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WHAT ROLE FOR SOCIAL SCIENCES IN INNOVATION? RE-ASSESSING HOW 
SCIENTIFIC DISCIPLINES CONTRIBUTE TO DIFFERENT INDUSTRIES 

Caroline Paunov*, Sandra Planes-Satorra* and Tadanori Moriguchi** 

ABSTRACT 

Knowledge transfer between industry and science is fundamental to innovation. There are important 
differences across scientific disciplines and sectors of activity in that, for instance, the financial and 
pharmaceutical sectors have different demands for science inputs. This paper reviews the data sources and 
associated methodologies available to measure different types of science-industry interaction. It applies 
these insights to re-assess the contributions of social sciences to industry and the disciplinary needs of the 
ICT sector. The paper finds that commonly used methodologies fail to shed light on a number of important 
industry-science interaction channels, and introduce biases in assessing connections. Using new evidence 
from labour force and university graduate surveys can help to some extent. The paper shows how these 
additional data allow to better capture the contributions of social scientists and the complexity of 
disciplinary demands of the digital economy. However, new data sources and methods should be further 
explored.  
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KEY FINDINGS  

Commonly used data and methodologies offer only partial perspectives on science-industry linkages 

Commonly used data sources and associated methodologies to assess links between science and 
industry tend to capture only a few formal channels of interaction, such as collaborative research that 
results in joint patent applications. Each methodology has its own advantages and drawbacks, and may be 
more or less appropriate to specific contexts, scientific fields and economic sectors (Table KF1). 
Techniques such as text mining and web scraping may help deepen analyses in the near future.  

Table KF1. Advantages and drawbacks of different data sources and associated methodologies to explore 
science-industry linkages 

 Survey data and case studies   
Channels: All  

Advantages Drawbacks 
• Allow gathering rich, specific information about 

industry-science relations  
• Allow specifying scientific disciplines and industry 

sector classifications, helping to establish direct 
linkages 

• Surveys are costly to implement 
• Limited representativeness 
• One-off surveys yield only limited insights on trends 

 

Patent data 
Channels: Collaborative and contract research (co-patenting) and informal linkages from publications (patent 

citations to non-patent literature [NPL]) 
Advantages Drawbacks 

• Availability of comprehensive, long-term and 
internationally comparable data allows for cross-
country analyses 

• Patent citations to non-patent literature (NPL) and 
co-patenting enable identifying and quantifying 
contributions of scientific disciplines 

• Propensity to patent across science fields and 
industry sectors differs, biasing results   

• Patents are classified by technology and need an 
additional connection with industry to identify 
science-industry linkages 

Publications data  
Channels: Collaborative and contract research (co-publications)  

Advantages Drawbacks 
• Availability of comprehensive, long-term and 

internationally comparable data allows for cross-
country analyses 

• Co-publications allow identifying and quantifying 
outcomes of joint research activities beyond 
those resulting in patents   
 

• Industry-research co-publications capture only 
research collaboration that takes the form of peer-
reviewed literature. Industry publications represent a 
very small share of total publications 

• Publications may be biased towards collaborative 
“basic” research 

Labour force and university graduate survey data 
Channels: Labour mobility and informal linkages (via flow of human capital from university to industry) 

Advantages Drawbacks 
• Labour force surveys (LFS) are representative 

samples of the total labour force and are 
conducted regularly in most countries 

• University graduate (cohort) surveys are 
representative samples of the population that 
graduated in a specific year 

• These surveys can capture the contributions of all 
sciences, including social sciences, to industry 
innovation 

• Not all surveys collect detailed information on 
academic fields of study or sectors of activity 

• Surveys are generally not comparable across 
countries, as classifications used are different 

• Data do not always allow assessing whether human 
capital contributes to innovation, particularly when 
the level of academic attainment (i.e. bachelor’s, 
master’s or doctoral degree) is not specified 
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Social scientists: Important for innovation across the economy, less so for industry innovation 
compared to STEM disciplines 

Social scientists constitute the largest share of all graduates in most countries and are employed 
particularly in the service sectors. The contributions of social sciences are, however, difficult to capture as 
the support to innovation is often more indirect – for example, improvements to firms’ processes, 
organisation and marketing strategies. Graduates in business studies (and to a lesser extent in social studies) 
are more likely than others to hold managerial positions (a proxy for engagement in innovation activities).   

According to two international surveys of university graduates, social scientists constitute the bulk of 
highly innovative workers in business service activities, particularly in financial services. Labour force 
survey data show that graduates in social studies (including economics, politics, sociology and geography), 
and in business studies in particular, participate in a wide range of service sectors. 

 Social sciences play a less pronounced role in industry innovation compared to science, technology, 
engineering and math – the STEM fields. This is especially true of chemistry, materials science, computer 
science and engineering; the contribution of those four fields is critical to innovation in a wide range of 
sectors, according to evidence based on patent data and existing case studies. Labour force and graduate 
surveys confirm this finding. Social science doctorate holders are also less likely to work in the private 
sector – and thus are less likely to contribute to industry innovation.  

Greatly innovative ICT sectors rely on skills from a diversity of science disciplines  

Patents in information and communication technologies (ICT) have a higher than average reliance on 
science; higher still is the reliance of some strongly science-based sectors, such as bio- and nanotechnology. 
Multidisciplinary research and long-term investments in basic research have been key factors behind recent 
innovations in the ICT industry. 

Engineers, computer scientists and social scientists are all critical to the ICT sector, each accounting 
on average for around 25% of workers with tertiary education in those sectors across the 28 EU Member 
States. This illustrates the sector’s need for a wide range of skills. In turn, one-third of ICT specialists1 
have an academic background in engineering and one-third in computer science, while 12% have a social 
sciences background. There are important differences among countries however, probably reflecting 
differences in the types of activities of these sectors.  

 In addition, graduates in ICT-related fields (including computer science, information systems, 
software engineering and artificial intelligence) are found to work in a wide range of sectors beyond 
computer programming and consultancy – including education, retail trade, financial services and human 
health activities. That highlights the importance of ICT-related skills across the economy.  

Going beyond: Differences in the intensity of interaction also matter, as do cross-disciplinary skills  

 The intensity of academic engagement with industry also differs by discipline. Applied scientific 
fields and engineering engage more directly, and basic science has more long-term, indirect impacts. On 
the industry side, the pharmaceutical, biotechnology and ICT sectors rely intensively on science to 
innovate.  

Disciplines are but one dimension of relevance to contributions of science to innovation. Apart from 
the need for technical knowledge linked to specific scientific disciplines, certain “soft” skills matter 
significantly in highly innovative jobs. 
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INTRODUCTION 

Science is a key contributor to innovation and, accordingly, to innovation-driven growth. OECD 
countries invest substantial public resources in research and development conducted at higher education 
institutions (HEIs) and public research institutes (PRIs) – funding amounted to more than USD 220 billion 
in 2015 2  (OECD, 2016a). The extent to which public research contributes to innovation-led growth 
depends on how relevant specific fields of research are to industries’ needs, and how effectively science 
and industry interact.3 Understanding which fields of science contribute most to specific economic sectors 
is also relevant; those findings can inform widely adopted research policy plans aimed at both promoting 
specific industrial sectors and addressing societal challenges, such as environmental degradation and health 
challenges.  

The way that scientific disciplines contribute to innovation differs across sectors of the economy. A 
widely shared view is that applied sciences, such as engineering, are most important for technical 
innovation. By contrast, more basic sciences, such as mathematics and physics, are recognised for their 
longer-term impacts on innovation in fast-growing, knowledge-based industries such as biotechnology, 
information technology and new materials. Social sciences are often seen as marginal with regard to their 
contribution to technical innovation, but also viewed as having positive impacts on business performance 
by, e.g., increasing the efficiency of business processes and improving the marketing of products.  

While knowledge has been gained about specific contributions of scientific disciplines to sectors in 
the economy, the methodologies utilised have not been reviewed for the evidence they provide on those 
linkages, or indeed for their shortcomings. Many analyses relied on patent data, and so offer only a limited 
perspective on linkages and the contributions of social scientists. There is also little evidence on the 
disciplines needed for the emerging digital economy and to spur innovation and its diffusion (OECD, 
2015a).  

This paper addresses those unaddressed issues regarding industry-science linkages by responding to 
three sets of questions, drawing on both existing evidence and new statistical evidence collected from 
labour force and university graduate surveys:  

• What data sources and associated methodologies enable investigation of science-industry 
linkages?4 What are their strengths and shortcomings?  

• How do social scientists contribute to different economic sectors? What do we know about their 
contribution specifically to innovation activities in these sectors?  

• What are the linkages between ICT sectors and different scientific disciplines? What are the 
contributions of ICT-related scientific disciplines to different economic sectors of activity?  

The paper is organised as follows. Section 1 outlines the channels for science-industry interactions, 
and provides an overview of the data sources and methodological approaches that can be used to analyse 
these channels. Section 2 presents existing evidence on the contributions of social scientists to industry 
compared with people from other disciplines. Section 3 offers insights on the disciplinary requirements of 
the digital economy, focusing on ICT sectors and ICT-related disciplines. Section 4 explores a number of 
additional factors to be considered when assessing industry-science linkages. Section 5 concludes.  
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1. METHODOLOGIES TO ASSESS INTERACTIONS BETWEEN SPECIFIC SCIENCE 
DISCIPLINES AND ECONOMIC SECTORS OF ACTIVITY 

This section explores data sources and methodological approaches that can be used to explore the 
linkages between specific scientific disciplines and economic sectors. The main findings are as follows:  

• The appropriateness of the particular data sources and methodologies used depends on the 
objectives of the assessment, as well as the characteristics of the science fields and industry 
sectors analysed. Where the objective is to know more about all contributions of specific 
disciplines to economic sectors of activity, combining several methodologies will allow capturing 
linkages better, albeit still imperfectly.  

• Methods based on patent and publications data are biased towards capturing the more technical 
inventions. These are more prevalent in manufacturing sectors and rely strongly on inputs from 
natural sciences, engineering and health sciences.  

• Labour force and university graduate surveys allow capturing the full spectrum of science fields 
and industry sectors.  

• New data sources can help capture those formal and informal interaction channels for which there 
is little evidence to date (e.g. university spinoffs, contract research). Insights from linked data 
sources – for instance, on patents and firms – sheds light on how a certain pattern of industry-
science interaction applies to different industries rather than technology fields.  

1.1. Channels of science-industry interaction  

Science-industry interactions can take multiple forms that can be classified into formal and informal 
channels (OECD, 2013a). The range of channels captured by different methodologies provides a useful 
benchmark against which to assess the potential of each methodology.  

Formal channels of science-industry interaction include:  

a) Collaborative research – refers to research projects carried out jointly by public researchers and 
private firms. It can be fully or partly funded by industry, and can range from small-scale projects 
to strategic partnerships with multiple stakeholders (i.e. public-private partnerships). 

b) Contract research – refers to research commissioned to HEIs or PRIs by a private firm. It 
generally involves the creation of new knowledge per the specifications or goals of the client, and 
is frequently more applied than collaborative research.   

c) Academic consultancy – refers to research and advisory services provided by public researchers 
to industry clients. 

d) Intellectual property (IP) transactions – refers to the licensing and selling of IP generated by 
HEIs and PRIs to industry.  

e) Research mobility – refers to both university researchers working in industry and the reverse, 
including temporary assignments.  
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f) Public research spinoffs5 – refers to the entrepreneurial route to commercialising knowledge 
developed by public research. 

g) Labour mobility – refers to university graduates that join industry.  

Informal channels of interaction that serve the diffusion of knowledge from research to industry and 
from industry to research include the following:  

h) Publication of public research in scientific journals and other specialised media.  

i) Conferencing and networking – interaction between public researchers and industry actors can 
take place in formal conferences or dissemination events, but also in more informal settings 
(e.g. meetings of former classmates who are employed in public research and industry sectors).  

j) Networking facilitated by geographic proximity – that is, informal interactions between public 
research staff and industry researchers. These might be facilitated, for example, by locating 
science parks near university campuses, or firms’ laboratories within university campuses.   

k) Facility sharing between industry and public research (e.g. laboratories, equipment).  

l) Courses and continuing education provided by HEIs to enterprises, and lectures at universities 
held by industry employees.   

Activities (a) to (g) involve specific transactions that can be “traced” (such as signed contract 
agreements, joint industry-science patents and hiring contracts) and even counted (e.g. the number of 
academic consultancy contracts, IP licences, or researchers hired). There is general agreement that the flow 
of skilled human capital from university to industry is the most important channel of science-industry 
interactions (OECD, 2002; OECD, 2013a). Other channels that also drive knowledge transfer as described 
in (h) to (l) are not always simple to trace. Informal linkages between faculty members and industry, 
knowledge exchanges in conferences and specialised media in particular are difficult to measure, but 
important because they allow transferring tacit knowledge that can be critical to innovation.  

The importance of different interaction mechanisms also varies across science fields and industry 
sectors (Schartinger et al., 2002). For example, evidence shows that patenting and licensing are very 
important for researchers in materials science and chemical engineering, but considerably less so for those 
in computer sciences (Bekkers and Bodas Freitas, 2008). Contract and collaborative research, labour 
mobility, and the flow of students from university to industry have been found to be very important in 
engineering disciplines (Meyer-Kramer and Schmoch, 1998; Schartinger et al., 2002; Balconi and 
Laboranti, 2006); while personal contacts, labour mobility and training courses for firms have 
comparatively greater relevance in the social sciences (Bekkers and Bodas Freitas, 2008; Schartinger et al., 
2002). In turn, breakthrough academic discoveries in biotechnology are in many cases transferred to 
industry through university spinoffs (Zucker, Darby and Armstrong, 2002).  

In addition, at the micro level, the intensity and effectiveness of interactions are greatly affected by 
the particular characteristics of firms and public research institutions (OECD, 2002). Firms’ own 
innovation capabilities – and specifically, their capacity to benefit from scientific research as well as their 
incentives to engage in such innovation – will affect linkages. As for public research institutions, their 
disciplinary structure and how it relates to regional and national industry; their knowledge transfer capacity; 
and their research quality make a difference with regard to linkages.  

The relative importance of different channels is hard to measure due to difficulties inherent in impact 
analysis. For instance, outcomes from basic research translate into highly meaningful contributions to 
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industry, but these are difficult to capture as they may only materialise in the long term. This poses a 
challenge for assessing the impacts of science-industry linkages.  

1.2. Data sources and methodologies to assess the contributions of specific science disciplines to 
economic sectors 

Contributions can be assessed using the following information sources: i) case studies and specifically 
designed surveys; ii) patent data; iii) publications data; and iv) labour force surveys and university graduate 
surveys. A set of additional, alternative information sources (e.g. data on university-industry contracts, data 
on spinoffs) may complement such analysis. Table 1 summarises the channels of interaction captured by 
each approach, and outlines the advantages and drawbacks of different approaches.   

Table 1. Advantages and drawbacks of different data sources and associated methodologies 
to explore science-industry linkages 

Survey data and case studies 

Channels: All 

Advantages Drawbacks 

• Allow gathering rich specific information about 
industry-science relations, including on the 
frequency, direction, nature and impact of linkages  

• Allow specifying scientific disciplines and industry 
sector classifications, helping to establish direct 
linkages 

• Allow testing for new science-industry linkage 
dynamics, as framework is openly defined and 
allows for multiple ways of obtaining information 

• Surveys are costly to implement, especially if intended 
to obtain internationally representative and 
comparable data 

• One-off surveys often yield only limited insights on 
trends 

• Case studies are often confined to specific examples 
or scenarios, which limits their representativeness 

• Survey design needs to account for subjectivity in 
reporting of existing relationships 

• The question of the external validity of findings from 
often small and not necessarily representative 
samples of the studied population needs to be 
assessed.  
 

Patent data 
Channels: Collaborative and contract research (co-patenting) and informal linkages (citations to non-patent literature, 

NPL) 
Advantages Drawbacks 

• Availability of comprehensive, long-term and 
internationally comparable data allows for cross-
country analyses, as well as analyses by 
organisation, region and technology field (OECD, 
2009) 

• Patent citations to non-patent literature (NPL) and 
co-patenting enable identifying and quantifying 
contributions of scientific disciplines 
 
 

• Propensity to patent across science fields and industry 
sectors differs, biasing results   

• Patents are classified by technology and need an 
additional connection with industry to identify science-
industry linkages 

• Citations to NPL are a “noisy signal” of knowledge 
flows: few patents cite NPL; citations are frequently 
given by examiners or by patent attorneys and do not 
necessarily reflect inputs used by inventors (OECD, 
2009) 

• Citations to NPL do not capture information on the 
reverse relationship, i.e. contributions of industry to 
scientific sectors  

• Co-patents only capture the small share of 
collaborative research that results in patenting 
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Publications data 

Channels: Collaborative and contract research (co-publications) 

Advantages Drawbacks 

• Availability of comprehensive, long-term and 
internationally comparable publications data allows 
for cross-country analyses, as well as analyses by 
university, region and scientific field  

• Number of co-publications allows quantifying 
outcomes of joint research activities beyond those 
resulting in patents   
 

• Industry-research co-publications capture only 
research collaboration that takes the form of peer-
reviewed literature, excluding reports, policy reports, 
books and other informal collaborations, 
disadvantaging certain sciences that rely less on 
co-publications  

• Publications may be biased towards collaborative 
“basic” research, while underrepresenting 
collaborations that are more applied in nature and do 
not result in publications   

• Bias towards publications authored in English 
disadvantages more locally oriented research 

• Industry publications represent a very small share of 
total publications 

 
Labour force and university graduate survey data 

Channels: Labour mobility 

Advantages Drawbacks 

• Labour force surveys (LFS) are representative 
samples of the total labour force and are 
conducted regularly across most countries 

• University graduate (cohort) surveys are 
representative samples of the population that 
graduated in a specific year 

• Allow capturing the contributions of all sciences, 
including social sciences, to industry innovation 

• Do not capture specific channels of science-industry 
interaction relevant to innovation other than the flow of 
skilled human capital from university to industry 

• Not all surveys collect detailed information on 
particular academic fields of study or sectors of 
activity 

• Surveys are generally not comparable across 
countries, as academic field of study and industry 
classifications used differ 

• Data do not always allow assessing whether human 
capital contributes to innovation or to other activities, 
particularly when the level of academic attainment (i.e. 
bachelor’s, master’s or doctoral degree) is not 
specified 

 
The advantage of case studies and specifically designed surveys is that they provide researchers with 

full flexibility to investigate the various types of linkages between science and industry. Several such 
studies have contributed substantially to the evidence base (such as Klevorick et al., 1995; Mansfield, 1995; 
Cohen, Nelson and Walsh, 2002; Schartinger et al., 2002). 6  These approaches also allow capturing 
potential contributions of social sciences, which is difficult when using patent or (to some extent) 
publications data. (See Section 2 for more details on analysis of the impacts of social sciences.) However, 
the major drawback with both is that it is expensive to expand such surveys and case studies into a large 
representative sample that would trace impacts over time. In other words, the richer the information 
collected by those surveys and case studies, the more restricted their applicability will be. This factor often 
reduces the ambitions of these studies with regard to the linkages they uncover, as well as their 
geographical and temporal coverage. Aside from cost, special effort is required to control adequately for 
subjectivity in responses.  

By contrast, patent and publication data sources provide readily available information over time 
(patents in particular and publications increasingly), and allow for cross-country comparisons. Data 
sources include the PatStat database for patents and Web of Science and Scopus for publications. Both 
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types of sources provide means for establishing science-industry connections. Patents allow for linkages 
from technology (as defined in the patent) to science, based on citations in the patent documents to non-
patent literature (NPL).7 The method has been used for the OECD Science, Technology and Industry 
Scoreboard, for instance, to explain which scientific disciplines contribute to the development of climate 
mitigation technologies (Figure 1). Concordance between technology fields and industry sectors is 
subsequently needed in order to identify science-industry fields (e.g. see Table 2).  

Figure 1.  The innovation-science link in “clean” energy technologies, 2000-09 

(Share of scientific fields cited in total non-patent literature cited in patents for clean energy technologies) 

 
Source: OECD Science, Technology and Industry Scoreboard 2011, based on Scopus Custom Data, Elsevier, December 2010; and 
EPO, Worldwide Patent Statistical Database, April 2011. 

Data on co-patenting and co-publications between public and industry researchers can also be used, 
although low numbers of joint patents and publications render the former approach less useful for such an 
analysis.8 As for publications, data could allow for linkages of co-publications of science (as defined by the 
publication) to industry, by tracking affiliations of authors from industry. Examples of studies that use co-
publications data to analyse science-industry linkages include Calvert and Patel (2003), Godin (1996) and 
Tijssen (2012).   

Both approaches – co-patenting/co-publication and patent citations to the NPL – have distinct as well 
as common challenges (Table 1). A common challenge is that they only capture specific channels of 
industry-science interaction, namely research collaboration that results in patenting or peer-reviewed 
literature. In addition, their coverage of technologies/industries and scientific disciplines is biased, as the 
propensity of industries to patent or publish scientific papers varies by sector/science field. Consequently, 
some industries or scientific disciplines are overrepresented, while others are underrepresented. 

Alternative data sources that have not been used much to date are labour force surveys (LFS) and 
university (cohort) graduate surveys. These systematically collect information on individuals’ academic 
background as well as the industry in which they are working. Labour force surveys and university 
graduate surveys allow capturing all the skill requirements of industries, including those required for non-
technical innovation activities. An important caveat, however, is that survey information does not directly 
allow identification of personnel involved in innovation activities, especially when personnel with 
postgraduate degrees cannot be distinguished. 
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The main difference between labour force surveys and university graduate surveys is that the former 
are representative of the total working-age population of a country (mixing different age cohorts), while 
the latter cover specific cohorts of university graduates. University graduate surveys are generally 
conducted some months (or years) after students graduate from their higher education degree. Both kinds 
of surveys can shed light on the most important science-industry linkage mechanism: the flow of skilled 
human capital from university to industry. Interestingly, such data also allow capturing social sciences’ 
less technical contributions to different economic sectors.  

A conceptual challenge for cross-country analyses of science-industry linkages using labour force and 
university graduate survey data is that the classifications of scientific disciplines and economic sectors and 
their level of disaggregation differ across countries9. A similar challenge is encountered for data collected 
in the context of case studies (e.g. see Table 3 below). This hampers cross-country comparisons and 
renders comparisons over time difficult. Efforts aimed at standardising classifications (also allowing for 
sufficient disaggregation of fields of study and industry of employment) would be valuable in that regard. 
Classifications of economic activities and science disciplines have further limitations in light of the 
fundamental changes in how science operates, particularly but not solely with regard to the importance of 
cross-disciplinary research and the emergence of new economic activities.  Ideally, labour force and 
graduate surveys would also capture multidisciplinary academic backgrounds (e.g. graduates that obtained 
a bachelor’s degree in one discipline and a master’s degree in another) and individuals’ diverse labour 
market experiences across sectors. 

1.3. Overcoming challenges to better assess science-industry linkages 

 The data sources and methodologies to assess science-industry linkages capture only a number of 
specific channels of interaction, with the exception of case studies – yet these present important drawbacks 
in terms of cost and representativeness (Table 1). Notably, assessments based on patent and publications 
data mainly capture interactions that take the form of collaborative or contract research, as well as some 
informal linkages when using patent citations to non-patent literature. These data are also often biased 
towards certain disciplinary fields and sectors; for instance, patent data are more associated with technical 
inventions that are common to a number of manufacturing industries. Use of labour force surveys and 
university graduate surveys can help provide a more complete picture of the linkages because a) they 
capture the flow of human capital from university to industry, and b) they cover the whole spectrum of 
science fields and industry sectors. At the same time, these surveys say little about the role of informal 
channels of interactions between business and academia.  

Informal channels of interaction (such as the effects of networking, publication in scientific journals, 
facility sharing) remain largely uncaptured. Currently, data on other formal channels of interaction, such as 
university spinoffs and academic consultancy, are not collected systematically (except in a few specific 
cases), and so only partial information can be obtained. Data sources that could shed additional light on 
these science-industry linkages include the following: 

• Data on university-industry contracts, which could allow systematic tracking of which industries 
connect with which academic disciplines. Such evidence is available for Japan (see Ikeuchi et al., 
2015).  

• Information on publicly funded science-industry collaborative research projects – For example, 
the European Commission’s Community Research and Development Information Service 
(CORDIS) gathers information about all Horizon 2020 projects. Linkages could be explored by 
collecting and analysing data on the science field and economic sector of the academic and 
industrial partners involved in each project. 
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• Information on university spinoff activities, which would help identify which science fields 
generate research for commercialisation. Several countries – including Australia, Finland, France, 
Korea, the United Kingdom and the United States – have collected such information, frequently 
at the institutional level. However, such data are often not (as yet) systematically consolidated 
across institutions, hampering national and cross-country analyses.  

• Information from science clusters. While clusters can generate potentially rich information, using 
it to systematically uncover science-industry relations at the national level may be challenging 
because of the very specific contexts of regional clusters.  

• Surveys to track labour mobility patterns of doctorate holders, with specific information on 
academic background and industry field of work, such as the OECD/UNESCO/Eurostat project 
on the Careers and Mobility of Doctorate Holders.10 

• Surveys to track the labour mobility of professionals in specific science fields, gathered for 
example by professional associations at national and international levels. 

• Data obtained through web scraping (i.e. the process of automatically extracting information 
from websites). This technique may offer interesting opportunities for future analyses, for 
example if it is implemented to gather systematic information on the skills sought by different 
industry sectors based on the information contained in their online job offers. LinkedIn and 
Monster databases, among others, may offer opportunities in this regard.  

• Data obtained through the use of text-mining techniques, often following prior identification of 
keywords by expert groups. Portugal is currently developing this approach in assessing its 
research base in strategic priority sectors (Box 1).  

 Box 1.  Portugal: Linking national strategic priorities with scientific fields 

The Fundação para a Ciência e a Tecnologia (Foundation for Science and Technology, or FCT), in collaboration 
with IFRIS-LISIS-ESIEE is developing a new methodology that uses text analysis to assess the alignment between the 
research base in Portugal and that country’s strategic priority sectors in research and innovation. The ocean economy, 
one of the national strategic priorities, is currently the subject of a pilot analysis. 

The methodology implemented is based on analysis of textual data from scientific papers to characterise the 
research focus in strategic national industries. Mapping is obtained using the following four steps:  

• A group of experts identifies keywords relevant to the national strategic priority under study.  

• Scientific papers that are relevant to the strategic priority are extracted from the Thomson Reuters’ Web 
of Science (WoS) database using the title, the abstract and the keywords of the papers.  

• Text-mining software is used to identify the interrelationships among words and organises articles’ 
contents into thematic clusters.  

• The results of the text-mining exercise are cleaned by removing general terms and through verification 
by experts.  

Moreover, geo-location techniques are used to map how strategic research priorities are addressed by research 
conducted across regions in Portugal, and how the priorities evolve over time. Comparisons of the research focus 
relevant to strategic priorities in Portugal with that in other countries are also envisaged. The results will be 
complemented by other data.  

Source:  Santos, 2016. 

  

http://www.fct.pt/
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Overall, the appropriateness of specific data sources and methodologies used depends on the 
objectives of the assessment as well as on the characteristics of the science fields and industry sectors 
analysed. Where the objective is to know more about all the different contributions of specific disciplines 
to economic sectors of activity, combining methodologies will allow better (if not perfect) capture of 
linkages. Accounting for informal linkages beyond those captured through patent citations to non-patent 
literature remains a challenge.  
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2. ASSESSING THE CONTRIBUTIONS OF SOCIAL SCIENCES TO THE ECONOMY  

Social sciences cover a wide range of disciplines concerned with the study of society and the ways in 
which individuals behave and interact with each other. Social science disciplines include economics, 
political science, sociology, demography, geography, psychology, anthropology, journalism and 
information sciences, business and administration, and law (see Annex 1, Table A1.1).11 This section sheds 
light on their contributions to different sectors of the economy and in particular to innovation. Its main 
findings are as follows:  

• Social scientists constitute the largest share of graduates in most countries, and are employed 
mostly in service sectors. Contributions of social sciences are, however, difficult to capture, as 
they often support innovation more indirectly – e.g. by improving firms’ processes, organisation 
and marketing strategies. Graduates in business studies (and to a lesser extent in social studies) 
are more likely than others to hold managerial positions (a proxy for engagement in innovation 
activities).   

• According to two international surveys of university graduates, social scientists constitute the 
bulk of highly innovative workers in business service activities, particularly in financial services. 
Labour force survey data show that graduates in social studies (including economics, politics, 
sociology and geography), and in business studies in particular, participate in a wide range of 
services sectors. 

• Social sciences play a less pronounced role in industry innovation compared to the STEM fields 
of science, technology, engineering and math. That especially holds when it comes to chemistry, 
materials science, computer science and engineering; the contribution of those four fields is 
critical to innovation in a wide range of sectors, according to evidence based on patent data and 
existing case studies. Labour force and graduate surveys confirm this finding. Social science 
doctorate holders are also less likely to work in the private sector – and are thus less likely to 
contribute to industry innovation.  

2.1. Why are the contributions of social sciences difficult to measure? 

 While social scientists constitute the largest share of tertiary graduates in many European countries 
(Figure 2), there have been relatively few studies of the impacts of social sciences and humanities. The 
contributions are more difficult to measure than those of i) natural sciences; ii) engineering and technology; 
and iii) medical and health sciences, for the following reasons (Bastow, Dunleavy and Tinkler, 2014; 
British Academy, 2004, 2010):  

• Social scientists may contribute to improving firms’ processes and organisation, as well as to 
developing innovative practices to adapt to changing demands in the context of the digital 
transformation. While directly supportive of innovation, their contribution is more indirect 
and consequently more difficult to capture.   

• Social scientists may also positively affect the launch of new products and services by 
introducing innovative marketing strategies, by finding new ways of interacting with 
customers, and by strengthening business networks. These contributions too are more indirect.   
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• Consultancies often play an important intermediary role in applying insights from social 
science research to industry needs. Thus the impact of social science research may, in some 
cases, come less through immediate application of research results. 

• Social scientists provide industry not only with discipline-related skills, but often also with a 
range of soft skills that are key for innovation, including creative and critical thinking and the 
ability to communicate and to identify new opportunities (see Section 4.2).  

Figure 2. Labour force with tertiary education, by field of study, European countries, 2013 

 
1. Note by Turkey: The information in this document with reference to “Cyprus” relates to the southern part of the Island. There is no 
single authority representing both Turkish and Greek Cypriot people on the Island. Turkey recognises the Turkish Republic of 
Northern Cyprus (TRNC). Until a lasting and equitable solution is found within the context of the United Nations, Turkey shall preserve 
its position concerning the “Cyprus issue”.  

Note by all the European Union Member States of the OECD and the European Union: The Republic of Cyprus is recognised by all 
members of the United Nations with the exception of Turkey. The information in this document relates to the area under the effective 
control of the Government of the Republic of Cyprus. 

Notes: "Other" includes "General programmes", "Agriculture and veterinary" and "Services", "Unknown", "Not applicable" and "No 
answer". Statistics for the United Kingdom are not included, as data for 2013 present a share of “Unknowns” that is above 40%.  

Source: European Union Labour Force Survey, 2013.  
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Given these characteristics, interactions between industry and academics in the fields of social science 
often do not take the form of commercialisation activities (such as patenting, licensed research and 
spinoffs), but rather that of problem-solving activities (e.g. consultancy services, joint research) (Hughes, 
Kitson and Probert, 2011). This results in more informal channels of interaction (e.g. giving lectures, 
participating in networks) and thus more indirect linkages to innovation. That makes it much harder to 
track the contribution of social sciences to industry and associated innovation processes.  

2.2. Evidence from patent data and case studies 

Existing literature on science-industry linkages, mainly based on patent data and case study evidence, 
suggests that social sciences play a minor role in industry innovation compared to STEM disciplines. This 
is reflected in Table 2, which presents statistics on patent citations to non-patent literature (NPL). Social 
science literature is not cited in patents in practically any industry sector, with the exception of patents in 
IT methods for management (for which social sciences account for only 4% of total citations to NPL). This 
contrasts with other disciplines such as chemistry or engineering, which are shown to contribute to patents 
(and thus innovation) in a wide array of industry sectors. That is not surprising, as even though social 
sciences may contribute to advances allowing the implementation of technical inventions, patents cover 
only the technical dimensions of an invention, not the social or human ones if any.  

The findings from case studies presented in Table 3 also mainly document the contributions of STEM 
fields. With regard to social sciences, most studies suggest that economics and business are the social 
science disciplines that have the highest impact on industry, contributing particularly to business, financial 
and insurance services. Other social sciences (law, psychology and geography) seem to contribute to a few 
sectors only. 

By contrast, chemistry, materials science, computer science and different engineering fields are found 
to contribute to a wide range of economic sectors, including to the computer, communications and software 
industries. Research in biology is particularly important for pharmaceuticals producers as well as for 
producers of pesticides, medical equipment and water treatment industries. Disciplines that are found to 
make important contributions to a fewer range of industries include medical science, pharmacology, 
agricultural science, and geology. More fundamental sciences are also found to matter for industry. Among 
others, the physical sciences are important to the semiconductors, computer and medical equipment 
industries; and mathematics are crucial to search and navigational equipment, electronic components, 
semiconductors and the aerospace industries (Table 3). 

Additional insights are provided by a 2008 survey of more than 6 000 Canadian social scientists, 
which explored their perceptions regarding the impacts of their research. Results suggest that researchers 
particularly in business administration but also in industrial relations, communications, law, economics, 
and interdisciplinary studies often see their research as contributing to private sector needs, while 
researchers in social work, political science, sociology and education (among others) perceive their impact 
as occurring mainly in the public sector. Researchers in humanities (including philosophy, literature and 
history) perceive that their research mostly impacts the academic sector and the public sphere, with the 
notable exception of the fine arts (Figure 3) (Archambault, 2010).  

However, these methodologies (particularly those based on patent data) are likely to underestimate the 
contributions of social science fields to industry innovation, as they mainly capture contributions to 
technical inventions (i.e. suitable for patenting). Case studies have also frequently focused on STEM fields, 
biasing insights from those studies towards those disciplines.  
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Table 2.  Interactions between specific scientific fields and economic sectors: Overview of main findings 
from case studies 

Science field1 Economic sector2 
Social sciences 
Economics and 
business 

Business services; Banking and finance (financial services); Insurance; 
Network systems and communications; Wholesale trade; Hotels/restaurants 

Law Business services 
Psychology  Network systems and communications 
Geography Printing/publishing  
Other sciences 

Chemical 
sciences 

Chemical industry; Pharmaceuticals; Petroleum; Plastics/Rubber, Plastic resins; 
Paper;  
Organic chemicals; Instruments; Agriculture; Printing/publishing; Food; Textiles; Metals  

Materials science 
Metals; Semiconductors; Basic materials; Plastics/Rubber, Plastic resins; 
Computers; Communications equipment; Aerospace/Aircraft engines; Glass; 
Concrete/cement; Mineral products; Steel; Cars/trucks; Auto parts; Machinery; Electronic 
components; TV/radio; Fabricated metal products; Furniture; Mining and quarrying  

Computer 
Sciences  

Computers; Communication equipment; Network systems and communications; 
Information processing; Semiconductors; Printing/publishing; Search/Navigational equipment; 
Aerospace; Glass; Cars/trucks; TV/radio; Food; Textiles; Precision instruments; 
Transportation, distribution and logistics services; Retail trade  

Chemical 
engineering 

Chemical industry; Paper; Petroleum; 
Plastics/Rubber, Plastic resins; Printing/publishing; Food; Textiles; Tanning and dressing of 
leather  

Electrical 
engineering 

Network systems and communications; Computers; 
Information processing; Electronic components; Semiconductors; Search/Navigational 
equipment; Glass; Communication equipment; TV/radio; Precision instruments; Medical 
devices and equipment; Printing/publishing  

Mechanical 
engineering 

Machinery; 
Information processing; Electronic components; Glass; Aerospace; Auto parts; Textiles; 
Paper; Fabricated metal products; Cars/trucks 

Medical 
engineering  Medical devices and equipment 

Physical sciences Semiconductors; Computers; 
Medical devices and equipment 

Biological 
sciences 

Pharmaceuticals;  
Pesticides; Food; Meat products; Agriculture; Animal feed; Medical devices and equipment; 
Water collection, treatment and supply   

Medical and 
Health sciences 

Pharmaceuticals; Medical and surgical instruments/equipment;  
Food  

Pharmacology Pharmaceuticals  
Mathematics Search/Navigational equipment; Electronic components; Semiconductors; Aerospace  
Agricultural 
sciences Agriculture; Food products; Pesticides; Animal feed; Fertilisers; Forestry and logging  

Forestry science Forestry/wood industry  
Geology Mining and quarrying  
Metallurgy Manufacturing of basic metals; Primary metals; Aircraft engines  
Botany Agriculture  
Arts Printing/publishing 

Notes: The table compiles the findings of all the studies without adjusting for the level of disaggregation. Science fields are ordered 
starting with those that serve a wider range of sectors followed by those that are relevant to a few specific sectors only. Economic 
activities in bold are those that have been identified as linked to the specific science field in two or more studies. It should be noted 
that the studies of reference use different classifications of economic activities and/or different levels of disaggregation of economic 
activities. 
Sources: Pavitt, 1990; Klevorick et al., 1995; Cohen, Nelson and Walsh, 2002; Schartinger et al., 2002; OECD, 2002; National 
Academy of Sciences, 2003; Cambridge Econometrics, 2012; Bastow, Dunleavy and Tinkler, 2014; Albuquerque et al., 2015.  
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Figure 3.  Social science disciplines: Perceived impact of public research in the private and public sectors, 
Canada, 2008 

 

Notes: Figure is based on results from the 2008 Blue Ribbon Panel Survey targeted at academic researchers in Canada in the fields 
of social sciences and the humanities. Nearly 6 200 researchers participated in the online survey. Researchers were asked about 
their perception of the impact of their research on the private and public sectors.  
Source: Archambault, 2010. 

2.3. Insights from labour force and university graduate surveys  

2.3.1. Comparison of social scientists’ greatest contributions to economic sectors with those of graduates 
in other disciplines  

This section explores and contrasts the main sectors of employment of graduates in social sciences 
and those in other disciplines (with a focus on graduates in engineering), based on labour force survey data. 
Table 4 presents the top destinations of graduates in different disciplines in the EU-28 countries (2013). 
Industry destination differs significantly across disciplines, with social scientists comparatively less 
involved in manufacturing activities. Social scientists are employed in the public administration (15%) and 
education sectors (7%), as well as in several service sectors, notably legal and accounting activities (9%), 
financial services (7%) and retail and wholesale trade (6% and 5%, respectively). Human health activities 
(4%) and computer programming, consultancy and related activities (2%) constitute other less important 
sectors of employment of social scientists. The education and public administration sectors are also among 
the main sectors of employment for graduates in physical sciences, life sciences and mathematics/statistics. 
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Table 3. Top 10 economic sector destinations of graduates in different disciplines, EU-28, 2013 

Social sciences Engineering Computer science 

15% Public administration and 
defence; Social security (84) 

11% Architectural and engineering 
activities; Technical testing & analysis (71) 

29% Computer programming, consultancy 
and related activities (62) 

9% Legal and accounting activities (69) 6% Public administration and defence; 
Compulsory social security (84) 8% Education (85) 

7% Financial service activities, except 
insurance and pension funding (64) 6% Specialised construction activities (43) 6% Public administration and defence; 

Compulsory social security (84) 

7% Education (85) 5% Education (85) 4% Retail trade, except in motor vehicles 
and motorcycles (47) 

6% Retail trade, except in motor vehicles 
and motorcycles (47) 

4% Manufacture of machinery and 
equipment n.e.c. (28) 

4% Financial service activities, except 
insurance and pension funding (64) 

5% Wholesale trade, except in motor 
vehicles and motorcycles (46) 4% Construction of buildings (41) 3% Publishing activities (58) 

4% Human health activities (86) 4% Wholesale trade, except in motor 
vehicles and motorcycles (46) 

3% Wholesale trade, except in motor 
vehicles and motorcycles (46) 

3% Activities of head offices; 
Management consultancy activities (70) 

3% Manufacture of motor vehicles, trailers 
and semi-trailers (29) 3% Telecommunications (61) 

2% Social work activities without 
accommodation (88)  

3% Retail trade, except in motor vehicles 
and motorcycles (47) 

2% Manufacture of computer, electronic 
and optical products (26) 

2% Computer programming, 
consultancy and related activities (62) 

3% Computer programming, consultancy 
and related activities (62) 2% Information service activities (63) 

Total: 20 080 000 Total: 11 693 000 Total: 2 180 000 
 

Physical sciences (including physics, 
chemistry and earth science) 

Life sciences (including biology and 
environmental sciences) Mathematics and statistics 

21% Education (85) 24% Education (85) 38% Education (85) 

9% Public administration and defence; 
Compulsory social security (84) 11% Human health activities (86) 10% Computer programming, consultancy 

and related activities (62) 
7% Scientific research and development  
(72) 

9% Public administration and defence; 
Compulsory social security (84) 

7% Public administration and defence; 
Compulsory social security (84) 

5% Architectural and engineering 
activities; Technical testing & analysis (71) 

9% Scientific research and development  
(72) 

4% Financial service activities, except 
insurance and pension funding (64) 

4% Manufacture of chemicals and 
chemical products (20) 

7% Retail trade, except in motor vehicles 
and motorcycles (47) 

3% Insurance, reinsurance and pension 
funding (65) 

4% Retail trade, except in motor vehicles 
and motorcycles (47) 

5% Manufacture of basic pharmaceutical 
products and preparations (21) 

3% Retail trade, except in motor vehicles 
and motorcycles (47) 

4% Computer programming, consultancy 
and related activities (62) 

3% Wholesale trade, except in motor 
vehicles and motorcycles (46) 

3% Activities of head offices; Management 
consultancy activities (70) 

3% Manufacture of basic pharmaceutical 
products and preparations (21) 

2% Architectural and engineering 
activities; Technical testing & analysis (71) 

3% Activities auxiliary to financial services 
and insurance activities (66) 

3% Wholesale trade, except in motor 
vehicles and motorcycles (46) 

2% Activities of head offices; Management 
consultancy activities (70) 2% Legal and accounting activities (69) 

2% Human health activities (86) 2% Computer programming, consultancy 
and related activities (62) 2% Publishing activities (58) 

Total: 1 501 000 Total: 1 118 000 Total: 562 000 

Notes: Since 2014, the variable used in the European Union Labour Force Survey to identify the field of study of the highest level of 
education covers only individuals who are under the age of 35 or individuals who graduated within the past 15 years. This paper has 
used data for 2013 to cover all age cohorts. 
Percentages stand for the shares of graduates in each specific discipline working in each specific sector. The numbers in 
parentheses correspond to the economic activity according to the NACE Rev.2 (2-digit level) classification. Totals are rounded 
numbers. Fields of science correspond to the ISCED 1997. “Social sciences” includes social and behavioural sciences (including 
economics, political science, sociology, demography, geography, psychology and anthropology), journalism and information sciences, 
business and administration, and law.  
Source: European Union Labour Force Survey, 2013.  
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In contrast to social scientists, graduates in engineering are employed in architectural and engineering 
activities (11%) as well as in construction-related and manufacturing activities. In the case of graduates in 
computer sciences, approximately one-third of the total are engaged in computer programming, 
consultancy and related activities (29%). Significant numbers are also present in a wide range of other 
sectors, from education (8%) and public administration (6%) to retail and wholesale trade (8%), financial 
services (4%) and publishing activities (3%) (Table 4). 

A relatively high share of life scientists work in human health activities (11%), while scientific 
research and development activities are frequent destinations for graduates in both life sciences and 
physical sciences (9% and 7%, respectively). Computer programming, consultancy and related activities 
and, to a lesser extent, the financial services and insurance sectors are also common destinations for 
graduates in mathematics/statistics (Table 4).  

Figure 4.  Economic sector destinations of graduates in social sciences and engineering, EU-28, 2013 

 
Notes: The width of linkages reflects the relative size of connections. Fields of science correspond to the ISCED classification 1997. 
“Social sciences” takes in social and behavioural sciences (including economics, political science, sociology, demography, geography 
and anthropology), journalism and information sciences, business and administration, and law. Economic sectors correspond to the 
NACE Rev.2 (1-digit level) classification. The category “Other services” includes "Agriculture, forestry and fishing", "Mining and 
quarrying", "Electricity, gas, steam and air conditioning supply", "Water supply, sewerage, waste management and remediation 
activities", "Accommodation and food service activities", "Transport and storage", "Real estate activities", "Administrative and support 
service activities", "Public administration and defence; Compulsory social security", "Arts, entertainment and recreation", "Other 
service activities", "Activities of households as employers; Undifferentiated goods and services producing activities of households for 
own use", and "Activities of extraterritorial organisations and bodies". 
Example of how to read the figure: The largest share of Engineers (shown in the bottom left side of the figure, with flows in red colour) 
work in Manufacturing.  

Source: European Union Labour Force Survey, 2013.  
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Figure 4 allows clearer comparison of the flows (in absolute terms) of graduates in social sciences and 
engineering towards different economic sectors. Manufacturing sectors are the main destination for 
engineers, followed by professional, scientific and technical activities and construction activities; social 
scientists mainly work in the service sectors (as shown in Table 4). It is important to note, however, that 
flows differ across countries. More detailed information at the country level is provided in an online 
statistical annex that presents information on the industry destination of graduates in specific academic 
fields for the 32 countries covered by the European Union Labour Force Survey (EU-LFS). The annex can 
be accessed at: www.oecd.org/sti/inno/what-role-for-social-sciences-in-innovation-statistical-annex.pdf. 

Figure 5. Economic sector destinations of graduates in different fields of study, EU-28, 2013 

 
 
Notes: Yellow circles illustrate disciplines and purple circles illustrate economic activities. The size of circles and width of arrows 
reflect the relative size of disciplines and connections. Only linkages involving more than 200 000 people have been included. 
Therefore, the figure is not exhaustive and aims at presenting a broad overview of university-industry flows that are more relevant in 
absolute terms. Numbers correspond to the economic activity according to the NACE Rev.2 (2-digit level) classification. Fields of 
science correspond to the ISCED classification of 1997. “Science” includes life sciences, physical sciences, mathematics and 
statistics, and computing. “Humanities” includes humanities, languages and arts. “Health and welfare” includes medicine and 
medicine-related studies, as well as studies related to social care and social work. “Social sciences” includes social and behavioural 
sciences (including economics, political science, sociology, demography, geography and anthropology), journalism and information 
sciences, business and administration, and law. Agriculture-related studies and services have not been included in the figure.  
Example of how to read the figure: Social scientists (which are in absolute terms the most numerous among labour force with tertiary 
education in EU-28 countries) work in a wide variety of sectors. The largest share of social scientists work in the public administration 
sector, as illustrated by the relative width of the arrow, followed by legal and accounting activities, financial service activities, and 
education.  
Source: European Union Labour Force Survey, 2013.  

http://www.oecd.org/sti/inno/what-role-for-social-sciences-in-innovation-statistical-annex.pdf
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To illustrate the full set of linkages and the relative importance of flows from different academic 
fields to industry sectors, Figure 5 presents a network that links each academic discipline (with its relative 
weight captured by the size of yellow circles) to the most common industry destinations of graduates in 
that given discipline (with the magnitude of the flow captured by the width of the arrows). It shows that 
graduates in social sciences work in a wide variety of sectors – mainly in service sectors, including highly 
dynamic ones such as management consultancy, computer programming, and legal and financial service 
activities. Graduates in engineering work mostly in manufacturing industries and, as expected, most 
graduates in health-related studies contribute to human health activities. 

Figure 5 also reflects to some extent the relative importance of multidisciplinary sourcing of graduates 
across economic sectors. Sectors at the centre of the figure (including education, public administration, 
human health activities, computer programming and consultancy, and wholesale and retail trade) tend to 
recruit graduates from a variety of academic backgrounds, suggesting that they require the contributions 
from different science fields. 12 Individuals with multidisciplinary backgrounds are likely to be highly 
sought after by those industries. Sectors at the periphery of the figure rely more on graduates from a few 
specific science disciplines.   

2.3.2. Economic sectors of destination of graduates from different social science disciplines 

The UK Quarterly Labour Force Survey furnishes information on the economic sector of destination 
of graduates in specific social science and humanities disciplines in the United Kingdom; the 
classifications of academic disciplines it uses are more disaggregated than those used by the European 
Union Labour Force Survey. 13  Table 5 shows that state administration and the education sector are 
common destinations for graduates in all social science disciplines (and the main destination for graduates 
in historical and philosophical studies), together with management consultancy and activities related to 
social work. In the case of graduates in economics (integrated within social studies in Table 5), the main 
industry destination is the monetary intermediation sector, followed by management consultancy, 
education and state administration sectors. Graduates in law mainly work in legal activities (around 30% of 
the total).   

Table 4. Top economic sector destinations for graduates in different social sciences and humanities 
disciplines, UK 

 
 
 
 

Business and administrative studies Social studies 
 7% Administration of the state and the economic and social 
policy of the community (841)  15% Other social work activities without accommodation* (889) 

 5% Accounting, bookkeeping and auditing activities; tax 
consultancy (692) 

 7% Administration of the state and the economic and social 
policy of the community (841) 

 4% Activities auxiliary to financial services, except insurance and 
pension funding (661)  5% Secondary education (853) 

 4% Management consultancy activities (702)  5% Primary education (852) 

 3% Retail sale in non-specialised stores (471)  5% Higher education (854) 

 3% Provision of services to the community as a whole (842)  4% Provision of services to the community as a whole (842) 

 3% Monetary intermediation (641)  4% Management consultancy activities (702) 
 3% Computer programming, consultancy and related activities 
(620)  3% Hospital activities (861) 

 2% Other social work activities without accommodation* (889)  2% Activities auxiliary to financial services, except insurance and 
pension funding (661) 

 2% Secondary education (853)  2% Monetary intermediation (641) 

Total: 728 000 Total: 638 000 
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Historical and philosophical studies Law 
 8% Secondary education (853)  28% Legal activities (691) 
 7% Higher education (854)  15% Provision of services to the community as a whole (842) 

 6% Primary education (852)  5% Administration of the state and the economic and social 
policy of the community (841) 

 6% Administration of the state and the economic and social 
policy of the community (841)  5% Other social work activities without accommodation* (889) 

 5% Other social work activities without accommodation* (889)  
 5% Activities of other membership organisations (949)  
 4% Libraries, archives, museums and other cultural activities 
(910)  

 3% Provision of services to the community as a whole (842)  
 3% Management consultancy activities (702)  

Total: 353 000 Total: 323 000 
 
* “Other social work activities without accommodation” refers to child day-care activities and other social work activities. 
Notes: Percentages stand for the shares of graduates in each specific discipline working in each specific sector. Numbers in 
parentheses stand for the industry code at the Standard Industrial Classification (SIC) 3-digit level. “Social studies” includes the 
following disciplines: economics, politics, sociology, social policy, social work, anthropology, human and social geography and other 
social studies. Only data above the reliability limits at this level of disaggregation have been included.  
Source: UK Quarterly Labour Force Survey, April-June 2016. 

Figure 6 presents this information in the form of a network that links each academic discipline in 
social sciences (its relative weight captured by the size of yellow circles) with the most common sectors of 
destination of graduates in that given discipline (the magnitude of flow captured by the width of the 
arrows). The figure facilitates identification of common patterns and differences across social science 
disciplines. It shows that while graduates in law and in communication-related studies tend to work in a 
few specific service sectors, graduates in social studies (which includes economics, politics, sociology, 
social work, anthropology and geography, among others) and business studies work in a wider range of 
economic activities.  
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Figure 6.  Economic sector destinations of graduates in different social science disciplines, United Kingdom 

 

Notes: Yellow circles illustrate disciplines and purple circles illustrate economic activities. The size of circles and width of arrows 
reflect the relative size of disciplines and connections. Only linkages involving more than 10 000 people have been included. 
Therefore, the figure is not exhaustive and aims at presenting a broad overview of university-industry flows that are more relevant in 
absolute terms. Numbers correspond to the economic activity according to the SIC 2007 (3-digit level) classification. Primary, 
secondary and higher education activities have been grouped.  “Social studies” includes the following disciplines: economics, politics, 
sociology, social policy, social work, anthropology, human and social geography and other social studies. 

Example of how to read the figure: Graduates in Business and administrative studies (which are in absolute terms the most numerous 
among graduates in social sciences in the United Kingdom) work in a wide variety of sectors. The largest share of graduates in 
business and administrative studies work in the education sector (including primary, secondary and tertiary education), as illustrated 
by the relative width of the arrow, followed by public administration and accounting and tax consultancy activities.   
Source: UK Quarterly Labour Force Survey, April-June 2016. 

2.3.3. The extent to which graduates in different social science disciplines contribute to innovation in 
different economic sectors 

The analyses presented in previous sections focus on the sectors of employment of graduates in social 
sciences, but do not allow capturing whether those individuals actually contribute to innovation in those 
sectors – particularly when surveys do not gather information about their level of academic attainment 
(i.e. bachelor’s, master’s or doctoral degree). This section addresses this question by providing a 
preliminary analysis at the occupational level instead of the sectoral level, based on data from the UK 
Quarterly Labour Force Survey data. Although occupational classifications are generic and say little about 
the specific tasks conducted, they can provide some hints as to whether individuals are likely to engage in 
more innovative activities within their sectors.  

This can be done by identifying individuals in managerial and professional occupations, which 
generally require creative thinking as well as the ability to identify new opportunities and implement them, 
among other key skills for innovation (see Section 4.2).  
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Figure 7 presents a network similar to that in Figure 6, but uses occupation data instead of sectoral 
data. It shows that in the United Kingdom, around 53% of graduates in social studies and 60% of graduates 
in law engage in management or professional occupations, while the shares are lower for those graduating 
in business and administrative studies (44%) and communications and documentation studies (40%). 
However, graduates in business and administrative studies are more likely to hold managerial positions (23% 
of total) than graduates in social studies (16%), law (9%) or communications studies (7%).  

Figure 7.  Occupation of graduates in different social science disciplines, United Kingdom 

 
Notes: Yellow circles illustrate disciplines and the other circles illustrate occupations. The size of circles and width of arrows reflect 
the relative size of disciplines and connections. Managerial occupations are presented in dark green, professional occupations in light 
green, and other occupations in light purple. Only linkages involving more than 10 000 people have been included. Therefore, the 
figure is not exhaustive and aims at presenting a broad overview of university-industry flows that are more relevant in absolute terms.  
Numbers correspond to the occupation according to the SOC 2010 (3-digit level) classification. Primary, secondary and higher 
education activities have been grouped. “Social studies” includes the following disciplines: economics, politics, sociology, social policy, 
social work, anthropology, human and social geography and other social studies. 

Example of how to read the figure: Graduates in Business and administrative studies (which are in absolute terms the most numerous 
among graduates in social sciences in the United Kingdom) work in a wide variety of sectors. The largest share of graduates in 
business and administrative studies work in the education sector (including primary, secondary and tertiary education), as illustrated 
by the relative width of the arrow, followed by public administration and accounting and tax consultancy activities. 
Source: UK Quarterly Labour Force Survey, April-June 2016. 

Two international surveys on tertiary education graduates14 conducted by a consortium of partners 
from 20 countries as part of a project financed by the European Union’s Sixth Framework Programme also 
shed some light on the contribution of graduates in different fields to innovation. The surveys in question 
are the Reflex survey (conducted in 2005 and covering 14 European countries and Japan, based on a 
sample of around 70 000 graduates) and the Hegesco Survey (conducted in 2008 and covering 5 Eastern 
European countries, based on a sample of around 30 000 graduates).  
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Figure 8.   Field of education of the innovative workforce, by sector of activity 

 

Notes: “Innovative workforce” comprises professionals working in innovative organisations and involved in the introduction of 
innovations (based on responses from surveyed professionals, who were asked whether they work in an organisation that innovates 
and whether they have a role in introducing these innovations in their organisations). Following this approach, the innovative 
workforce represents on average 55.6% of tertiary-educated professionals in the countries surveyed: Austria, Belgium, the 
Czech Republic, Estonia, Finland, France, Germany, Hungary, Italy, Japan, Lithuania, the Netherlands, Norway, Poland, Portugal, 
Slovenia, Spain, Switzerland, Turkey and the United Kingdom. 
Source: Avvisati, Jacotin and Vincent-Lancrin, 2013.  

The surveys show that professionals with tertiary education working in innovative organisations and 
involved in the introduction of innovations have diverse disciplinary backgrounds, and that the mixes of 
backgrounds differ across sectors (Figure 8). In business activities (including computer-related activities, 
research and development, consultancy and advertisement), the bulk of highly innovative workforce is 
composed of graduates in social sciences, including business and law studies; significantly less represented 
are engineers (20.9%) and graduates in sciences and mathematics (9.9%). This trend is more pronounced in 
financial intermediation sectors, where social scientists account for more than 75% of total employees 
engaged in innovation activities. In manufacturing industries, more than 50% of employees involved in 
innovation activities have an engineering/computing degree (42.9%) or a science/math degree (7.8%), 
while social sciences (including business studies) represent a non-negligible 30% of the total (Avvisati, 
Jacotin, and Vincent-Lancrin, 2013). 
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Another way of exploring the contributions of social sciences to industry innovation is by analysing 
the sector of employment of doctorate holders in social sciences, as these individuals are specifically 
trained to engage in research and innovation activities. The OECD/UNESCO/Eurostat Project on the 
Careers and Mobility of Doctorate (CDH) conducted several surveys to track the mobility patterns of PhD 
holders. Responses from the 2010 survey show that PhD holders in natural sciences and engineering are 
more likely to be engaged in research occupations than those in social sciences (OECD, 2013b). When 
taking into account those in research occupations only, doctorate holders in social sciences and humanities 
are also found in several countries to be less likely to work in the private sector (and thus less likely to 
contribute to industry innovation) than doctorate holders in engineering or natural sciences (Figure 9). 

Figure 9. Sector of employment of PhD holders with doctoral education in engineering and social sciences 
working as researchers, 2009 

(100% = All employed doctorate holders in a specific science field working as researchers, by country) 

 

 

Source: OECD (2013b), based on OECD/UNESCO Institute for Statistics/Eurostat data collection on careers of doctorate holders, 
2010. 

The patterns of employment of doctorate holders vary significantly across countries however, most 
likely due to differences in employment opportunities in their respective countries (e.g. the existence or not 
of an innovative high-tech sector with a high demand for doctors; universities and research centres of 
excellence; etc.). In Spain for instance, doctorate holders in social sciences and engineering are 
significantly more likely to work in the higher education sector (around 60% of the total) than those in 
medical sciences (10%) or agricultural sciences (38%). PhD holders in medical sciences, engineering and 
natural sciences are in turn those that are more likely to work in the private sector (22%, 20% and 17%, 
respectively), compared to less than 10% of doctorate holders in social sciences (Figure 10). The evidence 
is similar for Japan, where a relatively large share of engineering doctorate holders work in manufacturing 
(31%) compared with those in other fields. Interestingly, a relatively high share of doctorate holders in 
social sciences work in the finance and insurance sectors (Figure 11). Future analyses would benefit from 
more disaggregated information regarding the specific economic sector of destination of doctorate holders. 
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Figure 10.  Doctorate holders, by field of study and economic sector of employment, Spain, 2009 
(100% = All employed doctorate holders by field of study) 

 
Note: Percentages presented in parenthesis stand for share of doctors in a specific field over total number of doctors.  
Source: Instituto Nacional de Estadística (INE). 
 

Figure 11. Doctorate holders, by field of study and economic sector of employment, Japan, 2015  
(100% = All graduates with doctorate degrees in a scientific discipline) 

  
Notes: “Doctorate holders” in this figure include individuals who finished PhD courses but have not yet received their doctoral degree 
(e.g. final thesis not submitted or approved). “Other services” includes "Agriculture and forestry", "Fisheries", "Mining and quarrying of 
stone", "Electricity, gas, heat supply and water", "Transport and postal service", "Real estate and goods rental and leasing", 
"Accommodations, eating and drinking services", "Living-related and personal services and amusement services", "Compound 
services", "Services, n.e.c." and "Government, except elsewhere classified". Education studies have not been included in the figure.  
Source: School Basic Survey, Japan, 2015. 

Finally, in addition to their contributions to industry innovation, it is important to acknowledge the 
role of social scientists in the public administration and education sectors, as their activities can have 
significant impacts on general well-being. For example, social scientists contribute to public policy by 
informing policy making at all levels of government. Insights from disciplines such as history, political 
science, economics, sociology and geography (among others) are key to tackling social, cultural, ethical 
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and economic challenges (e.g. impacts of technological advances, management of international relations) 
(British Academy, 2004, 2010). The importance of their inputs is reflected in some countries’ most recent 
innovation strategies; that highlights the importance of interdisciplinary research and the involvement of 
social sciences and humanities in addressing societal challenges in the context of digital transformation 
(e.g. France Europe 2020,15 the New High-Tech Strategy in Germany16). Assessing those contributions, 
however, remains challenging.  
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3. THE DISCIPLINARY DEMANDS OF THE EMERGING DIGITAL ECONOMY: ICT 
SECTORS AND SKILLS 

This section discusses the relevance of different science fields for the digital economy, and analyses 
the academic background and industry destination of specialists in the development and operation of ICT 
systems (see Annex Table A1.3 for details), based on different data sources and methodologies. The main 
findings of the section are as follows:  

• Patents in information and communication technologies (ICT) rely more on science than the 
average of all patents, but less so than patents in some strongly science-based sectors, such as 
bio- and nanotechnology. Synergies among research areas and long-term investments in basic 
research have been key enablers of recent innovations in the ICT sector.  

• Engineers, computer scientists and social scientists are all important to the ICT sector, each 
accounting on average for around 25% of workers with tertiary education in the sector across the 
28 EU member states. This illustrates the wide skill needs of the sector. In turn, one-third of ICT 
specialists17 have an academic background in engineering and one-third in computer science, 
while 12% have a social sciences background. Important differences exist across countries 
however, probably reflecting differences in the types of activities these scientists are engaged in.   

• Graduates in ICT-related fields (including computer science, information systems, software 
engineering and artificial intelligence) are found to work in a wide range of sectors beyond 
computer programming and consultancy; these include education, retail trade, financial services 
and human health activities. That highlights the importance of ICT-related skills across the 
economy.  

3.1. ICT sectors and their reliance on science: Evidence based on patent data 

ICT sectors or economic activities are defined as those that produce goods and services that are 
primarily intended to fulfil or enable the function of information processing and communication by 
electronic means, including transmission and display (OECD, 2007). 18  This is an industry that relies 
heavily on science: around 18% of citations of ICT patents filed at the European Patent Office (EPO) 
between 2007 and 2012 were citations to non-patent literature (OECD, 2013c). This is below the shares in 
some other technologies, such as biotechnology (55%), nanotechnology (27%), and health-related 
technologies (23%) but above the average of all technologies (12%) (see Figure 12).  

Analysis of patent citations to scientific publications also suggests that innovations in the field of ICT 
draw on a wide range of sciences – particularly on clinical medicine, chemistry, biology and biochemistry, 
and physics. Other relevant sources of scientific inputs for ICT are molecular biology and genetics, 
engineering, immunology and materials science (Figure 12) (OECD, 2015b). This is a reflection of the 
wide areas of applications of ICT patents, including the importance of health applications.  
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Figure 12.  Citations to non-patent literature in ICT patents, 2003-13 

(Share of scientific fields in non-patent literature cited in ICT patents) 

 

Note: Patents in ICT are defined based on an experimental classification proposed by WIPO (2013), which groups all IPC classes into 
35 technology fields, identified on the basis of their content.  
Source: OECD, 2015a. 

Synergies among research areas and long-term investments in basic research have proved crucial for 
innovation in the ICT industry. This is illustrated in Figure 13, which links public investments in academic 
and industry research in the United States over the past decades to current information and communication 
technology firms with more than USD 1 billion in annual revenue (National Research Council, 2012). The 
figure shows that basic research has long-term impacts, as public investments in basic research areas that 
started decades ago have been enablers of some of the IT products and services in use today. Thus, the 
period of incubation between initial exploration and commercial deployment can be lengthy. It also 
illustrates the rich interplay between academic research, industry research and products (as shown by the 
grey arrows): findings in one research area have in many cases enabled research in other areas.  

Recent developments in ICT industries are thus a good example of how cross-fertilisation of research 
fields can multiply the impacts of research; it often can lead to unexpected outcomes, among other things 
in the form of new products and technologies with significant economic impacts.  
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Figure 13. Examples of the contributions of publicly supported fundamental research to the creation of IT 
sectors, firms and products with major economic impact, United States, 1965-2010 

 

 

Note: The bottom row represents some of the areas of basic research in the fields of computing and communications that have 
received major investments over the past decades, and that are closely linked to industry domains as described in the upper part of 
the figure. The vertical red arrows represent university-based (and largely publicly funded) research; the vertical blue arrows 
represent industry R&D (some of which is also publicly funded). The dashed black lines indicate periods following introduction of 
significant commercial products resulting from this research; the green lines represent industries of more than USD 1 billion (by 
annual revenue) stemming from this research, and the thick green lines represent achievement of more than USD 10 billion markets 
by some of the industries. The grey arrows reflect the rich interactions between academic research, industry research and products, 
illustrating the cross-fertilisation resulting from multi-directional flows of ideas, technologies and people. The top rows list the present-
day IT market segments and representative US firms and products whose creation was stimulated by the decades-long research, 
represented by the red and blue vertical arrows. 
Source: National Research Council, 2012.  
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3.2. The academic background of graduates working in the ICT sectors and of ICT specialists  

 Tertiary-educated workers in ICT sectors have academic backgrounds in computer science and 
engineering but also social sciences. In 2013, the ICT sectors19 employed more than 14 million people 
across OECD countries, accounting for nearly 3% of total employment. Figure 14 shows that, on average 
across the 28 EU Member States, around 25% of workers (with tertiary education) in ICT sectors have an 
academic background in computer sciences, 26% in engineering and 24% in social sciences. Here again, 
there are significant differences across countries. While in countries such as Spain, Sweden, Finland, 
Greece and Italy around 70% of workers in ICT sectors are either computer scientists or engineers, in 
countries such as the Netherlands, Portugal and Turkey the ratio of social scientists in ICT sectors is higher 
than that of computer scientists.  

Figure 14.  Graduates working in ICT sectors, by scientific discipline, European countries, 2013 

(100% = All workers with tertiary education in a country)  

 

* “Sciences” includes life science, physical science, mathematics, statistics and computer science. It is used for countries for which 
disaggregated data are not available.  
Notes:  ICT sectors are obtained by economic activity in EU-LFS. Two-digit NACE Rev.2 (26, 61, 62 and 63) are used for Turkey and 
the EU-28. Three-digit NACE Rev.2 (261, 262, 263, 264, 268, 465, 582, 611, 612, 613, 619, 620, 631 and 951) are used for other 
countries. This definition is based on OECD (2007) and UNCTAD (2015). For more details on this classification, see Annex 1 
(Table A1.2). ”Other & unknown” includes “Other disciplines” (which includes "General programmes", "Teacher training and education 
science", "Humanities", "Agriculture and veterinary", "Health and welfare"), “Unknown”, "Not applicable" and "No answer".  “Life 
science, physical science, mathematics and statistics” also includes “science n.e.c.”. “Computer science” includes “computer use”.  
Fields of study refer to the highest level of educational attainment of graduates. Only countries with data above the reliability limits at 
this level of disaggregation have been included. The following countries are not included: Belgium, Bulgaria, Cyprus20, Denmark, 
Ireland, Latvia, the Former Yugoslav Republic of Macedonia, Slovenia and the United Kingdom.  
Source: European Union Labour Force Survey, 2013. 

In turn, on average across the 28 EU Member States, one-third of ICT specialists21 have an academic 
background in computer science and one-third in engineering, while 12% have a background in social 
sciences (Figure 15). Again, countries differ significantly. In Spain, Italy and Sweden, for example, ICT 
specialists have an academic background mostly in computer sciences and engineering, while in countries 
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such as the Netherlands and Belgium a relatively large share is composed of social scientists (23% and 17% 
respectively), in part reflecting differences in the types of activities in which these scientists are engaged.   

Figure 15.  ICT specialists by scientific discipline, European countries, 2013 

(100% = All workers with tertiary education in a country) 

 
* “Sciences” includes life science, physical science, mathematics, statistics and computer science. It is used for countries for which 
disaggregated data are not available.  
Notes:  ICT specialists are obtained by occupation in EU-LFS. Three-digit ISCO08 (215, 251, 252, 351, 352 and 742) are used for 
Italy, Spain, Turkey and the EU-28. Four-digit ISCO08 (1330, 2152, 2153, 2166, 2356, 2434, 2500, 2510, 2511, 2512, 2513, 2514, 
2519, 2520, 2521, 2522, 2523, 2529, 3114, 3500, 3510, 3511, 3512, 3513, 3514, 3520, 3521, 3522, 7420, 7421 and 7422) are used 
for other countries. This definition is based on OECD, 2015c and UNCTAD, 2015. For more details on this classification, see Annex 1 
(Table A1.3). ”Other & unknown” includes “Other disciplines” (which includes "General programmes", "Teacher training and education 
science", "Humanities", "Agriculture and veterinary", "Health and welfare"), “Unknown”, "Not applicable" and "No answer". “Life 
science, physical science, mathematics and statistics” also includes “science n.e.c.”. “Computer science” includes “computer use”. 
Fields of study refer to the highest level of educational attainment of graduates. Only countries with data above the reliability limits at 
this level of disaggregation have been included. The following countries are not included: Austria, Bulgaria, Croatia, Cyprus 22, 
Denmark, Estonia, Finland, France, Greece, Hungary, Iceland, Ireland, Latvia, Lithuania, Luxemburg, the Former Yugoslav Republic 
of Macedonia, Malta, Portugal, Romania, Slovak Republic, Slovenia, Switzerland and the United Kingdom.  
Source: European Union Labour Force Survey, 2013. 

3.3. The industry destination of university graduates in ICT-related academic fields 

Finally, regarding industry destinations of graduates in ICT-related fields, in 2013 over 50% of ICT 
specialists in OECD countries were employed outside the ICT sector (OECD, 2014). The UK Quarterly 
Labour Force Survey data shed some light on the industry destinations of university graduates in ICT-
related fields, which include studies in computer science, information systems, software engineering and 
artificial intelligence. The analysis suggests that these graduates contribute to many sectors beyond 
computer programming and related activities (28% of the total) – particularly to education (8%), retail 
trade (6%), and financial service activities (5%). The data also suggest that human health activities are a 
very common destination among graduates in artificial intelligence. These findings are clear evidence of 
the value of ICT-related skills throughout the economy. 
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4. DIFFERENCES IN INTERACTION INTENSITIES AND THE ROLE OF SOFT SKILLS  

4.1. Differences in intensities of research-industry interactions across science fields 

 When analysing science-industry linkages, assessing the particular extent to which a sector relies on 
science is also important. Disciplinary affiliation is an important factor determining the likelihood and 
intensity of academic engagement with industry (Bekkers and Bodas Freitas, 2008; Martinelli, Meyer and 
von Tunzelmann, 2008). Several case studies show that researchers in applied scientific fields and 
engineering are more likely to directly collaborate with industry, although there are important exceptions to 
this rule – notably in chemistry and biology (Bekkers and Bodas Freitas, 2008). Basic science has a small 
direct impact, as its contributions often materialise through incorporation in applied sciences and through 
the training of industrial scientists and engineers (Klevorick et al., 1995; Cohen, Nelson and Walsh, 2002). 

Broad science fields identified as more directly fostering industrial innovation are chemistry, physics, 
biology, materials science, medical science, computer science, engineering (chemical, mechanical and 
electrical), and to a lesser extent, mathematics, metallurgy and agricultural science (Pavitt, 1990; Klevorick 
et al., 1995; Cohen, Nelson and Walsh, 2002; Schartinger et al., 2002). Biophysics, biochemistry, 
pharmacology and pharmacy, immunology and applied physics are equally important (Verbeek et al., 
2002). Figure 16 on co-publications between university scientists and industry researchers confirms the 
importance of these sectors.23  

As for industries that rely most intensely on science, the pharmaceuticals and biotechnology industries 
make important direct use of public research findings (Meyer-Kramer and Schmoch, 1998; Kim, Lee and 
Marschke, 2005). Biotechnology patents frequently cite non-patent literature (around 55% of all citations 
of patents filed at the European Patent Office between 2007 and 2012), followed by nanotechnology 
patents (27%), health-related technologies patents (23%) and ICT patents (18%) (Figure 17). Both the 
biotechnology and ICT sectors are recognised as owing their very existence to public and industry research 
(see Box 2 and Figure 13).  
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Figure 16.  Worldwide university-industry co-publications, by science field, 2014 

 
 
Note: The size of each subject area represents its number of university-industry co-publications. The colour scale (ranging from blue 
to red) represents the UIC activity in each subject area relative to the worldwide average level. Red areas concentrate an above-
average share of UICs; blue areas have relatively few UICs.  
Source: Centre for Science and Technology Studies (Leiden University), University-industry research connections (UIRC) 2014, 
based on Thomson Reuters’ Web of Science database. 

Figure 17.  Patent citations to non-patent literature, selected technologies, 1997-2002 and 2007-12 

(Share of patent citations to non-patent literature) 

 
Note: Data refer to the citations made in patent applications filed at the European Patent Office (EPO), according to the publication 
date of the citing patent, the applicant’s residence and fractional counts. Patents are allocated to technological fields using the 
International Patent Classification (IPC) or the European Patent Classification (ECLA). BRIICS refers to the economic grouping of 
Brazil, the Russian Federation, India, Indonesia, the People’s Republic of China and South Africa.  
Source: OECD Science, Technology and Industry Scoreboard 2013 
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Box 2. The pharmaceuticals and biotechnology industries’ reliance on science 

Pharmaceutical industries 

The pharmaceutical industry is consistently identified as being highly reliant on public research for the 
development of their new products (Jaffe, 1986; Cohen, Nelson and Walsh, 2002; Narin, Hamilton and Olivastro, 
1997; Mansfield, 1995, 1998). Patented inventions in pharmaceuticals accounted for a large share of total citations 
to scientific literature in patent documents over 2001-11. There is considerable evidence pointing to the impacts of 
public research on drug discovery (Cockburn and Henderson, 1998; Mansfield, 1995, 1998; Toole, 2012).  

According to patent citations data for 2001-11, medical science (encompassing clinical medicine, 
neuroscience, psychiatry and psychology) and life sciences (including biology and biochemistry, immunology, 
microbiology, molecular biology and genetics) are the most important sources of scientific knowledge for 
pharmaceutical innovations, followed by chemistry (OECD, 2013c). 

Biotechnology industries 

Biotechnology is one of the industries that relies most heavily on public research, particularly in basic science 
fields – possibly more so than the pharmaceutical industry (McMillan, Narin and Deeds, 2000). The emergence of 
the biotechnology industry itself was strongly linked to basic academic research and the discovery, in 1973, of the 
basic technique for recombinant DNA by Stanley Cohen of Stanford University and Herbert Boyer of the University 
of California, San Francisco. The industry’s engagement in joint research and publishing with academic institutions 
and the engagement of “star” scientists are effective channels for the industry to source new scientific knowledge 
(Liebeskind et al., 1996; Zucker, Darby and Armstrong, 1998, 2002; Zucker and Darby, 2001).  

Patented inventions in biotechnology account for the largest share of total citations to scientific literature in 
patent documents for 2001-11. Analysis of patent citations to non-patent literature suggests that innovations in the 
field of biotechnology mainly draw on scientific knowledge in the field of biology and biochemistry, followed by 
clinical medicine, molecular biology and genetics, chemistry and immunology (Figure 18) (OECD, 2015b).  

Figure 18.  Biotechnology patents: Citations to non-patent literature by field of science, 2003-13 

(Share of scientific fields in non-patent literature cited in biotechnology patents) 

 
Note: Biotechnology patents are defined according to lists of IPC patents compiled by experts in the respective fields.  

Source: OECD Science, Technology and Industry Scoreboard 2015. 
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4.2. The importance of soft skills for innovation beyond scientific discipline 

Specific “soft” skills matter significantly in highly innovative jobs, aside from the need for the 
technical knowledge linked to specific scientific disciplines. Evidence from the Reflex and Hegesco 
surveys 24  point out that the skills that most distinguish innovative from non-innovative workers are 
creativity (i.e. coming up with new ideas and solutions), critical thinking (i.e. a willingness to question 
ideas) and communication skills (i.e. the ability to present ideas to an audience), followed by alertness to 
opportunities, analytical thinking, the ability to co-ordinate activities, and the ability to acquire new 
knowledge rapidly (Figure 19) (Avvisati, Jacotin and Vincent-Lancrin, 2013).   

Figure 19.  Critical skills for the most innovative jobs, by type of innovation 

 
Notes: Based on the Reflex and Hegesco datasets. The five most critical skills are highlighted in blue for each type of innovation. 
Odds ratio for the likelihood of mentioning the skill as required for workers in innovative jobs, compared to workers in non-innovative 
jobs, are presented. Generalised odds ratios are computed from logistic regressions controlling for country and sector of activity.  
Source: Avvisati, Jacotin and Vincent-Lancrin, 2013.  

Statistics on innovative firms’ demand for skills based on the Australian innovation survey25 data 
show that firms that had recruited personnel in 2004-05 were mostly looking for personnel with general 
business skills (22.6%), information technology skills (18.2%), marketing (16.7%) and product 
management skills (10.1%) (Toner, 2011). Only 2.2% and 9.3% of those firms were looking for scientific 
or engineering skills, respectively. Manufacturing and resource-related industries, including mining, 
electricity, gas and water recruited a relatively high share of graduates with engineering skills, while those 
in the service sectors were mainly looking for general business, marketing and information technology (IT) 
skills (Table 6).  
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Table 5.  Innovating businesses recruiting skills for innovation, Australia, 2004-05 (%) 
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Engineering 37.9 20.2 48.6 18.5 10.2 0.8 6.0 5.9 9.0 1.6 6.7 8.5 9.3 

Scientific 5.1 5.6 16.8 n.p. 4.8 0.0 0.0 0.3 n.p. 0.5 2.2 2.5 2.2 

Marketing 18.4 14.7 24.8 13.7 16.6 16.1 24.2 12.7 21.8 18.6 15.8 23.7 16.7 
Information 
Technology 18.4 16.7 33.8 15.2 21.2 6.9 10.2 20.6 48.5 21.0 26.8 33.3 18.2 

Product 
management 16.4 13.4 11.8 7.9 12.7 8.0 18.4 11.2 14.5 14.7 3.8 13.0 10.1 

General 
business 21.9 18.0 43.0 32.2 30.0 21.7 30.6 18.3 28.5 30.9 14.9 21.5 22.6 

Other 4.8 5.3 6.9 3.3 1.4 4.1 4.1 11.1 6.6 12.6 6.8 14.1 5.4 
Total 
innovating 
business that 
recruited 

57.2 48.3 72.5 46.4 53.9 34.2 55.0 44.7 67.9 56.8 47.1 58.5 47.4 

Notes: Businesses could identify more than one skill sought. Proportions are of innovating businesses in each industry reporting 
recruitment of specific skills to develop or implement innovations.  
Source: Toner, 2011.  
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5. CONCLUSIONS 

Characterising industry-science linkages is important for innovation policies that aim to strengthen 
research contributions to different economic sectors. The available evidence on science-industry linkages is 
incomplete however, particularly as it is not possible to capture all informal channels of interaction. 
Commonly used methodologies based on patent and publications data are biased towards certain science 
and industry fields. New evidence from labour force surveys and university graduate surveys presented in 
this paper helps provide a more comprehensive picture of the linkages, by capturing the flow of graduates 
from all academic disciplines to different industry sectors. In particular, it allows to better capture the 
contributions of social scientists to industry and the complexity of different disciplinary inputs to the 
digital economy.  

Further efforts are needed to assess more fully the connections between industries and disciplines, 
including standardising classifications and collecting new data. New tools, notably text mining and web 
scraping – as well as more systematic collection of additional data sources, such as data on industry-
university contracts and university spinoffs – can help put together a more comprehensive picture. 
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ENDNOTES  

                                                      
1 ICT specialists are defined as those engaged in developing, maintaining or operating ICT systems, or for whom 

ICTs figure prominently in the job (OECD, 2015a). This definition is based on OECD, 2015c and 
UNCTAD, 2015. For more details on this classification, see Annex 1, Table A1.3.  

2 Higher education expenditures on R&D (HERD), current PPP USD, 2015. 

3 The relationship between scientific research and industry is not one-directional, as industry also contributes to 
scientific research (e.g. by offering, among other things, a testing ground for research findings).   

4  Industry is used here to refer to all economic sectors of activity, including both manufacturing and services. 
Following the literature, the expression “science-industry linkages” is used. 

5 There is no standard definition of a public research spinoff. In the narrow sense, it may be defined as any new firm 
that includes a public sector or university employee as a founder. In the broader view, it may be defined as 
any new firm including a public sector/university employee or student/alumnus or former public sector 
employee as a founder, based on a patent and/or other forms of IP (e.g. copyright) and/or non-technical 
innovations (e.g. business model improvements) (OECD, 2013a). 

6 For example, Cohen, Nelson and Walsh (2002) and Schartinger et al. (2002) gather information about different 
types of interaction channels, while others, such as Klevorick et al. (1995) and Mansfield (1995) do not 
explicitly capture the nature of relations.  

7 The non-patent literature includes peer-reviewed scientific papers but other types of publications as well – such as 
conference proceedings, databases (DNA structures, gene sequences, chemical compounds, etc.), 
translation guides and statistical manuals. Citations to non-patent literature contained in a patent are 
considered an indication of closeness or relatedness between the technology developed and the science 
field of the source cited.  

8 Lissoni et al. (2008) argue that examining joint patent application data alone underestimates the role played by 
academic scientists to technology transfer and innovation, as specific institutional features of research 
systems might limit ownership of academic patents. In line with this, Motohashi and Maramatsu (2012) 
argue that in order to analyse jointly invented university-industry patents, one should examine both 
corporate patents that involved university personnel (known as jointly-invented university–industry 
patents) by tracing inventor information, as well as the patents for which applications were filed jointly by 
industry and academia (known as joint-application university–industry patents). 

9 The classifications and levels of disaggregation for academic disciplines and economic activities used in this paper 
correspond to those of the different sources, reflecting differences across them. When possible, the 
classification of scientific disciplines used corresponds to that defined in the Frascati Manual 2015, which 
groups fields of research and development into six categories: i) natural sciences; ii) engineering and 
technology; iii) medical and health sciences; iv) agricultural and veterinary sciences; v) social sciences; 
and vi) humanities and the arts (See Annex 1, Table A1.1). The International Standard Industrial 
Classification (ISIC Rev.4 / NACE Rev.2) is the reference classification for economic activities used (see 
Annex 1, Table A1.2).  

10 More information about the project can be found at: www.oecd.org/sti/cdh. A higher level of disaggregation of 
industry sectors would be necessary to uncover science-industry linkages. 

11 For the purposes of this discussion, education studies have been considered a separate category and have not been 
included in analyses of contributions of social sciences to industry. 

http://www.oecd.org/sti/cdh


WHAT ROLE FOR SOCIAL SCIENCES IN INNOVATION? RE-ASSESSING HOW SCIENTIFIC DISCIPLINES CONTRIBUTE TO DIFFERENT INDUSTRIES 

OECD SCIENCE, TECHNOLOGY AND INDUSTRY POLICY PAPERS  
 

47 

                                                                                                                                                                             
12 The education sector, for example, absorbs graduates from a wide variety of fields – particularly from education 

sciences, social sciences and humanities, but also from science and engineering. Public administration 
predominantly recruits graduates with social science backgrounds, but also to a lesser extent graduates in 
science, engineering and humanities. Other smaller sectors recruiting graduates from a wide range of 
sectors are retail trade and computer programming and consultancy services. In contrast, most 
manufacturing activities, mainly located in the upper right-hand side, rely principally on engineers; sectors 
such as real estate activities, legal and accounting activities, and financial services rely chiefly on social 
scientists. These findings are in line with those from Avvisati, Jacotin and Vincent-Lancrin (2013), 
presented in Section 2.3.3. 

13 Data from the UK Labour Force Survey presented here refer to the UK labour force with tertiary education that 
gained bachelor’s degrees (and possibly higher-level degrees) in the United Kingdom; excluded therefore 
is the labour force that gained bachelor’s degrees abroad, even if those persons undertook higher-level 
degrees in the United Kingdom). Data do not include combined subject degrees, but only focus on single 
subject degrees.  

14 The two surveys gather information about graduates five years after qualifying for the higher education level degree, 
on the basis of representative samples of tertiary graduates. They cover the following countries: Austria, 
Belgium, Czech Republic, Estonia, Finland, France, Germany, Hungary, Italy, Japan, Lithuania, 
the Netherlands, Norway, Poland, Portugal, Slovenia, Spain, Switzerland, Turkey and the United Kingdom. 
For more information: www.hegesco.org/ and http://roa.sbe.maastrichtuniversity.nl/?portfolio=reflex-
international-survey-higher-education-graduates.  

15 https://cache.media.enseignementsup-
recherche.gouv.fr/file/Strategie_Recherche/26/9/strategie_nationale_recherche_397269.pdf.  

16 www.bmbf.de/pub/HTS_Broschuere_eng.pdf.  

17 See Endnote 1. 

18 For more details on the activities within the ICT sectors that are used for calculations in this section, see Annex 1 
(Table A1.3). 

19 The definition of ICT sectors used here is based on OECD, 2007 and UNCTAD, 2015. For more details on this 
classification, see Annex 1 (Table A1.3) 

20 See Note 1 of Figure 2. 

21 See Note 1 of Figure 2.  

22 See Note 1 of Figure 2. 

23 A study based on joint publications between 1981 and 2000 in the United Kingdom finds that most co-publications 
were in the fields of chemical sciences (accounting for around 20% of total co-publications), medical 
sciences (20%) and biological sciences (14%). Agricultural sciences, chemical engineering, materials and 
physics each accounted for between 5% and 8% of the total. The same study finds that more than 12% of 
all university papers in the field of chemical sciences were collaborative with industry, followed by 
instrumentation and measurement, electrical and electronics engineering, materials, and civil and chemical 
engineering (Calvert and Patel, 2003). 

24 These are two international surveys on tertiary education graduates five years after their graduation: the Reflex 
survey (conducted in 2005 and covering 14 European countries and Japan) and the Hegesco Survey 
(conducted in 2008 and covering 5 Eastern European countries). Respondents were asked about which 
skills were important in their job, how they assessed their own skills, and their involvement in different 

http://www.hegesco.org/
http://roa.sbe.maastrichtuniversity.nl/?portfolio=reflex-international-survey-higher-education-graduates
http://roa.sbe.maastrichtuniversity.nl/?portfolio=reflex-international-survey-higher-education-graduates
https://cache.media.enseignementsup-recherche.gouv.fr/file/Strategie_Recherche/26/9/strategie_nationale_recherche_397269.pdf
https://cache.media.enseignementsup-recherche.gouv.fr/file/Strategie_Recherche/26/9/strategie_nationale_recherche_397269.pdf
https://www.bmbf.de/pub/HTS_Broschuere_eng.pdf
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types of innovation in their job. For more information: www.hegesco.org/ and 
http://roa.sbe.maastrichtuniversity.nl/?portfolio=reflex-international-survey-higher-education-graduates . 

25 The Australian innovation survey, conducted in 2006, asked businesses that had innovated over the previous two 
years about the qualifications of the people they recruited to develop new goods or services, or implement 
new operational or organisational/managerial processes. 

http://www.hegesco.org/
http://roa.sbe.maastrichtuniversity.nl/?portfolio=reflex-international-survey-higher-education-graduates
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ANNEX 1. DATA SOURCES AND CLASSIFICATIONS OF FIELDS OF SCIENCE AND 
TECHNOLOGY AND ECONOMIC ACTIVITIES 

A1.1 Labour force and graduate surveys used 

The evidence from labour force and graduate surveys presented in sections 2 and 3 is based on the 
following data sources: 

• the EU Labour Force Survey 2013, which covers the 28 EU Members States plus Iceland, 
Norway, Switzerland, Turkey and the Former Yugoslav Republic of Macedonia, and comprises 
16 disciplines and industries at the 3-digit level of NACE Rev.2;  

• the UK Quarterly Labour Force Survey April-June  2016, comprising 19 disciplines and 
industries at the 3-digit level of SIC 2007);  

• the School Basic Survey in Japan 2015, comprising 11 disciplines and industries at the 1-digit 
level of JSIC; and  

• the UK Destinations of Leavers of Higher Education Survey 2013/2014, comprising 20 
disciplines and industries at the 1-digit level of SIC 2007).  

A1.2 Classifications of fields of science and technologies  

Table A1.1 presents the classification of fields of science used in this paper. Where other 
classifications have been included this is indicated in the paper.  

Table A1.1. Classification of fields of science and technology: major fields and sub-fields in the Frascati 
Manual 

Natural sciences 
Mathematics  • Pure mathematics, Applied mathematics; Statistics and probability. 
Computer and information 
sciences 

• Computer sciences, information science and bioinformatics. 

Physical sciences • Atomic, molecular and chemical physics (physics of atoms and molecules including 
collision, interaction with radiation; magnetic resonances; Moessbauer effect); 
Condensed matter physics (including formerly solid state physics, 
superconductivity); Particles and fields physics; Nuclear physics; Fluids and plasma 
physics (including surface physics); Optics (including laser optics and quantum 
optics), Acoustics; Astronomy (including astrophysics, space science). 

Chemical sciences • Organic chemistry; Inorganic and nuclear chemistry; Physical chemistry, Polymer 
science, Electrochemistry (dry cells, batteries, fuel cells, corrosion metals, 
electrolysis); Colloid chemistry; Analytical chemistry. 

Earth and related 
Environmental sciences 

• Geosciences; Mineralogy; Palaeontology; Geochemistry and geophysics; Physical 
geography; Geology; Volcanology; Environmental sciences; 

• Meteorology and atmospheric sciences; Climatic research;  
• Oceanography, Hydrology, Water resources. 

Biological sciences • Cell biology, Microbiology; Virology; Biochemistry and molecular biology; 
Biochemical research methods; Mycology; Biophysics;  
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• Genetics and heredity; Reproductive biology; Developmental biology;  
• Plant sciences, botany;  
• Zoology, Ornithology, Entomology, Behavioural sciences biology;  
• Marine biology, freshwater biology, limnology; Ecology; Biodiversity conservation; 
• Biology (theoretical, mathematical, thermal, cryobiology, biological rhythm); 

Evolutionary biology; other biological topics. 
Other natural sciences  

Engineering and technology 
Civil engineering • Civil engineering; Architecture engineering; Construction engineering, Municipal 

and structural engineering; Transport engineering. 
Electrical engineering, 
Electronic engineering, 
Information engineering 

• Electrical and electronic engineering; Robotics and automatic control; Automation 
and control systems; Communication engineering and systems; 
telecommunications; Computer hardware and architecture. 

Mechanical engineering • Mechanical engineering; Applied mechanics; Thermodynamics;  
• Aerospace engineering;  
• Nuclear related engineering;  
• Audio engineering, reliability analysis. 

Chemical engineering • Chemical engineering (plants, products); Chemical process engineering. 
Materials engineering • Materials engineering; Ceramics; Coating and films; Composites (including 

laminates, reinforced plastics, cermets, combined natural and synthetic fibre 
fabrics; filled composites); Paper and wood; textiles; including synthetic dyes, 
colours, fibres. 

Medical engineering • Medical engineering; Medical laboratory technology (including laboratory samples 
analysis; diagnostic technologies). 

Environmental engineering • Environmental and geological engineering, geotechnics; Petroleum engineering, 
(fuel, oils), Energy and fuels; Remote sensing; Mining and mineral processing; 
Marine engineering, sea vessels; Ocean engineering. 

Environmental 
biotechnology 

• Environmental biotechnology; Bioremediation, diagnostic biotechnologies (DNA 
chips and biosensing devices) in environmental management; environmental 
biotechnology related ethics. 

Industrial biotechnology • Industrial biotechnology; Bioprocessing technologies (industrial processes relying 
on biological agents to drive the process) biocatalysis, fermentation; bio products 
(products that are manufactured using biological material as feedstock) 
biomaterials, bioplastics, biofuels, bio-derived bulk and fine chemicals, bio-derived 
novel materials. 

Nanotechnology • Nano-materials; Nano-processes. 
Other engineering and 
technologies 

• Food and beverages;  
• Other engineering and technologies. 

Medical and Health sciences 
Basic medicine • Anatomy and morphology; Human genetics; Immunology; Neurosciences (including 

psychophysiology); Pharmacology and pharmacy; Medicinal chemistry; Toxicology; 
Physiology (including cytology); Pathology. 

Clinical medicine  • Andrology; Obstetrics and gynaecology; Paediatrics; Cardiac and Cardiovascular 
systems; Peripheral vascular disease; Hematology; Respiratory systems; Critical 
care medicine and Emergency medicine; Anaesthesiology; Orthopaedics; Surgery; 
Radiology, nuclear medicine and medical imaging; Transplantation; Dentistry, oral 
surgery and medicine; Dermatology and venereal diseases; Allergy; Rheumatology; 
Endocrinology and metabolism (including diabetes, hormones); Gastroenterology 
and hepatology; Urology and nephrology; Oncology; Ophthalmology; 
Otorhinolaryngology; Psychiatry; Clinical neurology; Geriatrics and gerontology; 
General and internal medicine; other clinical medicine subjects; Integrative and 
complementary medicine (alternative practice systems). 

Health sciences • Health care sciences and services (including hospital administration, health care 
financing); Health policy and services;  

• Nursing; Nutrition, Dietetics;  
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• Public and environmental health; Tropical medicine; Parasitology; Infectious 
diseases; epidemiology;  

• Occupational health; Sport and fitness sciences;  
• Social biomedical sciences (includes family planning, sexual health, psycho-

oncology, political and social effects of biomedical research); Medical ethics; 
Substance abuse. 

Medical biotechnology • Health-related biotechnology; Technologies involving the manipulation of cells, 
tissues, organs or the whole organism (assisted reproduction); Technologies 
involving identifying the functioning of DNA, proteins and enzymes and how they 
influence the onset of disease and maintenance of well-being (gene-based 
diagnostics and therapeutic interventions - pharmacogenomics, gene-based 
therapeutics); Biomaterials (as related to medical implants, devices, sensors); 
Medical biotechnology related ethics. 

Other medical sciences • Forensic science;   
• Other medical sciences. 

Agricultural and veterinary sciences 
Agriculture, Forestry, and 
Fisheries 

• Agriculture; Forestry; Fishery; Soil science; Horticulture, viticulture; Agronomy, plant 
breeding and plant protection; 

Animal and Dairy science • Animal and dairy science;  
• Husbandry; Pets. 

Veterinary science   
Agricultural biotechnology • Agricultural biotechnology and food biotechnology; GM technology (crops and 

livestock), livestock cloning, marker assisted selection, diagnostics (DNA chips and 
biosensing devices for the early/accurate detection of diseases) biomass feedstock 
production technologies, biopharming; agricultural biotechnology related ethics. 

Other agricultural sciences  
Social sciences 

Psychology and cognitive 
sciences 

• Psychology (including human - machine relations);  
• Psychology, special (including therapy for learning, speech, hearing, visual and 

other physical and mental disabilities). 
Economics and Business • Economics, Econometrics; Industrial relations; Business and Management; 
Education* • Education, general; including training, pedagogy, didactics; Education, special (to 

gifted persons, those with learning disabilities). 
Sociology • Sociology; Demography; Anthropology, ethnology;   

• Social topics (Women’s and gender studies; Social issues; Family studies, Social 
work). 

Law • Law, criminology, penology. 
Political science • Political science; public administration; organisation theory. 
Social and economic 
geography 

• Environmental sciences (social aspects); Cultural and economic geography; Urban 
studies (Planning and development); Transport planning  

Media and 
communications 

• Journalism; Information science (social aspects); Library science; Media and socio-
cultural communication. 

Other social sciences • Social sciences, interdisciplinary; 
• Other social sciences. 

Humanities and the arts 
History and archaeology • History; archaeology. 
Languages and literature • General language studies; Specific languages; General literature studies; Literary 

theory; Specific literatures; Linguistics. 
Philosophy, Ethics and 
Religion 

• Philosophy, History and philosophy of science and technology;  
• Ethics; Theology; Religious studies. 

Arts (arts, history of arts, 
performing arts, music) 

• Arts, Art history; Architectural design; Performing arts studies (Musicology, Theatre 
science, Dramaturgy); Folklore studies;  

• Studies on Film, Radio and Television.  
Other humanities  
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* In this paper, education studies have been considered a separate category and have not been included in analyses of contributions 
of social sciences to industry  

Source: OECD (2015d). Frascati Manual 2015; OECD (2006) Revised field of science and technology classification in the Frascati 
Manual, DSTI/EAS/STP/NESTI(2006)19/FINAL. 

 

Definition of ICT sectors and occupations used 

 Tables A1.2. and A1.3. describe the economic activities integrated as ICT sectors and 
occupations used in the paper. 
 

Table A1.2: Economic activities – ICT sectors, NACE Rev.2 

2-digit NACE Rev.2 
26 
61 
62 
63 

Manufacture of computer, electronic and optical products 
Telecommunications 
Computer programming, consultancy and related activities 
Information service activities 

3-digit NACE Rev.2 
261 
262 
263 
264 
268 
465 
582 
611 
612 
613 
619 
620 
631 
951 

Manufacture of electronic components and boards 
Manufacture of computers and peripheral equipment 
Manufacture of communication equipment 
Manufacture of consumer electronics 
Manufacture of magnetic and optical media 
Wholesale of information and communication equipment 
Software publishing 
Wired telecommunications activities 
Wireless telecommunications activities 
Satellite telecommunications activities 
Other telecommunications activities 
Computer programming, consultancy and related activities 
Data processing, hosting and related activities; web portals 
Repair of computers and communication equipment 

Sources: OECD (2007) and UNCTAD (2015). 

  
Table A1.3: Occupations – ICT specialists, NACE Rev.2 

3-digit ISCO08 
215 
251 
252 
351 
352 
742 

Electrotechnology engineers 
Software and applications developers and analysts 
Database and network professionals 
Information and communications technology operations and user support technicians 
Telecommunications and broadcasting technicians 
Electronics and telecommunications installers and repairers 

4-digit ISCO08 
1330 
2152 
2153 
2166 
2356 
2434 
2500 
2510 
2511 
2512 
2513 
2514 
2519 

Information and communications technology service managers 
Electronics engineers 
Telecommunications engineers 
Graphic and multimedia designers 
Information technology trainers 
Information and communications technology sales professionals 
Information and communications technology professionals 
Software and applications developers and analysts 
Systems analysts 
Software developers 
Web and multimedia developers 
Applications programmers 
Software and applications developers and analysts not elsewhere classified 

http://www2.oecd.org/oecdinfo/info.aspx?app=OLIScoteEN&Ref=DSTI/EAS/STP/NESTI(2006)19/FINAL
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2520 
2521 
2522 
2523 
2529 
3114 
3500 
3510 
3511 
3512 
3513 
3514 
3520 
3521 
3522 
7420 
7421 
7422 

Database and network professionals 
Database designers and administrators 
Systems administrators 
Computer network professionals 
Database and network professionals not elsewhere classified 
Electronics engineering technicians 
Information and communications technicians 
Information and communications technology operations and user support technicians 
Information and communications technology operations technicians 
Information and communications technology user support technicians 
Computer network and systems technicians 
Web technicians 
Telecommunications and broadcasting technicians 
Broadcasting and audio-visual technicians 
Telecommunications engineering technicians 
Electronics and telecommunications installers and repairers 
Electronics mechanics and servicers 
Information and communications technology installers and servicers 
 

Sources: OECD (2015c) and UNCTAD (2015). 
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