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Chapter – III

Managing Technology Risks

“The key to prospering at points of disruptive change is not simply to take more risks, invest for the long term, or fight bureaucracy. The key is to manage strategically important disruptive technologies in an organizational context where small orders create energy, where fast low-cost forays into ill-defined markets are possible, and where overhead is low enough to permit profit even in emerging markets.”

-Clayton Christensen
 
Understanding technology risks

Technological changes can wreak havoc on industries. In many industries, a firm’s competitiveness is significantly influenced by its ability to respond to new product or process technologies. Technological advances have a profound impact on the destinies of firms. So understanding technological change is very important.


Technological change is normally characterised by a high degree of uncertainty. Even if the technical feasibility of an innovation has been established, there may be considerable uncertainty about its commercial viability. Indeed, new problems often crop up after a new technology is commercially launched. So, early commitment to a new technology is not an easy decision to make. Not surprisingly, many companies fail altogether to make the transition to a new technology.


In making decisions regarding technological changes, companies err in two ways. In the first case, they commit themselves to a new technology too fast and burn their fingers. Iridium, the global satellite telecommunication project is a good example. In the second, they wait and watch while another company comes up with a new technology that puts them out of business. The computer disk drive industry comes in this category. The issue of when and how to react to the emergence of a new technology is a matter of judgment. However, this judgement need not be based purely on a seat-of-the-pants approach. By doing a systematic structured analysis of developments in the technological environment and putting in place the necessary organizational mechanisms, technology risk can be considerably reduced.


In this chapter, we look at technology not from a narrow scientific point of view
 but as the process by which a firm converts inputs into marketable output. This conversion process aims to add value and allows the firm to charge a price for the value provided. Externally, it can help the company to offer an innovative product that customers value. Internally, technology can help an organisation to make something more efficiently and pass on the cost savings to customers. In the first category fall product innovations, which refer to technological advances that improve the product. Such innovations could be radical, such as the Sony Walkman, or incremental, such as adding new features to a colour television set. In the second, we have process innovations, which make the manufacturing process more efficient through automation, simplification, better process control, lower energy consumption, etc. Product and process innovations tend to be interdependent. As the rate of product innovation decreases, it is common to observe a faster rate of process innovation. But the relative importance of product and process innovation depends on the nature of the industry, as we shall see shortly.
Increasing speed of innovation

The pace of technology development has increased significantly in recent times. If we go back to the industrial revolution, innovation cycles were long and it took some time for one technology to give way to a new one. A long upswing in a cycle was set in motion by a new set of innovations. This was the case with water power, textiles and iron in the late 18th century; steam, rail and steel in the mid-19th century; and electricity, chemicals and the internal-combustion engine at the turn of the 20th century. Another innovation cycle led by oil, electronics, aviation and mass production is now drawing to a close. A fifth industrial revolution—based on semiconductors, fibre optics, genetics and software— seems to be approaching maturity. Clearly, innovation cycles have become shorter from 50-60 years to around 30-40 years.

Innovation at Sony: The development of PlayStation

Sony’s PlayStation is a clear evidence that even large companies can come up with radical innovations, provided the right organizational culture prevails. In the early 1990s, Sony was strong in analog but very weak in digital technologies. Ken Kutaragi, the Sony engineer who pioneered the PlayStation decided to take an approach which would scare most people. He decided to team up with Sony’s arch rival, Nintendo to develop a floppy storage system for Nintendo’s video game. Nintendo did not use this innovation. But it accepted Kutaragi’s proposal that Sony develop a special digital audio chip for its next game. Kutaragi kept this deal a secret, as he sensed resistance from Sony’s senior managers. Kutaragi however confided in his boss, Masahiko Morizono. As the launch of the new game approached, the news could no longer be hidden. Kutaragi had to face a group of angry Sony executives. Fortunately for Kutaragi, he found a supporter in Norio Ogha, who later became Sony’s CEO. Ogha agreed to allow Nintendo to use the chip. Encouraged by the success of the machine, Nintendo asked Kutaragi to develop a more advanced version of the chip. As Kutaragi worked on the project, he felt himself becoming increasingly isolated from other Sony managers. And in 1991, after he had spent two years on the development effort, Nintendo backed out, after it felt that the CD drive Kutaragi was developing would undermine its competitive position. Kutaragi however remained confident that Sony would go ahead on its own and get into the computer entertainment business
: “I convinced them (the senior executives of Sony) that computer entertainment would be very important for the future of Sony. Sony’s technology was analog based. Analog would be finished by the end of the century in terms of being able to make a profit. The first age of Sony was analog, but it had to convert to a digital, information based company in the future. No one realised that.” Kutaragi even threatened to leave the company if he was not allowed to complete the project. He also persuaded Ogha to give his division a grand name - Sony Computer Entertainment. Ogha backed Kutaragi, in part because of his anger at Nintendo for backing out. After working on it for two years, Kutaragi came up with PlayStation, which had a one million transistor chip that incorporated a 32 bit processor, a graphics chip and a decompression engine. The product left Nintendo behind. It rapidly gained popularity, thanks to Sony’s wise decision to woo independent developers to design games for the machine. Launched on December 3, 1994 in Japan, Sony had sold 55 million units worldwide by the end of fiscal 1999. Later, Kutaragi came up with PlayStation II, built around a 128-bit processor that was three times faster than an Intel Pentium chip. Its sound and picture quality was significantly better than that of PlayStation I.

Today, the speed at which innovation is taking place is breathtaking. Unless organisations can foster a culture in which new ideas are encouraged and commercialised rapidly, they may find themselves being overtaken by faster innovators.


Why have innovation cycles become shorter ? Probably the most important reason is the growing importance of knowledge inputs as opposed to physical capital. Today, people with good ideas can innovate more easily as the need for huge amounts of physical capital has been obviated. A related factor is the availability of venture capital. Unlike banks, venture capitalists (VCs) give less importance to things like collateral and more to the business potential. So, it has become easier for first generation entrepreneurs to quickly convert their ideas into up-and-running businesses. Another important reason for the faster pace of innovation is the speed at which information is being disseminated, due to information technology in general and the Internet in particular. Moreover, computer software enables managers to lower costs, compress time cycles and increase the value of innovations for customers. Many of today’s innovations are software driven
.


Since the pace of innovation has increased in recent times, it is important to understand the process of innovation. This is the subject matter of the next section. 


Understanding the innovation process

Peter Drucker
 describes innovation as “the means by which the entrepreneur either creates new wealth-producing resources or endows existing resources with enhanced potential for creating wealth.” He refers to innovation as “the effort to create purposeful focused change in an enterprise’s economic or social potential.”


In his book “Innovation and Entrepreneurship,” Drucker has listed seven sources of opportunity for innovative organisations. Four are internal to the enterprise and three external. In the order of increasing difficulty and uncertainty, they are as follows:

Unexpected success or failure 

Understanding the reasons for the unexpected success or failure of a product generates opportunities to innovate. Take the case of IBM, which wanted to sell accounting machines to banks, but discovered that it was libraries that wanted to buy these machines. IBM’s Univac, designed for advanced scientific work, became popular in business applications such as payroll. Unexpected product failures can also give companies new ideas that may help them to come up with something that the market likes.

The incongruity between what actually happens and what was supposed to happen 

If things are not happening as they should, there is scope to innovate. In industries which are growing, but where the margins are falling, there is tremendous potential for innovation. Similarly, when companies continue to work at improving something to reduce costs but fail to do so, an innovator can look at other options to cut costs. This is exactly how container ships emerged by focusing on the ship’s turnaround time rather than fuel efficiency.

The deficiencies in a process, that are taken for granted 

If a process is inefficient or suffers from a big gap, there is scope to innovate. Sometimes, a process that is widely used may have certain deficiencies. An innovator by thinking out of the box, may come up with a new idea that removes this deficiency. Pilkington’s float glass manufacturing process, for example, paved the way for the development of glass with a smooth finish.

The changes in industry or market structure that catch everyone by surprise 

The emergence of new, fast-growing segments provides scope for innovation. Innovators can serve the needs of these segments. The success of the small floppy disk drive manufacturers had much to do with the emergence of new customer segments who wanted smaller and lighter disk drives. According to Drucker
, “When an industry grows quickly, its structure changes. Established companies, concentrating on defending what they already have, tend not to counter-attack when a newcomer challenges them. Indeed, when market or industry structures change, traditional industry leaders again and again neglect the fastest growing market segments. New opportunities rarely fit the way the industry has always approached the market, defined it, or organized to serve it. Innovators therefore have a good chance of being left alone for a long time.”

The demographic changes caused by wars, medical improvements and even superstition 
Demographic changes result in new wants and new lifestyles that call for new products. The Japanese pioneered robotics because they anticipated the rising levels of education and the consequent shortage of blue-collared workers. According to Drucker, demographic changes provide innovation opportunities that are the most rewarding and the least risky.

Changes in perception 

By changing the common perception of people, new needs can be created. For example, capitalising on people’s concern for health and fitness, a booming industry in the US has been created for exercise and jogging equipment. Similarly, changing employees’ perceptions and making them feel less complacent, can encourage innovation. Leaders like Andy Grove have kept their employees on their toes by creating a paranoid culture. Extending the same logic, by taking advantage of the perceptions of people, opportunities can be created. 

The changes brought about by new knowledge 

New knowledge can be used to develop innovative products. Knowledge-based innovations are generally path-breaking and highly visible. They are also risky, because there is usually a gap between the emergence of new knowledge and its conversion into usable technology and another gap before the product is launched in the market. Innovations of this sort usually combine many sorts of knowledge. The birth of the computer, for example, has been facilitated by a combination of binary arithmetic, calculating machine, punch card, audion tube, symbolic logic and programming. Drucker makes an important point about knowledge based innovations
, “Contrary to almost universal belief, new knowledge is not the most reliable or most predictable source of successful innovations. For all the visibility, glamour and importance of science-based innovation, it is actually the least reliable and least predictable one.” In most knowledge-based innovations, there is a great deal of uncertainty about whether customers will accept it or not. While the risks in knowledge-based innovations are high, returns are also handsome.


Concerned about the rapid rate of technological obsolescence, companies are investing heavily in research & development. A 1998 survey
 of the world’s top 300 international companies, carried out for the Department of Trade and Industry (DTI) Britain, found that the aggregate investment in R&D for all companies averaged 4.6% of sales. Japanese firms averaged 4.8%, American ones 4.9%, German, 4.3%, Danish, a whopping 16.3%, Canadian 10.8% and Finish 10.4%. At the bottom were Italian companies with 2% and British firms with 2.5%. In 1998, the American government spent $65 billion (nearly 1% of GDP) to support the country’s scientific research activities. One third of the money went to the government’s own laboratories, another third to the universities and the remaining to industry. 

Table I

Utterback’s Patterns in innovation

· Many innovations are the result of the synthesis of existing technologies.

· After an initial period of intensive churning of product innovation, a generally accepted standard emerges in the industry.

· Many firms enter the industry attracted by the promise of the new technology but consolidation begins once the dominant design emerges

· Waves of technological change are observed from time to time, each marking the introduction of a radically different technology. Each technology requires a new set of skills.

· As disruptive technologies emerge, existing industry leaders are typically replaced by new leaders

· Disruptive technologies are typically introduced by someone from outside the list of established players.


Source: James M Utterback: “Mastering the Dynamics of Innovation,” pp.18-19.


Innovation ultimately takes place at the level of the firm and there is not much that governments can do beyond a point. Heavy investment in technology by itself does not guarantee success. Successful innovators communicate to all employees, at every level, just how crucial the project is to the company’s future. They set stretch targets for those involved. They focus efforts on those areas where there is scope to come up with something new. They also ensure that the laboratories are not cut off from the marketplace. 


According to Peter Drucker
, “To be effective, an innovation has to be simple and it has to be focused. It should do only one thing; otherwise it confuses people. Indeed the greatest praise an innovation can receive is for people to say, ‘This is obvious! Why didn’t I think of it? It’s so simple.’ In other words, for innovations to be successful, they must be directed towards a clear and specific application. Drucker also points out that effective innovations, even if they make a modest start, aim from the beginning to become the trendsetter, to determine the direction of a new technology or a new industry. Innovations which do not aim at leadership do not make much impact. Drucker also feels that innovation is more hard work than genius, though it has to be backed by knowledge and ingenuity.

Figure I

The Abernathy – Utterback Model
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Technological evolution in the typewriter industry

Remington No. 1, the first ever typewriter offered to the general public in 1874, was based on the invention of a former newspaper editor, Christopher Latham Sholes. The typewriter had a speed of 57 words per minute. Initially, it used narrow wooden keys that were connected to the type hammers by means of wires. Later, Sholes made improvements, replacing the wires with telegraph – like keys. He developed a series of models, each, a minor improvement over the previous and sold the concept to Philo Remington, who agreed to be the exclusive manufacturer of the machine. The Remington No.1 had only upper case letters. Due to the high price and poor performance, consumer acceptance was slow. Remington however, continued to improve the product, selling some 4000 machines by 1877. The No.2 launched in 1878 had shift keys and lower case alphabets. During its lifetime, it sold 100,000 units. As the market grew and the typewriter became an integral part of offices, other players entered the industry. By 1886, some 50,000 typewriters of all makes had been produced and by 1888, Remington itself was turning out some 1,500 machines each month. 


As Sholes’ patents expired, a number of firms entered the industry between 1885 and 1890. Franz X Wagner came up with a new typewriter design in which the type arms swung out and struck the paper front and centre. This enabled the observer to correct mistakes immediately. John T Underwood and his father, bought the design from Wagner and the new machine which went into production in 1895 was a big success. Underwood continued to develop new models. The Model 5 launched in 1899 was quite sophisticated with a light touch, a tab function, quiet operation and a design that made corrections easy. It became a runaway success. Remington was thrashed soundly and by 1920, Underwood was selling as many machines as all of its rivals combined.


In 1933, a relatively minor player in the industry, Electrostatic Typewriters Inc was purchased by IBM, which wanted to gain access to keypunch technology for its record-accounting and tabulating machines. IBM received many orders from the government during the war. Electric machines were superior in terms of print uniformity, quality of copies and physical stress. In 1950, electrics had only 10% of the market but this had increased to 50% by 1965. By 1970, manual typewriters had a market share of only 24%. IBM took control of the market with a share of 74% of the high end electric market by 1967.


The IBM Magnetic Tape Electric, introduced in 1964, combined electric typewriter technology with digital technology to make text editing possible for the first time. By the early 1970s, stand-alone word processors began to replace standard office typewriters. Wang, Xerox, Exxon, ITT, AT&T and Olivetti all attempted to develop sophisticated machines for text processing applications. By 1975, 200,000 word-processing devices had been sold and by 1986, this number had swollen to four million. But these word processors did not generate any significant improvements in productivity. Secretaries did not like working in word processing centres and managers felt lost without their secretaries. Clearly, people had started looking for a better alternative. 


The arrival of the personal computer marked the next wave of disruptive innovation. By 1981, an estimated 500,000 personal computers had been sold to businesses. The introduction of the IBM PC that year was a landmark event. Though the IBM PC was not any great technological breakthrough, its open architecture and IBM’s decision to make operating system information available to the public attracted applications software developers. The versatility of the PC allowed people to write and edit text, run spread sheets and create graphics, facilities not available on typewriters and older word processors. By 1987, PCs outsold word processors by 4.5 times. Today, PCs have become indispensable at the workplace. Typewriters are to be seen nowhere. 

Taking new technologies to the marketplace

The key challenge in innovation management is how to take a good idea to the marketplace rapidly. To commercialise an idea successfully, a number of different stages
 must be completed and adequate resources must be mobilised to facilitate transition from one stage to the next. These strategies are:-

 • Imagining – Gaining the first insight about the market opportunity presented by a particular technical development.

 • Incubating - Nurturing the technology sufficiently to understand whether it can be commercialised.

 • Demonstrating - Building prototypes and getting feedback from potential investors and customers.

 • Promoting - Persuading the market to adopt the innovation.

 • Sustaining - Ensuring that the product or process has as long a life as possible in the market.

Drucker’s insights on Innovation

· Innovation begins with an analysis of opportunities. This analysis should be done in a systematic, organised way.

· Innovation is both conceptual and perceptual. One must look at what opportunity the innovation will satisfy and how customers perceive it.

· Innovations have to be handled by ordinary people. To be effective, an innovation has to be simple and focused. If it is complicated, it may confuse people or may become difficult to repair or fix.

· Effective innovations are not grandiose. They start small, but they aim at leadership. 

· There must be a core of unity to innovative efforts or they are likely to fly apart. Too many things should not be done at once.

· Innovate not for the future but for the present. There must be an immediate application for the innovation.

· Innovations need to build on their strengths because of the risks involved. 

· Innovations must always be close to the market, focused on the market and market driven.

· The overwhelming majority of successful innovations exploit change.

Source: Peter Drucker, “Innovation and Entrepreneurship, Affiliated East – West Press Pvt Ltd, 
1986.

Chan Kim and Renee Mauborgne
 offer a useful framework for commercialising technological innovations. They highlight three important considerations. 

· What is the likelihood that customers will be attracted to the new technology? 

· What is the price that will attract the largest number of customers? 

· Will the new technology evolve into or help in building a profitable business?


Successful innovators try to assess how a new product or service will affect customers. They look at the various stages of customer experience like purchase, delivery, use, maintenance and disposal. They also rate the product on the basis of environment friendliness, convenience, simplicity and customer productivity. In other words, they orient product development activities towards the customer than the technology.


Successful innovators choose a price that will attract and retain a sufficiently large number of customers. While doing this, they keep in mind how the new product compares with other very different-looking products and services. They are fully aware that their innovations compete with other products which may look or sound different but perform the same function. The price level will also depend on the ease of imitation. If the product is difficult to imitate or well protected by patents, a high price is possible. If imitation is easy, a low price is necessary.

The evolution of the lighting industry
Till the 1870s, gas lighting was the preferred technology. Gas was superior to candles, kerosene and whale oil. In the 1850s, some 30 companies were distilling, distributing and burning gas through networks of pipes to homes and places in America. By 1870, the number of gas firms reached 350.


In 1878, the great American inventor, Thomas Alva Edison realised the tremendous potential of electric lighting. He ordered an electric generator for his workshop at Menlo Park, New Jersey. The leading incandescent lamp design of the time used a carbonized paper filament inside a glass vacuum bulb. In 1880, Edison replaced the filament by a slender carbon rod. Edison and his assistants looked at various promising materials for the filament, such as chromium, aluminium, iridium, platinum, ruthenium, silicon, carbon and tungsten. A carbonised cotton thread bent into the shape of a horse shoe was identified as the best material for the filament. Soon, Edison developed a lamp with a 179 hour life. Later, Edison introduced a filament of Japanese bamboo. This remained Edison’s standard design for the next 14 years.


In late 1883, Edison Electric held some 215 patents. Though the gas lighting industry was skeptical, Edison started offering electric lighting installations to customers. Following this, product innovations were incremental, but there were major process innovations as attention shifted from the basic characteristics of the lamp and the filament to other aspects of the lighting system. Later, competitors entered the business but Edison managed to remain ahead of them. He captured a huge market share, controlled many patents and succeeded in attracting skilled workers needed to manufacture lamps on a large scale. In the mid 1880s, Edison had a 75% share of the electric lamps market in the US.


Until 1893, assembling a light bulb was a cumbersome, manual process. The vacuum process alone took five hours. Process innovations drastically reduced the production cycle time, cut labour requirements and significantly reduced costs. Consequently, the price of the standard electric lamp dropped sharply. As Edison’s original patents expired in the 1890s, innovations had to be made to improve the performance of the bulb. Manufacturers moved from carbon to ductile tungsten filaments. 


Gas-filled bulbs that increased the operating life appeared in 1913. Gradually, however, the gas lamps industry faded into oblivion. It struggled to make further improvements. On the other hand, in the electric industry, product and process improvements continued at a steady pace.


By the 1930s, the incandescent lamp industry was mature in terms of technology. Manufacturers focussed on developing lamps for specialised applications such as photography, aviation, motor vehicles, floodlighting, etc.


It was at this time that fluorescent lamps entered the market. The new technology was far more energy efficient, but fearing resistance from their main customers, the electric utilities, both GE and Westinghouse did not push the new technology aggressively. It was Sylvania, a marginal player in the lighting industry, at the time, which seized the initiative. Sylvania was not afraid of offending the utilities. First used for industrial applications, fluorescent lamps have now gained acceptance even in household applications. Power utilities now acknowledge the importance of energy conservation and support the use of fluorescent lamps. 


The lighting industry has thus seen three major waves of innovation in the past 150 years: gas illumination, incandescent lighting and fluorescents. Both incandescent and fluorescent technology were developed by companies other than the established players in the industry.


Source: This box item draws heavily from James M Utterback’s book, “Mastering the Dynamics 
 
 of Innovation,” pp. 57-78.


Successful innovators understand the importance of generating positive cash flows as quickly as possible. They keep costs tightly under control, through improved materials selection, simplified design processes and greater manufacturing efficiencies. They also outsource non-core activities. To make up for technological capabilities that they lack, they form partnerships and alliances. In spite of all these efforts, if the price is still beyond the reach of target customers, they look at options such as leasing or renting the product on a time-share basis to make the proposition more attractive for customers.

Stimulating innovations in large companies

Companies must be proactive and consciously take steps to encourage innovation, instead of leaving to chance. Stringer makes the following points.

· Emphasise new products and encourage unconventional thinking by setting stretch goals that will automatically result in innovation. Use benchmarks such as percentage of sales accounted for by new products, to measure success in innovating

· Bring in new blood. People from outside the organization or even the industry often bring in new perspectives. Otherwise, there would be inbreeding.

· Build some amount of fat into R&D budgets and allow crazy new ideas to be exploited.

· Give people more free time. Introduce flexi hours.

· Set up internal venture capital teams that allow new products to be funded outside the traditional R&D budget. These teams can collect ideas across the organization and encourage implementation of the best ones. Establish a corporate venture capital fund

· Encourage both incremental improvements to existing technology as well as radical innovations, but keep the radical innovations away from the main organization.

· Use joint ventures and strategic alliances to revamp a stodgy corporate culture.

The dynamics of innovation in the case of assembled products

James Utterback has developed a conceptually elegant model to describe cycles of innovation in the case of assembled products. (See Figure I). In the early phase of the innovation cycle, also called the fluid phase, there are wide variations in the expectations about the product and there are no technical standards. Industry players freely experiment, and come up with radically different products. The manufacturing processes in this stage are fairly crude and use quite a bit of skilled labour and unsophisticated machinery. In an uncertain environment, where frequent adjustment and redefinition of tasks is necessary, firms use an organic structure. During this stage, market shares of the different players are unstable. Firms retain their entrepreneurial character. The personality of the founder has a strong impact on the organizational culture.


Gradually, a dominant design emerges. Expectations about features, form and capabilities of a product become more uniform and standard. The R&D efforts now turn to incremental innovations. This is the transitional phase. Users develop loyalties and preferences. Standardisation becomes necessary to boost efficiencies. As the rate of product innovation slows down, process innovation gains momentum. Skilled labour and unsophisticated machinery are replaced by less skilled labour and specialized equipment. Products become clearly specified and standardised, and manufacturing efficiencies become more important. A mechanistic structure facilitates coordination between functions and establishes consistent routines and rules to boost efficiencies and cut costs. 
As the industry matures, innovation is minimal and ideas that threaten the stability of the existing processes are typically discouraged. A few players dominate the market with stable market shares. Price and quality are the key determinants of competitiveness. This end phase results in a great degree of rigidity where changes in the product can be brought about only by incurring high costs. A good example is the US automobile industry where over time, production efficiency has become far more important than technological innovation. Today, many companies are trying to minimise the rigidities of the end phase through flexible manufacturing practices. This facilitates mass customisation, in which a large variety of products, that cater to different customers, can be manufactured at fairly low costs.

The dynamics of innovation in the case of non-assembled products

In case of non-assembled products there are some important differences. Typically, the functionality of such products does not change much with time, unlike assembled products. Consequently, the rate of process innovation quickly overtakes that of product innovation.


Process innovation
 in the case of non-assembled products is typically characterised by infrequent but major productivity improvements. In between there are incremental improvements. The main reason for this phenomenon is that complex assembled products have many more process steps than non-assembled products. The production process in the case of an automobile engine has more than 100 steps, while in the case of plate glass making, there are only some five steps.


Utterback feels that instead of an artificial division into the two categories of assembled and non-assembled products, it makes more sense to have goods arranged along a continuum according to the number of parts and process operations. Homogeneous products with few process steps, such as glass, would be at one extreme, while complex assembled products such as jet aircraft might be at the other. Such an analysis would be far more useful in understanding and anticipating technology trends in an industry.

Why new technology threatens established firms

A close examination of business history reveals that many established firms have fallen by the wayside as they failed to give technology risk the importance it deserved. It is not that they did not invest sufficiently in research and development. More often that not, their business philosophy and deep rooted culture acted as stumbling blocks. Clayton Christensen
, a Harvard Business School Professor and a renowned scholar in the area of technology management, has explained that many established firms are so glued to the needs of existing customers that they overlook what other segments are looking for. Moreover, when overheads are high, there is a tendency not to invest in technologies, as this investment has limited revenue or profit potential in the short run. On the other hand, smaller, nimbler rivals for whom even small markets are quite lucrative, come up with disruptive innovations that dislodge well-entrenched market leaders. According to Utterback,
 “Technological innovation can reshape the competitive landscape of an entire industry with astonishing speed. Established businesses may fail to bridge the discontinuity and wither away while newcomers with novel concepts or methods rise to dominance.” Established players resist all efforts to understand new technological developments and instead strengthen their commitment to the older products. As Utter back says, “This results in a surge of productivity and performance that may take the old technology to unheard-of heights. But in most cases this is a sign of impending death.”


Technological innovations in the photographic industry

The modern photography industry originated in France in the late 1830s. Images were produced on sensitized silver coated copper plates. Later, the industry began to develop rapidly in the U S. A new technology, which emerged in the mid-1850s, used a transparent and sticky substance called collodion to coat a glass plate. Before taking a picture, the coated plate was photosensitized with silver nitrate. A negative image was developed by exposing the glass to light, fixed in a dark-room and later printed on photosensitive paper. This technology was obviously not very user friendly. It needed various equipment, a darkroom and a good understanding of chemistry. Only professionals and dedicated amateurs found it easy to use. 


In the 1870s, a new technology that used dry gelatin emulsion for coating glass plates emerged. This facilitated the production of non perishable photosensitised glass plates in factories, making photography less complicated, cheaper and more convenient. Based on this technology, George Eastman set up a dry plate company in 1878. Eastman’s company Kodak not only operated on a sufficiently large scale but also developed production capabilities in related items like cameras, enlargers, printing paper and assorted supplies. However, the market still failed to take off. Cameras were large and bulky and development and printing skill requirements remained formidable. 


In 1885, Eastman developed a special camera with a roll film system, using a coated paper material. The holder could be fitted to the back of a standard plate camera and held upto 48 exposures on a roll. Though this technology reduced the weight of the camera, it failed to gain acceptance owing to unsatisfactory speed, resolution and contrast. 


Kodak then turned to celluloid, which had been developed in Europe in the 1860s. Celluloid was lightweight, flexible, transparent, durable and did not react with the chemicals used in photoprocessing. In 1889, Kodak developed a photosensitive celluloid film and the required process capabilities. Around the same time, Eastman also developed a simple and inexpensive camera called the Kodak for using the new roll film. This attracted the attention of even novices as only three tasks had to be performed – revising the shutter, advancing the film and pressing the button. Eastman expanded the market by targeting amateurs. He developed the market by making his operations more efficient through a series of process innovations. By 1902, Kodak was producing 80 to 90 percent of the world’s celluloid film. By the 1930s, Kodak had made heavy investments in specially designed film-making machines.


Glass plate photography based on dry gelatin however, did not decline immediately. For the next 15-20 years, companies using this technology continued to do business, as professional studio photographers still favoured the traditional system. Some manufacturers tried to imitate Kodak’s technology but found it difficult because of patents. Others tried to combat roll film technology by attempting to make improvements in dry plate photography. These included self-setting shutters and celluloid in place of glass. However, the decline of dry plate makers was inevitable and Kodak ultimately became the market leader.


For a long time, Kodak dominated the industry. In recent times, it has faced competition from companies like Fuji. Moreover, digital technology has emerged as a major threat. In 1984, Sony unveiled a digital camera, where the image could be immediately viewed without any need for processing or developing. In October 2001, the industry saw a major shakeout when Polaroid, an American icon that offered instant picture cameras, filed for bankruptcy protection. Polaroid’s plight was largely the result of its late entry into digital cameras. Thus, the photography industry has progressed from glass plates to dry plates to celluloid roll film to electronic imaging. 


The photography industry illustrates two points. Ideas may emerge in one place, but successful commercialisation of the new technology may happen elsewhere. Many ideas originated in Europe, but it was Kodak which capitalised on them to achieve market leadership. Leading players in an industry are often too slow and reluctant to respond to disruptive technologies. This is illustrated by the response of dry plate manufacturers to roll film technology.


An interesting point to be made here is that the Germans with their capabilities in optics, fine chemicals and camera design could not become market leaders. Whereas Eastman succeeded, probably because he struck the right balance between quality and cost. He focused on large-scale production to bring the benefits of the new technology to the masses. Eastman made heavy investments while moving from batch to continuous film production. And these investments paid off. Eastman was an exception in that he was an important player in the photography industry where he introduced celluloid roll film. But the new digital cameras have come from players outside the industry.


Innovations can simultaneously enhance and destroy a firm’s existing competencies. Eastman’s rolling film innovation involved coating a transparent material with a photochemical emulsion. This feature enhanced the competency of established firms. On the other hand, features such as casting and cutting strips of celluloid that were of uniform thickness and free from dust and air bubbles destroyed existing capabilities. The dry gelatin plate manufacturers were strong in coating, but weak in casting celluloid film. This was a major reason for their failure to embrace the new technology.


Kodak also developed new competencies in anticipation of future developments. It did not have expertise in colour film but as soon as the idea emerged in European laboratories, it was quick to pick it up. Eastman institutionalised R&D efforts as he realised the importance of coping with technological change. Full credit should be given to his pioneering efforts in the photography industry.


Large companies are typically more bureaucratic and slow to pick up new and exciting ideas. In an interview with Fortune
, some ex Microsoft employees, complained about the hurdles they faced in convincing the top management to accept and implement innovative ideas: “While Microsoft is good at tackling huge projects requiring thousands of people, it is not set up to create on-the-fly software that drives the web economy. The Internet makes it possible for smaller companies to have a major impact. With our own company, we can move much faster. As much as possible, you want to shorten the distance between idea and execution. That distance is a lot shorter with a small company.”


Sustaining and disruptive technologies

One way to understand why established companies are not good at responding to a new technology is to look at the innovation in terms of its relationship to the existing capabilities of leading industry players. According to Utterback, innovations can either enhance or destroy existing competencies. Generally, competence enhancing innovations may come from existing players as well as outsiders, but competence-destroying innovations nearly always come from outsiders. 


Christensen draws an important distinction between sustaining and disruptive
 technologies. The distinguishing feature of sustaining technologies is that they look at product attributes which are important to existing customers and aim to come up with improvements with respect to these attributes. While the improvement may be incremental or radical in nature, the new technology compares very favourably with the existing technology, and offers a superior value proposition to existing customers. On the other hand, disruptive technologies bring a different value proposition which cannot be compared to existing technologies. Products based on disruptive technologies are typically inferior in terms of performance but are often cheaper, simpler, smaller and frequently more user friendly. Smaller disk drives were not taken seriously by established players as they offered much less storage capacity than what customers demanded. But the smaller drives scored in terms of ruggedness, less weight and low-power consumption. Utterback
 agrees with Christensen: “At the time an invading technology first appears, the established technology generally offers better performance or cost than does the challenger, which is still unperfected.” In a different context, Theodre Levitt has endorsed the philosophy
 of disruptive technology: give a customer a value-for-money product, with an acceptable quality or performance level; adding more and more features, that are valued less and less by customers, is counter-productive. 


Established companies typically do well in developing sustaining technologies, but it is new entrants who often come up with disruptive technologies. Microsoft was a brash upstart when it developed the operating system for PCs. Moreover, it recognized the system’s commercial potential. Established computer companies like IBM or Digital Equipment did not really see what was going on. Microsoft’s rise signalled their downfall. Similarly, Xerox was slow in responding to the emergence of small table-top copiers. Xerox had invented the core technologies in the copier industry but it took it almost eight years to launch a product in this segment. In the intervening period, Xerox lost almost half of its market share and suffered serious financial problems. Traditional leaders in the excavator business like Bucyrus-Erie were easily overtaken by companies like Caterpillar when hydraulics technology emerged. As Utterback
 puts it, “Looking for industry-shattering innovation among the current players in an industry might be a misdirected effort; most of the innovations occur in unexpected places, and when they do, the current leaders often react in inappropriate ways and lose their dominant positions in the industry.” 

Palm: Competing successfully with a technology leader

Palm Computing (Palm) was founded in 1992 by Jeff Hawkins. It was acquired by US Robotics in 1995. In about a year after shipping its first electronic organizer, the Pilot in 1996, Palm began to dominate the market for hand-held computing devices. Palm’s senior management team of Hawkins and CEO Donna Dubinsky had kept the launch of the pilot a low profile affair. Initially, sales were flat and about 50,000 units were sold in the first five months. But these first buyers who were sophisticated and computer savvy users, provided valuable word-of-mouth publicity. 


Dubinsky and Hawkins positioned the Pilot not as a computer or a Personal Digital Assistant, (PDA) but as a little organizer that could be connected to the PC. Big rivals like Microsoft did not attach much strategic significance to this niche market. CEO Steve Ballmer admitted
, “They must have been on my radar screen by early 1998 but not at the top of my radar screen.” Ballmer felt that even if the market quadrupled, “the total profit pool in the business doesn’t excite most of our OEMs or Microsoft.” 


Hawkins and Dubinsky went against conventional wisdom. They did not build too many features in the product. But they ensured that the Pilot did a few important things like organizing a calendar and address book in a highly efficient and user friendly way. It scored over the PC in that it did not take any time to boot and crashed less than .001% of the time. Palm also went against the emerging industry paradigm by bundling hardware and software together to optimise the performance.. 


In November 1996, Microsoft launched its third operating system for pocket-sized devices, the Windows CE. Palm decided that staying ahead of Microsoft would involve constant product innovation. Palm Pilot, Palm III, Palm III X and Palm V followed at regular intervals. Palm VII provided an integrated wireless connectivity solution. Palm’s product development efforts emphasised simplicity, concurrent engineering and outsourcing of non-core tasks. Palm also kept its price low to gain a large market share. It motivated developers to create more applications that further increased the value of the product. In January 1998, Microsoft launched the Windows CE 2.0, which was compatible with a new device, the Palm PC, and packed it with powerful features like the voice memo recorder. Palm decided to stick to its philosophy of simplicity and avoided a head-on battle with Microsoft on features. In early 2001, devices based on the Palm operating system accounted for 67% of the retail market. 


There have been some setbacks for Palm in the last few years. Hawkins and Dubinsky left Palm in the fall of 1998 after failing to convince their top management to spin off the division. Recently, product innovation has slowed down, inventory has piled up and Palm has slashed prices. Nevertheless, Palm still has a very strong competitive position.


Palm offers some very useful lessons for technology start-ups. The company adopted a style of competition that put Microsoft at a disadvantage. As Yoffie and Kwak
 put it, “Competing on the basis of features lists was a large company’s game. But simplicity, usability and elegance were standards that challenged Microsoft’s competencies. That gave Palm a fighting chance.”


Source: This box item draws heavily from the article, “Mastering Strategic Movement at Palm,” 
 
 by Yoffie and Kwak, Sloan Management Review, Fall 2001.


Existing firms are reluctant to adopt disruptive technologies for various reasons. As mentioned earlier, they often yield lower margins when they first emerge. Very often, these technologies are accepted by small, insignificant market segments rather than by mainstream customers. The current “cash cow” customers are usually reluctant to accept the new technology because of its relatively inferior performance. Established companies approve investments only after making an estimate of the market size and working out the cash flows. Very often they do not correctly assess the commercial potential of disruptive technologies, for which market data is hard to come by and making financial projections is difficult if not impossible.


Another way to understand the phenomenon is through the concept of the value network, which Christensen defines as the context in which a firm identifies and responds to customers’ needs and solves problems, procures inputs, reacts to competitors and earns profit. Different value networks may exist within the broadly defined boundaries of an industry. Within a value network, the way a firm perceives the value of a new technology is shaped by its past choices of markets. Different value networks attach different degrees of importance to different attributes. For example, in the case of mainframe computers, disk drive performance is judged by its capacity, speed and reliability. In the case of laptop computers, performance is judged in terms of ruggedness, low power consumption and small size. Christensen points out that established firms competing within a value network develop capabilities, organisational structures and cultures that meet the value network’s specific requirements. Therefore, different value networks have different cost structures. 


Take the computer industry. Vertical integration, customised products and lower volumes have created a high cost structure in the mainframe segment. IBM is a good example. On the other hand, outsourcing, higher volumes and standardised configuration have resulted in lower cost structures for PC manufacturers. The best example is Dell. Their cost structure influences the way companies perceive the attractiveness of a customer segment. Since disruptive technologies typically create low margin products to start with, established companies often bypass them, especially if customers are reluctant to accept them due to their lower initial performance.


 As Utterback puts it
: “Industry outsiders have little to lose in pursuing radical innovations. They have no infrastructure of existing technology to defend or maintain… Industry insiders… have huge investments in the current technology; emotionally they and their fortunes are heavily bound up in the status quo and from a practical point of view, their managerial attention is encumbered by the system they have - just maintaining and marginally improving their existing systems is a full-time occupation.”


One of the reasons for the continuing success of an established leader like Cisco is that unlike many of its competitors, it does not promote one technology at the expense of others. As Gary Hamel puts it
, Cisco does not try to “build some quasi monopoly around a unique standard. When you’re a technology agnostic like Cisco, there’s no such thing as a “disruptive” technology. Every technology is simply and honestly evaluated on its merits.” Cisco has been able to redefine itself from time to time. First a router company, then a networking company, Cisco has now positioned itself as a communications company.

Evolution of float glass technology

Glass, one of the most useful materials in the world, is used for making a range of products, including jars, containers, windows, windshields and eyeglasses. Silica sand, soda ash and limestone were first converted into glass in the Middle East around 3000 BC. In the beginning, glass melting furnaces were small, produced little heat and the process was slow and costly. Consequently, glass remained a luxury item in ancient times.


In the first century, an unknown person discovered the blow pipe, which made the production of glass, faster, easier and cheaper. In the days of the Roman empire, glass manufacturing not only flourished but also spread to other countries. Mass production made glass an affordable product. Glass manufacturing developed in Venice during the time of the crusades ((AD 1096-1270). By the late 1400s and early 1500s, glass making had become an important industry in Germany and many North European countries. Glass making gained importance in England during the 1500s. The first factory in what is now the United States was set up in 1608 in Virginia.


Until the 1880s, the flat glass industry was made up of small producers, who employed highly skilled artisans. Glass manufacturing sites were located near fuel sources and production processes were predominantly manual. The cylinder glass process brought about significant improvements in both productivity and quality, though the glass remained wavy and had some imperfections. In 1903, more progress was achieved when the American Window Glass Company introduced a cylinder-blowing machine that eliminated the need for skilled labour. The Colburn sheet-drawing machine, which appeared in 1917 and the several incremental improvements in the following decades continued to lower costs and the need for skilled labour.


In 1861, the Siemens brothers of Germany developed a gas-fired furnace. By preheating gas and air before it entered the fire chamber, the thermal efficiency was improved. The cleaner fuel eliminated the smoke and ash that were associated with wood and coal furnaces. By 1880, Siemens had also introduced continuous melting tanks. Workers could add ingredients at one end of the melting tank while molten glass was withdrawn from the other end for casting. The traditional method had involved mixing and melting at night and pouring and working during the day. The new process improved quality and efficiency and reduced the need for skilled labour. The cleaner fuel eliminated the smoke and ash that were associated with wood and coal furnaces. The new process however, involved high capital costs.


Till the 1880s, plate glass was cast on to metal tables, held in an annealing kiln for days before it was ground and polished. In the 1880s, the idea of using a tunnel annealing kiln was introduced. Tables were joined together and passed through a long tunnel. The kiln replaced the earlier batch process by a continuous process. 

Hand casting (between continuous mixing /meeting and continuous annealing) and grinding and polishing continued to be production bottlenecks. The Bicheroux process combined casting and rolling to cut production time and produce a more uniform thickness. In 1922, UK based Pilkington Brothers, tied up with Ford and developed a process for casting a continuous ribbon of plate glass through rollers on to a conveyor that passed through the tunnel kiln. A sheet of polished plate glass that needed 10 days to make in 1889 could be produced in three days in 1923. Pilkington also developed machinery that could grind and polish both sides of a continuous glass ribbon simultaneously. 


In the 1950s, Pilkington developed the float process. The raw materials, silica sand, calcium oxide, soda and magnesium were properly weighed and mixed and then charged into the furnace maintained at around 15000C. Molten glass flowed out of the furnace into a bath of molten tin. The contact surface between the glass and tin was perfectly flat. When it left the bath, the molten glass moved into an annealing chamber, where cooling took place at controlled temperatures. The glass after undergoing quality checks was washed and cut into sheets and kept in stacks for transport.


Today, the entire process right from the batching of raw materials to cutting and stocking, is fully automatic and computerised. This has resulted in smooth glass of uniform thickness. It has improved quality and reduced the need for grinding and polishing. Labour and energy costs have fallen. A labour intensive craft industry has been converted into a highly efficient and automated industry.


Senior Pilkington executives later admitted that had they been fully aware of the cost of developing float glass technology, they might not have tried it. Pilkington, which was a private firm virtually bet the company on the process. Had it been a public company, it is doubtful whether the board would have given the green signal for developing the new technology.


Today, the float glass process is the norm in most countries, for despite the high capital expenditures involved it is very efficient. The process accounts for more than 90% of the plate and sheet glass manufactured. Only in developing countries with small markets and limited capital, have older technologies survived.


Anticipating technological discontinuity

How can managers identify the emergence of a disruptive technology? It is easy to understand a new technology in hindsight but quite difficult, if not impossible to make predictions about what impact the new technology may have. Christensen’s research reveals that disruptive technologies are often developed privately by engineers working for established firms. When such technologies are presented to customers, they get a lukewarm response. So, established companies do not give much importance to these technologies. The frustrated engineers consequently join start-ups, who are prepared to look for new customers. (For example, smaller disk drives which were rejected by mainstream customers were valued by customers who preferred small and light disk drives that consumed less power). Starting with a small base of such new customers, they improve the product performance and successfully attract earlier reluctant customers. By the time established firms understand what is going on and jump on the bandwagon, it is too late.


The fact that disruptive technologies are developed by new firms or by large enterprises entering a new area of business or by spin-offs of established competitors, offers us some clues. Since the formation of new firms is highly visible, studying the type of products they develop or launch can be a very useful source of information about technological innovation. Companies must take note when talented scientists and researchers leave them to join start-ups. Often, they do so, not to get stock options, as is commonly assumed, but to work in an environment where their innovative ideas are taken more seriously.

The Concept of Dominant design

Utterback has developed the concept of the ‘dominant design’, which players must conform to, for achieving a reasonable market share. Typically, the ‘dominant design’ combines several innovations introduced independently. The IBM PC for example became the dominant design in the early 1980s. The PC was not really any great technological marvel but it brought together various components in a user friendly configuration. 


The key features of a ‘dominant design’ are:

· It meets the requirements of many classes of users even though it may not offer a very high degree of customisation for a particular class.

· It may not provide the best technical performance. But as Utterback puts it, “It is a so-called satisficer of many in terms of the interplay of technical possibilities and market choices, instead of an optimizer for a few.”

· It reduces the number of performance specifications by making many of them implicit in the design itself.


Managers need to understand how a dominant design emerges. Firms controlling assets such as distribution channels, brand image and customer goodwill have a greater chance of coming up with the dominant design. Sometimes, industry regulation by the government results in a dominant design. A third factor is the product strategy followed by a firm in relation to its competitors. The way each firm communicates with its customers may also have a significant impact on its ability to impose a dominant design. Companies should stay tuned to the needs of existing customers and yet look at new, hitherto unexplored segments.


Once a dominant design emerges, product innovation slows down and process innovation becomes important. From thereon, companies with highly developed internal processes, technical and engineering skills have the edge.


Companies must also learn to assess the impact of a new technology
. The steam engine was developed for pumping water out of flooded mines. It was years before a range of applications was developed in industries and for transportation. Bell Labs did not think it necessary to apply for a patent covering the use of laser in telecommunications. Only later did it realise what a powerful combination laser and fiber optics made. Even at an individual level, this is a common phenomenon. Many inventors often fail to foresee how the technology will be used. Marconi, the inventor of the radio felt that it would mainly be used between two points where communication by wire was impossible. Potential users he identified were shipping companies, the navy and newspapers. Marconi, however, failed to consider the possibility of communicating to several people at the same time. It was left to David Sarnoff, an uneducated Russian who migrated to the US to understand the technology’s potential in broadcasting news and entertainment programs. Thomas Watson Sr looked at the computer only as a tool for rapid scientific and data processing calculations. Computers are today mostly used in commercial applications. To better appreciate the impact of a new technology, established companies would do well to go beyond their existing customer base and start talking to potential users whom they have not seriously targeted till now. This will give them new ideas about the different ways in which the new technology can be used.


Established companies should never forget that new technologies tend to be primitive when first developed. A series of improvements is often necessary to make it fit for a range of commercial applications. Indeed, the full potential of a new technology is sometimes recognised only decades later. Even though the telephone has been around for more than 100 years, only now have applications like voice mail and data transfer emerged. Aspirin, one of the world’s most widely used drugs, has been around for 100 years, but its efficacy in reducing the incidence of heart attack, due to its blood thinning properties, was discovered only recently. So, while evaluating new technologies, a longer time horizon must be used, than for existing technologies. 


Industry leaders must always bear in mind, (We briefly touched upon this earlier) that technological performance often overshoots market requirements. Consequently, today’s under-performing technology may meet the needs of customers tomorrow. On the other hand, technologies which perform satisfactorily today, may over-perform tomorrow and customers may not be willing to pay for this over-performance. As Christensen puts it,
 “In their efforts to stay ahead by developing competitively superior products, many companies don’t realize the speed at which they are moving up-market, over-satisfying the needs of their original customers as they race the competition towards higher-performance, higher-margin markets. In doing so, they create a vacuum at lower price points into which competitors employing disruptive technologies can enter.” Utterback
 makes a similar point: “Failing firms are remarkably creative in defending their entrenched technologies, which often reach unimagined heights of elegance in design and technical performance only when their demise is clearly predictable.”

Outsourcing Technology

A strategic dilemma for many companies is whether to depend on in-house development or acquisitions for developing technology. 3 M is a good example of in-house development while Cisco epitomises technology development through acquisitions. In this section, we examine the opportunities and risks associated with technology outsourcing.


As the pace of technological development has accelerated, it has become very difficult for any one company acting alone to stay ahead of competitors. In the pharmaceutical industry for example, many companies have been outsourcing fundamental research to universities, institutes and government laboratories. Even at the applied research level, outsourcing is common. Many small companies with specialised capabilities do research on behalf of larger companies. (See Box item on Millennium Pharmaceuticals in chapter 2). Clinical trials and field monitoring are some of the other activities, which are being outsourced in the pharmaceutical industry. In general, the potential for outsourcing technology has increased in recent times because of the availability of a range of software and communications technologies. This has lowered costs and risks, and reduced the entry barriers for small companies who are willing and able to develop technology for the larger companies. 


According to Mike Volpi, a senior executive of Cisco
, “In a constantly changing market, acquisitions give us a tremendous amount of flexibility because we do not have to play a guessing game about what products we will need. We don’t have to plan 18 months ahead of time to determine that we need to be in a market segment, then start product development and hope we have the right one. But rather we can decide in three weeks that we want to be in that market segment.”

The evolution of rayon making technology

The rayon industry is a good example of how process technologies evolve over time. In 1855, a French inventor, George Audemars produced filaments by drawing a needle through a solution of collodion. This process was patented but could not be made commercially viable. In 1862, the spinneret, a glass device similar to a nozzle, was used for pumping cellulose solution to form a long filament. Gradually, the technology improved, integrating various innovations - an improved spinneret, spinning solution of properly treated cellulose, filtering, mixing and pumping equipment and a device for collecting the filaments and twisting them into yarn. 


When the glass spinneret with a single hole was replaced by a platinum one with several holes, several fibres could be spun simultaneously, resulting in major productivity gains. The development of the spinning box allowed filaments emerging from the bath to be twisted into yarn, eliminating the need for rewinding and twisting. This gave rayon production, all the characteristics of a continuous production process. Work on developing a continuous spinning process began in the early part of the 20th century and after some hiccups due to World War I, the process began to be used in the US in the 1930s. Over time, many improvements were effected. These included the use of faster equipment, elimination of unnecessary movement and processing of materials, greater process control and better monitoring. 


Manufacturers came up with most of the innovations through customers and suppliers also chipped in. Once innovations in the spinneret had been completed, the remaining process improvements were essentially incremental in nature. Nevertheless, they were capital intensive. The automatic equipment used in solution preparation is an example. In the 1950s, the introduction of nylon put the brakes on the rayon industry. But as Utterback has put it, the right way to view nylon is as the next stage in the evolution of the man-made fibre industry. The basic spinning method and many of the other processes used in nylon production were drawn from rayon.

Outsourcing technology makes sense for various reasons:

· No single company can have the resources to compete with both focussed competitors and component suppliers at the same time.

· A company is unlikely to have the motivation or depth of knowledge in all the necessary technical fields.

· To develop all innovations in-house, heavy investments are required.

· A company may find it difficult to attract the best talent for managing non-core activities.


Specialised suppliers tend to have knowledge and skills well beyond the capabilities of any one integrated enterprise. For example, few companies have the necessary competence in developing and operating interactive web sites needed for conducting ebusiness. Companies such as Verio are attempting to fill the void by acting as application service providers (ASPs). In developing real time microsurgical magnetic resonance imaging (MRI) techniques, GE worked with MIT’s artificial intelligence laboratories and surgeon researchers at Boston’s Brighten and Women’s Hospital. 


Large drug companies often collaborate with biotech companies to develop new products. The biotech company is typically responsible for research and in some cases, manufacturing. The larger partner handles the marketing activities. This arrangement makes sense because there are important differences between the traditional pharmaceuticals and biotech businesses. Conventional drugs are typically made from chemical compounds while biotech products are manufactured by fermentation using yeast and bacteria.


Thus, by outsourcing technology, companies can minimise risks. Yet outsourcing technology may also increase risk. Suppliers may bypass the company and directly serve the markets. To succeed in outsourcing, companies must develop some strengths that cannot be replicated by the outsourcing partners. Nintendo outsources many games and focuses its resources on its core competencies. The company’s complex presentation technologies and patents prevent independent suppliers from serving the markets directly. The trick thus lies in outsourcing those activities which are peripheral to the company’s strategic capabilities and objectives.


Another way of outsourcing technologies is by acquisitions. But managing high tech acquisition is an art, as we will see in the next chapter. It involves retaining the people in the acquired company, making a prudent assessment of the acquired company’s technological capabilities and integrating the acquired company as quickly as possible. A strong customer orientation has enabled Cisco to make a success of its acquisition strategy. According to Volpi
, “Our core assets are our ability to move fast, satisfy customer needs, be first to market and leverage our distribution channel. Once those assets are in place, then much of technology development can effectively be outsourced, just like we might outsource some basic manufacturing.”

A framework for managing technology risks

When do new technologies emerge? What can organisations do to be prepared for such an eventuality and make sure they are not dislodged by new entrants? 


To start with, companies must watch out for inflection points (points of sharp discontinuity). When customer needs are more than satisfied and the differentiated offerings of existing players lose their meaning, inflection points may occur. According to, Michael Porter, the basic aim of differentiation is to provide something extra that the customers value and charge a premium for it. If customers do not value the additional features, differentiation as a competitive strategy will not be effective. So, if a new technology fares relatively low on some of the currently accepted attributes, but scores heavily on a new attribute, it has the potential to unseat the older technology. Thus, in the disk drive industry, capacity became less important, and factors such as physical size and reliability became the more important attributes.


Conventional planning, budgeting and investment appraisal processes can be counter-productive when applied to disruptive technologies. Creative ideas cannot be filtered through traditional financial screens. According to Steve Jurvetson, one of the leading venture capitalists in Silicon Valley
: “The business plan is not a contract, in the way a budget is. It’s a story. It’s a story about an opportunity, about the migration path and how you are going to create and capture value. I never use Excel at work. I never run the numbers or build financial models. I know the forecast is a delusional view of reality. I basically ignore this. Typically, there are no IRR forecasts or EVA calculations. But I spend a lot of time thinking about how big the thing could be.” Hamel adds
, “In most companies, the goal of capital budgeting is to make sure the firm never ever makes a bet-the-business investment that fails to deliver an acceptable return. But in attempting to guarantee that there’s never an unexpected downside, the typical capital budgeting process places an absolute ceiling on the upside. Dollars lost are highly visible but dollars forgone are totally invisible.”


Companies must be prepared to jump into the fray and go through a process of learning, instead of waiting for the numbers to start looking good, when the technology gains acceptance. As Christensen puts it: “By approaching a disruptive business with the mindset that they can’t know where the market is, managers would identify what critical information about new markets is most necessary and in what sequence that information is needed. Project and business plans would mirror these priorities, so that key pieces of information would be created, or important uncertainties resolved, before expensive commitments of capital, time and money were required… Given the powerful first-mover advantages at stake, managers confronting disruptive technologies need to get out of their laboratories and focus groups and directly create knowledge about new customers and new applications through discovery driven expeditions into the market place.”


The key requirement in managing a radical innovation is a new mindset. Successful innovators usually have limited resources and no particularly great strengths in scientific or technological discovery, while established players, are not short of financial muscle or talented manpower. But, the successful innovators have the right mindset. They worry less about what the technology can do and instead, look for markets which will be happy with the current performance levels. As Clark and Henderson,
 put it “New entrants, with smaller commitments to older ways of learning about the environment and organizing their knowledge, often find it easier to build the organizational flexibility that abandoning old architectural knowledge and building new requires.” Established companies thus need to avoid the trap of aiming for technical perfection. Cisco is a good example. According to Volpi
, “We don’t compete today with the same people that we competed with 10 years ago or even five years ago.” Another Cisco executive adds: “If we don’t make it easy for our customers to replace our own products with newer technologies, our competition will do it for us.”


One way to encourage a new mindset is to create small empowered teams, outside the main organisation and allow them to try new technologies. These teams can be encouraged to go to the market quickly and keep improving the product performance as feedback from customers pours in. Since entrenched processes and values stand in the way of change, a separate organisation is a more practical arrangement than grandiose attempts to change the entire company’s culture. As Richard N Foster
 puts it, “the attacking and defending ought to be done by separate organizations.”


According to Michael Tushman and Charles O’ Reilly,
 “The contradictions inherent in the multiple types of innovation create conflict and dissent between the organizational units - between those historically profitable, large, efficient, older, cash-generating units and the young, entrepreneurial, risky, cash-absorbing units… The management team must not only protect and legitimize the entrepreneurial units, but also keep them physically, culturally and structurally separate from the rest of the organization.”


But after the new division has reached a critical mass, it makes sense to bring it back within the main organization. This is because synergies cannot be realised if the new division is kept separate. By bringing it back within the main organization, resources can be shared across functions and costs can be cut. This is an important point which Gary Hamel makes in his book, “Leading the Revolution.” 


Michael Tushman and David Nadler have explained the trade off involved,
 “The most critical issue will be to figure out the appropriate linkages across a broad range of very different businesses. The challenge involves an inherent balancing act: minimizing linkages in order to maximize the focus of independent business units, while at the same time, capitalizing on potential sources of leverage to create value from the joint ownership and management of multiple businesses. In other words, leaders will have to learn when it’s best to encourage autonomy and differentiation and how to create value through the selective use of linking structures and integrative processes.”


In his interesting article, “Bringing Silicon Valley inside,”
 Gary Hamel has drawn various insights from the success of Silicon Valley and explained how companies can encourage innovations. Hamel draws a distinction between stewardship, (safeguarding existing skills and assets) and entrepreneurship, (creating something new). He feels that for innovations to take place, the emphasis must shift from resource allocation to resource attraction. Good ideas should be encouraged with support in the form of capital and human resources. Like Christensen, Hamel believes traditional capital allocation processes are unsuited for radically new businesses: “Resource allocation is well suited to investments in existing businesses. If the goal is to create new wealth, something much more spontaneous and less circumscribed is required – something much more like resource attraction… Resource allocation is about managing the downside. Resource attraction is about creating the upside.” 


Hamel feels that ideas flourish in Silicon Valley for three reasons. In the first place, people are generally convinced that only radical innovation can create new wealth and not improvements in existing processes. Second, budding entrepreneurs in the Valley can try their luck with several VCs for tying up capital, whereas in a large corporate, the top management is the one-point authority for approving new projects. The third reason is that there is no prejudice in the Valley about who can or cannot succeed. So, even brash upstarts with good ideas are well received by VCs. 


Established companies should appreciate the fact that the impact of an innovation depends on complementary inventions. Laser needed fibre optics to be used in telecommunications. The computer industry could take off only after the integrated circuit had been developed. Also, many new components may be needed to develop a larger system (or in Christensen’s terminology, the value network), that can put the new technology to full use. Established companies should curb their tendency to think of the new technology in terms of the older technologies they are going to replace. It takes time, but the cumulative effect of several improvements within a technological system can sometimes be immense.


Christensen’s research reveals that leadership in sustaining technologies is not essential. Followers can catch up with the pioneers. On the other hand, in the case of disruptive technologies, there are significant first-mover advantages.



Utterback has drawn the following conclusions about the pattern of innovations and identified the types of companies that are likely to succeed. Discontinuous innovations in assembled products almost always seem to come from outside the industry, while those in non-assembled products may come from inside or outside the industry. Discontinuous process changes in the case of homogeneous products are quite likely to come from established firms or their equipment suppliers. When discontinuities create new market segments, newcomers are likely to lead the way. When they do not create new niches, existing players will be better placed. Innovations that destroy established core competencies almost always come from outside, while those that enhance these competencies may come from inside the industry. In other words, technology by itself is not the crucial factor. Technology must be considered together with market conditions. Human factors are also extremely important. When internal skills are lacking or when changing entrenched behavioural patterns is likely to be difficult, Utterback recommends alternatives such as strategic alliances and spin-offs.

Concluding Notes

Established companies must learn to strike the right balance between sustaining and disruptive technologies. Existing product lines are important because they provide the cash flows which will finance the development of future products. At the same time, new initiatives must be encouraged even if they are not very profitable to start with. Indeed, the challenge for management is to find the right balance between incremental improvements and new and unproven technologies. Large established firms that want to stay the course must be prepared to shift their strategic and competitive postures from time to time. They have to regenerate and renew their businesses constantly. 


Incremental improvements on an ongoing basis demand equal emphasis on product and process innovations, both of which should be closely integrated. Ongoing measurement of product and process performance is important. Companies should look for cost reduction through better use of materials, energy and labour, reduction in number of products, and product and process simplification. At the same time, they must develop the core capabilities, which will become critical in the future. If a company is focussed on a few competencies, it runs the danger of becoming vulnerable to a radical innovation. On the other hand, if the firm tries to develop too broad a set of competencies, it may be spreading its resources too thin. 


The uncertainties involved in technology management make it a truly fascinating subject. Companies need to hone their skills in this area so that they are not left behind during times of disruptive change.

Case 3.1 – Research with high result orientation: 

Pfizer shows the way
Introduction 

The pharmaceutical industry is driven by the development of patented brand name prescription drugs. Even though managed care
 has become more important in recent times, research still plays a key role in sustaining the competitiveness of large pharmaceutical companies. R&D expenditure in the US pharmaceuticals industry, has gone up from11.4% of sales in 1970 to 18.5% of sales in 2001. The successful development of a blockbuster drug (sales in US exceeding $500 million) leads to millions of dollars of sales and consequent profits. 


Pharmaceutical companies spend $400-500 million over 10-12 years before a product reaches the market place. In the preliminary stages, they test hundreds of compounds to identify the most effective ones in fighting a disease. After the selection, these compounds are subject to clinical trials on animals. Federal Drug Administration (FDA) approval is needed before introducing products in the market. It involves three phases of trials on human beings. In the first phase, healthy people are given increasing dosages of the drug to ascertain safety. Phase II trials involve a small number of patients over an extended testing period. In Phase III, the drug is tested on a larger group of patients to determine safety, efficacy and dosage requirements. Phase IV trials are conducted after FDA approval has been obtained.


In 2001, research based pharmaceutical companies would have spent an estimated $30.5 billion on R&D (8.5% of sales), triple of what they had invested in 1990. In the US alone, an estimated $23.6 billion would have been spent on R&D. With rising R&D costs, manufacturers have been under pressure to minimise the risks associated with their R&D activities. Mergers and joint ventures are one way of minimising risk. Some large drug companies try to minimise R&D risk by diversifying their product portfolio. However, studies indicate that only a small percentage of new drugs generates returns, which are higher than the average after-tax R&D costs. According to a study conducted by Duke University in 1994, only three out of every 10 new drugs had returns higher than the average after–tax R&D costs. The top 20% of the products accounted for 70% of the returns. Given the rising costs of drug research, it has become necessary for companies to depend on a limited number of highly successful products rather than spreading resources thin over several products.


Meanwhile, shorter exclusivity periods are putting pressure on drug companies to get the maximum out of their R&D investments. The profitable lifetime of drugs in the US has reduced due to the passage of the Drug Price Competition and Patent Term Restoration Act of 1984, which allows quick approval of genuine copies of brand-name drugs. The law has virtually eliminated the period between patent expiration and the entry of generic products into the market. Effectively, this means that pharmaceutical companies have less than 12 years to recoup their R&D investments. Studies indicate that for products whose patents expired in the 1991-92 period, generic products accounted for 72% of prescriptions after 18 months of expiry.

Importance of research for Pfizer

Pfizer, one of the leading pharmaceuticals companies in the world is generally recognised as an industry leader in research & development. In 1999-2000, Pfizer spent $4.7 billion on R&D, almost 17% of its sales. In the 1980s, under the leadership of Edmund Pratt, Pfizer gave a renewed impetus to R&D activities. Pratt increased R&D expenditure to 15% of sales and strengthened Pfizer’s direct selling activities. The momentum was maintained by William Steere who became CEO in 1991. The R&D efforts helped Pfizer develop new drugs to replace those which went off patent. For example, as Pfizer’s popular drug Feldene went off patent, Norvasc, the hypertension drug emerged as a successful replacement. 

Table I

Pfizer: Major R&D facilities

Pfizer employs 12,000 researchers spread over six discovery sites across the world. In 2001, it spent an estimated $5 billion, roughly 17% of its global revenues. 

Groton, Connecticut: Set up in 1946, the 137-acre site conducts research on a broad range of diseases. It has two million square feet of laboratory space and employs more than 4000 technical professionals. A new facility has been added at nearby New London, Connecticut. 

Sandwhich, England: Starting with six scientists in 1957, this centre has grown into Pfizer’s largest research facility outside the U.S. It employs more than 1500 people.

Nagoya, Tokyo, Japan: The Nagoya facility was established in 1972 as a microbiology laboratory for soil screening in 1985. Pfizer also has a major clinical development organization in Tokyo. There are some 500 Pfizer researchers in Japan.

Amboise, France: Here, Pfizer does toxicology experiments to ensure the safety of new drugs. The data generated comes in handy for regulatory filings.

La Jolla, California: This centre has developed innovative ways of discovering new drugs to treat cancer, AIDS and other diseases.

Ann Arbor, Michigan: 2600 Pfizer researchers work here. By the summer of 2002, Pfizer will have two million square feet of lab and office space.



Source: Pfizer website, pfizer.com

By the 1990s, Pfizer’s research organizations were recognized as world class. Pfizer could launch a portfolio of new products unsurpassed in the company’s history. In 2000, Pfizer had nine products, each a market leader in its therapeutic category. It had eight drugs which had achieved or were about to achieve sales of $1 billion. It had developed the ability to attract and retain world class researchers and scientists to discover life-saving and life-enhancing medicines and health care products. 


Pfizer’s Central Research operation is located in Groton (Southeastern Connecticut) where around 2,700 employees work. Roughly half its research expenditure of $2 billion is incurred there. Pfizer also has other research labs spread across the world and more than 150 collaborative research agreements. It has active research programs in diabetes, allergy, urogenital disorders, oncology, central nervous system disorders, arthritis and infectious diseases.


To strengthen its R&D capabilities, Pfizer has announced plans for a 550,000 square feet research space at a cost of $150 million at a site locally known as the New London Mills property, (named after the factory that used to occupy it). Pfizer has chosen the site because Connecticut has many biotechnology and medical industries. The state is also committed to provide the necessary infrastructural facilities like sewerage treatment plants. Another factor is the proximity to the Groton Research Center. Conference space, coffee nooks, and other amenities are located in a manner that permits people from different labs to interact with each other and exchange ideas. The clinical research labs are located at the new site while the developmental labs remain at Groton. These labs are networked using modern communication technology.

Linking research to the market place

Many analysts consider speed to be one of Pfizer’s main strengths in R&D. Pfizer has emerged as a leader in rapid screening of compounds for useful biological activity. It uses techniques involving robots to dispense thousands of chemicals from the “library” of potential drugs into test tubes for rapid testing and discovery of new drugs. On an average, the research teams need less than one-third the industry’s average of 190 person years of work to take a compound from concept stage to clinical trials
. Automated screening equipment help Pfizer to test many compounds quickly, sequence and isolate genes and then clone them, using techniques developed in molecular biology. This allows researchers to screen compounds directly against human genes. Pfizer researchers explore a number of parallel avenues for the application of contemporary genomic science and bypass the animal and chemical model stages, which usually consume substantial resources and time.

Table II

R&D expenditure of research-based US pharmaceutical companies ($Million)

Year
Domestic R&D
Overseas R&D
Total
R&D/Sales (percent)

2001
23,640
6,862
30,502
18.5

2000
19,987
5,692
25,679
17.0

1999
18,499
4,220
22,719
17.4

1998
17,223
3,839
21,062
20.1

1997
15,517
3,492
19,009
20.3


 Source: Pharmaceutical Research and Manufacturers of America, Annual Survey. phrma.org


Keeping in view, the heavy R&D investments involved, Pfizer has attempted to make its research efforts highly result oriented. To get the researchers out of their academic mindset, the company conducts special training sessions. Scientists are advised to abandon a project before it proves to be a drain on the resources. The research teams at the Central Research unit in Groton measure their progress with “step charts” that show how many promising compounds should be in hand at each phase of a drug’s development in order to cover the expected attrition rate. These charts enable Pfizer to drop projects that have not lived up to expectations and help it to check whether the scientists are maintaining the time schedules.


According to senior executives at Pfizer’s research at Groton, Connecticut
, “It takes a new PhD, two or three years of intensive learning and growth here to get used to our mindset. We try to help those who can’t make the transition go back to academia. We like to say that blockbusters aren’t just discovered. They’re built.”

Table III

R&D expenditure in the Pharmaceuticals Industry: Distribution across various activities 

Synthesis and Extraction
10.0

Biological screening and pharmacological testing
14.2

Toxicology and safety testing
4.5

Dosage formulation and stability testing
7.3

Clinical Evaluation
40.8

Process development for manufacturing and quality control
8.3

Regulatory
4.1

Bioavailability 
1.8

Others
9.0


100.0

 Source: Pharmaceutical Research and Manufacturers of America, Annual Survey, www.phrma.org


 (1999, Figures in percentages)


Pfizer has structured its new products under development as a portfolio with a range of risk-reward ratios. The company emphasises diversity and pursues drugs for every major disease, deploying research teams across a wide spectrum. Here it differs from other drug majors like Merck who typically concentrate resources only on a few projects.


 In the 1990s, Pfizer’s medical research concentrated on genetic programming. Pfizer rapidly emerged as a world leader in biomedical research and development. A significant portion of Pfizer’s R&D budget is spent on genetic research. In 1990, Pfizer tried its first clinical application of gene therapy on a girl with severe combined immuno deficiency disease. This was the first step in the next revolution of medicines, using therapeutic genes to correct genetic defects.


More than half of Pfizer’s research projects are based on biotechnology and the company is recognised as a pioneer in the use of genomics. In its laboratories around the world, Pfizer scientists explore the use of expression profiling, transgenic animals, and such other novel genetic expression technologies in the development of new pharmaceuticals. 

Alliances

Pfizer has actively explored alliances and partnerships to get access to new technology. According to industry experts, Pfizer is the one large pharma company with whom many smaller players in the industry want to partner. For Pfizer, partnerships make sense. They give Pfizer access to new block busters. In 1997, Pfizer tied up with Warner-Lambert to launch Lipitor, a popular drug used in reducing cholesterol. When the company’s researchers found themselves in a race with Japan’s Eisai to develop similar Alzheimer’s drugs in 1996, they decided to shelve the project. Instead, Pfizer, on its own began to co-market Eisai’s drug. 


When Pfizer’s scientists sensed a great opportunity in COX-2 inhibitors (drugs which block the pain of arthritis without chewing up the digestive tract’s lining), it joined hands with Searle, which was ahead with the drug Celebra. Searle had a star researcher, Philip Needleman working on the project. Together, Pfizer and Searle used their capabilities to fight Merck, which was just behind with a similar drug Vivoxx. Steere himself met Searle CEO Richard De Schutter to swing the deal. 


Pfizer entered into a three-year collaboration agreement in 1996 with the New York Botanical Garden for research into natural resources like swamps, forests and fields. Plants are a rich source of medicine because they produce molecules that have intrinsic biological activity, which act as defence against diseases. Pfizer’s partnership with Incyte Pharmaceuticals aimed at strengthening its capabilities in bioinformatics: the science, which integrates recombinant DNA techniques, computers and robotics. The new science uses high-throughput sequencing technology and computer aided analysis to develop databases and their functions. In 1996, Pfizer entered into five-year research collaboration with Microcide Pharmaceuticals, to develop a new approach to discover drugs to treat resistant bacterial infections. 


Pfizer has also intensified its activities in the emerging area of pharmacogenomics. It has attempted to understand the responses to a particular therapeutic agent in various patient populations through exploration of genetic variations. Pharmacogenomics information contributes both to a better understanding of diseases and improving the effectiveness of pharmaceutical research.
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� 	As Peter Drucker puts it so well, many great innovations have been social rather than technical in 	nature. This chapter however focuses on technical innovations.


�	This box item draws heavily from Gary Hamel’s book, Leading the Revolution.
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� 	This article draws heavily from James Utterback’s brilliant book, “Mastering the Dynamics of 	Innovation.” The book, is a masterpiece, though probably not as well-known as Clayton 	Christensen’s Innovator’s Dilemma.
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� 	Gary Hamel in his book, “Leading the revolution” uses the term Business Concept Innovation, �	which he describes as “the capacity to reconceive existing business models in ways that create �	new value for customers, rude surprises for competitors and new wealth for investors.” 	This �	term seems to have essentially the same meaning as disruptive technology. Rebecca Henderson �	and Kim Clark have introduced the concept of Architectural Innovation. (Administrative Science �	Quarterly, March 90, Vol. 35, Issue 1). They define it as an innovation which changes the way 	in which components of a product are linked together while leaving the core design concepts and 	the basic knowledge underlying the components untouched. Architectural innovations typically 	use existing core design concepts in a new 	architecture. Consequently, they focus more on the 	relationships among the components rather 	than on the technologies underlying the components. 	Clark and Henderson emphasise that the distinctions between incremental, radical and 	architectural innovations are matters of degree. 	
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