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Foreword

OECD governments recognise the increasing importance of software for their economies and the potential for public policy to have an impact on innovation in the sector. However, as the software sector becomes increasingly complex and dynamic, more quantitative and empirical analysis of how innovation is spurred is required to better understand the sector. Consequently, the OECD Committee on Industry, Innovation and Entrepreneurship (CIIE) tasked the Secretariat to explore issues such as economic processes, R&D and market environment, and user perspectives of software functionalities.

This project was launched in March 2007 with the establishment of an advisory expert group. Major conferences took place in Caceres, Spain (in November 2007, co-organised by the OECD, the Spanish Ministry of Industry, Tourism and Trade and the regional government of Extremadura) and Tokyo (in October 2008, co-organised by the OECD, the Japanese Ministry of Economy, Trade and Industry and Research Institute of Economy, Trade and Industry). The expert group was also hosted by the Israeli Ministry of Industry, Trade and Labour in June 2008. The authors are grateful to the support received from Israel, Japan and Spain, as well as those countries and industries that nominated experts to the advisory group. They made an essential contribution to the project’s success.

This report was prepared by the Structural Policy Division of the OECD Directorate for Science, Technology and Industry. Overall direction was provided by Marcos Bonturi. The main authors were Douglas Lippoldt and Piotr Stryszowski. Desirée van Welsum and Jeoung Yeol Yu provided very significant contributions. Other important contributions were made by Sarah Cox, Kaoru Endo, Linda Haie-Fayle, Sami Mahroum, Elena Navascués and TengTeng Xu.
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Executive Summary

Architecturally, software types can generally be described as belonging to one of three basic categories: i) applications, ii) operating systems, or iii) middleware. Applications are software programs providing functionality focused on a particular task for end users, and as noted above, may reside locally on a machine or be delivered remotely. Examples of common software applications for individual household and office users include text processing programs, electronic spreadsheets, desktop publishing programs or various email and web browsing applications. Operating systems reside locally, and serve as the platform interface between the hardware system and other types of user software programs while also providing services (e.g. file print). Middleware is a broad category of software ranging from task-specific functionality to platform-type functionality that permits applications to operate across operating systems and interoperate despite being written in different computer languages. Most software products have a fairly limited product life cycle; it is not uncommon for new versions of many software applications and operating systems to be released every few years. This is in marked contrast to other traditionally manufactured goods, such as furniture, major appliances and automobiles, which often can be expected to last for a decade or more.

A particular category of software is embedded software, which denotes a type of software permanently embedded in a given hardware unit. This software is integral to the product, where it resides on a long-term basis, and by necessity it must be extremely reliable. Unlike other types of software, embedded software is sold as part of the hardware product on which it resides. Embedded software becomes ubiquitous in modern economies, as it is used in a very broad range of electronic products and systems. Medical device manufacturers, the consumer electronics industry, the automobile industry, the mobile phone industry, robotics makers and the telecommunications industry all make heavy use of embedded software applications. The market for embedded software is growing at a rapid pace and a large part of it is considered to be outside the traditional software-producing sector.

Increasingly high-speed digital networks are transforming software delivery from a physical carrying device used to install the software on a machine to remote software delivery via the Internet. Out of this a concept called software-as-a-service (SaaS) is evolving, which while in an early stage of market adoption, shows many signs of gaining market share in the coming years. SaaS has the advantage of being able to deliver software applications without customers needing to incur some of the traditional overhead expenses involved with application licenses, servers, and other on-site resources. There are several differences between traditional software-as-an-application and SaaS. In the case of the former, users usually pay upfront for the license, a dedicated instance of software is installed on their hardware and they are responsible for deployment, operation maintenance and upgrades of the application. SaaS is in most cases a “pay as you go” system; software is managed and maintained by the SaaS provider, who is responsible for the infrastructure and upgrades.

SaaS is part of a larger general concept called cloud computing that refers to the application, platform, or utility services accessed by users over the Internet (a cloud depicts the Internet on computer network diagrams). Cloud-based services are still developing but many anticipate that they will ultimately enable flexible, cost-effective, massively scalable, readily accessible, and highly reliable functionalities that offer users a way to add computing capacity or capabilities without a considerable investment in new computer infrastructure. Business models are developing rapidly and one can expect users to get software-generated functionality from a combination of locally resident software and functionality provided over the web.


Measurement challenges



Identifying the boundaries of the software industry is a continuing challenge

The growing ubiquity of software in today’s economy means that it is actually difficult to define precisely the “software industry”, as this category fails to encompass all the contributors that taken together develop software for today’s diverse market. Essentially, just as software is a pervasive component of many everyday goods and services, software development is increasingly taking place across the economy. Many firms beyond the traditional software sector have embraced software development as a complement to their non-software products. As discussed in several studies (e.g. Parker and Grimm, 2000; Grimm et al., 2002), a substantial share of all software produced is not developed by software companies for the general market, but is custom software created by specific users to fulfil their own needs.

Numerous companies that primarily specialise in producing software for the commercial market embody what is considered to be the traditional software industry; this now also encompasses those parts of other industries and traditional market players that are involved in software development, including electronics, finance and government, as well as some academic institutions and non-profit institutions, as part of the traditional sector. But the growing pace of Internet development means that individuals can also act as software developers, as well as firms whose products are being transformed by software technologies, such as automobile producers and medical equipment manufacturers. Thus the term “software sector” more accurately captures the complexity of stakeholders and businesses that participate in developing software for today’s economy.




There is no clear and universal measure of software

Clear and reliable statistics are an important tool for assessing innovation and economic performance; however, in the case of software innovation, measurement is not straightforward. Software is an intangible product with very low reproduction costs, which implies that marginal costs of production may serve poorly as a starting point for an exercise aimed at determining the economic value of an additional unit of software. Furthermore, a substantial part of the revenue from software production and distribution arises from other factors, such as advertisements provided together with a software product or from the sale of related services. Because software is sometimes provided free of charge (at least direct charge), it poses a measurement and valuation challenge to statisticians. This creates another difficulty in the process of software quantification, as there may be no monetary payment (e.g. wages or price) tracked separately for use in directly valuing the software.

As a result, there are no data or even reliable proxies for some types of software products. Even for types of software where measurement appears more straightforward a priori, data collection remains fraught with methodological challenges, such as variations in the accounting treatment of software investment, differences in the valuation techniques of in-house software, and the international comparability of price levels (Ahmad, 2003). In sum, it is difficult to determine accurately the economic value of software.


Existing measures

The software sector has effects that spill over beyond its specific niche, particularly as a widening array of economic activity, goods, and services rely to some extent on software-related technologies. Since these technologies promise to command a greater share of economic activity, the size and effectiveness of investment in software-related R&D may determine economic performance and international competitiveness more broadly. Figure 0.1 shows the contributions of software investment to the GDP growth of different countries. Software’s contribution to GDP growth was significantly positive in all of the countries and time periods for which data are available.


Figure 0.1. Contribution of software investment to GDP growth
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Source: OECD Productivity Database.




Market penetration rates, based on unit counts from surveys rather than valuation estimates, constitute a potentially useful statistical resource. While not an indicator of innovation, they do provide information on the diffusion of software products. From this indicator, for example, one can see some confirmation that the distribution of some types of software via non-traditional channels has increased and in some cases attained significant market shares. However, these results only relate to specific types of software and may also suffer from measurement difficulties and biases. For example, survey respondents often do not account for multiple software products being used by a single customer.

Finally, the fact that software development is particularly intense in human capital suggests that indicators that measure software-related employment could be a useful proxy for software dynamism and importance. Indeed, ICTs, including software, have recently become a major source of employment creation across the OECD countries as well as in a number of leading developing countries. Moreover, in view of the nature of software as an intangible product based on intellectual processes, the sector is particularly dependent on a highly skilled labour force. Employment in the ICT sector has experienced growth in most OECD countries for the last decade.










Software innovation processes

Innovation may be broadly defined as the successful commercial introduction of a new product, service or process. More specifically, according to the OECD’s Oslo Manual (OECD, 2005), innovation refers to the implementation of “technologically new products and processes and significant technological improvements in products and processes”. An innovation has been implemented if it has been introduced on the market (product or process innovation) or used within a production process (process innovation). While technological innovation involves a series of scientific, technological, organisational, financial and commercial activities, it is important in this context to note that research and development (R&D) is just one element – albeit an important one – in the process of software innovation.

Software innovation can be seen as a process leading to



	development of a novel aspect, feature or application of an existing software product or process; or

	introduction of a new software product, service or process or an improvement in the previous generation of the software product or process; and

	entry to an existing market or the creation of a new market.





Different breeds of actors

Today the software sector is characterised by participants ranging from firms primarily involved in creating software, firms whose products and services are being transformed by software technology, and individual developers working on their own or in some collaborative capacity with a larger firm or organisation. Today, many firms beyond the traditional software sector have embraced software development as a complement to their non-software products; increased emphasis on integration of software is fuelling technological convergence between hardware, software and telecommunication technologies. Technology synergies and interdependencies across different segments are increasing and reinforcing R&D collaboration. Many non-software sector firms are engaged in some form of collaborative R&D initiatives and find that skill, experience, and cost are considered to be vital elements for the success of R&D collaboration. Beyond direct profits from any eventual product, benefits include mutual development in the area of human capital, access to intellectual property, and organisational support, among others. These tight links between the software sector and other industries are highlighted in editions of the OECD Information Technology Outlook.

As a result of this environment, a proliferation of business models exists which both influences and is influenced by the process that characterises software development and innovation.




Drivers of software innovation

Software innovation is often driven by user needs and expectations, and at times in the development process, software designers often solicit user feedback. Yet software development primarily takes place in an environment dominated by firms and developers that to some degree specialise in creating software, and whose incentives for doing so are usually pecuniary in nature. Some of these incentives may be driven by the potential profits to be earned from developing a new innovation, but other goals may be realising lower production costs or increased efficiencies in production and delivery. Some profits are tied to sales of the product or hardware device containing embedded software, while other firms may derive profits from the sale of advertising, consulting, maintenance or other related services.

Non-monetary incentives may also be present, though usually these motivations yield some potential long-term economic advantage. For instance, an individual may gain experience and showcase his or her skills as a developer, particularly if operating in an open source environment. A firm might enhance its reputation by pioneering some type of discovery, even if it does not immediately yield economic returns. For example, a firm might develop a technique that makes it possible for disabled individuals to better utilise computer technologies, even if the commercial exploitation of this development comes years afterward. In such a case, the firm might lay claim to the intellectual property rights that underlie this discovery, even though the research and development does not yield an innovation, which is broadly defined as the successful commercial introduction of a new product or service.




Software innovation through different business models

Within the software sector, there are both proprietary and open source models. These models are not firm-specific, as one single company can employ various models depending on its needs. Proprietary models, in full or in part, seek to protect some aspects of the firm’s source code by relying on strong patent and copyright protections. Doing so captures the monetary rewards that accompany successful innovation. Firms may chose to license some technology to other firms, or otherwise make technology available to outside developers in the interests of promoting the development of the ecosystem in a technology area, interoperability, or a common approach to a particular technical challenge, among other reasons. The open source model represents a combination of multi-party development and licenses that have varying levels of restrictions on commercialisation of the software. The theory behind this approach is that innovation is fostered when a variety of developers have access to the basic source code. Developers co-operate under conditions which take advantage of their peers’ knowledge and skills, often drawing on a global base of developers. A firm benefits by letting users have access to its intellectual property, and gains developmental input that it would have had to generate on its own. The clear trend is for firms to adopt a hybrid approach that involves both proprietary and open source models, as they craft approaches to development and commercialisation that reflect their ever-evolving business models.

Collaborative activity is an increasingly important feature of business models and innovative strategies for software firms. Software development often builds on existing products and previous innovations. Due to the technologically heterogeneous and complex nature of software functionality, there is an increasing emphasis on collaborative approaches to developing improved and innovative functionalities that are interoperable. The diversity in software content and technologies means that individual firms or developers face challenges in delivering comprehensive solutions and generally must draw on resources beyond the firm in order to assemble the necessary elements for success. Some developers focus on their comparative advantage in delivering part of the process, such as product testing or marketing expertise. For software firms, collaboration draws upon external resources to deliver desired functionality and generate revenues.


Table 0.1. R&D investment by top companies operating in the fields of software, computer services and Internet, 2005
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Source: European Commission (EC, 2007), The 2006 EU Industrial R&D Investment Scoreboard.











The software sector innovation environment

The intensity of software-related innovation activities is influenced by a variety of factors that determine its success and that these conditions vary from one place to another. The main factors, highlighted by recent OECD research, include the research and development intensity, the quality of the intellectual property rights regime and the availability of human capital.



R&D investments

A defining characteristic of the software sector is that the final product is highly dependent on research and development (R&D) that may result in, but does not always yield, an innovation, defined as a successful commercial launch of a new product or a significant improvement of an existing product. Yet once a software product is fully developed, it can be replicated and delivered at relatively low additional cost. In the software sector the main costs of developing products occur in the R&D phase.

As shown in Table 0.1, R&D expenditures by the top commercial firms producing software, computer services and Internet services are massive, and for some the investment growth has increased substantially, as gauged by a three-year compound average growth rate in R&D investment. This table shows the strong presence of US firms, but this data does not reflect the geographic location of the R&D activity, a point that will be amplified later. For now, it is important to note that the share of ICT-RELATED employment grew substantially over the last decade. Because the data on software is poorly captured by existing economic statistics, taking these investment and employment numbers together gives some indication of the growing importance the software-driven ICT sector has in economic activity. Figure 0.2 shows the scale of human resources deployed in ICT across 25 developed countries, with the United States accounting for about 50% of the total.


Figure 0.2. Share of ICT R&D researchers in total R&D researchers, 2006 or latest available
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Source: OECD (2008b), OECD Science, Technology and Industry Outlook 2008, OECD, Paris, www.oecd.org/sti/outlook.







Human resources supplies

The ICT sector is highly dependent on human resources. Rapid technical change and expanding market opportunities mean that ICT firms, including software firms, are constantly looking for new types of skills. The sector cuts deep and wide across the economy, which makes it highly dependent on the availability of talent that is both specialised and versatile. The supply of talent to the software sector has been and continues to be a major challenge to most OECD economies. The results from the OECD business questionnaire used in this study (see Box 1.1 in Chapter 1) indicate that firms tend to view availability of trained human capital as a crucial factor for software development. There is a strong need for governments to enhance formation of skilled human capital and to enable cross-border flow of high-skilled IT talent, especially software talent.

Human resources are behind much of ICT activity clustering. ICT firms have tended to cluster in concentrated geographic locations that aggregate this human capital. To some extent, this clustering has been influenced by government funding centres near particular research universities.




IPR regimes

Finally, software innovation processes are particularly sensitive to the quality of the surrounding IPR regime. Software-related innovations can be protected as intellectual property and, as is often the case with intellectual property in other fields of technology, remain vulnerable to imitation. To maintain incentives to innovate, governments have developed a variety of means to protect the rights of innovators in the software sector. International agreements, either bilateral or multi-lateral, provide a basic framework for the protection of IPRs in the software sector, including in some cases standards for minimum protection.

The specific mix of protections available varies among countries, but copyright protection is generally afforded to software innovators, as is some form of patent protection for software-implemented inventions. Other types of protection are also available to software innovators, such as protection for trade secrets or trademarks. A broad spectrum of software innovators has come to rely on IPR protection as an integral part of their business strategies; this includes most producers of both proprietary and open source software and firms or individual programmers operating under a wide range of business models.

Under current international arrangements, copyright protection for software innovation is quite broad and in theory available in countries representing the vast majority of the world economy. Members of the World Trade Organisation (WTO), with 151 member economies at the time of writing) are subject to the Agreement on Trade-Related Aspects of Intellectual Property Rights (TRIPS), which provides for computer programs to be treated as literary works, eligible for protection under the Berne Convention for the Protection of Literary and Artistic Works (administered by the World Intellectual Property Organisation, WIPO). Under these accords, copyrights automatically come into effect with the creation of the work and generally benefit from minimum standards of protection and national treatment in other signatory countries. Signatories commit to recognise and enforce this protection internationally.

Concerning patents, a world-wide comparison of patents issued for software-related inventions shows that to some degree firms will locate their R&D activities in nations with strong intellectual property rights and sound legal institutions. One important aspect to note from patent data is that the bulk of software-related patent applications are made by firms whose primary business activity is not software development. As software becomes more integral to a wider variety of products, often embedded in products, such as automobiles, which in the past did not use software, the range of software applications will continue to expand. The importance of effective intellectual property regimes is therefore of importance to a growing cross section of industry.

Some observers consider patents and copyrights as complementary tools for the protection of intellectual property with respect to software (Einhorn, 1990): copyrights protect original computer programs against unauthorised copying, whereas patents can be used to protect inventions (especially the underlying technical ideas and principles). Key differences arise in the characteristics of copyrights and patents: copyrights protect the work internationally without formalities, whereas patent protection is only granted in countries where the rights holder has applied for a patent (in some economies patents cannot be applied to software in certain forms; e.g. the European Patent Convention excludes patents on programs for computers as such). In practice, the duration of protection for a copyright is longer (generally amounting to 70 years or author’s life plus 70 years), whereas a patent usually expires and gives the owner protection over 20 years from the date of application.








Emerging trends, changing environment and growing challenges


Globalisation realigns the market environment for software innovation

The previous section provided strong evidence that the market environment for R&D in the software sector is characterised by distinct geographic advantages tied to human capital, public investment in R&D, and strong legal protection of intellectual property rights. Yet “the death of distance” presaged by the growth of broadband technologies is realigning the nature of activities in the software sector along more global lines. Multinational enterprises are diffusing their R&D to take advantage of global technology sourcing. Emerging markets are playing an increasingly important role in this development, and while early evidence showed that the only lower-end services were being offshored, there is increasing evidence that higher-end activities are also increasingly being located in some emerging countries. Wage differentials may drive the locational decisions for some activities, but factors such as better human capital, intellectual property protection and the local business environment will be the predominant determinants for higher-order activities.

Figure 0.3 is drawn from the result of an OECD questionnaire, which reviewed the importance of various factors for software development activities of companies. The results stress the importance of some ICT infrastructure, human capital, legal institutions, and overall R&D environment.


Figure 0.3. Factors of high importance for innovation, as assessed by software developers
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Source: OECD (2008a), business questionnaire and related responses.







Evolving end user requirements for software functionalities

As society in general comes to depend more on ICT and other products which are driven by software to conduct civic, economic, and social activities, user-centred functionality requirements will increasingly guide software and other ICT innovations. And users themselves – individuals, firms, and governments – will play a growing participatory role in driving this innovation. Software’s intrinsic nature as a digital, intangible product enables the real-time global transmission of content and the incorporation of user inputs into existing products. For instance, it is common for software developers to circulate versions of products undergoing development or refinement to solicit feedback in the final stages of development before the software is widely released. This means that users are contributing to software development in collaborative ways that do not take place in other industrial sectors. The software sector is a leader in engaging users to help develop and innovate software functionalities. Five of the most important functional considerations are reviewed here: i) mobility, ii) interoperability, iii) accessibility, iv) security and privacy, and v) reliability. Yet it is important to note that, in many cases, the specific functionalities are not an end but rather a means to obtain a desired aspect of performance from a software product.

It is also essential to recognise that market demand for software functionality plays an important role in propelling technological innovation by providing signals and incentives for innovators to act. At the same time, the nature of software as a digital, non-rival product means that there can be large returns to scale for innovators that are able to respond to this demand. Software innovation is substantial within firms and across firm boundaries (see below). There is also considerable innovation in software distribution models and business models. Software can thus act as both a driver as well as an enabler of innovation.

Moreover, due to the technologically heterogeneous and complex nature of software functionality, there is an increasing emphasis on collaborative and, in some cases, open innovationa approaches to development of improved functionality. This is because the diversity in the content and in the technologies means that individual firms or developers face challenges in delivering comprehensive solutions and generally must draw on resources beyond the walls of the firm in order to assemble the necessary elements for success. The contribution of user knowledge and experience to the development of software functionality has emerged as an important source of input for innovation processes; the software sector is a leading sector in the engagement of users, a factor that is contributing to the dynamism of the innovation activity.


Growing demand for functionalities

As noted before, the range of functionalities sought by users is broadening and the exigencies for performance with respect to the various functionalities are increasing. An illustrative set of software functionalities is considered to address the user perspective. This set highlights examples that have become priorities for many users as well as the manner in which the software sector has innovated to deliver them. These include security and privacy, mobility, interoperability, accessibility and reliability.


Mobility

In terms of software-driven products, mobility refers to a computing structure that is available at any time and at any location. Enhanced mobility has become a key functionality sought in the market.

Mobility is fuelled by technological progress (e.g. broadband infrastructure and technological convergence in devices) that in turn fuels demand for further innovation (e.g. increased communication speeds). Improved broadband wireless networks enable delivery of digital content, such as music and television programmes, over a variety of different platforms and devices. Traditional stand-alone technologies are increasingly integrated – voice telecommunication is now delivered over computers, while traditional broadcast content is digitally delivered to a computer or a mobile telephone. Platforms thus are more mobile regarding points of access to the fixed infrastructure. In terms of software, mobility encompasses the physical mobility and connectivity of different devices, and non-physical considerations such as the product’s ability to function in different environments.

Advances in platform software, middleware, embedded technologies and telecommunications infrastructure are enabling a wide range of vehicles for delivery of computing technologies to users. Smartphones offering voice telephony also have processing capabilities equivalent to that of personal computers in the 1990s. Mobile devices, such as cell phones, PDAs, and handheld electronic games, have small screens. Firms are working to develop software that allows a fuller range of Internet browsing on these small-screen devices. The growing demand for mobile content provides a powerful incentive for software developers to innovate products and services that meet this demand.

This rapid growth in mobile content and communications has significant implications for firm-level labour productivity. Many businesses throughout the economy are working on mobilising their workforce, and this fosters trends that enable employees to work offsite or to telecommute, sometimes from very great distances. Mobile enterprise applications now go beyond e-mail and work on delivering remote access to company documents, collaboration, video conferencing, and other communications that require secure networks. In such an environment software must be flexible, and not designed for a specific set of fixed hardware devices. Since software architecture needs to be increasingly adaptable to a variety of devices, the ability of cloud computing and SaaS to offer platform-independent mobile access means that these technologies will likely become more prevalent in the coming years.




Interoperability

According to the International Organization on Standardization, interoperability is “…the capability to communicate, execute programs, or transfer data among various functional units in a manner that requires the users to have little or no knowledge of the unique characteristics of those units.” It means that interoperability aims to achieve the harmonious working of heterogeneous software products and services that make up the ICT infrastructure, but the needs for interoperability extend beyond this sector. The software industry is witnessing an evolution where systems are built in a mixed environment using propriety and off-the-shelf software that is often integrated with legacy systems, custom software, embedded software and online services. As the reach of particular software products extends across various industries and applications, interoperability has implications for how the larger economy functions. In order to grapple with this increased technical heterogeneity, users and developers need to better understand the role of interoperability, and to collaborate on realising the benefits interoperability can offer all stakeholders.

Interoperability is demanded by users especially in ICT-intensive sectors (e.g. aerospace, mobile telephony, petroleum, pharmaceutical and automotive) At the level of software developers, not every component is designed by a single individual or firm. If the products being developed can interoperate with other products and services, this can increase market demand for a firm’s product. Cost-effective efficiencies can be realised that benefit consumers by lowering prices and decreasing the need to invest in new equipment or commit to a specific technological product or service. Business and government activities rely heavily on information technologies, and their investment decisions may be influenced by the degree of interoperability offered.

Despite the greater complexity and variety of software systems and new technologies over the last decade, software interoperability has improved. Many leading software firms are co-operating to align their technologies to achieve interoperability between their products. Individual firms as well as industry associations and international consortiums have launched initiatives to address interoperability issues.

Interoperability can be achieved in various complementary ways, including i) industry-community partnership and collaboration, ii) product design and testing, iii) sharing of technology and access to IP, and iv) implementation of technology standards. The efforts advancing are at collective level (e.g. sector), firm level, and government level (e.g. guidelines).

Yet while concerns about interoperability strive to harmonise various technologies, there are different views regarding how to achieve this goal. While some technological standards must be shared, there is concern that potentially innovative technologies could be discouraged. Thus there is a need to maintain technological neutrality and choice, particularly with respect to government-issued guidelines concerning interoperability.




Accessibility

Accessibility is an important area from a social perspective: developments such as voice recognition software or keyboard enhancements can help promote social inclusion. Software-related technologies play a large and ever-expanding role in the modern civic and economic life present in OECD member nations. In recognition of this, accessibility is concerned with ensuring that as many members of society as possible can benefit from using computers. Software interfaces can be designed to overcome barriers faced by those with disabilities or age-related impairments. For those with visual limitations, screen colours and font sizes can be augmented to help those with poor eyesight, including blindness, and those who lack the ability to perceive certain colours. Keyboard devices help improve navigation functions, while comprehension software may help those with dyslexia or other cognitive limitations see and hear the text as it is manipulated on the computer screen. Voice recognition software allows a person to simulate keyboarding inputs or using a mouse by speaking into a device that directs the computer to perform these functions.

...
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Computer services
1.1BM USA 455915 43 77258 39 329373 14 59 138
2. Unisys USA 33028 -19 4882 09 36 100 03 6.8 9.1
3. SunGard Data Systems USA 20753 12.0 3318 15.7 15 000 19.5 6.3 138
4. DST Systems USA 110.88 37 2132 18 10 500 35 52 10.6
5. Indra Sistemas ESP 85.90 6.0 1202 112 7584 76 71 113
Internet
1. Google USA 50823 1455 5204 140.7 5680 na. 938 895
2. Yahoo! USA 49807 56.0 4457 76.7 9800 396 112 508
3. Check Point Software Technologies ISR 4285 20.7 491 10.7 1414 5.5 81 303
4. United Online USA 33.92 173 445 46.3 900 289 76 377
5. F5 Networks USA 26.58 20.3 289 315 792 na. 111 336

Notes: n.a. = not available; CAGR = compound annual growth rate. The table refers to the top companies in terms of expenditure on R&D.
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