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In any economy or any business within the global economy, there are three main forms to achieve economic growth. One is through the accumulation and improvement of factor inputs such as labour and capital. Another one is through developing trade and comparative advantage and the third is through knowledge, innovation and entrepreneurship. These three forms are not mutually exclusive and reinforce each other, but most advanced economies are increasingly specializing in promoting the last two while most developing economies are mainly trying to develop and use the first two.


Knowledge, ideas, inventions and entrepreneurs tend to come out mostly of universities and research centres. For instance, MIT faculty and students produce, on average, two new inventions every day and there are close to 5,000 companies created worldwide by MIT alumni. (John T. Preston, 2001). 


What are the factors of success in developing high-tech companies? Experience shows that attitudes, talent management, patents, compensation, quality investors, speed and location are the main ones. 


Attitudes to innovation are essential and that is what distinguishes the behaviour of small companies versus large companies. Radical innovations never originate with the market leader (James Utterback, 1994). Even when the market leader developed the radical innovation most of the times would not pioneer it, often fearing that it would cannibalize sales of their existing products. Therefore, radical innovations tend to be created by small and successful start-ups (Microsoft is a case in point, but there are many more) because new high-tech entrepreneurs are never risk-averse, they have nothing to lose and all to win. Nevertheless, there are countries and cultures which suffer both from the stigma of failure and from the stigma of success. It is paradoxical, but they always go together. These two stigmas have at their origin a common and fatally wrong belief: a zero sum society, in which the success of one is at the expense of the failure of another. If someone gets richer, then someone else must have gotten poorer.   


  Patents play a key role in creating a sustainable advantage for high-tech businesses. Those which are radical innovations have much more leeway and possibilities than those which are only incremental innovations. The reason is that, for instance, when an entrepreneur with an innovation goes to look for a partnership to a company which is going to use that innovation and reduce its costs dramatically, the large company will react by thinking, do we really need these people?. If the patent position is weak, they will replicate it themselves, if it is strong, they will partner with you.


The quality of management teams is so important that it tends to be more successful a very strong management with an average technology than a first rate technology with a weak management team. Entrepreneurship is not about individual behaviour, but about team behaviour. Large empirical evidence shows that teams with complementary skills performed much better than individuals and make better decisions. 

The form of compensation plays a key role in the success of the venture. High tech start ups using stock options as the main form of compensation tend to be more successful than others using a traditional way of remunerating with a cash part and a bonus part. The reason is that if you distribute ownership to the employees they will behave as owners and they will no longer behave as employees, they will face the same risks than the shareholders and the traditional “agency problem” between the principal and the agent or the shareholder and the executive will disappear.  

   The quality of the investors is also a key factor for success. New high-tech ventures are costly and need more financial leverage that what founders think even more if they have any problem with the technology once they have started. The best investors are those who understand the innovation, believe in it, have deep pockets and can leverage enough the venture. It is also very important the time horizon of the investor, the longer the better, given that once they leave through an IPO, then the new shareholders may have a very short term horizon, not compatible with the diffusion of the technology.

The speed of the innovation to the market is another key factor. The quicker to the market the higher will be the probability of becoming a standard of being able to corner it and to get a good return from it. As the innovation and high-tech products life is becoming shorter, the quicker to the market the better.

Finally, successful high-tech entrepreneurship needs a location or a “habitat” for the creation of new companies and new industries (William F. Miller, 2000). As mentioned earlier, although large corporations play an essential role in the economy by developing technological advances and new products, they are less likely to develop radical or disruptive technologies than can create major changes in industries or even start whole new industries. A clear example of this paradox is the creation of the biotechnology and information technologies industries. For a start-up company, trying to develop an idea for a successful product is essential being at the centre of the cauldron of ideas about new technologies and markets, represented by knowledge clusters such as Silicon Valley or other centres of agglomeration of knowledge, research and development excellence. 
The ideal “habitat” needs to have, in order to be really entrepreneurial and productive, the following features: First, to have a major presence of universities and research institutions, where most ideas are created and knowledge is accumulated, because they have so well trained and experienced scientists and engineers. 
Second, an effective interaction of these universities and research centres with industry, given that their knowledge and ideas must pass between universities and industry and vice-versa. True intellectual engagement must exist between the two, so ideas and concepts co-evolve in a healthy two way exchange. In order to achieve it, Universities need to allow faculty to participate as consultants and advisors to companies and companies need to be ready to sponsor research at universities. 

Third, a supply of a high-quality labour force, for individuals and companies can find adequate manpower to be able to start their high-tech ventures. In order to achieve it, the region needs to have an excellent education and training system, with well paid teachers, excellent facilities and student support, where both public and private education can coexist. Such a labour force tends to have a higher occupational and company mobility, which is also essential to collective learning in a community by moving their tacit knowledge (not secrets) from one company to another.

Fourth, a business climate which rewards risk-taking and does not punish failure is another prerequisite for an entrepreneurial high-tech community. That means bankruptcy laws that provide limit liability to the invested capital and does not permit creditors to go beyond and the availability of limited partnerships for venture capital firms, on the failure side. On the success side, it means security laws which bestow equity credit for knowledge, ideas, organization and hard work, so entrepreneurs may have a better return than investors on their venture, if it succeeds. 

Fifth, an open business environment which is able not only to allow, but to promote joint ventures and alliances between companies to develop further research, technology and marketing. Some secrets tend to be more valuable when shared by several complementary companies.     

Sixth, relative presence of a VC industry that understands high-tech ventures and which knows well that, by contrast with other start-ups, high-take ventures that fail do not have residual value because their principal assets are intangibles: ideas, human knowledge and technology. 

Seventh, a very open labour environment which gives a premium to diversity and does not discriminate youth, gender, origin and immigrants and that only emphasizes talent, merit and individual and collective effort. 


Eighth, a high quality of life in the habitat or cluster, given that high-tech developers and workers are in huge demand globally, they have a high mobility and they prefer: a temperate climate, good schools for their children, good health and recreation facilities and comfortable housing. 
On learning how to live in the New World of increasing returns

The business world in advanced countries has undergone a very important and multiple transformation change in the last century. From one of dominant bulk-material manufacturing to another of dominant knowledge, innovation and technology; from one of processing resources to another of processing information; from one using raw energy to another using ideas; from one of perfect competition to another of imperfect or monopolistic competition and from one of decreasing returns to scale in the accumulation of physical capital to another of increasing returns to scale in the accumulation of human capital, knowledge and ideas. 

The idea of increasing returns could be found indirectly in Adam Smith in his “Wealth of Nations” (1776) when he developed the idea of “the division of labour” by which workers engage in specialized routine operations come to see better ways of accomplishing the same result and leads to inventions. Later it was better explained properly by Alfred Marshall in his “Principles of Economics” (1890) when he developed the concept of the “internal economies” that an individual firm is able to secure as growth in its markets permits it to enlarge the scale of its operations and its access to “external economies” to the firm, which show themselves only in changes of the organization of the industry as a whole creating both a “law of increasing returns” through an improvement of organization and an increase in the efficiency of the work of labour and capital. 
Later, Allyn Young in his “Increasing returns and economic progress” (1928), used both concepts together. That of the division of labour because it allows for transforming a group of complex processes into a succession of simpler processes and for being able to mass produce any manufacture cheaply and that of internal and external economies of scale because by interacting with the division of labour, the progressive division and specialization, not of a single firm or industry, but all interrelated industries is essential to increase the returns. Moreover, the division of labour depends on the extent of the market, but the extent of the market depends on the division of labour, through this positive feedback among the two increasing returns brings economic progress.

Finally, Nicholas Kaldor in his “Irrelevance of equilibrium economics” (1972) criticised the use of “constant returns to scale” in the models of general equilibrium, which produce a continuous equilibrium through time and of an exogenous rate of growth of the labour force and of capital. He established that returns are not constant but increasing and that the forces making for continuous changes are endogenous (engendered from within the economic system). With increasing returns, change and growth become progressive and propagate and reinforce themselves in a cumulative way without limit. The development and econometric modelling of these ideas have been extended to competition by Avinash Dixit and Joseph Stiglitz (1977), to international trade by Paul Krugman (1979) and Wilfred Ethier (1982), to economic growth by Paul Romer (1987) and to labour markets by Martin Weitzman (1982).  

Increasing returns in the use of ideas, innovation and technology produces a tendency for those which are ahead to get further ahead and for those which lose advantage to lose further advantage. They are mechanisms of “positive feed back” that operate within markets, businesses and industries reinforcing those which gain success and weakening those which suffer losses. Thus, increasing returns tend to generate winners and losers and instability rather than equilibrium and convergence. They coexist alongside diminishing returns in the use of other factors of production in the present business world. While the latter hold in most of the traditional part of the economy (the processing industries) the former reign in the newer one (the knowledge based industries). 
Nevertheless, both kinds of business economies are mixed in reality. Manufacturing companies which process raw materials to achieve final manufactured products have operations such as design, branding, marketing, logistics and distribution which belong to the knowledge based world of increasing returns. This is the reason why many manufacturing operations are done in developing countries, to use more efficiently labour in labour intensive products, while the knowledge-based operations are done in advanced economies, to have access to technology and high level of human capital. With the same logic, there are also knowledge-based businesses, such as computer software, which have also manufacturing capabilities of hardware, although most of the times keep them in separate locations as well, based on the availability of human capital resources with lower relative unit costs.
Both kinds of businesses are worlds which differ in behaviour, style and culture and they use different management techniques, strategies, governance and codes of government regulation (W. Brian Arthur, 1996).


In the diminishing returns businesses, which process grains, livestock, heavy chemicals, metals and ores and which operations are largely repetitive day to day or week to week, competing means keeping products flowing, trying to improve quality and getting costs down. In the last decades, product differentiation, brand name and economies of scale, scope and diversification have allowed for a new form of competition which is not based solely on cost and price and which has evolved from “perfect competition” into “imperfect or monopolistic competition” where a fewer number of very large companies dominate the market. But as they expand further they tend to run into limitations in the number of customers who buy their brand or in the number of markets where they can be leaders or in their access to raw materials. So no company is finally able to corner the market, because even if the products which they make are different, they can be substitutable for one another, so eventually a standard price emerges and margins tend to get thinner.

By contrast, in the increasing returns, knowledge based and technology driven businesses, competition takes the form of a “winner-takes-all” “or most” model in which an initial market lead can make it possible to dominate the entire market: The reasons for that different outcome are the following: 
First, because of the large size of their up-front costs, which increases the costs and barriers for new entrants to get in the market: Computer hardware and software, pharmaceuticals, telecommunications, aircrafts and missiles, bio engineering etc. are difficult to design and to deliver to the market, they are very heavy on know-how and innovation and light on resources, so they have R&D costs upfront that are very large relative to their unit production costs and only allow for very few companies with high levels of initial capital to enter and compete in the market. 
Second, because of their network effects characteristic of knowledge based businesses: Many high-tech products need to be compatible with a network of users until they can become a standard, but the initial success of the product feeds on itself and if it achieves to become a standard in the market it will be very difficult to displace it by any other new entrant. 
Third, because of their “customer groove-in” tendency: High-tech products are typically difficult to use, they require training, experience and time. Once users invest in training, later, they need to update their skills for every subsequent version of the product. As more market is captured, it becomes easier to capture additional market share because the opportunity cost and time to spend of moving to another competitive product. 
Fourth, because their “non scarcity” quality of knowledge. While the deployment of a physical asset in a specific task prevents its simultaneous deployment in other tasks, knowledge assets are non-scarce, because they can be deployed simultaneously in multiple or infinite tasks, reducing costs and enlarging customers. In sum, knowledge based business have high costs of entry and at the same time very large economies of scale and of scope, which tend to make the first to become the standard in the market to be extremely difficult to be displaced (but not impossible).

There are also many other differences in favour of knowledge based businesses versus traditional processing manufacturing businesses: The first difference is in their management structure and corporate governance: Processing bulk resources through repetitive operations favours an environment free of big surprises, which allows for careful control and planning on the one side and for permanent cost optimization and quality improvement on the other. Both trends tend to favour a hierarchy between workers and bosses, between producers and controllers, planners and production optimizers. 
By contrast in the knowledge-based businesses, which are competing in a winner-takes-most market, managing is about finding the next technological winner, the next big thing, that is, the next cash cow. Management becomes mission oriented, not production oriented. Hierarchies flatten because, in order to deliver the next big thing, they need to get organized as “commando” units which report directly to their CEO and the unit teams are treated not as employees but as equals who all are key elements for the company success. Thus, this kind of business demands flat hierarchies, mission orientation and not five year plans.
The second difference is the in competition. In the decreasing returns business the aim of competition is to be able to keep high quality products flowing at a low cost and there is no need to watch the market every day. By contrast, in the increasing returns business the style of competition is similar to “casino gambling”, where one part of the game is to choose which games to play and another part is to play them skilfully enough to win. Psychology becomes also very important because you need to bluff your potential competitor to make him think that you have already locked in the market or that your technology is better adapted to the market demands than his or hers. 
For that you need to have not only a high technical expertise, but also deep pockets and a lot of courage because you do not know or cannot totally guess which technology or innovation is going eventually to become the winner one. As the game is not fully defined, it is very difficult to optimize but just to adapt and watch for the next wave that it is coming in order to position the company to take advantage of it. Thus, adaptation means very often reinvent fully your company again for the next wave which it would be unthinkable in a bulk processing industry.   
  In this gambling like competition it pays to hit the market first, if possible starting with low and attractive prices and it also pays to have a superb technology to maintain your leading position. But these two do not fully guaranty success. You can be displaced by another competitor with even deeper pockets and similar technology, which gives for free its technology in order to capture your clients and once it becomes the standard, asks to be paid for every incremental improvement in his technology in order to get a decent return. 
To achieve a locked-in product, this one needs to have a high degree of convenience, be very simple to use and very fast to deliver (time is money) it needs to have a fair price and it should not obstruct technological advancement, thus, every competitor needs to have a level plain field. The temporary monopoly position of a locked-in product must be seen as a reward for its contribution to innovation and to the risk taken in its research and development.

The third difference is that technological products do not stand alone, but they depend on the existence of other products and other technologies which support and enhance them. Thus they exist in interdependent “mini-ecologies”, in which you need to have more or less loose alliances with other companies organized around a determined mini-ecology, where your potential new product is going to operate otherwise it will be extremely costly and difficult to create a new successful product without the help of the other members of the mini-ecology.     

             On learning how to finance a high tech business

Another important difference with knowledge-based assets and products is that they create significant “information asymmetries”. Sanford Grossman and Joseph Stiglitz (1980) were the first two economists to argue that efficient financial markets are not possible, from the point of view of information, because efficiency would prevent equilibrium. According to both economists, the “efficient market hypothesis” (Eugene Fama, 1965 and 1991) and (H. Roberts, 1967) which determines that prices reflect all available information and that information has a cost, would actually lead to the collapse of competitive markets.

Under this hypothesis, every informed investor in a competitive market feels he can stop paying for information and be as efficient as another investor who is paying for it. But all informed investors feel the same need. The complete lack of informed investors is not an equilibrium situation since each investor by taking the price as given, feels he can gain greater profits by being better informed. The efficient markets hypothesis states correctly that costless information is a sufficient condition for prices to reflect all necessary information but it does not state too that it is also a necessary condition. Nevertheless this is a “reduction ad absurdum” since price systems and competitive markets are important only when information has a cost (Friedrich A. Hayek 1945).

Under the efficient market hypothesis, then, equilibrium is only attained when information has a very low cost or when informed investors obtain very precise information. But since this information has a cost, prices cannot reflect all the information that is available because, if they did so, those who pay for the information would receive no reward. There is, consequently, a fundamental conflict between the efficiency with which markets distribute information and the incentives that exist to acquire it.
These problems of “asymmetric information” derive from situations in which one of the parties to a financial transaction has less information than the other (Michael D. Spence, 1974) and (Joseph Stiglitz and Andrew Weiss, 1981). This tends to give rise to an inefficient allocation of financial resources, which leads to “agency problems”, “adverse selection”, “moral hazard” and “herd behaviour”. These kinds of problems are applicable to lending banks, investors and fund managers and are the following. 

“Agency problems”, or principal and agent problems (Sanford Grossman and Oliver Hart, 1983), arise when, for example, shareholders entrust one or more executives to run their company for them, or when small shareholders invest in a fund managed by experts. In such situations, the information available to the shareholder or investor is far inferior to that available to the executive or fund manager. As a result, it is very difficult for the former to know whether the latter are performing the task entrusted to them correctly. As long as the preferences of one party differ from those of the other, the result will always be less than the optimum.

“Adverse selection” often occurs when lenders have incomplete information on the quality of borrowers (George Akerloff, 1970). This can provide the worst, or riskiest, borrowers with more incentive to request loans. When lenders cannot obtain sufficient information on the credit quality of borrowers they try to apply price or interest rate conditions that reflect the average quality of the relevant borrower group as a whole, which can be adverse for higher-quality borrowers and beneficial to higher-risk borrowers. As a result, the higher-quality borrowers may curtail their operations in such markets, and the lenders may end up lending primarily to the riskiest borrowers, causing the resulting allocation of funds to be inefficient.

“Moral hazard” can occur if a borrower’s behaviour changes in a way that is undesirable for the lender after the transaction has already taken place (Kenneth Arrow, 1971). For example, a borrower may be inclined to use a loan for a relatively risky project and, If everything works out well, the borrower will be successful, but if it does not, it is the lender who stands to lose. As a result, the lender is inclined to make sure the risk on the project is minimal. To bypass this, the borrower may try to alter the project, making it riskier once the loan has been approved. As a result, the project may turn out to be much riskier than the lender had anticipated making it reluctant to grant loans in future and, consequently, his loan volume will end being less than the optimum.

Finally, “Herd behaviour” is characterized by an increasing inclination by lenders and investors—due to a lack of information—to follow those who they believe have more information on a certain borrower or investment opportunity (Sam Gwynne, 1986) and (Abhijit Banerjee, 1992). Such behaviour can cause markets to experience brusque movements and high volatility if a lender, considered by others to have better information on a borrower, ceases, for whatever reason, to lend money to the borrower, prompting others to do the same and driving the borrowing company to default, even though the borrower’s solvency situation was not really worrying. 
Such behaviour also arises when investors do not have enough information on the quality of their fund managers. The fund managers with the least quality will have an incentive to emulate the investment decisions of other managers who they consider to be of higher quality to “hide within the herd” so that it is not so easy to assess their skills. Even good fund managers may have reasons to follow the market, because if they go against it and they lose they could risk losing their job while if they follow the market and everybody loses, they are safer.


As I said at the beginning, high tech projects can create a lot of information asymmetries (Baruch Lev, 1999 and 2000). The first cause is that high-tech projects, by definition have a large uncertainty and risk associated with them. For instance, the prospects associated with the development of a new drug are much more uncertain that a tangible real estate project. Investors react to uncertainty by demanding a higher return or premium which translates into a higher cost of capital to the company. An excessive cost of capital may hinder the new investment or a viable high-tech project is forced to be abandoned. 
The second cause is that if it is already difficult for the lender or investor to know and understand the tangible projects that are presented to him, in the case of high tech knowledge based intangible projects it is almost impossible, unless they have the advice of high tech scientists and even then they cannot be sure about the risk that they are taking since only the borrower knows better. Thus, again under asymmetric information the investor will tend to charge a higher interest or achieve a higher return than with simpler products or projects.
A third issue is that the accountant authorities are still using archaic accounting rules which treat most investments in knowledge as regular expenses instead of as investment so they require the immediate expensing of all costs, which depresses reported earnings making them less profitable and more undervalued. The outcome of such a deficient accounting is a deterioration of the information of reported earnings, the prime product of the accounting system. Less informative earnings, obviously decreases the investor or lender knowledge and increases the effects of information asymmetry.
Therefore, although by and large, investors recognize the primacy of knowledge assets as value creators, do not count on capital markets to value them properly, so their return has to come from a higher cost of capital to the borrower.

For all these reasons, high tech start ups must be financed through specialized Venture Capital (VC), either by VC funds or by VC capitalists, and not by traditional banks. Banks are incapable of adequately financing innovative firms and, in particular, high tech start-ups (Paul Gompers and Josh Lerner, 2001) and (David Audretsch and Erik Lehmann, 2003). Venture capitalists prefer to invest in young and innovative companies or start-ups because, although they have a higher risk, they expect to get higher returns in the future. Since they are specialized in this kind of financing and also act as monitors in related firms, each new investment, not only lowers their cost of monitoring, but also generates externalities which can be used in assisting and mentoring other future start-ups. Their specific technological expertise generates higher marginal returns compared to unspecific financiers and traditional banks, which prefer to lend, with tangible collateral, rather of owning risky equity without collateral but against only the guaranty of the project.
One of the reasons why VC has developed much less in continental Europe than in the US or the UK is that most continental European financial systems are universal banks based, instead of capital markets based. Capital markets allow for a diversity of views from different investors, some are ready to take more risk than others, some prefer to invest a small part of their portfolio in high risk assets or projects while banks tend to be very cautious of lending without collateral and try to find an internal consensus before lending. Large, efficient and liquid capital markets offer fertile ground for institutional investors (investment banks, insurance companies, investment funds, hedge funds and pension funds) to invest part of their funds in VC funds and companies (Guillermo de la Dehesa, 2002). 

There are two main reasons for the reliance on capital markets. First, is that VC investors are powerfully attracted by the possibility of exiting from their investment through an initial public offering (IPO) which allows both investors and managers of VC backed companies to maximize their return on investment. Second, that in most capital markets based systems, there are powerful stock exchanges devoted to high-tech and innovating companies separated from the main exchanges, which attract these kinds of companies to be quoted as well as specialized investors on this kind of companies (Nasdaq started in 1971 and the European New Markets in the late 1990´s). Nevertheless, exiting through sales to other VC investors or to the management of the start-up, after some years, is another alternative and also very frequent form of quitting.  

VC maybe more expensive than other forms of finance, but that reflects having and involved and specialized investor which takes care of the project, gives strategic advice and monitors it. Friends and family finance should only be viewed as complementary for venture capital rather than as substitute, but, in any case the most successful start-ups are those which are initially own by the developer of the idea, not by friends and family. 
The experience of many years of VC financing of high tech businesses shows that venture capitalists take the following factors into consideration when financing a high-tech start-up. First, the better the intellectual property of the start-up (measured by the quality of its patent) the easier is to get finance by VC. Second, the higher the human level of capital of the high-tech starters, the higher the likelihood of getting VC finance. Third, the higher the ownership share of the starters, executives and other friends and family, the lower the likelihood of getting VC finance, because it shows that they have not been able to get finance from outsiders, only by insiders. Fourth, the larger the amount of debt accumulated, the lower the likelihood of obtaining VC finance and fifth, the higher the compensation system of starters through stock-options rather than by cash, the higher the likelihood to getting VC finance. 
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