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Foreword

OECD countries have long emphasised the development of skilled people through education and training, in recognition of the positive link between human capital and economic growth and productivity. But as countries seek new sources of growth to underpin a strong and sustainable future, they increasingly seek to know more about the types of skills that support innovation and the best ways to develop them. Innovation holds the key to ongoing improvements in living standards, as well as to solving some of the pressing social challenges facing OECD and non-OECD economies alike. Skilled people play a crucial role in innovation through the new knowledge they generate, the way they adopt and adapt existing ideas, and their ability to learn new competencies and adapt to a changing environment.

This book seeks to increase understanding of the links between skills and innovation and to highlight where further analysis would be useful. It was prepared under the auspices of the OECD Directorate for Science, Technology and Industry’s Working Party on Research Institutions and Human Resources (RIHR). This group’s mandate encompasses analysis of the skills base for research and innovation and its 2009-10 programme of work included a project on developing human capital for research and innovation. The project was also linked to the OECD’s Innovation Strategy, a wider endeavour to address countries’ needs for a more comprehensive, coherent and timely understanding of how to promote, measure and assess innovation and its underlying dynamics. The secretariat of RIHR and the Centre for Educational Research and Innovation (CERI) co-led the Strategy’s work on human capital for innovation.

The project began with an international meeting in Bad Honnef, Germany, on 17-18 November 2008, organised jointly by RIHR and CERI and hosted by the German Federal Ministry of Education and Research. This meeting, Advancing Innovation: Human Resources, Education and Training, brought together participants and experts from 27 delegations, and enabled country representatives to make recommendations regarding the human capital issues to be addressed by the OECD Innovation Strategy. Expert analyses of workforce skills and innovation and learning organisations were subsequently commissioned by RIHR and CERI and were presented at the first RIHR meeting in May 2009. Following the direction of delegates, the Secretariat presented a draft report on Skills for Innovation and Research at the second RIHR meeting in June 2010. The analysis also contributed to the OECD’s Innovation Strategy report.

The work has benefited from valuable input from RIHR delegates and experts, as well as from members of the Secretariat. It was authored by Sarah Box and Ester Basri of the OECD Directorate for Science, Technology and Industry.
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Executive summary

Countries are seeking to learn more about the skills needed for innovative activity




Innovation depends on people who are able to generate and apply knowledge and ideas in the workplace and in society at large. OECD countries have long recognised the need to develop skilled people through education and training. But as they strive to find new sources of growth to underpin a strong and sustainable future, they increasingly try to understand the types of skills needed for innovation and the best ways to build them.

It is difficult to make explicit links between specific skills and innovation. The broad definitions of skills and innovation, the difficulty of measuring human capital and innovation outputs and outcomes, and the relative scarcity of innovation-specific empirical studies all serve to limit the identification of such relationships and thus the precision of policy messages. This book seeks to provide an overview of the literature, the data and the evidence in order to clarify to some extent the links between skills and innovation. It aims to increase understanding of the desired skills base for innovation and the policies that might enhance the development of such skills, and to point to areas for further analysis.


A broad range of skills contributes to innovation and “soft skills” may be increasingly important


Understanding the skills and attributes that can help people contribute to innovation is an important first step in the policy-making process. However, the wide range of skills identified in the literature as contributing to innovation does not provide much guidance for establishing policy targets. They include basic skills such as reading and writing, academic skills, technical skills, generic skills such as problem solving and “soft” skills such as multicultural openness and leadership. Managerial and entrepreneurial skills are also mentioned, as are creativity and design. People also need the skills that enable them and their workplace to “learn”. This can encompass competencies ranging from technical to interaction skills. There is also growing interest in consumer skills for coping with new technologies and contributing new ideas.

Though many skills may be needed for innovation, individuals, firms and industries may draw on different skill mixes at different times. Some factors likely to influence the required skill sets are the stage of innovation, the type of innovation and industry structure. At the country level, adoption and adaptation skills will be more crucial for some countries: in many firms innovation means the introduction of “new to the firm” products and processes rather than radical inventions. Business strategies also drive demand for skills, as they provide a framework for decisions about investment, research and development (R&D) and human capital. As a result of these factors, while there will be differences in the specific skills needed for innovation, in practice, many skills will be relevant across the innovation spectrum.

As the demand for knowledge sharing and learning increases, “soft” skills such as communication and teamwork may gain in importance. Nevertheless, technical skills will remain an essential part of many types of work. Continuing globalisation may lead to greater emphasis on adaptability and skills that facilitate collaboration across firms and countries. The ability to work in multidisciplinary teams may also rise in importance. The growing interest in environmental and sustainability issues is another trend that will have an impact on the set of skills for innovation and research. Definitions of a “green economy” and “green jobs” are not yet settled, but there may be a need for broader skills in existing jobs as well as some new occupations.

Educational attainment has risen and some industries have experienced important increases in skilled workers


Educational attainment, as one broad indicator of the skills available in countries, has risen steadily in OECD member countries, and around one-third of 25-34 year-olds now have a tertiary education. Graduation at the doctoral level has also expanded. Compared to older cohorts, young people increasingly graduate in the social sciences, business and law, and there has been a relative decline in the share of science and engineering (S&E) graduates in a number of countries. Wage premiums and returns to education show that further study yields positive benefits. Differences in returns to particular fields of study are one likely factor in the shift in shares of graduates over time. The general rise in attainment is also reflected in employment data; employment of tertiary graduates has risen, skilled occupational categories have grown relative to semi-skilled, and skilled occupations in the category “human resources for science and technology” (HRST) have outpaced overall employment growth in most countries. At the same time, persistent issues regarding “inactive” youths, tertiary drop-outs and poor literacy levels suggest that OECD countries still have work to do to raise educational attainment.

The services sector has a greater share of HRST occupations in total employment than the manufacturing sector. An analysis of specific medium-high- and high-technology industries and knowledge-intensive business services reveals some strong increases in highly skilled workers, especially in business services. Patterns differ across countries, however, and in some cases general employment growth outpaced that of highly skilled workers. The business enterprise sector employs more than half of the researcher population in the OECD area. Doctorate holders are mostly employed in the public sector and in higher education institutions.

There is a clear need for more empirical work linking measures of skills to innovation indicators


Empirical studies linking data on stocks and flows of skills at the country and industry level to innovation indicators would provide valuable evidence to complement more theoretical discussions of skills for innovation. However, there is a clear need for further work to improve the data, better identify relationships and explore their strength and direction. Initial investigations of the data to find simple relationships yielded mixed results. At the country level, for example, no obvious strong relationships were apparent between initial shares of R&D personnel and researchers in employment and subsequent growth in total factor productivity (TFP) or triadic patents. At the industry level, the relationships were slightly stronger; in the manufacturing sector, initial levels of business enterprise R&D personnel were positively correlated with subsequent in-house product innovation. Nevertheless, this cautions against simple “more-is-better” policy prescriptions. More disaggregated data may reveal stronger relationships, and linking firm and employee data could provide valuable insights. These data exist in many countries, although it would be necessary to overcome privacy issues, among other constraints, in order to use them. Existing firm-level analysis is limited but appears to identify both technical and business/ management skills as relevant for innovation.

Policy for skills for innovation should focus on enabling skills acquisition and optimal use of skills at work


Many OECD countries are concerned to ensure that the supply of highly skilled people keeps pace with the demands of knowledge-based economic activity. Various country-level studies have pointed to shortages of skilled workers, or of particular skills and competencies, which have at times hampered innovation. However, interpreting results regarding shortages remains a matter of judgement; the threshold at which they become a concern may differ among firms and industries, and the drivers of shortages may be more complex than simply numbers of skilled staff. For the future, the picture is mixed, with both low- and high-skilled jobs likely to experience relative growth. In consequence, policy to encourage skills for innovation may need to be broad, since many skills appear relevant and more robust evidence is needed on the relationships between specific skill groups and innovation. The most important policy approaches may thus involve the creation of an environment that enables individuals to choose and acquire appropriate skills and supports the optimal use of these skills at work.

Strengthening market signals about the merits of different education and training options is essential


Strengthening market signals so that tertiary education institutions are well attuned to the demands of the labour market is a key area for policy attention. Areas to consider include co-ordination of education and labour market polices at ministerial level, improving data on and analysis of labour market outcomes, and encouraging flexible provision and lifelong learning options at tertiary institutions. Vocational education and training (VET) systems can be made more responsive through increased involvement of the business sector and unions in curriculum development and staff exchanges. Sharing the costs of education and training among students, employers and the government in accordance with the benefits helps to signal the merits of different options.

Other aspects of skills development that may merit policy attention include knowledge about and views on scientific careers and the flexibility of academic research careers. Many countries also promote the participation of women in science, in view of the low level of their involvement in certain fields and at higher levels of seniority. More broadly, countries must ensure that improvements in educational attainment also encompass current underachievers. Basic skills and a minimum level of schooling are essential in order to participate in society and cope with the changes brought about by innovation. In recognition of the benefits of the international mobility of highly skilled people, policy should also seek to support knowledge flows and the creation of linkages, including through immigration policy for the short-term movement of skilled people.

Policies on workplace training could look to improving information and lowering costs for firms


Beyond the initial learning gained through school and tertiary study, people must now increasingly upgrade their skills throughout their adult lives. Training at work plays a key role, as it builds work-related competencies and helps workers cope with change. It also contributes to the technological capabilities of firms and is positively related to innovation. The incidence of training varies across countries and thus raises the question of whether enough training is provided and taken up by employees. A way may need to be found for increasing incentives to train or be trained without lowering the necessary motivation. Possible policy avenues to explore include improving information and lowering training costs for firms.

Policy should enable firms to adopt forms of work organisation that support innovation


Making the most of available skills for innovation depends in part on workplace organisation. Concepts such as employee engagement, high-performance working and learning organisations are being more widely studied; they include features such as job flexibility, delegation of authority and incentives for innovation. The evidence shows a link between management of human resources and innovation, although causality may run in both directions. While many decisions about human resources are the subject of internal firm policies, governments may have some scope to shape these decisions. Labour market policies that allow mobility and enable organisational change, while also supporting training, may help firms to adopt forms of work organisation that support innovation.

Wider policy settings must provide a supportive environment in which innovation skills can be used


More broadly, given the wide variety of influences on innovation, getting policy right on skills is necessary but not sufficient to support innovative activity. Policy must be coherent and provide a supportive overall environment for innovation in which people can use their skills to their best ability.




Chapter 1


Skills and innovation – Links, questions and challenges


Countries wish to better understand which skills are required for innovative activity. Human capital contributes to innovation in a number of ways, but linking particular skills to innovation raises methodological challenges. This chapter aims to increase understanding of the desired skills base for innovation and its underlying research activities and of the policies that would enhance the development of these skills. It also points out areas in which further analysis would be useful. To begin, this chapter sets the scene by outlining the links between human capital and innovation. It then discusses some of the policy questions of concern to OECD countries, highlighting some of the measurement difficulties that create uncertainties for determining policy. A final section describes the book’s approach.


Innovation depends on people who are able to generate and apply knowledge and ideas in the workplace and in society at large. OECD countries have long recognised the need to develop skilled people through education and training. But as countries strive to find new sources of growth to ensure a strong and sustainable future, they increasingly try to understand the types of skills needed for innovation and the best ways to build them.


The links between human capital and innovation

Human capital is a measure of labour quality and reflects people’s embodied skills and competencies. It is largely acquired through learning and experience but may also reflect individuals’ innate capacities. It is a broad concept, since some aspects of motivation and behaviour, as well as attributes such as physical, emotional and mental health, may also be regarded as part of individuals’ human capital. This book follows previous OECD definitions of human capital


The knowledge, skills, competencies and attributes embodied in individuals that facilitate the creation of personal, social and economic well-being. (OECD, 2001, p. 18)


Innovation is also a broad concept with many definitions. Here, the definition of innovation is taken from the Oslo Manual. It goes beyond technological innovation to include non-technological elements such as marketing and organisational innovation and thus captures a broad range of innovative activities. It also embraces a range of levels of “novelty”: an innovation can, at one extreme, be new to the world or, at the other extreme, simply new to the firm. The definition encompasses


…the implementation of a new or significantly improved product (good or service), or process, a new marketing method or a new organisational method in business practices, workplace organisation or external relations. (OECD, 2005, p. 46)


There is a good deal of literature on the impacts of human capital and education (as a primary method of acquiring human capital) on macroeconomic variables such as economic output, economic growth and productivity.1 Methodological and conceptual issues remain, but the available empirical evidence suggests that education lifts the quality of labour and has an important positive impact on economic performance through its effects on the pace of technological change, labour market participation and capital accumulation. Higher levels of human capital also tend to be associated with better health and happiness and broader social benefits such as lower crime and higher levels of social engagement (OECD, 2001).

This book attempts to delve further into the relationship between human capital and economic performance by focusing on the links between skills and innovation. Innovation is now seen as one of the main paths to improved growth and productivity, especially for OECD countries that have limited potential to vastly expand labour and capital inputs. In a broad sense, innovation is about the creation, diffusion and use of new knowledge and technology. Skilled people play a crucial role in each of these stages: they undertake research and other activities that generate new knowledge which can be used to create and introduce an innovation; they adopt and adapt ideas and technologies to create new and improved products, processes and other forms of innovation; they enable innovation through their enhanced ability to learn new skills and to adapt to changing circumstances; they complement other inputs to the innovation process, making them more effective; and they help spread ideas and upgrade competencies in the wider workforce (Box 1.1). Furthermore, skilled people appear to enhance communities’ social capital; that is, the level of engagement, networking and trust that facilitates co-operation. Such social capital can contribute to innovation by strengthening the linkages and knowledge flows that underpin innovative activities.


Box 1.1. How does human capital spur innovation?

Generating new knowledge

Skilled people generate knowledge that can be used to create and introduce an innovation. For instance, Carlino and Hunt (2009) found that the presence of an educated workforce is the decisive factor in the inventive output of American cities, with a 10% increase in the share of the workforce with at least a college degree raising (qualityadjusted) patenting per capita by about 10%. Data on Spanish regions also found a positive relationship between levels of human capital and the number of patent applications (Gumbau-Albert and Maudos, 2009). In an alternative approach, using “new work” (i.e. new statistical occupational categories) as an indicator of innovation, Lin (2009) found that locations with a high share of college graduates have more jobs requiring new combinations of activities or techniques. Such jobs appeared in the labour market along with the application of new technologies and knowledge.

…/…

Adopting and adapting existing ideas

For many countries, incremental innovations involving modifications and improvements to existing products, processes and systems can form the bulk of innovation activity and can have great significance for productivity and the quality of goods or services. Higher skill levels raise economies’ absorptive capacities and ability to perform incremental innovation by enabling people to better understand how things work and how ideas or technologies can be improved or applied to other areas. Importantly, skills for adoption and adaptation are beneficial across the wider workforce and population, not just within R&D teams. Toner (2007) argued that the production workforce plays a particularly strong role in incremental innovation, assisted by management that encourages and acts on suggestions for improvement. Skills and absorptive capacity are also required in functions and activities such as marketing. At the same time, more skilled users and consumers of products and services can also contribute to the adaptation of existing offerings by providing the supplier with ideas for improvement.

Enabling innovation through a capacity to learn

Skilled people have a greater ability to learn new skills, to adapt to changing circumstances and to do things differently. In the workplace, educated workers have a better set of tools and a more solid base for further “learning”, thus enhancing their ability to contribute to innovation. Leiponen (2000) found that, in contrast to noninnovating firms, innovators’ profitability was significantly influenced by the amount of higher education, higher technical skills and research skills possessed by employees.

Complementing other inputs to innovation

By interacting with other inputs to the innovation process, such as capital investment, people with better skills can spur innovation. For instance, Australian research has shown that human capital complements investment in information and communication technologies (ICT), with the uptake and productive use of ICTs significantly influenced by management and employee skills (Gretton et al., 2004). A Canadian study found that a firm’s human resource strategy, as well as its innovation strategy and business practices, influenced the extent to which it adopted new advanced technologies (Baldwin et al., 2004). Equally, because of its complementary nature, a firm’s lack of human capital is likely to exacerbate other constraints on innovation. Mohnen and Röller (2001) concluded that measures aimed at removing barriers to innovation may be more effective if also explicitly directed at increasing levels of internal human capital.

…/…

Generating spillovers

Human capital can contribute indirectly to innovation through the “spillovers” generated by skilled people. For instance, not only do skilled workers diffuse their knowledge throughout their workplace and the wider environment, they may also, through their interactions and their explicit or implicit actions as role models, spur faster human capital accumulation by other workers. Both of these factors can spur innovation through the spread of ideas and the upgrading of competencies. A recent idea suggests that entrepreneurs also “spill” knowledge by commercialising ideas that would otherwise not be pursued within the organisational structure of an existing firm (Acs et al., 2009).

Adding to social capital

Higher levels of human capital enhance social capital, and social capital can support innovation in several ways, predominantly through its effect on trust, shared norms and networking, which improve the efficiency and exchange of knowledge. Some studies suggest that improved levels of trust can promote venture capital financing of risky projects, owing to factors such as reduced monitoring costs (Akçomak and ter Weel, 2009). Closer relationships between actors can lead to the exchange of proprietary information and underpin more formal ties (Powell and Grodal, 2005), while social networks may also enable firms to work through problems and get feedback more easily, thereby increasing learning and the discovery of new combinations (Uzzi, 1997). Firms with higher levels of social capital are more likely to engage specialist knowledge providers, such as the public science base, to complement their internal innovation activities (Tether and Tajar, 2008). Social capital is also a feature of “invisible colleges” that bind researchers across geographic space in pursuit of common research interests and help foster more fruitful collaboration (Wagner, 2008).






Policy questions and methodological challenges

While it is clear that higher levels of human capital and skills are a foundation of improved innovation performance, countries need more precise guidelines for policy purposes. What are the skills required for innovation and what does this imply for education and other policy areas? For example, a common question is whether there is an optimal balance in countries’ education profiles between science and engineering disciplines and other disciplines, such as the humanities. In countries with a relative decline in the number of tertiary graduates with S&E degrees, there are concerns that this may weaken innovation prospects; this has prompted a desire to better understand the links between skills and innovation. There are also...
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