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Abstract

The U.S. has a knowledge-based industrial policy, a specific role for the federal government in creating and developing industries and jobs, beyond general measures to encourage economic health such as regulating the supply of money and credit. More specific than macro-economic policy for the entire economy, industrial policy formulated in relation to academia and industry is also broader than a measure cloaked in general principles to aid a particular company. While the very idea of government providing “seed capital” to initiate new firms is anathema to some, a “public venture capital” strategy can be discerned in post-war U.S. science policy. Public venture capital in the form of federal and state programs to provide research funds to small firms perform the venture capital function by default.  Indeed public programs arguably support a broader range of early stage technology investments than their private counterparts. Despite gaps, public venture capital makes it possible for the  “linear model” based upon government R&D funding to achieve its stated goals of contributing to economic and social development, as outlined in the early post-war  “Endless Frontier” Report.

Introduction
In 1997, the New York Software Industry Association (NYSIA) sponsored two sessions on venture funding at its annual meeting. The private venture capital session attracted more than 200 participants; the one on government programs just five persons. At the 2002 meeting the distribution of audience between the session was more equal, likely an effect of the tightening of equity markets. The role of the state in relation to the market sets the terms for a public role in firm-formation. Societies that accept a leading role for the state may be characterized as   “high state,” while those that disallow a strong presence are “low state.” In countries where an extensive role of the state in industry is well accepted, there is virtually no difference between public and private venture capital. In countries where a significant, but less extensive role for the state is acceptable, public venture capital is seen as a transitional stage in the creation of a private venture capital industry. Once the private venture capital industry is underway, the public fund is expected to disappear.  In still other societies, where a role for the state at the micro-economic level is not acceptable, public venture capital is hidden. Virtually, all modern societies accept a role for the state at the macro-economic level, the null cell in this virtual four-fold table of public venture capital. Whether a “public” version of venture capital is admitted to exist depends upon the accepted role of the state in society and whether broader social returns can substitute for the taking of equity.

Venture capital is classically defined as funds made available for the early stages of firm formation in exchange for equity. More recently the definition of venture capital has been extended to buyouts and mergers. An industry observer has viewed adherence to one or the other definition as a matter of “religious” preference. 
 Thus, “the buy-out business… either is an intrinsic part of the venture capital industry, or is completely antithetical to it.” Venture capitalists that hold to the original focus on start-ups are “high church” while advocates of the expanded definition, that includes later stage investments, are “Broad Church.”
  A shift from high to Broad Church was driven by the success of an industry that attracted endowment, pension and other large institutional funds. 
 Since it typically takes as much time and effort to qualify a small or large investment and since risk is expected to be lower in later stages, the private venture industry has been driven downstream, with the notable exception of the late 90’s dot.com bubble.
 I hypothesize that public venture capital is driven upstream toward the high church model in low state societies. 
  Countervailing pressures to those affecting private venture capital drives public venture capital underground where it operates under other labels. Under such ideological circumstances substitutes for receipt of equity must be found to justify the provision of government funds. Difficulties in arriving at a legitimated framework places public venture capital in a precarious position.

There is an interesting symbiotic relationship between public and private venture capital in the US.  Public venture capital, especially at the federal level, typically follows a basic research funding model where the idea is to support something that is new and risky by definition. It represents a clear alternative to private venture capital where the focus is on a new wrinkle on a proven business idea that is accompanied by an experienced management team.  The technological areas of interest to government are broader, and often at an earlier stage of development, than ones that private venture capital is willing to consider. Thus, public and private venture capital is complementary even in a low state society, with government playing the role of seeding the private venture capital industry.
  Nevertheless, public and private venture capital has distinctly different formats and levels of visibility in high and low state societies. This article focuses on the development of public venture capital in the US, a “low state” society, where it is considered to be illegitimate for the federal government to be involved in industrial development, except under highly restricted conditions. 
Background and Theoretical Framework: The Role of the State in the Triple Helix

The development of a venture capital industry is shaped by the different  triple helix relationships in various societies. Too often it is thought that an organizational mechanism can be transferred from one society to another, without taking institutional context into account. This assumption often leads to much frustration among both senders and receivers, some of which could be relieved by a simple understanding to the different roles that institutions of the same name sometimes play in different societies. For example, an Israeli venture capitalist presumed that his country’s public-private model of venture capital could be simply inserted into the Italian context. His Italian colleagues believed that a much more convoluted approach would be required to make a version of the model fit into the Italian innovation system and not be treated as a foreign antibody in an immune system.
  In the US an indirect industrial policy suppresses some aspects of the venture capital model in order to allow government to support firm formation in ideologically resistant circumstances. In Sweden, given a more accepted role for the state in society, such a format is hardly necessary.

The triple helix  model of university-industry-government relations provides a framework to understand some of these societal differences. The Triple Helix begins from two opposing standpoints (1) a statist model of government controlling academia and industry and (2) a laissez faire model, with industry, academia and government separate and apart from each other, interacting only modestly across strong boundaries.
 In Triple Helix I The nation state dominates industry and academia and directs the relationship between them. Triple Helix II consists of separate institutional spheres and strong borders dividing them, with limited interactions across these divides. Both of these formats are in transition to Triple Helix III, a more flexible innovation format consisting of overlapping institutional spheres, with each taking the role of the other. I hypothesize that there is a secular trend to convergence in both  high and low state societies to a mid-state format in which the primary difference, based on cultural tradition, is whether government plays its enhanced or diminished role explicitly or implicitly. 
Thus in previously high state societies, the role of government will appear to be more extensive even when it is moderately reduced while in previously low state societies, the role of government will appear to be less extensive, even when it has been enhanced.

In Triple Helix III each institutional sphere maintains its special features and unique identify even as hybrid formats for innovation are synthesized from elements of the three spheres. 

These different models of the triple helix have been identified as the framework for the innovation system in different societies, for example, Triple Helix I in the former Soviet Union, France and various Latin American countries, until quite recently; Triple Helix II in the U.S. Indeed a process of transition has been identified in Eastern Europe from Triple Helix I during the Communist era to Triple Helix II in the early post-communist period to Triple Helix III, from the mid 1990’s. At this point, a role for government is rediscovered and interactions, freely entered into by representatives of the various institutional spheres become the arena for innovation. 
 An awareness of the role of government is highest under conditions of drastic change from high to low-state, and then to mid-state, in comparison to more subtle changes from high or low to mid-state where a “game of legitimation’ produces rationales that disguise the extent of change. The relationship between the private and public elements in venture capital is an indicator of the condition of triple helix relations and the state of the state.

The role of the state in society influences the definition of venture capital, irrespective of whether the source of funding is public or private. In "“high state” societies, where a strong role for government is legitimate, especially in relation to industry, venture capital, whether public or private, operates according to a common format. Of course, if the role of the state is so strong as to preclude a separate industrial sphere, for example, in a centrally planned economy  the concept of venture capital as an independent organizational entity  is superfluous.  On the other hand, in “low state” societies, where a role for government is legitimate only under exceptional circumstances, public venture capital, where it exists, is hidden behind other formats for government support and may not be perceived as venture capital.   Under these conditions, public and private venture capital will operate differently since government is precluded from playing a direct role in industry. Under these conditions, the “ownership” aspects of venture capital are precluded even as the seed capital funding role is carried out sub-rosé.
The Founding of the Venture Capital Industry

Venture capital involves a collectivization of risk/reward ratios in high risk investing by spreading the uncertainty and gain of individual investments among various investors. The objective of restructuring the relationship between these two factors is to reduce the risk of loss from any single new venture. Conversely, the chances of participating in reward that may arise from a greater likelihood of success obtained from a very a few, or even one investment, is increased by spreading capital among a larger number of risky investments. An extremely wealthy individual or family could provide some of the elements of the venture capital model, and indeed the Whitney and Rockefeller families established venture capital entities during the 1940’s to oversee their investments.  The venture capital firm introduced early stage risky investing, with safeguards, to a broader constituency of universities, investment banks and pension funds, traditionally oriented to lower risk investing. The venture capital model attempted to increase the chances of success in early stage investing by professionalizing the search and selection process through an evaluation of the proto-firms’ technology, management and market prospects. In addition, once the selection process was completed and an investment made, the venture firm attempted to increase the firm’s chances of success through a “hands on” involvement in its development, serving in effect as a “virtual incubator” for the nascent firm, providing various kinds of advice and assistance. 

The need for a venture capital instrument originally became apparent in the New England region where research, with economic potential, had been developed to a high level but the possibility of utilizing those results within existing firms was limited. Venture capital is a quintessential hybrid organizational format, incorporating elements of the Triple Helix of university, industry and government. The venture capital firm was invented through an interaction among representatives of these three institutional spheres who synthesized various public and private elements into the venture capital firm during the 1930’s and 40’s. These various elements include research results with commercial potential, academic entrepreneurs, financial capital, regulatory changes and business expertise. The final, most difficult option, the creation of a firm to realize the potential of a new technology, became the focus of attention in the New England Council, a regional economic development organization, in the course of a series of meetings held during the 1930’s depression.

The venture capital model was invented to capitalize a regional concentration of research and was then adapted to the national level.  Concern among the business, political and industrial leaders about the difficult economic situation of the New England region led to the foundation of  the New England Council in 1926 to provide a forum for discussion of strategy and development of action. The Council considered  and rejected as inapplicable all the existing strategies for regional development such as attracting branch plants and reducing taxes. When these traditional strategies failed, Karl Compton the President of MIT suggested that they analyze what conditions would be needed to help start new companies from academic research, the region’s potential comparative advantage. Compton and his colleagues defined the problem as business expertise and seed capital and to help start  firms.  These discussions were interrupted by Word War II. After the war, they came back to the issue and decided to solve the problem by creating a venture capital firm:  American Research and Development (ARD). 

Venture capital was originally conceived as a quasi-public instrument to foster the development of high-tech start-up firms from academic research findings. ARD’s publicly stated objectives to promote firm formation as a regional development strategy was quite similar to the goals of a contemporary public venture capital program. Of course, it was also necessary to demonstrate that the venture capital concept was financially viable. ARD was formed out of a coalition between two academic institutions, Harvard Business School and MIT, bringing in administrators, teachers and graduates of both schools as its personnel and advisors. The Business School provided graduates with managerial expertise who could advise, evaluate and, when necessary, replace the firm founders that ARD financed. New company presidents were typically persons with a technical, not a business background. MIT provided persons with a technical background who could seek out the technologies on which new companies would be built. MIT also provided much of the technology, many of  the potential firm founders, and the expertise to evaluate  the technical feasibility of proposals. Harvard Business School contributed organizational and financial expertise and credibility in the business world.

US Public Venture Capital

In comparison to pre-war New England, a larger reservoir of research results  was identified in the US federally funded research system that grew up since the 2nd World War.  During the early post war, a consensus had been reached to publicly fund research.  However, with the exception of military research and the traditional agricultural research system, the issue of how to put those results to use had been hidden behind an assumption that utilization would take care of itself. In 1957, the Soviet Sputnik launch spurred the founding of an Advanced Research Projects Agency (ARPA) whose purpose was to fund technological development  and utilization with long term implications for the military, such as  computers and artificial intelligence.  ARPA’s broad charter  included  support for the academic infrastructure and firm formation. Public venture capital originated with ARPA and then spread more broadly  as part of the response to the crisis induced by increased competition from Japan, in the late 1970’s and early 1980’s.
Congressional pressure on  the National Science Foundation (NSF), the U.S basic research funding agency founded in 1952,  arose in the 1970’s to make research funds more available to small businesses. In response,  Roland Tibbets, a program officer at NSF, and his colleagues,  invented the prototype for the Small Business Innovation Research Program (SBIR),  synthesizing NSF’s classic peer review procedures with the nurturing culture of the early venture capital industry. SBIR began as  an experimental  initiative in NSF, combining small business support with funding for high quality research and tech​nology.The founding director of SBIR said that, “The starting point was that we saw a potential for economic development in cutting-edge research, but that there were no venture capital firms or others that were willing to take the risk of supporting activities with a very uncertain outcome. We were also interested in focusing on tomorrow's jobs, creating firms in tomorrow's businesses with international competitiveness.” SBIR thus expresses the growing awareness of technology as an important factor behind economic growth. Another important goal was to increase the return on investment of federal R&D. To its initiators, “... high-tech small firms seemed to be the best vehicle for doing that.”
 Through a highly competitive process, SBIR  funds  high-tech start-ups and other innovative small firms to move their research toward the market, solve  government technical problems or combine both tasks.

An intragovernmental initiative, including federal government research program managers, congressional staff members and legislators, suggested that the SBIR should be extended to 10 additional agencies, a proposition which was highly controversial in some circles. The universities and most people in NSF did not want it, neither did the national laboratories nor the agencies themselves. All felt that this would take money away from current activities, although the percentage of funds to set aside was less than one percent. However, the program was not controversial at all in political circles, and despite heavy lobbying against it, the Small Business Innovation Develop​ment Act was passed virtually without opposition.

The proponents of the SBIR recalled that, “because of the large opposition against the pro​gram, we had to choose our words very carefully, which contributed to making the program very good and bullet‑proof.” By designing a phase model of the entre​preneur​ship process and the role of the federal government in each phase, the SBIR created a neutral language for government intervention in the economy. That the bill raised so little political contro​versy can also be explained by looking at the justifications for the SBIR. It was asserted that there was some kind of market failure because entrepreneurs with excellent but high-risk ideas could rarely find private funding.
 In addition, the strong focus on scientific and tech​nical criteria provided a resemblance to (previously justified) basic research. Finally, “small business” can be viewed as a strong ideology by itself that very few people oppose. An advocate of SBIR and similar initiatives said, “we definitely see the programs as a de facto industrial policy, but we cannot use that term, so we usually call it R&D policy and things like that instead; but it [SBIR] is a federal program that has created a whole lot of new industrial activity.”

Balancing goals

The two essential ingredients of public technology programs are that they combine scientific and technological aims with commercial goals. Thus, a successful proposal must address both sides of the equation.  As a reviewer for NIH SBIR said, “The common thread is that there has to be a testable hypothesis, and a commercializable product.” Whether a project starts from a product idea or is an implication of research that can lead to the market is irrelevant. What is key is that the project involve research that will in the foreseeable future lead to a commercial result.  As one SBIR program manager  put it, “You can have a neat idea but you have to know what you are going to do with it. The most successful proposal is when you say here is a specific product or service that you will develop.” Since  the commercial criteria is typically specified in terms of commercial relevance rather than business risk; these programs significantly expand the degree of risk and the commercialization time frame well beyond what would usually be acceptable to private venture capital which has increasingly shifted to short-term exit strategies.

Although SBIR’s official objective is to encourage small firms to participate in government sponsored research programs, this criteria allows considerable leeway to demonstrate that a technology meets governments needs and has commercial potential as well, the ideal combination.
 There are now ten SBIR participants, who are required to set aside 2.5% of their total research budgets for the program. Currently more than one billion dollars is awarded annually, and more than 40,000 grants have been made since the early 1980's. Many highly successful firms have started out with SBIR grants. In interviews, program managers point to the most successful cases as a justification in its own right for continuing the program.
 Nevertheless,  there is often a gap, the ‘valley of death’ between creating a prototype and seeing a revenue stream from it.  Much of the venture capital industry only funds firms at the mezzanine stage, just before they are ready for an Initial Public Offering (IPO).  A very few venture capitalists are willing to make deals at the 0 stage. 
“The Valley of Death”

The various gaps between public and private funding, research and commercialization have been called the “valley of death” after the Biblical image. The shortfall of resources to move technology projects across gaps exists in different guises in various innovation systems. In the US the gap is, in part,  ideologically impelled by constraints on public programs to abstain from direct involvement in commercialization. The presumption is that government is inherently disabled from successful interventions. On the other hand the private venture capital industry, with notable exceptions, has been pulled toward later stage investments. Thus, a “valley of death” has  appeared in between public and private venture capitals. 

 Fundamentally, venture capital is an investment in the start-up process. Indeed, it can be argued that much of the contemporary US private venture capital industry does not meet this criterion and is actually in the investment banking industry.

The persisting gap between public technology programs and the market is difficult to address, for ideological reasons, outside of the area of defense and national security. An awardee noted that, “The SBIR is weak when you finish phase 1 and 2. You have done your R&D work. You have a prototype. The prototype is great. It works. What do you do with it? You go to private industry and they say, ‘ have you tested it in a factory?’ The entrepreneur did not have the resources in house to meet the criteria of  completing a beta test.

This was a potentially insuperable obstacle since as one entrepreneur said, “ I don't have a production line because I am a small company.” However, there is an alternative for technologies relevant to the DOD. He said, “ I go to Mantech (a defense department follow-on program for their SBIR awardees).” Through the support of this program, unique to the DOD, he has a contract with Raytheon to take his prototype into production. In addition to  Mantech, the Army also has its  Act II program to move technology into production. 

The National Science Foundation (NSF), the originator of SBIR has also recognized the valley of death problem.  NSF has recently instituted an experimental SBIR phase 2b which provides matching funds to selected phase 2 awardees, on a one to two basis (100k NSF to 200k private investor) to  help firms  take the next step to the market. A wide variety of funds, including support from state agencies, are acceptable to meet the match. Typically, there is a few months race to line up contribution to the match and get the money in the bank before the deadline. 

Some investors do not like the idea that the entrepreneur will have the freedom of maneuver offered by public funds to retain a higher proportion of equity. On the other hand, private investors are still often wary about investing in such high-risk ventures. Thus there may be an uneasy minuet between firms and investors in the 2b matching process. Nevertheless, by offering matching funds, NSF has creatively put in place the infrastructure for a market, bringing investors together with firms to take the final steps toward commercialization.

High Church/Low State

In many countries industrial policy primarily takes place through direct assistance to traditional industrial sectors and their member firms. The U.S. has taken an alternative approach of assisting the formation of high-tech firms, as well as helping older firms upgrade their technology. Science policy has had a “secret life” as industrial policy, giving it a new meaning associated with future economic growth.  The  “public venture capital” programs that have been created over the past thirty years to help move technology from research into use tend to follow a distinctive format, typically involving the university as an intermediary between government and industry. The involvement of the university in industrial policy serves two purposes: it deflects ideological opposition to direct government industry relations and, more importantly, it brings longer term, discontinuous technologies, derived from academic research to the market. The Advanced Technology Program (ATP), begun as a very small experiment in the late 1980’s, is an apparent exception. The ATP grew rapidly during the early years of the Clinton administration and then was sharply reduced when the Republican Party took control of Congress in 1994.

 The ATP initially emphasized funding consortia, involving several large and small firms, sometimes coordinated by a non-profit research organization. The ATP was seen as subsidizing the research projects of large firms that they could well afford to undertake on their own or perhaps had declined to fund internally. One reason for the establishment of the ATP was to insure that U.S. firms did not move their R&D to Europe to take advantage of the European Union Framework Programs, offering matching funds. Nevertheless, the ATP soon ran into a strong ideological backlash, attacks from the left and the right that it was a form of corporate welfare. These attacks left the ATP in a precarious position even through it emphasized the extent of its involvement with small firms and undertook an initiative to reach less R&D intensive parts of the country.

In 2001, at the advent of the Bush Jr. administration, funding was again cut severely but the ATP was also reorganized as a university-industry program. Previously, universities were allowed to be part of ATP consortia or subcontractors on individual grants. Under the new requirements, emphasizing the early development of high-risk cutting edge technology, rather than previous objectives such as the transfer of technology from high tech to medium tech industries, all projects must have university partners.  The new ATP focus of developing technology collaboratively with academic partners also served to lessen the ideological objection to ATP as a government led industrial program. The new ATP format now coincides with other public venture capital programs such as SBIR in emphasizing small business and university initiated technologies.

It is often argued that  a “normative bias in favor of private venture capital” is justified on the grounds  that “the expert knowledge of private economic interest groups  in the field of ‘business’ is superior to the expert knowledge of the bureaucracy. Sometimes, this is more simply stated as the inability of government to pick winners. However, a closer examination of the modus operandi of the private venture capital industry suggests flaws that government technology agencies may be less subject to  in comparison to private venture capital.  For example, private venture capital tends to focus on a very few “hot” fields at a time and tends to fund a larger number of follower firms than the area can reasonably sustain. Thus to attain funding, a prospective firm has to promise higher gains faster. This leads to increased spending to gain market share in the hope of driving out competitors. 

The concentration in a few fields is typically based on the follower attitude of many firms that are more heavily weighted to financial than technical expertise. Thus, many firms rely on what other firms are doing as the basis for the decision to fund a particular field and focus on the details of the financial structure of the firm, an area in which they are expert in. This is in sharp contrast to the original model of the venture capital firm as a union of technical and business expertise, with the balance between these two areas forming the basis of investment. Government programs such as the ATP and SBIR typically review proposals on both criteria. Typically, they utilize internal government experts for the technology review and retired industry specialists for the business review.  Indeed, public venture capital  may be more heavily weighted to the technical side in  reviews, which paradoxically allows it to take more business risk on early stage long term technologies than a private firm focused on the financial side. 

Venture Capital in High State Societies

Apart from formal ownership there is little difference between the operating formats of public and private venture capital in high state societies such as Sweden. Given a tradition of government playing an active role in industrial development  public venture capital is overtly organized on the same basis as private, that is an investment is made in exchange for equity. The Swedish Public Venture Capital firm operates in parallel to the private venture capital industry. The firms cadre of engineers  conservatively directs investments to technology firms. Invest  abstained from participation in the dot.com bubble. In effect, Invest  operates as a benchmark for the private venture capital industry which grew greatly in the 90’s but is currently in a period of re-structuring. Several firms have closed and the others are reevaluating their investment strategy. In this framework, a  government  agency can directly play the role of making venture capital investments, providing a stable element in a fluctuating environment. 

Although, there are, of course significant differences,  New England  in the 1930s and Sweden in the 1990’s were roughly in the same situation of untapped research resources locked in academic institutions.  The private venture capital industry in Sweden mostly grew up in the 1990’s and became caught up in some of the same trends as its U.S. counterparts. However, in contrast to the U.S where public venture capital is disbursed almost entirely according to the research grant peer review model, public venture capital in Sweden has two faces. There is an application process to such organizations as the Technology Bridge and Almy Foundations and a due diligence and negotiation process with Invest, similar to the private venture format. Nevertheless, there is also a movement away from intrusive government involvement in the economy in Sweden as evidenced by the shift of the “wage earners funds,” a tax collected with the intention of purchasing stock in major corporations, into a serious of new foundations to promote innovation. In effect, these entities are playing some of the role of the NIH and NSF in the US by supporting both  the very early stages of commercialization, on the one hand, and the collectivization of research, on the other,  by supporting larger scale research entities such as centers, as one of the foundations for producing research oriented toward multiple purposes, including commercialization.
The bifurcation between public and private venture capital is  even less apparent in  countries where a venture capital industry has been lacking until quite recently. Under these circumstances, the public role is typically to jump-start the creation of a venture capital industry by providing public funds to partner with private funds in the formation of venture capital firms. The public firms typically initiate a training process for firms that wish to qualify for investments and otherwise take steps to create a culture of high tech firm formation. Thus, the Israeli public venture capital program established  a “drop down” fund that helped train the first generation of venture capitalists in that country as well as fund the first generation of private venture capital firms. Thus, public venture capital may follow the model of private venture capital, with the exception that the funds are publicly originated. Public venture capital, following the private venture capital model is possible  in countries such as Israel with a tradition of direct government involvement in ownership and formation of Industry. Similarly in Brazil, the INNOVA program of the FINEP national development agency has provided funds to help start a series of venture capital firms. INNOVA also holds a series of venture capital forums around the country and runs training programs to help start-up prepare the documentation necessary for the evaluation of their firms. 

Venture Capital in Low State Societies

Private venture capital and equity markets in general are structured by government actions. Thus, the regulatory context for US financial firms had to be adjusted to create a private venture capital industry. It took changes in the law to allow insurance companies and investment trusts to invest in new small firms. These financial entities were prohibited  from owning  more than 5% of a firm, in order to forestall concentration of ownership of large firms. This rule  had the unintended consequence of limiting their ability to invest in venture capital instruments. Before insurance companies could make an investment the regulations in several key states had to be changed and a waiver granted by the Securities and Exchange Commission. For example, the Connecticut legislature was persuaded to amend its statutes to allow life insurance companies to invest up to 5% of their assets free of any legal restrictions. Four other states also changed their rules to allow investment of a small percentage of investment company funds in new ventures.  Finally the Securities and Exchange Commission established a new precedent by determining that it was proper for     investment companies to join together with institutional and   individual investors to jointly invest in new companies.
. In New England, the role of government was limited to changes in the rules to allow pension funds to invest  in common stocks and then in venture funds. Although a relatively small proportion of such funds could be invested n a venture capital firm, this was a large amount from the perspective of the firms, especially at a time when venture capital was a relatively new field. ARD and its early spin-offs invested at what would now be called the seed capital stage of firm formation, the private venture industry soon moved downstream to later stage investments as the amount of funds available to venture capital increased. However, the original format of the venture capital firm as a public corporation with employees was soon restructured into partnerships to allow the venture capitalists themselves to reap the rewards of success. The stockholders of ARD rather than the original employees who helped form the Digital Equipment Corporation, reaped the rewards of the firms’ success. 

The US private venture capital industry was transformed into its present format where the typical investment is in a firm that has reached a $20 million dollar capitalization, usually  with a product already on the market. Experienced CEO’s, often serial entrepreneurs who have had previous successful start-ups, typically lead firms currently receiving investments. When the private venture capital industry is strong, technology entrepreneurs focus virtually all of their fund raising attention on this source even though the success rate is 1%. The success rate for gaining public venture capital in the U.S. is approximately 15%. Half of the U.S. private venture capital is projected to disappear in the wake of failure of Internet firms in which many of them were heavily invested.
 Nevertheless, as with previous downturns, the industry may be expected to revive with the turn of the business cycle. Even with such a precipitous decline the industry will still be larger than it was in 1996. In any event, public venture capital will continue to grow slowly as a function of public research funding.

The Grounds for Indirect Industrial Policy
Within three decades of emerging from World War II as the world's leading economic power the United States was in economic crisis. In the 1970's plants were being shut down and major portions of traditional industries such as steel and automobiles were lost to

other nations. The 1980’s had transformed the United States from a creditor to a debtor nation. Sale of debt along with coal, lumber and agricultural produce became some of the most successful export industries. The effects of the crisis were summed up at the time in the term “rust belt,” a mid-western region of declining metalworking and auto industries.  Steel production, for example, disappeared from Pittsburgh, leaving not a single mill in a city that was internationally famous for this industry.  During the mid-1980's important segments of new high technology industries such as semi-conductors and computers were also disappearing. The first wave of deindustrialization had been blamed on United States corporations concentrating their attention on financial manipulation rather than on improving production. The second wave of industrial depletion focused attention on the success of other nations, especially Japan, in coordinating the actions of government agencies and corporations to develop new industries. 

In the  post-war  United States economic policy had been based on manipulating macro-economic variables. Following various interpretations of Keynes, the United States ran deficits or increased the money supply to stimulate demand, thereby creating jobs and economic growth. By the late 70s it was apparent that Keynsian policies were not working. The Carter administration, aware of the decline of the United States' industrial base, called for reindustrialization. Subsequent discussion  took two directions (1)   protecting the existing industrial base, retaining the production of  tangible  goods  such as steel and autos; or (2)  restoring international competitiveness by developing new knowledge intensive industries, with  policies to cushion workers and communities during the transition. 
 When the Reagan administration took office and reoriented the national economic policy agenda toward deregulation and reduced taxation. In response to the general conservative trend to remove government from active participation in domestic affairs, industrial policy devolved from the federal government to the states. 

Nevertheless,  in subsequent years, the federal government has established an indirect industrial policy of   promoting  high tech industry through  a series of initiatives that are aligned with basic research programs even as they assist the formation of new firms. 
 Arising from the success of wartime research, the federal government  took a significant role in funding basic and selected areas of applied research, focused on the military and health, in the post-war. The linear premise of the  “Endless Frontier’ that utilization would occur of its own accord was disrupted, first by Sputnik in 1957 which led to a more pro-active role for government in space and fields with potential military application, and then by the economic shock of increased international competition. 

The Secret Life of US Science Policy

US public venture capital emerged out of an awareness of an enhanced need for government intervention in the micro as well as macro aspects of the economy, tempered by the need to conform innovations to laissez-faire ideology. The United States is often said not to have an industrial or innovation policy, a specific role for the federal government in creating new industries or reviving old ones.
 Instances such as the bailout of the Chrysler Auto Company in the 1980’s were soon forgotten when the resuscitated firm publicized its CEO, Lee Iacocca, as its patriotic savior but then merged into Daimler/Chrysler. Such is the strength of business ideology in the U.S. that the role of government in encouraging innovation is usually not fully recognized. Indeed, many believe that the 1990’s economic resurgence was wholly a private sector phenomenon fueled by private venture capital. Behind the private investment in the development of a biotechnology industry lay decades of public support for biomedical research at universities that was itself a partial substitute for a national health care. The Internet originated in an ARPA initiative, followed up by the NSF,  prior to turning the infrastructure over to telecommunications firms; yet the “private” tip of the glacier  is often more credited than the “public” base.

Public entrepreneurship would appear to be a contradiction in terms. Is not the entrepreneur the classic private sector personality who takes risks to realize an innovation against great odds? Is not the bureaucrat the classic public sector personality who administers the minutia of existing rules and regulations?  Nevertheless, just as bureaucrats can be found in business, entrepreneurs can be found in government. Public venture capital comprises various government programs, at the federal state and local levels, which provide funds to entrepreneurs and innovative firms to help them realize economic gain from scientific and technological advance. The federal and state sponsors of public venture capital expect to realize returns for society, in the long term, through new jobs created and new tax returns generated.  Although a newly proposed amendment to the National Institute of Health (NIH) Appropriations Act requests the Agency to plan for a more direct return, the federal government has largely abstained from acting as a for profit investor,  allowing it to take a longer range view. State government programs, on the other hand, sometimes expect equity in exchange for their investment and operate closer to the private venture capital model, both in time frame and in the making of investment decisions. 

 Even as  the U.S. rejected  a strategy of government interfacing directly with industry in the late 1970’s, the pressures on government to assist the economy were transmuted into a new series of initiatives that ostensibly met the ideological requirements of a low state society.  Public venture capital represents a shift from the Endless Frontier model that relied on a self-propelling dynamic of scientific and technological advance to achieve economic growth to an “assisted linear model.” While holding to the original premise of activating a science base, it provided a means to bring the technologies that emerged into use. To avoid criticism most   public venture capital is made available through programs overtly designed to support scientific research and technological innovation.  However, entrepreneurs have found that these programs can serve dual purposes, product development and marketing as well as research and dissemination. In some cases, such as SBIR, it was the underlying intention of the program founders, if not part of the official announcement, to encourage technical entrepreneurship. 

Conclusion: Public Venture Capital as Indirect Industrial Policy 

In the US  the state is precluded by ideological strictures from directly taking the role of venture capitalist. Public venture capital is often  thought to be an oxymoron given the almost complete absence of the taking of equity in exchange for funding. Public venture capital is forced to take other guises in this low state society where skepticism of public competence is expressed in formulae about the inability of government  to pick winners. Most of U.S public venture capital is hidden behind the research formats and programs of traditional research granting agencies. The idea of the government taking even part ownership in a firm is contrary to ideology in a laissez-faire oriented society. Of course, in special circumstances such as the imminent demise of a key firm, it is allowed, as in the 1980’s Chrysler bailout, but it is viewed as a temporary measure. Only a relatively few public sources   at the state level, where a role for government in economic development is more accepted than at the federal level, take equity. There is a single notable recent, exception to this rule at the federal level,  the highly scrutinized  CIA sponsored In-Q-Tel  venture capital organization, legitimated as a familiar format necessary for the agency to access technology from high-tech start-up firms. 

Programs such as SBIR are the functional equivalent of private venture capital, in addition to their overt purpose of providing research funds to small business, even if these programs are not officially designated as such or are precluded from taking equity for ideological reasons. Indeed, the very limit on taking equity, paradoxically, may make these programs more effective as venture capital than the investments of many private venture firms, especially those that have moved downstream from the start-up process to later stage investments. Since they fund the early stages of firm formation, the SBIR and ATP programs accomplish the purpose intended by the founders of ARD in the early post-war, the initiation of a high tech firm foundation dynamic from academic research. While private venture capital recedes, with downturns in the business cycle, public venture capital is stable since government appropriations are relatively impervious to economic downturns or, following Keynes, may even increase in the wake of recession or depression.

The United States has developed a variety of federal and state programs that help make the “linear model” work by moving technology from the laboratory to the market.  Although its implementers cannot state that the United States has a civilian industrial policy, one is certainly in place as an accretion of programs, policies and institutional restructuring. Should ideological conditions change, allowing more explicit awareness of the venture capital nature of these programs, it could result in calls for the taking of equity in exchange for federal funds. This could result in the introduction of an explicit focus on return on investment, which paradoxically could lessen the effectiveness of US public venture capital as a sub-rosé early stage investment regime. The United States transition is one to a closer relationship of science to technology, of universities to industry and government and industry. Even as the United States has taken a more activist role, governments in countries where the state was predominant have reduced their role, supporting less intrusive measures such as incubators, research centers and public venture capital. A convergence toward an “endless transition” of organizational innovation in university-industry- government relations, the “triple helix,” is expected, rather than a fixed laissez faire endpoint.
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