial ities  in civil engineering . 
In the mai n ,  control of  the vehic l e  movement i s  provided by the driver 
training and l icensing systems . Traffic control i s  provided by traffic 
engineers , and the driver ' s  fiscal integrity is warranted by insurance 
arrangements . 
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This pattern of disj ointed technol ogy components appears in each 
transportation mode . Ships are provided by shipbuilding companies , 
operated and contro l l ed by shipping companies and by inshore and offshore 
rules-of-the-road , and operate on guideways part l y  provided by naviga
t ion and by dredging . Aircraft are produced by airframe manufacturers , 
operated and contro l l ed by airl ine companies and by air traffic contro l 
regul at ions , and use guideways suppl i ed by governments .  

One outcome of  this  dis jointedness is  incremental decision making . 
The technology-supplying ins titutions see their rol e  as that of meeting 
needs occas ioned by markets and constrained by characteristics of other 
components . Rai lroad right-of-way suppl iers strive to provide suitable  
guideways for the types of  trains that are operated on  routes and their 
frequency . Automobile  manufacturers have an eye to the market .  They 
are constrained by the type of highways on which the vehicl es wi l l  be 
used , the standards of driver l icensing and the norm and distribution · of 
driving skil l s , and traffic rul es . Highway traffic engineers establ ish 
regulations considering vehicle  characteristics , drivers , and roadway 
conditions . 

The consequences of  incremental ism are constraints on the tech
nology suppl y  stream .  Only  incremental techno logy change is  permissab l e , 
and al l technol ogy choices that cons ider a system--that i s , involve con
trol , vehicles , and guideways --have no market . This can be seen by 
even a cursory examination of current techno logy activities . The 
traffic engineering l iterature i s  replete with ways to do traffic en
gineering better ; al l e l s e  is  given . The protocol for benefit-cost 
studies in highway design is  to minimize the j oint cost of  providing 
highways , given the characteristics of vehicles including their operat 
ing cost and the way they are operated . Today , automobi l e  manufacturers 
are preoccupied with developing techno logies to meet emission and fuel 
consumption standards with everything else  taken as given . The auto
mobi l e  engineering l iterature i s  as l imi ted to the automobi l e  (and the 
truck) as traffic engineering l i terature is l imited to traffic .  

An interest in transportat ion systems i s  mainly a conceptual i za
tion of transportation as a network rather than a l ink and node 
phenomenon . Systems pl anning , such as that of the United States Rai l 
way Association (USRA) , i s  p l anning for guideway systems ; urban trans
portation planning s ince World War I I  has been planning for highway 
networks . Symptomatic of the l ack of  system thinking is  the recent 
change of name of the Institute of Traffic Engineers to the Institute 
of Transportat ion Engineers- -traffi c engineers tak e  what they do to be 
transportation engineering and do not seem to recognize  the system 
scope of  the technology . 

F inal l y ,  consider studies of  highway needs such as the 1 977 s tudy 
published by the Congress  (Committee on Pub l ic Works and Transportation , 
1977) . 1 6 For many years , studies of needs were made by comparing the 
phys ical state of existing highways with an ideal expressed by engineer
ing standards . In recent years there has been a modest recognition of 
markets through considerations  of  the amount of traffic on faci l ities . 
Highway needs studies take other components of  the system as given . 

In addition to being highly  constraining , the disjointedness  of  
components distorts system goa l s  and innovation . Technologies are 

63 

Copyright © National Academy of Sciences. All rights reserved.

Innovation in Transportation: Proceedings of a Workshop, September 24-26, 1979, National Academy of Sciences, Washington, D.C.
http://www.nap.edu/catalog.php?record_id=18463

http://www.nap.edu/catalog.php?record_id=18463


sought. without institutions to conceptual i ze transportation and thus 
formulate broad transportation goals .  Goal s ,  such as good roads or safe 
cars , refl ect institutions and components . Transportation is heavily 
regu l ated , which also  affects goal s .  Some institutions strive to  meet 
regulations regard l ess  of the cost . 

Compared to other modes , rai lroads appear to have integrated 
components . Rail road organi zations supply their own guideways , make 
decisions to purchase equipment , and control and operate that equipment . 
Even so , these components are suppl ied and operated in a dis jointed 
fashion largely because of the separate technol ogical traditions of 
components and their suppl ying institutions . Component managers have 
di ffering goal s .  The equipment manager seeks appropriate equipment , 
given operations  and guideway systems ; the guideway manager seeks an 
appropriate guideway , given equipment and the way it  is  used ; and opera
tions personnel spot cars and move them , working with what is  avai l able  
in  the way of equipment and guideways . 

The dis j ointedness of rail road components is  i l lustrated by the 
aggravation of right-of-way probl ems through the purchase and use of 
heavy freight cars . Cars of 1 00 tons or more created unexpected right
of-way and operation problems , l eading John C .  German of the Missouri 
Pacific Rai lroad to remark , "there has not been enough cooperative 
discussion between the equipment engineer and the track engineer" 
(German , 1 974) . 1 7 

Rai l roads are heavily  regul ated--sel f-regulated through industry
wide standards and regulated by government . Industry s tandards appl y  
t o  components , and federal regu lations appl y  mainly t o  operations deal 
ing wi th service and rates . Safety regulations  are addressed to com
ponents .  

The other modes are al so regulated . Ge l lman ( 1971 ) 1 8 has stated 
that regulation has distorted decisions to purchase equipment and has 
dampened equipment innovation . He concludes that "the innovative per
formance of  the transportation sector can best be improved by gradual ly  
e l iminating economic regulations . "  While  we accept Gel lman ' s  remark 
about distorted and dampened innovation , we do not agree ful ly with his 
conclusion . Even without regulation , decisions to purchase equipment 
would be constrained ; they would be incremental and oriented to com
ponent goal s .  

Innovation and its adoption are often motivated by an opportunity 
for a speci fic  payoff . A . S .  Lang and S . A .  Burd , (American Association 
of Rai lroads , 1976 ) A in an unpubl ished paper responding to suggestions 
by Wyckoff (1 974 ) , 1 � Wyckoff (1976) , 20 and Reebie and Robertson ( 1 979 )t1 
have addressed the difficul ty of  forming profit centers in rai l road 
organi zations . Profitab i l ity i s  a matter for the chief executive officer 
because expenditure and cost control are in the hands of equipment and 
guideway providers and operations staff whi l e  revenues are in the hands 
of persons recruiting traffic . Lang and Burd examine options for align
ing cost and revenues on a more decentrali zed basis , either through sub
organi zations that recogni ze specific i ines of business or by spatial 
markets .  But equipment and routes may be used for more than one l ine of 
business , and spatial markets are not discrete . A particular spatial 
market , such as the city. pair , is  entered and egressed by traffic serv
ing other markets .  To deal with these complications , Lang and Burd 
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suggest organizational  forms where equipment and operating peop l e  func 
tion as profit centers sel l ing to marketing peop l e . 

Lang and Surd ' s  suggestions offer ins ight and should be useful . 
We do not , however , feel that these organi zat ional reforms would  deal 
wi th the fundamental problems of incrementa l i sm and d i s j o intednes s . 
These probl ems wil l remain because component supply streams are en 
trenched ,  their goa l s  are internal i zed ,  and cons traints are imposed by 
network art icu l at ion and standard i zat ion . Lang and Burd observe that 
less-than -a-truckload- lot intercity trucking firms have been ab l e  to 
organize  profit centers for a particular market (cities)  and contract 
truck carriers organi ze to serve spec ific market s ,  often us ing tai lored 
equipment . Whi l e  this capabi l ity contributes to efficiency in the firms 
organized in this  manner , it is very l imited , being constrained by com
ponent disj ointedness . Equipment and operations decisions are made 
incremental ly against the backdrop of conditions of the exist ing high
way system and traffic control with its  speed and weight control s .  

IMPROVING COMPONENT INNOVATIONS 

Useful recommendat ions for improving innovation , technology deve lopment , 
and deployment within extant component suppl y  arrangement s are l imited . 
Institut ions , po l icies , and programs ex ist in the p lanning , manag ing , 
and expending of resources , but the restructuring of institut ions i s  
s low and difficult .  Restructuring a lso is  not practicab l e  because com
ponent-arranged act ivi ties refl ect the professional and scienti fic 
discipl ines and the organization of the trades ;  re l ationships are 
cemented into existing status and behavioral patterns . Transportation 
organi zation is  a s l ice of  al l social and economic organization , and 
change driven by transportation has l itt l e  priority and voice . 

For this  reason , we regard present arrangement s as fixed and seek 
actions cons istent with those arrangements . We seek action that wi l l  
better match component act ivit ies to systems needs and opportunities . 
We seek to lessen the risk that component techno logy may subopt imi ze .  

Suboptimi zation 

Component- shaped innovation and techno logy adopt ion i s  quite act ive : 
improved el ectronics for aircraft , e l ectronic engine control for auto
mobi les , computer-aided vehicle  design , improved insul at ion for tank 
cars , improved aggregates for highways , better methods to preserve rai l 
road cross t ies , and act ive or pass ive sensors for traffic control . This  
innovation wi thin components is  viable  because it passes the market 
test of being useful to the component . I ts  effi cacy for systems is un
known . 

We be l ieve that component goal s  are not cons istent with systems 
goal s that are almost never stated . The abi l ity of systems to perform 
social functions measured against resource use may or may not be im
proved by a part icular component innovat ion . A possible  examp l e  is the 
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procurement in recent years of heavyweight rai lcars with large wheel s  
by the mechanical department s of  rai lroads . These perhaps have not 
been cost - effective i f  their  cost is  extended to the damage that they do 
to rai l guideways . 

Ear l i er ,  we commented that the deve lopment of the 707 aircraft 
vio l ated the constraints of incremental ism because it (and the fami ly 
of j et aircraft emul ating the 707)  required the strengthening and ex
pansion o f  runways , changes in aircraft contro l protoco l ,  and changes 
in termina l s . Then , many thought that the 707 did not fit the system ,  
especial ly its  market interrel ations ( Bright , 1978) . 22  Yet , i n  this  
case sys tem change occurred because of  a maj or change in  a component . 
To some extent the diesel  rai l road locomotive and the development of the 
interstate both have induced system change . Whi l e  these sytem changes 
probably  measure positively  in soc ial and economic terms , an unanswered 
question is whether some other techno logical form might have been 
created if overal l system impacts had been considered in the beginning . 

Assessments 

There are existing mechanisms addres s ing the worth of new techno logy , 
programs , or proj ect s : techno logy assessment , environmental impact ,  
and inflat ion impact analyses . Infl ation assessment i s  concerned 
primarily  with the trade-off between a proposed act ion and product ivi ty .  
Regul atory actions are reviewed , actions that may induce hardware inno
vation or the adoption of  the existing innovat ion . 

Technol ogy assessment has been institut ional i zed in the Congress , 
in federal agencies , and in some state and local governments .  I t  takes 
the stance of measuring technology impacts on scales of efficiency , 
environment , energy , and externa l i ty .  

The recent study of the automobi le by the Office of Technology 
Assessment of the Congres s  ( 1 979) 23  was one of the most  thorough asses s 
ments made o f  a transportat ion techno logy . The study examined where the 
techno logy i s , how it might evolve , and its associated cost s ; it treat
ed air pol lut ion and fuel probl ems . The cost of imp l ement ing more fuel 
efficient and environmental ly benign vehicl es was assessed . Market and 
systems matters were not much recogni zed .  The study was a vehic le  
assessment and never c laimed to  be  more . I t  dealt with mobi l ity , acces
sibi l ity , and related topics of the growth dynamic in only a very s l im 
fashion . It took the way things are going as a given , including the 
present and future status of the nonautomot ive components of the system . 
Most  technology assessments in transportation take a simi l ar stance , 
a lthough they are general ly less  broad and thorough . 

Environmental impact analyses and statements are mandated for a l l  
federal activit ies with " s ignificant" impacts on the environment ; they 
are a l so used by a number of state and local governments . Wh i l e  the 
mandate is broad , the emphas is  is on physical environment impacts . 
Anal yses are most often addressed to designs and p l ans using exist ing 
technologies , proj ects ready to be imp l emented . Environmental impacts 
are l i s ted and quanti fied when practicab l e ; decision makers may thus 
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incorporate these assessments in decisions about whether a proj ect wi l l  
go forward and , i f  it goes forward , about what steps should be taken to 
mitigate environmental impacts .  Because the environmental  impact state
ment i s  addressed most often to proj ects--a  rai l road relocat ion around 
the town or a highway al ignment and interchange- - i t  cons iders the triad 
o f  components . An airport impact analys i s  for example , might examine 
noise alternat ives considering the type of aircraft to be used , approach 
and departure contro l procedures ,  and runway and apron alignments .  

These regulatory , technology , and environmental assessments have 
the appearance of being a choke between innovation and subsequent infor
mat ion dispers ion and technology adoption . However , the existence of 
assessment act ivi ties  affects the way programs are devised and evaluat 
ed wel l  before the hurdle  of the assessment occurs . This  think ing ahead 
is a feature of technol�JY impl ementat ion planning (TIP)  suggested by 
House and Jones ( 1 977) . In this approach , the prob l ems of implementa
tion are thought through and fed back to the program design , the evalua
tion of  its mi l estones , and the select ion of program options . 

A Suggest ion 

A modest  po licy suggestion is that al l component techno logies be assess 
ed i n  l ight o f  transportation systems and market cons iderations . Thi s  
could b e  done a s  an addition t o  current techno logy assessment and en
vironment impact ass es sment or both . 

A strength and weakness of this  suggest ion i s  that it is  l ike the 
requirements of present pol icies . Thi s  is a strength because actors 
and institut ions might be comfortabl e  with the suggestion .  But to avoid 
not doing more than is now being done , it  would be necessary to spe l l 
out what is  meant by components  and systems and market evaluat ion . 
Present -day market evaluations are stat ic ;  they wi l l , say ,  compare rapid 
trans it with the automobi l e  and ask how many riders wi l l  be d iverted . 
It  i s  important to state dynamic questions and inquire into market ad
j ustments and devel opment paths for a techno logical system , its insti 
tutions , and i t s  markets . 

As discussed , most of present -day "system" analys is  i s  l imited . 
To improve the l imited sense of  system , programmat ic guidel ines should 
spe l l out interest in how the parts of the techno logy and their inst i 
tutions interact with each other , and again , deve lopment dynamics should 
be high l ighted . 

This  modest suggestion should have more than modest resul �g · An 
example  of a response to a cal l , such as that by Carey ( 1979) , for a 
new round of research , innovati on , and techno logy dep loyment for extant 
highway bridge types wi l l  make the point . 

Many urban and rural bridges have reached the end of their useful 
l i fe .  Many were bul t in the 1 9 20s as the road system was upgraded . 
Even newer bridges have h ad their l i fe shortened by increas ing loads 
and the use of  salt  to mel t  snow and ice . Inventories of  repair , re
bui lding , and reconstruction needs indicate that they are mass ive . The 
funds are sought from Congress  for a bridge program . 
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But a consideration of the system and how it  is  used suggests  that 
innovat ion of new technol ogy is mi sguided if it is to support the re 
construct ion , rebui lding , or replacement of bridges in the p laces that 
they are now and wi th their present traffic loads . "The bridges are 
fal l ing down , bui ld them back" is  an incorrect view of the probl em .  The 
rural highway system (except for the interstate)  and the o l der parts of 
the urban parts of the system were laid out in the horse , buggy , and 
wagon days . The over-the-road cost of transportat ion was high , wh i l e  
the cost of the construct ion a t  that time was re l atively low ;  except in 
the downtown of cities , traffic was l ight . The s i tuat ion is radical ly 
di fferent today . The re lat ionship between variab l e  (veh ic l e)  and fixed 
(guideway) cost s  has changed great l y ,  and increased vo l umes of traffic 
o ffer opportuniti es for economies from the concentrat ion of traffic on 
routes . Consequent l y ,  a system for today ' s  markets would have many 
less  mi les  of route . Some routes should be bui l t  with higher standards 
than today ' s  to carry heavy traffic and to gain economies for the 
vehicles and the routes . There would be more c ircuitry of travel . 
Should those bridges be rebui l t  in the pattern that was right for the 
early part of the century , or should  innovat ion and technologies be 
sought sui ted to routes where economies of s cale  are achieved in heavy 
traffic volumes and in heavy loads?  

SYSTEMS INNOVATIONS 

Marked improvements  in transportat ion productivity and the creat ion of 
opt ions for social and economic deve lopment depend on the innovation of  
transportation systems , though not excl us ively . Innovation i s  needed 
now for energy short fal l s ,  and rapid increases in the cost of energy 
and other resources wi l l  affect the evolut ion of social and economic 
organi zat ions . As these organi zat ions adj ust to new conditions , it would 
be h ighl y  des irable  to have a vari ety o f  support ing transportation op
t ions . Further , the options provided by the present characteristics  o f  
transportation wil l be even more restrictive a s  hi gher fue l  costs  im
pinge on the performance of transportat ion , a factor al so pres sing for 
maj or improvements in old  systems or for new systems . 

Working toward suggest ions with respect to recogni z ing and creat ing 
new systems opt ions , we sha l l  return to two matters that have been dis 
cus sed previous ly : the potential for us ing exi s t ing guideways and tech
nology gaps . We sha l l  then review some examp l es of  recent proposal s for 
system techno logy and use these  to pinpoint what seems to be needed . 
Two suggest ions fol low . 

Us ing Exi sting Guideways 

As noted , a transportation system may be created de novo or developed 
by revi tal ization of an old  system ,  but in either-case it is tied to 
preexist ing market condit ions and route structures . The l iabil ities of 
preexist ing route structures have been mentioned , but preexisting routes 
can be an advantage . 
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The argument is  s imp l e . There i s  excess capacity throughout a l l  
systems because of high over-the-road cost re lative t o  guideway cost 
during the early deve lopment of  modes . Earl ier , dense highway and air 
networks were used . Ports and maritime routes were everywhere that 
sh ips coul d sail , and rai lroad routes were more ubiquitous than today . 
For a variety of  reasons including important pol itical ones , much of 
the excess capacity created by shi fts  in cost has not been abandoned ; 
it exists and provides spaces for guideway deve lopment . Many of the 
prob l ems of acquiring l and and expanding capital are mitigated . 

The idea that there is  l ittl e or no excess capacity is incorrect .  
There are some urban airports ,  air space , and urban roads and s treets 
that are congested a few hours every day . This  congestion is  visib l e  
and annoying , but it obscures the fact that these  facil ities are not 
busy most of the time and that they are onl y  a smal l part of the who l e . 
(We do not view thi s  congestion as serious . It  would  be ridiculous to 
construct facil ities so that they were never to be used at capacity 
[al though most of the guideways for the modes are so constructed} , and 
there are avai lable  too l s ,  such as pricing , that could improve conges
tion management . )  

Gaps are difficult  to ident ify because of the equi l ibrium between the 
transportat ion avai l ab l e  and the organization of social and economic 
activitity . However , social and economic organization responds to many 
factors other than transportation , so the re lationship between it and 
the avai l abil ity of transportat ion is less  than perfect . This  suggests 
that "market pul l "  gaps may be identi fied by cont inua l l y  monitoring and 
evaluating social and economic change . The exi sting modes are continu
al l y  searching for market s ,  and market response from new services 
suggest s another way gaps may be identifi ed . Fina l ly ,  more thorough 
studies of how the transportat ion system performs or might perform 
"technology push" would improve understanding of s ituat ions where im
provements in performance might provide a market for innovat ion and 
techno logies . 

Examples  of  Systems Technology 

Examp l es of proposed systems techno logies wil l i l lustrate proposal s and 
point out what is needed in order to better generate options . (See al so 
Gabor , 1 97 0 . ) 26 

o Rai l roads haul coal on unit trains between points of pro�uct ion 
and consumption using old technology . Given the quantities involved , 
avai lab l e  vehicle  and contro l  technologies , and the availability of 
guideways , it might be reasonab l e  to operate vehicles  with , say ,  a 1 �
foot width � with a sel f-contained propul sion unit or uni ts , say , e l ec
tric motors on each whee l , with either offboard pickup of  electric 
power or a generator on the car or in a locomotive . To keep down ro l l ing 
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res istance yet avoid high pres sure where the vehicle  touches the ground , 
l arge rubber t ires might be used on ribbons of  pavement . Wire - fo l l owing 
contro l would be pract icable . Because of numerous grade cross ings and 
to keep down the forces working on vehic les , re lat ively low speeds 
would be in order . Present guideways would be suitable  except for earth
work requirement s ;  some bridges may have to be rebui lt . Because these 
vehicles and guideways would  be in special service , they would not have 
to be standardi zed to other rai l equipment , al though equipment supp l iers 
might push standardization . Present tracks could be l eft in pl ace and 
the guideway used for convent ional trains . 

o The Advanced Freight System study undertaken at the Transporta
tion Systems Center ( 1977 ) 27 proposed and examined a TRAI LS techno logy- 
a 1 20-mi l e -per-hour , stee l wheel  on rai l vehic l e  for COFC , whi ch would 
share guideway with the interstate system and operate under e l ectronic 
contro l . The cost effectivenes s  of thi s system versus truck transpor
tation was found marginal . 

o Automobi les  and l ight trucks came first . Although l ane widths , 
pavement s trengths , and bridge strengths have been increased and some 
grades have been reduced to accomodate trucks , the highway system is  
mainly for automobi l es . Development o f  truck -on l y  Toutes , tak i ng advan
tage of the economies of higher weight as ident i fi ed by Winfrey et al . 
( 1 968) , 28  mi ght be pract icab l e . 

o Proposal s have been made for transmission of  suspended sol ids 
in pipel ines , such as coal s brr;r , capsul e in pipel ine systems , automa
ted personal (group) rapid trans it , and automated highways . 

o Several years ago there was interest in (pas senger) high- speed 
ground transportation ut i l i z ing magnet i c  or air l evitation and l inear 
induction motors . High -speed ground transportation systems would be 
used to l ink maj or cit ies in the SO- to 200-mi le  range . 

Observat ions may be made about our proposal s  that might be general 
to al l systems proposal s .  Interest in systems techno logies is  sustain
ed when their del ivery would  uti l i ze existing component technol ogy 
supply streams - - automated highways and transmission of suspended sol ids 
in pipel ines , for example . Most  proposals  embody techno logy develop
ment external to the transportati on system , contro l technology for 
exampl e .  Some proposa l s  are responsive to increasing magni tudes of 
freight shipments or passenger travel in existing markets : high- speed 
ground transportation and the TRAI LS system , for examp l e . For the most 
part , these proposal s ignore the energy prob l em ,  changing social  struc
ture and patterns of  work and leisure , and changes in manufacturing and 
distribut ion systems . 

Two things are missing : ( 1 )  an understanding of  the universe of  
al l possible  techno logies and whether these examples are sens ib le  re
presentations of possibi l ities9 and ( 2 )  an understanding of  the funct ions 
of these exampl es in terms of market dynamics . Our recommendations wi l l  
respond to these points . 
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Understanding What is  Needed 

James Hi l lman ( 1 979) 29 recently  pub l i shed an essay t i t l ed ,  "Psycholo
gical Fantasies in Transportation Probl ems" in which he examines the 
transportation expert ' s  statement of transportation prob l ems in terms 
of efficiency and equity . In hi s anal ysis , he probes the expert ' s  com
plaints about car repair bi l l s , potholes , and congest ion and concludes 
that the expert has a persona l i zed view of the city and of spat ial 
organi zation . Hil lman ' s  thesis  re lates these perceptions of  transpor�a
tion , of the city,  and of spatial organizat ion to the expert ' s  state 
ment of transportation problems . Congress and l ay peop l e  are accused 
of  knee-j erk reactions to transportation experiences and of demanding 
naive programs to meet needs . Hi l lman suggests that the expert ' s  views 
are also based on fantasy . 

The init iation of thorough studies  of transportation , where needs 
are embedded in actual and possible  directions of social and economic 
development , would  respond to such l imited sense of probl ems and improve 
recognition of needs for innovation , technol ogy development , and imple
mentation programs . Wh i l e  there are proj ect ions of freight traffic and 
passenger movements based on the way things are now , there i s  no work 
viewing transportation as an integral part of social and economic 
dynamics . (Studies , such as those of the National Transportation 
Po l icy Study Commission ( 1 979) 30 us ing national economic model s ,  are 
rooted in input/output matrices that take technology and the structure 
of product ion as given . They ask about changes given a changing mix of  
outputs and rel ated price changes ,  a very l imited question from social , 
technology , and industry structure points of  view . ) 

Some properties of the several examples of recent proposal s for · 
transportation technologies were noted , including their very l imited 
view of  the market for transportati on .  For example , the TRAI LS study 
compared the cost of TRAI LS movements versus truck and rai l alternatives . 
But shipment using TRAI LS woul d  doub l e  the radi i for overnight del iveries 
and more than doub l e  the geographical s i ze of distribution or market 
areas . This increase could have radical effects on the patterns of 
manufacturing and di stribution ; it would extend the market available  for 
daily  resupply in a very s ignificant way . 

In 1 94 0 ,  Norman Be l Geddes31 publ i shed Magic Motorways , a simply 
written and wel l - il lustrated book about transforming �he highway system 
through interstate type faci l ities , automated car control , and other 
techno l ogies . There was a chapter on the el imination of  graft (that i s , 
inst itutional improvements) , another on opportunities for better fitting 
transportation into the phys ical environment , and the book was dedica
ted to the "generat ion of our grandchi ldren to whom al l that is written 
here wil l  be commonplace . "  

Be l Geddes ' work was imaginat ive about what society could do with 
techno l ogy al though he worked during the 1930s , a t ime beset with 
probl ems . Work as imaginat ive as Be l Geddes ' is needed in the 1 970s , 
1 980s , and beyond to out l ine what transportation can do . A group should  
be  charged to do  such work . 
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A group that would deve lop understanding of transportation needs 
and opportunities  cannot be located in exi sting component supply  streams 
or even close  to those supply  streams . In government ,  exi sting modal  
agencies and their commitments to components would place pol itical con
straint s on the work of  a group attempting to understand transportation 
needs and opportunities . Congres sional advocates al igned with modal 
agencies would al so influence the work ; consequent l y ,  if  the work is 
done in government , it  would  have to be done external ly to the DOT and 
other agencies committed to existing transportat ion activities . 

Congres s  has supported transportation po l i cy studies on a regular 
but intermittent basi s  for several decades . I f  the Congress  could be 
persuaded that a cont inuing inqui ry into the needs for transportation 
was warranted in order to make those po l i cy studies effect ive and in 
order to improve its  cogni zance of execut ive branch programs , then a 
continuing study that was congressional l y  housed and supported might be 
workabl e .  The Office of Techno logy Assessment would not be a proper 
home for the needs study ; it responds to special  needs , and its  commit 
ment t o  transportation seems l imited . (There have b��n recent reduc
tions of  transportation profess ional s (Smith , 1979) . ) 

The Transportation Systems Center (TSC ) in Cambridge might be 
del egated the mission of performing needs s tudies , but at this  t ime the 
TSC is higly  beho lden to the modal agencies , so independent studies 
might not be practicable . 

Understanding Technology Possibi l ities 

Again , it must be stressed that it is  not enough j ust to study needs . 
These would have to be continual ly transformed into an imaginative set 
of options for social and economic change ,  and they would  have to be 
continual ly  integrated with a systems techno logy development program . 

Thi s  transportation system development act ivity could be lodged 
(expanded) in the Research and Special Programs Admini stration of the 
DOT . The modal admini strations may attempt to restrain systems work to 
things more c losely  rel ated to their component techno logies . That 
l iabi l ity ,  however , is offset by the asset of their knowl edge , whi ch ,  
whi l e  app l i ed to components o f  their interest , might b e  trans ferred to 
new systems . Al so , the feedback of systems ideas to component managers 
might have value . 

The systems technol ogy development activity would  depend po litical ly 
on the argument that technologies under development are supporting the 
options being identi fied by the continuing needs s tudy, so there would 
be a powerful extradepartmental force influencing the work of  the systems 
group . Continuing attention to devel oping understanding of transporta
tion performance and technology gaps would provide directions  for the 
systems devel opment group as would  the requirement for information by 
the component technology assessment activity discuss ed earlier .  
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CLOSURE 

Our recommendations on improving component technology and systems are 
addressed to the federal government because of  national interests in 

'productivity and devel opment . Others have roles  and opportunities - 
the private sector , the universities , and state and local governments . 
Robert Fulton invented the steamboat ; Robert R .  Livingston provided 
financing ; state government he lped by granting Ful ton a franchise to 
provide service on the Hudson River . Regardless  of the national 
interest , transportation must respond to loca l ly expressed goals  and 
the avai l abi l ity of  resources . Further , there is  l itt l e  reason to 
be l ieve that the locus of creativity is the federal government . There 
are ro les  for al l creative actors and institutions , and government 
should configure their  act ivities to encourage and support these roles . 
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D ISCUSSANT ' S  COMMENTS 

BY 

OORN C .  McGRATH , JR .  

A discussant of  a paper can do  two things . One is  to go through the 
paper point by point , and suggest gaps and highl ights and e l aborate on 
points  expressed but not emphas i zed in a l l  perspect ives by the author . 
Another is  simply to e l aborate on some of  the themes and some o f  the 
ideas that the paper provides .  I have chosen to do both , inasmuch as 
it seems to me that the paper deal s a l ot less  with what was programmed 
as the "Sett ing for Innovation in Transportation , "  than it does with 
some of the processes by which transportat ion technol ogy has evo lved . 

In the context of the other pane l s  and the other papers , some 
discussion o f  the sett ing qua " sett ing" i s  mandatory for us as a pane l 
in any event . In  the p l anning session at Woods Hole  in August  1979 
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during a day ' s  part icipation by Bi l l  Garri son , author of the paper , we 
were not abl e  to cover al l points so we did later e laborate on some 
other ideas that seemed important then as part of the setting . I would 
l ike to look at parts of the paper , because there i s  inc luded one impor
tant idea that "gaps" and "niches" in the transportat ion services being 
performed have been st imuli  for the format ion of new techno logies and 
some admini strat ive systems . Examples range from the packet boat s of 
the early nineteenth century to the perceived gap in the abi l i ty of  the 
U . S .  postal system to de l iver smal l parce l s  and goods of high value 
quickly  to other p l aces . Some other niches emerge as  opportunities for 
special i zed trucks for short-haul act ivity or for intermodal transfer 
cranes for handl ing containeri zed goods . Al l of these have emerged in 
response to important symptoms of  weakness in the original transport 
systems , and they refl ect the fact of new market opportunities  that 
seem to have inspired technological change and , upon occasion , bona fide 
innovation . 

Not every author woul d have done this , but B i l l  Garri son goes on to 
seek to fi l l  many of these gaps with recommendat ions  and proposals . In 
effect , he has accepted the chal lenge of responding to the mandate of 
most  of  the other panel s ,  too , and offers some actual suggestions about 
how applied technology can fi l l  some of these gaps . But there are two 
basic  aspects that the paper seems to present . One is that c l ear de fi 
nition of the fruitful 'opportunit ies aris ing because of the gaps and 
niches in the service , that we think of as transportation ,  helps to 
produce techno logical change- -change ranging from the container terminal 
as a whol e  to the rol l -on , ro l l -off systems that break down some of the 
barriers to intermodal transfers and ultimately lead to new kinds of 
investment in equipment refl ect ing a new order of  magnitude in weight
handl ing . There is a question as to how far that trend can go before 
we should s l ow the investments in response to the new dynamic that the 
paper sugges t s --the dynamic set up by the use of l arge container ships 
and bulk-cargo ships , which in turn require new kinds of  material s
handl ing equipment , whether for containers or for bulk cargo . These are 
analogous to some of the new kinds of material s -handl ing equipment for 
transcont inental shipment of  coal in s lurry pipel ines , and mechanical 
conveyors or other systems also developed to fi l l  gaps . The author 
maintains that thus a new dynamic is set in motion . I woul d  note that 
a characteristic  of the current context of the setting for innovation 
i s  that thi s  dynamic is  often undiscipl ined . We see that it  may , par
ticularly in the case of the container ship terminal , become a force 
mot ivating every local bus ines s promotion group to have its  own con
tainer terminal whenever possible , whether it be in Charleston , Savannah , 
Norfolk , Bal timore , or Boston and New York , for example . Every port 
suddenly bel ieves in the necessity to compete in that part icular fi eld 
o f  cargo handl ing , whether or not the market realities o f  their port 
system and their hinterland would make this reasonabl e .  They feel com
pel led to invest . There are many who are prepared to help them do that , 
and to sel l them equipment , outside of any organi zed context of market 
real ity . There are some recently deve loped pier proj ects going begging 
in New York . There is  chronical l y  much unused terminal container capa
city in Boston and in other places that we wi l l  undoubtedly hear more 
about . These are some of the consequences of the unfettered dynamic . 
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There i s  also  a note in the paper that the future looks bleak with 
respect to productivity . I think that requires another whol e  set of 
j udgments that we may not be abl e  to make adequately  in the context of  
thi s paper . But nonetheles s , I am not sure that it does look b l eak . 
We were reminded in one of  the previous papers that t imes were . never 
more bl eak than during coloni zation , when al l kinds of innovat ions 
indeed occurred . I wi l l  not dwe l l  on that because I do not want it to 
be taken out o f  proportion to some of the other comments that the paper 
contains . 

The paper mentions under " Improving Component Innovations" in the 
section titled ,  "A Suggestion , "  that it is important to state dynamic 
questions and inquire into market adj ustment s and deve lopment paths for 
a technological system ,  its institutions , and its  markets .  On e  thing 
that this paper on the "Setting" does not bring out i s  the institutional 
context in which innovation occurs . I want to come back to that , because 
as a theme it suffers in comparison to the dominance of  interesting 
technological issues presented throughout . This l eads to some other 
conclusions that I would  offer as elaborations of the basic points made 
in the author ' s  paper . I t  seems that the government , as part o f  the 
setting , is s eeking to provide some form of organi zed reconcil iation of  
a series of  technological and social factors including human we l l -being 
and that these factors become combined in any number of is sues invo lv
ing transportation . The institutional setting as we know it  is  quite  
chaotic . The federal agencies are most  unpredictable  about focus ing on 
long-term goals  and obj ectives . I was very encouraged by the sugges 
tion o ffered by Charpie and Goldmunt z that government ought to stay out 
of the direct process of innovating and should instead catalyze innova
tion by others . Both also suggest that perhaps a contest sponsored by 
government with the obj ective of  producing innovations would bear fruit . 
There are some serious problems , however , with the contest that the 
government already runs every year . It i s  cal l ed a Request for Proposal 
(RFP) contest , wherein people try to get funds to do whatever they may 
be able  to get funds to do - -not necessari ly what is  needed , nor what is  
necessari l y  innovative , but funds for whatever the government seems to 
be prepared to sponsor for a short period of t ime . The rules  o f  that 
game change , except that the RFP process ,  one of the more stultifying 
modes for conducting the game , l ingers on . The system has many faul ts , 
but one of  the worst is  that it  tends to prevent the giving of  free 
rein to innovators . I t  a l so tends to work against giving new ideas time 
to be developed and to mature . Such ideas may require more than a 
single  budget year . 

Another characteristic of  the governmental s ide of the sett ing is  
the  clear l ack o f  institutional memory ; each time the  administration 
changes , seemingly ,  al l recol l ection of anything that went before , ex
cept the integration o f  rai l roads , is  ecl ipsed . Suddenly , new initia
t ives have to be asserted , even though much of the research that led up 
to that point might have been quite good , and brand new people  bring to 
bear old techniques in merchandising programs using the progressively 
imperfect RFP system . Typica l l y ,  this  context of  governmental maneuver
ing in place l asts  for about two and a hal f years and then it  becomes 
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apparent that something e l se needs to be done . As el ect ion t ime gets 
closer , the tendency to innovate fal l s  off very rapidl y ,  as does the 
discipl ine concerning where the funds wi l l  go and for what purpose . 
Thi s  is  part of that chaotic inst itut ional setting that I do not bel ieve 
should be ignored . It i s  di fficul t for people  who want better service 
and ideas about pos sibil ities  for improvement out of  the transportation 
system to rel ate to that process . 

The kind o f  contest that the Atl antic  Richfield  Oi l Company offered 
in 1 9 74 had some interest ing dimens ions . They thought that for a six
month promot ional effort , which they freely admitted was to help sel l  
gasol ine , they would promote a l ittle  contest on ideas for innovation 
in mass  transportat ion . Some o f  you have seen the l it t l e  booklets that 
were produced to pub l i sh the resul t s . It turned out that two years 
l ater they had received 24 , 000 entries , 5 , 000 of which were from 
children . Al l kinds of  people  were interested in the idea o f  getting 
from here to there in different ways . Whi l e  he l ium- fi l l ed bicyc l e  tires 
to ease the effort in going up hi l l s  may have sounded capricious to us , 
to a kid , and to others who see something real ly fascinating about trans 
portation and mob i l ity , it  was creat ive thinking . It  i s  what we al l 
believe in very much . But some kind of  a contest to tap that resource 
o f  frustration and creativity in our market -oriented society might make 
a lot of sense , if it were organi zed a l i t t l e  different ly .  The pent -up 
creativity and frustration about transportation are certainly part of  
the context in which things ought to  be  placed . A l so part of the con
text is  the real ity that we now have a fairly turgid , immobil e ,  and 
highly  organi zed system of research with an inert ia al l its  own . Also 
the lack of  a sense o f  what we are actual ly trying to do i s  a probl em 
of the institutional setting for innovat ion . People  are fi l l ing some 
interest ing gaps in rai l  transportation by inventing bigger cars , wider 
rai l  gauge , and more powerful locomotives . Such approaches are general 
l y  for one purpose --to take coal from the mine mouth to the generating 
station or steel mi l l .  Some interesting addit ional hardware can be 
generated that way , but many other more basic problems are ignored in 
the process . In terms of  what transportat ion does  for society , for the 
city , or for the peop l e ,  in terms of more than one mode , we have not 
been very purposeful  wi th our innovat ions . That is  one of the gaps in 
the present setting . A curious analogy comes to mind . It seems to me 
that i f  we were as serious about deal ing with the probl ems of domestic 
transportation as we are about the transportation of  armaments and ex
plosives overseas by means o f  high-traj ectory vehicles , to l and with 
extreme precis ion almost  anywhere in the world , we would  be much further 
along . In the MX mob i l e  miss i l e  system that is being insta l l ed in one 
large area ,  with a highly sophisticated set o f  transporters and control s 
in order to locate weapons at various unpredictab l e  stat ions , we have 
devel oped a kind of she l l  game analogous to trying to find a bus some
where in the Los Angeles  metropol itan area . It  would probably be more 
difficult for the Rus sians to find a bus anywhere in the freeway or 
roadway network in the Los Angeles  basin than for them to l ocate one o f  
these mis s i l e s  i n  the she l l  game involving sophisticated m i l itary 
vehicl es . But we have never addressed ourselves to that . The dil emma 
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of the Rus s ian strategic planner i s  about the same as that faced by the 
Los Ange les  commuter . The commuter cannot find a bus in the system ,  
and does not know where o r  at what t ime it  might pop up and b e  avai l abl e 
to him . He is  thoroughly flummoxed , and we hope the Russian pl anner i s  
a l so . Thus w e  have gotten a very soph i st icated $ 38-�0  bi l l ion invest
ment in  one k ind of  system to keep our potential enemies guess ing , yet 
we fail  to address  the probl em of s imp l iflying a domestic  transport 
system that seems equal ly  confusing to our friends . That strikes me as 
one of the ironies of our current sys tem .  

Another matter o f  concern i n  the inst itut ional setting , referred 
to earl ier , is the lack of predictabil ity of many forms of research 
addres sed in Garrison ' s  paper that are to be carried out in the 
univers ities . Part of  the real ity at the present t ime is  that the 
university is decl ining as a transportat ion research center . The uni 
versit ies  cannot count o n  very long-term support from UMTA , other parts 
of  DOT , HUD , or other government departments for proj ect s they may fee l  
deserve a long-term exploration . Those in the Washington ar3a have 
been through this  process . At the invitation of  DOT , five of the uni 
versities  in this area set up a transportat ion center . The DOT fel t  
that s ince there were five universities involved , it must b e  five t imes 
as effective and therefore could operate with 20  percent o f  the funds 
that might be needed by any other sing l e  institution as long as we did 
not charge any overhead . So we wound up as vehicles  to distribute the 
money to s tudents  so they could study with pro bono guidance from their 
facul ty mentors on appropriate kinds of research . Many good product s  
resul ted , an d  the program had j ust  begun t o  bui l d  up a suitab l e  momen
tum- -SO or 90 doctoral and master ' s  l evel papers . Research proj ect s 
had been carried through , and a number of  young people  had gone into 
the transportation industry .  Then with about one -hour ' s  warning , DOT 
told  us that such a proces s would not be fo l lowed anymore , and that 
they were switching to "mission-oriented research . "  So the who le  opera
t ion simply  stopped , as the basic source of funds switched to some 
other type of operation . That kind of dis investment does not bui ld  
confidence in  research management or in the  proces s  of  stimulation that 
might be provided . These processes need some rethinking and need to 
mature . Fortunately , it takes about four years for research management 
to mature both at the federal l evel and among the researchers them
se lves . However ,  uncertainty tends to frustrate the researchers in 
both the public  and the private sector . The t ime lag itsel f  i s  another 
di fficulty in the institutional setting for innovation . 

The l ast , and maybe the mos t  fundamental , comment I would  l ike to 
make in respect to Garri son ' s  paper , and also to some of  the others 
prepared for this meeting , is that there seems to be a lack of any real 
sense of  the city as a complex with prospect and potential for an iden
t ity that people  seek . Instead , cities seem to be viewed simply as a 
cold-blooded aggregated market for indulging this , that , or the other 
economic analys i s  for adventure . We tend to see people  vi ewing urban 
aggregation mainly in terms of market opportunit ies , but many cit ies 
have begun to reassert an identity . San Francisco , San Diego , Bal timore , 
Boston , and many others have broken the habit  of  s imply regarding trans-
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portat ion as the techno logical force to which they must adapt . They 
have grown to the point where they have begun to see the transportat ion 
systems as appropriate servant s ,  within the l imits  for existing fac i l i 
t ies they set for themselves , and for the purpose of  aiding i n  the 
development of strategic locations . So part of the setting right now 
i s  a need to recogn i ze that some cities  have matured and would no l onger 
bui ld an e l evated expressway down At l antic Avenue , for exampl e ,  as in 
Boston . No longer would they bui ld  an expres sway along the waterfront 
as a path of l east resistance . No l onger would  they necessari ly locate 
truck terminals  in p l aces where relationships with resident ial areas 
would be disrupted . There i s  a certain maturity of expectat ions , not 
we l l  articul ated but undeniably present , in the minds of people  who are 
getting s ick of cit ies as pl aces where they survive l ess and less  wel l .  
We ought to think about that as providing not a niche , but a yawning 
gap within which much work needs to be done to think through how trans 
portation systems rel ate one to the other and to the cities  they are 
supposed to serve . But cities unfortunately are al l too o ften seen , 
even by their nominal federal advocates , such as HUD or DOT or even 
Commerce , as more or l es s  intractable  probl ems . These probl ems add up 
to pol itical l iabi l ities . One does not want to get too close to these 
probl ems when e l ections are approaching . That is  hardly the way to 
deal with the places where 80  percent o f  the population l ives , and wil l  
continue to l ive , and which offer market opportunities and are more and 
more sophist icated and refined about where transportation and innova
t ion might exist . It has to be recognized as a result of a l imited and 
inadequate approach that the setting has not attracted a breadth of 
vision about these problems equal to the breadth o f  some o f  these ex
pectat ions that peop l e  have . Nor does the approach seem to be a reflec
t ion o f  some of  the values in addition to the opportunities for tech
no logical experimentation that exist  in urban places . That is  part of 
the setting that is  not addressed very much in most  o f  the papers that 
I have seen . But again , I have discussed what is not there , as wel l as 
what is there , as a means of adding to the discus sion . 
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INTERACT IONS OF GOVERNMENT , INDJJSTRY, AND ACADEMIA 

REMARKS 

BY 

MART IN GOLAND 

The topic as signed us i s  how to opt imi ze  the interact ions between 
government , industry , and universities so as to take ful l  advantage of  
these resources in  advancing innovation in  the broad transportation sec
tor . While the various transportat ion modes do have many technical  
features in  common , each mode is  also characteri zed by unique potential s 
and probl ems --unique by virtue of inherent function , historical develop
ment , and the nature of  the market to be served . All of these factors 
must enter into our considerations . Our topic is  thus a comp l i cated 
one indeed . 

For the purpose of perspective , it  may be of some interest to go 
back to an earl ier and more traditional day and to recal l briefly the 
rel ative rol es played by univers it ies , industry , and government in 
techno logical innovation . The univers ities were the fountainhead of  
research knowl edge , producing the new scienti fic concept s and data that 
woul d  l ater become the foundations for advanced industrial products  and 
processes . 

Industry (and in this category I am including the individual in
ventor and entrepreneur whose ideas flowed directly  into corporate in
dustry) represented the productive might of our nation : the producer 
of goods and services to meet market needs . Innovat ion within industry 
was a powerful  force , because success  in the marketplace depended on it , 
but it  i s  fair to say that unt i l  the post-World War I I  period , industri 
al innovation depended more on invention and on improved manufacturing 
technique than on science . Basic  research was l argely left as a uni 
vers ity funct ion , al though there were a l imited number of corporations 
who were the exceptions and who bui l t  strong scientific teams and 
research l aboratories to meet their product improvement needs . 

The government rol e  in those earl ier and simp l er days was a selec
t ive one . In  agricul ture it is  true that the government was the prime 
mover in a national program of unexcel l ed innovation and research ad
vance . Government l aboratories also  conducted research and deve lopment 
in other fields  (and even some production in the case of government 
arsenal s) , but only  in areas where industrial strength was l acking and 
where the government was essent ial ly the so l e  customer (e . g . , mi l it ary 
equipment ) ,  or in areas where the nature of  the act ivity was c l early a 
government respons ibi l ity (e . g . , the Bureau o f  Standards) .  
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I f  we compare the s ituation as it was some decades ago with that 
of today ,  it is clear that whatever order exi sted then has evolved into 
a far more complex system . Univers ities  no longer monopol i ze the funda
mental research function . The government is  actively supporting and 
conducting research and deve lopment in a host o f  nongovernmental market
pl ace-oriented fields , us ing as its mandate a rapidly growing regulatory 
involvement and the emergence of  energy as a crit ical national i ssue . 
Industry , whi l e  retaining its  production primacy , has become a powerful 
force acros s  the entire spectrum of technical activities ranging from 
basic research to societal analysis . The rol es of  the three performers 
have become far more overl apping and interre lated . This  i s  one reason 
why thi s meeting can prove to be a valuable  step toward achieving better 
understanding for future po l icy-making . 

One of  the pos it ion papers is  by Lawrence Go ldmunt z .  I t  i s  excel 
lent , and i t  probes the question o f  what the government rol e  in trans
portation innovation should be . In the past , there have been notable  
successes and fai l ures . 

Our h ighway system i s  the finest in the world . The world  fleet of  
commercial  aircraft is  sti l l  l ed by  the products o f  U . S .  manufacturers , 
and thi s  preeminence would not have been achieved without the govern
ment -conducted program of the old  National Advisory Committee for Aero
nautics , now the National Aeronautics and Space Administration . On the 
other hand , despite great financial support by the government , l ittle  
innovative progres s  has  been made in  the field  of  urban mass transpor
tation , and government entry into the rai lroad field has produced l ittle  
in the way of  pos it ive resul ts  thus far . Insofar as regul atory act ions 
are concerned , the resul t s  are mixed- -in some instances ,  the effects 
have been counterproductive because regulations were promulgated hastily  
and without the neces sary foundations of  knowl edge and understanding o f  
the problem .  

I n  thi s  connection , incidental ly , l e t  me make the observat ion that 
in our assessment of the government role  in transportation innovation , 
we should keep in mind that there are two "governments" in the picture , 
namely,  the executive branch and the legi s l at ive branch . Whereas in 
past years the l eg i s l at ive branch has entered into technical affairs 
only weak ly ,  this  is  no l onger the case . Legislative committees have 
built  up technical expertise  as part of a maj or growth in staff capabil i 
ties , an d  the members o f  the House and Senate have individual ly become 
more deepl y  involved with technical i s sues . The l egislative branch 
often t akes the initiative in technical decisions , us ing its  budgetary 
and law-making authority as levers . The executive branch , of course ,  
has the responsibi l ity for implementing legislative actions , and on 
occasion executive agencies find themselves the scapegoats for un
successful  programs they did not devise . 

The larger government rol e  has al so affected both industry and 
univers ity programs . Because of  great ly  increased regulatory pres sures , 
industry has o ften been forced into a defensive posture , wi th meeting 
near -term goals  a more urgent requirement than seeking longer-term 
obj ectives  that may in the end be more worthwh i l e . The effects of such 
act ions on innovation can only be surmised , but it is one area needing 
discussion . 
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Universities , for their part , have tended to become more appl ied 
in their research , not only because of a l audable  desire to help in 
the solut ion of  important societal probl ems , but also for the more 
pragmat ic reason that money fl ows more easi ly in support of appl ied vs . 
fundamental research . Has thi s been a des irable  trend in contributing 
to transportation innovation? No doubt our pane l s  wi l l  have something 
to say along these l ines . 

Perhaps in our pane l · discus sions we wil l look for model s  from 
abroad . I think it is proper to say that in other technological ly ad
vanced countries , univers ities are less  directly coupled to industrial 
research than i s  the case in the United States . Research institutes ,  
j o intly supported by government and industry ,  are estab l i shed to do 
research on generic prob lems that can be dealt  with more cost-effective
ly by industry as a who le  rather than by individual companies . The 
Japanese mode of operation involves an active goverrirnent ro l e  wel l  
beyond that o f  merely financial support - -along with industry , planning 
is done j ointly in support of national initi atives and pol icies . Whi le 
individual Japanese groups are intensely competitive with each other , 
their system nevertheless permits  a degree o f  cooperation at the generic 
probl em leve l  that i s  not normal ly permitted under U .S .  antitrust l aw .  

Final l y ,  we wi l l  no doubt want to examine the leve l s  o f  transporta
t ion innovat ion in the U . S .  compared with those abroad . Have other 
nations been more innovative than we ? Rai lroads are more effective in 
passenger service in European countries and in Japan . Is this because 
of  a rational response  to a market di fferent ly constituted than ours , 
or i s  it because their approach is  indeed more innovative?  

In automobi l e  des ign , foreign manufacturers are frequent ly prai sed 
for being more innovative than those in the United States . Their cars 
are more energy-conserving , at least according to critics  of the U . S .  
industry ;  they are better designed and are more serviceabl e .  I f  one 
talks to automot ive engineers abroad , however , their appraisal usually  
does not agree with these assertions . Many Japanese automotive engineers 
I have talked to admit that they have much greater experience in smal l 
car des ign , certainly an asset i n  today ' s  environment , by virtue of the 
fact that the Japanese marketpl ace has from the start demanded sma l l  
cars . But they see their des ign advantage rapidly disapperaing a s  U . S .  
engineering teams concentrate their efforts in this  area and as U . S .  
production fac i l ities become better adj usted to the needs for sma l l -car 
manufacture . Their continuing advantage , they contend , wi l l  be in the 
qual ity and dedicat ion of their work force . The average Japanese pro
duction- l ine worker , in their opinion , is  better educated , more interest
ed in  the j ob ,  and ins t i l l ed with the phi losophy of  insuring high quality 
in the end product . Those , combined with taxat ion po l icies  that tend 
to encourage innovation and capital investment on the production l ine , 
are the strengths they wi l l  look to in the future . They do not foresee 
that continued Japanese success  in automot ive sales wi l l  be the resul t 
of superior Japanese innovation--some wil l  even admit that U . S .  pre 
eminence wi l l  cont inue for some time . 

These , then , are some of the i s sues our pane l might want to look 
into . I know that our discus sions wi l l  be provocative and probing , and 
that we wi l l  give a worthwhile  report . 
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INTERACTIONS OF GOVERNMENT , INDUSTRY , AND ACADEMIA 

BY 

DAY ID S . POTIER 

PRESENTER : CRAIG MARKS 

INTRODUCTION 

It is general ly agreed that innovation- -be i t  technologi cal , economi c ,  
social , or institutional - - i s  one o f  the neces sary ingredients in the 
pursui t of progress . However , for some years now , innovation has been 
discouraged in the United States , for reasons that are mostly  indepen
dent of the  technical fi eld  or industry . 

You have heard the l itany of a l l  management peopl e ,  within govern
ment , industry , or academia , concerning the evi l s  of inflation and high 
interest .  Their appl icat ion to technological matt ers is  sufficient ly 
specifi c ,  however , that I would  l ike to address  very bri efly the par
ticular way that these economic factors affect technology and , through 
techno logy as one examp l e , the opportunities for innovation . 

In a long-term sense , a good infl ation strategy for an industry 
might wel l  be a heavy early investment in future productivity as the 
means for trans ferring inflation-proof benefits  into the future , and 
R&D expenditures offer such a pos s ibi l i ty .  In the short-term , though , 
infl ation mitigates against such investments . Most manufacturers have 
found it impossible  to recover infl ation -caused cost increases total ly . 
A 70 percent price recovery of  inflation- induced cost increases is  
fairly normal . This  shortfal l results  in a real shortage o f  capital 
funds for moderni zation or rep lacement of exi sting equipment . In 
addition to this  firs t -order effect , there is a curious and trouble
some second-order effect so  that there are even fewer R&D incentives 
than before . Succes sful new-product development would only lead to 
capital requirements for new products and processes that cannot be 
funded ,  so the "why bother?" attitude appears . 

Infl at ion -induced high interest rates also  have an insidious effect 
on the wi l l ingness to accept entrepreneurial risks . With current high 
interest rates , the present value of  any future benefit must  be di s 
counted s o  deeply that there i s  l e s s  incentive to undertake the higher
risk programs that characteri ze a dynamic economy . I f  the expectation 
value o f  a high-risk  venture is less  than the return on a government 
bond , prudent management does not invest in risk . Again , this s itua
t ion yields a second-order impact on R&D . Since one i s  looking either 
for very high payoff or rel atively  low risk programs , the number of R&D 
proj ects needed to expl ore the possibil ities meet ing these requirements 
is  l imited . I f ,  however , the return on investment need be only  hal f 
as much , as it  was in the 1 940s and 1 950s as compared to today , then 
many more R&D efforts need to be undertaken because the cutoff point for 
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success has been signi ficant ly l owered . Even though high interest rates 
can be considered largely to be an internal U . S .  matter , they ul t imately 
have a profound effect o n  our abi l ity to compete in international markets 
for years to come . 

A third area of general concern that is  expressed most  often by 
the industrial people  is in the area of regulation . A certain amount 
of regul ation is necessary ,  and I do not quarrel with the point of  view 
that says that i n  our crowded society , central regulatory bodies are 
essential for the preservation of our environment and for other amen i 
ties of  life that we have come t o  require . N o  matter how good the 
regulation , however , it results in nonproduct ive expense , and that is  
inflat ionary . It is  the thesis  of  thi s  paper that a great deterrent 
to innovation in the transportation industry today is government inter
vention , much of it in the form of regul ation . 

At the very least , the cost of  the regulatory apparatus both within 
government and within industry must  be factored into the price of the 
product . I wi l l  return to this l ater . 

One also must  comment that the uncertainties occas ioned by regula
tion are at l east as damaging as the regulation its e l f .  The numbers 
change seeming ly without cause ; the test protocol s  change without 
notice ; and the enforcement criteria change so as to , in effect , change 
the standard. Given these uncertaint ies , there can be a tendency to 
slow down and "wait and see . "  Let someone else  be the guinea pig and 
learn the hard way what government meant by the latest change . 

The ultimate problem with innovation in the private sector is  that 
it exists within , and responds to , al l of the same stimul i  as its  
sponsor , the business  community . The prob l ems of  the private s ector 
eventual ly a l l  depend upon the health and wel l -being of  our nation ' s  
economy. No matter how wel l  intent ioned government is  in the encourage
ment o f  innovation through the many mechanisms avai l able  in the federal 
system , those efforts can have l ittle real impact on the citizenry 
within our presently conceived private enterprise system . At the risk 
of too much repetition , I want to underscore the fact that the appl ica
tion of science and technology to the wel l -being of the peopl e  is  a 
function of the private sector . Ultimately ,  the only way to keep 
private science and technol ogy healthy i s  to heal the economy . 

Therefore the cl imate for innovation in the transportation industry 
requires the essential ingredients of favorab l e  economics , an identi fied 
need and good ideas . I t  requires an invent ive and aggressive state of  
mind on the part of the various participants be  they business people , 
inventors , purchasers and users , or government pol i cy-makers . And , 
importantly , in the advanced and mature state of our society , innova
tion requires a mutual ly support ive att itude between and by the parti 
cipants in the process .  

The bal ance of  this paper , then , i s  directed to developing these 
points in the context of transportation .  

The first section discusses the opportunit ies for innovat ion in 
transportation as a function of the stages of development--the new , 
devel op ing , and mature stages . 

The second sect ion discusses the roles that government has p layed 
in the encouragement or discouragement of transportat ion innovation - -
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first , as a sponsor , purchaser , and user of  the results ; second , in the 
deve lopment of speci fications for transportation product s or processes 
for use by others ; and , fina l l y ,  as a regul ator . With more and more 
departure from free market behavior and wi th increasing l eve l s  of 
interference by government ,  innovation wanes and disappears . Inappro
priate government becomes the maj or constraint to innovation in trans
portation . 

THE STAGES OF DEVELOPMENT IN TRANSPORTATION 

The automobi l e  industry can serve as a useful example  of  the potential 
differences that exi st in opportunities for innovat ion as a funct ion 
of the stages of industrial growth and deve lopment . 

In the new or initial  stage , there is the introduction of a new 
product or service . There are many participants .  Entrepreneurs and 
inventors are prevalent . There is rapid growth in app l icat ion or sales . 
There is high opportunity and , particularly for the individual entrepre
neur , risk . In the past , government has had l it t l e  or no rol e . Bas ic 
knowl edge growing out o f  academic studies has potent ial ly high appl ica
t ion and uti l ity . 

The automobi l e  industry had its beginnings in the late 1 800s and 
early 1 900s . The automob i l e  did not spring , ful l -blown , into existence 
but evo lved from a variety of dreams and ideas for s e l f-propel led 
vehicles . The devel opment of pract ic�l , l iquid- fue l ed engines around 
1 885 gave impetus to vehicl e  development so that by 1900 in the United 
States there were some 8 , 000 crude automobi les operating over dirt 
roads and brick and cobbl estone city street s with more than 1 5 0  act ive 
automobi l e  companies . The number of companies grew to over 200 by 
1903 , with 22 , 000 vehicles  produced in that year . Seventy- seven 
thousand vehicles  were regi stered in 1905 , and almost hal f  a mi l l ion in 
1 9 1 0 . 

The people  invo lved at thi s  stage carne from an interesting variety 
of  background s - - inventors , engineers , blacksmiths , carriage and wagon 
makers , bankers , busines smen , and motoring enthusiasts . Lai ssez -faire 
condit ions prevai l ed .  Innovation was widespread . For example , propul 
sion choices inc luded battery e lectrics , steam ,  diese l ,  and gaso l ine 
engines . Steering could  be by t i l l er or by steering whee l s , gears , and 
l inkages . 

Risk was j ustified or rat ional i zed by the entrepreneur because of  
the high potent ial  return . 

Newspapers , magazines , and trade and technical j ournal s  devoted 
exclusive l y  to the automobi l e  appeared and mul t ip l ied . A few speed 
l imits and traffic regulat ions specific to the automobi l e  began to 
appear . 

In the earl ier deve lopmental  stages , the product or service of an 
industry i s  improved ,  expanded , extended , and perfected . Improvement s 
occur both in the devel opment of the original technol ogy or idea and 
in the repl acement of the original techno logy with a better technology . 
Standardi zation commences . Economies of scale  appear . Competit ion 
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becomes even more intense .  Economic risks become even l arger . Govern
ment interest grows , and initial government contro l s  may be appl ied .  

Needed regulation often was in the form o f  sel f-regul ation . Thus 
standardization commenced on a vo luntary basis . The Society o f  Auto 
mob i l e  Engineers (which was first formed in 1905 and became the Society 
of Automotive Engineers in 1 9 1 7 )  created a Standardi zation Committee 
in 1 9 1 0  and succeeded in reducing the number , kinds , and s i zes of the 
various parts that went into an assembl ed automobi l e .  Gradual l y ,  and 
without government intervent ion , steering wheel s  were s tandardi zed on 
the le ft s ide ; gear shift patterns and gas pedal , brake , and clutch 
pos itions were standardi zed ; and such items as four-whee l hydraul ic  
brakes and windshield  wipers became standard equipment . The dominance 
of gasol ine-engine-equipped , c l osed-body automobi les was estab l i shed . 

The Federal Aid Road Act , in 1 9 1 6 ,  was the beginning of a national 
system of interstate highways . Wart ime exci se taxes were l evied on 
automobi l es in 1 9 1 8  as dispensible  luxuries .  Automotive exicse taxes 
and fue l  taxes were introduced , extended , and increased over time � 

Opportunities for innovation began to shi ft toward process and 
productivity improvements (to the advantage o f  the consumer) although 
substantial product innovations continued to be introduced . Several 
examp l es include four-wheel brakes in 1 924 , safety g lass  in 1 9 26 , and 
automati c  transmi ssions and turn s ignals  in 1939 . 

I t  should be noted that the evolutionary improvement of the auto
mobile  was directly recogn i zed and applauded by the cont inued enthusias 
t i c  response o f  the consumer . Sales and use of the automobi l e  continued 
to increase on a l ong-term bas i s . 

As development continues , the product or service becomes establ ish
ed . Customer or user expectations are extremely high . Product advance
ments must be compl emented by innovations in  other areas , e . g . , decreas 
ed overhead or manufacturing costs . Competition is  very keen . Oppor
tuni ty remains high , but risks are al so very high . Product or process 
standardi zation may occur . However , government regulat ion can become 
a dominant factor in both business operation and product design . Thi s  
can result  in a narrowing o f  the scope for possible  innovation and can 
encourage focusing more on reducing risks than on venturesome excursions 
into the unknown . 

Automobil e  industry deve lopments during the period from World  War 
I I  to the present represent a period of consol idation for some companies 
and expans ion and moderni zation for others . Despite the tremendous 
regulatory burden , compet i t ive forces continue to resul t in innovations . 
A few examples  are pl astic dies for steel stampings in 1952 , widespread 
avail abi l ity of power steering , also in 1952 , power brakes in 1953 , im
proved sealed beam headlamps in 1 954 , standardi zation of amber l ights 
for front turn s igna l s  in 1962 , sel f-adj ust ing brakes in 1963 , and car 
warranties over several years and the energy-absorbing steering column 
in 1 966 . 

At the same time , government interaction with the industry al so 
deve loped . The Interstate Highway System was approved in the Highway 
Act of 1 956 . The Highway Trust Fund was estab l ished to apply  highway 
user taxes to finance the federal share of the programs . In 1 966 , the 
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National Traffic and Motor Vehicle  Safety Act and the Highway Safety 
Act were passed , and the U . S .  Department of Transportation was formed . 
Motor vehicle  safety standards were establ ished and enforced . The C l ean 
Air Act was passed in 1970 and amended in 1977 . Standards for automo 
tive exhaust emi ssions have been establ ished . The Energy Po l icy and 
Conservation Act was passed in December 1 976 , and it mandated automobi l e  
fuel economy standards for 1 9 7 8  t o  1980 and for 1985 . 

Other Examples  of Opportunities for Transportat ion Innovation as 
Funct ions of the Stages of Development 

A brief mention of examples of opportunities for innovat ion in other 
segments of the transportation industry is in order . 

Rai l Locomotives 

As rai lroads have developed in the United States , the cost of l abor to 
operate the trains has been historical ly high . The introduction of  the 
air brake , improved rai l  car coup l ers , improved brake shoes , and impor
tantly ,  the vast improvement in contro l of starting tractive effort 
made pos s ib l e  with the diesel -e lectric locomot ive al l permitted rai l 
roads to increase the length o f  freight trains and thereby to minimi ze 
operating costs . Through these and other advantages , the diesel -elec
tric locomotive has become the dominant form of motive power for rai l 
roads in the United States . 

Now , with energy (both cost  and avai lab i l i ty) cons iderations becom
ing of growing importance ,  rai l companies are taking another hard look 
at el ectri fication and alternative energy sources for powering trains . 

But given the magnitude of the needed investment (especial ly in 
the l ight of the financial p l ight of many of the rai lroads) ,  compet i 
tion for avai lable  funds by other needed rai l proj ects , an absence of  
needed information on potential  service or rel iabil ity advantages of 
electrification , and environmental  question s - -not to mention rate of 
return on investment considerations - -make electrification an extreme ly 
high risk issue . The Northwest Corridor Amtrak fac i l ity is presentl y  
schedul ed for improvement of the exist ing electrification between 
Washington , D . C . , and New Rochel l e ,  New York , and new electrification 
is s l ated between New Haven , Connecticut , and Boston , Massachusetts . 
No other maj or rai lroads have anything speci fic in hand in the way of  
studies or plans . 

Transit Buses 

During the history of the motor coach business ,  a number of maj or im
provements  have been introduced and made standard by the industry . 
Included are diesel -engin�-powered motor coaches , air suspens ion , air 
conditioning , automatic transmissions , integral aluminum bodies , 
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transverse rear engine mount ing , and fluorescent l ighting . (We are 
happy to note that GM l ed in pioneering these devel opments . )  

In the early 1 970s , in response to trans it authority demands for 
new bus equipment , General Motors announced its  p l ans to produce the 
first al l -new bus des ign s ince the "new look" bus was introduced by 
General Motors in 1 959 . 

The new General Motors design , cal l ed the Rapid Transit Series 
(RTS) , not on ly reflected an entire ly new modern-day look and design , 
it was to be bui l t  by a compl etely different advanced manufacturing 
process . The U . S .  Department of Transportation was notified of the 
avail abi l i ty of the RTS in early 197 1 . However , DOT refused to al ter 
its procurement pol ic ies to permit purchases of this advanced design 
bus wi th federal assistance . Instead , the department asked bus manu
facturers to participate in a DOT-sponsored effort , announced in mid-
1 9 7 1 , to develop a new government -sponsored bus des ign under the proj ect 
name "Transbus . "  

What has happened s ince i s  history . The government ' s  Transbus 
program was conducted , at great expense and at the cost of del aying by 
several years the introduct ion of the new des ign GM had ready to go . 
There have been changes in transit bus procurement procedures and both 
Transbus and RTS specificat ions . There have been changes in administra 
tions and U . S .  Department of Transportation personne l .  In addition , 
l itigation further del ayed introduction of the new bus des ign . 

Del iveries of  the GM ' s  new-design coaches final ly  were a l l owed to 
begin in September 1977  but not without continuing difficulties  in ob
taining satisfactory government procurement procedures .  The issue of 
whether the government wi l l  attempt to issue a mandatory bus design to 
be fo l lowed by al l producers i s  j ust  now being resolved . Needless  to 
say ,  these events wi l l  have considerab l e  impact on the opportunities 
for innovation in transit  bus des ign and manufacture . Furthermore , 
the avail ab i l ity of  new equipment , deemed by transit  operators to be 
needed , has been del ayed by s ix years . 

THE ROLES OF GOVERNMENT 

That brings us to a discuss ion of the roles  that government has played 
in the encouragement and discouragement of transportation innovation 
and to the development of suggestions for improvements  in the govern
ment ro le . 

Government has several , somet imes confl ict ing , responsibi l it ies 
in transportat ion . On occasion , government agencies are customers for 
equipment or services . Sometimes they are the developers of speci fi 
cations for equipment to be purchased and used by others --pub l ic  agencies 
agencies and private individual s .  Final ly ,  government has the responsi
bi l ity to  protect the pub l i c  interest in  a very broad social context . 

In those several responsibil ities , government has a key rol e ,  to 
provide a supportive c l imate for the encouragement of innovation in 
transportation . One maj or deterrent to innovation in transportation is  
the adversary re lationships that have deve loped between government as  
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the regulator , the transportation industry (carri ers and manufacturers ) 
as the regul ated , and shippers as the affected customer . 

These adversary relat ionships have been escalated by the prevail 
ing pub l i c  perceptions o f  big government and big bus ines s .  As a result ,  
regu l at ion has become uni l ateral , with no room for experimentation or 
innovation . 

Some examples  are in order . 

Government as Customer 

One exampl e of government as an encourager and purchaser of innovation 
has been in the Department of Defense (DOD) . Since another panel of 
the workshop is addressing procurement incentives directly , only a few 
po ints wi l l  be made here . There are many examples that might be cited , 
but we wil l take the example  o f  the Main Bat t l e  Tank , in which General 
Motors pl ayed a ro l e . Thi s  program , begun in the mid- 1960s was for a 
completely new piece of  mi l itary equipment with operational characteri s 
tics that far exceeded anything avai l ab l e  at that time - - a  real step 
forward in the state-of-the-art was required . The original Request for 
Proposal s (RFP ) from DOD inc luded performance specifications and was 
written in such a way as to invite innovation . The RFP spurred an 
active and healthy competition among potential  contractors . During the 
research and development contract preparation period , there were numer
ous interactions and improvements of the subsequent contract performance 
specifications . 

Important ly ,  the contracts  were written in a way that specifical ly  
invited and rewarded the contribution of  innovat ive ideas and products 
at al l stages in the overa l l  des ign and deve lopment process . 

Government as a Developer of Specifications for Others 

As an example  of where government has not performed quite as wel l ,  we 
wi l l  continue the transit bus story begun earl ier . 

The new GM transit  bus des igns compl eted in 1971  were designed to 
be superior publ ic transit equipment , attract ive in appearance and 
economical to operate and maintain . They were designed to respond to 
the functional demands of the transit marketpl ace , with many new , ad
vanced des ign features .  

In investing in tool ing , GM expected that the transit system 
operators--whose rider ' s  needs were considered in design ing the vehicle- 
would b e  a l lowed to cons ider cost -effective features in determining the 
lowest evaluated bid . Only by a l l owing credit  for the increased values 
of the new design could  it  be on a competitive bas is  with existing , un
improved mode l s . 

DOT refused to al low ful l credit for such cos t  benefits , and the 
abi l i ty to market the advanced design buses has been impaired . Indeed , 
much of the time , DOT has insisted on contract awards to the lowest 
bidder regardless  of qua l i ty .  
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Requiring bus contracts  to be awarded on the basis  of initial cost 
alone is  at odds with fundamental , we l l -estab l ished procurement pol icy .  
Imposition o f  such a requirement discourages innovat ion and tends to 
push awards in the direction of the apparently "cheapest" ( lowest ini 
tial cost)  equipment . 

The inadequacies of a low-initial -cost pol icy have long been recog
nized by the federal government in its own procurement regulations . 
There regulations dec lare that "the award of a contract to an offeror 
sol e ly on the bas i s  of the lowest evaluated prices i s  a disservi ce to 
the government i f  subsequent ly  the contract defaul ts , i s  l ate in de l i 
veries o r  otherwise  perfonns unsat isfactori ly . "  The same regul ations 
further provide : 

"Whil e  it i s  important that purchases be made on the basiS  of 
offers which are mos t  advantageous to the government , price and other 
factors cons idered , thi s  does not require an award to an offeror sol e ly 
because he submits the lowest bid or offer . " 

The Armed Service Procurement Regulations a l so expressly  endorse 
the best-value , l ife cyc le  cost concepts .  · The government ' s  Office of Management and Budget has taken steps 
to assure that federal grant recipients make their own procurement 
decis ions . Thi s  general po l i cy is expressed in the Uniform Administra
tive Requirements for Grants - in-Aid to State and Local Governments 
(OMB Circular A- 1 02)  that stresses rel i ance on local initiative and 
declares in favor of a po l i cy of "greater re l iance on s tate and local 
governments . "  

Despite this  statement of federal pol icy , which has been in effect 
s ince 197 2 ,  DOT for the most part has not al lowed se lf-determination by 
local agencies and has preempted transit  operators ' procurement pol icies 
and pract ices . 

The low-initial -bid requirement final ly was replaced by DOT with a 
po l icy permitting contract awards to the suppl ier submitting the lowest 
evaluated bid , with l ocal trans it operators making the comparative 
evaluations  of competing vehicles . Thi s  step , taken in 1976 , was in
tended to give state and local grantees the same right to cons ider l i fe 
cycle  cost benefits as the federal government exercises in making its 
own purchases . 

However ,  before thi s  new bid procedure could be imp l emented , the 
then secretary of transportat ion , short ly after taking office , i ssued 
yet another procurement po l i cy .  Under the current procedure , awards 
are made to the suppl ier submitting the lowest adj usted b id .  Price off
set credits are a l lowed for some (but not al l )  superior , cost-beneficial 
features in detennining the lowest adj usted price , but with a key 
di fference from the 1 976 pol icy .  Under the current system , DOT offici
al s ,  not the transit authorities , make the evaluations . Under this 
pol i cy ,  DOT 'official s have disal lowed price offset credits for features 
that transit authorities value highly and for which they have proposed 
to al l ow credits . 

In another of it s many reversal s of  po l icy , DOT in 1977  directed 
that initial purchases of the Transbus desi gn that DOT mandated for al l 
manufacturers be made on the low- initial -b id-price basis , returning to 
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the phi losophy that makes no al lowances for real value . Subsequently , 
after extensive review , DOT , confronted with the many design and opera
tiona l difficulties inherent in the Transbus design , decided to post
pone Transbus indefinitely . The findings of a review panel sel ected 
by the government completely support the bus manufacturers ' decision 
not to bui l d  the Transbus des ign as sound bus iness j udgment based on 
the probl ems found in the des ign . 

Bus manufacturers and transit authorities al ike hope that the 
recent endorsement by Congress of the l i fe cyc le  cost concept in the 
Surface Transportation Ass istance Act of 1 978  wi l l  be ful ly impl emented 
by DOT . The re lated provision states that after September 30 , 1 979 , 
transit  rol l ing stock procurements can be based on considerat ion of  
l i fe cyc l e  costs  and factors other than initial  cost . 

Manufacturers cannot continue to spend t ime and money on proj ects 
that change every two or three years and for which there is  no opportu
nity to recover costs . 

In 1 968 a National Academy of Engineering report recommended that 
the ro le of the federal  government in transit  equipment purchases should 
be one primarily  of estab l i shing technical criteria . However , as the 
1 978  Office of Techno logy Assessment (OTA) report ("An Analysis  of 
Urban Transit Vehicle  Devel opment and Demonstration Programs" )  pointed 
out , this procedure was never adopted . The OTA report found that DOT 
has inj ected itse l f  deeply  into the bus des ign bus iness , almost to the 
exclus ion of the manufacturers and the local trans it  authorities . The 
result has been a sys tem that tends to stifl e  compet ition and fai l s  to 
stimulate the equipment devel opment that comes from a free market rel a
tionship between manufacturer and customer . 

One possible  alternative for deal ing with thi s  situation is  a 
mechani sm by which the users of transit equipment can p lay a greater 
rol e  in determining speci fi cations , cost effectiveness  and performance 
of trans i,t equipment . DOT ' s  rol e  should be that of a monitoring , con
sul tative , and administrative agency . 

Government as a Participant in Financial  Support of Research 
and Development as Potential Contributors to Innovation 

Members of industry usua l l y  are reluctant to pos it  a governmental rol e  
i n  the " free" economy . Let me stipul ate a t  the out set that government 
has a right and an obl igation to examine those facets of  s cience and 
technology that have a direct impact on the heal th and we l l -being of 
American citi zens and institution� and to provide funding where appro
priate . 

Historica l l y ,  most support for scient i fic  activities in this  
country has come from the intel lectual interests and phi l anthropic 
activities of  private citi zens . Technological deve lopment l argely was 
carried out by the private sector in response to ordinary commercial 
incent ives to create a new or better product or to create an equival ent 
product at a l ower cost . The direct oversight of government in these 
matters was not so necessary as it seems today , and except for some 
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early mil itary development , there was l it t l e  federal funding . Congress  
did  recognize  nat ional interests and exhibited great l eadership at  a 
time of rea l need in developing such programs as the national land grant 
col l ege program in 1 862 through the Morri l l  Act . As evidence of this 
program ' s  ongoing contribution to science , one can cite the former 
American Counci l  on Education evaluations of academic exce l l ence . In 
addition to the program ' s  intended impact on agriculture and mechanical 
studies , l and grant institutions include some of the nation ' s  finest 
scienti fic and technical organi zations . Congress  certainly played a 
l eadership role  and accompl i shed a great deal over the years with this 
fine program . 

Soon thereafter , in 1 863 , Senator Wi l son of Massachusetts drafted 
the bi l l  that has become the charter of the National Academy of Sciences . 
To the everlasting g lory of Congress , it  has seen fit to leave it  in 
its original form , unchanged , to thi s  day . 

After World War I I , it  was necessary to continue federal support 
and recognition of science . In describing the creat ion of the National 
Science Foundat ion ,  Vannevar Bush said , "To persuade the Congress of 
these pragmatical ly incl ined United States to establ ish a s trong organi 
zation to support fundamental research would seem to be one of the 
minor mirac l es . "  Thi s  minor miracl e  did occur and in the postwar era 
the Congres s  not only accepted the idea of a National Science Founda
tion and was instrumental in getting it estab l i shed , but a l so pressed 
for the large growth of the National Institutes of Heal th . Other exam
pl es of creat ive congressional act ion include the Atomi c Energy Commis 
sion , the Sea Grant col lege program, and the Nat ional Aeronautics and 
Space Administration . Opinions differ on the cont inuing necessity and 
effectiveness of these activities , but nonethel es s , they provided so lu
tions to perceived nat ional probl ems . 

In other areas , the Congress  has assumed a more pass ive ro le in 
res earch and development act ivities wi thin existing departments and 
agencies of the federal government . 

Let me now address  the R&D activities that are directly funded 
through the federal government and hence offer a direct opportunity for 
congressional invo lvement and po l icyrnaking . 

An important congressional concern should be , and has been , main
taining a heal thy scient ific estab l ishment in this country . Thi s  means 
maintaining institutions and educational fac i l ities to produce research 
personnel of sufficient qual ity and quantity to serve the needs of the 
nation . In the process , of course ,  scienti fic research i s  generated . 
In di scuss ing the training necessary for science and technology and 
also the research results  that are generated in the education process , 
it i s  di fficult  to sort out whether trained personnel or research 
results  are the primary product . The National Science Foundation and 
the National Institutes of Health seem to have achieved a reasonabl e  
balance between the two . 

The professional s  on the scientific  s ide woul d  certainly  argue that 
Congress  should  have been more generous in its support and one would 
al so guess that the speci fic al location of money to the various grantees 
must  be thought to be somewhat less  than perfect by those who fai l ed to 
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receive grants ,  but such complaints are certainly  to be expected and 
do not detract from my general observat ion of  a wel l -considered and 
executed program by these institutions . It a l so seems , in retrospect , 
that congressional handl ing of  the budgetary process has given some 
sense of national need and priorities  to these institutions . Al though 
Congress  tends to become quite specifi c  in management obj ect ives in 
some of the l arger programs , for instance the Moho le  proj ect , or the 
work in Antarctica ,  there seems to have been a 2eneral appreciation that 
Congress  in its  rol e  of " Board of Directors" is better off giving 
pol icy guidance , estab l ishing priorities , and insisting on good manage
ment than attempting a detai l ed management of the enterprise . 

The excursion of the National Science Foundation into the more 
appl ied world via the RANN (Research Appl ied to National Needs)  program 
was to my mind a mistake . That excursion ,  however , was one suggested 
by a past admini stration and not by Congress , and I am g l ad to see that 
the experiment has ended . 

As one moves from the support of science for its own sake to the 
support of science because of the needs of some mission -oriented agency 
of department , the record becomes more spotty . In addition , the fund
ing procedures become more comp l ex and variab l e . In a meeting of the 
American Association for the Advancement of Science l ast year on R&D in 
the federal budget , John C .  Calhoun of Texas A&M observed that the R&D 
budget appears to consist of three processes : one at the agency l eve l , 
one at the executive pol icy leve l , and one at the congressional appro
priat ion leve l . Each appears to have its  own ground rules . Al though 
the processes overlap and are intertwined , they appear to be based on 
separate analyses and different assumpt ions . 

My personal experience with the Department of Defense and the 
Office of Naval Research only served to reinforce that view . I am a 
firm bel iever in competition and have general ly approved of the fact 
that a researcher might wel l  have two or three sources for funding . In 
deal ing with a bureaucracy , which I wi l l  define as a group of profes
s ional  managers who in  trying to  achieve some overal l good result  wil l  
not personal ly b e  affected b y  a bad resul t ,  it  i s  essential that mul t i 
p l e  paths b e  provided . Although I am n o  longer personal l y  engaged as 
either a donor or a beneficiary in government research grants or con
tracts ,  I am disturbed by an increasing whimsy on the part of some 
government agencies in making grants .  It seems to me that a Mansfield
type amendment ,  which would restrict the kinds of  programs that can be 
funded by mission-oriented agencies , promotes short-term efficiency at 
the expense of a long- term los s of vita l ity .  

Acros s  the ful l  spectrum o f  the science and technology that Congres s  
supports through direct funding programs , I would  conclude that , in 
general , the science program of this country has been shaped by the 
national priorities and instructions  given by Congres s  through their 
a l l ocation of resources to various sectors of  science and techno logy . 
The congres sional choice of  the priorities and the consequent shape of 
our scienti fic community may be j udged succes s ful by some and a poor 
compromise  by others , but the accompl ishments and the impos i tion of the 
"sense of the Congress" on the scienti fic  estab l ishment should  not be 
doubted . 
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Now I would  l ike to direct the discussion into those l arge areas 
of science and technol ogy that do not receive direct government fund
ing ; those that are carried out and financed by the private sector . In 
this  area , Congress  has a responsib i l i ty to create a cl imate that nur
tures research and development efforts within the private sector and to 
monitor the nation ' s  heal th in this area from time to t ime . 

I t  is only through the private sector that goods and services are 
provided to our people . Government - funded R&D , in and of  itsel f ,  can
not provide a continued high standard of l iving of our people  and ade
quate employment opportunities for al l .  In recent years , we have wit
nessed a rel at ive dec l ine in the American economy . Al though in an 
absolute sense we have retained a s trong economy , we have lost  ground 
to other important economies in the world . But more importantly ,  our 
rate of improvement has not kept pace with our own expectations . We 
have the scient i fic , technical , and managerial capacities to do better 
than we have . 

That brings us , then , to a summary discussion of  actions that might 
be considered by government , genera l ly ,  and by the U . S .  Department of 
Transportation , specifical ly ,  to regenerate the needed supportive cl i 
mate for innovation in transportation . 

Above al l e l s e ,  government must take the actions necessary to 
return the nat ional economy to a healthy state- - to e l iminate inflation 
and lower interest rates . Economis t  Mi l ton Friedman stated the cas e 
as succinctly as possible  when , in commenting on the growing pub l i c  
dissatisfact ion with government , h e  said , " • • •  inflation is  produced 
primarily in Washington . "  

I t  makes very little  difference what government does to improve 
the c l imate for innovation unti l  the national economy improves .  But 
g iven a healthy economy , there are some specific things that can be 
done for the transportation industry . 

Cooperative Automot ive Research Program 

One exampl e  is the Cooperative Automotive Research Program (CARP) 
presently being negotiated between government and industry . On 
May 1 8 , 1 979 , representatives from the domestic auto industry met with 
President Carter to discuss a basic research initiative . Whi l e  the 
industry agreed to the principles embodied in the intiative , the detail s  
remain to be worked out . The init iative c losely paral lels  the program 
presented by Phi l ip Smith , Associate Director , Office of Science and 
Technol ogy Pol icy , in testimony on May 2 ,  with respect to H . R .  4678 , 
"Automotive Research and Techno logy Development . "  The seven stated 
obj ectives of this legis lation are as fo l lows : 

o To preserve and enhance persona l mob i l ity at reasonabl e  cost 
o To reduce dependence on imported oil  
o To increase motor vehicle safety 
0 To reduce motor vehicl e  environmental effects 
o To improve motor vehicle  reliab i l i ty 
o To conserve scarce resources 
o To enhance the internat ional competitive pos ition of 
U . S .  autos 

95 

Copyr igh t  © Nat iona l  Academy o f  Sc iences .  A l l  r igh ts  reserved.

Innovat ion  in  Transpor ta t ion :  Proceed ings  o f  a  Workshop,  September  24-26,  1979,  Nat iona l  Academy o f  Sc iences ,  Wash ing ton ,  D.C.
h t tp : / /www.nap.edu/ca ta log .php?record_ id=18463

http://www.nap.edu/catalog.php?record_id=18463


I f  we were asked to l ist the maj or obj ectives of our own programs 
independent!� it would  be difficul t to improve on those l isted in this 
legi s l ation . 

However , government invo lvement in automotive research should be 
focused on basic research , not component or product development . This 
is  a very important distinction that is  crucial  to a successful 
industry-government rel ationship . 

Admittedly ,  the bounds of basic research are not always clear ,  but 
basic res earch can be roughly defined as an effort to discover new 
knowledge without specific commercial obj ectives . Techno logy develop
ment , as defined in Section 502 of the l egi s l ation , goes we l l  beyond 
the discovery of new knowl edge and would  have the government working on 
a para l l e l  path with industry by authori zing the government to "devi se 
new component and system concepts , and deve lop new experimental compon
ents , subsystems , and vehicl es when necessary to verify such concepts . "  

This  authority is  l ikely to encourage government to enter into 
areas of product deve lopment that would dup l icate industry efforts and 
be wasteful of national resources . The auto industry has demonstrated 
the capab i l ity to produce the hardware necessary to provide economical , 
safe , social ly acceptable  transportation within the framework of manu
facturing , marketing , and financial  constraints .  I bel ieve that tech
nology devel opment --the appl ication of the results  o f  basic research- 
should  b e  left in the hands o f  industry . 

Bas ic research , on the other hand , is  a legit imate area for govern
ment involvement , and there is a wide range of automotive subj ects that 
would seem to qual i fy for basic research under government auspices . 
The previous ly discussed initiative prepared by the Office of Science 
and Technology Pol icy proposed the fol lowing subj ect s : 

o thermodynamics , combus tion , and fluid dynamics 
o structures 
o noise and vibration 
0 materia l s  science and processing 
o control  systems 
o friction and wear 

Whi l e  there may we l l  be others , each of these are important areas that 
would benefit by an expanded research effort . 

Basic  research , which has no speci fic commercial obj ective , 
typica l ly benefits  society in general as  wel l  as those industries using 
the resul tant fundamental knowledge to improve their products . In the 
case of the auto industry , the incent ives of the marketpl ace are more 
than sufficient to encourage application of knowledge from any . 
source to improve our products .  I t  is  recommended therefore that the 
necessary funding for bas ic research programs be obtained from general 
revenues ,  as i s  the case with government research in other areas . 

It  is  recogni zed that an effective basic  research program , along 
the l ines indicated here , wi l l  require an organized structure within 
which to implement and coordinate the work to be undertaken . It  i s  
essential that , whatever exi sting government agency is  selected to 
undertake an independent basic  research program , high standards of 
l eadership be establ ished . The head of the organi zation should  be a 
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person appointed by the president , subj ect , of  course ,  to confirmat ion 
proceedings . The criteria for appointment should include stature in 
the scienti fic community ,  a record of achievement , and demonstrated com
petence in the disciplines of basic research . In addition , staffing for 
the program should inc lude individual s  with a demonstrated abi l ity to 
manage basic research proj ects effectively . 

I t  is  also important that an independent advisory board be includ
ed in the organi zation to assist  in the determinat ion of  programs to be 
undertaken . Further , provisions should  be made for third-party peer 
review of research procedures to be certain that parochial interests 
are minimized and that obj ectivity is  maintained in all  respects . 

The Department of  Transportation should be considered for at least 
a port ion of  thi s  bas ic research program , provided the organi zation is  
structured and staffed along the l ines described above . Thi s  would 
mean that res earch would be under the direction of  a competent , highly 
qual i fied scient ist at the assistant secretary l eve l . Thi s  would  not 
only serve to upgrade the needed scienti fic capab i l i ty within DOT , but 
also help to as sure that any research proj ect that is undertaken would 
meet rigorous scienti fic standards and would be in concert with national 
needs and priorities . 

Final ly ,  I have some general thoughts on government support of 
bas ic science , research , and development . On an overal l basi s ,  I 
bel ieve that the Congress deserves high marks for much of its  perfor
mance in its  role  as overseer of  U . S .  science and techno logy . On many 
occasions , Congress  has anticipated the scienti fic  community ' s  needs in 
our country and has provided fars ighted l eadership in meeting those 
needs . The best performances seem to h�ve been in those areas o f  direct 
federal funding for science in the abstract and in those situations in 
which science and technology are funded to support an important field  
wherein the practitioners are highly fragmented , as in agriculture , 
fishing , and heal th care . 

As one proceeds from the support of science to the more program
matic endeavors , the record becomes l ess  impressive . Congres s seems to 
operate best when it undertakes the rol e  of policymaker . When govern
ment assigns priorities by maj or budget al locations into various fields 
of science , when it insists  upon good management by the agencies involv
ed , and when it stays out of the detai l ed management of  the business , 
the enterprise prospers . In this way , our R&D budgets do tend to track 
the larger needs of the country as perceived by the Congress . This  i s  
a s  i t  should be . 

However , government is ignoring a pressing need for good bas ic 
science . Scienti fic  research for regulation , especial ly health-related 
regul at ions such as the C l ean Air Act , is  woefully  inadequate .  The 
Cl ean Air Act was written in the middle  1960s and was based on health
needs data that were sketchy at best . And yet ,  more than a decade l ater , 
the body of  air-quality-rel ated health data i s  virtual ly unchanged . 
Congress has a go lden opportunity to serve the public  by support ing 
such work from institut ions that are outs ide the regulatory structure . 

The research programs des igned to resolve the controversy surround
ing the issue of diesel part icul ates also i l lustrate the degree to 
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which regul atory bodies and industry could  coordinate their separate 
operat ions toward insuring that scienti fic  efforts pursue the true 
pub l ic interest . In the past , regul atory dec isions have sometimes been 
based on incomp l ete data . The nature of  j udgment - i s such that in some 
situat ions , reasonable  individuals  honestly disagree with the ultimate 
decis ions . For examp l e , there is  an urgent need for data on the nature 
and pos sible  impact of diese l particul ate emi ssions we l l  before the 
regul ations  are promulgated . Coincident with that is the obvious 
des ire of  al l invo lved in the eventual decision-making process to have 
the meaningful  and appropriate data that are necessary for the deci
sion in  their own hands . To resolve this  type of di l emma , General 
Motors proposed a s imp l e  and yet unique approach . Instead of having 
each party design and conduct its research program and then wait  unti l 
the actual rule-making procedure began to te l l  the other what the 
results  of i t s  research programs had been , GM and EPA have had a series 
of discuss ions in which they exchanged their p l ans for the diese l par
ticul ate research they intended to conduct . Whi l e  neither organi zation 
is in any way constrained from dupl icating the other ' s  efforts , it i s  
hoped that any p l anned dup l ication would  b e  both conscious and purpose
ful . The ultimate goal of  this early exchange of p lans i s  to as sure 
that when the rule -making process reaches the point of decision making , 
re l evant research wi l l  have been done by one or another of  the partic i 
pants . This can only result in regul ations that are more inte l l ectual ly  
sound , that wi l l  be less  controversial , and that wi l l  best serve the 
overal l pub l i c  interest . 

In addition , the Nat ional Academy of Sciences and Nat ional Academy 
of Engineering were asked to estab l i sh a pane l to review the diesel 
particulate s ituation in the l i ght of current regul ations and avai lab l e  
knowl edge . Their charge i s  to make recommendat ions on courses o f  action . 
This  independent , third-party review should prove to be construct ive . 

Government as Regulator 

As was stated at the outset , no rational individual would  serious ly  
argue with the idea that in  our crowded society central regul atory 
bodies are essential for the preservati on of  our environment and for 
the other amenities of l i fe that we have come to require . No matter 
how good the regulation ,  however , it results  in nonproductive expense , 
which is  inflationary . 

Although somewhere ,  somehow , it  is  as sumed that a benefit wi l l  be 
achieved for some segment of our population ,  the effect of a C lean Air 
Act , or any other regulation of thi s  type , is to increase the speci fic 
cost to the customer . Since no extra benefit usual ly is  conveyed to 
the one individual consumer for that particular uni t  or service , the 
cost increase is ident ical with inflation . Somebody must pay for the 
1 0 , 000 federal employees of the Environmental Protection Agency and for 
the tens o f  thousands of peopl e  in industry and in government who 
must correspond and i�teract with those 1 0 , 000 . The greater impact , in 
the context of  innovation , is when the commensurate benefit to bal ance 
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the cost  i s  not received by anybody . Those regul at ions that achieve 
marginal benefits  of low value do more than waste money . They a lso 
divert resources that could  otherwise be ava i l ab l e  for the innovative 
entrepreneurial  activities that the nat ion needs . The divers ion of 
human resources is  perhaps the greatest cos t of  a l l . 

A more direct impact on innovation from regul at ion stems from the 
complexity and scope of the current regul atory system and the extreme 
severity of the penalties for noncompl iance . The ul trahigh risks to a 
manufacturer of  noncompl iance- -ri sks that range from j ai l  terms for 
executives to huge fines for corporations - -tend to stifle  innovation by 
reducing both the range of potential innovations that are ext ensively  
developed and the rate at  which innovations can seriousl y  be considered 
for impl ementat ion . A potential  innovation that promi sed a potential ly  
high "pay of�'  in  terms of customer acceptance and a reasonably good 
chance for successfu l  performance in the fie ld  would stand a good 
chance for impl ementation in an industry where market forces were the 
sol e  discipl inarian . However , in a highly  regulated industry where 
severe penalties  would be added to the penalt ies of the marketpl ace in 
the event of the innovation ' s  fai lure , chances are that prudent manage
ment would  not impl ement the innovat ion without a great deal of  addi
tional development . Under the best  of circumstances , this situation 
means that the rate of innovation is retarded by the regulatory system . 
In practi ce ,  such a highly punitive system virtual ly guarantees that 
product development is more evolutionary than revo lutionary . The ulti
mate result  of regulat ion can eas i ly become a standardi zation of pro
ducts and services , rather than a wider variety of  consumer options . 

One branch o f  government that somet imes is  not general ly regarded 
as a regulator is the j udiciary . Over the years , though , the courts 
have become a significant cons ideration in the design process o f  most  
industries , including transportation , and also  in  the decision-making 
process for the introduction of innovative product changes .  Under the 
current condit ions , it is possib l e  that in some court s a des ign improve
ment in an existing product could be cons trued as an admission that 
previous designs were less  than optimal and could  subj ect the manufac
turer to product l iabi l ity claims for not having included the newer 
des ign on ear l i er mode l s . C learly , this  is not a c l imate that is con
ducive to innovation . The l east onerous resul t  of  an overly broad con
cept of product l iab i l i ty is  that products cannot be des igned to be 
used by the norma l ly prudent and thinking consumer . Instead , they must  
be designed to  protect the reckless  and thought less . This  usual ly  
means a penal ty- -either in  cost or  in  uti l ity- -for the typical  customer . 
(One should  note that this  mentality is  in no way restricted so lely  to 
the j udiciary . The case can be made that the decis ion to require 
passive restraints in automobiles  pivots upon the same phi losophical 
point and penal i zes the prudent auto occupant who already i s  ut i l i z ing 
existing restraint systems . )  

So far , we have largely dealt  with the effects of government actions 
on innovation within existing industries and technologies . I t  should  
be  noted that regulat ions , which usual ly  are enacted to  dea l with per
ceived probl ems within the existing scheme of things , can virtually  
preclude innovation from directions that were not foreseen at  the time 
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the regulations were conceived or for needs that emerge after regula
tions are in place . 

Regul ation a l so can impede the innovative process  by requiring 
that fledgl ing innovative technol ogy compete on the same basi s  as 
mature technol ogy . In the absence of regulation , the innovator could 
identify a niche in which the dominant technology was not the optimal 
approach and innovate to compete within that niche . I f  the innovation 
were succes s ful , it had the potential to grow , improve , and expand into 
other economic niches in a Darwinian fashion . Regul ation usual ly 
appl ies universal  criteria over such broad areas that many niches no 
longer exist . While  the need for an innovation sti l l  is there , broad 
regulation can preclude innovation for l imited application . Obvious ly , 
l imiting the potential  appl icat ion for innovation al so l imits the im
petus and the l ike l ihood of innovation . 

Congress  recogni zed this  prob l em during the creation of the C lean 
Air Act and its potential impact on the development of diesel  engines . 
I t  also  recogni zed that the diesel engine , because of its potential  
contribution toward energy conservation , might require some temporary 
exemptions from certain provisions of the C lean Air Act- -specifica l l y  
from the NOX emission requirements - -and included provisions for granting 
a NOX waiver for diese l s . As it turns out , such a waiver probably  wil l  
be necessary i f  Genera l Motors is  to be abl e  to offer diesel engines 
beyond the 1 980 model year . Although such a waiver is  not automatic--
it requires the demonstration of good faith efforts and the absence of 
danger to the pub l ic hea l th--it represents a regulatory feature that is  
missing in  most  regulations . It  al lows time for a young innovation , 
l ight-duty , c lean diesels ,  to develop into a competitor against a wel l 
developed t echnology with a long history of  evolution , the l ight -duty 
gasoline engine . As suming that the waiver is granted (as of this 
writing , the waiver has not been granted) , Congress  wil l  have success 
ful ly avoided two common pitfal l s  of regulation--the inadvertent ex
clus ion of  innovation from unexpected directions and also  the accomoda
tion of confl ict ing regulatory goal s ,  namely emis sion contro l and fue l  
economy . But even i f  things do g o  smoothly with the diesel , the situa
tion represents a good example  of the potential restrictions  of the 
regulatory process and i l lustrates how the process eas i ly could  prevent- 
or at l east discourage- - innovation .  

There are other examples  where the negat ive effect s o f  regulations 
were not foreseen and moderated . One potential energy source , shale  
oi l , i s  becoming increasingly attractive as  petroleum prices ris e  and 
as the U . S .  bal ance of payments probl ems are exacerbated by petroleum 
imports .  Yet , it  is virtual ly  impossib l e  for a private enterprise  to 
undertake the task of bui lding a pi lot plant to develop the technology 
to produce oi l from shale .  It  is  impossible  because of environmental 
regulatory restraints . Under today • s  regulat ions , such a p i l ot plant 
would have to guarantee that no matter what technical  probl ems were en
countered and no matter what probl ems might occur , the plant would 
comply with al l environmental regulations . C l early , when one is  dea l 
ing with the task o f  l iteral ly inventing a technology , compl iance can
not be guaranteed with 1 00 percent certainty . But given the ul trarisks 
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· of noncomp liance , a prudent individual or corporation could not reason
ably  undertake to  develop such a technology even with the honest and 
unreserved intention of making the best pos sible  effort to maintain and 
protect the environment . Furthermore , i f  an individual or organi zation 
were wi l l ing to take such a risk , the regulatory/j udicial system simply 
would not al low ground to be broken withou� the demonstrated abi l ity 
to meet al l contingencies . In other area , our pol itical system is  
equipped to  hand l e  situations where there is the l ikel ihood that a l aw 
is  about to be broken . In most cases , under the provis ions of the 
Constitution and/or the Bi l l  of Rights ,  the government ' s  power for such 
"prior restraint" is strictly circumscribed . Such l imits on the power 
of government emerged after decades of pol itical , moral , and ethical 
discussions that drew on the intel lectual and political resources and 
experiences of academicians through the ages . Our current regulatory 
system includes s ome of the fine features of our pol itical  system--due 
process , the rights of individuals  to pet ition and to be heard--and any 
reasonabl e  person would argue that those rights ought not to be denied 
to anyone . But at the same time , it  i s  apparent to the reasonab le  
individual that much of our regulatory system evolved on an ad  hoc basis  
and that in  its  total ity , the system l acks a cohesive and consistent 
philosophical and ethica l  framework . Perhaps the real need is to 
generate a cl imate where the academicians from al l discipl ines and the 
bureaucrats on al l l eve l s  can honestly  raise phi losophical and ethical 
questions about the regulatory system without being critici zed for 
abandoning their respective charters and deve lop a system that would 
al low some of us to teach and all  of us to learn how to regulate better . 
I f  thi s  were to happen , it  would be the best possibl e innovat ion of al l .  

D ISCUSSANT ' S  COMMENTS 

BY 

JOHN G .  TRUXAL 

The previous paper summari zes concisely and effectively the basic 
probl em in the development of  the rol e  of academic institutions in inno
vation in transportation . 

The paper focuses primarily  on the current "state" of thi s  system 
and the historical background that has l ed us into the s ituation in 
which universities (and nonprofit research institutions)  are playing a 
rel atively minor role  in the transportation field , in which the confl ict 
between industry and government (especial ly in the regulatory arena) is 
aggravated by a deep-seated publ ic distrust of  both government and 
industry . 

From these arguments ,  however ,  the paper does not offer any con
structive approaches on how this situation might be changed . In my 
brief comments , I would  l ike to try to offer two specific  suggestions 
in the hope that the panel del iberat ions wi l l  emphas i ze such a look into 
the future , rather than a l amentation on the past . 
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First , in the area of research , the paper cal l s  for a s trengthen
ing of bas i c  research (and a deemphasis  of appl i ed research) . I am not 
sure the distinction i s  so easy to draw , but my principal reservat ion 
is  that the author overrates the quality and significance of present 
universi ty research programs in transportation . I bel ieve this  current 
activi ty is not a strong e l ement of the total  nat ional picture in en
gineering and science research . There are several reasons for thi s : 

1 .  The government (i . e . , DOT) has not evolved a cons i stent , steady 
po l icy encouraging part icipation by leading research personnel .  

2 .  There is  no long-term , continuing effort , s imi l ar to the Joint 
Services E lectronics Program of the Department of Defense- -no program 
that promises stab l e  support as a university group develops competence 
and experience . 

3 .  There are too many short -term smal l grant s (which tend to 
attract individuals  who are not supported otherwise) . Whi l e  some of 
the researchers are excel lent , others are not , and the transportation 
industry does not attract its proper share of the gifted young peop l e . 

Second , the author makes a strong issue of the pub l ic distrust of 
both government and industry in transportation . He focuses superb ly on 
this  situation as the core of the problem ,  but I would have added that 
correction of this attitude is c l early an appropriate use of academic 
institut ions . 

In  the regulatory area , for examp l e ,  there i s  practica l ly no pub l i c  
education --no careful ,  in-depth analysis  o f  the goal s  of a particular 
program . As one exampl e ,  the corporate fl eet mi l eage goal for the 
1 980s , discussed so widely in the mass media , are mysterious to the 
educated adul t .  Are they s ignificant in terms of petroleum consumption ?  
Are they placing irrational demands on the manufacturers i n  economic 
or technological terms ? Indeed , what are they? Are they measured 
sens ibly , and do they reflect typical driving patterns and driver 
characteristics?  etc . 

The Department of Transportation has done very l ittle  in pub l ic 
education , perhaps in the fear of being accused of  trying to shape 
public  opinion . Even in the very popular courses that engineers offer 
for l iberal arts students at my own institution , we find i t  very diffi 
cul t  to inc lude transportation issues because there is  so l ittle  source 
material avai l able  (except in cases such as the Bay Area Rapid Transit  
history , where we  suffer from overdocumentation) . 

Education of  the pub l ic to the point at which intel l igent deci sions 
are possib l e  is the ideal area for government- industry cooperation with 
and uti l i zation of the col leges . With an appropriate informational 
effort on a national scale , we can avoid repeating the problems and 
"disasters" of the 1 970s in the coming decade . 
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ECQNQMIC INCENTIVES TO INNOVATION IN TRANSPORTATION 

REMARKS 

BY 

BRUCE S .  OLD 

This  panel , whi l e  it i s  involved in economic incentives , has one area 
that is forbidden to us , and that is the area of federal R&D . Whereas 
it is proper to say that federal R&D invested in a certain field  indeed 
represents an economic incentive , that field happens to be the purview 
of another pane l . 

Now , the fact that we do have certain territorial  divisions here 
brings out the impoTtance of the final panel reports , where , the panel 
chairmen wi l l  be forced to bring about some cross -ferti l i zation among 
the five pane l s ,  because there is a fair amount of overl ap .  

In order that the reader can better visua l i ze the sorts of things 
we wi l l  be discus sing , I would  j ust  l ike to mention the ski l l s  in the 
membership of our pane l . We include  in our membership people who under
stand the motor vehic l e  industry, the rai l road industry ,  the airline 
industry , and the freight service industry .  We also have three experts 
from the Department of the Treasury who understand economics and tax 
pol icies . We also have an investment analyst who understands the 
opinion of the investment community with respect to innovation in the 
transportation industry . 

A background paper has been prepared for our pane l by Aaron Gel lman . 
That paper wil l  be presented by Ed Haefe l e  of the University of Pennsyl 
vania • .  

Fina l l y ,  I would l ike to make two brief remarks about aspects of  
the conference that particularly interest me at the moment . 

First , Court Perkins , the president of the National Academy of 
Engineering , has said that there had been a dozen studies on innovation , 
but never any action taken on the recommendat ions of  the studies . It  
is important that we  develop some ideas as to  who i s  on the other end 
of the telephone , who the di fferent people  are we have to be abl e  to 
contact in the various agencies , departments , and committees of Congress , 
to assure that actions are taken on our recommendations . Each panel 
wil l  have di fferent people  at the other end of the tel ephone l ine .  We 
have to develop a c lear idea about who we have to speak to in order to 
achieve any actions on recommendations . 

The second aspect has to do with the real ity of any economic in
centives that do indeed affect innovation . I have heard for a good 
many years that it would be nice to change this  or that tax pol icy and 
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then things would happen . I think , however , that i f  one talks in the 
abstract , it is very di fficult  to get anybody excited . 

I recently ran into a real case history that I think is  very excit
ing . On the north shore of Lake Erie , the Steel Company of Canada 
(STELCO) , a steel company operating in Canada , is planning a Greenfield  
steel  plant . On the south shore of Lake Erie , the United States Steel 
Corporation , which is  seven times the s i ze of STELCO , has had a l icense 
granted it to bui ld a Greenfield steel pl ant near Conneaut , Ohio . 

The Canadians are moving ahead with their Greenfield  s teel p l ant 
now . It i s  under construction . On the other hand , the United States 
Steel Corporation Executive Committee is s ti l l  s tudying the problem ,  and 
the prob l em there is  twofold . I t  is  not j ust a matter of capital avai l 
abi l ity ; the primary probl em i s  return on investment i n  this  particular 
endeavor . 

Now , the Canadians are pul l ing ahead for a very interesting reason , 
and it  is  very simple . They have stated it clearly to us . I t  is  the 
difference in depreciation al lowances between Canada and the United 
States . The Canadians are al lowed to depreciate their entire plant in 
two years , SO percent the first year , and they are ab le  to set their 
own schedule  for what they wi l l  do in terms of the time taken to depre
ciate the other SO percent . 

Furthermore , the depreciation begins the moment equipment i s  
de l ivered at the plant site . They do not have to have the equipment in 
operation . Therefore they are depreciating that p l ant right now , and 
the United States Steel Corporation has not yet been able  to come to a 
decision . So here is a real examp l e  of how differences in tax po l icies 
indeed create an abi l ity to innovate .  

INCENTIVES TO I NNOVATION IN THE 
TRANSPORTATION SECTOR 

BY 

AARON J .  GELLMAN 
PRESENTER : EDWIN HAEFELE 

SCOPE 

The present paper considers the proces s  of innovation in the transporta
tion sector over l ess  than the ful l  spectrum of "transportation . "  
Specifical ly ,  the paper concerns itse l f  with transport that i s  actual ly 
or potent ial l y  produced on a commercial scale ; both passenger and freight 
transportation are considered , with emphas i s  on intercity transporta
tion even though there wi l l  be reference to urban transportation as wel l . 

The initial  mandate for the paper cal led for consideration only of 
"economic incentives . "  It soon became obvious that the s cope had to be 
expanded in two significant ways in order to achieve its overal l obj ec
tives . Speci fical ly , the adj ective "economic" had to be dropped , first , 
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because of the di fficul ty in distinguishing economic from noneconomic 
incentives in many cases and , second , because what is  clearly an 
"economic" incentive for one party to a given innovation process may 
be seen in quite another l ight by others . 

The second change in scope has been to include disincentives to 
innovation as wel l  as incentives , since the former have equal or even 
greater importance ,  especial ly where a public- interest sector of the 
economy (such as transportation) is concerned . Dis incentives also need 
to be cons idered expl icitly if discussion of government ' s  ro l e  in im
proving the innovative performance of such s ectors of the economy is to 
be catalyzed . 

Both pub l ic  and private pol i cies and practices that tend either to 
promote or to thwart innovation wi l l  be analyzed in the material to 
fol low . Speci al emphas i s  is laid upon those incentives and dis incen
tives that promote net beneficial innovat ion in the transportation field , 
but those which (happi ly) discourage net cos t ly innovation are not ig
nored . 

In terms of the elements of society that wi l l  be cons idered either 
directly or indirect ly , there is very broad scope indeed . This , of 
course ,  grows out of the fact that given processes of innovat ion can 
involve either a narrow or wide range of institutions and individual s  
depending on the nature of  the former and the markets that they are 
intended to address . In any event , the paper wi l l  variously cons ider 
any or a l l  of the fol lowing as is appropriate : 

o carriers 
o suppliers to carriers 
o l abor 
o shippers 
0 

0 

receivers 
travel ers 

0 

0 
• 

the pub l i c  at large 
special interest  groups 
government entities at various level s and in various branches 

Final ly , as to scope , the paper refers not only to organi zations 
and institutions , but to individual s  as wel l .  At the outset the pro
cess of innovation must be recogni zed as a "people  process . "  Fundamen
tal ly ,  it  is  people  who promote or thwart innovat ion processes , in 
transportation as e l sewhere . Indeed , individuals  play a far more 
critical rol e  in the process  of  innovation than is often recogni zed . 
So it is  that the rol e  of  the individual is  given substantial emphasi s  
i n  this paper , without unduly downplaying institut ions and organiza
t ions , both pub l ic and private . 

DEF IN ITIONS 

Some pertinent definitions fol low :  
Invention--to conceive the idea . 
Innovation- -to use the process by which an invention or idea is 

trans lated into a product or process  and brought into 
the marketpl ace . 
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· " Benetlcial"  innovation--an innovation that generates benefits net 
of costs  when recorded in either private or social  
terms , or both . 

Pub l ic enterprise- -industrial  or  service act ivity with an identi
fiable  output (product or  service) owned by  govern
ment such as a federal agency , city ,  or port 
authority . 

Shop rights - - the right o f  an employer t o  use without payment of 
any royalty his employee ' s  invention developed in 
the course of his employment . Such use i s  restrict
ed to the employer ' s  purposes with the employee 
otherwise  free to exploit  his  idea or invention for 
his  own gain . 

Perks - - fringe benefits , expecial ly nonmonet ary ,  that form a part 
of an employee ' s  compensation package . 

INCENTIVES AND D I S INCENTIVES IN THE PROCESS OF INNOVATION 

The incentives and disincentives that play upon the proces s of innova
tion are many and varied . This  is  true whether the transport sector or 
.some other el ement of the economy is the subj ect of s tudy . Sti l l ,  there 
is probably no area of the economy with a wider range of incentives and 
disincentives to innovate than transportation . Thi s  is due to the 
ubiquity , the wide range of technology , the compl ex institutional 
arrangements ,  and the governmental  involvement that characteri ze the 
transportation field . 

Tab les 1 through 1 0  provide a comprehensive l isting of  the incen
tives and disincentives that might be present in any given process of 
innovation , be it techno logical innovation or otherwise . The tab l es 
have been devel oped not j ust with transportation in mind . As was 
previous ly  noted , however , at some point in the development of the trans
portation system of the United States each one of these incentives and 
disincentives has been influencial . 

With regard to Tables 1 through 1 0 ,  the odd-numbered tab l es are 
devoted to incentives to innovat ion and the even tab l es to dis incent ives . 
Both incentives and disincentives are l is ted in terms of the "parties" 
upon whi ch they bear--parti es that can be influencial in shaping and 
pacing speci fi c  processes of innovation . These parties to the process 
of  innovation include the fo l lowing : 

o individual persons 
o individual firms 
o pub l i c  enterprises 
o industries 
o nations as a whole  

I t  should be  noted that the incentives and dis incentives on these 
tables  are not mutual ly exc lus ive . More than one incentive or dis 
incentive can be effective contemporaneous ly in the same process of 
innovation and can bear upon the same individual or enterprise  or 
nation . Not only that , but some of the incentives (and disincentives ) 
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TABLE 1 Incentives to Innovation That Influence the Individual 

1 .  Increased current income 

2 .  Increased future income 

3 .  Nonsalary "perks" of  value (e . g . , stock opt ions , profes 
s ional travel )  

4 .  Job promotion or heightened probab i l ity o f  promotion 

5 .  Increased prestige and/or respons ibi l i ty 

6 .  Job offers 

7 .  Shop rights 

8 .  Opportunity to participate in the app l ication of one ' s  
own ideas or invention 

TABLE 2 Disincentives to Innovat ion That Influence the Individual 

1 .  Lack of rewards , even if "successful"  

2 .  Increased visabil ity 

3 .  Increased respons ibi l ity 

4 .  Extra effort required to perfect the " innovation" 

5 .  Likel ihood of j ob change (e . g . , new responsibi l ities and/ 
or geographical shift )  

6 .  Frustration (e . g . ,  inab i l i ty to advance a "good idea" ) 

7 .  Risk of failure 

8 .  Employer att itude toward fai lure of an innovation process 
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TABLE 3 Incentives to Innovation That Influence the Firm 

1 .  Increased current earnings 

2 .  Increased future earnings 

3 .  Achievement of revenue growth obj ectives 

4 .  Achievement of profit obj ectives (e . g . , reduce costs , 
stimulate  demand) 

5 .  Achievement of corporate diversi fication obj ectives 

6 .  Increased market share 

7 .  Increased multiple on stock 

8 .  Capital conservation (e . g . , promote non-capital - inten
s ive production methods)  

9 .  Reduced dependence on l abor 

1 0 .  Availabi l i ty of IR&D funds 

1 1 .  Meet regulatory requirements  

1 2 .  Presence of regulation that heightens the probabi l i ty 
and/or profitabil ity of success ful innovation 

1 3 .  Improve recruitment results  

14 . Enhanced image 
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TABLE 4 Discentives to Innovat ion That Influence the Firm 

1 .  Insufficent competi t ive spur 

2 .  Risk of capital loss 

3 .  Capital shortage 

4 .  Short -term earnings penalty 

S .  Insufficient period of "monopo ly profits , "  even if 
successful 

6 .  Sufficiently high returns and growth rates without · 
assuming the risk of innovation 

7 .  Durabil ity of capital equipment on hand 

8 .  Ine lastic demand for current product (s)  or service (s ) 

9 .  Rate-of-return regul ation emp loying a deferred rate-base 
calculation 

10 . Technol ogical integration (e . g . , " hunpiness" of invlest
ment need to fit into technological ly comp lex system) 

1 1 . Regulation- -economic or other 

1 2 .  Antitrust impl ication of innovation 

1 3 .  Industrial standardization (externa l l y  or internal ly 
imposed) 

14 . Lack of corporate/divisional growth obj ect ives 

1 5 . Risk or fear of "fai lure" 

1 6 .  Inappropriate reward structure to promote innovation 
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TABLE 5 Incentives to Innovation That Influence the Pub l i c  Enterprise 

1 .  Increased revenues 

2 .  Expanded responsibi l ities  (e . g . , functional l y ,  geographical ly) 

3 .  Increased return on invested capital  

4 .  Improved ratings of  debt instruments 

5 .  Amel ioration of comp laints ( from customers , citi zens)  

6 .  Meet regul atory requirements 

7 .  Accommodate "customer" innovation 

8 .  Accommodate pol i tical pressures (e . g . , demand for increased 
l abor intensity in operations)  

9 .  Enhance "owner ' s" image general ly , in  the community served 
and beyond) 

TABLE 6 Disincent ives to Innovation That Influence the Pub l i c  Enterprise 

1 .  Lack of competit ive spur 

2 .  Capital constraints 

3 .  Durabi l ity of  capital equipment on hand 

4 .  Ine lastic demand function 

5 .  Absence of l ife cyc l e  costing 

6 .  Absence of exp l icit  growth obj ectives 

7 .  Absence of convent ional profit-and-loss  statement and balance 
sheet 

8 .  Increased operat ing costs  

9 .  Lower productivity , labor and/or capital 

1 0 .  Innovation not required by regu l ation 

1 1 . "Customer" resistance to change 

1 2 . Labor content "requirements" 

1 3 .  Inappropriate reward structure to promote innovation 

1 4  Threat to 1 1 l nw-prnfi l e1 1  ex i stence 
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reinforce one another . For example , with regard to the incentives fac
ing an  enterprise or  an industry ,  increased current earnings or  pro s 
pects of increased future earnings would  tend to improve the view 
investors take of their securit ies and thus , among other things , increase 
the mul t iple  of earnings appl ied to  their shares ,  if they are publ icly 
traded . 

Not al l incentives or disincentives are appl icab l e  to every in
dividual or enterprise . For example ,  by part iculari zing to transporta
tion Tab l es 3 and 4 ,  which deal with incent ives and dis incentives , 
respectively ,  with regard to individual private sector firms , it  can be 
observed that some of the incent ives and dis incentives apply with 
different force to carriers as compared with suppl i ers to such carriers 
of  equipment or infrastructural components or services . With reference 
to Table  4 ,  the appl ication of rate-of-return regul ation , which employs 
a rate base  formula including only  investments actual ly in use as con
trasted with those represented by  construction work in  progress , 
generates s ignificant incentives to innovate for carriers regulated in 
thi s  way . Suppl iers to carriers are not subj ect to rate-of-return 
"rate" regu l at ion in the United States , and consequent ly this dis incen
tive i s  not app l icab l e  to them . 

I f  the more or less  comprehens ive l ist  o f  incentives and disincen
t ives to innovation provided in Tables 1 through 10  merel y  conveys the 
compl exity and wide variety of possible  incent ive or disincentive struc
tures at work where the process of  innovat ion i s  concerned , it  wil l 
have material ly  contributed to setting the stage for the discuss ion 
that fol l ows . Certainly  in the course of  the remaining portion of 
this  paper , only a l imited number of spec ific incentives and disincen
t ives wil l be cons idered from the total presented . 

Before considering specific pub l ic pol icies and their relat ion
ships to the innovative performance of  the transportation sector ,  it  
should be noted that the presentation of the incentives and disincen
tives has employed a "bottoms -up" approach . This  is  to underscore the 
primacy of the individual where innovation process and performance are 
concerned . No matter what the setting for innovation , there must be 
one or more individual s who stick their necks out and champion the 
app l ication of the idea of invention that only becomes an innovation 
when there is market introduction or a product or service through an 
arms - l ength transaction . I f  individual s are not properl y  motivated to 
assume the risks associated with innovat ion-- such risks being monetary , 
professional , and often very personal - -there wi l l  be l ittle  or no inno
vation . 

The reasons it  is  difficult to separate "economic" incentives from 
other incent ives can be seen by studying Tables 1 through 1 0 .  Consider 
Table  1 ;  obvious ly , increased current and future income c learly repre 
sents economic incent ives to spur an individual to participate enthu
s iastica l ly in an innovation process . On the other hand , increased 
prestige or visibil ity for the individual may not result in economic 
rewards although it  is  difficult  to say one way or the other in advance . 
But s ince such increased prestige or visib i l ity may be of "value" to 
the individual , it is best to cons ider them under the rubric "economic 
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TABLE 7 Incentives to Innovation That Influence an Industry 

1 .  Increased current earnings 

2 . Increased future earnings 

3 .  Improve financeab i l i ty 

4 .  Increase share of GNP 

5 .  Thwart foreign compet i tion 

6 .  Promote favorable government action 

7 .  Increased tol erance of industry-wide cooperation 

8 .  Increased visibi l i ty (favorable) ; improved image 

9 .  Improved recruiting result s  

10 .  Meet regulatory mandate 

T1BLE 8 Disincentives to Innovation That Influence an Industry 

1 .  Lack of sufficient compet itive spur (high concentration 
ratio?)  

2 .  Capital constraints 

3 .  Durabil ity of capital equipment 

4 .  Technological integration 

5 .  Standardi zat ion (external ly or interna l l y  imposed) 

6 .  Inelastic demand for industry output 

7 .  Regulat ion--economic or other ; regulatory process 

8 .  Rate of return regulation and deferred rate base 
calculation 

9 .  Fear of hurting weak competitor (especial ly in highly 
concentrated industry 
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TABLE 9 Incentives to Innovation That Influence the Nation 

1 .  Increased GNP (real )  

2 .  Enhanced productivity--any and a l l  factors 

3 .  Increased employment 

4 .  Improved distribution of income 

S .  Increased development of new enterprises 

6 .  Improved U . S . balance of payments :  cut imports/expand 
exports 

7 .  Improved "qual ity of l ife" 

8 .  Increased decentra l ization of industry 

9 .  Enhanced international prestige 

1 0 .  Strengthened mi l itary posture 

TABLE 1 0  Disincentives to Innovation That Influence the Nation 

1 .  Regul ation--economic ,  safety , environmental ; regulatory 
process 

2 .  Chronic infl ation 

3 .  Tax level and structure 

4 .  Egal itarian phi losophy (e . g . , redistribut ion of income 
obj ect ives ) 

S .  Decreased employment (e . g . , from automation) 

6 .  Natural resource constraints 

7 .  Import barriers 

8 .  Export barriers 

9 .  Golden F l eece-type awards 
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incentive . "  To be sure , hi story records myriad cases , in transportation 
and elsewhere , where individual star performers in the process  of inno
vation have been motivated at least as much by nonmonetary gains as by 
other factors , but the l ine between economic and noneconomic is  too fine 
to draw . Bes ides , doing so would serious ly distort the discuss ion and 
l ike ly l ead to inappropriate conclus ions in some cases . 

The same point can be made in the context of  the publ ic enterprise , 
as is  shown on Tab l e s .  Here some of  the incentives are clarly "econo
mic , "  such as the des ire to increase the revenues of the pub l ic enter 
prise (e . g . ,  commercial airport , municipal transit company , port 
authority) , but is it a purely "economic" incentive that successful 
innovation could lead to the expansion of the responsib i l i ties of  a 
specific  publ ic enterprise? First of  al l ,  it might be an economic in
cent ive i f  increased salaries or other rewards were thereby made avai l a
ble to the proprietors of such a pub l ic enterprise , but i f  the only 
incentive was the enhancement of  their political l everage and prestige 
and if that was sufficient to spur them to sponsor and support innova
t ive activity , it  should certainly be considered , since one cannot be 
sure that each and every vector of each and every incentive or dis 
incentive eventually  wi l l  not have economic consequences o r  impl ica
t ions . 

PUBLIC POLIC IES THAT INFLUENCE TRANSPORT INNOVATION 

In part because of the ubiquity of transportation , l iteral ly every 
pub l ic pol icy in some way influences the process of innovation in 
transport . Neverthel ess , there are several specific but broad pol icy 
concerns of government that exerc ise particular and continuing l everage 
upon transport innovation , and some of these wi l l  be the focus of the 
present discussion . To be considered are selected pol i cies related to 
the fol lowing : 

• competition 
• the purchasing function 
• financing 
• pub l ic enterprise 
• antitrust 
• market aggregat ion 
• identi fication and amel ioration of social or external costs 

Where appropriate , the opportunity wi ll al so be taken to conside� . . 
various ways in which pub l ic and private pol i cy interact to produce 
incentives and disincentives to innovation in the transportation field . 

Competition 

Perhaps the most  fundamental and l ong-standing concern of government 
where transport i s  concerned re lates to the level and character of 
competition that obtains in various provinces of the transport sector . 
Each and every l egis lative mandate handed to a regulatory agency by 
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the Congress (or by a state legis l ature) has cited the preservation , 
control , or partial el imination of  compet ition as an obj ective of  the 
legis lation and of the regul ation that it estab l i shes . 

From Tab l es 1 through 1 0  i t  can readily be seen that competition ,  
either exp l i citly or impl icit l y ,  represents an important incentive or 
disincentive to innovation . Not on ly  must  government ' s  concern with 
competition in transportation be related to the innovative performance 
of those producing and marketing transportat ion services , but it i s  
necessary t o  consider the influence of pub l ic pol icies toward compet i 
tion o n  enterprises that supply producers of transportation with the 
inputs  they employ .  

During much o f  the t ime that transport economic regulatory agencies 
have been operating in the United States , such agencies have reflected 
a conservative attitude toward those segments of transportation that 
are of direct concern to them . Speci fica l l y ,  entry/exit and pricing 
regulations have usual ly been structured largely  to preserve the compe
titive status quo . That is , entry and exit have both been substantial ly 
constrained in the principal means of transportat ion in the United 
St�tes and prices (i . e . , rates and charges ) have al so been subj ect to 
such constraints that they have been far more rigid than would have 
been the case without the regulat ion . Under such conditions , which 
often include the impos ition of  price identity among compet itors in the 
same market , it is not surprising that the propensities to innovate of  
the regulated (and their suppl iers ) have been dramatical ly  different 
than would have been observed without such regulation . 

One classic  i l lustrative case concerns the U . S .  trunk airl ines 
in the period between the end of World  War I I  and 1960 . In thi s  
period , under the rate regulatory scheme appl ied ,  an airl ine often put 
great stress  on having fl ight equipment that was techno logica l l y  
different- -advert isably different - - from that of  i t s  competitors . The 
stress on establishing such a di fference was so great that unit  produc
tion costs  (e . g . , cost  per avai lable  pas senger mile)  were often a 
secondary consideration in the choice of new aircraft by U . S .  scheduled 
air carriers . The incentives of  increased market share and heightened 
rate of growth caused many airl ines ultimately to choose fl ight equip
ment that was more expensive to  operate on any basis  of  calculat ion than 
was other equipment then avai l able . Both the Lockheed Constel l ation 
aircraft powered with turbo-compound engines and the DC -7 owed their 
existence to this  situation . 

Fortunately ,  the regulatory schemes app l ied in several areas of 
transportation either have been changed dramatical ly  or are in the pro
cess of change .  Speci fic reference can be  made to  revision of the 
economic regul at ion of U . S .  commercial air transportation that cal l s  for 
al l but complete abol i tion of  industry-wide price guide l ines by the 
mid- 1980s . "Deregulat ion" is  also being discussed in the context of 
highway and rai l  transportation , wi th one of the exp l i cit obj ectives 
of such "deregulation" (more accurately  termed "regul atory reform" ) 
being to place the incentives of  cost reduction and demand stimul ation 
in proper persepctive as far as firms and industries are concerned . 
More enl ightened (or l ess ) economic regulation would have led to a very 
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different hi story with regard to the Doug las DC -7  and the l ater vers ions 
of  the Lockheed Constel lation .  Here the airl ines eschewed cost reduc
tion as an incent ive to innovation and embraced total l y  the incentive 
of demand -stimul ation . At least a better bal ancing of such mot ives 
would  have resulted under a more enl ightened approach to the regulat ion 
of compet ition in air transportat ion . 

The best publ ic po l icy toward transport (as in other fields)  would 
seem to be one that encourages entrepreneurs to p lace the proper weight 
on these most  fundamental incent ives to innovat ion , cost reduction and 
demand st imulation . Where competition i s  overly constrained by regul a
t ion , the power of these inc ent ives are distorted both in absolute 
terms and in relation to each other . Thi s  suggest , of course , that 
whenever pub l ic pol icy toward competit ion in transportation is being 
considered either de novo or on a review basis , there should be expl icit 
analys is  of the impac� such regulat ion or regul atory change upon the 
several processes of innovation that wi l l  be influenced by such compe
tit ion as may be created or di scouraged . 

The regulat ion of compet ition in the transport sector has usual ly  
been such as  to  preserve substant ial ly the status quo not only intra
modal ly but interrnodal l y .  An excel l ent case in point concerns a sub
stant ial rai lroad technological innovation of  the 1960s , the Southern 
Rai lway ' s  " Big John" covered hopper grain cars . 

As part of a wel l -thought out program to enhance both its  traffic 
and its  profits , primarily  at the expense of in land waterway carriers , 
the Southern embarked upon a program to increase materia l l y  its  share 
of the market in grain traffic between the Midwest and the Southeast . 
A central part of its strategy was the employment of new and hi2hly 
innovative aluminum-covered hopper cars with a nominal capacity of  
1 00 tons . The incentive to the Southern was clearly to  expand markedly 
its  grain traffic by reducing rat es- -but on ly where such rate reduct ions 
were more than j ustified by the cost reductions that woul d  be experienc 
ed through use of the Big John cars in mult iple-car and unit train 
services . In short , the cost reductions would support rate reduct ions 
that in turn woul d  shift the demand from the barge to the rai l  mode of  
transportation . (The Southern a l so expected to  gain traffic at  the 
expense of other competitive rai l carriers , but thi s was a re lative ly 
sma l l  portion of  the traffic gain they expected to enj oy in the long 
run . ) 

Us ing its  rate-regulatory powers , the Interstate Commerce Commi s
s ion (ICC )  del ayed the Southern ' s  introduct ion of the new and lower 
rates ,  and between the ICC and the federal court system , the Southern 
was years in real izing the ful l benefits for itsel f (and for the ship
pers and receivers of  grain) that it  had proj ected and that were sub
stantial ly proved to be "de l iverab l e" once the rai lroad became able to 
use Big John as had been intended from the beginning . 

To achieve its obj ectives wi th Big John , the costs  imposed upon 
the Southern by the regul atory scheme of  the ICC were very high ,  in 
terms of both direct expenses and opportunity costs . Whi l e  there has 
never been an expl icit account ing from the Southern , it is est imated 
that the costs re lated tu the workings of the regul atory scheme were 
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in the range of $ 20 to $40 mil l ion in the case of  Big John . The point , 
of course , i s  that a regulatory approach , such as has been imposed 
traditionally  by the ICC , significant ly  undermines such incentives to 
innovation as are shown in Table  3 in items 1 ,  2 ,  3 ,  4 ,  6 ,  7 ,  9 ,  and 14 . 
Moreover , with reference to Table  4 ,  which deal s with disincentives to 
innovation that influence the firm , such regulation certainly heightens 
the disincentives l abel ed 2 ,  4 ,  5 , 1 1 , 1 5 ,  and 1 6 .  

But iBtramodal and intermodal competition in transportation markets 
is not the only concern of public pol ic ies toward competition , which , 
in turn , work on the incent ive structure that is  re levant to the innova
tion performance of the transportation sector . Both the framers and the 
administrators of economic regulation in transportation more often than 
not overlook the impl ications of such regulations on innovation in those 
industries that supply carriers wi th the equipment , infrastructure , and 
services that such carriers organi ze so as to produce transportation . 
Returning to the case of the DC-7 and advanced Super Conste l l ations , 
for exampl e ,  i t  has been demonstrated that the system of  price-identity 
regulation in the airline field was as responsible as any other s ingle 
factor for the compet ition among manufacturers of aircraft to develop 
relatively inefficient aircraft that , however , embodied substantial 
"advertisable" differences when used by regulated air carriers . Thus 
the propensities and incentives to innovate of both the carriers and 
their suppl iers of airframes and engines were distorted . 

The relationship between carriers and suppl iers and the innovative 
performance of each can be seen in other contexts as wel l .  For example , 
consider the rai lroad supply  field . Litt le  concern has been expressed 
by regulators- -and to the ICC must be added the Antitrust Divi sion of 
the Justice Department and Federal Trade Commission in thi s connection-
as  far as  competition in  the railroad supply field is  concerned . For 
instance , the concentration ratios in several areas of rai lroad supply 
have been high for decades and remain high today . And by "high" is 
meant 1 00 percent at the four-firm l evel , which tends to mask the fact 
that concentration in some fields approaches 1 00 percent at the two
firm level . The mos t  dramatic cases in point , perhaps , relate  to rai l 
way braking equipment and rai lway s ignal ing equipment . I n  each case , 
j ust  two firms dominate the market .  Each enj oys approximately 50  per
cent of the business and supplys technological ly  nearly identical com
ponents and equipment year after year . 

Why are the incentives to innovate so weak (or nonexistent ) in the 
rai lroad braking and signal ing equipment fields where both the railroads 
and the suppliers of such equipment are concerned? First , there has 
never even been a hint on the part of federal regulators - - either ICC 
or ant itrust - -that they are concerned with the situation in either 
market . What makes this  mal aise especial ly surpri s ing is that one of 
the two firms in the braking equipment business ,  Abex , in the 1960s 
became a wholly  owned subsidiary of  a maj or rai l road , the I l l inois  
Central , which acquis ition ,  in  fact , required the ICC to look into the 
propriety of the matter and which certa1nly gave the Department of 
Just ice and the Federal Trade Commiss ion the opportunity to do so . 

Second , the rai lroads themselves seem to have l itt l e  interest in 
changing the technology employed with regard to the braking of rai lway 

1 1 7  

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 r a n s p o r t a t i o n :  P r o c e e d i n g s  o f  a  W o r k s h o p ,  S e p t e m b e r  2 4 - 2 6 ,  1 9 7 9 ,  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 ,  W a s h i n g t o n ,  D . C .
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 8 4 6 3

http://www.nap.edu/catalog.php?record_id=18463


\ 

trains and the signal ing of rai lway rights -of-way . Thi s  can only  be 
inferred by the fact that rai lroads continue to pub l i sh fundamental ly 
the same design speci fications for braking and s igna l ing equipment 
year after year despite the terrible  and growing cost s  they incur as a 
result of what constitutes a "no-innovations" policy in each of  these 
areas . 

Under such circumstances , it  is  not surprising that the firms 
involved , Abex and Wabco in braking equipment and Wabco and General 
Rai lway Signal (GRS) in the signal ing markets , have adopted posit ions 
that lead to minimal techno logical change and then only where produc
tion cost reductions inure l argely  to the benefit of  the manufacturers .  
Perhaps the most important point is  that even when a procompetitive 
pos ition with regard to transportation companies is maintained , at least 
at certain t imes and in certain places , the regulators ' ignorance of 
the situation in the " supply trades" with regard to competition suppresses 
many of the incentives for innovation as far as suppliers are concerned 
and heightens the disincentives to innovation in other cases . In terms 
of Table 3 ,  the situation first described thwarts the incentives to inno
vation designated 1 ,  3 ,  4 , 6 ,  and 7 .  In Tabl e 4 , the disincentives to 
innovation that gain emphasis  include 1 ,  4 ,  6 ,  8 ,  10 , 1 3 ,  and 15 . This 
example suggests that the concept of maintaining effective competition as 
a spur to innovation in the transportation fie ld must encompass both car
riers and suppliers . And it  is  not merely the industry-specific  regulatory 
agencies that are involved , but also the antitrust "watchdogs" such as the 
Department of Justice and Federal Trade Commiss ion at - the federal level . 

Government concern with the suppl i ers of transportation equipment , 
infrastructure , and services , i s  not and cannot be confined to govern
ment ' s  rol e  as a regul ator of  competit ion .  The government is  itse l f  a 
maj or factor in the acquisition of transportation services , and , in 
some instances , purchases transport equipment and infrastructural com
ponents as wel l . It is reasonable  that supplier performance ,  and public  
pol icy towards the purchase of transport equipment , infrastructure , 
and services be of interest to transportation enterpri ses and the 
government . 

Purchasing 

What is sometimes referred to as the "new go lden rule" holds that "he 
who has the go ld makes the rul es . "  There clearly  is truth in this , and 
it  i s  especial ly rel evant in the context of innovation where parties 
that have a manifest demand for goods or services should  have quite a 
lot to say about the character of the products  or s ervices that they 
require- -provided they care about it enough in the first place to exert 
such influence . It i s  power from the demand side that is often a 
major catalyst to innovation , j ust as ,  in other instances , there i s  a 
greater measure of "supp ly-push" than "demand-pul l . "  Without doubt , 
however , the way in which the purchasing function i s  exercised can have 
a profound influence on �he proces s  of innovation in that it can 
heighten or suppress both incent ives and disincentives to innovation . 
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Pub l ic pol icy toward purchas ing in the transportation field can be 
expressed most direct ly through the power for the purse that the federal 
government can reflect by its promulgation of "rules" under whi ch its 
money wi l l  be spent . The public  sector , in the aggregate , remains the 
l argest s ingl e  purchaser of intercity freight transport services in the 
United States . Yet , it has not often exerCised thi s power to " force" 
private entrepreneurs to furnish transportation services that , in turn , 
require such carriers to exploit techno logical possib i l ities beyond those 
already underlying the transportation "end product" being offered and 
used . There would appear to be some considerable  l everage avai l ab l e  
t o  the federal establishment i n  i t s  ro le a s  shipper ; j udicious app l ica
tion of  such power to induce net beneficial technologi cal innovation in 
the transport sector could not help but to be a laudab l e  exercise of 
pub l ic pol icy and powe r .  

Publ ic po l icy transl ated through the purchasing function is  mani 
fest in a number of other ways as wel l . For example , the federal 
government often provides enterprises with the maj or portion of the 
financing necessary to acquire given pieces of transportat ion equip
ment . An especial ly interest ing case in point rel ates to the procure
ment of buses for urban transportation systems , where the federal govern
ment has , in  fact , attempted to  exert cons iderb le  influence on techno
logical innovation . The program through which this is  most c learly 
demons trated i s  cal l ed Transbus . 

With Transbus , it  is  important to keep in mind that the federal 
government was providing funds necessary for the development of  the 
vehicle  but also was committed to supp ly the greatest proportion of 
the capital needed for its ultimate procurement by transit firms . 
Moreover , virtual ly  al l the transit companies that would ultimately 
acquire Transbus would themselves be pub l i c  enterprises , rather than 
private , and would al so be obtaining on a continuing basis  a maj or 
share of their operating expenses direct ly  from the federal government , 
from the same agency that was funding Transbus deve lopment and that 
would fund Transbus procurement . In such a setting , one would normal ly  
expect the federal government to  have considerab le  leverage on the 
process  of innovat ion . And , indeed , i t  did . 

As Transbus emerged more cl early in terms of its rol e  in society 
under its  function as an item of transportat ion hardware , it became 
apparent that significant technological innovat ion would need to be 
incorporated in the vehicle  if it were to meet al l its  obj ectives . 
Certainly ,  the mult itude and variety of  obj ectives loaded on the back 
of Transbus in and of itsel f  represented one of the fundamental influ
encing factors where innovation was concerned . Moreover , some of the 
goal s sought to be achieved through Transbus were c l early confl icting . 
For examp l e ,  the requirement that Transbus readi ly  accommodate elderly 
and handicapped (E&H) trave lers necessarily made the vehicle  substanti 
al ly heavier than i t  would otherwise have been ; at the same time , 
maximum energy efficiency was also an expl icit mandate . In the face 
of such confl icts , actual and potential manufacturers of Transbus , 
who had to be innovative if  they were to succeed to an order , must  have 
been confused as to which goal s took priority s ince not al l of them 
could be achieved simul ataneous ly . 
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To make matters worse from the standpoint of  the process  of innova
t ion ,  the federal government in its ro le as midwi fe to Transbus (a  mid
wifery who l ly financed by the federal government) , after almost a decade 
and after direct expenditures in excess of $ 25 mi l l ion ,  came up with 
what was very much a des ign speci fication and very l ittle  a performance 
one . Since one of  the great catalysts to innovat ion in a market such 
as that for public  transit vehic les is the true performance specifica
tion issued to any and al l parties interested in participating in the 
proj ect , the emergence of what was essential ly a design specificat ion 
in and of itself  severe ly thwarted the process of  innovation and , 
ultimately , the Transbus proj ect itsel f .  

Coupled with the reliance upon a specification couched l argely in 
des ign rather than performance terms is the fact that the attempted 
first procurement of Transbus , which required the aggregation of demand 
of three maj or metropol itan areas in the United States (Miami , Phi l ade l 
phia ,  and Los Angeles)  absolutely rul ed out the competitive responses 
being j udged in terms of l i fe cycle  cost ing for the Transbuses to be 
procured . In fact , the Request For Quotation (RFQ) went to the other 
extreme and made initial capital cost the sole basis  for determining 
the winning bidder . Once more , the abj ect ignorance of the process of 
technological innovation manifest through such a pol icy suggests that 
perhaps one of the great incentives to beneficial technological innova
tion in transportation would be to assure that those pub l ic officials 
establ i shing the pol icies and rul es associated with the procurement of 
innovative products  (or services ) know a great deal more about the pro
cess of innovation , and particularly about the private sector ' s  invest 
ment decision-making processes , than is  now obvious ly the case , at 
least as refl ected in the Transbus program from start to finish . 

The necessity of re lying upon true performance speci ficat ions if  
the proces s of  technological innovation i s  to be made more effective 
in the transportation fie ld cannot be overstres sed . Not on ly is this 
important where transportation equipment i s  to be procured , but al so 
where infrastructural components are invo lved . Consider the case of 
the reconstruction of the Northeast Corridor rai lroad network . With 
funding coming almost entirely from the United States Treasury , as 
administered by DOT , the specification employed to procure the s ignal 
ing system for the corridor was so much a design specification that , 
in fact , on ly two qualified bidders emerged , the rai lroad industry ' s  
old "friends , "  Wabco and GRS . So it i s  that a substantial number of 
potential competitors , some domestic and some foreign , were effectively 
ruled off the track before the race even began . Al so a situation has 
been produced in which , in the 1980s , a signal ing system featuring 
mechanical ·relays and vacuum tubes wi l l  be instal led in the Northeast 
Corridor . Not only does thi s adversely affect the future economic and 
operational performance of the corridor,  but it  also denies the rai lroad 
industry as a who le the benefits  of dramatic  technological innovations 
that unquestionably could have been induced through the corridor pur
chasing power had the right form of specification been emp loyed in the 
procurement . 

It  is  worth pointing out that in many transportation programs where 
federal funding is  heavi ly involved , including Transbus and the 
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resignal ing of  the Northeast Corridor , the is sue of "buy American" 
inevitably arises . And yet , the effect of the bias on the part of 
the United States government , not surprisingly ,  has been to handicap , 
if  not total ly  thwart , foreign suppl iers in such competitions . Whi l e  
the political bas is for "buy American" i s  cl ear and understandabl e ,  its 
effects on the process of  innovat ion (and especial ly upon the presence 
or absence of a competitive spur in the marketplace ) are neither as 
c lear nor as defensible . In the case of Transbus , it was only several 
months before the bid opening date for the first aggregated purchase 
of Transbus that the secretary of transportation indicated he might 
permit foreign suppl iers to participate . This  was one of the e l ements 
l eading to the situation that when the bids were to be opened there 
were none- -either from domestic or from non-U . S .  suppl iers . Certainly 
competition is a tremendous incent ive to innovation ,  as has previous ly 
been estab l ished , and public  pol i cy ought not bl ind ly rule out foreign 
production possibi l i ties as a source of generating such competition ,  
particularly where innovation i s  urgent ly required to achieve various 
social , pol itical , and economic goal s  and where the expected U . S .  
respondents are few , such as in both the urban bus and the rai lway 
signal ing fields . 

Another maj or point needs to be made with regard to purchasing 
pol icy and its  influence on innovation in transportation . There are 
agencies of government that are the primary source of demand- -even the 
only source of demand--for certain hardware and software re lated to the 
production of transportation services . An especial ly good case in 
point is the Federal Aviation Administration (FAA) , which speci fies ,  
designs  to a great extent , procures , owns , and operates several systems 
essential to the production and growth of air transportation services 
in the United States . Thi s  is a case , not unprecedented , where an 
agency is  both the j udge and the j ury with regard to the technology and 
technique being employed . Under such circumstances , it  would seem 
prudent that the agency bend over backward to induce competition in 
every possib l e  dimens ion among the suppliers upon which i t  must  re ly 
to produce the hardware and software that are at the heart of the sys 
tems which it operates . 

But thi s is  not what happens . Instead , at the very beginning of 
the process of innovation , where creativity is  at a premium , the En
gineering and Development (E&D) elements of  the FAA do not systematical 
ly employ techniques of procurement or of  publicity to induce imagina
tive external responses to the needs of  the agency with regard , for 
example ,  to its air traffic control systems . In fact , FAA E&D person
nel have often indicated over a considerab le period of time that what 
the FAA requires in the way of equipment and infrastructure and soft 
ware is  not l ikely to b e  suppl ied by smal l enterprises , and s o  they 
j ustify the concentration of their procurement activities and communica
tions with quite large enterprises that j ust happen , in most cases , to 
be the suppliers they have done bus iness with before . Obvious l y ,  thi s 
fl ies in the face of myriad analyses that support the hypothes is  that 
it is  small  enterprise that is most creative and innovative and that a 
very substantial proportion of  the genius of  thi s country for 
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reaching to the frontiers of  techno logical possibil ity is  l odged in 
smal l ent erprise rather than in l arge . Once more , part of the probl em 
can be traced to the overre liance of the FAA on des ign specifications - 
such designs having been deve loped either by FAA personne l in-house or 
by firms under contract to FAA . Most thwarting for a large segment of 
the popul ation of  innovative enterprises , however , must be the abj ect 
ignorance of the nature of the process of innovation on the part of 
most persons in the FAA, whether they are involved in research and 
development , procurement , instal l at ion , or maintenance . 

Fina l l y  with regard to purchasing pol icy , a subtl e  issue of con
s iderable  importance to the innovat ive performance of  the transporta
tion sector has l ong been overlooked . In the United States , there has 
sprung up over the years a substantial  number of "smal l R&D firms" that 
are highly  creative and are capab le  of carrying out research and develop
ment for their customers in  an efficient and time ly manner . A very 
large proportion of these firms , however , work exc lusively for the 
federal estab l ishment and have long s ince defined their goa l  as making 
a profit through the performance of research and deve lopment contracts .  
These firms have no commitment to carry the results  of  their R&D further 
into the marketpl ace so that the process of innovation can be completed . 
In contrast , their research and devel opment results  are couched in terms 
that government executives wi l l  understand rather than in terms that 
promote the onward exploitat ion of their outcomes . 

So it  i s  that there are myriad R&D results  on the she l f  throughout 
the federal  government , including the transportation agencies , that wi l l  
never be exploited through the process of innovat ion in the marketplace . 
There arises a po l icy issue as to whether the federal government ought 
to continue relying upon such enterprises in which the so le  reason for 
existence is  to produce R&D results , with the "smal l R&D firm" never it 
s e l f  becoming committed to carrying such resul ts  forward to the "real 
worl d . "  There is certainly  need for data on the subj ect , but at thi s  
point it  would seem that the process of  innovation i n  transportation 
would be substant ial ly  improved i f  the government , through its  purchas 
ing of R&D results  related to hardware and software (as opposed to 
pol icy research , for example)  were to encourage the onward exploitation 
of " successful"  R&D outcomes rather than discourage them by al lowing , 
i f  not requiring , a break between the completion of the R&D phase of an 
innovation process and the commencement of the techno logy de l ivery phase . 
One of the ways to do this  i s  to restrict severe ly the re l iance of trans
portation agencies on contract R&D firms for R&D results . 

Financing 

The avai l abi l ity of financing is often an incentive to the process of 
innovation ; a lack of avai l ab l e  financing is always a disincentive . 
Consequentl y ,  the public  sector has substantial leverage it can bring 
to bear on the process of innovat ion in transportation in general , as 
wel l as on speci fic innovation processes , through the granting or with
hol ding of financial support as may be consistent with pub l i c  po l icy . 
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Financing is  an issue in several stages of  the process of inno
vation . For exampl e ,  the financing of  basic  research (and of app l ied 
R&D in many cases ) presents government (and private industry as wel l )  
with issues that are very different from those presented by financing 
to support the di ffusion of the results of technological innovation that 
have already been demonstrated to be practical . Yet financing from the 
public  sector has an important rol e  to p lay in each of these cases and 
in many others besides . 

The act ivities that l ie at the " front end" of innovation ,  i . e . , 
the research and devel opment sort of activities , contrast sharpl y  with 
those associated with market diffusion (e . g . , the purchase of a national 
fleet of Transbus equipment ) .  In the former , there is  much specul ation 
associated with the investment of  resources .  (And the more "research" 
rather than "devel opment" the nature of the activity is , the more un
certain the outcome . )  I t  is  in the earl iest stages of the process of 
innovation , then , that private sector entrepreneurs tend to be most 
reluctant to commit their own resources . Consequentl y ,  government 
financial support is most necessary where R&D is concerned . Further 
along in an innovation process ,  external financial subsidies required 
by the private sector or by pub l ic enterprises may be material ly l ess , 
at least in terms of the proportion of resources required from govern
ment . This is  because the risk is presumably reduced as the innovation 
process proceeds in the direction of the market (or else  the particul ar 
innovat ive act ivity would have been ki l l ed)  and because the time between 
investment and payoff is much reduced in comparison wi th the situation 
where the earliest innovation process activities are concerned . Sti l l , 
in many cases publ ic support is absolutely required if  the process of 
innovation i s  to be completed and market diffusion of product s or 
services generate social benefits in excess of external costs , which i s  
often the case i n  the transportation field . Again , the Transbus program 
represents a case in point , which is especial l y  apt s ince the potential 
acquirers of Transbus were ant icipated to be pub l ic enterprises . 

Pub l ic financial support for innovation can be introduced in myriad 
ways . Perhaps the most  direct method is  through grants for the acquis i 
tion o f  equipment or infrastructural components that are conditioned by 
the requirement that the funds cannot be used unl ess  some measurable  
quantum of innovation i s  reflected in  the material acquired with the 
grant money . This can be effect ive , when inte l l igent ly  administered , 
but it can also produce l ittle  but confusion and waste (as in Transbus 
to date) . 

As was noted earl ier , a l arge and disproportionate share of  inno
vative activity , expecial ly at the front end of the innovation proces s ,  
i s  lodged in smal l er enterprises . Consider al so that one more or less 
common thread in the deve lopment history of new items of transportation 
hardware and software relates to the terribl e  expense of prototyping 
and testing the results  of a "successful" R&D effort . This  suggests 
that federal financial support might wel l  be made avai l able  to promote 
the process of innovation in the transportation field by making it 
possible  for entrepreneurs - -especial ly in smal l enterprises --to obtain 
prototyping and testing "services" at a cost they can afford- -at a cost 
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sufficientl y  low that these unavoidable  steps in the proces s of  innova
t ion can be traversed ·with minimum de lay .  Providing " in-kind" support 
in many cases is  j ust as effective in the proces s of innovation as pro
viding cash , and perhaps even more so . ( I t  is  a l so worth noting that 
in some instances the prototype and test faci l ities to support transpor
tation innovation are tha same sort of faci lities  the mi l itary establish
ment requires for s imi l ar purposes . In such cases , the j oint use of 
exi sting pub l ic investments might be possib l e , thus reducing the direct 
financial burden on the Treasury whi l e  improving the innovation per
formance of the transportation sector in a measurab l e  way . ) 

To return to the process of  innovation occurring in the market 
rather than beginning in R&D , it is obvious that much innovation is  
denied because manfacturers of hardware and infrastructural components 
see a history o f  feast or famine with regard to demand even where the 
results  of the innovation process are highly  beneficial and attractive 
to those  who must make a purchase decis ion in favor of the innovation . 
In many cases , a long history of feast or famine on the demand s ide has 
been sufficient to discourage the al location of private resources to 
the innovation processes through which transport equipment and infra
structure components would be upgraded technologically . There are no 
data or information to support an intel l igent hypothesis about the 
l everage- -the negative leverage- -that the not uncommon feast or famine 
character of demand has exerted on the process of innovation in trans
portation , but it is  a reasonabl e  speculation that it has been cons ider
ab le . (Sti l l , one must always remain al ert to distinguishing between 
excuses and reasons and not be overly discouraged when supposed barriers 
to the process of innovation are di smant led only to find that the influ
ence on the process of innovation had been minimal or even ni l .  At 
least some excuses wi l l  have been removed from the scene . )  

In areas where there is  a history of feast -or-famine demand , it  is  
entirely  possible that one of the most effective ways to employ federal 
financial resources to improve the process of innovation i s  to smooth 
out the demand for hardware and infrastructural components .  Perhaps the 
government can guarantee a certain minimal demand so that the di fference 
between lean years and fat years is not so dramatic as has often been 
the case , with rai lway freight cars , for example . I f , but only  i f ,  such 
a program were j udicious ly and rigidly administered , it could generate 
mutual ly  beneficial resul ts  for the transport sector and for the economy ; 
i t  requires only that the pub l ic sector invest capital for various 
periods of t ime as would be associated with the stockpil ing of output 
during periods of  s l ack demand and the distribution of such output as 
had been stockp i l ed in periods of peak demand . Once demand i s  stabi l i 
zed , technological ly improved output can b e  expected whether o r  not 
pub l ic financial support was coupled with an expl icit requirement that 
manufacturers extend themselves in thi s direction . 

In many cases - -though certainly not al l - -transport "del ivers" to 
society external benefits  in excess of external costs . Where this  is 
so , it  becomes rational pub l ic pol i cy to support processes of innova
t ion that improve transport sector performance . In this connect ion , 
suggestions have been advan�ed periodica l ly over the years that the 
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federal government ought to estab l i sh a "transportation equipment 
development bank" that would provide present and prospective producers 
of transportation equipment with a source of low-interest ,  long-term 
financing explicitly to support the process  of innovation , whether it  
be at the front end or in the technology delivery phase of the process .  
Thi s  approach reflects the notion that innovation wi l l  be more efficient 
and wi l l  be carried out in a more t imely  manner if federal funding 
support is  reflected on the l iabi l ity s ide of the bal ance sheet of those 
firms that t ake advantage of such financing . The "bank" sti l l  provides 
a substantial subsidy given the low-interest and long- term nature of the 
financing contemplated , but the net financial burden on the pub l ic 
treasury should be to lerably low and more than recompensed by social 
benefits  real i zed in the long term . 

One of the most interesting , and not entirely phi losophical , 
financial i s sues concerns the extent to which federal financial support 
should be provided to private enterprise as opposed to pub l ic enter
prise . Speci fical l y ,  i s  it who l l y  rational (economical ly) that pub l ic 
funds for the support of the "aviation system" be al located to pub l ic 
enterpri ses ( such as airl ines ) ?  Clearly , there comes a time when the 
marginal uti l ity of a dol l ar is less  to the former than to the l atter 
even when only the social -benefits-to-soc ial -costs relationships are 
assessed . Yet there is l ittle  clamor when support i s  init iated or is  
increased for pub l ic enterprises , even nonfederal pub l ic enterprises . 
In contrast , great obj ections are usual ly raised when financial support 
to the process of innovation is suggested for private entrepreneurs in 
transportation . It would seem appropriate that thi s  issue , and the 
determination of the appropriate balance , mode by mode , ought to be the 
subj ect of cont inuing analysis  on the part of DOT which ,  in turn , should 
have the courage of  its ultimate convictions as to where such financial 
resources wi l l  do the most good . 

Pub l ic Enterprise 

The pub l i c  enterprise is  becoming increasingly important in the trans
portation sector . Although a detai led calculation apparently has never 
been made , it i s  c lear that the share of macroeconomic activity attri 
butabl e  to publ ic enterprises in the Uni ted States is  growing year by 
year . Moreover , i f  such a calculation were particulari zed to transpor
tation , it would  al so show a rising trend , especial ly s ince the costs 
(and revenues )  associated with intermodal terminal operations where 
pub l i c  enterprises especial ly flourish are cl early growing both in 
absolute and in rel ative terms . Al so , there is an increasing tendency 
for government in various gUi ses to become involved in transportation 
in various ways . (Consider the history o f  transit  enterprise in the 
United States ,  for exampl e ,  as wel l  as the recent and growing acqui s i 
tion o f  rail properties by state and local governments . )  

Notwithstanding this growing rel iance on pub l i c  enterpris e ,  l ittle 
attention has been paid to the management of such acit ivites as  opposed 
to the management of private enterprise . Regrettably ,  even the "better" 
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graduate school s  of  management in the United States have a l l  but ignored 
the special prob lems and opportunities associated with public  enterprise , 
perhaps because academics themselves have not taken the t ime to study 
public  enterprise management as a field unto itsel f .  

A comparison of  Tables  5 and 6 ,  which relate t o  public  enterprise , 
with Tables  3 and 4 ,  which refer to private firms , indicates that the 
incentives and disincentives at work in the two settings are often very 
different . In part this  grows out of the fact that in the private 
enterprise  there is present the discip l ine of the profit and loss  state
ment and the bal ance sheet- -something substantial ly l acking in the 
typical publ ic enterprise . Moreover , the private enterprise  wil l  gen
eral ly be found operating in a compet itive setting where to some extent 
the management can be j udged (and can j udge itse l f) through appropriate 
comparisons with other enterprises operating in the same market . Most  
often the pub l ic enterprise has  a relat ively strong monopol y  position 
or at l east a position that i s  great ly protected from competition in 
the marketplace . Consequentl y ,  the sorts o f  performance comparisons 
avail able  to private entrepreneurs are usual ly denied the managers of 
pub l i c  enterprises . So it is  not surprising that the incentives and 
disincent ives are somewhat different and often have di fferent leverage 
to exert where the process of innovation is concerned . 

The l ack of competition in markets in which the publ i c  enterprise 
i s  active , coupled with the highly pol iticized nature of pub l i c  enter
prise decision-making processes , makes it necessary that external 
"force" be brought to bear to introduce some surrogate for competition ,  
i f  only to enabl e the pub l ic to j udge the performance o f  public  enter
prise managers against a reasonable  standard . Therefore one effective 
incentive to innovation in the pub l ic transportation enterprise may wel l  
b e  the devis ing and app l ication o f  means for j udging (at l east in rela
t ive terms ) the performance of pub l i c  enterprise managers in one geo
graphical setting compared with the performance of those in another . 
This may require that , as a condition of federal funding , a uniform 
system of accounts for al l  the pub l i c  enterprises in a given field be 
used--a  concept pub l ic enterprise  managers wi l l  surely resist  with al l 
the vigor they possess . Yet this may also be one of the best means of 
providing the necessary "incentive" to make pub l ic enterpri ses act more 
rationally  and more aggres ively where there are socially  acceptable  
opportunities to innovate or  to accept innovation . 

Of course , one of the maj or probl ems with innovation in the public  
enterprise reflects the real ity that the rewards awaiting the successful 
entrepreneur are usually  not nearly sufficient to j ustify his taking very 
great career risks through a fl irtation with failure , which is  always a 
poss ibil ity where s ignificant innovation activities are undertaken . 
Indeed , the absolute  fear of fai lure may thwart every attempt to upgrade 
the innovation performance of pub l ic enterprise entrepreneurs . Whi l e  
thi s  i s  a probl em not unique t o  the publ ic enterprises , it  is  true that 
in the pub l i c  enterprise , fai lures are often overstressed and thi s  can
not but reduce the enthusiasm for as suming risks through the sponsor
ship of innovation in such enterprises . 
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J . A .  Schumpeter (Harvard) and many other economic theorists have 
debated the i ssue of the ext ent to which enterprises possessing mono
po ly power wi l l  or wi l l  not have a high propens ity to innovate .  It  is 
reasonably c lear that if the monopoly pos ition is one that i s  so greatly 
protected that chal l enge is  al l but doomed to fai lure no matter what its  
source , innovation i s  not l ikely to be undertaken with enthus iasm 
because it is risky and usual ly requires extra exertion- -exertion that 
managers may very wel l  eschew with impunity , espec ial ly in pub l ic enter
prises . In the transportation field , such enterprises are certainly in 
a protected monopo ly position and their managers may not happ i ly under
take activities that generate added risk and responsibi l ity . I f  innova
tion is desirable  from pub l ic po l icy and economic performance stand
points , it wil l usually  have to be induced by external forces . One of  
the ways of providing the incent ives required therefore i s  the identi 
fication of  the external forces that can be effective and the devis ing 
of means for these  forces to be appl ied in the appropriate degree and 
with the correct t iming . Once more , the concept of a uniform system of 
accounts suggests itse l f ,  but the power of demand-pul l should also not 
be ignored . With regard to the latter , it shoul d  be noted that where 
there has been successful  and beneficial  innovation in pub l ic enter
prises , it  has often come about through pressures of demand that cannot 
pol itical ly or otherwise be ignored by the pub l ic enterprise  manager . 

The periodi c revisions observed at most  airports represent a par
t icular case in point . Airport management would general ly l ike to l ive 
a quiet l ife , as might be expected , but is often unable  to do so because 
the technology and the patterns of service continue to change where 
their prime customers , the airl ines , are concerned . Yet in order to be 
continuing institutions , airports must respond to the needs of  their 
most  powerful customers , the air carriers . Indeed , there are few cases 
in the history of airport development in which the l ead has been taken 
by airport management where innovation is  concerned . And in those few 
instances , even when the result turned out to be highly favorabl e  for 
most , if not al l ,  of the parties concerned (such as at Dul les Interna
tional Airport) , the innovative drive of the public enterprise  manager was 
initial ly resisted by airport users . 

In a way , it i s  fortunate that the federal government suppl ies a 
substantial proportion of the resources required for most  publ ic enter
prises , including airports , and therefore has the abi l i ty to impose 
certain "standards" with regard to the innovation performance of such 
publ ic enterprises . Unfortunatel y ,  the federal government has shown 
l ittl e  incl ination to condition its grants to pub l ic enterprises in such 
a way as to promote social ly  and economical ly  beneficial  innovations , 
but thi s  may be because the administrators of such grant programs have 
themselves too l ittl e  knowledge and understanding of the form and func
tion and economics of the pub l ic enterprises that they are supporting . 
It should not be difficult to redres s  this  situation , i f  on ly the l eader
ship in DOT has the wi l l  to do so . Once again , an improvement in pub l i c  
enterprise performance ,  a s  measured partially  b y  their activit ies in 
support of beneficial innovation ,  shoul d  not be di fficult  to achieve , 
and the cost to the publ ic in financial terms should be close to zero at 
the outset , and actual savings should  be real i zed in the long term .  
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Certainly,  compared with private enterprise the typical pub l i c  
enterprise has distorted propensities t o  innovate ,  given the po l i t ical i 
zed environment i n  which the latter operates . For examp l e , it  is  entire
ly possib l e  that in the present era there is  too much stress  on energy 
conservat ion and noise reduction . By "too much stress" it  is  suggested 
that perhaps the benefits  gained in terms of  energy and noise may be 
overweighed by the costs  experienced by either the publ ic enterprise it
sel f or those who use i t . Operating in a pol i t i cal fi shbowl , and with 
energy and environment concerns rampant , it is  difficult  to fault  the 
pub l ic enterprise manager who is perhaps oversens itive to the t imes . 
Sti l l , DOT , in part because of its  power of  the purse ,  ought to be in a 
position to leaven the loaf as necessary . 

Again , pub l i c  enterpri ses o ften have the wrong incentives in mind 
when they are making decisions whether to innovate or support innovation . 
For exampl e ,  revenue maximi zation is often the overriding obj ective of  
pub l i c  enterprise  managers , given the nature of their financial struc
ture . Of course , students of management have l ong known that revenue 
maximi zation frequent ly l eads to the wrong decision where investment 
and operat ing pol icies are concerned , and this i s  no l ess  true in the 
context of the pub l ic enterprise than of the private firm .  

Given the highly personal nature o f  the process  o f  innovation , i t  
i s  important t o  recogn i ze the disincentive t o  innovation that i s  pre 
sent through the scarcity o f  cases in which publ ic enterprise managers 
who have borne risk intel l igently through support of innovative activity 
have as a result  achieved visible professional and personal success ,  
however measured . Certainly ,  DOT can afford to spend the l imited 
resources required to gain a better understanding of what constitutes 
"success" in the minds of  those who are prepared to devote themselves 
professional ly  to the management of pub l ic enterprises in transportat ion 
and subsequently to condition its  support of public  enterprises part ia l 
ly  o n  the estab l ishment of  the preconditions i n  those publ ic enterprises 
that reflect the professional and personal needs of  such managers . This  
may wel l  prove to be the  most  effective singl e means of improving the 
innovative performance of public  enterpri ses over the next decade or 
more . 

Antitrust 

I t  must  be recognized that the process of  innovation proceeds by fits 
and starts . I t  i s  not a continuous proces s  in any given field , trans
portati on included . There are "breakthroughs" fo l lowed by l ong periods 
of what appear to be technol ogical  stagnation . The discontinuous pro
ces s  that i s  innovation contrasts sharply with the contro l l ed and evolu
tionary development of the law .  When legal considerat ions and con
straints are imposed upon the discontinuous proces s  of  technological 
innovation , the effect often is  to ration technological possib i l i t ies 
to the ult imate marketpl ace even in times when the l atter are being 
generated at a rapid rate . Consequentl y ,  the impos ition of antitrust 
constraints on the proces s  of technological innovation is an especial ly  
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important i ssue that has been l ittle  considered even in the "regul ated 
industries . "  

One of the "reasons" most often cited by would-be sponsors of inno 
vative activity for their lack of  enthus iasm for speci fic innovat ion pro
j ects is fear of  antitrust entanglements ,  especial ly if  succes s ful inno
vation were to result . In many instances , opt ions are absolutely fore 
closed to industrial entrepreneurs s imply by the uncertainty of antitrust 
pol icy toward a speci fic  institutional arrangement that is  necessary to 
induce innovation . A particularly important case in point re lates to 
the development , production , and marketing of transport aircraft at the 
present time . 

In order to introduce a new commercial aircraft , even enterprises 
wi th the s i ze and character of Boeing or McDonne l l  Dougl as or Lockheed , 
are required to play "bet -your-company . "  That is , the resources re
quired to do a new transport exceed in mos t  cases the net worth of the 
firm .  Moreover , given the nature of the technol ogy and of the market 
for such aircraft , the re lationship between the " l aunching cost" of the 
new aircraft and the net worth of the firm is becoming increasingly l ess  
favorab l e  to  a proinnovation decision . Facing such a situation , one of 
the several options open to airframe manufacturers is the j oint enter
prise approach to new proj ects . But under present conditions , no 
prudent management of an airframe manufacturer in the U . S .  can be ex
pected to explore serious ly with one of its historic domestic compe
titors the possibil ity o f  a j oint venture for the next round of compe 
tition where transport aircraft are concerned . This  is  largely because 
the Antitrust Division of the Just ice Department wi l l  give no assurances 
that such a move would not be viewed as "anticompet itive" and therefore 
as a step that would be intolerable  to the Antitrust Division . 

Certainly ,  if  one were to define the market for transport aircraft 
as being the United States alone , thi s view of the Justice Department 
might - -but only might - -have merit . But an increasing proportion of the 
demand for transport aircraft is found outs ide the United States . 
Indeed , over hal f  of  the orders for large transport aircraft currently 
emanate from non-U . S .  sources for the first time . I f  the market for 
transport aircraft is viewed as a global one , as it properly should be , 
then an amalgamation or j oint venture involving only U . S .  firms is not 
so onerous , expecial ly given the fact that the j oint venture is becom
ing more or less a "standard" means of exploiting technological pos s i 
bi l ites in other countries (e . g . , Airbus Industries ) .  

Under the circumstances , in the United States it is  increasingly 
cl ear that the range of  techno logical possibi l ites that can be exploit
ed in the form of new transport aircraft i s  severely l imited by the 
recalcitrance of the Antitrust Division , which refuses to recognize  
rapidly changing conditions of  supply (and of  demand) in  the transport 
aircraft field . Indeed , summing up (only  a l ittle  unfairly) the atti 
tude of the Justice Department , their position is  that they wi l l  react 
to any propos it ion that becomes a reality but wi l l  not react to a hypo
thetical proposition such as posed by the question ,  " i f  Boeing and 
Lockheed were to form a j oint venture , would you intervene?" Without 
the answer to the theoret ical quest ion , the dis incentives to certain 
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kinds of innovation in the air transportation field  are so great as to be 
total ly thwarting . Yet , antitrust officials  cannot , or at least wi l l  
not , understand this situation ; this i s  not entirely surprising g iven 
their background and training in a field  that is characteri zed by order
ly and measured change in sharp contrast to the real world in which 
technological  possibil ities are developed and innovations (sometimes)  
result . C learl y ,  the Department of  Transportation , among other agencies 
of government , ought to make a special effort to redress the situation 
in which the Antitrust Divi sion is  standing in the way of  technological 
progress that would benefit , on balance , both the private and the cor
porate cit i zens of the nation . 

The accompanying tables  indicate that antitrust cons iderations most  
often appear as disincentives to innovation . This  is  not surpri sing , 
given the nature of  antitrust concerns . One of the most  unfortunate in
fluences that antitrust considerations impose upon the process of  inno
vation is  reflected in the often insufficient market aggregation acti 
vity found in the transportation field . That i s , much of the hardware 
required by transportation enterprises is produced under conditions of  
supply in  which there are very significant economies of  scale  in pro
ductio� which condition frequent ly contrasts with the di saggregated 
nature of the demand for such el ements of hardware . Under these cir
cumstances , to  make demand sufficient ly large at a point in  t ime re
quires some measure of  market aggregation - - some measure of cooperation 
between otherwise competing economi c units . Wh i l e  there i s  expl icit 
market aggregation in certain fields o f  transport at times , especial ly  
where pub l i c  enterpri ses are concerned and antitrust considerat ions are 
nil , for the most  part there is far l es s  market aggregat ion in the trans 
port sector than i s  warranted both by the nature o f  the supply function 
for much o f  what i s  produced in support of  transportation production 
and by virtue of the benefits  of reduced cos t  that accrue as a result  
of  successful , efficient , and timely innovation in  transportation . 

There can be no doubt that the antitrust "excuse" has been used on 
many occas ions to thwart private sector cooperat ive or j oint activities 
that would have been benficial both to private entrepreneurs and to the 
publ ic at large . On the other hand , the ant itrust o fficials  of govern
ment , both at the Justice Department and at the Federal Trade Commission , 
have on occasion been sufficiently sens itive to certain probl ems that 
beset specific  industries and companies (usua l ly unre lated to innova
tion in any direct way) to relax their otherwise rigid positions . A 
case in point is  the several areas of  cooperation between General Motors 
and American Motors and between Ford and American Motors , obvious ly 
des igned to keep American Motors from throwing in the towel in the auto
mobile  business . 

The l imited history of  such fl exibi l ity on the part of  ant itrust  
official s suggests , however , that an enterprise of  industry must be  in 
extremis before there is such relaxation of age - old  "principles . " I t  
i s  anything but clear that the traditional ly great rigidity i n  anti 
trust regulat ion serves the public  interest , and i t  certainly does not 
promote the generation of timel y  and beneficial innovations in many 
industries ,  such as transportation . For example , the sharing of test 
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or maintenance facil ities by competitors is often thwarted in the trans 
port field  by antitrust considerat ions , either imagined or real . In  
part , the tragedy i s  that there is so  much that is  imagined and so l itt l e  
that is  real , a s ituation that ought t o  b e  corrected t o  some considerable  
extent given the nature of  technology in

.
the real world  and its  contrast 

with the type of l egal system being imposed upon its development and 
diffusion . 

Even whil e  the Justice Department is  so clearly and properly dedi
cated to the preservat ion , and even enhancement , of compet ition in 
various markets , it is  often bl ind to developments within the transpor
tat ion field  that have the opposite effect . A c l assic  case in point , 
of course ,  relates to the rai lway braking equipment fiel d ,  dis cussed 
previousl y ,  in which in the 1 960s approximate ly hal f  of the production 
capabil ity for braking equipment came under the control of a maj or 
railroad , which , in turn , sits  in the counci l s  of the American Rai lway 
Engineering Association and the Association of American Rai lroads , where 
the techno logy that is a l l owed to be appl ied to equipment in railway 
interchange service is determined . This  acquisit ion was permitted 
without any concern being expressed by the Justice Department or the 
Federal Trade Commission (or the ICC , for that matter) . 

Of special interest to the antitrust watchdogs should be the grow
ing and unchecked monopoly power of  many pub l i c  enterprises in the 
United States . But there is no evidence that ei ther the Justice Depart
ment or the Federal Trade Commission recogni zes the probl em or i s  con
cerned by it . I f  they were , they certainly should have recommended some 
l egi s l ation to the Congress by now to enabl e  them to add pub l i c  enter
prises to their own purview . 

As was noted earl ier , one of  the most effective ways to thwart 
technological  innovat ion is to rely upon design specifications rather 
than performance speci fications when purchasing hardware and software . 
Surely those concerned with preserving and enhancing competition in the 
name of · antitrust should  acquire an understanding of the power of per
formance specifications to assist  them in achieving their stated obj ec� 
tives . In addition , they can work with other el ements of government 
and with the private sector to see that such power is , in fact , exer
cised to the maximum feasible  extent . Certainl y ,  several incentives to 
innovation would be made more effective even whi l e  some dis incentives 
were removed . Once more , DOT can play a triggering and catalyzing rol e  
in thi s  regard . 

I t  should be understood from the outset , however , that the use of  
the performance speci fications cannot be a one-shot procedure ; what is 
required is  a cont inuing review of performance specifications to make 
sure that they are revised at appropriate interval s - - certainly no less 
often than every 10 years . In this way , competitive suppl iers can be 
induced to reach the frontiers of technological possibil ity , which are 
themse lves expanding with time . 

It  is true that re liance on performance specificat ions , and the 
award of contracts for hardware and software based upon responses to 
such performance specifications , wi l l  often result  in dramatic shifts  
of patronage from one or  serveral enterprises to  perhaps only one 
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enterprise that has dist inguished itsel f in responding to a performance 
specification . Such a temporary "grant" of monopoly power l ies at the 
heart of the process of innovation and represents one of the most power
ful of al l the incentives to innovation .  Where concentration temporari 
l y  results from the app l ication of  purchasing techniques that are pro
innovation , the antitrust guardians should recogni ze thi s  as a refl ec
tion of  enhanced competition in the long run and not as evidence of  the 
conveyance of permanent monopoly power , which is and ought to be offen
s ive to antitrust pol icy and law .  

The whole  concept of  standardi zation should b e  viewed i n  the same 
general way as the appl ication of  performance specifi cations . That is , 
physical standards must be set in many instances , but they al so should 
be reviewed periodical ly to insure that compet ition is  not being thwart
ed and that , indeed , innovation is  being promoted . In thi s connection 
the recent Hydrol evel antitrust decision is encouraging , especial ly 
because of  its  focus upon the process  by  which standards are often set . 
As this case demonstrates , the process can sometimes be subverted and 
employed expl icitly to s l ow ,  i f  not total ly discourage , beneficial inno
vation . 

Market Aggregation 

Market aggregation has been experienced in many areas of transportation 
but has not been the subj ect of the attention it deserves , especial ly in 
the context of the process of technological innovation . In part , 
market aggregation is  a difficult concept with whi ch to deal because of  
the constant fear of antitrust entangl ement on the part of private sec
tor entrepreneurs who either attempt to aggregate the market or respond 
as suppl i ers to the demands of aggregated markets . Yet , as was previous 
ly noted , many items of  supply in the transportation field are produced 
under condit ions of great economies of scal e ,  and given the typical 
fragmentation of the market for transport hardware and software , some 
aggregation o f  the various el ements of demand is necessary if timely 
and efficient innovation i s  to  resul t .  

The most dramatic instances of market aggregation in the U . S .  trans
portation sector have occurred under one of two conditions . First , 
there are those cases in which the federal government has intervened to 
become the market-aggregating agent for dispersed enterprises with 
individual demands that were , to some extent , compat ible . An early case 
in point i s  the President ' s  Conference Committee (PCC) streetcar experi 
ence of  the 1930� in which the White House itsel f was involved in creat
ing a set of  more or l ess  uni form speci fications , which l ed to the "mass 
production" of a large number of PCC streetcars that were distributed 
throughout the United States and ult imately throughout much of the 
world .  A more recent instance is the Transbus , in which , in the first 
attempt at procurement , the demands for new urban buses of three maj or 
metropol itan areas were combined in a request for quotations in 1979 . 

The second set of circumstances l eads to market aggregation on a 
quite rout ine basis  and rel ates to standardization activities most  often 
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associated with the need to maintain interchangeabi l ity of equipment . 
Rail road frei ght cars are perhaps the best example . Here , the equipment 
must have a number of common physical attributes i f  it is  to be capabl e  
of moving freely throughout the rai lroad network of  North America .  Con
sequent l y ,  spec ificat ions have been developed- -many of them SO or more 
years ago--that are almost always total ly design specifications in 
character but that nonetheless  tend to serve as a market -aggregating 
agent where freight car components are concerned . Perhaps because thi s  
form of market aggregation has been present for so many years , it  i s  
al lowed t o  continue with l ittle  o r  n o  interference either from anti 
trust o r  rail road officials . 

It  is  c l ear , however , that market aggregation in the freight car 
context has been carried too far in the sense that it has thwarted a 
number of opportunities for techno logical innovat ion that could only 
have been exploited i f  there were a departure from estab l i shed speci fi 
cations t o  permit the introduct ion of  new technology even i f  only on a 
l imited scal e initial ly . (Examples inc lude rail way braking and coupl ing 
systems . )  Obvious ly ,  it cannot be held  that market aggregation is  
always catalytic in its  effect on  the process of innovation . Sti l l , on 
balance , market aggregation that empl oys performance speci fi cat ions that 
are reviewed and repub l i shed periodica l l y  must promote innovation , though 
care stil l has to be exerci sed to assure that the resul t wi l l  be net 
beneficial innovation . 

As was previous ly noted , innovation is  mos t  o ften associated with 
the assumption of risk , both on the part of  the sponsors of  innovat ion 
and on the part of those who accept it . Consequently ,  one of the most 
powerful incentives associated with market aggregat ion is  the sharing 
of the risks of innovat ion among the various parties to the aggregation 
process . Thi s cannot be overestimated as a catalyst or incentive to 
innovation and , indeed , the power of risk sharing is  so great that the 
Department of Transportation would  be wel l  advised to catalog al l the 
market aggregation pos sibi l ities in the various modes of transportation 
so as to be able to assess the net cost and net benefits to society that 
might flow from j udicious market aggregation activities sponsored or 
supported by DOT . 

Identi fication and Amelioration of  Social Costs 

Social costs and social benefits have become increasing concerns in the 
Uni ted States as the nation has matured , diversi fied , and experienced 
threats to its  social and economic development from new quarters , such 
as the environmental ists . One of the great incentives to innovat ion in 
many fi e l ds , certain ly transportation among them , rel ates to the improve
ment of what i s  often referred to as the "way of l i fe" or " l i fe -style . "  
Whi le there i s  a firm basis  for holding that the private sector some
t imes makes investment deci sions and operating decisions  based on the 
amel ioration of social costs , in the final analys i s  it is a function of  
government to guide the iny

.estment decision-making processes in  both the 
private and the pub l i c  sectors in such a way that social costs  are 
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minimi zed on a net basis . Yet it i s  cl ear that the U . S .  economy is , by 
and l arge , sti l l  " flying bl ind" where social cost and social benefit 
cal culat ions are concerned . 

Without adequate and accurate information about social costs  and 
benefits  (and the relationships between them) , much transport innovation 
wi l l  be wrongheaded , at least where the pub l i c  interest i s  concerned . 
Moreover , several potent ial ly powerful  incentives and disincent ives to 
innovate wi l l  go unexp loited in the absence of an appropriate ly detai l ed 
social cost identi fication and quanti fication scheme . Without such 
"guidance , "  the innovation propensities  for both private sector and 
pub l ic sector executives are being distorted in the transportation fie l d . 
In part , this i s  because what may in real ity be short -term societal con
cerns can be magni fied far beyond what is  rat ional or beneficial , either 
to the entrepreneur or to the pub l i c . 

There are myriad reasons why government should  increase its  efforts 
to identi fy ,  quanti fy ,  and devi se schemes for amel iorating social costs . 
Improvement of  the innovative performance of the transportation sector 
is but one of  these reasons . Standing alone , however , it  is  sufficient 
to induce DOT to exert new and strenuous effort s in this  direction . 
Meanwhi l e ,  DOT might also cons ider various means of  countering the 
strong negative effects on certain desirable  processes of innovation in 
transportation that exist because of the growing emphas is  on "social 
costs" and " social benefits , "  even whil e  society remains l argely  incapa
b l e  of identi fying and quant ifying such co sts and benefits with a degree 
of precision that j ustifies their use in this  way . DOT might we l l  now 
attempt to devise schemes that , for the present at least , reduce to 
manageab l e  proportions the disincentive effect s of  the poss ib l e  exist
ence o f  external costs associated with a prospective innovation so that 
process can move forward on a broader front in the transportation field . 

DOT can proceed in thi s  regard in a number of ways . One o f  them 
relates to the creation of insurance schemes that reduce , if not el imi
nate , losses experienced by supp l i ers and their customers should a 
transportation technique be found to be social ly undes irab l e  at some 
point after its adoption and diffusion . Whi l e  the careful drawing of  
performance specifications and goa l s  to  include external ities -producing 
criteria i s  a promising means of  reducing the ri sks of  both society and 
entrepreneurs engaged in transportation innovation , and it i s  quite 
clear that thi s can actual ly be accompl ished without discouraging the 
"golden geese" innovations , the better course is to promote innovation 
act ively  but also to devel op mechanisms that permi t subsequent "reca l l s" 
if  an innovation turns out to be social ly offens ive based on actual 
experience . 
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D ISCUSSANT ' S  COMMENTS 

BY 

HARVEY E .  BRAZER 

The Gel lman paper is highl y informative and should serve as a useful 
stimulus to constructive thinking about ways in which pub l ic pol icy can 
be effect ive in encouraging innovation in the transportation sector of 
the U . S .  economy . I was especial ly impressed by the author ' s  demonstra
t ion of the fol l y  of  government procurement po l icy that focuses on 
specification of des ign detail s  rather than on performance speci fica
t ions . 

I should l ike to have seen more attent ion devoted to the role of 
organized labor in influencing the pace of  innovative act ivity . We are 
al l too fami l iar with the case of " firemen" riding diesel -powered loco
motives and what some would cons ider "excess"  personnel carried in the 
control compartments of commercial aircraft . But what is much less 
obvious i s  the appropriate set of  incentives that would serve to remove 
such barriers to innovation . Much the same may be said of management 
incentives with respect to innovative activities --and Ge l lman does deal 
with thi s probl em more ful ly- -and the relative rewards of risk avoidance 
as opposed to risk taking . Perhaps innovation is  strongly discouraged 
because rewards tend to focus on outcomes to the exc lusion of inventive
ness  in attempts to improve outcomes , irrespective of results .  In 
other words , we may be strongly in need of a means of  providing a payoff 
for innovation as such , in a way that would drastical ly reduce the costs , 
and therefore the risk , of fai lure . 

In discussion of innovation in the United States , it  should be 
recognized that , through out lays on research and development that 
currently run at about 2 . 5  percent of  GNP and by other means , the post
�orld  War II  years have witnessed an enormous outpouring of  new product s ,  
new production and di stribution techniques , and so forth . The probl em 
confronting the committee stems largely from the fact that innovation 
in the transportation industries has not kept pace with that in other 
sectors . 

Cl early ,  innovation need not involve capital out lay requirements , 
but wherever new technology is  the means to innovation and that tech
nology is  embodied in capital assets , capital out lays associated with 
innovations may be enormous . U . S .  government pol i cy in the field  of 
taxation has been cogni zant of this for at least 25 years , and several 
maj or steps have been taken to improve the profitabi l ity of investment 
in depreciab l e  assets other than structures and to increase business 
cash flow . In 1 954 the Congress  permitted the use of such accelerated 
methods of depreciation as double  decl ining balance and sum of the 
year ' s  digits ;  in 1 962  the inves tment tax credit was introduced , at a 
rate of 1 percent , increased to 1 0  percent in 1976 ; and new shorter 
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l ives for depreciation were introduced in 1 962 and further l iberal i zed 
in 1971  with the adoption of the "asset depreciation range" approach to 
depreciation . Taken together , these changes in the tax treatment of 
business  capital assets now provide some $ 50 b i l l ion a year in addi
tional cash flow to  American enterprises , approximately equivalent to  a 
drop of 40 percent in the federal corporate income tax . And this is  
exclusive of recent reductions in  the tax rate itsel f .  

There i s  now much discussion , in  Congress , in  the administration , 
and in bus ines s  and academic circles of the need for further tax help 
for the suppl y  of  investable  funds . A strong candidate for enactment 
is the "3-5 - 1 0" b il l . It would permit vehicles  to be depreciated in 
three years , machinery and equipment in five , and structures in 1 0  
years . That such a measure would encourage and fac i l itate innovation 
is undoubtedly true . But what is not clear is whether or not it would  
be efficient pub l i c  pol icy . 

With respect to transportat ion , the current picture for much of 
that sector is such as to suggest that tax conces sions are not the 
answer . Few rai lroads now pay appreciab l e  amounts of federal income 
tax , so that additional depreciation allowances ,  i f  made avai l able  and 
if taken , would serve only to increase  accounting losses . Two of the 
big three auto firms wi l l  report huge losses for domestic operations 
in 1979 , and the outlook for al l three for 1 980 i s  bleak . Thus , 
depreciation that i s  too l iberal i zed i s  certainly  not l ikely to be 
helpful here in the near-term future . On the other hand , other segments 
of  the transportation sector continue to be profitab l e ,  including air
l ines , trucking , pipel ines , and their suppl iers of  equipment and other 
cap ital goods . And for these ,  o f  course , l iberal i zed depreciation would 
be helpful . 

More important , in general , however , is  the question of  whether the 
tax route is the most appropriate , most effective means of achieving the 
goal of stimul ating innovative activity in transportation . For the 
reason j ust suggested it is quite obviously not useful to some of the 
maj or parts of this  sector , and it may not be the most desirable  approach 
for any part of it . Thi s  fol lows , in part , from the fact that accel era
ted depreciation , the investment credit ,  and across-the-board tax cuts 
are not and cannot readily be designed to be directly  related to innova
tion . That is to say that the same tax break is  afforded to the firm 
that acquires more of the same old  machinery to produce , using the same 
methods , the same old products ,  as i s  afforded to the firm that acquires 
machinery that embodies a revolutionary new technological breakthrough . 
Thus one may expect that for each dol lar o f  tax concession that facil i 
tates innovation there may b e  several that do not . Apart even from 
innovation ,  i t  i s  not c lear that tax pol icy of the kind now widely 
advocated i s  very e ffective in stimulating investment . A number of 
surveys and econometric studies conducted in recent years suggest that 
each dol l ar of reveue foregone through the investment credit and acce
l erated depreciation tends to be associated with anywhere from some
thing less  than a dol l ar to a l ittl e  more than a dol lar of new invest
ment . At this rate the Treasury would seem to be getting a rather poor 
bargain- -certainly if the revenue cost were to be compared with the 
volume of new investment represent ing innovat ive change . 
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It  seems to me that we have gone to the same old  wel l  to often with 
too l itt le  to show for our efforts .  Surely the fact that virtua l l y  no 
one concedes that either our investment or our innovation needs have 
been met through tax pol icy measures of the past must suggest that some 
innovative thinking i s  needed at l east as much in thi s area as in any 
other . The answer may be found in the form of grants tai lored to pro
vide the needed reward system for innovation of  al l kinds , whether or 
not they involve capital formation . But before new public  funds are 
committed to this  endeavor , in any - form , we should be reasonably  sure 
that we have made a strong , intell igent effort to remove the immeasura
ble  institutional barriers to innovation that Gel lman and others have 
pointed up so wel l . 
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PROCUREMENT AND INDEPENDENT RESEARCH AND DEVELOPMENT 

REMARKS 

BY 

ALLEN E .  PUCKETI 

Our panel is concerned with independent research and development ( IR&D) 
and procurement . I take that to mean government procurement . I am not 
sure about al l the connections between that topic and the field  of trans
portation , but we wi l l  explore that in our pane l meet ing . 

I R&D generally ,  in the industrial world ,  means that element of 
research and development that is  conducted entirely at the init iative of 
the company . I t  may be conducted without respect to any particular 
contract support or orders from the government , from other companies , or 
from other customers , and it  is  a research and development component 
determined by management to provide for the future of the company . In 
p lain Engl ish , the purpose of independent research and development is to 
improve old  products , or to develop new products ,  and services , as the 
case may be . It is not directed or control l ed by customers at al l ,  in 
the direct sense . Neverthel ess , properly managed IR&D has a primary 
purpose , and that is to be responsive to customers : to be responsive to 
perceived customer needs and , in many cases , to anticipate customer 
needs or perhaps even in the most important cases to create new customer 
needs . I do not need to go through the long l ist of things in that cate
gory that you al l know as wel l  as I do . 

Some of  the most important real innovations in the country came 
about before a customer need existed . In fact , an important part of 
the innovation process was to create , eventua l l y ,  that demand in the 
customer world . So that is the IR&D rol e .  

How is  it  paid for? In the end , it has to be paid for by our 
customers , i f  one speaks from the industrial point of view . In other 
words , this  fol l ows the old  first l aw of economics : there is no such 
thing as a free lunch . Sooner or later , one way or another , the price 
of al l the I R&D that we do must appear in the price tag of the customer . 

But now , as a pract ical matter , the mechanics of how th is i s  done 
is a matter of accounting procedure . I wi l l  let you in on another 
secret that may be known to many of you . Accounting is not an exact 
science . When I was a much younger engineer , I suppose  I had some 
i l lus ion that accounting was a matter of arithmetic , that the rules 
were quite cl ear , and that everyone , when they had read the book , knew 
how to do their account ing . I t  turns out that that is not true . 

In fact , we have a l ittl e story at our place about a very short 
form method of interviewing appl icants for various categories of j obs . 
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Three very important professions , of course ,  are engineering , l aw and 
accounting . When the engineering appl icant shows up , we ask him , "What 
is the sum of one p lus one?" I f  he says "two , "  he is a pretty good 
engineer , and we hire him . When a lawyer shows up , we ask him ,  "What 
is the sum of one plus one?" If he says , "We l l ,  it al l depends , "  he i s  
a pretty good lawyer , and w e  hire him . Then when the accountant shows 
up , we ask him , "What is one plus one?" and if he says , "What would you 
l ike it to be ?" then he is  a good accountant . 

So the many techniques by which the costs of IR&D are handl ed in the 
accounting procedure are various and wonderful . But essent ial ly ,  IR&D 
in any corporation eventual ly shows up in an account ca l l ed overhead . 

Overhead is  sometimes regarded by governmental authorities as a 
kind of pej orative term . There is the view that overhead is  something 
that we should not have and further , that a measure of your management 
capabi l ity is the si ze of your overhead , and the l ower the overhead , the 
better you are . 

As a side comment , I have to point out that that is  not true . My 
idea of the perfect manufacturing p l ant is  one with about 1 0 , 000 percent 
overhead , because there coul d be one man in there on direct l abor and 
everything e l se could be automated , and that is overhead . But that i s  
a di fferent topic .  

But the point i s  that sooner or l ater al l IR&D charges go into 
overhead . The cost , the overhead account , in some way is al located 
against cost of sales . That is the way the customer pays , eventual ly . 

Put another way , IR&D in any segment of  American industry is  a 
normal cost of  doing bus iness . It  is  an essential part of  maintaining 
the health of the company and of providing for the future of the company . 
It  is  included as a necessary e l ement in the cost  of  sales . It is in 
the price of the product . 

However , the price of  the product may not necessari ly be direct ly 
related to its cost . That is  another matter . But in any event , if  we 
do our account ing properly , the el ement of IR&D is included in the cost 
of sales . 

I wi l l  now switch to the special area of  government procurement . 
Currentl y ,  we have some extra rules . In the case we are considering , in 
these compl ex rel ationships between industry and government in the 
government procurement process , for good reasons the government negot i 
ates with u s  genera l l y  on our overhead rates . That is  not necessari ly 
true if they are buying shoes , buying a catalog item , or buying many 
commercial ly  avai labl e items . However , in the more complex endeavors 
that we are talking about here , the government does negotiate overhead 
rates . In fact , they find it desirable  to negotiate , in particular , 
this little  segment known as IR&D . 

One of  the topics , then , o f  great interest to al l of us who are 
involved in government procurement concerns the rul es , the pol icies , 
and the practices that accompany the negot iation of  that segment of  our 
IR&D that may be legal l y ,  legitimately included in thi s  overhead rate . 
A segment that represents part of the cost of  sales , which in turn we 
are going to al locate to the price of our product . 

The end result is  that the IR&D dol lars a company spends as a normal 
cost of doing bus iness may not be al lowed comp letely in the price of its 
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products to the government . The government i s  sti l l  going to pay in one 
way or other , but it simply does not come out as a fixed , finite part 
of the al lowable  cost . 

Some interesting questions of pol icy are invo lved in thi s  matter of 
government treatment of  IR&D . It  has been a controvers ial topic for 
many years , and I rea l ly do not want to try to give the conc lusions  of 
the panel because I do not know what they are going to be . I do think , 
though , that this is  an appropriate time to bring together some experts 
in thi s  field , on both the government and the industry side ,  and to 
review what it is we have been doing and whether we think it sti l l  makes 
sens e .  

To return t o  the relationship of al l this  t o  transportation , I 
said at the outset that I am not sure whether there real ly is  a connec
tion . I am not an expert in transportation at al l ,  so I come here with 
no preconceived ideas . I did think , though , that I should get some 
feel ing , some perspect ive , on this  vast area that we are talking about- 
the national transportat ion picture . The things I l earned i n  scanning 
the 1977 DOT report on Trends and Choices in transportation- -a  fascina
ting document- - are probab ly wel l  known to you . Some of them were 
certainly a bit surprising to me . 

One of  the speakers mentioned that the transportation industry ,  or 
enterprise , the services , the manufacturing , and the pub l ic users , takes 
up about 20 percent o f  our gross national product . That is  a remarkably 
large number , around $ 600 bil l ion in current terms . I learned that 
about hal f of the GNP fract ion is related to passenger transportation , 
and about hal f  of it  to freight . That was interesting . 

The next thing I learned , and thi s  may be very wel l  known to al l 
of you but i t  was a little  bit of a surprise to me , was that in the 
passenger area , over 90 percent of al l passenger mi les  are provided by 
private automobiles ! It may be over 90 percent depending on how one 
does the cal culations . 

So the remaining 1 0  percent or less  o f  passenger mi les  i s  suppl ied 
by airplane s , buses , rai lroads , and boat s ,  I suppose . To the extent 
that we are interested in passenger transportat ion , the inescapb le  fact 
is  that the automobi l e  total ly dominates the scene . We could  double  
urban mass transportat ion patronage , and it  would hardly affect the 
nature of automobi l e  transportat ion at al l . At l east , that is the pre
l iminary fee l ing I get . 

Transportation is  a big business . There is  a great amount of 
l everage in automotive transportation ; an enormous industry i s  invo lved . 

I then took a look at the Department of Transportation to see what 
our l everage and the interconnect ion are there . The Department of Trans 
portation ' s  budget i s  about $ 1 7  bi l l ion a year . Of that , something 
around $ 1 2  bil l ion is di spensed in the form of grants . A l arge part of 
that is in highways , and another part of it is in urban mass transpor 
tation . So , in that sense the DOT is  real ly j ust a pipe l ine ,  a pas s
through arrangement ,  for thi s money that flows out in some fashion , but 
apparent ly i s  not involved at that l evel , in government procurement . 

Fina l ly ,  I saw the item for R&D . Now , there may be some other 
elements of R&D hidden in the budget that I could not find in a short 
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study , but I wi l l  give the item that I not iced , in bil l ions because we 
started with bi l l ions . We started with $600 bi l l ion for the who le  o f  
transportation . I got down to $ 1 7  bi l l ion for the Department of Trans= 
portation . The R&D segment i s  about $0 . 38 bil l ion . That is not a very 
big number . 

Just by comparison , the DOD budget component in R&D is  about $ 1 2  
bi l l ion this  year , or something on that order . That is  out o f  a total 
budget of  about $ 1 20 b i l l ion . I t  may not be fair to draw those compari 
sons , but I wi l l  draw them anyway . 

Once again , that rai ses in my mind the real questions regarding 
the rol e  of IR&D , of government procurements , and of government R&D 
general ly with respect to transportat ion .  From the few things I have 
said , it would be very tempting to draw the conc lus ion that the rela
tionship is  somewhere between sma l l  and zero , but that is  probably  not 
ri ght . I want to take a more pos it ive approach to encourage the pane l .  

The one thing that i s  overwhe lmingly true about IR&D anywhere ,  in 
any industry in the United States , is the enormous l everage that it has 
on the future of the company , of the country , of the economy , and of  
the state of the industry . The leverage is  tremendous , and therefore , 
even attention to smal l numbers and faint connections may have real 
value . 

It  may be that innovation , and , of  course , here I am thinking 
particularly of the technical aspect of it , may depend much more on 
factors in the private sector , but the stimulus o f  the government ' s  
interest in !R&D - - interest or the lack of  it , as the case may be- -does 
in turn have an effect on industry , general ly .  That is  part icularly 
true in the high-technoiogy industries , where very often the most  
di fficult  problems that we  attack , the impossible  j obs that we  attempt 
to do , real l y  provide the stimulus or the pressure to create . I am 
distinguishing here from innovation .  I mean the stimulus to create , to 
invent , and to conceive the new solutions that open the door to many 
appl ications that were not init ial ly  in mind . 

So the leverage i s  there , and the connection is  there , and I think 
we have an interesting opportunity to explore it in this  panel .  

A V IEW OF U . S .  GOVERNMENT CONTRACTING POLIC IES 
AS THEY RELATE TO THE SUPPORT OF INNOVATION 

BY 

WI LLIAM L .  RODENBAUGH AND 
W . B .  G IST 

INTRODUCTION 

The dictionary tel l s  us that an innovation i s  the making of a change in 
something estab l i shed . The change is  usual ly understood to be the bring
ing in of  new ideas , methods , or devices . Innovations in commercial 
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and industrial establishments are mostly  analogous to the biological 
process of evolutionary change through mutation , though l ess  frequent 
revolutionary changes do occur . Market pressures are normally  adequate 
to motivate , devel op , and insure the survival of  the fittest innovations 
provided that they are intial ly  seen as sufficientl y  advantageous to 
outweigh the risks and inconveniences of change by both the suppl i er and 
the user . Our concern here is with those exceptional s ituations in the 
transportation industries in whi ch these market pressures are inadequate 
or inappropriate to provide innovative improvements at a pace perceived 
to be required by the pub l ic interest . 

The National Transportation System is  a classical ly mature esta
blishment with formidab l e  "risks and incoveniences" to both the suppl ier 
and the user of any change . Consider the rai l roads . There is  l ittl e  
potential for market growth o r  penetration by outsiders . We l l -developed 
and inflexibl e  systems are estab l ished with an entrenched industrial 
base . Restrict ive regulations and equipment standards abound . The 
l abor force has the demonstrated power to negate the benefits o f  labor
saving innovations . Regulated tariffs and costs  not entirely under the 
control of management have kept profits too low to support an adequate 
R&D base . The cost and risk of any change in this  system discourage 
the adoption o f  any but the most modest evolutionary innovations and 
provides l ittl e  incentive for innovative effort on the part of equip
ment suppliers or users . 

The l evel of  maturity and stagnat ion attained by the nation ' s  
rai lroads is  unique , but most of the industries affected by the Depart
ment of  Transportation have some of the innovation-stifl ing characteris
tics of  the rail roads . The air transportation system i s  at the other 
end of the spectrum among revenue carriers , but even here , the s i gns of 
encroaching maturity are evident . 

The government has several vital rol es to play if innovation in 
these systems is  to be encouraged : 

1 .  Providing directions or goals  for innovators based on a l ong
range overview of societal /economic needs . 

2 .  Augmenting the commercial incentives for innovative effort 
(and e l iminating disincentives ) .  

3 .  Overcoming or el iminating regulatory and institutional road
blocks . 

4 .  Aiding in the capitali zation of innovative experiments and 
systems . 
Inventiveness and genius for innovation can be discovered almost any
where ; it  is  assumed that the l ikel ihood that it wil l  be discovered is 
proportional to the number of  potential sources attracted and enl isted 
in the effort to so lve any particular prohl em .  The l ikel ihood that any 
given innovation wi l l  be abl e  to ful fi l l  the purpose  for which it is  
intended is  probably  enhanced i f  the innovator has appropriate ski l l s  
and knowl edge and fac i l ities t o  apply to the probl em solution . 

Procurement pol icies are conceived not only for the purpose of 
estab l ishing orderl iness and consistency in the admini strative procedures 
for managing the purchase of commodities from vendors with prudence and 
wisdom (as is  suggested by the dictionary ' s  definition of the word 
pol icy) . They also serve as instruments for accomp l i shing socia l , 
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environmental , and economic goal s  of  the Congres s  and the administrat ion 
that are not necessari ly re lated to the qual ity of the end product . 
Inevitably ,  they are a factor influencing the responsivenes s  of  commer
cial firms and universities , which could  be l eading sources of  innova
t ions sought by the government for the purposes of improving national 
transportation systems . 

Thi s  paper wi l l  reflect on the existing procurement pol icies of  the 
government and how they might be viewed by potential  supp l i ers of inno
vative concepts , s tudies , developments ,  and products as providing either 
incentives or disincentives for applying their talents and resources to 
government -contracted programs . 

HOW FEDERAL PROCUREMENT POLIC IES ARE VIEWED BY 
POTENTIAL INNOVATIVE CONTRACTORS . 

One of the ways in which the government can give directions to and pro
vide incentives for innovative efforts  i s  through improvement of  
federal procurement po l icies and practices , especial ly in  regard to 
research and development efforts undertaken by industry in support of  
government obj ect ives . These pol icies are continual ly being changed to 
meet newly perceived needs of the government as a customer and as a 
guardian of  the right s and a dispenser of the benefi ts for every segment 
of the popul ation and of the economy . It sometimes happens that the 
po l icies adopted turn out to be counterproductive with respect to obtain
ing the best that industry could provide in the way of  innovative contri 
butions . The very immensity of federal expenditures and the correspond
ingly heavy stewardship responsibil ities of both the executive and the 
l egi s l ative bodies dictate that procedures designed to protect the 
pub l ic treasury be extremely  complex with provisions that are sometimes 
onerous to contractors . 

Some of  the dis incentives in government procurement pol icies stem 
from the government ' s  l audable  obj ective of maintaining multipl e compe
titive sources for a particular service or product . When this  obj ective 
is sought by applying such devices as a confl ict of interest c l ause to 
minimi ze the competitive advantage gained by a particular contractor 
from work performed on a prior government study contract , the result 
tends to discourage early competitive participation and thus inhibit 
innovative effort . 

Other problems stem from the government ' s  l egitimate des ire to 
get ful l value from government contracts : services and products that 
meet the government ' s  qual ity expectations and current ly perceived needs 
(which frequently change during the performance of long-term government 
contract s ) , with on-t ime del ivery and no cost overrun . These obj ectives 
have led to intrusion into the contractor ' s  customary managerial func
tions and prerogatives by government inspectors , auditors , and reviewers . 
This adds s ignificant ly  to administrative and clerical costs incurred 
by a firm and l imits the abi l ity of company management to coytrol speci 
fications and costs within the original ly contracted values . 

1 Counci l of  Defense and Space Industry Associat ions (CODS IA) , " Study 
Costs Unique to Government Contracting , "  December 8 ,  1 97 1 . 
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These practices , plus the need to minimi ze procurement costs  when 
effect ive competition i s  l acking or when a unique product or service is 
single-sourced , cause most government procurement s to be negot iated with 
a cost -based price . This invokes a fundamental issue of how much mar
gin to al low for profit and reinvestment by the company . Company re
investments of margin into company-selected and company-managed research 
and deve lopment for the purpose of maintaining or enhancing the future 
competitiveness of  the company are thus subj ected to separate identifi 
cation and audit as cost elements by the government . This  element of 
cost has been l abeled independent research and development ( IR&D) by 
some government agencies , and its al lowance has become a pol itical  
issue . 

The remainder of thi s paper wi l l  enlarge upon the re lationship of 
these procurement pol i cies to the interest s of potential contractors 
in government - sponsored programs , leading to recommendations that would 
stimulate participation by university and industry innovators . 

Setting Goal s  

I n  providing a direction for innovative research and development , the 
government must be careful to identi fy the prob lem precisely (and not 
attempt to specify the solution) in order to obtain most effect ive ap
plication of the independent inventive genius of industry and academia .  
Good prob l em solut ions are not always apparent without some exploratory 
research and evaluation .  Contracted studies to aid in the proces s of 
winnowing the good ideas from the rest should be obtained from qua l i fied 
researchers with applicable  knowledge , ski l l s , and technology . The 
Department of Energy has recent ly  imposed a pol icy that exc ludes the 
best-qual i fied firms from participation in techni cal evaluation and 
consulting services on the bas is  of  a confl ict of interests . This  
organizational confl ict of  interest po licy is being considered by 
other government agencies . Most firms in industry engage in R&D activi
ties only  as a means of obtaining a competitive advantage in their 
future products  or technical capabil ities . This  confl ict of  interest 
pol icy can be a strong deterrent to their participat ion in a process 
where they have much to offer and where the most significant decis ions 
on potent ial innovat ive opportunities are frequently  made . The govern
ment bel ieves that participants in early studies leading to a product 
development or procurement wil l  obtain a compet itive advantage over 
nonparticipants .  Why e l se would a firm of innovators risk the dis
closure of  its good ideas to potential competitors during the course of 
such pre l iminary evaluations?  

The government al so seeks to  avo id biased assessments of alterna
tive approaches by this  proposed po licy , but biases can be discerned and 
al lowed far more readi ly than incompetence and lack of real ism .  
Para l l e l  competitive studies by firms with a vital interest i n  the 
resul ts may be a better means of providing balance . 
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Providing Incentives (and E l iminat ing Di sincentives)  for Innovat ion 
Participation 

I t is in augmenting the commercial incent ives for innovative effort that 
the government ' s  procurement po l icies have the most impact . DOD has 
successful ly  encouraged dramatic innovations in mi l itary systems through 
farsighted pol icies on R&D procurement , inc luding direct ly  funded in
dustrial R&D , and NASA has had simi lar success  with simi lar po lici es in 
both space and aeronautics . Commercial spin-offs from the DOD and the 
NASA-sponsored innovations have provided benefits  to the nation far 
beyond the original obj ectives of these agenices and far beyond the 
leve l that would  have resulted from commercial incentives alone . 

The complexity of the federal procurement pol icies is  such that the 
sheer volume and the administrative costs assoc iated wi th keeping 
abreast wi l l  deter some commercial entrepreneurs from becoming involved 
with government business .  

Some of  the maj or di fferences between commercial business and 
bus iness under government contracts are as fol lows : 

1 .  In  the government marketplace , there are no permanent commit 
ment s - -the government order that a bus iness  receives is  incremental ly 
funded and , if performance is to be carried out over several years , is  
subj ect to annual congressional program review as  wel l  as  continuous 
reviews by several l ayers of "yes/no" decision makers who can decide to 
scrap a program or alter it s direction after it has started . The 
company new to government bus iness  wi l l  find such potent ial program 
vagaries accommodated in its contract with special terms and conditions , 
e . g . , termination for convenience , l imitation of  government obl igation , 
and changes . In the commercial marketplace , the usual pattern is for the 
sel l er to carry out performance and del ivery as ordered by the customer 
with a reasonab le  certainty of contract continuity as agreed by the 
parties at contract signing . 

2 .  After selection of  a suppl ier through examination of  h i s  pro 
duct and his  speci fications for a potential product , the commercial 
purchaser places an order and expects the suppl ier to manage his own 
business  to assure contract performance . Except for spec ific and 
agreed-to contract provi s ions , the Uni form Commercial Code governs the 
transaction or its outcome in the event of dispute . The government 
purchaser instead wi l l  impose his  own standards for such fundamental 
business activities as quality control , production contro l ,  and sub 
contract purchase routing , in "courts" ( Board of  Contract Appeal s )  using 
federal  l aw/regulations- -Armed Services Procurement Regulations , 
Federal Procurement Regulations , NASA Procurement Regulations 
(ASPR/FPR/NASAPR) . I f  the government contract i s  negot iated , the 
supp l ier is a l so subj ect to the rigid cost contro l /financial system 
discip l ines encompassed in the cost accounting standards and the cost 
(4is ) al lowance criteria in section 15 of the ASPR . To compete for a nego
tiated contract with the 'overnment , the potential supp l i er must 
furnish cost proj ections 1n extensive detai l and prov1ae government 
auditors with access to the supporting documentation ror all  direct 
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and indirect cost . 2 After completion of the financial audit and 
several surveys of the business , e . g . , purchasing , production , and tech
nical , the give and take of the negot iation process is initiated , in 
whi ch the government ' s  obj ect ive seems to be to obtain the lowest pos si
ble  (not probable) cost  to  which a statutory or  regulatory ( low) profit 
rate is  app l i ed .  These  regulations are imposed as wel l  on the winner 
of the contract and affect each subsequent change negotiation . At 
frequent interva l s  during performance , business reviewers are sent to 
the suppl ier ' s  plant , or for larger , longer- term contracts ,  they wi l l  
be resident in the place o f  bus iness o f  the suppl ier a s  a permanent 
staff of  auditors , inspectors ,  and reviewers . 

3 .  In addition to the aforementioned imposition of government 
control s  on the "bus iness" aspects of  the enterprise , the would-be 
government suppl ier must be aware of the di fference he may expect from 
commercial practices  due to the impact of  the technical and product 
acceptance criteria used in most government procurements . Commercial 
customers expect to receive and wi l l  inspect and accept a product in 
accordance with agreed-upon practical speci ficat ions -performance 
criteria .  Expres s  warrantees define the supp l i er ' s  after-del ivery 
responsibil ities . Because the government accepts greater after-del ivery 
respons ibi l ity for the product , the suppl i er to the government usual ly 
finds that his contract not only defines what he is to del iver and how 
it wi l l  be inspected and accepted , but a lso wil l  control many of his  
technical and manufacturing act ivities : the sources for certain mater
ials  and component parts , the in-process inspection techniques , the 
abi l ity to change the physical configuration of internal parts , the 
drafting pract ices , and more . I f  disagreements arise , the supp l ier ' s 
recourse is  first through one of the government ' s administrat ive Boards 
of Contract Appeal s  and not through the courts suppl iers use in most 
commercial disputes . 

4 .  Another difference between commercial and government busines s 
is  in the area of  rights in technical data .  Commercial purchasers of  
goods and services rarely  expect any form of data rights as  a condition 
of purchase ; in the special cases in which such rights are sought com
mercia l l y ,  l icense arrangements providing for special compensation are 
the usual approach . Contrary to the commercial approach , the govern
ment usually  seeks to obtain the rights to make or have made for its 
own use any product (or its  parts needed for repairs ) deve loped or 
modified under a government contract . Before entering into a contract , 
which may j eopard i ze any patent protect ion , know-how , or unique process 
the business may have developed on its  own prior to a government con
tract , the prudent commerci al busines sman wi l l  obtain counsel from a 
competent legal authority special i zing in government contracting as to 
those precontract technical rights that may flow to the government as 
a result of the contract . 

2 CODSIA identi fied 1 7  di fferent types of  audits and revi ews for which 
there are no comparable commercial work costs or whi ch exceed s imi l ar 
types of  costs on commercial  bus iness  in their "Study of  Costs  Unique 
to Government Contracting , "  December 8 ,  1971 . 
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On the other hand , government contracts have a number of advantages 
over normal commercial  contracts that make them very attractive . Govern
ment contracts may provide for special financing arrangements , i . e . , 
progress  payments , without cost or price concessions from the suppl ier . 
This  is  especial ly helpful  when a research and development program 
requires many years or imposes l arge costs . Al so , whi l e  government 
contractors may be concerned about abrupt contract terminations , they 
need not be concerned about the purchaser ' s  bankruptcy . Most  important
ly ,  the results  o f  technical effort s supporte1 by government development 
funds may be introduced into the commercial  products of the busines s  to 
enhance their competitive value or lower their costs . The additional 
vo lume of  a government contract may a l so improve the uti l i zation of 
fixed investment through lowering the costs on a continuing commercial 
business . 

Perhaps the most  wide ly debated issue of federal procurement pol icy 
i s  the propriety of  compensating contractors for the independent research 
and development that they conduct in order to retain or enhance their 
future competitive capabi l ity .  In dynamic and competitively innovative 
industries , research and development is essential  to cont inued survival . 
In these industries a company must consider reinvestment of margin into 
research leading to the development of future products or new markets 
as part of the cost of doing business .  Margins must be maintained high 
enough to provide for thi s  reinvestment , but at the same time prices 
must remain competitive on current products .  Thus the managements of  
these firms are forced to use  great care in  deciding how much effort to 
apply and in select ing research activities with a potential payoff . 
Such decisions are "the most difficult ,  and in the long term , most  
signi ficant deci sions of  management in  any enterprise , because in  no 
other way does a company put its future on the l ine to the degree that 
it does in making such determinat ions . " 3 

Thi s  internal discipl ine for assuring reasonableness  and appro
priateness of  R&D based on long-term competitiveness of  products as wel l  
as short -term competitiveness of prices works very wel l  under most cir
cumstances . 

But when e ffective competition is  l acking or when a so le- source 
procurement is necessary owing to uniqueness  of a product or service , 
prices o f  government purchases are negotiated on the bas is  of  actual 
cost plus a "reasonab l e" profit . In negotiated government procurements 
the amount of profit must not exceed speci fi ed statutory l imits , and 
contract negotiators usual ly sett l e  for profits s ign i ficantly bel ow the 
statutory l imits and be low commercial profit level s  achieved after re
investment in independent research and deve lopment . Thus , if  a l lowed 
at al l ,  the I R&D reinvestment must be treated as a negotiab l e  and 
auditable  cost  along with a l l  other costs , and as such the government 
must be satisfied as to the reasonableness  of the leve l of this  co st 
and the appropriateness  or rel evance of the activity in relation to the 

3 ·  AIAA , "Recommendations to the Domestic Policy Review o f  Industrial 
Innovation , "  AIA , Februal.-y 2 ,  1 979 . 
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government ' s  interest s .  (Independent Res earch and Development , or IR&D , 
i s  a term devised by the Department of Defense and us ed by federal 
agenci es to identi fy a contractor ' s bas i c  and app l ied res earch , devel op
ment , and concept formul ation s tudies performed under ci rcumstances 
other than a government - spons ored arrangement s uch as a contract or 
grant . ) 

The Department of Defense has evol ved an el aboratf procedure for 
control l ing I R&D cos ts recoverab le on their contracts . The pro cedure 
invol ves prenegot iation of al l o wabl e  dol l ar cei l i ngs ( i f  the contrac
tor ' s prior-ygar "payments" for I R&D p l us b i d  and propos a l  (B&P) exceed
ed $ 2  mi l l ion on both I R&D and B&P .  In e s tabl i shing the cei l ing the 
government takes into considerat i on a techni cal eval uation of the pro
posed I R&D p roj ects and the potential mi l i tary rel atio nship of the 
proj ects . The cei l ing al mos t always i s  be l ow the actual IR&D and B&P 
expendi tures of the company . Subj ect to progress revi ews and reports 
and audits of al l proj ects inc l uded under the cei l in g ,  the government 
al l ows on ly a s hare proporti onal to t he rat i o  of DOD s a l es to the 
total sales of the company to be recovered in the pri ce of products 
sol d to DOD during the ye ar covered by the agreement .  

These pol i cies on IR&D reimbursement have apparentl y b een an out
standing bargain for t he DOD . In 1 975 , Di rector of Defens e Res earch 
and Engineering Mal colm R .  Currie stated i n  co ngres s i ona l tes timony 
that, " In 1974 , on t he average , 92 percent of al l. IR&D proj ects were 
direct ly re l e vant to DOD interes ts whi l e, on the average ,  DOD pai d for 
on l y  39 percent of the IR&D e ffort incurred. For this dis counted pay
ment , the government i s  ab l e  to maintain the mos t advanced technol ogy 
and i nnovati ve systems in the wo rld . " 

Industry regrets t hat the government has e l ected to put many 
res traints on IR&D . The Aerospace Indus tri es Ass oci ati on of America 
(AIAA) has stated to t he Domesti c  Pol i cy Revi ew of Indus trial Innova
tion that : 

I t  i s  to governmen t ' s advantage t o  preserve the i ndepe ndent 
nature of a contractor ' s research and devel opment effort . 
Independence permi ts a firm to apply i ts resources to thos e 
technol og ies and programs i n  which its capab i l i ti es are hi gh
e s t  and whi ch ,  therefore , wi l l  provide greates t benefi ts to 
both firm and customer .  

Government control that inhibits the fl exibil ity of 
indus try to respond to the changing market envi ronment is 
c l earl y an adve�se infl uence . It makes government partly 
responsible for the success or fai l ure of indus try and pre
sumes that government pos sesses s ome sort of omni s cience 
that has never been demonstrated . 

4 Defense Procurement Circul ar ( DPC) 90 , effecti ve , January 1 ,  1 972 . 

5 F or compani e s  not requi red to negoti ate advance agreements , a l l owab l e  
I R&D and B&P costs are determined b y  us ing a formul a bas ed o n  previ ous 
years ' cos ts and sales . 
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The present governmental method of recogn1z1ng IR&D 
costs may restrict the amount of  IR&D costs which can be 
recovered under a company ' s  government contract s .  Under 
Pub l i c  Law 9 1 -44 1 , only those proj ects cons idered by DOD to 
have potential mi l itary re lationship are considered for cost 
recovery- -and then only within a ceil ing estab l i shed by 
negotiation or formul a ,  depending upon the company ' s  previ
ous recovery of  IR&D costs . 

Wh i l e  industry has l earned how to comp ly with these 
restrictions , there are serious drawbacks in the present 
method . The bas ic concern is that the method real ly does 
not recogni ze I R&D as a legitimate cost  of doing bus ines s ;  
it  impl ies that IR&D is  dispensab l e  when i t  i s  not . 

The price of  every company ' s  products shoul d  properly 
include the company ' s  proper cost of  doing bus ines s and 
each customer should pay its  fair share of that cost . As 
a customer , the government is neither buying IR&D as a 
commodity , nor is  it  supporting or subsidi z ing IR&D ; instead , 
it  is  buying goods or serv!ces , the prices of  which should 
contain a proportionate al locable  share of al l indirect costs . 
Legis lat ion under which the government enj oys a preferred 
position , free of the obl igation to pay a pro-rata share , un
fairly discriminates against other customers . It  is particular
ly unfair when the government is in a position to influence 
l egis lat ion to its  own advantage . 

To the extent that government refuses to recognize  
such costs in  its prices , government receives an  un
warranted discount on its  purchase .  To the extent that 
government does not pay , the burden is shi fted to the 
stockhol der in terms of reduced return on investments ; or 
where the company al so produces for the commercial market , 
the extra burden may result  in higher prices for the con
suming pub l ic , thereby weakening the company ' s  compet i 
tive position i n  the market . The company i s  thus persuad
ed , often even forced , to shi ft away from government 
business ,  because the return on investment is  not compara
b l e  with the return from other markets . 
IR&D contro l s , s imi lar to those used by DOD , are empl oyed by NASA , 

DOE , EPA , and some DOT agencies , but some other agencies al low no 
recovery of IR&D expenses . At the very least , the government should 
standardize  I R&D recovery regul ation for all  agencies and a l l ow govern
ment-wide rel evancy tests . For instance , IR&D relevant to DOT interests 
should  be al lowed under cei l ings estab l i shed by DOD and all other govern
ment agencies , and it shoul d  be recoverab l e  on al l government contracts 
performed by the company . 

CONCLUS ION AND SUMMARY OF RECOMMENDATIONS 

The government has important rol es to play in fostering innovation in the 
nat ion ' s  transportation systems due to the l imited incentives and 
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disproportionate risks that stifle  commercial ly  mot ivated innovative 
efforts ,  particularly in the federal ly regulated transportation systems . 
In providing guidance and direction for innovators and in augmenting �
commercial incentives to attract innovat ive entrepreneurs , the govern
ment ' s  procurement pol icies can be either a positive or a negative fac
tor . I t  is  in the government ' s  interest to obtain the act ive appl ica
tion of the country ' s  best industrial and academic knowledge , ski l l s , 
and ideas to the nation ' s  perceived transportation probl ems . Toward 
this end , implementation of  the fol l owing recommendations could  make a 
significant contribution . They are operable  within the confines of  the 
need to use cost-based price contracting . 

RECOMMENDAT IONS 

The government should do as fol lows : 
1 .  Provide directions or goal s for innovators based on a long

range overview of societal and economic needs . 
2 .  Rely  on paral lel  exploratory and feasibi l ity evaluations and 

assessments in estab l i shing innovative goal s  and potential probl em solu
tions . The organi zations contracted for thi s  effort should include 
firms with app l i cable skil l s  and knowl edge in the fie ld . These firms 
should not be prohibited from any fol low-on development or production 
opportunities . 

3 .  Strive to simpl ify and standardi ze the procurement regulat ions 
used by various government agencies with the goal o f  minimi z ing non
productive management/admini strative burdens upon the contractor and 
unwarranted cost  to the government . 

4 .  Ful ly compensate contractors for al l overhead expenses incurred 
due to government- imposed contract management requirements .  

5 .  Ful ly compensate contractors for intel lectual property acquired 
by the government , and only those  properties necessary to protect the 
legitimate needs of the government should be acquired . 

6 .  Recogni ze that IR&D is  a legitimate cost of  doing bus iness and 
that its cost shoul d  be recovered in the prices of  the company ' s  goods 
and services . 6 

7 .  Provide that I R&D be truly independent as regards the performer ' s  
choice and execution . 

6 Recommendations 6 and 7 are sel ected from those made by the AIAA to 
the Domestic Policy Review of Industrial Innovation .  
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D ISCUSSANT ' S  COMMENTSl 

BY 

JAMES E .  CARPENTER 

I can o ffer no specific criticism of  the paper . I certainly agree that 
such issues  as confl ict of interest , the recognit ion of differences 
between commercial and government business , rights to technical data and 
intel lectual property , and the treatment of Independent Research and 
Development/Budgets and Programs ( IR&D/ B&P) are signi ficant and should 
be addressed by the panel . Particul ar emphas is  should be given to IR&D ; 
i f  any procurement issue needs clarificat ion and needs to be pl aced in 
the proper .perspective , that is the one . Such indirect costs  must be 
recogni zed as a legitimate cost of doing business , the existing DOD 
relevancy requirement needs reexaminat ion , and the crit ics should recog
nize that such activities have averaged only 3 1/2 to 4 percent of  costs 
over the past several years . Several elements of overhead are much 
larger and , in many cases , less  productive . Some crit icism of IR&D/ B&P 
might be val id and merit discussion by the panel . First , there i s  some 
concern that the present procedures discriminate against smal l firms in 
particular and any firm attempting to enter the government marketpl ace 
for the first t ime . Second , some data indicate that R&D activities con
centrate on the downstream , heavy development end of the spectrum rather 
than on the early-research , concept formul at ion phases . I s  this good or 
bad? One final point regarding the paper : The suggested recommenda
t ions sound very much l ike OMB C ircular A - 1 09 ,  and this  should be 
acknowl edged . It should  also be made clear that the Office of Federal 
Procurement Pol icy (OFPP) in OMB (responsible for the development and 
implementation of A-1 09)  has ongo ing act ivit ies directed toward the 
resolut ion of many of the i ssues high l ighted in the paper . The present 
status of these OFPP initiatives should be made available  to the panel . 

The pane l ' s  charter is to examine and make recommendat ions on 
issues that relate to the package of and interre lationships among 
procurement , IR&D , innovation , and transportation . To place these four 
elements in a context suitab l e  for a meaningful discussion ,  I would 
suggest  the fol lowing approach . 

The federal  government support of  R&D and innovat ion usual ly fal l s  
within one of  three main categories of  rationale : ( 1 )  support of  the 
nation ' s  techno logy base (basic research , special fac i l it ies , etc . ) ; 
(2 )  the development of new products or services to be used by the sup
porting agency (DOD , NASA) ; or (3)  the development of new products or 
services for pub l i c  consumption (DOE , DOT ,  etc . ) . By the inclusion of  

1 The views expressed in this discussion paper are those of  the author 
and do not necessari ly reflect the official pos ition of the National 
Science Foundation . 
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transportation as a specific in the pane l ' s  charter , our focus should 
be on item (3) , which is  the issue of commercial i zation to meet civi l 
agency missions . 

I f  this premise is  accepted , the fol lowing agenda items seem appro
priate for panel discuss ion , analysis , and resolut ion : 

1 .  The general problem of commercial ization is  a very recent and 
growing issue in the science and technology po licy area . Some studies 
have been completed , and many are now in progress . I t  is  becoming 
apparent that the innovation process supported by civil  agencies is 
much different from that successful ly experienced by those agencies 
concerned only with obtaining products and services for their own use . 
One of the reasons for this di fficulty is  cited in Larry Goldmunt z ' s  
paper prepared for another workshop pane l . 

The user i s  not the buyer , the buyer doesn ' t  pay for it , 
the payer usually  doesn ' t  buy it or use it , the operator 
is a professional who doesn ' t  use it , pay for it , or buy 
it . 
A second probl em area was addressed by the Charpie Task Force 

Report to the Department of Energy , February 1978 . 
I f  DOE ' s  obj ective is  commerciali zat ion , it should be 
heavily staffed with entrepreneurs rather than technocrats ,  
R&D managers and their economic advisors . An analys is of 
DOE ' s  roster of several hundred R&D execut ives reveal ed 
that only e leven had commercialization experience . As an 
exampl e ,  the Task Force observed that most  DOE contracts 
were overmanaged , and were therefore much more expensive 
to the pub l ic than they need have been . 
The pane l should be cogni zant of the fact that many of  the experi 

ences learned in the DOD/NASA-type marketplace may not be useful for 
transportation commercial ization . Notwithstanding the above , there may 
be e lements of  procurement pract ices , if  properly appl ied , that could 
be helpful . Included might be OMS Circular A- 1 09 , treatment of  IR&D/ 
B&P , patents , background data rights , unsol icited proposal s ,  and others . 
As l ong as the marketpl ace differences are recogni zed , the panel could 
conceivably develop worthwhi l e  recommendations in the commercia l i zation 
area . 

2 .  The impl ementation of  "The Federal Grant and Cooperative Agree
ment Act of 1 977" (PL 95- 224)  could have a mj or impact on commercial iza
t ion by civi l agencies . A maj or mechanism for dispensing DOT funds is 
by grants to state and local governments .  They , in turn , contract with 
the private sector for goods and services . A second mode is  by con
tracting directly with the private sector , usual ly for demonstrat ion
type proj ects . According to PL 95-224 , some changes may be required in 
the mechanism for fund trans fer . For exampl e ,  if the cooperative agree
ment is ut i l i zed for demonstration programs , there may be changes in 
such procurement-re l ated issues as patents , IR&D , cost sharing , profits , 
background data right s , etc . The panel should recogni ze the difference 
between acquis i t ion and assistance and the impact of the ass istance mode 
on innovation in transportation . 

3 .  Much of  the direct commercial i zat ion activities of the civi l 
agencies has been via demonstration programs . Overal l ,  the results  have 
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been poor . The DOT experience should be reviewed by the panel to deter
mine reasons for fai lure and to as sess poss ibly  the merits of  the 
demonstrat ion approach and perhaps changes in procurement procedures 
that might result in improving the chances of program success . 

4 .  The Department of Commerce has recent ly compl eted a Domestic 
Pol icy Review (DPR) on industrial innovat ion . The final report of 
this  study is now being reviewed at the highest levels  within the ad
mini stration .  I t  i s  not known at thi s t ime which o f  the DPR recommenda
tions , i f  any , wi l l  be supported by the pres ident for implementat ion . 
However , a panel review of the industry inputs to the study may be worth
whi l e ,  s ince many of these inputs relate to procurement , IR&D , and inno
vation . 

5 .  Several of  the papers submitted to the workshop panel s high
l ighted the possibi l ity that a maj or cause of DOT difficulties  may be 
organi zat ion . For example , and again I quote from Larry Go ldmunt z ' s  
paper : 

There is  no pol itical stab i l ity in DOT . There have been 
five secretaries of transportation in 10 years , as wel l  as 
five UMTA administrators . Not one of these rose through the 
ranks , a s ign of a badly  managed enterprise . Each secretary 
tended to reverse the po l icies of his  predeces sor . Volpe 
wanted to mandate air bags , Brinegar fel t  the decision 
should be left to the private sector , Col eman wanted to test 
air bags , Adams mandated air bags , and now we have Goldschmidt . 
Volpe wanted to mandate Transbus , Brinegar wanted to l eave 
it to the transit operators , Col eman selected Transbus para
meters acceptab l e  to operators and manufacturers , Adams man
dated more stringent parameters , and operators and manufac
turers "got off the bus . "  
Another organi zat ion concern ,  probably more appropriate for panel 

considerat ion , is  the fact that there i s  no single  office at the 
assistant secretary l evel , or above , respons ibl e for the department ' s  
technology program . This  may or may not be a probl em ,  but the exist ing 
organi z at ional structure of the department should  be reviewed by the 
panel to determine if organi zational changes might be helpful in impro
ving the DOT procurement process as it  related to technological innova
tion . 

The above five agenda items are certainly not al l - inclusive and do 
contain some coupl ing between items . Hopeful ly , i f  cons idered by the 
panel , they can serve as a springboard for meaningful panel discussion 
result ing in recommendations to improve the DOT techno logical innovation 
process .  
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.IECHNOLOGY AND R&D POI. IC IES 

TO ST IMULATE INNOVATION 

REMARKS 

BY 

HERBERT D .  BEN INGTON 

The s cope of our panel includes consideration of the overal l federal 
research and development program in transportation and a l so the federal 
pol icies that can affect research and development done in transporta
tion e l sewhere . It  is  not a part of our j ob to look at the individual 
industrial R&D programs and to j udge what they should do in the way of 
technology and R&D . 

I think I real i zed what the general tone about federal R&D was 
going to be when I noticed that thi s  is the first t ime in a meeting such 
as thi s  on innovation that federal R&D shows up as the las� rather than 
the first , panel .  This  is an innovation by the academy in its organi za
tion of the workshop . I suspect it is a harbinger of  the fact that many 
of our panels , including my own , may urge Uncle  Sam to stay out of R&D . 

At the summer planning workshop , I saw thi s  writing on the wal l 
when the discussion kept returning to Robert A .  Charpie ' s  report- - the 
one that he did almost 10 years ago . Several who were present there 
kept emphas i z ing how wel l  it hit the mark . That report , you know , em
phasi zed that the way the federal government could help most was to 
decrease or improve regul ation , to improve taxation , to get better finan
cial and accounting structures and not to do federal ly selected and 
sponsored research and development . 

Then our keynote speaker started out on that theme . He suggested 
that we should use current ideas , which I suppose  means that we do not 
need to develop new ones with federal R&D . Charpie fo llowed right 
through , saying , "The government itse l f  should not be in the innovation 
bus iness . "  Our industrial speaker said that speci fic government action 
i s  not needed . Bil l Saunders gave me some hope when he said government 
action was needed ; but then , l ater on , he said : " I t  is  not a research 
effort at all  that I am talking about . "  I began to think we would have 
a fairly demora l i zed panel , and I thank Al l en Puckett very much for 
saying $0 . 38 bi l l ion for DOT research is  not very much at all . 

But there are , in fact , many very important questions that are 
being raised about how much is the right amount of federal invo lvement 
in R&D in transportation and where it should be spent . 

Court Perkins said in his wel come that he thought we were clever 
to narrow down the probl em and to avoid general i z ing too much abou� 
innovation .  Instead he suggested that we real ly go ahead and look at it  
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in the transportation sett ing . As I have thought about this j ob ,  it 
seems to  me that , in fact , we may not be narrowing down enough . I see 
at least five di fferent sectors of government transportation in which 
we coul d have very different research and development pol icies and very 
di fferent research and devel opment activities . These differences relate 
to something that has been mentioned here · several times , and that i s  
the widely varying federal invo lvement i n  the different aspects of  the 
transportation business .  

In  this  regard , it  seems to me that there is  a spectrum . At one 
end of the spectrum there are organi zat ions l ike the DOD and the Coast 
Guard , and I think that is  the ful l  s et , where al l of the regulation , 
marketpl ace , and use decis ions are made for the most  part within those 
organizat ions . Coordinated efforts are not needed . So there is  a real 
sense of accountabil ity . If you do research and development and i t  
goes n o  pl ace , then you can start t o  figure out why . In these  depart
ments you can find out much more eas i l y  what the operators want , although 
even then it is  tough sometimes . 

At the other end of the spectrum ,  in areas l ike pipel ines and 
barges , so far there has been very l itt l e ,  almost  no , federal involve
ment . We have three sectors in between . One sector involves organi za
t ions l ike NASA and the FAA , who in many ways are their own users ; on 
the other hand , when they are part of a larger system , they have to 
interact with that system .  Certain ly , the FAA traffic control sys tem 
has to work wi th pilots , airpl anes ,  and the air transportation companies . 

Then in the middle  of the spectrum there are causes such as mass 
transit and rai l where the government has a great deal of  economic and 
legal leverage . Al len Puckett mentioned the grants , and , of  course ,  
thi s impl ies that there must be some sense o f  accountabil ity .  

Fina l l y ,  there i s  the automobi l e ,  where the government makes 
virtua l l y  no marketplace decis ions regarding who buys and sel l s  what 
vehicles . On the other hand , they do have a tremendous impact and a 
growing impact through regulation . 

These are the five areas o f interest to us . As our panel considers 
research and development programs and pol icies , we recognize  that this  
i s  quite a broad spectrum , and a sound pol icy in  one of these areas 
could be an anathema to another . 

I have analyzed the two papers that were commis sioned for our 
pane l , added some of my own thoughts , and put down what I think are ten 
issues that we should be considering . I wil l go over these very quick
ly  and give you briefly some of the related recommendations contained 
in our two papers , as wel l as some of the issues that I thought were 
left out . 

The first is sue involved the question of what can be done to 
improve our understanding of national transportation as a system ,  both 
current ly and in the future . I f  we could get a good understanding of  
the national transportation system and the possibi l it ies for the future , 
what impact would that have on our technological contribut ions to inno
vation , recogni zing that technology is  only a part of- -maybe even a 
smal l part of- -innovat ion? 

Along these l ines , Edward Morlok feel s  very strongly that we need 
something that he cal l s  a mobi l ity asses sment . In support of this , he 
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said , "We know so l it t l e  about how the whole  system works , and how the 
different parts come together . "  He proposes that an important funct ion 
of DOT , which would not necessarily  be very expensive in terms of dol lars , 
but certainly would  be in terms of intel l ectual horsepower , would be to 
have what he cal l s  a basic research program in transportation . One 
could also describe his proposed activity as a very deep market analysis  
that would look at  questions such as  the role  and the need for trans 
portation in society , al ternative technologies to meet those needs , 
alternative organi zational arrangement at al l levels  for transportation , 
and the impact of transportation on society . 

The second issue is , "General l y ,  what is  the appropriate  federal 
role  in research and deve lopment as contrasted to that of the l ocal 
government , univers ities , private industry , and others?"  As I suggested 
earl ier , it may be that there are five different federal ro les , depend
ing on which transportation area is served . Larry Go l dmuntz impl ies 
this in his paper as he concludes that we ought to put our federal R&D 
assets where they are appropriate for federal involvement . He stresses 
air traffic control and surface transportation for a variety of reasons , 
and he says we ought to get the federal government out of automotive 
R&D . 

The Morlok paper , among its recommendations , talks about a cataly
tic rol e  that the federal government could play . He proposes that we 
should establ i sh institutes that would  he lp integrate ,  that i s , orche
strate , the e fforts of universities , private industry , and other govern
ment programs . 

The third i s sue then involves the questions , "Are there , in fact , 
promising areas for federal funding of research and deve lopment in trans
portation?" It  seems to me that most peopl e  agree that there should  be 
some federal rol e  in some of the bas ic techno logies supporting transpor
tation . That has been mentioned several t imes today . Some of  us feel 
that in air traffic contro l and surface transportation , an important 
rol e  could be played . And , of course , there are some very contentious 
areas such as aircraft R&D . For a whi l e  there was a proposal that the 
government should get involved in developing new wide-body j ets . Of 
course , there is the SST issue . I have already ment ioned the rol e  of 
the automobi l e .  

Th e  fourth issue is , "Do we adequately fol low the foreign competi 
tion or foreign markets i n  transportation?" In Go ldmuntz ' s  paper , 
there are some observations about German , French , and Japanese technolo
gies , and he concludes that they may be ahead of us in some important 
areas . I f  they are , that could hurt us in transportation , in our own 
transportation industry ,  and in our balance of payments .  

"Can we improve the means for funding of R&D?" is  the next issue . 
Morlok proposes a set -aside tax that would be relatively quite smal l 
and would guarantee continued funding . There have been proposal s made 
that we could j oint ly fund with industry . Another idea is that , with 
grants ,  we could combine R&D funding with some of the capital money and 
get better results . 

I f  there is to be federal involvement , another very important issue 
is , "What steps wi l l  improve the communicat ion between develop·ers , buy
ers , operators , and users in order that the developments may be more 
relevant and acceptable?" We have talked about the many people  who are 
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involved . The best statement that I have seen of this subj ect was in 
Goldmunt z '  paper . He says of one large transportation sector : "The 
user is not the buyer , the buyer doesn ' t  pay for it , the payer usual ly 
doesn ' t  buy or use i t , and the operator is  a profess ional who doesn ' t  
use , pay for it , or buy it . "  

In that kind of a s ituat ion , it  is  very tough to t ry to discover 
what technology or innovation wi l l  prove successful , operational , and 
economical in the end . In fact , in Gol dmuntz '  paper , he c ites many 
speci fic  programs in which those kinds of disconnects and lacks of 
accountabil ity have been at the heart of some maj or programmati c  prob
lems . 

There have been success ful solut ions . He mentions a recent study 
of the FAA in which the FAA has retained an independent group to get 
together representat ives of al l the various players in this  game and 
to look at some of the maj or mission thrust s  that could be made . 

I t  seems to me that many of  Morlok ' s  ideas on the inst itute , on 
the mob i l ity asses sment , and on the Department of  Transportation market 
research program could be a very important vehicle  for getting more and 
better communication between these different groups . 

A seventh issue is , "How can we improve the co l l aborat ion between 
government and industry where each i s  sponsoring research and develop
ment in the same or closely rel ated areas ?" Our previous speakers have 
talked about some of the hosti l e  behavior that some government people  
seem to  show toward industry ; and , on  the other side of the coin , con
sider the low confidence that industry general ly  has in the technical 
abi l ity of individuals  and groups in the government to make technical 
and economic decisions . 

I f ,  in fact , we are going to cont inue and strengthen our R&D pro
grams- -for example , those in bas ic research and technology underlying 
transportation - - !  know from my own experience in DOD that it is very 
difficul t  to make sure that those kinds of  programs are rel evant to the 
l ater system choices . This is going to be a very di fficult  thing t o  
do . 

An eighth issue involves the quest ion , "How can DOT ' s  management 
be improved in the area of  research and development?" When I heard 
Ward Haas say earl ier that good innovation in technology means that the 
organi zation has to do such things as decentra l i ze , make something as 
smal l as possibl e ,  short- circuit , and consistent ly fund , I began to 
get pessimistic about whether , if the federal government is invo lved , 
we can , in fact , get a good management of  innovation . 

In fact , two of  Goldmuntz '  three maj or recommendat ions addres s  the 
management question in DOT . In one , he emphas izes  the need to stream
l ine the technological approval process and gives an examp le of some 
problems we have had there , and , in another recommendat ion , he would  
depo l iticize  DOT . He  points out that we  have had five secretaries of  
transportat ion and five UMTA administrators in  the last 10  years and 
that in success ive years we have found a real  discont inuity , a reversal 
of  decisions that makes any kind of  progress  in economic-technical 
development very difficult . 

We have to , under this organi zation quest ion , consider the impact 
of the various modal administrations on technology development . You 
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may recal l that when Bob Charpie looked at commercial izat ion in the 
Department of Energy , his recommendation was that the department should 
be organi zed the way industry is , not by mode but by funct ion ; he fe l t  
that i f  this d i d  not happen , i f  w e  did not have the organi z at ion struc
tured from the development , to planning , to marketing , and to production , 
that we would find that much l ess commercial i zation of the government
developed technology was t aking place . 

Therefore we wi l l  have to look into that quest ion of  the modal 
administrations , the strengths they have , and some of the barriers they 
present to innovation . 

The ninth issue is , "Does the somewhat fragmented organizat ion of 
the federal government act as a barrier to transportat ion technology?" 
I think we are commissioned here by DOT , but it  is  important to recog
nize that three other organi zat ions are heavi ly in the transportation 
development operation business- -NASA , DOT , DOE , in areas such as energy 
conservation , and EPA , in the environmental bus iness .  And , if we are 
going to talk about more basic  programs , there is always the role  of  
the National Science Foundation . 

Whereas we may need cons istency in regulat ion , we fortunately do 
not need consistency , or not as much , in R&D . On the other hand , it  is  
important to  see  that there is adequate communication between these 
various programs , that the right agencies are used in the right way ; 
this  raises the question , for exampl e ,  about NASA . I s  it  possibl e that 
we want a nat ional transportat ion R&D plan? I ,  mysel f ,  would be very 
pessimis t ic about the abi l ity of the federal government to put one 
together . 

Then the last  issue is , "Would changes in federal regulat ion , fund
ing arrangement , taxation , or others of the Charpie-l ike rules help to 
stimulate transportation technology in industry?" One of the finest 
parts of Morlok ' s  paper addresses this quest ion . He points out that 
because of this encrustation of rules very l ittle  change takes place , 
and that change is  certainly not necessari ly innovation , but that when 
there is very l ittle  change taking p l ace , then it i s  an almost impossi
ble  cl imate for any new technology to come in  or  for people  involved to 
feel  that they want it . And so he has made a recommendat ion , and I 
quote ,  " . . .  it  is  imperative that a po l icy of the Department of Trans 
portation be to take an act ive rol e  in insuring that laws and regul a
t ions of the federal as wel l  as other levels  of  government be written in 
a manner that is  conducive to social ly desirable  forms of innovat ion . "  

That i s  our agenda . I wi l l  repeat what the other panel  chairmen 
have said , and that is , the final report may be organized in a comple-
tely di fferent way . 

Al so , I l ike Bruce Old ' s  comment that we need to find out who i s  
on the other end o f  the telephone . One of the advantages that our 
panel wil l have is that we know pretty wel l  who is on the other end of 
our telephone . 
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TECHNOLOGY RESEARCH AND DEVELOPMENT POLICIES OF THE 
FEDERAL GOVERNMENT AND TRANSPORTATION INNOVATION 

BY 

EDWARD K .  MORLOK 

This paper is intended to provide background information and ideas for 
the panel sess ion entitled , "Technology and R&D Po l icies to  Stimulate 
Innovation . "  It  del iberately takes a rather broad view of the subj ect 
This  is primari ly because a wide variety of po l icies affect innovation ,  
research and deve lopment , and the deployment of transport technol ogy . 
Furthermore , we contend that some fundamental changes in federal pol i 
cies are necessary t o  st imulate innovation in transportation that is  
social ly  desirabl e .  Many of the  ideas and proposals  contained herein 
wil l prove quite  controvers ial ; it is hoped that they wi l l  stimulate  
discussion and provide a bas is  for specific recommendations to  DOT re
garding pol icy changes and areas requiring more detai led invest igation . 

SOME CONCEPTS 

Before we begin the discus s ion ,  it is necessary to define a few impor
tant terms and concepts with respect to both innovation and transporta
t ion . First , by innovat ion we mean the creation of a new product or 
service , or creation of a new process by wh ich to produce that product 
or service , or a combinat ion of the two (4) . Innovat ion is differenti
ated from invention by  virtue of  the appl icat ion or  use  of that new 
product , service or process . Without the app l i cation ,  the new ideas do 
not constitute an innovat ion , but rather simply an invention . Or to 
state the distinct ion more simply ,  "the difference between the processes 
of invention and innovat ion is  the difference between the verbs "to con

ceive and to use . "  ( 1 1 , p .  2 ) . 
Thus , the term " innovation" is certain ly  not synonymous with tech

nological research and devel opment . Innovation refers to a process . 
This  process typ ical ly consists  of  four steps (this being taken from 
some unpub l i shed writings of Herbert Hol loman) : 

1 .  Creat ion of  the new idea (product or process ) . 
2 .  The research and development necessary to make that idea reason

ably practical or appl icab l e .  
3 .  The �efinement o f  that idea into a pract ical one , based upon 

initial app l ication and testing . 
4 .  General adoption and dissemination of the idea , 

Thi s  description of the process in four steps is  real ly one that reflects 
the view of the innovator , but there is  a broader view that encompasses 
the as simil ation of the idea into society and the further impacts of that 
ass imi l ation . The process  of innovation is  real ly  part of society ' s  
general process of adaption to change , whether that change be in resource 
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avai labil ity ,  in the needs or des ires of peop l e ,  or in other external 
conditions . As stated in the Department of Commerce report on innova
t ion (1 1 ,  p .  2 ) , 

• • •  invention and innovation encompass the total ity of processes 
by whi ch new ideas are conceived , nurtured , developed , and 
final ly introduced into the economy as new product s and pro
cesses ; or into an organization to change its internal and 
external relationships ; or into a society to provide for its  
social  needs and to adapt itse l f  to  the world or the wor ld to 
itse l f .  

These terms need some e laborat ion with respect t o  transportat ion . 
In the context of transportation , the product can be conceived of as a 
combination of the price and other characterisitcs of the transporta
tion service that are important from the standpoint of the customer- -a 
travel l er or shipper of freight . These other characterist ics inc lude 
such items as travel time , comfort , l ikel ihood of damage to goods , etc . , 
and the co l lection of these is usual ly termed " l eve l of service . "  Thus 
from the standpoint of a user (or buyer) of transportation , the product 
is described by its price and level of service . Since we usual ly speak 
of transportation as a service rather than as a product , for the remain
der of  this  paper we shal l use the phrase "transportation service . "  

An innovation could thus be the creation o f  a transportation ser
vice that is new in the sense that it has a combination of price and 
l evel of service that is  different from preexi sting forms of transporta
tion . Thus high-speed rai l  service (once impl emented) represents an 
innovat ion , s ince it is  higher in speed and perhaps different in other 
characteristics from prior rai l  service . Simi l arl y ,  the introduction 
of very rapid package or mai l del ivery services , such as Federal Express  
or  the U . S .  Postal Service Express Mai l , a l so represents an innovation 
in the sense of a new transportation product or service . 

A useful way to think about a transportation service innovat ion is  
by means o f  a figure , such as Figure 1 ,  in  which level of service is  on 
one axis  and price is  on the other (7 ) . Exi st ing forms of transporta
tion are indicated there , along with a new or innovat ive form of  trans
portation ,  which is  indicated by a new point in this  level of  service
price domain . 

The second aspect of innovation relates to creation of a new pro
cess for producing an existing or new transportation service ( in the 
l evel of service-price sense) . An example  of a process  innovation would 
be the automation of rai l rapid transit  trains , which did not create a 
new service (s ince it did not alter in any s ignificant way the qual ity 
of service or price of an exi sting transportat ion mode)  but rather s imply 
provided an alternative way to  produce that service , us ing a higher 
degree of automation and less l abor input . This  change in the process 
of producing transportation represents an innovation . Of course ,  if  
there are substantial  cost  savings resulting from the app l i cation of 
such automation , then it might a l so change the transportation service in 
the sense of  lowering its price . 

Many innovations ·in transportation cons ist  of either one of the 
other of the two types of changes ,  as indicated by the example  above , 
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F I GURE 1 Description of  innovations in transportat ion products or 
services in terms of price and level of  service . Hypothetical  example  
of  a new transportat ion service or  mode opt ion for the shipment of 
parcel s between a specific pair of cities . The new service has a 
price and service qual ities that di ffer from previous ly avai lable  
options . 
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whi l e  other innovations represent both new transportat ion services and 
new processes . For example , the introduction of air travel would repre
sent an innovation consisting of both a new process ,  that of powered 
fl ight , and a new service in the sense of a new level of service and 
price combination . 

An important question that remains is  exact ly how technology relates 
to these concepts of service and process and thereby to innovation . 
Technology refers to the process by which resources can be transformed 
into products  (or services) that are of value to mankind . Our techno
logical capabil ities in carrying out this transformation can be describ
ed by the range of  products (or services) it i s  possible  to produce and 
the resources used or costs  (in its  broadest sense , including environ
mental costs , for example)  associated with producing them . One portra
yal of thi s  might appear as in Figure 2 .  Here , for s imp l icity , only 
one measure of cost is  used , and the product is  homogeneous , so only 
the quantity produced is variabl e .  At any point in time , the avai l ab l e  
technology might permit producing this product a t  the cost given b y  the 
l ine CD . As a result of development of new technology , it may be possi
ble to reduce cost per unit  to the l ine FG . 

Turning from technology in general to transportation technology in 
particular , the capabil ity to produce transportation can simil arly be 
described in terms of costs  and the nature and quantity of the product 
(or transportation service) . The product characteri stics are described 
by what was defined earl ier as the level of service . The cost in 
general wi l l  depend on the amount of usage of the transportation system 
(because the amount of usage affects the amount of fuel consumed and 
because of congestion phenomena affecting the l evel of service , to men
tion two reasons ) , and hence there is  an added dimension of usage . Thus 
the technology of transportation can be described by the rel at ionship 
between cost , leve l of service , and usage , as shown in Figure 3 .  (This 
scheme for describing transport technology is developed and discussed 
more ful ly  in reference 8 ,  chapter 1 . )  

Thi s  conceptua l ization of transportation technology provides a 
framework for considering the effect of  technological innovations . The 
set of points in this l evel of service-us age-cost space that corresponds 
to the known processes for providing transport describes the current 
state of transport technology . These might appear as the surface A in 
Figure 4 .  This  would  encompass al l the known variations in hardware 
and operations of the existing means of transport and would include al l 
the different "modes . "  

A technological innovation could result from two types of change . 
First , technological developments  may enable  the provision of a level of 
services that was heretofore unavai l ab l e . Thi s  extends the range of 
poss ible  transportation service qualities as indicated by area B .  The 
corresponding cost is given by the extension of the cost  surface l abeled 
8 ' . The second type of change is  a reduction in the cost ,  as indicated 
by the shi ft of part of  surface A to A ' . 

Such changes could resul t  from technological deve lopments  embodying 
new hardware , or new ways of operating that hardware (operations plans ) , 
or both . The previously mentioned example of the innovation of express ,  
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F I GURE 2 Technol ogy described by the re lationship between cost  and 
quantity of  a particular product . 
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F IGURE 3 Characterizat ion of transport techno logy as the relat ionship 
between cos t , l evel of service , and usage . 
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F IGURE 4 Technological innovations characteri zed by changes in  the 
cost -usage- level of service rel at ionship . 
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guaranteed del ivery parcel service resulted pr imari ly from operating 
avail able  hardware in a new way . On the other hand , a new high- speed 
rai l passenger service typically  would invo lve primari ly hardware 
changes from more conventional rai l passenger s ervice . 

In thi s  discussion of techno logy , price has not been mentioned . 
The reason i s  that the price charged a user does not necessarily bear 
any particular relationship to cost or other characteristics of the 
technology . It is determined primarily by ins titutional considerations . 
Of course ,  in our society most inst itutions are required to generate 
total revenue from users at least equal to total cos t , al though many 
transportation organizations are heavi ly subsidi zed so that prices can 
be set far be low monetary cost . 

What then are the ro les  of technology research and development in 
transportation? C learly , these are ( 1 )  to expand the range of level of 
service that can be provided, and (2)  to reduce the resource costs . 
These bear a brief discussion . 

Expansion of the l evel of service options can occur in many ways . 
One is  to develop what might be cons idered an entirely new type of trans 
port technology , such as the aircraft . Some such new technologies do 
expand the range in ways that appear to have been useful and beneficial , 
as in the case of aircraft . Others , though , whi l e  new and different , 
meet with l ittle  acceptance and hence are not so beneficial , an example  
being the monorail (at l east up to  the present ) . On the other hand , 
many technological innovations in transportation that embody a new 
l evel of service require only modest or incremental extensions of exist
ing technology .  The express package services are one example , and the 
dial -a-bus concept in urban trans it is another . 

It  is  important to note that al l service innovations in transporta
t ion do not require any underlying technological innovation .  A service 
innovation may be simply a change in price . Special reduced fare plans 
represent one exampl e ,  and the lowering of air f�res in some markets 
as a result of increased competition and altered regulations represents 
another . 

The reduction of costs  also has many aspects . I t  is  usually  dis
cussed in terms of reducing the monetary cost  of production , but this 
i s  only one aspect . Cost is  used here to mean al l resources used in 
the broadest sense , and therefore cost refers al so to resources used 
for which there may be no monetary payment , such as air po l lution and 
noise  (where the resource "used" is  clean air or quiet) . 

SOME OBSERVATIONS 

Although the preceding presentation of definitions was somewhat 
tedious , it wi l l  prove useful immediately because it provides the bas i s  
for a number o f  points related t o  innovation and R&D i n  transportation . 

An extremely important po int - - and one that is  often mi ssed- -is  that 
there has been and probably continues to be a very substantial amount 
of innovation in transportation , despite al l the rhetoric to the con
trary . One need not look far ' to see this . Since World War I l . we have 
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witnes sed innovat ions such as the introduction of j et aircraft , the 
rapid expansion of long-distance pipel ines , the emergence of long
distance trucking in its  many forms (private , contract , common , etc . ) ,  
and the introduction o f  rapid , guaranteed-del ivery parcel services - 
al l o f  which represent both new transportat ion services and new pro 
cesses . A lso very recent ly,  we have seen cons iderab le innovation in 
urban transport , some involving new services and processes , such as 
dial -a-bus and Personal Rapid Transit (PRT) , others providing innova
t ive services but not involving a very substant ial proce ss innovation , 
such as transit services targeted to the needs of part i cular groups 
(e . g . , for elderly and handicapped ,  high-quality commuter service , 
commuter clubs ) , and s t i l l others consisting of  process changes that 
affect only resources used (e . g . , automated rai l rapid trans it , rubber
tired rai l trans it) . 

Furthermore , the R&D underlying new inventions , and . hence potent ial 
innovat ions , cont inues . Much of this is process oriented and o ften 
des igned to reduce costs , such as work on improving fue l efficiency 
found in every mode . Other efforts portend changes in service , too , 
such as the rail road industry ' s  efforts in car rout ing and control and 
the computeri zed methods for real -time monitoring and control of  urban 
s treet networks (already implemented with respect to a few control 
variab les on a smal l scale  in a handful  of cities) . 

Not a l l  efforts are directed at refining what might be thought of 
as existing forms of transportat ion ; some research on what might be 
termed ent irely new systems is  al so underway . In particul ar , there is 
some work on the movement of merchandise freight in capsul es in l iquid 
or gas pipe l ines . Interestingly ,  to the best of my knowledge , the onl y  
R&D work on this i n  the United States is  being undertaken b y  private 
firms , except for one smal l ,  prel iminary study of economic feas ibi l ity 
of the so-cal led "so l ids pipel ine" sponsored by DOT ( 1 2 ) . Private R&D 
work has reached the stage of a short demonstration l ine to test the 
equipment . Prospects for this  techno logy are difficult to j udge ,  but 
even a former administrator of the Federal Rai lroad Admini strat ion has 
referred to sol ids pipel ines as the " ' s l eeper ' in freight transport 
technol ogy" (6 , pp . 54 -SS) . Perhaps DOT has done so l ittle  in connec
t ion wi th sol ids pipel ines because there is  no home for such work ; there 
is no modal pipe l ine admini strat ion , and of cours e such techno logy would 
be viewed as a threat in the context of other modal administrat ions . 

It  has al so been argued that organizat ions  current ly engaged in 
transportation wil l  concentrate their R&D efforts only on innovat ions 
that represent evol utionary changes in the technologies with which they 
are concerned . An impl ication of thi s ,  some argue , is that an ent ire ly 
new form of transport would never emerge from such an evo lutionary pro
cess . Thi s  is  then taken as evidence of a need for government -sponsored 
R&D in new forms of transport , if such new forms are ever to develop .  
I t  i s  not at al l cl ear that new forms o f  transportation , representing 
very significantly improved transportation services ( in the leve l of  
service-price sense presented previous ly) or reduct ions in resource 
needs , woul d not occur . One reason is  that what might be viewed initi
al ly as  an evolutionary step in an exist ing form of  transport may become 
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the basis for a maj or improvement in service and costs . An example  is  
the replacement of propel l ers by  the j et aircraft engine . Another 
reason is that one form of transport may emerge gradual ly from a pre
vious one that continues on its  own development path . An example  is 
the rai l road , which today i s  radical ly different from road transport but 
whi ch evolved from horse-drawn wagons on gravel roads in the eighteenth 
century , the first rai lroads being s imply  road wagons operat ing on 
p l ank paths or "tracks . "  Thus , given the freedom to alter technology ,  a 
new form of transport can emerge in an evolutionary way to become what 
is then thought of as a form distinct from its  origins . 

Given the l evel of research , development , and imp l ementat ion of 
innovations in transportat ion , care mus t be exercised so that changes 
in federa l R&D po l icies do not damage desirab l e  features of current 
effort s .  In part icul ar , care must be taken l est  any increased federal 
effort s simply drive out private efforts and efforts at other levels  of 
government . 

ROLE OF GOVERNMENT 

I t  has sometimes been argued that national governments  really  have 
re latively l itt le  influence on the pattern of innovat ion in society . 
For example , a 1971  Organi zation for Economic Cooperation and Devel op
ment report conc ludes ( 1 0 , p .  1 38 ) : 

The avai l ab l e  information al so shows that the main agents for 
the creation and app l icat ion of scientific and techno logical 
innovat ions are the univers ities and indus try . Uncertainty , 
change , the need for compet ition ,  fl exible  structures ,  rapid 
decision making , and being close to technological and market 
deve lopments , al l imply that technological innovat ion is more 
l ikely to fl ourish in a decentra l i zed and pluristic environ
ment . Thus , government ro l es in the innovat ive process , 
al though important , are not determinant . 

This statement is  perhaps a bit  mis l eading , for it real l y  refers primari
ly to  the direct influence of government actions on  the amount and 
character of innovat ions . Cl early ,  the influence of government extends 
far beyond its  direct actions , because governments creat e the framework 
within which other organi zations act ,  and therefore wi l l  influence the 
direction and amount of innovat ive act ivity of other organi zations . 
The federal government could influence innovat ive act ivity of others 
through a variety of channel s ,  including but not l imited to direct in
volvement in steps of the innovative proces s ,  incent ives to innovation 
through taxation policies , regul at ions , and po l icies regarding the 
creat ion and disseminat ion of new knowl edge . 

The ro le of the federal government in transportat ion innovat ion is 
somewhat unique in compari son wi th other sectors of  the economy , because 
of the direct invo lvement of government in the provis ion of transporta
tion fac i l ities and services . Most transportation faci l ities are pro
vided by various levels  of government , usual ly with cons iderable federal 
invo lvement in financing such facil ities , somet imes from us er charges 
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and somet imes from general taxes . Al ong with such funding there is  con
s iderable  influence over planning and design , pricing , l evel of service , 
and other aspects  of  such faci l i t ies . Also , most of the transportation 
system that is  not direct ly financed by the federal government- -mainly 
privately owned carriers- - is subj ect to regul ation that is  in addit ion 
to the general regul ation of bus iness enterprises . Such regulat ion is 
mainly  by federa l and stat e agencies and inc ludes contro l over entry 
and exit from service , prices to be charged , and in some cases the 
leve l  of the service . This  invo lvement of federal government creates 
many ways in which it can influence the speed and direct ion of techno
l ogical innovation in addit ion to po l icies re l ated to R&D in general . 

The ensuing discus sion of  pos sible  federal pol icies toward res earch 
and deve lopment in transportat ion emphas i zes  the rel at ively unique in
volvement of the government in transportation . Thus the discussion 
touches on ly s l ight ly on general po l icies  toward R&D and innovat ion in 
general , such as in the areas of taxat ion or patent law .  These areas 
are covered very wel l  in existing l iteraturet 2 , 5 , 9 )  and an attempt to 
include the essence of such studies woul d  be an inj ust ice to such 
reports and make this paper overly  long . Hence we shal l focus rather 
specifica l l y  on "transportation" technol ogy and R&D pol icies . This 
wi l l  be in the form of a discus s ion of maj or areas of  pol icy , each of 
which wil l contain one or more specific po l icy recommendations . 

Where Innovation is  Needed 

One of the most  critical requirement s is for information on where inno
vat ions are needed in transportation , or where innovation wi l l  produce 
benefit s-- to users of the transportation system or to others impact ed 
by i t . Such knowledge is  of central importance as a guide to govern
mental pol icies rel ated to techno logy R&D direct ly and to other 
pol icies that influence the adapt ion of the transportat ion system in 
general . Innovat ions can be beneficial becaus e they provide a new type 
of transportation service in the l evel of service-price sense discussed 
earl ier or because they employ new technology that reduces the soci etal 
costs or negative impact s associated with that transportat ion . Identi 
fying where innovat ions wi l l  b e  beneficial requires attent ion t o  both 
of  the pos sibi l ities . 

Turning first to "new" kinds of transportation services that might 
be offered, there would seem to  be two primary means of  identifying 
what types of innovations are l ikely to be beneficial . The first of 
these involves surveying users and potential users of the transportation 
system to ascertain the degree to which they are sat i s fied with the 
range of services (or "modes" ) now avai l able  and their current needs or 
expectations regarding the des irab i l ity of alternat ive types of service 
(again , in the sense of  level of s ervice and price combinations ) .  Such 
a survey would  in effect provide an assessment of the adequacy of the 
transportation system from the standpoint of performing its  primary func
t ion , that of providing mob i l ity .  Hence this  survey can be termed a 
mobil ity assessment . 
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I t  is  perhaps amaz ing that whi le  transportation (and other activi 
t ies ) i s  monitored from the standpoint of impacts other than that of 
its function ,  particul arly environmental impact s ,  it is not now moni 
tored with respect to how wel l  it performs its  primary funct ion . Yet 
how wel l  the transportation system meets the mobi l i ty needs of the 
nation is sure ly equal in importance to its potent ial negat ive environ
mental impacts . What i s  needed is a cont inuing as sessment of mobi l ity .  
Such a survey wi l l  b e  difficult  to cons truct , but should provide sub 
stantial benefi ts in terms of indicating where prob lems exist in the 
transportation system . It is important to recognize  that this asses s 
ment should address the adequacy of  the system from the standpoint of  
the user and should not be an as sessment agains t arbitrary engineering 
or other criteria ,  a type of asses sment that is  often made but that is  
not truly indicative of the degree to which the system is  performing 
its function adequately .  In addition to providing guidance for techno 
logy R&D , thi s assessment would also  provide guidance for other po lic ies 
and programs . 

The emphasis  in the preceding paragraph on evaluat ion of the ade
quacy of the transportat ion system from t he standpoint of  mobi l i ty is  
not to  imply that other viewpoints such as  that of the environment are 
unimportant . Along with the mob i l i ty assessment shou ld cont inue 
asses sments of environmental impacts , and in some cases these should  be 
expanded . Thi s  presumab ly would be accomp l i shed in cooperat ing with 
agenc ies already concerned with environmental matters . As was pointed 
out earl ier , to some ext ent this  type of assessment is already common
place , as in the case of  air po l lut ion in metropo l i tan areas . 

C l osely related to thi s survey of transportation system users would 
be an attempt to identify mobi l ity and other prob l ems that are l ikely 
to occur in the future . The bas ic purpose of  this  would be to antici 
pate probl ems far enough in advance that correct ive act ion , whether it  
would invo lve technological innovat ion or other changes to the trans 
portation system , could be taken before the prob lem becomes damag ing to 
soc iety . I t  would attempt to as sess future requirements for movement 
and then to determine the extent to which the system wi l l  accommodate 
those needs through its norma l processes of adaptation and change . I f  
that adaptat ion i s  insufficient , then this indicates a problem that 
requires corrective action . The correct ive act ion could invo lve an 
attempt to deve lop new technolog ies or could be of another type , such 
as changes in regulations or funding . Some efforts are already being 
made along these l ines , such as the National Transportat ion Needs Study , 
al though exist ing effort s do not focus on anticipat ing future probl ems 
and attempt ing to design so lutions . 

Another important source of information on types of innovat ions 
that would be beneficial cons ists  of the many governmental organi za
tions that are already involved in planning and prov iding transporta
t ion facil ities and services . Primarily as  a result  of federa l require 
ments ,  there are agenc ies at various levels  of government concerned with · 

the pl anning o f  part icular port ions of the transportation system . These 
include metropol itan pl anning organi zations at the local level , which 
are concerned wi th both passenger and fre ight transportation via al l 
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modes within metropo l itan areas ; statewide transportation p l anning 
organizations , wh ich have tradi t ional l y focused primarily on highways , 
air , and to some ext ent , water transport faci l ities , al though now they 
are extending their purview to rai l transport and to other carrier 
servi ces ; and various federal planning act ivities , such as tho se rel ated 
to the overal l air transportat ion system and water transport . As part 
of the planning function of these organi zations , future needs for trans 
port are assessed , and attempts are made to develop pl ans for sys tem 
expansion to meet tho se needs . 

At the present time , except for air transport , almost no considera
tion is being given to innovation wi thin such planning agencies . Yet it  
is  within these organizations that the need for and benefits of innova
tion could readi ly be assessed . Each pl anning unit presumably has 
devel oped some understanding of the need for transportation in its  
area of concern , and would be particularly aware of  present and 
emerging prob l ems , such as cost escalation or a lack of mobi l ity among 
particul ar groups . A natural requirement or ro le for these organi za
tions would be to provide information on the types of innovat ions , both 
service and process , that would be beneficial to the areas with which 
they are concerned . Since so many of them operate under federal guide 
l ines at the present time , the mechanism already exi sts whereby these 
agencies cou ld be required to produce statements of innovation needs 
and . priori ties on a regular basis . 

This  l eads to the first set of recommendat ions for DOT po l icy re
lated to R&D programs : 

The federal government , in cooperation with state and 
local governments as appropriate , should assess the per
formance of the transportat ion system at regul ar intervals . 
They should consider : 

o adequacy in meeting the needs of users . 
o viabil ity of the organi zat ions  providing transportat ion 

faci l ities and services . 
o impacts on devel opment , resource us e ,  pol lution ,  etc . 
A simi lar effort should  be undertaken with respect to 

anticipating future problems - -both near term and long term-
considering the l ike ly natural adaptat ion of the transporta 
t ion system to changing condi tions . Such a survey and studies 
woul d provide the bas i s  for ident i fying and priorit i z ing 
problems in terms of severity and time frame . 

Thi s  emphasi s  on understanding what types of innovations are needed , 
or might produce substant ial benefits , i s  intended to create what might 
be termed a benefit orientation to innovat ion , whether that innovation 
wi l l  be developed essential ly through government programs , or by the 
private sector , or by a combinat ion of the two . Unfortunately,  many 
government programs concerned with technol ogy research and development , 
especial ly in surface transportat ion , seem to have been motivated 
primari ly  by the real i z ation that a part icul ar form of transportat ion 
coul d be developed to the point where it  is technologically feasib l e ,  
but with l i ttle  or no regard for whether that technology would in fact 
create net benefits greater than those associated with the existing 
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technology that it was designed to replace . Examples of this  include 
many of the efforts to develop new types of urban transit  technology 
and much of the R&D effort in high-speed , intermodal intercity freight 
systems . This i s  of course not to imply that innovat ion in these two 
areas might not be beneficial , but simply to point out that much of the 
current research and development does not seem to have been directed in 
ways that would produce substantial gains . To correct this ,  it is 
recommended that : 

Priorities for federal research and deve lopment efforts 
be based on consideration of ( 1 )  the ro le  that innovations 
resulting from such R&D would play in a l l eviating current and 
anticipated future problems, and (2 )  the enhancement of the 
transportation system and its effect on the qual ity of l i fe 
resulting from such R&D-associated innovations . 

The R&D Program 

Another important issue is what type of R&D program the government 
should have . A general conclusion that runs through much of the inno
vation l iterature is that the proper rol e  of government in R&D is  to ex 
tend the frontier of knowledge that is generic to a particular area , but 
to leave to the private sector the sel ection of specific technological 
innovat ions to be developed and brought into the market . This conclu
sion rests  on a number of characterist ics of the innovat ion process , in 
particular , the uncertainty of success , the need for firsthand knowledge 
of the potential markets as wel l  as the feas ibil ity of producing a 
particular new product , and the need for entrepreneurial skil l ,  which 
are unl ikely in governmental bureaucracies . Also , an important cons i 
deration is  the fact that not much general o r  bas ic research woul d be 
undertaken by anyone , or not on a very l arge scale at least , without 
government support . This conclus ion that the most effective role  of  
government is in  bas ic research seems to be  so  widely accepted that it 
would seem to be one of the most important po l icy guide l ines for govern
ment R&D programs in  transportation . 

However ,  again on thi s  matter it  is  important to recognize that 
there are unique features of transportat ion that can modi fy these con
clusions about the roles of government and other organi zations . Agencies 
of various levels  of government are the buyers of many transportation 
system components , especial ly - in the highway , transit , and air modes . 
As a result there are many impediments to R&D by supp liers of these com
ponents .  R&D generally  i s  not an a l l owable  cost for which the govern
ment wi l l  pay . Also ,  some supp l i er indus tries may be so  fragmented 
that no one firm could undertake any significant amount of R&D , as in 
some areas of construct ion . As a result ,  it  may be necessary and appro
priate for the government itself  to undertake R&D that pushes much 
cl oser to readiness for appl ication , or to direct ly fund applied R&D in 
the private sector . 

Recogn i z ing this caveat , though , the general po l icy gui del ines 
would seem to be : 
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R&D sponsored by the federal government should be directed 
toward providing the knowl edge and results  that are necessary 
for private fi rms or publ icly owned transportat ion agencies 
(e . g . , state road department s )  to refine and deve lop the new 
concepts to the point where impl ementation is pos s ible . In 
general , every effort should be made to provide the bases  for 
al ternat ive techno logie s , rather than focus ing on one approach , 
a l lowing the market to decide which approaches wi l l  ultimately 
be used . 

Also widely accepted is  the critical ro le pl ayed by bas i c  research 
in technological innovation . For examp l e , in a study o f  "five econo
mical ly and social ly  important civi l i an innovations , "  it  was found that 
of 34 1 key event s that led to these innovat ions , approx imately 70 per
cent were the resul t of "nonmission research , "  essential ly equivalent 
to what we normal ly think of as fundamental or basic research , 20  per
cent were "miss ion-oriented research , "  and 10 percent were the result 
of  specific deve lopment and app l icat ion work ( 1 , p .  84) . Whi le the 
fraction of key events behind any innovat ion that resul ts  from basic  
research wi l l  of course vary considerably among innovations , the impor
tance of  fundamental knowl edge seems quite c l ear . 

One of  the bas ic problems in innovation in the transportat ion field 
i s  that the state of  fundamental , general i zable  knowl edge is  very l imit
ed and fragmentary at best . Mo st of the knowl edge that has been genera
ted is  the result  of  rather specific app l ication -oriented efforts .  
These are dominated by attempts to refine exis ting techno logies (e . g . ,  
better materials , improved des ign guidel ines ) and by attempts to better 
proj ect future travel as a guide to investment using conventional tech
nologies . There is a continuing emphasi s  on research on speci fi c  mis
sions and immediate app l i cat ion , with on ly a t iny fract ion of  the Depart
ment of Transportat ion budget being devoted to bas ic research in trans
portation .  

I f  innovation in transportation i s  to be fostered , a program of 
basic research in transportat ion must be undertaken . Respons ibi l ity 
for thi s  rest s clearly with the Department of Transportation , for it is  
the only organization with the broad , long-term view and the financial 
resources to undertake such a program . Thus a recommendat ion is as 
fol lows : 

The U . S .  Department o f  Transportation should undertake a 
program of bas ic research in transportation , whi ch would com
pl ement and support its  mission responsibi l ities and provide 
the knowledge bas e  on which future innovations in transporta
tion can be developed . This  program should include research on 
( 1 )  the ro l e  of and need for transportation in society , ( 2 )  
al ternative techno logies for meet ing those needs , (3 )  alterna
tive organi zational arrangements  for supp lying transportat ion , 
and (4 )  the impacts of transportat ion on society . 

Probab ly the most appropriate mechanism for undertaking such a 
research program would be a program of support to key universities and 
organ i zations concerned with bas ic research in this field . To be effec
t ive , such support must give wide latitude to the nature of prob lems 
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studied , must be sufficient to support units of substantial s i ze and 
divers ity of talents at each inst itut ion , and must provide continuing 
funding over an extended period . Such a program would be comparabl e  to 
the support for bas ic research in many areas of physical science and 
mathematics by the mi l itary in the two decades after World War I I ,  a 
period in which there was tremendous advance and innovation in those 
areas . It  has been observed that with the reduction in emphasis  on 
mi l itary matters and the increase in attention paid to civi l ian prob
lems , one of our society ' s  maj or prob lems is  to reorient bas ic research 
toward the more important civi lian problems and away from areas that 
have appl ication primarily in the mil itary . (This is discussed at 
length in reference 5 . )  Transportation is clearly one such area . 

Such a program o f  basic research in transportation would be in 
addit ion to the current research programs of the Department of Trans
portation , which are primarily within the several modal administra
tions . Current programs include technology research and development 
within the sphere of  each mode , and for the most part thi s  research 
seems quite adequate .  The maj or except ion is , of course , pipel ines , 
since that mode is not represented in the department by an adminis tra
tion , nor is it  covered by a separate agency (as in maritime transpor
tat ion) . 

Technical Institutes 

Related to these cons iderations is the coupl ing of the results of R&D 
with potential users . A common suggestion is for this to be the func
tion of research institutes , whi ch woul d be capabl e  of  conducting some 
of the ir own research and deve lopment ( fa l l ing between the basic research 
typical ly conducted at univers ities and the app l i ed R&D work typical ly 
undertaken in private industries) . These ins titutes would  be charged 
wi th the responsib i l ity for working cl osely not only  with governmental 
organizations involved in transportat ion but al so with private sector 
organ i zat ions such as carriers , vehicle  manufacturers , and construc -
tion firms . Another funct ion of these organi zat ions could  be to assist  
entrepreneurs who are developing new products or  services . Such assis
tance could range from technical advice to helping to identi fy potent i 
a l  users , financiers , etc . 

Organizations that perform some of the functions of such institutes 
already exist . These are in the research units  that were formed at 
the state universities to assist  state road departments in the construc
tion , des ign , maintenance , and operation of  highways . Some of these 
have expanded to encompass other areas of transportat ion , but rare ly 
with the close coupl ing to the various external organi zations evident 
in the highway transportation areas . The tremendous s trides made in 
highway des ign and operations attest to the value of  such coupl ing , 
although of course it required substant ial , cont inuing funding . But 
there are significant di fferences between the organi zations involved in 
the provi sion of  highways and tho se in other areas of transportation , 
so the same form may not be app l i cable  elsewhere . However , the poten
tial benefits are so high that : 
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The DOT should explore the appropriateness  of creating 
technical institutes where the primary funct ion wou ld be 
cooperative research and development involving various leve l s  
of  government and privat e industry . 

R&D Funding 

Programs such as those sketched above wi l l  not be inexpensive , and i t  
wi l l  not b e  easy t o  obtain necessary funding i n  thi s period of fi scal 
restraint . A separately budgeted research program would el icit con
siderable  opposition ,  and scrutiny of each el ement would  undoubtedly 
lead to e l iminat ion of many promi sing l ines of inquiry . For these 
reasons , it would seem prudent to associate the research wi th maj or 
DOT program areas rather than have it appear as a separate , very vu l 
nerable , item .  An approach that has been used quite successfu l l y  in 
the past in highway programs i s  to al locate a smal l fraction of program 
expenditures to research . Even though the fraction was quite smal l ,  
1 1 / 2  percent , the resul ts  in that field  were very signi ficant and 
beneficial , as was pointed out previous ly.  A maj or di fference between 
that highway research program and a general transportation research pro
gram would be that the general program should encompass al l forms of  
transportation and should reflect the needs of users , other impacted 
groups , and transport techno logy and organi zations in general instead 
of focusing on research that would necessari ly fit into the purview of 
one or more modes . Therefore , on funding it is recommended that : 

To insure adequate funding of  R&D , it  should  be DOT 
pol icy to set aside a sma l l  fraction of a l l  expendi tures for 
research and devel opment . This set -aside should be distribu
ted between ( 1 )  R&D directed toward evolutionary improvement 
in that area of transportation (mode , organi zation , etc . ) , and 
(2 )  R&D directed toward providing the bas is  for maj or innova
tions and improvements  in the transportati on system in general . 

Barriers to Innovation 

A final important area for fostering technologi cal  innovation in trans
portation i s  the el imination of many barriers to innovation that exi st 
as a direct resul t of the present form of federal (and other) govern
ment involvement in transportation . As was ment ioned previous ly , 
transportation is somewhat unusual in that the government i s  heavily  
invol ved in regul ating many transportation act ivi t ies and also because 
the government is invol ved in funding many such act ivities . 

With respect to regul ation , it  seems c lear that virtual ly no cog
ni zance i s  taken of the effect of  current economic regulation of trans 
portation on the pattern or degree of innovation in the regulated in
dustries (3 ) . It is also clear that regulation is in no sense 
neutral wi th respect to technological innovation . In some cases , such 
as the airl ine indus try , the rate of techno logical innovation may have 
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increased as a result of regulation in compari son to what it  would have 
been without that regul ation . In contrast ,  in the rai lroad industry it 
is  equa l ly c lear that the current pattern of regul ation has impeded 
many innovat ions that the carriers would have l iked to have undertaken 
and undoubtedly has created a cl imate so di fficult  for much innovation 
that many are not even cons idered . Some change in this c l imate wi l l  
undoubtedly occur a s  a resul t o f  current efforts at regul atory re form , 
but the reforms seem to be based primarily on considerat ions other than 
innovat ion , and therefore the result may sti l l  be a regulatory proces s 
not in consonance wi th innovat ion . 

Regulatory agencies must  begin to cons ider the effect of  their 
rul ings on the propens ity and abi l ity of  the regulated carri ers to inno 
vate and adapt to changing conditions . Chang ing habits or regulatory 
agencies wi l l  undoubtedly take many years to bring about , but certain ly 
the change can be accel erated by specifi c  requirements for such agencies 
to cons ider the effect of their  decisions on innovation , in effect 
requiring them to produce innovat ion impact statements as part of their 
dec ision process . 

Another type of regulatory change that would drastical ly improve 
the cl imate for innovat ion would be to give providers of transportation 
services much greater l ati tude for experimentation wi th new types of 
services and processes for del ivering them . Cl early , there would have 
to be some l imi t on the amount of service that could be invo lved in an 
experiment or the ent ire regulatory process would cease to exercise con
trol  over the system and would become meaningl ess . But at the present 
time the regul at ion seems to be so rigid as to preclude trying many 
promi s ing ideas , and un less  they can be tried , they wi l l  never become 
innovations . This freedom to experiment on a l imited scale woul d ideal 
ly app ly not on ly to carriers al ready performing a service but al so to 
new entrants into the field ,  so that new forms of servi ce , new institu
tional arrangements , etc . , could al l be tried . 

The second important area of government involvement is  that of 
funding many transportat ion facil ities . Highway fac i l ities are largely 
funded through a hierarchy of charges or taxes co l l ected from highway 
users by the federa l ,  state , and local governments , most of which is  
spent b y  state and local agencies to construct and maintain the highway 
system . Other services such as urban publ ic transportation and Amtrak 
are financed by federal and local monies co l l ected from general taxes 
and revenues from users , whi le  others such as the waterway system are 
funded primari ly  from general taxes onl y .  These mechani sms often are 
quite rational from the standpoint of rais ing money and then providing 
that money to those who need it , but such mechanisms often are deficient 
from the standpoint of  encouraging efficiency and innovat ion in social ly 
des irab le ways . Perhaps one of the mos t  notorious examples of thi s i s  
in connect ion with the funding o f  the Interstate System , in which each 
state is permitted to bui ld up to a certain number of mi l es of inter
st ate highway . As the Interstate System is nearing completion , states 
are real i zing that it  is  in their sel fish interest to make the remain
ing few mi les as expens ive as pos sib l e ,  in order to maximi ze the influx 
of "federal"  monies into their states . This creates a dis incentive to 
innovat ion that would reduce the cost  of such programs . 
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Les s  dramatic , but perhaps of more s ignificance given the amounts 
of money involved , are the consequences of  federal funding mechani sms 
for other parts of the transportation sys tem . For example , in the 
case of more typical urban transit  or highway proj ects in which the 
federal government pays 80 percent of the capital costs  (the state and 
metropo l itan area paying the remainder) , there is the temptation to 
maximize expenditures so as to maximi ze the amount of federal money 
flowing into the area . After al l ,  $4 . 00 or more of " federal" money is 
attracted to the region for every $ 1 . 00 of  local money . Furthermore , 
there is  a natural hesitancy of those in the pol it ical proces s  to ex
periment with any innovat ion , for these have a higher risk of fai lure 
than traditional approaches .  Few persons are critici zed for taking the 
safe course of tradit ional technology even if an innovat ive approach 
might prove more beneficial , but criticism wi l l  be loud and cl ear if  
one ini t iates a fai l ure . 

Al so creat ing dis incentives for innovat ion is  the form of federal 
funding of operat ing losses on urban trans it . Current l aws provide 
for the matching of local funds , with l ittl e or no regard for the effi 
ciency with which funds are expended . This , in conj unction with the 
po l itici zation of key managerial functions (fares , areas to be served , 
routes , leve l s  of service , and management posture in labor negotiations ) ,  
and the monopo ly pos it ion of mos t  publ ic transit  organi zations , creates 
a cl imate that discourages much innovat ion . Added to this are federal 
requirement s for capital proj ect funding that protect labor to the point 
of perpetuat ing outdated staffing pract ices . This is a dismal sett ing 
for innovat ion indeed . 

Thus substantial dis incent ives to innovat ion are built  into exist
ing federal programs in transportat ion . This has a direct bearing on 
technology R&D , for if there is  l ittle  l ikel ihood for implementation of 
new or improved technology, there is l ittle  point to developing it . It 
is  analogous to pushing on a rope ; unless there is a pul l  at the other 
end , nothing wi l l  happen . 

Overcoming these dis incent ives wil l not be an easy task . One 
solut ion is  to increase the poss ible  gains to the local area resul ting 
from innovation . The disincentives inherent in current funding might 
be el iminated by substitution of some type of  grant funding for match
ing funding . In the grant funding there wou ld be a ceil ing on the 
amount of money that might flow into an area for transportation proj ects . 
Such funding would  create an incentive to maximi ze the benefit s  to the 
region from the expenditures , and innovat ions that promise particularly 
large potential increases in those benefits  presumab ly would be more 
l ikely to be tried . I f  an innovation were successful in one location , 
then the uncertainty or risk in other situations is  reduced and i t  i s  
more l ikely t o  b e  app l i ed e l sewhere . 

Thi s  type of funding change in conj unction with increas ing s ens i 
ti zation o f  state and local transportation agencies t o  the prospective 
benefits  of innovation (through such means as requiring innovation 
priority statements ,  as mentioned above) should go a long way toward 
improving the cl imate for innovation . I f  federal efforts at innovation 
are shaped by local priorities for innovation , then the innovations 
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that are developed should be more in keeping with l ocal needs , and the 
likel ihood of implementation should  increase correspondingly . 

Much of the foregoing has re l ated to innovat ion in general rather 
than technol ogy R&D in particul ar ,  but there is a direct connect ion . 
If  there are substantial dis incentives or barriers to innovation , then 
there is l ittle l ikelihood of even very promising ideas being implemen
ted . In this case , research and development of improved technology i s  
a futi l e  exercise , for i t  is  un l ikely t o  b e  used . Moreover , efforts 
to develop an R&D program are l ikely to be opposed , for many wi l l  see 
it  as a waste of government energies and resources , and j ustifiably so . 
Thus the climate for innovat ion has a direct bearing on the development 
of an R&D program . It is recommended that : 

Just as transportation R&D must ultimately be responsive 
to the needs and priorities of society , so must the private 
and pub l ic organi zat ions that control the transportat ion 
system be receptive to innovations . Therefore it is impera
tive that a policy of the Department of Transportation be to 
take an act ive role  in insuring that l aws and regulations of 
the federal as wel l  as other leve l s  of government be written 
in a manner that is conducive to social ly  des irable  forms of 
innovation . 

EP I LOGUE 

This paper has approached the question of federal pol i cies on technolo
gy R&D and to  stimulate innovat ion in transportation from a rather 
broad perspective . It has focused on questions of the proper purpose 
and scope of the DOT R&D effort , its rel at ionship to other organi za
tions involved in the provi sion of  transportat ion equipment , fac i l ities , 
and services , and its relationship to other governmental po l i cies in 
transportation , such as economic regul ations . I t  has suggested some 
policy guidel ines in these areas , but in the spirit of the charge "to 
develop suggestions for more detai l ed analyses and evaluation" it has 
not attempted to carry suggest ions to the leve l  of specific  actions or 
programs . The pane l sessions wi l l  provide an opportunity to attempt to 
develop more specific  recommendations to DOT regarding po l i cy changes 
and quest ions that require further attention . 
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TECHNOLOGIES AND R&D POLIC I ES TO STIMULATE INNOVATION 

BY 

LAWRENCE A .  GOLDMUNTZ 

INTRODUCTION 

The practi ce at the federal level of stimul ating innovation in trans 
portation is faulty , l ags behind that of our internat ional competi tors , 
and has diverged from theory . This resul ts in serious consequences for 
the consumer , industry , and the competitive pos ition of U . S .  commerce . 

The stimulus for innovation i s  frequently discussed in terms of  
demand-pul l or  technol ogy-push . In demand-pul l ,  the usual strategy is 
to depend on involvement of the users of the innovation or their surro 
gates , market -research personnel , to determine market needs . Under 
this strategy , the rol e  of government is to remove obstacl es to the free 
expression of market forces so that development of technologies wil l  be 
appropriate and wil l  satisfy operators and users . In the techno logy
push approach to innovation , one rel ies on the market intuition of 
technologists as to what users or operators , that is , the market need 
or want . The demand-pul l strategy has been exemp l i fied , at l east 
historical ly ,  by the automotive industry . Techno logy-push is  exempl i 
fied by NASA ' s  programs . Wh i l e  the distinction between demand-pul l  or 
technology-push may be useful to analyze technological innovation , both 
are frequently necessary to introduce innovation into the marketplace . 
Successful innovation depends on knowing when each approach should be 
emphasi zed and when one might make a transition from one approach to 
another and which institutions to go to to make sure that each approach 
has a reasonable chance to make its contribution to the introduct ion of 
innovation into transportation . 

While  there has been innovation in transportation , it  has not been 
in general due to a thoughtful federal initiat ive . At times the federal 
role seems perverse :  demand-pul l has been used where technology-push 
would probably have been more effective and vice versa ; the abil ity to 
respond to markets has been inhibited when the government itself  if the 
customer ; and , in some cases , modes have been pressured to accept 
inappropriate technologies and these actions have usual ly been pub l i 
cized with elaborate performances by pub l i c  affairs official s .  
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I f  these comments seem harsh , consider the fo l l owing : 
1 .  The Metro cars for the Washington-New York corridor were speci 

fied and des igned in 1 967 to operate at 1 75 miles per hour al though the 
roadbed , catenary , and trains on paral lel  track would be destroyed at 
these speeds . The j usti fication was to outperform proj ected Japanese 
trains , which were in fact not bui l t . 

A high- speed air cushion vehicle  from Mc Lean to Dul les airport was 
proposed by a secretary of transportation to be constructed within 18  
months , in time for Transpo 1 97 2  as  a demonstration proj ect . Techno lo
gists  questioned the schedul e ,  economists quest ioned the market , OMB 
observed that it went from no pl ace to nowhere . It  was cance l l ed .  

3 .  The Morgantown Proj ect was to be compl eted in time for the 
Pres ident ' s  daughter to make a campaign-oriented inaugural ride . 
Trouble- free service occurred much later . 

4 .  Passive automot ive restraints were mandated before there were 
field data on the performance o f  pass ive be lts . A program to obtain 
adequate field data on air bag restraints proposed by one secretary of 
transportation , who then decided to reinvent the automobil e ,  and then 
resigned , but for other reasons . 

5 .  The Downtown People  Movers demonstrat ion was inaugurated by 
DOT , but an adequate technol ogical base to provide options for city 
pl anners was l acking . The techno logical options made avai l able  to 
German city pl anners by their Ministry of Research and Technology are 
considerably  more extens ive and have been deve loped in a shorter time 
and wi th less  funding than comparab le  U . S .  programs . 

6 .  Transbus speci fications were changed by four success ive secre
taries of transportation . The l ast  change- -made despite warnings of 
prob lems perceived by both operators and manufacturers and contained in 
an Office of Techno logy Asses sment report --resulted in no manufacturer 
responding to the bid request . 

7 .  A microwave l anding system was firs t demonstrated in 1 946 . A 
more refined microwave l anding system was approved by the International 
C ivi l Aviat ion Organi zat ion ( ICAO) in 1977 . Impl ementat ion i s  not yet 
in sight . Yet 50 percent of fatal ities are associated with the approach 
and landing phase o f  fl ight . A constant concern of users of the air 
traffic control system re l ates to the length of  t ime taken to complete 
and impl ement engineering and development programs . 

Whi le al l these  programs are complex ,  and whi l e  capsule criticisms 
are sometimes gl ib , the thrust of thi s smal l sampl ing is correct : DOT 
has not stimul ated innovation successful l y .  

DOT STIMULATION O F  INNOVATION IN  AUTOMOTIVE TRANSPORTATION- -WHERE IT IS  
NE ITHER CUSTOMER NOR USER 

The proper federal rol e  in transportat ion innovat ion should vary s igni 
ficant ly  from mode to n1ode . I n  automot ive transportation the govern
ment ' s  ro le  over the l ast 1 0 - 1 5  years has been to promul gate certain 
heal th and safety standards and , more recentl y ,  certain performance 
standards with respect to fuel  economy . Prior to these 10- 1 5  years , the 
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government had essential ly no rol e  wi th respect to the automobi l e  it
sel f ,  although it did have a s igni ficant ro le with respect to arranging 
the financing for highways and highway maintenance . Cons ideration is 
now being given to an expanded federal role in research as it  appl ies 
to the automot ive industry . 

There have been some minor and mos tly  unsuccessful federal research 
and development effort s in support of the automot ive environmental and 
safety regul atory programs . For exampl e ,  DOT ' s Research Safety Vehic l e  
program and EPA ' s ,  then ERDA ' s ,  and now DOE ' s  support of automotive 
power systems that might sat i s fy the requirements of the C l ean Air Act 
and be fue l  efficient have not successful ly  achieved their obj ectives . 

The Automot ive Power Systems Program had expanded more than $50 
mil l ion by 1977 and has s ince been budgeted for much higher expendi 
tures . The initial purpose o f  the program was t o  demonstrate automo
tive engine technol ogies that would meet the 1975 emission standards 
established in the Clean Air Act of 1970 . The program in fact had 
l itt l e  impact on any of the technolog ical approaches that the automo
t ive companies selected to meet the emis sion standards . The program 
concentrated on external combustion technologies rather than exhaust 
treatment . A l l  the external combustion techno logies turned out - - in 
accordance with the automot ive industries ' predictions - -to be s igni
ficant ly  less  efficient than internal combustion techno logies . The 
Offi ce of Management and Budget directed that program efforts should 
not be dup l i cat ive of  automot ive industry effort s .  Thi s  seems quite 
reasonable . But this forced the program to look at precisely those 
technologies that the automot ive industry found unattract ive . This  is 
not a recipe for efficient use of federal funds . 

There have been claims that this program could have been more 
succes s ful if its  designers had recognized that automot ive techno logy 
was mature and federal support has to be at a more bas ic level in the 
R&D hierarchy in order to make a contribut ion and that bas ic support of 
catalyst phenomenon or combust ion theory research would l ead to a 
succes s ful federal int ervent ion . However , catalyst experts today make 
a good deal of money protecting their proprietary po sition ,  the experts 
are l ikely to be wary of the constraint s associated with federal money , 
and the government should not support the inexpert . Furthermore , those 
technologies that might l ead to low pol lution leve ls  and high efficien
cies - - the Stirl ing and Strat ified Charge engine - - are probably more l imit 
e d  by cost and manufacturing technology than by bas ic combustion theory . 
There is  thus some question as to the effect iveness  of federal support 
of automobi l e  engine manufacturing technology- -a  subj ect more fami l iar 
to industry than government . 

Some say that EPA ' s  Automot ive Power Systems Program was init iated 
to forestal l an even more expans ive program that Congress was intent 
on l egi s l ating . Perhaps the Automot ive Power Systems Program exemp l i fies 
a damage- l imiting j usti ficat ion for R&D investment , which is a novel 
wrinkle  in economic theory . However , as serendipity would have it , 
evident ly some burner techno logy- -developed under this program for tur
bines- -may be useful in boi l ers , and ceramic turbine blade developments ,  
also supported by this program , may yet be devel oped and find appl ica
t ions .  
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Some claim that federal automot ive R&D support is needed for those 
companies in the industry that are marginal ly viable . Automotive 
companies are marginally  viable because of management problems and 
federal regulatory excesses , and it is hard to conceive how federal R&D 
support corrects these deficiencies . 

However ,  there is an economic rat ional e for some federal support 
of bas ic  R&D that might a id automot ive and other technologies . Companies 
cannot ful ly capture the benefits of long-range R&D , and therefore long
range R&D is insuffic ient ly funded by the private sector . The criteria 
for additional federal support , however , should include j oint private/ 
pub l ic sector funding , proj ect sel ect ion and supervision ,  as wel l  as 
ful l discl osure and pub l ic ownership of resul ts . Perhaps an automotive 
equival ent to E lectric Power Research Institute (EPR I)  is needed , but it 
must be structured with the recognition of the fact that the automobi l e  
companies do maintain l arge laboratories accompl ishing long-range R&D 
that might lead to proprietary techno logies in a competitive industry , 
whereas uti l ities have not supported such faci l ities and proprietary 
technologies are not as relevant in a regul ated industry . 

The resul t of the Research Safety Vehicle  (RSV) program al so raises 
some disturbing questions . DOT displayed its RSV vehicle wi th great 
fanfare only to have the president of General Motors confront a secre
tary of  transportation on public  televis ion with the fact that GM ' s  X
body car had equivalent safety characterist ics , better fue l economy , 
and more occupant space than the RSV car . Thousands of X-body vehicles 
were being produced per day at the very time the RSV was unvei l ed .  DOT 
personnel have confirmed the observations of GM ' s  pres ident . Thus the 
RSV program does not seem to have been a good use of federal funds . 

In summary , the federal government can probably do l ittle  that is 
helpful by direct R&D support of automotive technology . However , a 
great deal could be done to promote cost -effective innovation by much 
better federal performance in evaluating and s ett ing automotive emis 
sion and safety standards . A few specific suggestions are in order : 

1 .  The mandatory use of seat belts  is  an innovation that has 
resulted in more than 75 percent of uti l i zation of harnes ses in appro
ximately 2 0  countries . No U . S .  secretary of  transportation has attempt
ed such a program desp ite innumerabl e  studies demonstrating that th is 
is the single  most beneficial safety innovation avai lable . No foreign 
country has adopted the U . S .  approach of passive restraints .  Why i s  
there a barrier to this innovat ion in the United States ? 

2 .  Carbon monoxide is  the one pol lutant that can be personal ly 
monitored . This  can be done by measuring the carboxyhemog lobin (COHb) 
content of blood . The current amb ient monitor of CO is a poor indica
tor- -its measurement varying by factors of at least two depending on 
trivial changes in location . EPA has not accepted this innovative and 
more accurate approach to measurement . Thi s  in turn increases the 
s tringency of emission standards because of uncertainties , and this 
then l imits the range of automotive innovat ion . 

3 .  Reducing hydrocarbon emiss ions in the Los Angeles bas in reduces 
oxidant levels . Reducing hydrocarbon emissions in the Northeas t has 
no impact on oxidant l evel s .  EPA has refused to contemplate the 
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innovat ion of a regional approach to automot ive emission control , even 
though the Cal i fornia standards have always differed from federal stan
dards . Thi s  barrier to innovation ripples  through the system caus ing 
need l e s s  expenditures . 

DOT STIMULATION OF INNOVATION IN AIR TRAFF IC CONTROL- -WHERE IT IS  
A CUSTOMER BUT NOT A USER 

Government involvement in air traffic control , where the government is 
its own cus tomer , i s  and should be different from federal invo lvement 
with automot ive innovat ion . Whi l e the us ers of airways are most ly in 
the private sector, they uti l i ze a federal ly operated air traffic con
trol system and must comply with its procedures and safety and equipage 
regul at ions . Their economic fate and their physical safety depend on 
the safety and effic iency of the air traffic control  system over whi ch 
these us ers have l itt l e  control , except by appeal ing to Congress or the 
FAA . However , the FAA has been sens itive to th is problem and has insti 
tuted forma l user consultat ive conferences and interchanges t o  as sure 
user input to FAA eng ineering and development (E&D) init iatives . Some 
user comments resu l t ing from thi s  process i l lustrate the value of a 
formal user consul tat ion . !  

The user community did develop some general conc lus ions 
concerning operati onal restraints on E&D obj ect ives . For 
examp l e ,  all  users recogni ze the need for evolutionary 
development of the ATC system- -not as an excuse for slow 
development - - but as a recognit ion of the l imits to change in 
a system that operates in real time with many l ives at stake 
and with mass ive inves tment s in the training and proficiency 
of hundreds of thousands of people  and measured in the tens 
of b i l l ions of do l l ars of equipment . This evo lut ionary 
requirement i s  certain to cause comp l ication� , expense and 
de lays in upgrading center and terminal automation . 

The FAA must  obtain whatever manpower and money is 
required to accomp l ish this vital program . 

A constant concern of the user community re lates to the 
l ength of t ime taken to complete  and implement certain vital 
E&D programs . For example , M&S has been under deve lopment 
for a decade and st i l l  has many remaining uncertaint ies so 
that an eventual implementat ion date is s imply not in sight . 
The rate of development of the Vortex Avoidance System (VAS) 
i s  of equal concern . Meanwhile  the airport capacity issue 
becomes ever more serious . 

The user community is also concerned about the need for 
improved integration of  E&D programs within the E&D struc 
ture o f  FAA , with other rel evant organi zat ions in FAA and 
with users and manufacturers . The troubled introduction of 
autoland i s  an example  of the prob lem .  Pi lots first attempt 
automat ic landings under better visibi l ity condit ions than 
the minimum ce�t ification of their equipment . This provides 

1 Quotes are from "New Engineering and Development Initiat ives - -Pol icy 
and Technology Choices , "  DOT-FA77WA-4001 , vol . 1 ,  March 1 ,  1979 . 
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early fami l iarity with the equipment in a forgiving environ
ment . However ,  the I LS signal qual ity is less  satisfactory 
in thi s  environment than under poor vis ibi l ity conditions , 
such as CAT I I ,  when aircraft mus t avoid areas that adverse 
l y  affect the I LS signa l qual ity . The autoland system 
fo l l ows the I LS vagaries faithfu l l y ,  but the pilot is  sure 
he can accompl ish a better landing manual ly , so the pi lot 
decouples , his  famil iarity suffers and his  re luctance to use 
autol and increases . Unfortunately there are other incon s i s 
tencies between some ATC procedures and autol and capabil ities . 
Furthermore , the rel iab i l ity specification is unreal i stical ly 
high . Therefore its complexity is  great and maintenance 
expens ive . When aircraft operators real i ze auto land is not 
used frequent ly by pilot s , they are less  fastidious about its  
maintenance . Thi s  discourages pi lots even more . Obviousl y ,  
coordinat ion between pi l ots , manufacturers , operators , FAA 
flight standards and MLS advocates is needed if autol and is 
to become a rea l ity as NTSB suggests . Could an organi zation 
or proces s within FAA coordinate al l the part icipants in an 
effort to achi eve ut i l i zation of autol and? 

Another example has to do with airport capacity . 
Exqui s i te integrat ion i s  needed between runway , exit and 
taxiway design , terminal automat ion , M&S , wake vortex avoid
ance , MLS and surveil l ance of the surface and the terminal 
airspace , in order to squeeze capac ity into airports safe l y .  
Could an organizat ion o r  process within FAA- -perhaps as an 
extens ion of the present Airport Task Forces - -integrate the 
various components needed to improve airport capacity on a 
s ite spec i fic bas is ? 

One l ast  example  deals with upgrading the air traffic 
contro l process in centers and termina l s . This  is a huge 
and necessary undertaking . The development o f  the des ired 
ATC capab i l ities requires sign i fi cant effort in two areas : 
first , the estab l i shment of new automat ion concept s ,  the 
rel ated operational procedures and the corresponding computer 
al gorithms ; second , the procurement and impl ementat ion of the 
necessary hardware and software to support the automation 
requirements .  The first of these two t asks may we l l  be �he 
most  t ime consuming and di fficult s ince it  invo lves explora
t ion of some fundamental changes to the ATC process itsel f .  

The removal o f  rotating beacons from airport terminals  
and compass l ocators from outer markers has caused pi lots 
unnecessary difficult ies measured against the trivial cos t  of  
maintaining these fac i l ities . In some cases , pi lots wil l not 
accept a visual c learance to an airport on a c l ear night 
because they cannot identi fy the terminal against a background 
of urban l ight ing in the absence of a rotating beacon . Thi s 
decreases aiport capacity and increase s  contro l l er work load . 
Whi le this  issue i s  not as significant as most E&D po licies 
discussed previous l y ,  it is  inc luded here to i l lustrate the 
value of formal user consultat ion . 
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These quotat ions indicate the value of formal consultation with 
private sector users of the government-operated ATC system to be sure 
that federal programs respond to perceived needs . The users know they 
fund E&D products through the trust fund and were not reck l ess  with 
their  suggest ions . As one can see from thi s  abstract of user comments , 
FAA has had difficul ty comp l et ing programs in a t ime ly way owing to 
money l imitations and the long and burdensome proces s of obtaining 
approval s for techno logical devel opments through FAA , DOT , OMB , and the 
Congress . 

DOT STIMULATION OF RAI LROAD INNOVATION - -WHERE IT I S  NE ITHER CUSTOMER NOR 
USER 

The Pederal Rai l road Administration (FRA) also has a probl em making sur� 
that its R&D is cons istent with the needs of the rai lroads . As was in
dicated previous ly,  some early programs were driven by techno l ogy rather 
than market needs , and the resul ts were unfortunate .  In recent years , 
FRA and the Association of American Rail roads (AAR) have deve loped a 
way of j oint ly  funding R&D  programs . An evaluat ion of  thi s  process  for 
AAR conc luded2 : 

. . .  The AAR ' s  po l i cy o f  bringing ' funds to the table , '  
negot iat ing j oint programs and maintaining a high l eve l of 
R&D competence within AAR to orchestrate the effort i s  an 
excel lent approach to pub l ic/private s ector management of R&D . 
Neither the Air Transport Association (ATA) nor the American 
Pub l i c  Trans it Associat ion (APTA) has done as wel l  as AAR in 
recent years in modulat ing federal R&D programs to meet user 
needs . Thi s  is  the case despite the fact that APTA represent s 
l ocal governments - -pub l ic bodies - -wh i l e  AAR represent s mostly 
private sector interest s .  AAR ' s  better record seems to be 
due to at l east two factors ; neither APTA nor ATA invests 
money in R&D and neither organi zat ion has a strong R&D 
capab i l ity . As a result , members o f  ATA have had to instal l 
safety equipment of dubious value deve loped and mandated by 
the FAA; and APTA has had to endure various bus and train 
demonstration programs that they fe lt were inappropriate and 
badly executed and that have l ed to mandated equipment they 
do not wish to operate . 

DOT STIMULATION OF TRANSIT INNOVATION- -WHERE IT IS  AN IND I RECT CUSTOMER 
BUT NOT A USER 

The Urban Mass Transportat ion Administration (UMTA) funds R&D that it hopes 
wi l l  be useful to the trans it properties , most of whom are supported by 

2 "Joint Publ ic/Private Sector Management of Rai l road R&D , "  Economics 
and Science P l anning , Inc . , May 24 , 1977 . 
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capi tal and operat ing grants from UMTA . Many issues face : 
• • .  federal ly supported R&D when ( 1 )  the ul t imate customer 

is not the federa l government but local transit  propert ies ; 
( 2 )  the ult imate user i s  the pub l ic with many diverse 
interests ; (3 )  the manufacturers ' investment in devel opment 
and tool ing is predicated not only on market forces but also 
on federal and l ocal regu l at ions and procurement po licies 
and most part icularly their steadiness ; and (4 ) there are 
government concerns about ant icompet it ive concentration . 

Some observers have described transit  sys tem deve lop
ment under these circumstances as fo l l ows : 

The user is  not the buyer , the buyer doesn ' t  pay for it , 
the payer usual ly doesn ' t  buy it  or use it , the operator !s 
a profess ional who doesn ' t  use it , pay for i t , or buy it . 
An Office o f  Technol ogy As sessment report4 evaluated some early 

UMTA efforts as fo l lows : 
The Transbus program focused on a product rather than 

deve l opment of the key component s  that would make that pro
duct pract i cal in revenue service . Fearing increased main 
tenance and re l iabi l i ty costs and service penalties because 
o f  the uncertain status of key component s ,  such as cant i 
levered t ires , brakes and axl es , the transit operators with
drew their support . Transbus as in itial ly proposed and con
ducted was over ly ambit ious , expens ive for what was accom
p l i shed and de l ayed an interim or advanced bus . Future 
financial support for Transbus could  be used more effect ive
ly if directed at component deve l opment and evaluat ion . 

The transit operators view the SOAC (State-of-the -Art
Car) demons tration with mixed fee l ings . To some it  was use 
ful , to others it  was not . Urban Mas s Transportat ion Ad
ministrat ion (UMTA) during the period 1968 -1972  took the 
approach that aerospace technology and management techniques 
could offer substantial benefits to the transit  indus try . 
In th is spirit , UMTA determined that a SOAC demonstration 
would be us eful even though i t  incorporated no new technology . 

The ACT (Advanced Concept Train) program was overly 
ambit ious , troubled wi th unreal i stic  cost estimates , late 
de l iveries and management prob lems . ACT incorporated in its  
subsystems several important techno logical innovat ions whi ch , 
when proven , are l ikely to be adopted by transit  propert ies . 
An ACT program aimed at subsystem deve lopment and eva luation 
rather than construct ion of an integrated vehic l e  might wel l  
have been more effective at l e s s  cost . Present UMTA manage 
ment has recognized t h i s  s i tuat ion and has inst ituted an 
Advanced Subsystem Development Program with these obj ect ives . 

3 "Transit Vehic l e  R&D - -Transbus , SOAC and ACT , "  United States 
Congress ,  Office of Techno logy Asses sment , March 8 ,  1977 . 

4 Ibid . 
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UMTA should support research , development and demonstra
tions of train and bus advanced techno l ogies , particularly at 
the subsystem leve l , that would l ead to improved transit 
vehic l es . I t  is not an effect ive use of federal money to 
deve l op convent ional transit vehicles as final products ,  since 
transit  manufacturers can more effect ive ly do this based on 
speci ficat ions developed by the transit operators . These 
spec i ficat ions wil l incorporate new subsystems appropriate to 
each local trans it property when they are shown to be effec
t ive by UMTA or industry . 

Standardization at the subsystem level is frequent ly 
achieved through a procurement process that permits transit 
properties some discretion . Mos t  of the drive trains and 
engines on current buses are standard without federal regula
t ion other than the consent decree of 1 965 . UMTA ' s  heavy 
rai l car standardi zat ion efforts at the subsystem performance 
and interface leve l promise to be beneficial . Standardiza
t ion of the total vehic l e  des ign i s  l ike ly to be unproduc
t ive . 

The abi l ity to de l iver R&D to the transit  propert ies 
is dependent on federal po l ic ies re lat ing to procurements ,  
grants , regulat ions and standards as much as on the R&D pro 
cess itse l f .  These interact ions and some alternat ives are 
discussed in the report . This  assessment has focused on 
conventional transit vehicles . Other po l icies may be appro
priate to h igh ri sk advanced transit syst em deve lopment . 
There has al so been concern with advanced transit system develop

ment . One express ion of this was the formation in 1976 of the Advanced 
Transit  Association (ATRA) - - a  group of urban pl anners , trans it techno
l ogists , and transit operators who felt that APTA represented transit 
system operators but not necessarily individuals  who used trans it sys 
tems or urban p l anners . Its  purpose is , " ( 1 )  To improve the qual ity of 
urban l i fe through the j udicious app l i cation of advanced techno logy 
and planning concepts to trans it services ; ( 2 )  To disseminate informa
tion on advanced transit  to the members , to the interes ted profess ions , 
to the pub l ic , and to representat ives o f  al l l eve l s  of  government ; and 
(3 )  To improve the qua l ity of trans it- system analys is , p l anning , design 
and imp l ementat ion . "  

Another expres sion o f  concern has resulted from a recent revi ew of 
European ,  particularly German , progress in advanced techno logy trans it , 
occas ioned by the Internat ional Transportat ion Exposit ion in Hamburg in 
June 1979 . The consensus of congress ional , DOT , and private sector 
individua l s  i s  that the United States i s  substant ial ly behind demonstra
ted German technol ogy whether it be M-Bahn (magnet ic l evitat ion) , C-Bahn 
(GRT or PRT) , S- Bahn ( commuter rai l ) , U- Bahn (rai l rapid trans it) , or 
Strassen- Bahn (s treet rai l ) .  One irony in th i s  situat ion is  that the 
two outstanding text s on high-techno l ogy transit  were pub l i shed recent ly 
( 1 978)  by two Americans - -Transit Systems Theory by J .  Edward Anderson 
and Fundamentals  of Personal Rapid Trans it by Jack H.  I rving . There is  
nothing wrong with the U . S .  abi l ity to conceptual ize  and analyze , but 
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evidently the United States does not produce prototype hardware . A U . S .  
urban p l anner has t o  trave l to Germany today to view the ful l  range of 
transit opt ions . DOT lack o f  support for deve loping and test ing tran
s i t  opt ions has led to this debac l e . Some quotat ions from the trip 
report s of several federal U . S .  obs ervers make the point : 

Vo l kswagen , BMW , Mercedes , Siemens , MBB , and many others 
had exhibit s  featuring new technology in e lectronic contro l s  
and safety systems . The most disappoint ing exh ibit  was the 
U . S .  exhibit put on by DOT . It featured the minicars RSV , 
the UMTA paratrans it vehic l e ,  an air bag disp l ay ,  and photo
graphs o f  President Carter and Brock Adams . 

On Sunday I fl ew to Hamburg to at tend and part icipate 
in the IVA .  A great deal of money and effort went into 
the exhibits themselves with representation primari ly from 
European countries . The European supp ly industry displays 
of equipment and new technology deve lopments were impress ive . 
To the contrary , the U . S .  exhibit was somewhat embarras s ing 
for its lack of any s igni ficant equipment or technology 
o fferings . 

I diagnosed with some chagrin and envy that • . •  it is 
now a virtual certainty that at l east two Japanese systems 
(more ambitious than ours ) , one French system , and one German 
system wi l l  become operational before we open our first DPM • . . •  

To me , it  seems that other industrial i zed nat ions can move 
much faster in making decisions and implement ing them than 
the United States • • • •  We have a l ong way to go to  obtain thi s  
kind of commitment b y  transit to consider new t echno logies • 

• • .  a feel ing of a truly  cooperat ive j oint effort between 
government , trans it operators , and the equipment supp l i ers in 
developing new transit techno logies and t echniques , i s  needed as 
wel l as more cooperat ion than I be l ieve exists in the United 
States today , although it is pos sib l e  that the harmony was more 
a promot ion for the visiting de l egation than in rea lity exists . 
Stil l ,  it is  di fficult to imagine an experience such as the 
Transbus controversy takin2 place in Germany • • • .  

Thus UMTA has evident ly fai l ed to st imul ate innovation where other 
countries have succeeded . 

CONCLUS IONS AND RECOMMENDATIONS 

I t  is c l ear that transportat ion innovation has not prospered under DOT 
management . During the first hal f decade of  DOT ' s  h i story ( 1 967 - 1 972) , 
technol ogical devel opment s supported by DOT too frequent ly lacked a 
market . Evident l y ,  there has now been an overcorrect ion- -at l east in 
certain modes - -and techno l ogical  pos s ib i l ities and even requirements are 
not being developed at the needed pace or in some cases at al l .  
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The modal administrat ions within DOT seem to have learned to work 
with users in recent years so that technol ogical deve lopments tend to 
satisfy user needs . But the techno l ogists within the modal administra 
t ions have not been ab l e  to push through the thicket of bureaucrat ic  
stifl ing of innovat ion within their own modes , within the DOT super
vi sory structure , with in OMB , and wi thin the Congres s .  Maybe no mortal 
could .  Perhaps the bureaucrat ic maze should b e  unrave l led . One example 
should suffice : In  Germany, the Ministry of Research and Technology 
has a staff of two devoted to urban transit deve lopment . UMTA has a 
staff o f  65 , many o f  whom are evidently  consumed in modal , DOT , OMB , and 
congres s ional j ustifications and contractual procedures . Recal l that 
with this  staff of two , Germany is outperforming the United States .  

Recommendat ion : Streaml ine the technol ogi cal approval process in 
DOT and the federal government . 

There is no pol itical stabi l ity in DOT . There have been five 
secretaries  of transportation in 1 0  years , as wel l  as five UMTA admini 
s trators . Not one o f  these rose  through the rank s , a sign of a badly 
managed enterprise . E ach secretary tended to reverse the pol icies of 
his  predecessor . Volpe wanted to mandate  air bags , Brinegar fe lt  the 
deci sion should be left to the private sector , Co leman wanted to test 
air bags , Adams mandated air bags , and now we have Goldschmidt . Volpe 
wanted to mandate Transbus , Brinegar wanted to l eave it to the trans it 
operators , Coleman sel ected Transbus parameters acceptable  to operators 
and manufacturers , Adams mandated more stringent parameters , and opera 
tors and manufacturers "got off the bus . "  Innovation cannot prosper 
in such a highly po l it i ci zed department . 

Recommendation : Depoliticize  DOT , at the very l east depo l iticize 
the technol ogica l components of DOT . Consider whether modal administra
tors could be bipart i san ,  appointed for six-year terms , preferabl y  from 
the ranks . A change in administration in the United States involves a 
change in 4 , 000 top government professional s ,  usua l l y  within six months . 
This is an impossible task to do wel l .  Germany , Engl and , France , and 
Japan change onl y  40 - 70 top j obs with a change in admini stration . They 
seem to maintain po l it ical control . 

Innovation seems to do better with federa l stimulus where the 
federal government is the customer- -air traffic control - -and l east wel l  
where the government i s  neither the user nor the customer- -the automo
t ive industry . 

Recommendat ion : Depl oy R&D assets where it i s  more appropriate for 
federal invo lvement in technol ogical development , that is from the auto 
motive industry to air traffic contro l , for examp l e . Rai l road and 
transit R&D are also more appropriate recipients of federal technol og i 
c a l  development aid , s ince the long history of federal regulat ion in 
rail road transportation st ifled innovation and adaptab i l ity and s ince 
the federal government funds most transit capital gains . 
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D ISCUSSANT ' S  COMMENTS 

BY 

HOWARD K .  NASON 

There has been general agreement at thi s meeting that techno logical inno
vat ion comprises the successful introduction and di ffus ion of new pro
ducts ,  processes , or servic es , using new technologies or new combina
tions of techno l ogies that distingui sh the innovation from its predeces
sors . 

There al so has been a consensus that , in the United States at 
l east , the creat ion and introduct ion of such innovat ions is  a funct ion 
o f  the industrial sector . But the essent ial final step of  the innova
t ion process ,  commercial acceptance ,  is contro l led by the pub l ic . Inno
vation has not been accomp l i shed unt i l  the user makes the critical dec i 
s ion t o  buy it . 

Morlok and Goldmunt z ,  of this pane l , and Garrison , of the Pane l on 
the Setting for Innovation , examine in their pos ition papers many of 
the complexities of the innovation proces s .  They spec i fical l y  probe 
the many factors invol ved in innovat ion in transportation . From their 
contributions and from the views of other part icipants in the workshop , 
we can see a number of areas of common concern . 

THE ROLE OF TECHNOLOGY 

R&D and the techno logy it generates are essential e l ements of innova
tion . Standing as they do at the beg inning of the process , they have 
been taken by many to be the most important e l ement in the chain . 
Speakers at thi s meeting separately have emphas i zed that every l ink in 
the chain is  essent ial and that if  any one i s  defect ive the entire pro
cess fai l s . Capital to carry the techno logy into production ; marketing 
ski l l s  to insure a match of user needs and wants with abi l ity to manu
facture and to secure consumer acceptance ;  and overal l management to 
insure integration of each step in the process ,  to make sure that social 
as wel l  as economic and market requirements are served by the innova
tion , and to secure a return sufficient to repay the costs of the inno
vation and to he lp support devel opment of success ive ones , are al l 
required . 

Thus a c l imate supportive of al l steps in the innovat ion process  
i s  es sential . I t  i s  the rol e  of  management , whether in industry , govern
ment , academia , or other ins titut ions to insure the perpetuat ion of such 
a cl imate . 

Technology thus is  a concern of al l el ements of our soc iety . There 
seems to be agreement that techno l ogy per se  is  in good health in 
America , with support in al l sectors . Speci fical ly,  there seems to be 
no l ack of innovative components and processes for app l ication in 
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transportat ion . There does seem to be a short fal l in the understand
ing of total systems , into whi ch components and processes must be 
integrated i f  they are to be useful . Also , knowl edge of val id user 
needs and wants , as they re late to various modes or combinat ions of 
modes , and to the opportunities  for innovation in these ,  seems to be in 
need of improvement . Both private and publ ic sectors need to deve lop 
better capab i l ities in these areas . Charpie cautions that user needs 
are not always what users say they want . 

PUBLIC ATTITUDES 

Public  opinion is important to innovation , not only with respect to 
acceptance but also  with respect to the support of R&D , to the genera
tion o f  investment capital ,  and to the maintenance of a favorable  c l imate 
for construct ive change . Several speakers expressed concern over the 
pej orative antipathy between pub l ic and private sectors that is evident 
today , intens ifi ed by misguided utterances that seem to rece ive more 
attention from the media than is warranted by val idity or merit . 

Pub l i c  i gnorance of el ementary economic real ities is  especial l y  
damaging t o  innovat ion . Lack o f  understanding o f  investment , profit , 
s avings , and of who ultimately must pay the costs , leads to pol it ical 
pressures resulting in actions very damaging to savings , creation of 
capital , investment , and modernization , which are essent ial to innova
t ion , product ivity , internat ional compet it iveness , and the maintenance 
of qual ity of l i fe .  

I t  i s  felt that government should take a pos it ive , rather than an 
adversary , approach to such prob l ems . 

ROLE OF GOVERNMENT 

On a number of is sues there seems to be a consensus , both in the pre
pared papers and in the discuss ions . Such i s sues inc lude the fol l owing : 

1 .  Support of bas ic knowledge . While industry and univers ities wi l l  
cont inue to make substant ial contributions to the support of basic  
res earch , the maj ority of  the  funding should cont inue to  come from the 
federal government . (This  ho lds true for most other industrial nations 
al so . )  Most  of the actual performance of bas ic res earch should cont inue 
to be done in the universit ies . 

2 .  Support of generic techno l ogy . Where the development of bas ic  
knowl edge into techno l ogy that is generic to an ent ire industry or to 
several industries , and where the cost of such deve lopment is too great 
for any company or group of companies to bear , support by government is  
appropriate , subj ect to reservations discussed below .  Such support is  
most  effective when industry and academe part icipate in planning , fund
ing , and execution . 

3 .  Estab l ishment of obj ectives . Government could make a maj or 
contribut ion by catalyzing the estab l ishment of overa l l , l ong-range 
obj ectives for innovation in a techno logy or in an area of social need . 
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Nowhere . is  this more evident than in transportat ion where national needs 
should be evaluated from the standpoint of tota l systems , of their in
teractions , and of their re l at ionships to other nationa l goals . Defini 
tion of needs for innovative techno l ogies would flow from such efforts . 

4 .  C l imate . Government p l ays a critical ro l e  in determining the 
cl imate for innovation and product ivity . I t  should make sure that its 
actions contribute to a c l imate favoring initiative in the creation and 
appl ication of techno logy to the total innovation proces s ,  and parti 
cul arly should emphasi ze the avoidance or the removal of dis incent ives 
that i t s  other act ivities may create . Contro l  of inflation is an 
essent ial step . E l iminat ion of  confiscatory tax po l icies , and the adop 
tion of pol i cies favoring savings and inves tment are needed to fue l  
vital steps of  the innovation process . Regu l ation and direct contro l  
of technical and economic matters mu s t  b e  handled s o  that innovation is  
encouraged rather than inhib ited . 

And management processes in government must be depo l itici zed if 
they are to be effective . 

5 .  Direct intervent ion . Government should intervene directly  in 
the latter stages of innovat ion onl y  where market forces clearly are 
incapab l e  of meeting a national need . Examples inc lude s treets and 
highways , waterways , pub l i c  health , area sanitat ion , etc . Pub l ic 
acceptance , as evidenced by wi l l ingness to buy a new product or servi ce , 
remains the most potent decision-making e l ement . Government shou ld 
avoid intervening in product or process decis ions and should guard 
agains t attempts to impose new technologies ,  however otherwi se attrac 
t i ve they may appear to be . 

ROLE OF THE PRIVATE SECTOR 

The private sector has respons ibi l ities  to insure diversi ty in the 
creation and de l ivery of goods and services that meet society ' s  needs . 
The pub l i c  is  the ult imate j udge of success ; it  buys or it  does not . 
Not every innovation- -not even mos t  innovations - -wi l l  win such accept
ance . An industry ' s  overal l track record in winning such acceptance 
wi l l  determine its survival .  Not every innovator wi l l  survive . Many 
wil l  not deserve to  survive . That some deserving ones wi l l  not survive 
i s  unfortunate ,  but survival o f  the fittest i s  the determinate of  
fitness .  Art i ficial  props to prevent fai lure of  unacceptab l e  innova
t ions never succeed in the l ong run .  

Industry thus has fundamenta l  respons ibil ities , to the pub l i c  and 
the consumer , to its emp l oyees , and to i t s  inves tors . Fai lure to meet 
any of these responsibi l ities  ful ly constitutes fai lure of the who l e . 

INSTITUTIONAL I ZAT ION 

Transportation i s  highly institutional i zed between transport companies 
themselves (rai lways , airl ines , shipping companies , bus and truck 
companies , etc . ) ,  regional operators (e . g . , transport authorit ies , 
Amtrak , Conrai l ,  etc . ) ,  supp l i ers (component and equipment manufacturers) , 
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associat ions , and a variety o f  governmental bodies invol ved in every 
phase of the process . 

This affords an opportunity as wel l  as a cha l l enge . Opportuni ty 
for an intermodal engineering systems approach , in which al l sectors , 
publ i c  and private , could participate constructively ,  from earliest 
conceptual and planning phases to final del ivery and operational phases . 

How can we integrate (compromise)  publ i c  and private rol es in 
deci sion making? 

We have hi storic mode l s  that provide c lues as to how or how not to 
do it . One of the best of these is the examp l e  of  the former Nat ional 
Advi sory Committee on Aeronautics . NACA never des igned airplanes . But 
it provided basic technol ogy of great sophi sti cat ion , which the industry 
then incorporated into advanced designs , whi ch l ed to aeronaut ical pre 
dominance for America . Industry , academi a ,  and government working 
together produced superior basic  technol ogy , and through its app l i ca
tion , innovat ion . NASA , which absorbed NACA , on the other hand , has 
lost the touch for this kind of co l l aboration , and innovation has 
suffered . 

Examples from the Department of Defense as contrasted to those from 
the AEC/ERDA/DOE provide the same kind of l es son . Bob Charpie drew 
stimulat ing conclusions . 

In sum , those in attendance came through ' S trong l y  for a participat
ing systems approach for innovat ion in transportat ion , with appropriate 
inputs by government , industry , and the academic community , not domina
ted by one sector , but guided by the fundamental princip les that have 
been shown as control l ing for the process of innovation .  A readj ust 
ment of the ro l e  of government , and of its image of that ro l e ,  c l early 
is indi cated . 
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PANEL REPORTS 
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THE SETTING FOR INNOVAT ION 

BY 

FOSTER L .  WELDON 

Our pane l members agreed on a coup l e  of things rather quick l y .  First , 
that the setting for innovation was a " l ousy" one , and , second , that it  
was going to  be tough to  try to  improve it . We had l it t l e  troub l e  
identi fying barriers throughout the sess ion , but we had real di fficul 
ties arriving at recommendat ions for improvements . This i s  simply 
because of the compl exity of the thing ; a who l e  potpourri of pub l i c  and 
private organi zations is interacting within a framework that is real ly 
a very dynamic marketp l ace , but at the same time it is  constrained by 
static laws and static regul ations . 

At a highly aggregated l eve l of al l of these components we fina l l y  
were abl e  t o  agree on several suggestions for improvement . But attempts 
to dig into the detai l ed interactions were not very productive . 

In what fol lows I wi l l  try first to out l ine the consensus reached 
concerning the barriers to innovat ion , and then I wi l l  get to the 
recommendations for lowering the barriers . 

First , the barriers that were identified in the execut ive branch 
of the government are as fo l lows : 

1 .  Fragmentation of authority and respons ibi l ity for transportation 
programs , both across and among the maj or modes of transportation .  

2 .  Incons istent and erratic  l eadership in pursui t of transporta
tion goal s and obj ectives . 

3 .  Lack of systemati c  approaches to encourage transportation innova
tion . 

4 .  Lack of l ong-term p l ans and pol i cy commitments to pursue 
specific t ransportation goal s and obj ectives . 

5 .  Faulty coordination among agencies in the management of inter
related transportation activities . 

In the state and l ocal governments ,  the maj or barrier to innovat ion 
is  simply the great number and divers ity of these entities . The primary 
customer of transportat ion at the local l evel is a hodgepodge of city ,  
county , and regional governments ,  districts , and authorities with amb i 
valent perceptions of the needs and mechani sms for , and the des irab i l i ty 
and efficacy of,  transportat ion improvement . 

We then l ooked at the congressional leve l of government and ident i 
fied barriers to innovation that are somewhat simi lar t o  those i n  the 
executive agencies : inconsistent l eadership and lack of l ong-term p l ans 
and pol i cy commitments in pursuit of transportation goal S .  
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In addit ion , two other specific barriers at the congress ional 
l eve l were ident ified : 

( 1 )  Too many overs ight committees with confl icting obj ect ives and 
overlapping authority . 

( 2 )  Uncoordinated transportation-re l ated act ivities undertaken in 
response to a variety of  cons t ituencies . 

In the industrial/commerc i al setting , barriers to innovat ion are as 
fo l l ows : 

( 1 )  Si ze , maturi ty , and mass ive infrastructure of the component 
companies , characteristics  that are not general ly conducive to agi l e  
innovation . 

( 2 )  The low rate-of-return characteri stics of  operating companies 
in the transportat ion bus ines s .  

(3 )  The inherent di fficulties in predi cting market response and 
economic impact of signi ficant changes in transportation system opera
tion . 

(4 ) The high-cost/high-risk nature of necessary ful l - scale , real 
world proof testing . 

(5)  The natural resistance to change that characteri zes many 
individuals  and organi zations unti l threatened . 

In the research setting , academic institutions were s ingled out for 
special cons ideration . This is  because of their value as a source of 
new , innovative talent for the transportation industry . Lack of a 
s teady supply  of technical ly superior talent i s  certainly  a barrier to 
innovation , and yet it seems that thi s supp ly i s  threatened by scarcity 
and l ack of continuity of funds needed to support academic research 
activities . 

Request for proposal grantsmanship for unrel ated agency or mission
oriented proj ects does not so lve thi s  problem and may even compound it 
by absorbing talent and resources that could better be used in more 
bas ic research and teaching . 

Other barriers were identi fied that are related to l egal , societal , 
and general techno l ogical matters . I wi l l  j us t  note these quickly . 

The patterns o f  l aws having some bearing on transportation matt ers 
has been estab l i shed for several decades , and certainly,  at l east in 
the areas of patent po l icies and ant itrust legis l ation ,  there should be 
some critical revi ews to ascertain the deleterious effects this fact 
may be exerting on innovation . 

The general uncertainti es in our society,  created by such things 
as infl ation and energy worries , certainly also affect innovation by 
s kewing new developments toward smal l ,  short -term , l ow-ri sk proj ects . 

In the general technol ogical are a ,  it was fe l t  that we are not 
getting nearly  enough spin-off from foreign and nontransport R&D 
activit ies . 

These remarks have summari zed the barriers . Now I wi l l  out l ine 
what we think might be done about them . 

Part A .  To provide potential innovators with a sound knowl edge 
of federal priorities , resources , commitments ,  and phi l osophy per
taining to meeting transportation needs , DOT should take the fol lowing 
steps : 
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1 .  Prepare and issue an annual l ong-range nat ional transport ati on 
plan .  This plan should spel l out pol i cy initiatives , capital ass i stance 
priorities , and R&D priori ties . Management of the program for meeting 
these initiatives should be inc luded .  

2 .  Include the interre l at ionships between DOT and other regulatory 
agencies in the p l an ,  and , important l y ,  show a rationale for the evo lu
tion of nonoverlapping regu l at ions . 

3 .  Develop program criteria for innovative content , and use them 
to test the department ' s  initiatives and programs . 

4 .  Define priorities and resource al l ocat ions for at l east the 
next 1 0  years . These definitions should be incl uded in the plan and 
should re late to DOT ' s  role  in sharing information , providing l eader
ship to state and local governments , aggregating markets ,  pursuing 
high-risk R&D and defining needs and speci ficat ions . 

Part B .  Changes in the current process affecting program acceptance 
and definition and coordination should be made to foster transportation 
innovation . Therefore DOT should :  

1 .  Reques t  the l egi s l ative branch to conso lidate its  authori zing , 
appropriating , and overs ight committees for al l modes of transportation , 
combin ing the functions in a s ingl e committee in each branch of the 
legi s l ature .  

2 .  Emphas i ze the sharing of as sistance and informat ion with state 
and l ocal agencies , stressing innovative management approaches rather 
than techno l ogical approaches . 

3 .  Invo lve operators of transportation systems in the cooperative 
generat ion of programs and funct ional specifi cat ions that foster inno 
vative products and services . 

Part C .  The panel  bel ieves that the government executive and 
legi s l ative programs , processes , and l eadership lack the stabil ity 
needed to induce innovators to take entrepreneurial risks . To 
ame l i orate thi s prob l em ,  DOT should :  

1 .  Define and impl ement actions  to assure continuity o f  manage
ment and funding for these programs . 

2 .  Relate DOT program structure to mi ssion areas and priorities  
defined in its annual p l an . 

3 .  Create within the office of  the secretary an authoritative 
mechanism responsible for overseeing the roles , functions , and missions 
of the operating admini strations from an innovat ional point of view . 

4 .  Develop a continuing educat ional and research program with the 
academi c community . 

Part D .  In view of the fact that transportation contributes a 
whopping 20 percent o f  the GNP , the pane l bel ieves that Congres s should  
estab l i sh a special financial mechanism ,  analogous to the export/ import 
bank . The bank would be empowered to produce variab l e - interest l oans 
and/or as s istance funds and loan guarantees to communities and to 
private enterprise to develop and test , over app�opriate periods of t ime , 
innovat ive transportation systems and services . Criteria for the 
sel ect ion and evaluation of these proj ects would  be based on nat ional 
goal s wi th regard to energy, natural resources ,  environmental quality ,  
society , the economy , and s o  forth . 
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Such proj ects would serve to conso l idate di sparate local interests 
and obj ectives and would provide a powerful s t imulus to  innovat ive trans
portation and community development . 

DISCUSSION 

B ISPL INGHOFF : Now , is there anything anyone would l ike to say? 
L I ST :  I am a l it t l e  concerned about one thread I see running 

through what you say .  I t  i s  that the government created the probl em ,  
and somehow in al l o f  i t s  wi sdom i t  wi l l  so lve i t ,  and that i f  we could 
j ust  get a l i t t l e  less  government , the prospect for solutions appearing 
would probably  be much greater . 

WELDON : I did not mean to imply that the government necessari ly 
caus ed the probl ems . 

L I ST :  Wel l ,  I do . 
WELDON : However , s ince we are direct ing thi s to DOT ,  c l early , we 

should be trying to help DOT so lve the prob lems wherever they were 
created . As I said when I started , it is a very di fficul t thing to try 
to improve . 

B I SPL INGHOFF : That i s  a good comment . Let ' s  have some more l ike 
that . 

P I KARSKY : Along the same l ine , you started by identifying some of 
the barri ers . You indicated that one barrier was the large number of 
s tate and l ocal governments that are diverse in form and that is a key 
barrier . You indicated that DOT should estab l i sh priorities in trans
portation funding . My reaction to that point was that we have substan
t ial  regional d ifferences and that , desirably , we should have a l i ttle  
l e s s  government . We should have the performance requirements of  our 
goal s and obj ectives identified at the federal l eve l , but al low regional 
areas to reso lve their l ocal di fferences . At the end of your remarks 
you touched on that by talking about a variation of the import/export
type bank fac i l ities , whi ch indicated we should encourage local initia
tives and innovation . I think that there i s  a contradiction in that 
espousal in compari son with federal transportation requirements . 

WE LDON : Wel l , the two definitely t ie together . The barrier state
ment was that there is a great divers ity of local opinion wi thin a 
regional area , and that i s  an inhibitor to innovat ion because the 
customer cannot agree on what is needed . Now , at the end , the intended 
cure for that is this analogy to the export/ import bank , a way through 
fund ing to try to get these l ocal obj ect ives together . 

P I KARKSY : Let me sugges t  that , perhaps , one o f  the di fficult i es 
at the regional and local l evel i s  the spec ific requirement for agency 
cooperation and coordination that the federal DOT establ i shment requires . 
Let me give a specifi c  example . In the c�s e  of coordinated comprehen
sive p l anning in an agency , DOT and other agencies have tried to  define 
a specific regional entity ; one ent ity for a regi on . In the Chi cago 
metropo litan area, for example ,  where we have had at l east some pol iti
cal  influence to  modi fy that , we  have a series  of about 8 or 1 0  
agencies , some a d  hoc , some legis l at ive ly created , that contribute to 
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that overal l coordination . Through that informal act ivity there has 
been , general ly , consensus among al l the agenc ies in coming up with the 
uni fied plans for the area . But this arrangement has come about through 
a po l it ical interaction that is not pol i t ical l y  attainable  in many other 
regional areas of the country . So again , it may be that the federal 
estab l i shment is trying to identify speci fic forms of structures of 
agencies , inst ead of  sett ing performance requirements for coordinat ion , 
and that , perhaps , creates the problem .  

WE LDON : I am sure that i s  correct , yes . 
BISPLINGHOFF : Are there other questions or comments? 
SHIPLEY : I would l ike to comment on the divers ity question , too . 

General l y ,  I think we should not condemn diversity , because very often 
it i s  that sort of thing that leads to innovat ive approaches , or 
di fferent approaches that st imulate new things . And so , I think you 
need to say what you are al armed about in connection with divers ity . 

And one other point was a recommendation to reduce risk . We l l ,  as 
we become more and more imbued with a phi losophy of a riskl ess  society , 
i t  s eems to me that that is  a dead hand that sque lches most wi l l ingness 
to change . I think what you are concerned about are the uncertaint ies 
because of short - term programs , put up on the part of Congress , and 
others , which make it very d i fficul t to foresee more than two or three 
years . Most innovat ion in transport wi l l  require longer than that . So , 
I th ink it is not the ri sk , per se , whi ch would  be invo lved in any 
kind of innovative devel opment for external reasons , but i t  i s  the 
uncertainty owing to the shortnes s of certain kinds of programs . 

WELDON : I have to agree with you . I t  i 5  a matter of degree , 
though , I think . I t  i s  a quest ion of reducing risk to the point where 
the industry wi l l  put their own money into innovative , real -world  
experiments , and , on  the other hand , we certain ly thi nk that our 
recommendations about the l onger-term stabi l ity wi l l  help in that d irec
tion as we l l .  

B I SPLINGHOFF : Dr . Ches ebrough . 
CHESE BROUGH : In your statement about the cus tomers , I do not think 

I heard reference to peop l e . You got down to local governments and 
local operating uni ts , but they are not the cus tomers . I t  i s  peop l e  
who are the customers .  Now , admitted l y ,  the l ocal governmental units 
and operat ing entities might be the agent s of  and the spokesmen for the 
peop l e , but we have p l enty of examp les in this country in which , 
because of our po l i t ical process , they do not always accurate ly enough 
refl ect the real des ires , wi l l ingness , and interest of the peop l e . It 
seems to me that this point deserves a l itt l e  more ment ion . 

WELDON : I agree with you completely . I did not mention peop l e , 
but I was not leaving them out intent iona l l y .  We j ust did not know 
what to say about them . You are right . These local government units 

· do not always represent the peop l e , and somet imes that results in a 
rude awakening in the marketp lace later . 

DEAVER :  I j ust  want to doub l e - check what you said , Fos ter , 
al though it may be somewhat repetitious of things that have been said 
al ready . In perceiving the prob l em of innovat ion in transportation , 
the kinds of so lutions you come up wi th- -part of it  is  simply  reorgani
z ing what you have , doing a l ittle  better pl anning and coordinat ing- -
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sound susp1c1ous to me , in terms of adding addit ional resources .  You 
talk about a bank . Th is would  take resources and , in effect , subs idi ze 
a part icular aspect of  the economy . It  sounds as if  there would be 
additional bureaucracy involved in some of the se p l anning and coordina
t ing functions . I am not sure it would have to be , but it sounds to me 
as though we are talking about a bigger governmental rol e ,  and a sub 
s idy t o  a particular area . I wonder i f  that i s  the direction tha t thi s 
group real ly wants us t o  take? 

WELDON : I do not agree with part of your statement . The analogy 
to the export/import bank ; I would certain ly not cal l that a subsidy .  
The export/ import bank has been very succes s ful and at pract ical ly  zero 
cost . Another anal ogy i s  the so- cal led "MI K I "  arrangement in Japan , 
where the consortium of banks , operating with indus try and government 
with federal goals in mind , has been enormous ly successful in pul l ing 
Japanese industry up from real ly nothing , to a world  l eader . So , these 
schemes have been tried and proved product ive , and I would not cal l that 
a subs idy . 

I cannot argue with the other parts of your comment . We do not 
think we are recommending a s i gni ficant addit ion to bureaucracy , al though 
we cannot rea l ly control that . I t  depends on how i t  is  done . Hopefu l ly ,  
we are adding very l i t t l e , and perhaps , with better p l anning , there 
wi l l  be an opportunity for savings along with it . 

GREEHAN : I want to make a comment about one point where you indi
cated that the s i z e , maturity , and mass ive infrastructure were barriers 
to innovation . That is not neces sari l y  true , al though it is frequent ly 
true . We have some l arge industries that are innovat ive , and they have 
si ze , maturity, and a large infrastructure to go wi th them . I think 
our airl ines are doing pretty wel l .  The tel ephone industry and the 
communications industry are both large , and have maturity and l arge 
infrastructures . 

WELDON : I agree with you comp l etely . I did not mean to wrap al l 
components o f  the transportation industry into that statement . Many 
equipment supp l iers are very innovat ive . They have to be to keep up 
with the compet ition .  The re ference to infrastructure was the old  
stuff , 250 , 000 mi les  of rai l track in place , 4 2 , 000 miles  of interstate 
highway . That is pretty heavy infrastructure . Now , I want to add one 
more thing to that . In my view ,  if we are innovat ive enough , the right 
of way represented by that infrastructure is invaluab l e  for innovation . 
How in the world could you get that much right o f  way for guidways and 
things , i f  they did not already exist?  

B I SPLINGHOFF : Foster , one of  the things that we have strugg l ed 
wi th in the committee are the questions of what is di fferent about a 
desirab l e  setting for environment in transportation vis a vis other 
fields and how does it di ffer , perhaps , between the modes . We heard 
Ward Haas tel l us that for consumer goods , the main j ob of govern
ment i s  to  create a good economic environment and contro l infl ation 
and then get out of the way . The private sector wi l l  then do every
thing that i s  requi red . Now , that obvious ly cannot be said about 
many of the fie l ds of transportat ion . As you pointed out a moment ago , 
the highway sys tem depended on a big government intervention in that 
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business . What do you have to say about that quest ion? It seems to me 
that it is a pretty fundamental one that we ultimately need to talk to . 

WE LDON : I have puz z led with that one , and there are a l l  kinds of 
ways you can s l ice it . I have not come up with a very s atisfying 
answer . I think one di fference is that in our society there i s  a fee l 
ing o f  a lmost a right , a consti tut iona l right , to mobi l i ty .  And because 
the government is involved in transportat ion operations , there are 
always pres sures to keep costs down to preserve this right of mobi l i ty .  
I do not know i f  that i s  an important factor , but i t  certainly i s  part 
of the reason why transportat ion operating compani es operate at very 
low return on investment and many are subs idi zed ,  which again , brings in 
the government and creates a situat ion that is  qui te different from free 
operation of the marketplace . I am no economi st , but those are a couple  
of things that I would mention . 

BISPLINGHOFF : Does anybody in the audi ence have any comment s on 
that point? 

P INNES : I have j ust a l i tt l e  variat ion on what Ray was saying . 
When you lump al l of transportation together ,  I think it is st i l l  worth 
recogni z ing that we have the best air system in the world . We have the 
best . highway system in the world , and we probab ly have the worst rai l 
system in the world ;  yet they a l l  operate under the same general rules . 
Now , what makes one good and one bad? 

WELDON : I cannot answer that question .  I agree wi th you . 
L I ST :  I would l ike to make one comment . For one , we do not have 

the worst rai l system in the world . 
P INNES : The second bes t ?  
LIST : No , i t  is  probably the best rai l  system in the world a s  far 

as the frei ght shipper i s  concerned . The impres sion that the rai l sys 
tem i s  not good comes mostly  from the passenger end of the bus ines s .  I t  
i s  fair to say that the passenger transportation in Europe i s  head and 
shoulders over anything we offer here on the rai lroad . But the freight 
transportation is exact ly the other way around . We do not want to for
get that . 

WELDON : May I put in a comment there? I have to agree that the 
freight part of the rai l  operat ions must be pretty efficient or the 
trip-end probl em in pickup and del ivery of goods is pretty l ousy because 
I di scovered some remarkabl e  stat istics the other day . Forty percent 
of the huge contribution to GNP that frei ght shipp ing makes is from 
local trucking , that is , the pickup and del ivery of  goods in metropo l i 
tan areas . Now , contrasted to that , the total cost of  l ine-haul truck
ing national ly is  10 percent less  than the cost of local trucking , and , 
lo  and behold , al l rai l road frei ght , desp ite its enormous tonnages ,  is  
on ly about one -third as  costly as local trucking . So , i t  would appear 
that rai l is  operating very effi cient l y  in the freight area . 

B I SPL INGHOFF : Foster , one of your points is  that there is  a lack 
of long- term plans in the DOT . I wonder if a long -term plan of a 
federal agency ever has any meaning . I have seen a lot of long-range 
planning done mainly for the benefit of  publ ic rel ations in the Congress , 
but when it comes right . down to it , it had l itt l e  re l at ionship to what 
actual ly happens . I s  that very important ? 
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WELDON� Maybe you are too close to it , Ray . I th ink the way I 
should have s tated it  i s  that a percept ion of  stab i l ity needs to be 
sent out there into the world . Innovators , as I mentioned , in these  
uncertain times are inc l ined to  go  for short-term ,  smal l ,  low-risk 
innovations . If they could j ust perceive some higher degree of 
stab i l ity in government programs , I think it would help . It does not 
necessari ly have to be so , if the innovators perceive it in that way . 

CHESE BROUGH : I t  j us t  occurs to me that perhaps the dec l ine of the 
passenger rai l system in thi s country is a perfect example  of the work 
ings of innovat ion in transportation by privat e industry . Industry 
devel oped di fferent ways of transport ing individuals  that have more 
appeal to the individual s ,  and therefore people  are us ing those innova
t ive methods instead of cont inuing with one that exi sted orig inal ly . I 
woul d  al so echo what the gent leman said about the freight system . I 
managed a rel atively l arge enterprise in France for a few years . There 
was a s aying over there that if you real ly wanted to lose something , 
s hip it  someplace on the rai lroad . 

BISPLINGHOFF : Fos ter , I wonder if  you would be ab l e  to tel l us 
what your mos t  important recommendat ion i s ?  

WE LDON : I am an innovator , so I l ike the export/ import bank ana
l ogy and I do not think it  woul d  cost much . That would be my favorite , 
but you ought to cal l on the other members of my pane l . They might not 
agree . 

B I SPLINGHOF F : Are there other members of the pane l here ? I see 
Ed Gray . What is  your mos t  important recommendation , Ed? 

GRAY : We l l ,  as we l ooked at the s ituation for the transportat ion 
act ivities of DOT , I was struck by the remarkably smal l amount of money 
they spend on research and deve lopment in compari son wi�h the part that 
transportation p l ays in their total �&D . It is a very minuscul e  part , 
and I bel ieve that one of the things that would he lp stir innovat ion 
across the board woul d be more vigorous and aggressive programs - - a  
better stated program with l onger-range obj ect ives  of what needs t o  be 
accomplished in the who l e  fie ld of transportat ion . They should put 
some money behind an ass istance -type program without maj or strings 
attached to it and a l l ow for the innovat ive ab il ities of the private 
sector to come up with ideas, and put some seed money behind thi s in 
order to get some ideas sponsored and carried to the point where we 
could s ee what their contribution to the transportat ion field  might be . 

B ISPL INGHOFF : Good point . 

206 

Copyright © National Academy of Sciences. Al l  r ights reserved.

Innovation in Transportat ion: Proceedings of a Workshop, September 24-26, 1979, National Academy of Sciences, Washington, D.C.
http:/ /www.nap.edu/catalog.php?record_id=18463

http://www.nap.edu/catalog.php?record_id=18463


INTERACTIONS OF GOVERNMENT , INDUSTRY . AND ACADEMIA 

BY 

MARTIN GOLAND 

Our panel was requested to concentrate on the interact ions between 
government agencies , industry , and universities and how these inter
re l ationships can be opt imi zed in DOT pol icies and program planning to 
further innovation in the transportation areas . As a framework for 
our di scussions , we chose to apprai se the rol e  o f  each of the three 
participants in turn , with the expectation- -as indeed did happen- -that 
the des irab l e  functions of each woul d  be c l ari fied as the exchange of 
ideas progres sed . Our pane l was an exempl ary one , inc lud ing persons 
with l ong experience in transportati on research , development , and 
uti l i zation , and a wide variety o f  past program experiences were brought 
up to i l lustrate how university-government- industry co l l aborat ion could 
be made truly effect ive , as wel l  as instances where the resul ts were 
l e s s  than des irab l e . 

I t  i s , of course ,  impossib l e  to condense in a few minutes the 
many points raised during a ful l day of del iberation .  I shal l try , 
however , to summari ze the principal conclusions we reached , noting that 
much material recorded in the ful l  transcript is worthy of detai l ed 
study . 

Cons idering the rol e  of universities , it was unanimous l y  agreed 
that univers ity engineers and scienti sts must p l ay a strong rol e  in 
DOT ' s  formulation of an innovative transportation research program . In 
addition to the advancement of knowl edge and understanding , the univer
sities are al so the source of trained personne l who are essential for 
the future health and we l l -being of  al l transportation activities span
ning the spectrum from theory to pract ice . I t  was al so agreed by the 
panel members that DOT has thus far not been particul arly succes sful 
in building sound re l ationships with the univers ity community . 

What i s  needed above al l is  the estab l ishment of a l ong -range 
pat tern of DOT-university col l aborat ions based on two essent ial features - 
stab l e  programmati c  po l i c ies and rel atively stab l e  funding l eve l s . I t  
was pointed out that DOD has recogni zed the importance of basic research 
as a necessary e l ement in achieving its mi ss ion obj ectives and has 
taken direct action to insure that rel at ionships with university staffs 
are maint ained at a mutual l y  support ive level . A s imi lar si tuat ion pre
vai l s  within the NASA program . DOT , on the other hand , has not given 
thi s area sufficient att ention and in fact - - as was noted by a univers ity 
member of the panel - -transportation research and education , with the 
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exception of aerospace technol ogy and a few other spec ial - interest sec
tors , are not part icularly visible  commodities on the campus scene . 

In bui lding bridges to the univers ity , the panel fe l t  that the 
primary rol es of the university must be kept in mind . These are the 
conduct of bas ic  research and educat ion . Too often , univers i ty s taffs 
have become occupied with appl ied research and deve lopment act ivities 
for wh ich they are not we l l  equipped in terms of ei ther environment or 
tal ent , and for th i s  reason their proj ect performance has proved to be 
inadequate . The terms " intel l ectual capital " and " intel l ectual capacity" 
were used during the discuss ion to portray the proper roles  of the 
univers ity . The former refers to the univers ity respons ibi l ity to en
l arge bas ic knowl edge and achi eve deeper understanding ; the l atter s ig
ni fies the university respons ibi l ity to  train and develop innovative 
students who wi l l  not on ly serve future univers i ty needs , but al so flow 
outward to industry and government to devel op and operate the transpor
tat ion sys tems of the future . 

I t  was noted that support for univers ity research and educat ion is  
not solely  a government responsib il ity . The transportation industry 
must al so p l ay its  l egit imate ro l e  in providing financial support as 
we l l  as a cont inuing dial ogue with facul ty and s tudents to highl ight 
research potent ials  and a better understanding of industry affairs . 

Univers ity research , even though bas i c  in nature , should not di s 
regard the innovative areas that somet imes l ead t o  invent ions . A 
panel member remarked on the l ack of prest ige in univers ity circ l es 
often accorded the issuance of a patent as compared with the prestige 
of a peer review pub l ication . 

As an extension of the univers ity di scus sion , the panel cons idered 
the need for estab l ishing " centers of exce l l ence" in sel ected transpor
tation areas . These are vi suali zed as R&D organi zations estab l ished 
out side the traditional university structure (al though they may in some 
cases be univers ity- affi l iated) . Their charter would be to conduct 
app l i ed research on generic (nonproprietary) probl ems that , for a 
variety o f  reasons , are not adequately dealt with by private industrial 
l aboratories . They can al so serve as the focal point for establ ishin� 
the feas ibi l i ty of innovative transportation concepts by carrying them 
through the advanced development stage . There are numerous examp l es of 
such organizations that have made s i gnificant contributions to the 
advancement of their fields of special i zation , and the panel be l ieves 
that a study is in order to determine whether they are needed to acce l e 
rate progres s  i n  sel ected transportat ion discipl ines . 

Turning next to the government rol e , we first appraised the degree 
of success achieved by federal government sponsorship in various areas 
of transportation research and devel opment . Why , for exampl e ,  is the 
federal highway program general ly accepted as successfu l  and cost
effective , in compari son to such efforts as Morgantown and Transbus? 

In the case of the highway program , the general consensus of the 
panel was that its  re lative success arises from two factors . Firs t , 
the government e ffort is  supported by competent technical  staffs at the 
state and municipal l evel s .  Equa l l y  important , the bas i c  funding for 
the highway program invo lves cost - sharing by the local agencies . The 
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local agencies (rather than the federal government ) are , in effect , the 
purchasers of h ighway construct ion and are responsibl e  for their long� 
term serviceab i l ity as wel l , and they are directly providing a portion 
of the total cost with their own dol lars . 

Insofar as Morgantown and Transbus are concerned , the federal 
government was the funding source , but in nei ther case was the govern
ment to  be in the rol e  of purchaser and operator . Divorced from opera
tional experience , and subj ect to a variety of po l itical constraints 
and pres sures that distorted orig inal program obj ectives , the govern
ment attempted to dictate the detail s o f  vehi c l e  and system des igns , 
which proved to be unacceptab l e  in the marketplace . 

In a wider concept , the quest ion arises as to the extent the 
federal government should  become involved in large app l ied research and 
development programs in transportat ion areas where they wil l  be nei ther 
the direct purchaser nor the user . Should not the federal government 
be l argel y  restricted to fundamental research , and to advanced devel op
ment o f  innovat ive concept s only to the extent of demonstrat ing feas i 
bi l i ty? With feasibil ity estab l i shed , imp l ementation o f  a new concept 
should be trans ferred to those who mus t ul t imately be re sponsib l e  for 
i ts pub l ic  acceptance and marketplace success . 

Another cl ear examp l e  of posit ive federal  government involvement 
in transportation is in aircraft design and air traffic control . In 
the former cas e ,  NASA ( formerly NACA) restricted its rol e  to providing 
the fundamental informat ion needed to support advanced aircraft con
cepts ,  l eaving it  to industry to design commercial transports and to 
DOD to purchase mi l itary aircraft for its own use . In the air traffi c 
control instance , the government is both the purchaser and the user of  
the system , with d irect accountab i l i ty for its  e ffectiveness . 

The conclus ion must  be drawn there fore that when the federal govern
ment plays a control l ing ro l e  in market - ori ented devel opment programs 
in areas where it wil l be neither the direct purchaser nor the end-us er , 
the results  tend to be less  than satisfactory . Thi s  i s  not intended as 
a criticism of the individual s who represent the government ,  who are 
usual l y  highly mot ivated and conscientious . I t  appears to be a conse 
quence of the pol it ical process  itse l f- -of government agencies making 
decisions in unfamil iar arenas , wi thout the discipl ine of market forces 
to insure accountab i l ity and determine the leve l of succes s .  

The pane l made note of one important funct ion in whi ch the govern 
ment i s , in effect , a "user , "  name l y ,  that of regulations . The govern
ment has mandated a mul t itude of environmental , safety , and other kinds 
of regul ations that are intended to protect the pub l ic interest and 
wel fare . The government must therefore take the respons ibi l ity for 
insuring that regul atory speci fications are indeed in the overal l pub l ic 
interest and as social l y  cost-effect ive as circumstances permit . Yet , 
many regulat ions have been ins tituted on the bas is o f  incomp l ete infor 
mation and , in some instances , in an almost arbi trary fashion based on 
congressional pressures . Even grant ing that some act ion is better than 
inaction in the beginning , the pane l noted that government research and 
fact finding to support regulatory dec is ions and modi fications have been 
weak efforts ,  underfunded ,  and given inadequate attention . Al though 
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other examples could have been quoted , rai l road safety legislation was 
raised as a case in point . 

Another observat ion made by members of  the pane l re l ated to the 
l ack , within the Department of Transportation , of an individual at the 
assistant secretary l evel or i ts equival ent who has the respons ibi l i ty 
for coordinat ing and overseeing the technical affairs of the department . 
The need for a competent technical person with these  functions has been 
apparent on past occas ions . It  was al so noted that external advisory 
committees are used sparingly by DOT , whereas most other agencies have 
found it desirable to uti l i ze such groups at both the senior pol icy and 
the specialist  level s . 

Final l y ,  the panel turned its attention to the industrial sector . 
As expected , the earlier discussion had already touched on many of the 
issues re l at ing to univers i ty-government - industry interaction . 

I t  was emphas i zed that the primary ro l e  of industry is to produce 
and operate the transportation systems that peop l e  use . The market 
place is  an unforgiving taskmaster ; the private company that produces 
a t heoreti cal ly and soc ial l y  i deal transportat ion system or product but 
that does not attract buyers and users wi l l  quickly find itse l f  in deep 
troub l e . The free market i s  st i l l  the most sens itive barometer of pub l i c  
acceptance , and it  i s  for this reason that indus trial talents , experi 
ence , and att itudes should be enl i sted to support innovat ive transporta
tion concepts at the earl iest practicab l e  stage . We have , of course , 
already emphas i z ed this point ear l ier in the discus sion . 

DISCUSS ION 

BEN INGTON : Let me ask a question about the ro le of the government 
in appl ied research . We agree with you in the air traffic control area . 
We also agree wi th you in the automotive area where the government has 
almost no direct hand in the marketplace decisions except for the auto
mobiles  it  procure s itse l f .  I n  three areas , the rai l , the construction 
o f  highways , and the urban mass transportation , the government is cer
tainly not the user or the operator .  On the other hand , in the case of 
mas s  tran sportation on the highway , the government is involved in the 
financ ing . In the rai l , there is some financing because of subsidy ,  
and there is  certainl y  a great deal o f  regul at ion . But we conc luded 
that if there were no government res earch and development , no govern
ment act ive ini t iative for innovat ion ,  then the leve l of research and 
development in those three areas would  be virtual ly nil  and that the 
operators , the buyers , and the supp l iers are , for a variety of institu
t ional and financial reasons , j ust not abl e , motivated , or capab l e  at 
thi s  stage o f  conduct ing any k ind of not iceab l e  research and devel opment 
program . Therefore I wonder how your s tri cture against the government 
appl ied research would app l y  to any of those modes ?  

GOLAND : We l l , I am not going t o  say that thi s  question i s  one 
that should be couched in b l ack and white terms , but I am not going to 
depart very far from our stand . There are other members of the panel 
here who I hope wi l l  contribute to this di scuss ion . In t erms of mass 
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transportation ,  first of a l l , we certainly cannot l ook at past experience 
and decide that the government has contributed very much to putt ing 
better buses on the road . In the area o f  high- speed ground transporta
.tion I would say there i s  a legit imate rol e  for the government in explor
ing in a prel iminary way new possible  mode s ; magnetic l evitation and 
air cushion vehi cles  are examp l es from the pas t . But l et ' s  l ook at 
that history . The government had sound p l ans to start with , but once it 
became quite apparent that these were uneconomic and undes irable direc
tions , the government programs could not be eas i l y shut off . The 
inertia of government programming in these areas expended many mi l l ions 
after , early in the game , i t became apparent these were not promis ing 
directions .  

I think it  would be very desirab l e  i f  Shef Lang would say a word 
about the rai lroad situation . 

LANG : I do not t hink we want to get into a long debate on thi s  
question . There obviousl y  are people i n  the audience who ,  for good 
reas on ,  have some differ�nt op inions on why things are happening the 
way they are in the rail road indus try . But I do not think there i s  
anything i n  our experi ence in appl ied rai l road research that would lead 
to any conclusions that are di fferent from that general one that the 
panel reached ,  name ly , that the government , where it is neither the 
user nor the buyer , can be expected to do a bad j ob of app l ied research . 
The experi ence in the urban transportation program i s  very c l ear and 
very discouraging . The experience in the rai lroad area,  where there 
has been a good deal of government appl i ed research in recent years , i s  
almost as bad a s  the urban transportati on app l ied research experience. 

The experience in the highway area has to be di fferenti ated from 
the experi ence in rai l and urban tran sportation . Perhaps , in view of  
the comments and quest ions that have come up , a word or two on  highway 
research i s  appropriate here . A l arge share of the app l ied research in 
highway des ign ,  construction ,  maintenance ,  etc . , that has been done 
over the years (mos t of which I th ink peop l e  would count as having been 
pretty successful  in the use o f  research do l l ars and research resources) 
has been done by or at the direction �f those agencies that were actua l ly 
bui lding the highways or maintaining them ; that i s , by the s tate and 
l ocal h ighway departments - -not by the Bureau o f  Pub l ic Roads (now the 
Federal Hi ghway Administrat ion) here in Washington . You could get an 
argument , and if anybody is here from FHWA I wou ld expect to get such 
an argument . But I think that on the whol e  those appl ied research pro 
grams that the Federal Hi ghway Administrat ion has run d irectly here in 
Wash ington have been less  successful in terms of their use of  resources 
and the value of their resul t s  than those programs that have been managed 
direct ly (albeit us ing federal do l l ars) by the actual cus tomers or users 
of the technology in question . 

John Young , for one , could  speak to how this has worked in other 
areas that have involved government appl ied re search - -but j ust in trans 
portation we have a ri ch experience of total , or at best , partial  fai l 
ure of app l ied research programs managed by government agencies that 
are not and have not been either customers or users of the resul ting 
technology . 
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To go back to the rai l case , which you asked me to speak to direct
ly,  that has very cl early been our experience . The not ion that the 
rai lroad companies , indi vidual ly and co l l ectivel y ,  are both unwil l ing 
and not competent to manage the ir own program of app l ied research is on 
the face of it nonsens ical . The industry is , by any measure , large 
enough to support its own research program . I t  has not seen fit to 
support a l arge program of appl ied resear·ch , but the kind of incent ives 
that are going to produce an effect ive program of app l ied research in 
rai l transportat ion can come only  from the rai lroad companies , their 
customers , and their suppl iers . There is every evidence that where 
they have seen fit to research their prob lems , they have done vastly  
better than the government in  research in  prec isely  the same areas . We 
have many detai l ed examples  of that . 

I ,  personal ly , cannot find anything in the transportation area to 
argue against the general conclusions that our pane l . reached that govern
ment ought to get out of the appl ied research bus ines s  where it i s  not 
its own customer . I t  was a conc lus ion on wh ich I think there was com
pl ete agreement in a panel that was made up of industry , government , 
and the academic community . 

There is  one further comment that I think fits in with what you 
had to say ,  Martin (Goland ) . There was al so general agreement that 
the Department of Transportation , which has a l egitimate respons ibi l ity 
for innovat ion in the transportation sector , could , where it has direct 
financial invo lvement in programs such as the Urba� Mas s Transportat ion 
As s istance Program , stimul ate more innovative act ivity . It could do so 
by making its grant money cont ingent on a certain commitment by the 
operators and users of transportation and the purchasers of transporta
t ion equipment (e . g . , the local trans it agenc ies who receive grants 
from UMTA) to expend some share of that money for someth ing that could 
be legitimately cal l ed innovat ion .  Thi s  is , in effect , the procedure 
that has been so succes sful in the highway program . I think it  was the 
Highway Act of 1 962  that expl icitly  set as ide up to 1 1 / 2  percent of the 
federal grant money g iven to the state for p l anning and research pur
poses . I t  was not a requirement that the state spend that 1 1 / 2  per
cent , but they were al l owed to do so . Most of the states have spent 
that share of their federal grants or something approaching it . It has 
not al l gone for research . A good deal of it has gone for planning , but 
the re lat ively succes s ful highway research program that we have had in 
thi s country i s  in no smal l part the resu lt  of this feature in our 
federa l grant program .  There i s  no question but what the United States 
is  st i l l  way out in front in most areas o f  highway technology . This  
can be  traced back to  that financial s t imulus and encouragement that was 
provided expl icit ly in the federal highway grant program . 

What our panel was discussing yesterday was the possib i l i ty that 
that princ ip le  could be extended to other DOT grant programs , most  
importantl y ,  the Urban Mass Transportation program . Thus federal money 
could be used as both a carrot and , to some extent , a stick to get the 
local governmental units  in urban transportat ion to start thinking in 
more innovat ive terms and to start working on their own new technology ,  
instead of s itting back �nd wait ing for the federal government t o  do it . 
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BISPLINGHOFF : Mr . Rogers , you had something you wanted to say? 
ROGERS : I would l ike to see if I can assist  the past discuss ion 

by making the fol l owing observat ion : We are real ly tal king about two 
different things : one is the proper rol e  of the federal government in 
a given area (such as appl ied research or techno logical deve lopment) 
and the s econd , a related but separate subj ect , is  how we l l  that ro le  
is being discharged . They are two quite  d ifferent things . For instance , 
I would point out that in the most recent war that the country has had , 
the United States did not win . Whatever other conc lusions we may have 
drawn from that resul t ,  we did not conclude that therefore there was no 
ro l e  for the mi l itary forces in the defense of nat ional obj ectives . 
Another instance re l ates to agriculture . Government does not purchase ,  
to any great extent , agricultural products , but the bas ic and app l ied 
research that the country has done over the past century in the agri 
cultural area is  probably one of the outstanding examples  of al l t ime 
of  how government can assist such an area . I f  we are concerned about 
the present arrangements of organization , or scope , or staffing , or 
even about the way that the funds are provided , to transportation
rel ated research and development activit ies , then these matters should  
be  examined . But I do not think at thi s  point that , because of what 
is described as poor performance , it neces sari ly fol lows that there is  
no rol e  for government in this area . 

The second observat ion I woul d  make goes back to a di fferent sub 
j ect , and I should preface my comments by saying that I l ove everybody , 
part icularly my friends and col l eagues in the universities . I heard 
said that the research-related funds that had been given to univers ities 
in the past , and accepted by them , were not used in a satisfactory 
fashion--that is to say ,  so as to increase the univers ities ' capaci ty 
and to increase basic transportation knowledge- -and that those funds 
were therefore mis spent . I have hel d  positions in the federal estab l i sh 
ment where I have had the respons ibi l i ty for passing out funds to 
univers ities for the conduct of research . I can assure you it would 
have been a very short meeting if any senior univers ity person had come 
back to my office ,  after having taken the federal t axpayer ' s  money and 
having spent it , and told me I should not have given it to him ; it would 
have been a very short meeting , indeed . If  the univers ities are con
vinced - - and I do not look to the past , I l ook to the future - -that the 
things that they are being asked to do by the Department of Transporta
tion ,  or others in the transportat ion area , are not what they should be 
asked to do , then I would suggest that these senior univers ity people  
should be  exert ing their efforts ( 1 )  at home to  see  that their col l eagues 
do not take such funds and therefore mis spend them and (2 )  in Washington , 
with the Department of Transportation and other offices , to see that the 
funds are spent under more appropriate and , from the univers ities ' and 
the country ' s  point of view ,  more productive circumstances . 

GOLAND : I think I can answer rather briefly a coup l e  of points you 
have made . First of al l ,  there i s  not any question that the agricultural 
extension service has been an enormously successful program . But , for 
historical reasons - -and history i s  important in its own right --it  does 
not constitute a model of the kinds of probl ems we have today . Wi tness 
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the attempts in several analogous government programs to institute a 
s imi l ar type of service to meet the techno logica l  needs of smal l industry ; 
the State Technical Services Act i s  one examp l e . You may have your 
own opinions as to how successful  they have been in at tempting to fo l low 
the agricul tural mode l . My opinion is that they have not been very 
succes s ful at al l . 

Now , in another transportat i on fie l d ,  let ' s  take an outstanding 
examp l e  on the posit ive side . The o l d  NACA used to have as one of  its 
s trictures that NACA does not bui ld airpl anes , al though l ater in their 
program they did contract with industry to construct a series o f  experi 
mental aircraft to c l arify certain ful l - scale  effects . But the imprint 
of NACA (now NASA) is on every airp l ane that fl ies anywhere in the world . 
They deve loped the informat ion that the indus try itse l f  used for new 
des igns and for product improvement . I wi l l  carry the ph i losophic 
argument further . Remember al l the dire predictions that United States 
industry could never develop another transport airplane because govern
ment consort ia abroad , with government money , would overwhe lm our 
private company capab i l ities?  Yet , who i s  today l aying down a series 
of exce l l ent new-generat ion transports ?  Boeing and other members of 
privat e industry . 

In terms o f  this university support quest ion ,  I do not think we 
were being critical of any of the parties- -at l east I hope not . We 
were making an observation of trends to wh ich al l part ies have contri 
buted and that go beyond DOT pol icies a l one . I t  is that we bel ieve 
universities have gradual ly moved away to some extent from what their 
central ro le  should be . I would rather that be an observation than a 
criticism . It i s  simply an i s sue we think needs recons iderat ion . 

B I SPLINGHOFF : Very good . Dr . Go ldie , you had a comment? 
GOLD IE : I would l ike to take j ust one narrow area and attack it 

in speci fic . The suggestion that the urban mass transit funding use 
the same 1 1/ 2 percent idea that the Federal Highway Administrat ion 
has used . We did discuss that in our pane l , but let ' s  take a specific  
cas e . Let ' s  take the case of a c ity that has not now or  ever had any 
mas s trans it , other than buses . I t  would l ike to enter into the con
struction of  a subway system or , perhaps , a peop l e -mover system--what 
ever . And l et ' s  say that the scal e is $300 mi l l ion , j ust for a number ; 
1 1/2  percent of  that is  $4 . 5  mi l l ion , i f  I have cal cul ated correct ly . 
Now , are they going to take that $4 . 5  mi l l ion and deve lop a new and 
innovative concept for mas s trans it . No way ! I t  i s  going to cost 
$ 150  to $ 200 mi l l ion to develop a new and innovative concept . This is  
one probl em .  

The second probl em i s  who , i n  that city , is  technical ly capab le o f  
l eading that kind of an act ivi ty? The city engineer? Have you ever met 
any of them? I have . They are not . Is the po l it i cal  s tructure capabl e  
o f  managing thi s  k ind o f  activity? Th e  only contract ing mode they 
know i s  fixed price . You do not devel op new innovat ions on that bas i s . 

Al though I agree with your fundamental princip l e ,  we have to bend 
our princip les  to face facts . There is no way of inspiring development 
in mas s  trans it , other than through UMTA . 

B ISPLINGHOFF : Mart in (Go l and) , do you want to comment?  
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GOLAND : Well , I would  rather have the audience comment on that . 
I think I have made my point . The record of UMTA has scarcely borne 
out your conclusions . Sorry ! 

LIST :  As a mas s transit innovator , I may not be readily reconi zed , 
but I am working in the area and my incl inat ion is to agree with the 
panel 1 00 percent . 

BISPLINGHOFF : Dr . Herwal d .  
HERWALD : My comment i s , I bel i eve , rel ated at l east t o  the last 

di scussions on mas s transit R&D . One of the probl ems is the turf that 
you are operating on . Innovators do very wel l  when they can operate on 
virgin turf,  that i s , in an area not yet developed . They can always 
scramble and get enough money to proceed . I f  the innovators succeed , 
the payoffs are general ly good because the deve lopment can be repl i Cated 
on virgin turf in other places . One of the big differences between inno
vation in the transportation system and that in some other areas , is that 
no single  innovator anywhere can make anything but a minor dent in the 
exi sting transportat ion system . He cannot revolut ion i ze it by himse'l f .  
He cannot gamble by himsel f .  He cannot do what Co lonel Sanders did , 
start out on a di fferent approach , a new idea , that did not direct lY' 
rep l ace something else , and repl icate i t  over and over again . In �at 
kind o f  circumstance , it is a l ittle  hard to see how government inter
vent ion i s  either� needed or wi l l  help . However , I happen to agree with 
the conclus ions you have come to about how the government ought to 
intervene ; in the transportation case it cannot be done everywhere . In 
the current transportation· modes the infrastructure is  basical ly in place . 
There i s  no way i t  can be rep l aced quickl y ,  but it might be done over a 
25- or 30-year period i f  you had that bri l l iant innovative idea . There
fore the idea of planting a transportation innovat ion as a demons tration- 
and thi s comes back to the subj ect we are on - - in order to see if  i t  might 
work i f  repl icated , i s  one that makes s ens e .  Whi l e  I can think of 
arguments on ei ther s ide of the l as t  debate , I bel ieve that in certain 
cases , such demonstrations should be attempted , but I mus t add that 'I 
th ink they could be done better in the future than has been the case in 
the past . 

L IST :  I w�s interested in your comment about the importance of 
devel oping inte l lectual capita l ,  whi ch I wi l l  interpret broad l y .  I 
think one of  the reasons , in addition to what Shef Lang mentioned , why 
the highway program went we l l  in the period in which i t  was important 
for it to devel op was another early requirement in the federal aid high
way legis l at ion . Provisions in  the l eg is l ation required that to  be 
e l igib l e  for federal aid , the states must develop competent highway 
departments .  Thi s ,  along with the Highway P l anning and Research 1 1 / 2  
percent funds , very o ften on the planning side d irected in quite some 
degree by the Bureau o f  Pub l i c  Roads with a hands -off but cooperat ive 
attitude , was I think respons ibl e  for the advances that were made . And , 
on the pl anning side , to distinguish that from the technological or 
phys ical research , the Bureau of Pub l i c  Roads , with the s tates - -because 
of the states ' participat ion as users and therefore their wi l l ingnes s  to 
adopt these things and try them- -made enormous advances in the metho
dology in transportation p l anning . In fact , they l aid the bas is  for the 
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who le fie ld of transportation planning we have today . I think it was 
the combination of these two things , the s tick and the carrot , that 
required a competent user , and at the same time helped the user to 
develop what was necessary . 

P I KARSKY : As someone who has been in the urban mas s trans it 
industry for many years and is  considered within the industry to be an 
innovator , I think there is a fundamental defect in this panel ' s  comment 
about new techno logies of the future . I believe that mos t  market ing 
studies indicate that the greatest factors influenc ing the use of tran
sit  are conveni ence , time , and do l lars . There i s  the perception within 
the industry that we have to be spending t ime to increase the rel iab i l i ty 
of components , the attractivenes s  of the sys tem , and on-t ime performance , 
and that the perfection of these wi l l  increase ridership . This is not 
true . There is  resistance in the industry to compl ementary , non -fixed
route , servi ce . There i s  a percept ion that there are ways of increas ing 
the performance and access ibi l ity of the exis ting systems through auto
mat ic  vehic l e  monitoring and control , schedule changes ,  and many other 
act ions that are , perhaps , underfunded at the present time . We should 
be us ing the states of the art as they exist and pressing to improve 
them , rather than trying to be in an exploratory mode in mos t  of t he 
technology that we have not used . I t  is  not a wise investment to press 
to develop new s tates of the art when we have not real ly managed ade
quately to develop the technol ogy we have now . I know that in  this 
particular instance , one of the maj or industrial giant s , I BM ,  had made 
a commitment to go into an automated personal rapid transit development , 
but after evaluating the market they backed out completely . They did 
so on the basis  that the direction for trans i t  should be in improving 
many of the state of the art mechanisms that we now have . 
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�CON<J.iiC INCENTIVES TO INNOVATION 
lN THE TRANSPORTATION SECTOR 

BY 

BRUCE S .  OLD 

The subj ect of economic incentives to transportat ion l argely invo lves 
regul atory po l icy , tax po l icy , and antitrust pol icy matters . Therefore , 
this pane l decided to concentrate on these three subj ect s . S ince there 
are very comp lex quest ions that have been studied by success ive federal 
adminis trations for many years - -in fact , the t ax bus iness has been 
studied by Treasury since 1 789 - -we do not presume to provide definitive 
answers as a result of th i s  short workshop . Rather , we would hope to 
� l luminate , based on our extens ive mult idiscipl inary _di scussions , some 
important areas for further consideration by qual i fi ed groups of experts 

The transportation sector is  di fferent from most other sectors of 
industry in that it inc ludes the public  and the government as we l l  as 
industry . Both the government and the pub l ic sector tend to bring 
pres sure on the l imited capital ava i l ab l e  to the industry sector by 
forc ing it to spend a di sproport ionate amount on mandated capital ex
penditures , rather than e lect ive capital expenditures ,  which inc lude 
innovation . 

Another difference faced by the transportation sector i s  that it 
has been surrounded over many years by numerous restrictive regulatory 
actions and agencies .  These have had the effect of prevent ing change 
and discourag ing innovat ive management . 

The findings o f  our pane l I wi l l  now summari ze ; first in the area 
of regul ation .  In transportation , the regul atory activities include 
the fol lowing : safety standards , environmental standards , mi leage 
s tandards , and rate and rout e restrictions . Over the past three decades , 
prices in transportation have seldom , i f  ever , refl ected true costs . 
Now , rather suddenly , we find ourselves faced with ris ing fuel costs 
and safety and environmental standards , which require many changes in 
the automotive field , our maj or mode of transportat ion . 

Due to bureaucrat ic procedural complexities ; frequent ly unrealistic  
and rapidly changing or escalat ing standards , the cost of developing 
regulated new products and processes has increased alarmingl y ,  without 
necessari ly bringing commensurat e benefits to society . 

The large mandated capital investments required by the automot ive 
companies have overburdened the l imited internal ly generated capital to 
the extent that the corporate l i fe of some of the industry is in danger . 
Because of the uncertaint ies introduced and the unava i l abil ity o f  capital , 
only l imited investment.  has been devoted to sel f-determined innovat ion 
to improve productivity in products . 
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The administrat ion has now recognized thi s maj or prob lem and the 
pres ident has issued Execut ive Order 1 2044 . In  essence , thi s order 
requires that the pub l ic must be made aware of the ri sks , costs , and 
benefit s  of regulations before they are enact ed ; that priorities should 
be establ i shed ; that alternat ive choices shoul d  be made c l ear ; and that 
regul at ions should be systemat ical ly reevaluated . Our panel unanimous l y  
endorsed these  aims and al so pointed out that the government should 
further endorse innovation by ut i l i zing performance rather than design 
s tandards in procurement . 

The rate and rout e regul atory entang lement has affected other por
tions of the transportat ion sector in a di fferent manner . For example , 
it  has so stifled and nul l i fied management init iatives that management 
capabl e  of inserting new and innovative developments is j ust not attrac
ted to the rai l road industry . Mot ivation to change thi s  s ituation wil l 
be ment ioned briefly under the antitrust section . It  was not ed that 
advances by the Canadian Nat ional Rai lroad are , indeed , occurring and 
have fo l lowed the deregulation of rai lroads in Canada . 

Now , as to tax po l icies , the Department of the Treasury is  cons i 
dering changes i n  depreciation rul es in order to increase badly needed 
cash flow in the transportat ion and other s ectors . This prob lem has 
been compounded by the recent increase in inflation . There is a bi l l  
before Congress cal led the Jones -Conab l e  bi l l ,  which i s  current l y  being 
debated . The DOT appears to be taking the att itude that it should t i l t  
depreci at ion l iberal i zation toward equipment and machinery , rather than 
toward structures . By this t i l t ing , I mean that the current di scus s ions 
cons ider that depreciat ion periods as short as about five years should 
be ass igned to equipment and machinery . It  may even be that the l ink 
between depreciation and l i fe o f  assets wi l l  be broken . DOT is  not in
c l ined , at thi s t ime , to change the current tax rules with regard to 
expensing res earch and devel opment . 

Our pane l concurred with the pol icy of  retaining current R&D tax 
rules and urged early moves toward l ibera l i zat ion of depreciation rules 
on equipment and machinery . Thi s  should increase the capital funds 
avai l ab l e ,  but it should be pointed out that thi s  would not guarantee 
that such funds would be earmarked for expendi ture on innovat ion . 

It was recogni zed this would not favorabl y  affect the rai l roads , 
except in rare case s , as they now pay few taxes . 

On the matter of ant itrust po l ic ies - -two regulatory agencies with 
which the transportat ion sector has had to contend for many years may , 
indeed , di sappear . The Civi l Aeronautics Board has been p l aced on a 
termination schedul e ,  and it appears that the Interstate Commerce Commi 
Commiss ion may fo l low about five years l ater . A pos s ible problem is  
that the residual respons ibi l ities  of  these agencies may be assumed by 
the Department o f  Just ice . Our panel endorsed the demise of the regul a
tory agencies j ust ment ioned , although not al l rai lroad or trucking 
groups agree . However , we urge the study of pol icies that Justice should 
adopt . Justice should spur deve lopment of the transportat ion sector 
rather than attempt to restrict productive growth . For exampl e ,  we 
bel ieve some integrated , int ermodal transportation companies might be 
organi zed that woul d  excite and st imulate e fficiency in service and 
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attract key management personne l to an otherwise unneces sari ly restrict
ed and unchal lenging industry . 

F inal l y ,  a miscel laneous point : we began to compose a l ist of 
those agencies and congressional committees with which we might have to 
confer , i f  indeed any of our findings are to be trans l ated into positive 
act ion . 

DISCUSS ION 

P IASECK I :  I think that money i s  the bas i s  of most  of our problems , 
and I think that taxat ion i s  perhaps the mechanism for redistributing 
our money . I s incere ly  fee l  that money is perhaps the very foundat ion 
for innovation . We must provide the capital that is urgentl y  required 
for the higher-risk and longer-term investments in innovation by indi
viduals , by sma l l  bus iness ,  and by l arge bus inesses . Personal surplus 
wealth has been the source of capital in this country for new technq
logical enterprises . But that has been taxed away . The government can 
stimul ate such capital devel opment by methods that have been tried , and 
have been proved . A fundamental s tep is to reduce personal income 
taxes . That would inc lude reduction of various taxes on income from 
personal savings and other investments . We al l want that . I do not 
know of anyone against it . 

The s econd fundamental involves mechanisms to provide special means 
of financing , such as we had in the Reconstruction Finance Corporat ion . 
The law reconstruct ing the country after financial bankruptcy in the 
1 920s and 1930s was enacted and cont inued through World War I I .  It pro
vided l oans where banks could not provide them . I f  you have a smal l 
bus iness  l ike mine , you wi l l  find that no matter how good the innovat ive 
idea is , the banks wi l l  not lend that money on such a ri sk . 

Another way to raise  innovat ive capital would be to cal l upon the 
large foundat ion s  such as the Ford Foundat ion or the Rockefe l l er Founda
tion whose wealth came from innovat ion and have them l end funds or 
guarantee loans to new , independent , private , not - for-profit , and other 
types of corporations . Such an approach might take the form of loan 
guarantees to the local banks that might , in turn , lend to companies in 
the high-risk area of innovation. That approach might require congres 
sional authorizat ion,  a s  you pointed out . Another pos s ibi l ity might be 
to restructure government tax and regul atory l aws to provide equal oppor
tunity for sma l l  business . I am sure we are going to hear from the next 
pane l about I R&D . I would l ike to point out that the ! R&D , which i s  
independent research and development provided a s  part of overhead under 
government contracts with the Department of Defense and some other depart
ment s , only occurs if you have production contracts . God bles s  them l 
I am on that side of the fence .  That is  good . But the l ittle guy , the 
innovat ive guy , who does not have production contracts , is therefore up 
against a stacked deck . 

Perhaps graduated taxes should be e l iminated for the individual , 
and maybe for the lower leve l s  of sma l l corporate earnings , to make 
more capital avai lab l e  to the individual entrepreneur and to smal l 
business . 
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We certainly concur with what you have j ust said about the change 
of the federal tax l aws to permi t acce l erat ed depreciation over two 
years as an examp l e - - !  do not see any reason why it should be as many 
as five- -to allow smal l bus iness owners to defer taxation . In particu
lar ,  we need changes in the l aw that I RS and the account ing standards 
groups have promulgated and appl ied to industry in our country , the law 
requiring write-off of research and development funds in the year in 
which they were incurred . I think we need capital for innovat ion , and 
these are some ideas for obtaining it . 
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£R,OCUREMENT AND 

lNP�PENDENT RESEARCH AND DEVEl OPMENt 

BY 

ALLEN E .  PUC KETI 

One of the first ideas that occurred to the panel in ta lking about the 
field of procurement and independent research and development ( I R&D) was 
the fact that it is very di fficult to general i ze with respect to trans 
portat ion--either the U . S .  transportation system as a whole or j ust the 
activities of the Department of Transportation . The Department of Trans
portation , in its present form ,  has not existed for very long . Although 
al l of its  elements deal with some aspect o f  transportat ion , they are 
al l quite di fferent . 

For example , the functions and the respons ibi l ities of the Federal 
Aviat ion Administration fit into a very special category . The funct ions 
of the Coast Guard are in qui te a di fferent category , although it cer
tain ly deals  with an aspect of transportat ion . The functions of the 
Federal Highway Administration are in sti l l  another category , as are the 
functions of the Nat ional Highway Traffic Safety Administration .  And 
the Federal Rai l road Admini strat ion is , again , quite di fferent . 

Each of these e l ements has its own prob lems and its own different 
interact ion with the marketp lace and with the industry . I bel i eve our 
pane l agreed that attempts to general i ze acros s the board can be very 
tricky . 

Having said that , I wi l l  go ahead and genera l i ze . The first com
ment has to do with IR&D , which is one of our specific topics . I think 
we can di spose of thi s fairly quick ly .  

Our conclusion comes out something l ike this : In  any of the pro
curements that DOT may make in any of its administrations , whether they 
are procurements for hardware or for R&D , there may or may not be an 
el ement of IR&D pres ent in the cost account ing or in the program of the 
contractor . We recommend that the Department of Transportat ion take an 
interest in this e lement of the contractor ' s  program . And I say ,  "take 
an interest , "  see if it is there , recogni ze it , and identify it as an 
important part of the contractor ' s  independent act ivity . In part icular , 
recognize  that !R&D i s  an a l lowable  e l ement of his overhead costs and 
encourage him to direct some portion of his  IR&D into activities of 
interest to the Department of Transportat ion . In fact , what we are 
real ly saying here is no more or less  than to fo l low the lead of the 
Office of Federal Procurement Pol icy (OFPP) in their propos ed new 
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federal acqui sition regulat ion . I t  has been out for pub l ic comment . 
We hope and expect it wi l l  be i ssued before too long , and wi l l  recog
nize  I R&D as a proper e l ement of overhead . In fact , the actions of the 
Cos t  Accounting Standards Board and the OFPP have , to some extent , over
taken some of the studies and recommendat i ons that have been made by 
others in the past . 

The last  comment on thi s  I R&D subj ect would be , again , from the 
standpoint of DOT or of any federal agency , to maintain a respect for 
the importance of the " I " in I R&D . The independent aspect of IR&D is  
cri tical . The important fact is that its  real value l ies in its  manage
ment and contro l by the company , the corporat ion ,  and the industry in
vo lved , and that i t  real ly is a key opportunity for new ideas and for 
sources of new concept s that may real ly l ead to innovat ion . 

The second topic may be a l itt l e  bit  outs ide o f  our charter . How
ever , we chose to be a l ittle  elastic . It  turns out that this part icu
lar topic was also mentioned by one of the previous speakers , and it 
has do with the way in which grants are made and contro l l ed or not con 
tro l led by DOT . This would be especial ly pertinent to the Federal 
Highway Administration , the Federal Rai l road Admini stration , and the 
Urban Mass  Transport ation Administrat ion . Each of these makes l arge 
grants .  

You may remember the total expenditures for the Department of 
Transportat ion . Out of their budget of $ 1 7  bi l l ion , I think about 
$ 1 2  bi l l ion , a maj or port ion of that budget , s imply flows through in 
the form of grants .  So this i s  far in excess of any of the procurement 
dol lars that are managed through a normal contractual arrangement . 
Therefore to the ext ent that do l l ars are a too l of DOT , the grant pro
cess i s  certain ly an important tool . In sheer volume and leverage , i t  
is  far l arger than the procurement process , itse l f .  

We therefore chose t o  view grant s a s  a sort o f  adj unct t o  the pro 
curement proces s . 

I t  occurred to us that the funding of  l arge programs through grants 
to , say ,  state and local governments , may present an opportunity for DOT , 
in some way , to encourage innovat ive activities on the part of the grant 
recipient s , and on the part of the contractors and industries , in turn , 
with whom they work . We wi l l  have to be a l itt l e  vague about how to do 
this because we do not real ly know . We can see an opportunity , and we 
want to propose a concept . We would suggest that DOT give some atten
tion to the pos sib i l ity of imp lement ing thi s  approach . 

One of the ideas we had was to put "s trings" on grants . An examp l e  
in use right now , a s  we unders tand it , is that i n  cert ain cases , before 
a grantee is awarded his grant , he may be asked to submit a study of 
some al ternative approaches to the reso lution of his  probl em ,  whether 
it is in the mass transi t  area , the highway area , or the rai l road area . 
A presentat ion of his  study of alternat ives i s  a nice place to start . 
It is  pos s ib l e ,  perhaps , that the process of continuing the grant might 
include some addit ional phases in wh ich further effort is expended in 
what I wi l l  cal l prototype analys i s  and design (and when I say "proto
type , "  I do not know whether I am talking about a new type of highway 
bridge , or a highway contro l  system ,  or a bus system , or a new rai lway 
car , or whatever) . Thi s  fol l ow-on phase of the grant could be managed 
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under some kind of control with some kind of " strings" attached . I t  
could prOvide more incent ive to the recipient t o  engage in that kind of 
innovative analysis act ivity , rather than making some preconceived , 
routine , or bl ind assumption s  at the start about the direction in which 
that act ivity eventual ly is  going to go . 

So the use of grants as an addit ional too l in encouraging innova
tion may pos s ibly be something of interest . 

To return specifi cal ly to the procurement area , to the extent that 
the department does engage in contract ing for R&D , or for prototypes ,  or 
for hardware , there are a few particular recommendat ions we would make . 
We l earned that in some cases - - ! do not know whether thi s  is frequent or 
not - - the contracts written by DOT may include a clause requiring recoup
ment of R&D costs or of the costs of that contract in the event that the 
products resulting from the contract end up in the commercial market . 

So , in effect , there is  an override , a roya lty,  or a return of 
investment to the DOT required under such a c l ause . 

We suggest that this may be a deterrent to contractors with inno
vative ideas , as wel l as a deterrent to their contract ing with DOT . 
That kind of a provi sion decreases the contractor ' s  chances of a compe
t itive position in the commercial market and makes it  less  attractive for 
them to go that route . We suggest that DOT fo l low again the new pro 
pos ed Federal Acquis i t ion Regulations (FAR) , which speci fical ly forbid 
cost-sharing on goods or services for government use - - I  am paraphrasing 
thi s  a little bit- -and then al so provide for the pos s ible  recoupment of 
R&D costs if it is  clearly in the national interest . But the general 
thrust of the regul ation is that the decis ion on such a provision should 
be made very j udicious l y ,  and , I guess I could say ,  rarely,  if ever im
posed . 

Another recommendation has to do with patent and data right clauses 
in DOT contracts .  Mos t of you know that the practi ces in government 
concerning patents vary considerab ly from agency to agency . For exampl e ,  
the Department of Defense ,  the Department of Energy , and NASA have , in 
each case ,  a different kind of patent po l icy . 

As we understand it , DOT does not have a specific  pol icy . It  i s  
better t o  refer t o  i t  a s  a col lect ion of pract i ces . 

In this particular area , it  may turn out again that events have 
overtaken us a l itt le  bit . There is a b i l l in the Congress right now , 
the Schmitt bi l l  (S l 250) , wh ich does propose a uniform pol i cy and a 
uniform practi ce for the treatment of patent and data right c l auses in 
al l government procurements . The general pattern proposed in this  bi l l  
fo l l ows pretty much the l ead of the Department of Defense .  The essence 
of that , as most of you know , is that the ownership of patents and data 
rights remains with the contractor . The government gets a royal ty-free 
l i cense for its own use , but at least the contractor has the incent ive 
to apply  his bes t  ideas with the poss ibi l ity of other appl ications . 

So i f  the Schmitt bi l l  comes along in t ime to g ive the department 
the guidance it needs in thi s  area , that is fine . Otherwi se , we suggest 
that the department take a good look at the DOD practice and po l i cy to 
see if  that might not be a practica l  uni form bas i s  for their own use . 

Our next recommendat ion has to do with unsol icited proposal s that 
may or may not l ead to a procurement from DOT .  We l earned that the 
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· present DOT pract ice- - !  do not know whether thi s  i s  uniformly true , or 
general ly true , or often true - - i s  that upon receipt o f  an unso l ici ted 
proposal ,  there i s  a tendency to convert that proposal into a request 
for proposal (RFP ) , which is  then put out for competit ive procurement . 
I suppose this is in respons e to some kind of  fee l ing for the over
riding necess ity �o have competi tion in everything . 

Of course ,  the net resul t  i s  that nobody with a rea l l y  interesting 
new idea that may inc lude some proprietary aspects , or that i s  expected 
somehow by virtue of the innovat ion to give the innovator a little  edge 
on the rest of the market , is going to bring an unso l icited proposal to 
the Department of Transportat ion . It is a very effective "stopper . " 

It  does seem to us that thi s  part icular practice i s  not necessary , 
and that there is a place for the cons iderat ion of unsol icited propo
sal s .  There could be thought ful evaluation , and wher� desirab l e  and 
appropriate , the DOT could enter into contracts  based on those unsol i 
cited proposa l s  without the necess ity o f  going out with an RFP . 

In fact , what we real ly propose here is  nothing more or less  than 
the adopt ion o f  another proposed new federal acqui sit ion regulation , 
which again i s  in draft form . I t  i s  out for comment . I t  does encourage ,  
in the case o f  government procurement genera l l y ,  the receipt and con
s iderat ion of these unso l icited proposal s  without the necessity for 
subsequent competit ive RFPs and procurement . 

Unl ike a l ot of  federal po l icies , this one i s  so short and it  is  
so neat that I am go ing to  read it to you . There is  a preamble  to 
define things , but the proposed po l icy in this FAR reads as fo l lows : 
"Agencies shal l encourage the submission of unso l icited proposa ls  and 
avoid organizational or regu latory constraints that may inhibit genera
tion and acceptance of innovative ideas from prospect ive contractors . "  

So somebody has already done the homework , and we j ust suggest 
that thi s  acquisition regulat ion be ant icipated and that DOT practices 
be changed according ly . 

The next area for considerat ion ,  I have cal l ed "guidance for inno
vation . "  This  topic al so was touched on by one of the previous speakers . 
Early in our panel meet ing , it  occurred to us that , whereas we were 
asked to examine the processes of innovat ion in the transportat ion sys 
tem and to find ways to encourage innovat ion and remove the barriers to 
innovati on ,  nobody was real ly ab le to t e l l  us what it i s  that needs 
innovating . I asked what might be the particular areas where some 
great need was fe lt and what the urgent pres sures are to do something 
di fferent . What are the areas in which we would real ly l ike to do 
something di fferent ? 

I suppose we a l l  fee l  inst inctively that there must be many such 
areas . None of  us would be wi l l ing to say that we are comp l etely sat i s 
fi ed with the transportation system across the board a s  it i s , al though 
I do not feel completely  dissat i s fied with i t , unless  I lose my bag at 
the airport or something l ike that . 

We really  could not get a c l ear picture of  the goal s and obj ect ives , 
as seen at least by the Department of Transportation . Now , the Depart 
ment of Transportat ion happens to be the one agency in the government 
that might have a respons ibi l i ty to try to identify those goal s .  In 
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the end , it  is  going to be the publ ic that does . The pub l ic has real ly 
got to te l l  us what they think their goals  are . Maybe we have to help 
them make up their minds . 

In any case , our recommendation came out something l ike this : Give 
industry better ins ight into national goals  in the transportat ion scene 
by assemb l ing and pub l ish ing on some periodic basis  a l i st or a state
ment of  goa l s  and obj ectives and also deficiencies (another way of put 
ting it ; a deficiency might suggest a goal )  as related to the Department 
of Transportation mi s s ions . 

Earl ier , a s imi l ar recommendat ion was made . I think it was cal l ed 
a l ong-range p l an .  A statement of  goal s and obj ect ives i s  not neces sari 
ly a l ong-range plan ,  al though the two have some re lat ion . 

A long-range plan has no value , in my opinion , unl es s  it is  changed 
on a periodic bas i s . Maybe it should be changed every six months or 
maybe only  once a year or even less often . A long-range plan is really  
nothing more than the instantaneous direction of a vector that is going 
to keep changing a l l  over the place from year to year . At l east one 
ought to know the direction of that vector momentarily . The goal s and 
obj ect ives that I might see today in the Department of Transportat ion 
are very l ike ly not going to be the same next year and the year after .  
But perhaps it i s  not unreasonabl e  to ask the department , as best it 
can - -t rying to see the world  through its  own eyes , through the eyes of 
the pub l ic ,  through their understanding of techno logy- -to give us a 
l is t  l ike that . I t  might be only a page or two ; I do not mean a 1 00-
page document . 

I have a re l ated comment . We spent quite a lot of  t ime on this , 
and I think i t  does re late to the prob l em of deve loping this statement . 
Find ways to improve communication between indus try , the pub l i c  users , 
state and local governments , and , in turn , the federal government . 

We did not real ly know how to tack l e  thi s  one at al l .  We did 
perceive it  as a prob l em ,  and we used the word "disconnect . " There i s  
a l i t t l e  disconnect ion a t  any given moment between what the pub l ic 
thinks it wants ,  what the federal government thinks the pub l ic ought 
to want , and what the local government may , in its wisdom , be l i eve is 
good for the city or the pub l ic . The communicat ion is j ust not good 
enough . 

I cannot suggest how t o  improve it . We suggest that DOT take a 
look at it . 

The next i ssue i s  in the congressional area . I t  is a fact that , 
for historical reasons , each of the agencies in the present Department 
of Transportation has to work wi th di fferent committees in the Congres s ,  
both in the Senate and in the House ,  on their authori zation and appro 
priation b i l l s . So from the standpoint of  the administrat ion of the 
Department of Transportation as a who l e , or from the standpoint of look 
ing at transportat ion as a system ,  this  obvious l y  creates a very awkward 
s ituation in the management and budget ing for the DOT program . 

We recommend that DOT work with the Offi ce of  Management and Budget 
and with the Congress  to regroup these fragmented budget s and congres
sional authori zation and appropriation committees in the transportat ion 
areas to focus more specifical l y  on programs in support of DOT ' s  miss ions . 
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I do not have any i l lus ions about how easy that may or may not be , or 
even whether it  is practical . In fact , i f  thi s  were a debat ing soci ety , 
I think I could  make an argument on the other side . The present 
committees have deve lory ed soue cor.t inuity and expert ise , each in its  
own area . The committees that deal with the FAA know quite a lot  about 
the FAA , but they sure do not know anything about the rai lroads , and so 
on . I do not know how one puts these together . 

From DOT ' s  standpoint , i t  would  c l early be very nice i f  these 
committees were a l l together . Whether it is  feas ible  to do that in a 
way that would create a useful , effect ive , and competent col l ection of 
congressmen and s enators , and an effect ive interface , I do not real ly 
know . But it i s  something to take a look at . 

Another recommendat ion that we offer re lates to some of the present 
procurement procedures in DOT . We have the impress ion that even though 
procurement in DOT may be for R&D , or hardware (prototype , and so on) , 
the procurement procedure is  a bit ponderous , and there is a long 
e l apsed time between the considerat ion of proposal s , and al l the t�ings 
that go on in the process ,  and the final signing of the contract . That 
ponderous process , that l apse of t ime , and the uncertainties in between , 
and the s lowness of that process may be a deterrent to attract ing the 
interest of contractors in part icipating in DOT work . 

Therefore we suggest that as an adminis trat ive procedure , the 
department take a look at ways of s treaml ining that procurement proce
dure , and that they try to simp l i fy the mechanics so that the process 
can take p l ace in a shorter t ime . Perhaps that change might resul t in 
attract ing more innovat ive potential contractors to the field . 

The next recommendation has to do with urban mas s  trans it . Some
how we kept coming back to this , both from cons iderat ions of fai lures 
and from the cons ideration of other proj ects  with opportuni ties to do 
something innovat ive . This i s  an area where there is perhaps the most 
debate about various ways of so lving the probl ems . One way is good for 
Los Angel es ; another way i s  going to be good for Detroit , or Chicago , 
or New York . 

I am sure thi s coul d be a very controversial topic . We were try
ing to think of ways of avoiding the Transbus debacle  that was mention
ed ear l i er .  That resul ted from a procurement based on a high l y  detai l 
ed government -prepared des ign speci ficat ion , without rea l ly adequate 
consideration of a l l  the prob l ems , the interest s , the pub l ic , the cost , 
etc . Consequent l y ,  nobody bid on the program . 

We are trying to find a way that wi l l  al low the Department of  
Transportation to  provide some kind of a useful  centrali zed funct ion , 
but that sti l l  leaves the ultimate dec i s ion-making control at the l eve l 
of the local governments .  I t  may be that there is room for DOT to 
undertake the procurement of prototypes of some competing vehicles , to 
procure two or three di fferent prototypes to functjonal specificat ions 
and to qual i fy these . By qua l i fy ,  I mean to put them into service tests 
in some communities , not necessari ly on an Aberdeen Proving Ground kind 
of test track (a "Munson" course test) . Rather , they should qual ify 
them in terms of local service , and a l so in accordance wi th some criteria 
that might have general app l icabi l ity such as rel iab i l ity and funct iona l 
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acceptabi l ity . Once having qual ified these prototypes , DOT could pro
vide to the l oca l governments a kind of a genera l i zed funct iona l speci 
fication , a sampl e speci ficat ion , that could then be used in the local 
procurements . In other words , the DOT in this model tri es to be help
ful to the local governments , without preempting the local funct ions or 
decision-making respons ibi l it ies by providing qual i fied products for 
consideration . 

I am sure we can get a lot of argument on that , but we throw i t  out 
as a suggestion to cons ider . I f  an opportunity seems to present itse l f ,  
that kind o f  an approach perhaps may make more sense than the kind used 
for Transbus . 

Our next suggestion has to do with organi zation . It  is  an interest
ing fact that today the Department of Transportat ion office o f  the 
s ecretary has no senior official with a technical respons ibi l i ty or a 
technical t it l e . We could recommend very spec i fi c  things , such as 
appoint an ass i stant secretary for science and techno logy or for systems 
deve lopment and techno logy . The t i t l e  has been changed a coup l e  of 
t imes . We chose a rather more general form of this recommendat ion , 
suggest ing that somebody smarter than we are in DOT or in the administra
t ion should  figure out how to play the t i t l es game . 

We recommend that DOT have a senior technical o fficial , for 
example , maybe a deputy secretary who has some authori ty . Speci fica l l y ,  
w e  were thinking o f  authority to review and approve R&D budgets and pro
grams and to oversee the technical activities of the various admini stra
tions . 

Our final suggest ion is not real ly a recommendation , but i s  some
thing to think about . It  occurred to us again and again that no matter 
what our interests may be in airplanes , trucks , rai l roads , and so forth , 
the automobi l e  s ti l l  dominates the personal transportation scene . There 
i s  a real question as to what the rol e  of the DOT , or of any part of the 
federal government , with respect to the automobi l e  may be . We see the 
regul atory funct ion , obvious l y .  We have talked about that . We see the 
Department of Energy taking a big interest in the pos sibi l ity of improv
ing fue l consumption ,  in new types of engines , in el ectric cars , and in 
many things l ike that . 

I t  is  a fact that the invo lvement o f  the government in the future 
of the automobi l e  i s  somewhat s cattered , to say the least . It appears 
in al l these various agencies . Perhaps someone shou ld cons ider , at 
l east , as an alternat ive , whether or not al l o f  the various federal 
interes ts in the automobi l e  should be co l l ected in a more central i zed 
way into a sing l e  agency . Again , I would not be prepared to argue the 
merits of that idea , pro or con . But the fact that a given s ituation 
exists  and we see an alternative does suggest to me that someone wiser 
and more sk il l ful shou ld take a look at whether there i s  any value in 
the alt ernative . 

That compl etes our l i st of recommendat ions , unl ess  I left some of 
them out . I f  I did , I am sure one of our pane l  i s  going to stand up 
and remind me . 

The only other thing I wi l l  add is  j us t  a l it t l e  comment on Martin 
Gol and ' s  report . He referred to the centers of  exce l lence . That 
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somehow popped up on our l itt l e  l ist of questions to look · at :  whether 
centers of exce l l ence are a good idea and how they re late to federal 
procurement . 

Perhaps we do not even understand the prob lem ,  or perhaps we did 
not unders tand what centers of exce l l ence are . But there was a view ,  
or a concept ion , that a center o f  exce l l ence meant a new organi zation ,  
a quas i - federal sort o f  thing . I t  might b e  part ly  run by industry , 
and part ly run by the government , and it might be a "set -aside" center 
of exce l l ence doing its  thing a l l by itse l f .  

Our pane l seemed t o  have a fairly s trong consensus that thi s  was 
not a very good idea . Of course , there are notab le exceptions we coul d  
menti on .  I think our fear here is that we have s een at l east some 
examp les  of how a federal laboratory , or a quas i - federal l aboratory , set 
up for a part icu l ar purpose , has t ended to become more of an end in it
self than a means to an end . One of its chief aims in l i fe ,  one of its 
chief obj ectives , becomes that of sel f-perpetuation , rather than serving 
a purpose . I t  i s  a thing of which we shoul d  be fearful . 

D I SCUSS ION 

ROGERS : I have one comment . I would l ike to encourage ,  and in
deed urge , the Department of Transport at ion to pay careful and respon
s ive attention to the innovat ive suggest ion of this pane l (and I think 
another panel as wel l )  that the federal grant programs in transporta
t ion be looked at as a source of support of transportation RDT&E acti 
vities . I t  should be appreciated that there are important precedents 
for so  doing . The highway trust fund is  one examp l e : 1 1/2  percent of 
the highway trust fund may be used for research , development , test , 
and evaluat ion . And the HUD 70l (b) c l ause , contained within the Com
prehensive Metropol itan P l anning Act , al lows up to 5 percent of the 
funds authori zed and appropriated under 701 - - i t  was about $50 mi l l ion a 
year , a few years back--to be used for RDT&E . Thi s  is  a way of,  in 
princip l e , perhaps doub l ing the amount of RDT&E funds to be made availa
ble to improve the efficiency and the effect ivenes s  with which those 
federal grant monies are being spent . And , with these funds , universi 
t ies , l ocal professional groups , and l ocal commercial and not - for-profit 
groups coul d  be cal l ed upon , and supported , to s tudy transportation 
probl ems . 

It would al so free up , thereby , much of the federa l l y  contracted 
RDT&E do l l ars from support of sma l l er ,  more l ocal studi es , and allow 
their focus upon the l arger nat ional probl ems that might warrant 
especial ly large - scale central study . 

The second element of such a s trategy wou l d  come into play down
s tream . Once having conducted sound RDT&E programs ,  from which , as a 
resul t ,  improved program efficiency and effect iveness  can be demonstra 
bly achi eved , the secretary of transportation , working with the admini 
strators , can do a very simp l e  thing . I n  communicat ing with those who 
are asking for l arge federal transportation equipment , construct ion , 
and operating grant s ,  he s imply  point s out that he had perhaps 1 0  t imes 
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as many requests for such funds as he has appropriations to ful fi l l  
them . Now , he would not suggest to those state and local bodies who 
would use such grant funds to develop ,  construct , instal l ,  and operate 
their transportat ion systems how to do so , but he would point out that 
DOT has developed analyses , components , subsystems , whatever, that 
improve the efficiency and the &ffect ivenes s of those transportation 
systems if sens ibly emp loyed . And , natural ly, those who evidence a 
wil l ingnes s to achieve such increased efficiencies and effectiveness 
could expect to have their requests put on the top of the pile , for in 
thi s  fashion , the taxpayer would be getting more for hi s money . This 
could be a very powerful strategy . 
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TECHNOLOGY AND �&D pOI.IC IES 
TO SITMI!I.ATE INNOVATI ON 

BY 

HERBERT D .  BEN INGTON 

I would l ike first to comment on the constitut ion ·of the pane l . Since 
I am very skeptical about the ro le  that the federal government can play 
in research and deve lopment unl ess  it is , in fact , the user of i t s  
devel opment products a s  is  the Department of Defense ,  I was del ighted 
that there were on the panel a large number of others who were also 
skeptics . I t  tended to be a panel of entrepreneurs , of peop l e  who want
ed to be caut ious about the government ro le  and who recogni zed how 
eas ily bureaucratic mistakes are made , peop l e  who are very wary about 
technocratic solutions in comp l i cated areas , and peop l e  who are concern
ed about good management and accountabi l i ty . So , from my point of view , 
it was a responsible  and caut ious group . 

The pane l wanted me to make some observations . We noted that the 
Department of Transportation research and development budget is only 
2 . 3  percent of its budget , and that compares with something l ike 1 1  
percent for DOD and almost S O  percent for the Department o f  Energy . We 
recogni ze that one should be cautious about such overarching statements . 
But we noticed that the DOT R&D budget is al so decl ining at a rate of 
about 8 percent a year . And we noticed , too , that the position of the 
As sistant Secretary for Systems Development and Technology was abo l i shed . 

We al so sensed in talking to some of  the individual s in the Office 
of the Secretary of Transportation (OST) from the department , and from 
our own experience , that al l of this has led to a very poor c limate and 
a poor attitude within the highest levels o f  OST toward techno logy and 
technologists . There appears to be relat ively l itt l e  confidence in and 
l ittl e use of people with scientific and technical backgrounds in some 
maj or deci sions . Further, procurement practices have evolved--A l l en 
Puckett gave excel lent examples- - in ways that we think are · quite rigid . 
The process may be good for buying boots , but it  i s  not good for helping 
the innovative cl imate . There i s  often weak support of the R&D pro
grams at OMB and on the Hi l l . 

As I said earl ier ,  in my remarks during di scussion of a previous 
paper , we recognize very wel l  that there were some real difficulties when 
one of our obj ectives was to use aerospace technology to help so lve trans
portation probl ems , particularly surface transportation , including rai l  
an d  urban mass transit . There were many techno logical ly naive people  in 
the government , and in industry, who thought that we could use this 
talent and make great progress in transportation R&D . Many unsuccessfu l  
programs resulted . 2 3 1  
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However ,  it seems to us that i f  that represented one end of the 
swing of a pendulum , the pendulum has gone about as far in the other 
direct ion as it can go . Given some of the very maj or national prob l ems 
that we have now in energy , in the environment , in the urban areas , in 
bal ance of payments ,  and in the health of U . S .  industry ,  a j udicious 
strengthening of the technological arm at OST in DOT is urgent ly needed . 

So , we talked about an assistant secretary for R&D . We would 
emphasi ze that this should not be an office that does detai l ed manage
ment of the modal R&D programs . We have seen exampl es in which this 
j ust does not he lp . It  slows things down . We would emphas i ze that it 
is  very important that the l eaders in that office not be thought less 
supporters of technol ogy . There is a history o f  such support on occa
sion . There is sti l l  a lot of skepticism concerning such an organi za
tional arrangement within the government , on the Hil l ,  and within the 
OST . So considerable prudence and statesmanship are required in making 
changes . 

We do bel ieve that this office could p l ay a maj or role in shaping 
plans and pol i cies that are conducive to innovation , and that extends 
beyond R&D . I t  gets into such things as procurement practices , or ways 
of shaping the grant s process . Probab ly the most important aspect of  
thi s  idea i s  the need to apply research and analys is to  the whol e  
bus iness of regul ation , t o  make that bus iness more coherent , economical 
ly j ustifiable , accountab l e ,  and successful in achieving sensible goal s .  

We think that this  science and technology office could take the 
l ead in discovering intermodal opportunities and in seeing that these 
get proper emphasis  and it could also ident ify what we cal l the no-modal 
opportunity , for examp l e ,  pipelines . There is  no regular DOT mode 
representing pipel ines . Is it pos s ible  that some activity could be 
spurred there by the federal governemnt? 

We would establ ish a ful l -t ime scienti fic advisory group , analogous 
to the Defense Science Board (DSB) , and make sure that that group had 
people as highly qual i fied as those in the DSB and the Pres ident ' s  
Scientific Advisory Committee (PSAC) have been in the past . We would 
make sure that that group is given access to the prob lems and given 
freedom to criticize  and to suggest ideas . 

· 

F inally , we would change the procurement practices . Puckett touch
ed on one of the mos t  important aspects ,  the case of  unso l icited pro
posal s .  We would lower the threshold of authority in awarding sole 
source grants or contracts . We would increase the use o f  the performance 
requirements speci fications in procurements . Rather than determining a 

solution and attendant design specifications , the government should 
state the obj ective and the performance requirements being sought . We 
would also stimulate j oint ventures .  

We believe that the entire pol icy and planning function in OST 
needs very much to be strengthened . Impl icity , we were supporting the 
notion of the national transportation plan . I second Puckett ' s  comment 
that plans are made to be changed . On the other hand , they al so pro
vide a visibil ity and a comprehens iveness of thought that can be very 
useful . 

We thought that there should be something cal l ed an annual mobility 
as sessment . This mobil ity as sessment would tel l us annual ly how wel l 
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we think the system i s  doing : in terms of the users of the various 
modes , the services , the costs ; in terms of the operators , how wel l  
they are doing ; in terms of the supp l i ers , how viable the industry i s , 
and what is  happening to it . 

This mobil ity assessment would obviously have to be put together 
by many e l ements outs ide of DOT , in the federal government , in state 
and local governments ,  and in private industry . There was some discus
sion within the pane l on how to achi eve it . I think a maj ority fel t  
that it would be done independentl y ,  a s  i n  a cont inuing commis sion , if  
you wi l l , producing this  annual report , independent o f  the DOT . My own 
incl ination is that it  i s  important that i t  have an adequate staff and 
a strong connection to DOT . I would l ike to see a more regulari zed 
rol e  for DOT in mob i l ity asses sment . 

Let me now turn to the is sue of the R&D programs of the various 
modes . This di scussion rel ates to Mart in Go land ' s  earlier remarks ,  
and those of others , concerning the di fferences in the ways in which 
the modes operate and the resul ting di fferences one sees for handl ing 
R&D . We , too , made the distinction that air traffic contro l  and the 
Coast Guard are cases in which DOT is the user/operator and needs to 
take the l ead in doing the research and development . In the case of 
the auto and aircraft , we were very skeptical about any active R&D 
rol e . In our discuss ions of rai l , urban mass trans it , and highway , we 
thought there was certainly one case where there was a very important 
opportunity for a strong federal program , not l arge in t erms of many of 
the programs that the country has undertaken , but nonethe less  a l arge 
one . Thi s  program would have the aim over the next four or five years 
of real ly increasing our system underst anding of a much improved urban 
mas s  trans it technology . Let me give the background to our thinking 
there . 

In looking at the use of urban mas s transportation , it seems to us 
that modest incremental improvements in performance ,  service , or cost 
are not going to increase the ridership significant ly . Ridership- -use 
of urban mass transport versus other means - - is  something l ike 4 or 5 per 
percent of the total , and we think it wi l l  stay there , from the way the 
program is going , over the next 10 to 20 years . At the same time we 
see , wi thin the city , very maj or probl ems . This is  certain ly one of our 
maj or national probl em areas and involves congestion , environment , 
economics , crime , and other factors . We also sense a pol it i cal commit 
ment to urban mas s transportation and that does not gainsay Charpi e ' s  
comment that everybody i s  in favor of  i t  and nobody want s to ride it . 
The fact i s  that there are pol it i cal forces behind it . 

On the other hand , we do not deny the di smal record o f  some o f  DOT ' s  
attempts to apply aerospace technol ogy to improving transportation . 
There is much fundamental agreement on that aspect . 

However , l et us now make a technical , engineering , and economic 
observation . I t  seems to us that i f  we are to increase ridership from 
4 percent to 20 or 30 percent in our l arge and congested cities , we must 
do it by making the transportat ion much more access ib l e . One must  be 
abl e  to get to his destination much more quickly , and stations are go ing 
to have to be c loser to where you are and where you are going .  We cannot 
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have the long access times and t ransit t imes and waiting t imes that we 
have today . 

In looking at the bus option it seems to us that buses , anyway you 
go , are going to be manpower intens ive , both in terms of operat ion and 
probably in terms of maintenance . Therefore a lot of good work could 
be done in that area . 

We ask the question , " I s  it possible to get a capital intensive 
system for cit ies that would make the transportation much more accessi
b l e  to  the rider and that wou ld increase the ridership signifi cant ly by 
an order of magnitude , 3 ,  S ,  or 10?"  I want to emphas ize  here we are 
not talking about improving the component state of the art . We are 
talking about improving the system state of the art . It seems to us 
that there are technologies coming al ong whereby i f  we use some o f  the 
state-of-the-art mechanical technol ogies and the rapidly advancing 
el ectronic technologi es , we could get systems that would provide 
automatic-group-rapid-transport or persona l -rapid-trans i t ,  or a combina
tion of these . The cost of deve lopment of thes e  systems would be - - i f  
one wanted t o  have a program in the next five years - -much more than the 
$50 mil l ion or so that is currently programmed by DOT . It might cost 
as much as $500 mi l l ion in the next five to eight years to deve lop such 
a program . That is  about a th ird o f  the cos t  o f  one fl eet bal l istic  
missi l e  submarine . We do not guarantee that i f  we undertook thi s l arge 
program we would definitely get something that woul d succeed . One of 
the expectat ions we talked about , for example , was that we should , for 
the cost of a metro system ,  be abl e  to increase the ridership by a fac
tor of, say ,  5 .  

I t  appears poss ib l e  that a wel l -managed program that showed con
cern about the market and that brought along the right technol ogy could 
produce thi s  kind of quantum step forward . And it seems to us - -notwith
standing the fai l ures in technology in the past and the management 
probl ems in the past - - that th is country has done some large R&D proj ects 
that have turned out to be extreme ly successful and this option should 
be  recogni zed and should be de l iberately cons idered by the Department 
of Transportation and other peop l e  in the government . 

We also fe lt  that some progress has been made in the highway tech
no logy area . We had some experts who ident i fied many areas in which 
cons iderably more could be done and result  in a l arge payoff .  We talked 
about the material s prob l em ,  asphal t  and concrete , where there has been 
a lot of progress in the last 1 0  years , but now we know a lot more 
things that we would l ike to look into further--questions such as l ight 
ing o f  roads and access and questions of  maintenance techno l ogy and 
standards . It seemed to us that much more progress could be made in 
these areas . Certain ly , the maintenance of the highways is one of the 
maj or chal l enges we are now finding . 

In the case of FAA , we felt that the automat ion of the en route 
control funct ion should be given very high priority . As you probab ly 
know , today the survei l l ance function is  heavi ly automated , including 
the processing of fl ight plans . But the control function itsel f is 
virtual ly comp l etely manua l . It seemed to us that the technol ogy is  
in hand to  have a much higher degree of automat ion of th i s  contro l 
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function and that by doing thi s  one woul d be abl e  to get from New York 
to Washington flying on instruments in bad weather as fast as it can be 
done by flying visual ly . This would rea l ly help the airl ines and the 
passengers . Automation would l ower the number of contro l l ers needed , 
even though there i s  increas ing air traffic , part i cularly in general 
aviation . If the machine is properly programmed , and we are convinced 
that can be done , then it is going to be more attent ive through the 
hours than the air traffic control l ers can be . 

We think that this i s  an area that requires a high priority for 
deve lopment . In fact , in a mechanism that I wi l l  mention in a minute, 
al l the user/operator/ suppl i er e l ements of the industry seem to feel 
that this should be pushed ahead . 

I have mentioned already the great importance of a stronger techni
cal input into the regulation process .  There are many cases in  whi ch 
we have not had good analysis . There has not been good economic analy
s i s , data have been faulty ,  and experiments have been needed . I think 
one of the big advantages of having a much stronger technica l arm in the 
OST would be to point out those cases , point out that the decisions are 
being made on the bas i s  o f  fluff and prej udice and that they j ust 
cannot be j ustified . Hopefu l l y ,  this wi l l  force people  to do more 
rigorous homwork . 

I think also that something l ike Transbus , wh ich has been mention
ed several times , might not have happended as easi l y  i f  there had been 
a strong technical , acqui sition-oriented voice that cou ld have pointed 
out some o f . the problems in that procurement . 

Final ly,  we make three recommendat ions that are independent of 
modes . First , we support the general involvement of the federal govern
ment in basic research in those techno logies that underpin the trans
portat ion busines s  across the board . Many agencies could  play a ro le  
here : NASA , DOE , EPA , DOD , and NSF inc luded . We be l ieve that i t  i s  
DOT ' s  responsib i l ity t o  make an assessment of the funding that i s  taking 
place in those various agencies , find out where the gaps and the oppor
tunities are , and then recommend to them or undertake the right bas ic 
research programs . In this connection , it seems to us that the kind of 
program that is being talked about for automob i l e  research , about 
$50 mil l ion a year , makes a lot of sense . 

Second , we think that DOT must place much greater emphasis  on test 
and evaluat ion . One o f  our panel ists to ld of the case where we raped 
the cities by g iving them devi ces that were devel oped in part or in ful l  
by government funding that did not work adequate ly . Such cases give the 
who l e  approach a bl ack eye . We would stres s that where the department 
has been responsible for the development of an e l ement , it also make 
sure that that e l ement does undergo rigorous test and evaluat ion before 
it gets dep loyed . We al so see a role  where the department could provide 
some test faci l ities , such as it  i s  now doing in the rai l area , and 
somewhat in urban transit , that would fac i l itate the industry itself  in 
undertaking better deve lopment and evaluat ion . 

The final recommendation o f  my report has been noted by other 
panel s ,  and we also think it is very important . We be l ieve that in 
order for R&D and t echnical decis ion making to be more rel evant , there 
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must be much better communicat ion among the DOT , the operators , the 
supp l i ers ,  the users , and some of the other interest groups . We think 
that the work that has been done , for example  between the As sociation 
o f  American Rai l roads and the F ederal Railroad Administration , i s  an 
exce l l ent example of good communication . Another recent case has been 
the Federal Aviation Administration . Under pres sure from the Hi l l  to 
seek broad input s on the future of air t raffic contro l , the FAA esta
blished a committee that looked into different aspects of the air 
traffic control bus ines s .  The committee came up with a surprising 
degree of consensus after very good communication , and now we know 
much better how to make progress  in that area . 

DISCUSS ION 

THOMPSON : I think everybody in this  discuss ion is assuming that 
innovat ion is a good thing . I would l ike to put in a counterview .  I 
l i sted six innovati ons in the transport fie ld . One is the transverse 
engine with front wheel drive on cars . Another is the j et engine . The 
third is a hovercraft . The fourth is the high-speed train . The fi fth 
i s  the l inear induction motor for dragging anything along a rai l . And 
the s ixth is carbon fibers . 

· I think it would be worthwhil e  for somebody to study why it is 
that the original innovator in al l of these so far has not made any 
money on them . You could argue a good case that the way to success is 
to be second , not to be first . 

BEN INGTON : I think one could also give some cases where companies 
themselves seem to have succeeded by being second . 

NEJAKO : I hope most peop l e  in the room recogni ze that the Urban 
Mass Transportation Administration spent some $ 30 mi l l ion deve loping a 
test and evaluat ion capabil ity that i s  part of the Transportation Test 
Center in Pueblo , Colorado . It  is open to use by the rai l transit 
supply industry . I think they are recogni z ing its avai l abi l ity much 
more frequent ly now . But I want it general ly understood that that is a 
recommendation we began to impl ement back in about 1972 . 

CHESE BROUGH : I may sound l ike a cracked record , but I would l ike 
to speak as a sel f-appointed chairman of panel 6 ,  representing the 
people . This country developed and became great by respecting people ' s  
freedoms , includ ing freedom of choice . I hope we stay that way . 

I would l ike to remind the people that innovation in transportation 
wil l  proceed only as fast as the emotional interests and pressures of 
people  either demand or accept these innovations . We can create al l 
kinds of sophisticated , technical ly sound , scientifical ly l ogical systems . 
But if the individual people  do not recogni ze that these fal l  wi thin 
their concept of what they want , such systems wi l l  become monuments 
s imi l ar to many of the marble  bui l dings we have in this town . 

I want to reiterate that th is is a facet that must cont inual ly be 
kept in mind . It is extreme ly di fficult to determine in advance what 
peop l e  wi l l  accept , emotiona l l y .  They , themselves , cannot tel l us . 
I f  questions are asked of consumer or buyer preference research groups , 
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one does not , very many times , get the right answers . That has been 
proved time and again when careful ly researched marketing plans , pro
duct development plans , col lapse upon hitting the market . So do not 
forget this el ement . 

I have been prompted to say this by a comment that was made , I 
know in good faith , that we must  somehow or other find a way to get 
urban mass transit ridership up to the 20 percent l evel . I agree with 
that . But we had better make sure that 20 percent of the people  fee l 
the same way about it . 

LIST :  As a second member of panel 6 ,  I also hope that peopl e ' s  
views are not negl ected . DOT may be in many fields where they have no 
business , but assess ing mobi l ity, one of the recommendations of the 
pane l on technol ogy and R&D pol icies to stimulate innovation , panel S ,  
woul d  be a very good logical function for DOT to perform . But assess
ing mobi l ity is right i n  the midd l e  o f  their mandate ,  and thi s i s  where 
the pub l ic comes into the pi cture . In other words , the ult imate criteri 
on i s  whether it is useful . We have not paid enough attention to that . 

GORHAM : I want strongl y  to endorse the recommendations of at 
least two panel s  for the restoration of a center of respons ibi l i ty for 
science and technol ogy in DOT . There were many reasons for its abol i 
tion . On e  was the primary des ire to reduce the head count in the Office 
of the Secretary . But we lost a great deal when that was done . One of 
the recommendations of the panel on economic incentives , panel 3, in 
which I participated , may not have come through cl early .  It was that 
now we are getting to a point where the rate of deve lopment of innova
tion in individual trans it modes in some cases may be running out o f  
steam . The big opportuni ty for devel opment in innovation at the present 
moment is in the intermodal field . This  can only be accompl ished i f  we 
have some center within the Department of Transportation that looks 
across modes and considers the transportation functions of al l of them . 

BISPLINGHOFP : Ladies and gentl emen : I want to thank al l of you for 
your participation : the speakers , discussants , chairmen , and especial ly 
those who stayed with us to the fini sh . No one knows for sure what 
results wil l  come from a conference of  thi s  kind , but I think we al l 
agree that this kind of examination must be carried out i f  there is  to 
be progress . 

The proceedings of the conference , we hope , wi l l  be pub l i shed early 
next year . There al so wi l l  be a committee report later in 1980 . It  wi l l  
include the ideas deve loped i n  thi s  workshop , as wel l  a s  information 
derived through other act ivities of the committee . 

We wil l  do our very best to bring al l of the suggest ions brought 
forth in this workshop to the attention of people who are in a position 
to impl ement the ideas . We wil l  do everything we can to bring these 
views to the attention of official s of DOT . In the past we have been 
able to do that at the highest l eve l s  of the department . Al though 
there have been many changes in DOT in the past few weeks , we wi l l  
present what you have to l d  us to a s  many o f  the appropriat e  peop l e  as 
we can in the Department of Transportation . We plan to go to the l eader
ship in the Congres s  in the transportation area , and to bring these 
recommendations and ideas to  their attention . 
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We wi l l  certainly make thi s  e ffort , and hope the net effect wi l l  be 
posi tive . 

Again , I express my gratitude to al l of  you for taking the t ime 
from your very busy schedules , and from the many other important duties 
you have , to be with us . We appreciate your attendance and your contri 
butions . 
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WORKSHOP CHAIRMAN ' S  CIDSING REMARKS 

First and foremos t ,  I would l ike to thank each of you for your dedica
ted participation . 

No one real ly knows what good can come from a conference of thi s  
nature , but I think we al l agree that this  kind o f  examination o f  inno
vation in transportation has to be carried out i f  anything at al l i s  
going t o  take place . 

We wi l l  publ ish the proceedings of thi s  workshop , and , in addi
tion , there wi l l  be  a Committee on Transportat ion report on the process 
of innovation in transportation later in 1980 , which takes account of  
thi s workshop , as  wel l  as  other act ivities  of the committee . We wi l l  
do our best to bring these to the attention of officials in the Depart 
ment of Transportation . We are going to try to do the same thing wi th 
the appropriate l eadership in Congress .  
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