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Foreword
by Irina Bokova

In September 2015, the world agreed on a new
vision for human development and peace for the
next 15 years, embodied in the 2030 Agenda for
Sustainable Development. The power of the sciences
stands at the heart of this new vision, as an essential
driver for progress across all of the new Sustainable
Development Goals. This is why UNESCO is deeply
committed to strengthen science, technology and
innovation (STI) policy systems and governance

| I strategies — to equip Member States with the
knowledge and skills to address complex developmental challenges of unprecedented environmental
change, resource depletion and social transformation.

In order to strengthen national frameworks, Governments need tools to map the landscape of STl in
their countries. This is the importance of UNESCO's Global Observatory of Science, Technology and
Innovation Policy Instruments (UNESCO GO->SPIN), to map STl policies, create inventories of ST policy
instruments, ST legal frameworks and institutions, with the aim to improve policy-making, implementation
and evaluation.

This Country Profile reviews different dimensions of STl policy in Israel from the late sixties to the present.
The result of a strong collaboration between the Samuel Neaman Institute for National Policy and
UNESCO, the Israel Academy of Sciences and Humanities played a key role in enabling the participation
of the most important STI stakeholders in Israel. Their in-kind contribution, together with the support of
Sweden, through the Swedish International Development Cooperation Agency, made this volume possible,
for which | am deeply grateful. | am confident that this fifth volume in the UNESCO series of country profiles
will provide Israel, and the global scientific community, with a vital tool as we strive to build more inclusive

//vfaa gnn«q

Irina Bokova

knowledge societies towards 2030.

Xi



Mapping Research and Innovation in the State of Israel is the fifth of a series of country profiles prepared
by UNESCO's Global Observatory of Science, Technology and Innovation Policy Instruments (GO->SPIN).
The series is designed to expose — through the rigorous application of an assessment lens—usable insights
about science, technology, engineering and innovation (SETI) policies and their context. The GO->SPIN
programme is helping Member States to reform and upgrade national science systems and governance. It
promotes building capacity to monitor and evaluate the policy performance, through a structural analysis
(covering the explicit policy, the SETI national ecosystem, the legal framework and operational policy
instruments), because such analysis points to implicit policies and gaps, and situates the performance of
Israel’s policy. In this way, the scope of standard SETI assessment can be widened, to take into account
country-specific contexts, as well as emerging knowledge of technological advances that contribute to
sustainable development. While complementing efforts to promote evidence-based SETI policy-making
as well as efforts to evaluate policy performance, GO->SPIN offers a good baseline for the promotion of
scientific and technological foresight studies.

The present country profile is the result of a very synergistic collaboration between the Samuel Neaman
Institute (SNI) for National Policy Research (Technion-Israel Institute of Technology, Haifa) and UNESCO's
Division of Science Policy and Capacity Building (Paris) at the invitation of the Israel Academy of Sciences
and Humanities (IASH). IASH played a fundamental role enabling the participation of the most important
SETI stakeholders in Israel and creating a very fruitful co-operation environment.

This country profile is an attempt to systematize the different dimensions of SETI policy in Israel from the
late 1960s to present. It compiles statistical information as well as presenting inventories of the fundamental
instruments in order to create a reliable framework for policy analysis.

The volume is organized so as to present the following items: (a) a long-term description of the political,
economic, social, cultural and educational contextual factors; (b) a study of R&D and innovation indicators;
(c) a long-term scientometric analysis of scientific publications, patents, trademarks and utility models; (d)
a historical background to SETI policies in Israel, (e) a description of the SETI policy cycle; (f) a standard
content analysis of the explicit SETI policies, (f) a complete analysis of the SETI organizational chart at five
different levels (policy-making level; promotion level; research and innovation execution level; scientific
and technological services level and evaluation level); (g) an inventory of all the SETI government bodies
and organizations related to research and innovation activities and to science and technology services; (h)
an inventory of the SETI legal framework, including acts, bills, regulations and international agreements;
(i) a standard inventory with 18 different analytic dimensions of all the SETI operational policy instruments
which are in operation and (j) an analysis of Strengths, Weaknesses, Opportunities and Threats (SWOT) of
the country’s research and innovation landscape.

Some key findings arising from this work of describing the Israeli SETI system are summarized below:

In the past two decades, the country succeeded in establishing a knowledge-intensive economy with
high- and medium-tech products contributing significantly to the trade balance. Israel achieved top ranks
in terms of Gross Expenditures on R&D, Business Expenditure on R&D, and venture capital as a percentage

xiii
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of GDP. It has the second highest concentration of high-tech companies in the world and is a major player
in development and application of technology, cyber security, and innovative capacity. Israel is a world
leader in research collaboration between the academia and industry. The close ties between academia,
industry and government enable scientific innovation to be swiftly translated into marketable products and
business initiatives. The MAGNETON programme promotes existing industry-science co-operation for a
period of up to 2-years and the NOFAR programme aims to advance applied research in biotechnology
and nanotechnology.

Israel is ranked second (after the USA) in terms of venture capital availability, thus ensuring a threshold
condition required to foster entrepreneurship and innovation by small companies in all sectors. In this way,
Israel’s thriving start-up industry is complemented by a flourishing venture capital market, which attracted
a total of US$ 2 346 million in 2013. Government insures 25% of the risk of Israeli institutional investors who
join high-tech funds as limited partners.

The country has developed a series of strategic programmes to occupy technologically-specialised niches
in the global economy. The Cyber-Security Initiative, promised US$ 50 million for 2012-2014 to strengthen
human capital in the cyber security field by transferring military expertise to industry. Another area of
expertise in knowledge-intensive industries is defence exports. The Government has been promoting the
pharmaceutical and biotechnology industry with a relative success via the Office of the Chief Scientist’s
incentives. New areas have been identified, and specific policy instruments and funding allocations have
already been established (i.e. Cleantech, nanotechnology and the Fuel Choices Initiative).

On the one hand, Israel’s economy includes a relatively small, excellent high-tech sector, which serves as
its engine. On the other hand, a much larger, less efficient traditional industry and services sector exists.
The country’s technology-driven growth was not sufficiently inclusive; poverty and inequality have risen.
The dual economic structure results in a well-paid labour force living at the ‘core’ of the country, namely
the Tel Aviv metropolitan area, and a poorly paid labour force living primarily on the periphery.

The gap between Israel and developed countries in labour productivity has widened substantially in the
past decades. In Israel labour productivity — in GDP per hour worked in 2014 — was US$ 37.5, a small
value compared with US$ 85.1 in Norway or US$ 67.2 in the USA. Moreover, in Israel, there is a large gap
between labour productivity in the high technology versus the medium-high technology sectors, and
trends show this is persistent. Traditional industry suffers from low productivity per employee and from
a slow rate of improvement in productivity. Due to its considerable share in the national production and
in employment, long-term economic growth cannot be attained without improving the productivity of
traditional industry. The key to achieving this objective is to provide incentives to employers to implement
innovations, including by assimilating advanced technologies, opening up to organizational and business
model changes, and increasing exports as a share in output.

Israel is at the bottom of OECD countries (with a world rank of 53) on the Ease of Doing Business Index,
showing the need for a significant improvement in various aspects of the regulatory framework for doing
business. The business community identified ‘inefficient government bureaucracy’ as the major difficulty
for promoting innovation and competitiveness.

Israel is facing challenges from water scarcity and security resource scarcity, climate change threats,
the need for energy security and independence, as well as changing demographics. These drivers are
becoming more and more important in their influence on everyday life. The Government approved in
2011 the proposal of the Minister of Environmental Protection and the Minister of Economy to prepare
a national green growth strategy for the years 2012-2020. The decision defines green growth as ‘socio-
economic growth and development that does not harm the environment, makes efficient economic and
sustainable use of natural resources, and creates jobs while maximizing opportunities for the use of clean
growth engines.’ In 2012, the shares of the Office of the Chief Scientist's grants to Cleantech were of only
5%. In order to achieve long-term sustainability goals, a plan to expand the public support for developing
these green technologies is required.



The high investments made in primary, secondary and tertiary education during the first three decades
of statehood were not maintained over the past decades. In particular, there is a trend of substantial
decline in higher education investment. Data from recent years show that educational achievements in core
curriculum subjects (mathematics and science) are low in comparison to OECD countries, e.g. PISA scores;
they also show that public spending on primary education has fallen below the OECD average level. The
worrying state of the Israeli education system also stems from the deteriorating quality of teachers (primary
and secondary level) and college teachers, as well as from the lack of stringent demands from the students.

Israel has seven research universities. Common to all Israeli universities is their striving for excellence. This
is reflected in the high impact of their scientific publications and citations, their high-ranking at global level,
and the number of prestigious international awards for Israeli researchers including five Nobel Laurates in
the past decade. Israeli academic researchers have a high rate of success in winning research grants, strong
inventive performance in term of patents and the intense and rigorous activity of Technology Transfer
Offices in the commercialization of IP. The Office of Chief Scientist's MAGNET programme has successfully
supported knowledge transfer since 1994 through grants for new pre-competitive consortia. In the past five
years, there was a rise of 30% within the budget of the Council for Higher Education. The Six-year Planning
and Budgeting Committee Plan is increasing research budgets and retaining more researchers. The system
is benefitting from the recent I-CORE programmes for centres of research excellence.

The number of articles by Israeli scientists listed in the Science Citation Index, Social Science Citation
Index and Arts & Humanities Citation Index shows a linear-growth over the past five decades (R?=0.99). At
the same time, the number of articles per capita exhibits an asymptotic behaviour, reaching a saturation
(R?=0.97) at around 1570 articles per million inhabitants. Since the late 1960s, Israel long had the highest
worldwide productivity in terms of articles per million inhabitants. This position was lost in 1994. In 2014,
Israel occupied the 12 rank for countries with a population of over one million inhabitants. The number
of articles per capita against the GDP per capita in constant US dollars also showed a saturation behaviour
(R?=0.94) at around 1570 articles per million inhabitants for a GDP per capita over US$ 20 000. Consequently,
the yearly shares of Israel’s articles relative to all articles worldwide have also been decreasing, by 30%
over the past two decades. Moreover, while in the Republic of Korea and China the distribution pattern
of scientific articles across major fields of science reveals that 80% of the publications fall in the natural
sciences or engineering and technology fields, in Israel this share is only 60%. In the past two decades, the
share of articles in the natural sciences fell by 5% while there was an increase of 5% in the social sciences
field. This publication pattern is the result of the zero-growth policy in the number of full-time equivalent
academic researchers, and the reductions that Higher Education Expenditures on R&D suffered in the past
decade, from 0.69% in 2003 to 0.59% in 2013.

In 2012, Israeli inventors ranked 10th in the number of patents applications in the United States Patent
and Trademark Office, of which patents most are owned by multinational companies which have research
centres in Israel. The rate of transfer of Israeli intellectual property, know-how and technology to the
possession of multinational companies has substantially increased in the past decade. In the period
2001-2011, foreign R&D centres in Israel filed at least 9 800 distinct patent applications around the world.
In 2011, the inventive activity of foreign R&D centres in Israel constituted 27% of total number of distinct
patent applications (as compared to 10% in 1990) and 61% of total foreign-owned distinct inventions
attributed to the business sector (as compared to 24% in 1990). In the period 1990-2010, at least 1360
distinct inventions were transferred from the ownership of Israeli companies or start-ups to the possession
of foreign R&D centres due to acquisitions or mergers. These inventions constituted approximately 13.5%
out of the total patent portfolio of the R&D centres. The Israeli economy benefits from the activity of the
multinationals’ subsidiaries through job creation and other means. However, these advantages are relatively
small compared to the potential economic gains that might have been achieved if this intellectual property
been utilized to support and foster expansion of the R&D chain from start-ups and seed companies to
mature Israeli-owned companies of a considerable size.

The regulations to address discrimination against women in recruitment or promotion to research positions
and to foster equal gender representation in academic and research committees, boards and governing
bodies are very weak, in terms of effectiveness. In the past 25 years, there was a drop in women's tertiary
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enrolment in physical sciences, mathematics & computer sciences and biological sciences disciplines.
Moreover, the shares of women in the academic staff reach only 11% of the whole in physical sciences, 10%
in mathematics and computer sciences, 14% in engineering and architecture, 27% in biological sciences,
34% in medical sciences, 36% in social sciences and 39% in humanities. The participation of women in
scientific research is only 22%, one of the lowest in the world.

In terms of explicit SETI policies, the inventories of the SETI legal framework and operational policy
instruments show a great diversity of mechanisms to offer maximum support to companies and research
universities for promoting R&D and innovation activities in the country. This diversity is one of the most
solid bases — in terms of policy design — that the country has in place for its SETI system. The core of Israel’s
SETI policy includes a list with 53 different operational policy instruments providing funding and other
financial mechanisms for research and innovation activities at different stages.

However, Israel has neither formalized SETI policies by producing medium- and long-term plans, nor
formalized any R&D master plan that lays out long-term strategies for the entire research and innovation
ecosystem with strategic goals and quantitative targets. This gap dilutes the effectiveness of the present
policies in the long-run.

Since the elimination of the Ministerial Committee for Science and Technology (MCST) in the late 1960s,
there is no formal governmental structure for the co-ordination of the different SETI policies. There is
a lack of any formal platform for all governmental stakeholders to work as a clearing-house of national
SETI policies. In order to foster synergies and avoid duplication of efforts, a new holistic R&D framework
involving the various actors of the SETI system—including the Office of the Chief Scientist; the Chief
Scientists in the various government ministries; the Ministry of Science, Technology and Space; Israel’s
research universities; research centres of excellence; hospitals and academic medical centres; and
corporate R&D laboratories—is required.

In 1991, the major sources of R&D financing were a combination of business enterprise and foreign sectors
(50%), and the combination of government and higher education sectors (49%). In 2012, the shares were
84% and 12% respectively, meaning a substantial decrease in the public funding component. The foreign
financing component alone has also been increasing over time, reaching 49% in 2012. In order to address
the various weaknesses of the research and innovation system and to assert leadership in conducting and
implementing new SETI policies, the participation of public funding should be increased to around 30%.

Israel has made international co-operation a policy priority. Competitive grants have been offered to
support the internationalization of research and innovation and to encourage high-tech exports.
International co-authorship increased from 35% to 47% in the past two decades and the percentage of
GERD financed from abroad increased from 19% to 49% in the same period. Israel received almost US$
800 million from the European Union Seventh Framework Programme of which almost two thirds went
to universities, and the country has just arranged its participation in the European Union’s Horizon 2020
research financing scheme. Israel’s SETI ecosystem relies on foreign multinationals and large corporate
R&D investors. The I-CORE programme — which began in 2011 — includes the establishment of 16 centres of
excellence in Israeli universities to improve their competitive position globally and to promote networking
and brain-gain by attracting back to the country senior researchers. MATIMOP (a governmental non-profit
organization) promotes the development of advance technologies in Israel with the purpose of creating
fruitful international partnerships through industrial co-operation and joint ventures.



Mapping Research and Innovation in the State of Israel is the outcome of a collaboration process
initiated by UNESCO and joined by the Samuel Neaman Institute for National Policy Research (SNI) at
the recommendation of the Israel Academy of Sciences and Humanities (IASH). We would like to express
our gratitude to the Israel Academy of Sciences and Humanities for their generous financial support for
the draft’s preparation and for the organization of the GO->SPIN validation workshop in Jerusalem on
January 17, 2016. Our sincere thanks go to the Government of Sweden and the Swedish International
Development Cooperation Agency (SIDA) for their financial support during the preparation and publication
of this volume.

Our special thanks to current and past members of the Academy Council and to those Academy members
who made this study possible: Ruth Arnon, Nili Cohen, David Harel, Jacob Ziv, Joshua Jortner, Benjamin
Zeev Kedar, Shlomo Avineri, Raphael Levine, Zehev Tadmor, Meir Zadok and to Academy staff members
Ruth Hasson, Bob Lapidot, Gadi Levin and Cochi Maimaran. We are grateful also to Orit Hazzan (Technion)
and Dan Peled (Haifa University) for their contributions.

Particular acknowledgements should be given to the Director of the Samuel Neaman Institute, Omri Rand,
for his support and to the SNI's Senior Research Forum for the valuable inputs received during the initial
stages of the research. We want to particularly recognize the important contributions from Eran Leck, Zehev
Tadmor, Daphne Getz, Ofira Ayalon, Orly Nathan, Eliezer Shein, Tsipy Buchnik, Illia Zatcovetsky, Ella Barzani,
Noa Lavid, Efrat Kerem, Oshrat Katz Shacham, Bahina Eidelman, Gilad Fortuna, Efrat Kerem, Vered Segal
and Anat Even-Zahav (Technion).

We want to express our gratitude to Ambassador Carmel Shama Hacohen and Alexander Siedes from
the Permanent Delegation of Israel to UNESCO, as well as to Dalit Atrakchi from the Israel National
Commission for UNESCO for their great support in the different co-operation processes which started in
April 2012.

Special thanks go to: Lidia Brito and Maciej Nalecz, former directors of the Division of Science Policy and
Capacity Building for promoting the collaboration among UNESCO, the Israel Academy of Science and
Humanities and the Samuel Neaman Institute during the preparation of this GO->SPIN Country Profile in
STl Policy; to the personnel of the Science Policy and Partnership Section at UNESCO: Ernesto Fernandez
Polcuch, Chief of Section, Salvatore Arico, Senior Programme Specialist, Sarah Colautti, Ahmed Fahmi,
Sunday Fadina, Susan Schneegans and Kornelia Tzinova; to Anathea Brooks and Natalia Tolochko from the
Executive Office of the Natural Sciences Sector; to Luciana Marins and Martin Schaaper from the UNESCO
Institute for Statistics.

Last but not least, our grateful thanks to the editors of the present volume, Eran Leck (Samuel Neaman
Institute), Guillermo A. Lemarchand (UNESCO Consultant) and April Tash (UNESCO Social and Human
Sciences Programme Specialist), who transformed the report into an informative and readable study.

Flavia Schlegel
Assistant Director-General for Natural Sciences
United Nations Educational, Scientific and Cultural Organization

XVii



The methodological
framework for
thi es




XX

GO->SPIN Country Profiles in Science, Technology and Innovation Policy is a series of reports
published by UNESCO within its Global Observatory of Science, Technology and Innovation Policy
Instruments (GO->SPIN). The GO->SPIN programme is run by UNESCO's Division of Science Policy and
Capacity-Building.

The aim of this new series is to generate reliable, relevant information about the different landscapes
of science, engineering, technology and innovation (SETI) policies around the world. The published
information is based on replies to the GO->SPIN surveys, combined with government reports and statistical
data from the UNESCO Institute for Statistics and other international sources.

Each country profile represents a comprehensive study of all the SETI policies, which include:
1. along-term description of the political, economic, social, cultural and educational contextual factors;

2. astandard content analysis of the explicit SETI policies, including those research and innovation
policies implemented in other sectors, such as the agricultural, energy, health, industrial and mining
sectors;

a study of R&D and innovation indicators;
a long-term scientometric analysis of scientific publications, patents, trademarks and utility models;

a description of the SETI policy cycle;

o A~ w

a complete analysis of the SETI organizational chart at five different levels (policy-making level;
promotion level; research and innovation execution level; scientific and technological services level
and evaluation level);

7. an inventory of all the SETI government bodies and organizations related both to research and
innovation and to science and technology services;

8. aninventory of the SETI legal framework, including acts, bills, regulations and international agreements
on SETl issues;

9. astandard inventory with 18 different analytic dimensions of all the SETI operational policy instruments
in place;

10. a SWOT analysis of the country’s research and innovation landscape.

HE GO->SPIN APPROACH

The strategy of the GO->SPIN programme is four-fold:

» Capacity-building: training high-ranking national officials in the design, implementation and evaluation
of a variety of SETI policy instruments at national and regional levels;

» Standard-setter: providing a standard practice for surveys on SETI policies and operational policy
instruments through the Paris Manual'

» Data collection: worldwide distribution of the GO->SPIN surveys, prioritizing Africa, Arab States,
Asia—Pacific and Latin American and the Caribbean.

» GO->SPIN platform: creation of an online, open access platform for decision-makers, knowledge-
brokers, specialists and general public, with a complete set of various information on SETI policies.

The online platform will provide an innovative cluster of databases equipped with powerful graphic and
analytical tools. The platform has been devized for political leaders, planners, directors and administrators
of S&T in government, parliament, universities, research institutions, productive enterprises concerned
with innovation, international organizations working for development; research personnel and specialists
whose field of study embraces S&T policies.

1 The Paris Manual is being drafted by an international committee of experts put together by UNESCO in 2011. Once completed,
the manual will define the ontological and epistemological bases of a common paradigm for evaluating STI policies and policy
instruments worldwide.



The platform will also be a useful tool for the democratization of decision-making and public accountability
of SETI policies.

The GO->SPIN survey and the information generated are primarily intended for the use of specialists
and governmental bodies responsible for national SETI policies. It is their function to analyse the results
of the survey and draw appropriate conclusions when they are required to prepare decisions by political
bodies in the field of science, engineering, technology and innovation. The survey is also of interest to
national bureaux of statistics and international organizations for promoting scientific and technological
co-operation among their member states. Collectively, these users are:

P The national developing planning agencies, more particularly the government bodies responsible
for formulating and co-ordinating national SETI policies and other national bodies involved in the
application of science and technology (S&T) to sustainable development;

» Parliamentary groups especially concerned with STl policies;

» SETI information brokers, consulting groups and advisory bodies;

» Teaching and research departments engaged in SETI policy studies;
» The governing bodies of R&D institutes and S&T services;

» The boards of management of productive enterprises heavily reliant on R&D or engaged in the transfer
of technology and innovation;

» International governmental and non-governmental organizations concerned with SETI and their
application to sustainable development;

» Other more peripheral users, such as university departments of political science, economics and social
sciences and national and international documentation and information services;

» The mass media.
At individual level, the main groupings are:

» Decision-makers: i.e. those responsible for national SETI policies and the management of R&D
(ministries of R&D or S&T, directors of bodies responsible for formulating national S&T policies,
directors of R&D institutes, heads of productive enterprises heavily reliant on R&D, etc.)

» Intermediate users: i.e. those who serve as the link between decision makers referred to above and
researchers in S&T policy; their function is to prepare decisions by the former using theories and
methods put forward by the latter, this category is made up of experts, consultants, advisers, liaison
officers, the staff of ministerial offices and of parliamentary committees, etc., and they usually require
rapid access to factual data.

» Researchers in SETI policies: i.e. those who develop the theories and methods on which S&T policy
is based (researchers in the philosophy, history, sociology and economics of science, engineering and
innovation, in the transfer of technology and in the management of R&D.

P The general public: by making SETI information more accessible, the GO->SPIN approach introduces
a new dimension to the democratization of SETI.

HE METHODOLOGICAL FRAMEWOR

Science, engineering, technology and innovation (SETI) are becoming increasingly important for socio-
economic and sustainable development. During the past 60 years, both developed and developing
countries have recognized this fact by increasing the number of SETI government bodies, establishing
new SETI legal frameworks and implementing a diverse set of new SETI policy instruments. This has driven
investment in scientific research, technological development and innovation (STI), led to an increase in
the number of scientists and engineers and fostered exponential growth in the number of new scientific
articles and patents worldwide (UNESCO, 2010a).
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The information economy is one of the key concepts invented to explain structural changes to the modern
economy (Godin, 2008). The infrastructure to manage SETI information has been largely considered the
core resource of national competitiveness in research and innovation (Neelameghan and Tocatlian, 1985).
With the globalization of SETI information infrastructure has come a need to implement comprehensive
strategies to connect, share and trade both domestic and foreign information at the national level (Lee
and Kim, 2009).

The formulation of adequate SETI policies is critical to tackling contemporary challenges that include
mitigating the consequences of global climate change; exploring new energy sources; generating
innovation to foster social inclusion; promoting the sustainable management and conservation of
freshwater, terrestrial resources and biodiversity; disaster resilience; and fostering the eradication of
extreme poverty and hunger. These policies also need to be designed to achieve the UN Millennium
Development Goals.

Over the past five decades, operational definitions have been elaborated within the framework of
multilateral organizations to measure R&D and the broader concept of S&T. Statistical techniques have
been developed to estimate private and public resources invested in these areas. For the former the OECD
has laid down a methodological framework in the Frascati Manual, the sixth edition of which was published
in 2002 (OECD, 2002). For the latter, the Member States of UNESCO have adopted the Recommendations
concerning the International Standardisation of Statistics on Science and Technology (UNESCO, 1978;
1982; 1984a; 1984b). Methodologies for generating data about R&D investment and human resources
have been constantly upgraded and extended.

During the first African Ministerial Conference on Science and Technology2 (AMCOST 1), in 2003, countries
committed themselves to developing and adopting a common sets of STl indicators. The New Partnership
for African Development (NEPAD) established the African Science, Technology and Innovation Indicators
Initiative (ASTII) with the objective of building Africa’s capacity to develop and use STl indicators. More
specifically, NEPAD aims to: (a) develop and promote the adoption of internationally compatible STI
indicators; (b) build human and institutional capacities for STl indicators and related surveys; (c) enable
African countries to participate in international programmes on STI indicators; and (d) Inform African
countries on the state of STl in Africa. The first African Innovation Outlook was published in 2011, while
the second volume is being published in 2013. The methodology employed — that suggested by ASTII
officials — follows the recommendations of the Frascati Manual for R&D indicators and the Oslo Manual
(OECD, 2005) for innovation indicators.

In 2009, the UNESCO Institute for Statistics organized an Expert Meeting on Measuring R&D in Developing
Countries, in Windhoek (Namibia). During the meeting, the experts identified the difficulties and challenges
faced by the majority of developing countries, which were not explicitly addressed in the Frascati Manual
(UNESCO Institute for Statistics, 2010; see Box A). The UNESCO Institute for Statistics is working towards
a global standardization of STI statistics, including those items which are not taken into account in the
Frascati Manual.

The availability of input and output R&D indicators alone does not suffice to evaluate SETI policies.
Much more important than the particular value of one specific indicator at a given time is the long-term
rate of change that long temporal series of indicators show (Lemarchand, 2010: 27-28). For that reason,
long-term temporal series of indicators are necessary to analyse the impact of specific public policies.
Improving the reliability of this analysis requires new ways of standardizing information about public
policies and the policy instruments designed to implement them. Owing to the complexity of these
issues, the ‘science of science policy’ has emerged in recent years as a new discipline where new analytic
paradigms can be tested.

2 The final declaration of the AMCOST meeting in 2012 recommended co-ordination between the African Observatory on STI
(AOSTI), ASTIl and UNESCO’s GO->SPIN. An agreement between UNESCO and AOSTI in February 2013 assigned AOSTI with
responsability for following up GO->SPIN surveys with a group of West African countries.



BOX A - MEASURING R&D: CHALLENGES FACED BY DEVELOPING COUNTRIES

The methodology for measuring R&D is detailed in the Frascati Manual (OECD, 2002), which has
been in use for more than 50 years. A revised edition is due out in 2015. Despite the manual’s
longevity, developing countries still face problems when trying to apply its standards to
measuring the situation in their particular country.

The UNESO Institute for Statistics conducts a biennial data collection of R&D statistics and
produces a methodology tailored to the needs of developing countries; it also holds training
workshops and builds capacity through other means in developing countries.

In 2014, the UNESCO Institute for Statistics published a Guide to Conducting an R&D Survey: for
Countries starting to Measure R&D. This guide presents the relevant R&D indicators, discusses
the main issues facing each of the major sectors of performance, provides a simple project
management template and proposes generic model questionnaires for the government, higher
education, business and private non-profit sectors which countries can use and adapt to suit
their needs.

In 2010, the UNESCO Institute for Statistics produced a technical paper on Measuring R&D:
Challenges faced by Developing Countries. The OECD Working Party of National Experts on Science
and Technology Indicators subsequently suggested that the paper serve as the basis for an
annex to the Frascati Manual: Proposed Standard Practice for Surveys of Research and Experimental
Development (6% edition). This annex was adopted as an online adjunct to the Frascati Manual in
March 2012 (OECD, 2012).

Measuring R&D: Challenges faced by Developing Countries provides guidance on a number of
challenges that are relevant to developing countries and which may not be elaborated on
clearly enough in the Frascati Manual. The following situations are addressed in the document,
among others:
Despite the increasing presence of developing countries in global R&D, there is still a
marked lack of demand for science, technology and innovation (STI) indicators from policy-
makers in developing countries. Even if the demand does exist, there are often significant
problems with compiling the data due to a lack of co-ordination at the national level, a lack
of co-operation by research institutions, universities and businesses, and a generally weak
statistical system in the country.
R&D used to be largely funded by the government but new sources of funds are emerging.
Foundations, scientific associations, NGOs and particularly foreign organizations already
play an important role. In addition, the contribution of private business is becoming more
important and gaining more recognition in a wider range of developing countries. Many of
these new sources of funding go directly to individuals and groups rather than to institutions
and therefore remain unaccounted for, including for statistical purposes.
Although the Frascati Manual recommends the collection of primary data through direct
surveys, the use of secondary data from national budgets and budgetary records of public
R&D performing units has been a widely adopted practice to obtain a rough estimate of
gross expenditure on R&D (GERD). However, there is often a discrepancy between voted
and allocated budgets. Furthermore, national research systems have a limited absorption
capacity, which may leave funds unused in central accounts instead of being transferred to
institutions performing R&D. Moreover, care needs to be taken to ensure that such transfers
are not ‘double counted’ as expenditure of both the funding body and the institution
performing R&D.
The definitions used by finance ministries and other government institutions to establish
S&T budgets may be ad hoc and fail to distinguish between broad S&T and narrower R&D
activities. Furthermore, many institutions (universities in particular) do not compile a
separate R&D budget, especially where research is a low institutional priority.

R&D components in the national budget, especially capital expenditure, can be difficult to
identify and may be aggregated under different headings. In addition, when R&D activities

xxiii



XXIV

stretch over more than one financial year, it may not be easy to estimate the amount of
resources used each year. For example, work done to develop land and buildings used for
research in a given year should be clearly earmarked and not recorded in subsequent years.
A concentration of innovation activities by sector or in a small set of institutes may lead to
volatility and inconsistencies in statistics. There is generally lower emphasis on R&D in the
business sector, in part due to reduced competitive pressure in local markets.

In the higher education sector, the increasing number of private universities makes it useful
to distinguish between public and private higher education and to further break up private
higher education into government-dependent and independent private institutions. Further
disaggregation into private-for-profit and private-not-for-profit higher education institutions
should also be considered to track where most research is carried out.

Surveys that cover all R&D performers should in principle all report for the same period. This
is difficult to achieve since, in many countries, higher education institutions and businesses
do not necessarily report on the same period - the business sector’s calendar tends to be
the most problematic. Also, not all countries follow the same calendar. As a solution, the
recommendation that R&D performers report on the financial year closest to the survey
period may have to suffice.

Information systems in government and higher education are often not set up to enable
the extraction of data on R&D personnel and expenditure. Thus, accurate information on
financial expenditure only becomes available a long time after completion of an activity.
Unfortunately, ad hoc IT solutions to address these issues may also lead to errors and
inconsistencies.

The collection of data in full-time equivalents (FTE) for researchers provides useful
information on the true volume of human resources devoted to R&D. This information is
also essential for estimating R&D labour costs. Tallying the number of researchers in a given
country presents further challenges. In some developing countries, salaried researchers may
not have research budgets or unpaid researchers may undertake research. In other scenarios,
academic staff may hold part-time contracts at more than one university. Even if academic
staff have contracts that specify the amount of time to be spent on conducting research, it is
difficult to enforce especially where there is a lack of resources. Estimating the time spent on
research and hence the calculation of the FTE for research staff - particularly in the higher
education sector - is fraught with difficulties. This directly impacts the calculation of R&D
expenditure.

A number of special types of activity warrant attention when measuring R&D, as they are on the
border of what is considered R&D. Three examples follow from the technical paper:

In the case of traditional knowledge, it is important to set boundaries. Activities which
establish an interface between traditional knowledge and R&D are considered R&D. However,
the storage and communication of traditional knowledge in traditional ways is excluded.

Clinical trials are an area of growth in some developing countries. Identifying research
personnel in the extended clinical trials value chain may be difficult, as their involvement
is occasional and harbours a risk of double counting (i.e. as personnel in the trial and as
academic staff).

Reverse engineering is important in many developing countries. However, this generally falls
outside the scope of R&D. Only if reverse engineering is carried out within the framework
of an R&D project to develop a new (and different) product, should it be considered R&D.

STI statistical systems are often weak in developing countries. To help strengthen these systems,
the paper recommends that countries institutionalize R&D statistics, establish registers of R&D
performers and document survey procedures and estimations.

Countries interested in embarking on R&D measurement are encouraged to contact the UNESCO
Institute for Statistics.



Better ways of measuring evidence-based policies

SETI policy debates are not yet dominated by a thoughtful, evidence-based analysis of the likely merits
of different investment options and policy decisions. The latter are strongly influenced by past practice or
data trends that may be out of date (Husbands Fealing et al., 2011). The evolution of new policies has been
accompanied by more difficult challenges related to planning and evaluating these policies (see Box B);
this indicates a need to improve the theoretical frameworks for policy formulation (Steinmueller, 2010).

Unfortunately, a number of factors prevent countries from reaching most of the objectives established by
their own development plans: the lack of reliable information on SETI national potentialities; difficulties in
coordinating the various SETI stakeholders; an absence of mechanisms for promoting a strong interaction
between the supply and demand sectors in SETI, and; the absence of any explicit industrialization policy
promoting endogenous innovation.

These difficulties mostly appear in small economies. For example, Flanagan et al. (2011) have explored
the ways in which innovation policy studies treat actors, instruments, institutions and interactions,
in order to arrive at a more useful conceptualization of the policy mix for innovation. They stress the
need for a genuinely dynamic view of policy formulation and policy interaction. They conclude that
‘despite the importance attached to “strategic policy intelligence” in recent innovation policy analysis,
little empirical attention has been devoted to actual processes of policy learning.’ In developing and
exploiting technological opportunities, institutional competencies — namely, the governance of SETI
decision-making bodies — are just as important as the SETI incentive instruments they promote (Pavitt,
1996). Path dependency emerges, as the cost of institutional changes to SETI is often higher than that of
accommodating new instruments and policies in existing structures (Van der Meulen, 1998). For this reason,
the design, analysis and monitoring of any national SETI policy will strongly depend on the adequate
mapping of: the structure of the SETI governing bodies; the SETI national legal framework and; of the
implicit and explicit operational SETI policy instruments which are implemented (Herrera, 1971; 1972;
Sagasti and Ardoz, 1976).

BOX B - THE POLICY-MAKING CYCLE
A stylized presentation of the policy-making cycle typically involves five stages:

Agenda-setting: refers to the process by which problems related to SETI and the linkages
between SETI and both society and the economy come to the government’s attention;

Policy formulation: refers to the process by which SETI policy options are formulated by the
government;

Decision-making: refers to the process by which governments adopt a particular course of
action or non-action;

Policy Implementation: refers to the process by which governments put SETI policies into effect
and;

Policy evaluation: refers to the process by which the results of SETI policies are monitored
by both the State and societal actors. The result may be a re-conceptualization of policy
problems and solutions, in which the effectiveness, efficiency and continuing appropriateness
of policies and policy instruments are assessed and the results fed back into another round
of agenda-setting.

Responsible and accountable SETI governance entails developing capabilities at each of these
five stages.
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HY TALK ABOUT SETI POLICIES?

The term ‘science policy’ was coined following publication in 1945 of Vannevar Bush’s seminal article
‘Science - the Endless Frontier’, which laid the foundations for the first social contract for science. By 1950,
UNESCO had initiated the first systematic studies on science policies in a dozen developed countries.
Originally, this term referred to public policies related to scientific and technological research, experimental
development, scientific and technological services and innovation. Science policy as a discipline evolved
over the coming decades. Today, it is possible to distinguish specific operational policy instruments
according to the different needs established by science policies, engineering policies, technology
policies and innovation policies. As these four distinct types of public policy require different skills, major
universities around the world have recently introduced specific postgraduate programmes targeting each
of the four types of policy:

Science policy: relates to those policies needed to: promote scientific research, determine and select
scientific objectives and goals consistent with national plans or strategies, exercise judgment in fixing
norms to govern the ways and means by which science is developed, transferred and applied; gather,
organize and deploy resources required to pursue the selective objectives and; monitor and evaluate
the results obtained from applying the policy. The following are therefore among the most important
questions dealt with by policy-makers in the field of science policy: (a) establishing and strengthening
government structures and mechanisms for planning, budgeting, co-ordinating, managing and promoting
scientific research; (b) gathering, processing and analysing basic data concerning the national scientific
potential, including data on ongoing research, monitoring national scientific development and ensuring
the smooth growth of the institutional infrastructure for scientific research; (c) maintaining a proper
balance between the various types of research (fundamental, applied, experimental development),
supporting the development of a creative national scientific community and setting standards for the
status of scientific researchers in conformity with their responsibilities and rights; (d) optimizing human,
financial, institutional and informational resources to achieve the objectives established by the national
SETI policy; (e) assessing and promoting productivity, relevance, quality effectiveness of national research
and scientific and technological services in various sectors of performance (higher education, government
institutions, business enterprise, private non-profit) and removing organizational and managerial difficulties
encountered in the execution of scientific research; (f) initiating appropriate legislative action in relation to
the impact on the individual, society as a whole or the natural environment of the application of discoveries
and inventions; evaluating the economic profitability and social utility (or harmful effects) of the said
discoveries and inventions. Although the aforementioned list is not exhaustive, it indicates the key areas
for which government policy-makers are primarily responsible. Each individual issue requires the design
of a particular operational policy instrument.

Engineering policy: the role of engineers in public policy can be seen as a two-fold endeavour: (1) to help
create public policy related to the utilization of technology to solve public problems as well as monitor and
ensure compliance with such policies; and (2) to use engineering knowledge to assist in the construction
of policy directives to help solve social problems. In many cases, the development and implementation of
such regulations and laws requires both a technical understanding of the functioning of these artefacts and
an understanding of how this technology interacts with social and natural systems and would benefit from
the involvement of a technical expert. The issues addressed by engineering policies are vast and global in
nature and include water conservation, energy, transportation, communication, food production, habitat
protection, disaster risk reduction, technology assessment and the deterioration of infrastructure systems.
These issues need to be addressed while respecting the rights and meeting the needs and desires of a
growing world population [for a detailed list of issues and challenges addressed by engineering policies,
see UNESCO (2010c).



Technology policy: the fundamental premise of technological policies is that it is possible for governments
to implement public policies to improve social welfare by influencing the rate and direction of technological
change. The conventional entry point for economic analysis is to identify the conditions needed for
such influence to be superior to the outcome of ordinary market competition. These conditions, in turn,
direct further examination of the feasibility and methods for such intervention, including the question of
whether government intervention is necessary to improve social welfare. Succinctly stated, government
intervention would be necessary if profit-seeking actors underperformed or performed poorly in producing
or exchanging technological knowledge from the perspective of social welfare.

Innovation policy: innovation policy can be characterized in various ways, such as by distinguishing
between ‘supply-side’ and ‘demand-side’ policy, or between 'mission-oriented’ and "diffusion oriented’
policy. Policy instruments include financial instruments (e.g. R&D tax credits, export incentives, soft
loans, etc.) and regulatory instruments such as laws and binding regulations (e.g. the use of safety
equipment for children in cars). Innovation policy encompasses many types of innovation. Innovation
may be characterized, inter alia, by: the type of innovation — technological (product and process) or
non-technological (organizational and marketing); the mode of innovation — novel innovator (strategic
and intermittent), technology modifier and technology adopters and; the socio-economic impact —
incremental, disruptive or radical. The effectiveness of innovation policies requires a sufficiently stable
framework, institutions and policies. Stability and predictability are particularly important for risky activities
with a long time horizon such as R&D and innovation. Excessive instability may inhibit innovation by
increasing uncertainty for innovators. It may lessen the effectiveness of policy instruments by weakening
the incentives they provide. In addition, it reduces opportunities for learning and developing evidence-
based policy practices. Whereas there are manifold sources of unwarranted discontinuities, political
instability and fiscal problems — often related to policy cycles — are a common cause. In an increasingly
complex innovation landscape, developing effective governance requires better co-ordination at, and
among, the local, regional, national and international levels.

SETI projects normally occur within a larger temporal framework administered by an organization or
a government policy-making body. The early stages of a new SETI policy usually appear as successive
expansions of the group of agents and stakeholders whose endorsement is needed to launch the initiative,
whereas the latter stages focus on programme management, with feedback as to its success or failure at
the policy level (Marburger Ill, 2011). Consequently, in order to provide an accurate landscape of the SETI
policies and policy instruments in a specific national context, it is imperative to understand the long-term
evolution of the SETI organizational chart, SETI infrastructure and legal framework (i.e. explicit policies),
as well as the type of funding mechanisms implemented. The latter dimensions must be contrasted with
detailed analyses of the long-term behaviour of political, educational, economic, productive and social
macrovariables (i.e. implicit policies).

It is impossible to describe the current status of SETI without accurate data. Moreover, these data should
be presented in such a way as to allow decision-makers and experts to estimate whether the status of
SETI meets societal needs or expectations. Policy-makers benefit from additional policy tools to assist
them in deciding about budget allocations or in the design of new SETI policy instruments, especially if
these are real-time tools or new innovative prospective methodologies. Recent empirical studies show
the relevance and long-term impact of appropriate SETI information services on SETI policies designed
to improve national competitiveness (Lee and Kim, 2009).

It is also important to note the availability of a large group of public and private databases. These can be
most useful tools for evaluating the performance of the SETI policies and providing adequate technology
intelligence studies. There are robust, accessible systems designed to make rapid analyses and apply
mathematical models to identify critical points or levers triggered by policy changes that can directly affect
the performance of innovation activities. For example, Zucker and Darby (2011) present a comprehensive
survey of all available databases that may be used to analyse the impact of SETI policies (see Box C).
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BOX C - USING MATHEMATICAL THEORY TO PROMOTE STRATEGIC NATIONAL
INNOVATION

Recent developments in the mathematical theory of networks can be applied to formulating
new SETI policies, in order to promote strategic innovation within national economies.

Hidalgo et al. (2007) found that ‘economies grow by upgrading the products they produce and
export. The technology, capital, institutions and skills needed to make newer products are more
easily adapted from some products than from others. The study of this network of relatedness
between products, or ‘product space,’ shows that more-sophisticated products are located
in a densely connected core, whereas less sophisticated products occupy a less connected
periphery. Empirically, countries move through the product space by developing goods close to
those they currently produce. Most countries can reach the core only by traversing empirically
infrequent distances, which may help to explain why poor countries have trouble developing
more competitive exports and fail to converge to the income levels of rich countries.’

This type of analysis can be applied directly to formulating customized SETI policy instruments
to foster the development of specific technologies, where the country has detected a potential
new technological niche. The availability of access to new electronic international databases
(Zucker and Darby, 2011), combined with the appropriate analytic software, might transform
this type of analysis into a standard procedure for selecting national SETI priorities.

Access to appropriate, reliable data is also a prerequisite for responsible and accountable
governance, which demands informed decision-making at the planning stage of SETI policy
and foresight as to the possible short and long-term impact of policy decisions. Therefore,
policy-makers not only need a clear picture of the national, regional and global situation.
They also need to be able to estimate the impact of current SETI policies and plan on future
policies. The analysis of any national or regional SETI policy strongly depends on the adequate
mapping of the structure of SETI governing bodies, SETI national legal frameworks and the
implicit and explicit operational SETI policy instruments. Gaps or blind spots in information
can cause a specific field to be neglected, which can result in missed opportunities for socio-
economic development.

POLICY INSTRUMENTS: LEVERS FOR IMPLEMENTING DECISIONS

A policy may remain a mere rhetorical statement if no means are provided for its implementation or to
realize its potential effect. To do this, a number of things may be needed, which we will incorporate under
the term of policy instrument. A policy instrument constitutes the set of ways and means used when
putting a given policy into practice. It can be considered as the vehicle through which those in charge of
formulating and implementing policies actualize their capability to influence decisions taken by others.

The study of public policy instruments in national settings has contributed significantly to the understanding
of policy, political systems and relations between State and citizen. Research on policy implementation
usually focuses principally on the effects of a specific instrument, within a wider reflection on whether the
correct instrument has been chosen for the purpose. As far as new governance models is concerned, the
search for suitable instruments is above all governed by pragmatism (Kassim and Le Gales, 2010).



SETI POLICY INSTRUMENTS

Figure A: Instruments for ensuring a policy obtains the desired effect. Adapted from Sagasti and Ardoz

(1976)
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SETI operational policy instruments are the levers by which the organizational structure ultimately
implements the decisions on a day-to-day basis and attempts to produce the desired effect on the
variables the policy has set out to influence. Throughout the analysis of an instrument’s effectiveness, it is
important to bear in mind the ‘actors’ or key decision-makers who are directly involved in the design and
use of a policy instrument. An instrument does not act on its own accord. Rather, it responds to the will of
the policy-makers and decision-makers using it.

A related concept can be found in the problem of Ordnungspolitik stressed by the German Freiburg
School in the 1930s. Here, the focus was how to devise a framework or set of rules (Ordnungsrahmen)
for an economy that would define the operating space for individual and private activities. The challenge
for SETI policy instruments can be interpreted as a problem of transformation, namely the question of
choosing the best policy instrument in order to reach the set target.

A policy instrument attempts to make individuals and institutions take decisions following the rationality
dictated by the collective objectives established by those in power. It is the connecting link between the
purpose expressed in a policy and the effect that is sought in practice. An SETI policy instrument includes,
as a significant component, the manipulation of SETI variables.

One of the first and more relevant studies on SETI policy instruments was conducted in the 1970s by
the International Development Research Centre. The principal objective of the study was to devise ways
and means of understanding how a country's investment in S&T could be most effectively related to its
objectives for industrial development. Sagasti and Ardoz (1976) developed an interesting methodological
framework for making a survey and analysing the policy instruments of ten countries in Latin America, the
Middle East, Southern Europe and Asia.

UNESCO's Global Observatory of Science, Technology and Innovation Policy Instruments® (GO->SPIN) has
adapted and expanded the theoretical framework of Sagasti and Ardoz (1976), in order to implement a
systematic survey in Africa, Arab States, Asia and the Pacific and in Latin America and the Caribbean. The
information in the present country profile has been organized according to this methodological approach.
Figure A presents the basic analytical units around which the present report is organized.

All national SETI policies, be they implicit or explicit (Herrera, 1971; 1972), attempt to harness a country’s
creative potential to its socio-economic, environmental and cultural objectives. An explicit SETI policy is a
statement by a high-level government official or institution, such as a ministry or the planning secretariat,
that deals with activities related to STI. The policy expresses a purpose (effects according to SETI variables)
and may set objectives, define desired outcomes and establish quantitative goals. Policies also contain
criteria for choosing from among several alternatives to guide decision-makers as to how SETI works. SETI
policies might also be formulated by representatives of the private sector. A number of factors impinge on
the efficiency of SETI governance, namely, the extent to which policy processes have the greatest effect
with a given use of resources. It must be acknowledged that overall efficiency is not easily defined and
measured in a multi-objective, multi-actor world.

3 See URL: http://www.unesco.org/new/en/natural-sciences/science-technology/sti-policy/global-observatory-of-policy-
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HE KEY ROLE OF THE SETI ORGANIZATIONAL STRUCTURE IN
POLICY IMPLEMENTATION

The SETI organizational structure or chart usually shows the distribution of responsibility for implementing

a given policy. Under the term ‘organizational structure,’ it is possible to distinguish at least five different

levels: (1) policy planning level (policy design); (2) promotional level (i.e. funding and co-ordination of

R&D, innovation and scientific and technological services); (3) implementation level (execution of R&D and

innovation); (4) scientific and technological services and; (5) assessment or evaluation level.

1.

Policy planning level: includes policy planning, budgeting, decision-making, interministerial co-
ordination. The responsibility for the formulation of SETI policies generally rests with a special
government department, ministry or statutory body, in some cases assisted by national councils of
research and innovation. SETI policy formulation normally includes the preparation of the national
development plan or strategy relating to SETI; it also includes the annual preparation of the functional
state budget for SETI activities (mainly research, innovation and scientific and technological services).
The decision-making function usually falls to the government, or to a committee of ministers more
specifically concerned with SETI; it mainly involves the approval of the national SETI plan (or strategy),
as well as the assignment of funding mechanisms. The interministerial co-ordination takes place during
the formulation of policies and preparation of plans and budgets then at the various stages of the
implementation of these policy documents, once approved by the government.

Promotional level: the promotion, financing and co-ordination of research, innovation and scientific
and technological services in the various sectors of the economy and in society. The functions
performed at this level begin with the policy decisions taken by the government and continue with
the various government departments or ministries through traditional budgetary procedures along
administrative budget lines or through programme budget procedures, as applied to the so-called
management by objectives. Several funding mechanisms and SETI operational policy instruments of
various kinds have been implemented over the years (i.e. research funds, innovation funds, sectoral
funds, tax-incentives; competitive grants, scholarships, etc.). Most countries apply a combination
of operational policy instruments to handle the financing of research, innovation and scientific and
technological services according to well-defined programmes. The latter can be achieved either
by responding to requests for the funding of specific projects submitted by external institutions,
laboratories, research units, individual research scientists and high-tech enterprises, or by providing
incentives for innovation, or by selectively entrusting the external bodies mentioned above with the
execution of specific projects called for by certain development objectives according to the national
SETI plan or strategy (normative method). At this particular level, several countries have special
institutions (i.e. national research councils) which promote the advancement of scientific research
and technological development with a view to improving the quantity and quality of new scientific
knowledge to expand the country’s potentialities, particularly through support for post-graduate
education and research at universities and polytechnics.

Implementation level: this operational level concerns the actual performance of scientific research,
technological development and innovation.

Scientific and technological services (STS) level: this represents a mixed group, including the institutions
in charge of: (a) SETI information and documentation, (b) museums of science and technology,
botanical and zoological parks and other SETI collections (anthropological, archaeological, geological,
etc.), (c) general purpose data collections: all the activities comprising the routine systematic
collection of data in all fields of SETI, such as topographical, geological and hydrological surveys,
routine astronomical, meteorological and seismological observations, surveying of soils and plants,
fish and wildlife resources, atmosphere and water testing, monitoring of radioactivity, UV and CO,
levels, prospecting and related activities designed to locate and identify oil and mineral resources,
gathering of information on human, social, economic and cultural phenomena, usually for the purpose
of compiling routine statistics; testing, standardization, metrology and quality control, activities related
to patents and licenses, as well as the production of scientific publications.
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5. Assessment or evaluation level: this consists in government sectors and institutions monitoring the
implementation of policy goals and measuring the societal impact of those policies. Their function also
encompasses the conduct of an ongoing survey of a country’s SET| potential at the level of research,
innovation and scientific and technological service units, including ongoing research results and their
practical application.

The GO->SPIN methodological approach introduced a normalized way of encoding the different types of
organization and their functions. By representing each national SETI organizational chart and by using the
same set of coding tools (Lemarchand, 2010: 310), it will be possible in future to associate these charts and
tools with specific topological metrics to identify patterns in performance. The latter will be very useful for
defining a new set of SETI policy indicators able to reveal the level of complexity and functionality of each
STl organizational chart. Table A shows examples of how different countries structure SETI policy design.

Since its purpose is to guide decisions about the future that must be taken now, a SETI watch cannot seek
to identify future developments in S&T independently of past and current developments, or independently
of the material and human resources devoted to research and innovation. The prerequisites for any future is:
knowledge of the present, knowledge of the current trends observed in a real world composed of different
nations and institutions, and knowledge of the strength and weaknesses of the national SETI system in which
the decisions informed by the GO->SPIN survey's methodological approach have to be taken.

Table A: Models of governing bodies heading SETI policy design

Argentina Scientific and Technological Cabinet (GACTEC)
Ministry of Science, Technology and Productive Innovation
Australia Prime Minister’s Science Engineering and Innovation Council
Commonwealth State and Territory Advisory Council on Innovation
Co- ordination Committee on Innovation

Chile Inter-ministerial Committee for Innovation
National Corporation for the Promotion of Production (Ministry of Economy)
National Commission for Scientific and Technological Research (Ministry of Education)

Croatia Ministry of Science, Education and Sports
National Council for Science
National Council for Higher Education

Czech Republic Ministry of Industry and Trade
Council for Research, Development and Innovation
Ministry of Education, Youth and Sports

Finland Research and Innovation Council
Ministry of Employment and the Economy
Ministry of Education and Culture

Ireland Inter-Departmental Committee on STI
Department of Jobs, Enterprise and Innovation

Malaysia Ministry of International Trade and Industry
Ministry of Science, Technology and Innovation
Economic Planning Unit

Republic of Korea National Science and Technology Council
Ministry of Science and Technology

Singapore Economic Development Board
Research, Innovation and Enterprise Council
National Research Foundation

South Africa Department of Science and Technology
Department of Trade and Industry
Department of Higher Education and Training

Source: UNESCO



The diversity of institutions at the promotion level (funding) in a given country seems to be one of the most
fundamental indicators of good practices. The GO->SPIN global database will provide empirical evidence
to confirm or refute this and other hypotheses.

The so-called legal framework can also be considered as a set of legal instruments. This embodies the
policy, or parts thereof, in the form of a law, decree or regulation. Formal agreements, contracts and
international STI co-operation treaties may also be included in this category. A legal instrument goes one
step beyond a policy by stipulating obligations, rights, rewards and penalties. The GO->SPIN systemic
approach has developed a friendly platform offering direct access to the entire SETI legal framework,
description and the full text of laws, acts, decrees and agreements adopted by each country. Table B shows
different examples of the most important types of legal instrument.

Table B: Examples of SETI legal instruments

A law for the creation of national research labs, universities, national research councils, ministry of S&T, R&D Funds,
etc., or a legal framework to regulate the organization of the national innovation system.

A law to regulate the imports/exports of high-tech products.
A law to regulate tax incentives to promote innovation within the private sector.
A law to regulate foreign direct investments promoting the establishment of new high-tech enterprises.

A law to regulate the protection of the national biodiversity and to establish norms on how foreign companies
exploit the active substances available within each national territory (new rules for the protection of indigenous
knowledge).

Laws to foster R&D activities within the private sector and the creation of technological funds associated with the
most strategic sectors of the economy (energy, mining, agriculture, industry, communication, fishing, tourism, etc.).

National regulations and decrees to establish new national policies, creation of new funding mechanisms, import/
export tariffs, etc.

Bilateral, regional and international agreements on SETI activities.

Contracts on technology transfer.

Source: UNESCO

GO~->SPIN also includes a complete description of SETI operational policy instruments; these are the
levers, or actual means, through which the organizational structure ultimately implements the decisions
on a day to day basis and attempts to influence the behaviour of the various stakeholders targeted by
the policy. Throughout the analysis of an instrument, it is important to keep in mind the actors or key
decision-makers who are directly involved in the design and use of a policy instrument. An instrument
does not act on its own accord. Rather, it responds to the will of the policy-makers and decision-makers
using it. Table C shows different types of operational policy instrument, whereas Figure B shows various
instruments that can be employed to effect at the different stages leading to market penetration of an
innovation. Table D presents the taxonomic classification of SETI operational policy instruments employed
by GO->SPIN according to its methodological approach, by objective and goal; the type of mechanism/
mode of support and target groups/beneficiaries. By analysing the aggregated information for groups of
countries employing these classification schemes, it is possible to detect development patterns.
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Table C: Examples of operational SETI policy instruments

Programmes Policy Strategic objectives Beneficiaries Mechanisms for
and objectives | instrument allocating funding

Scientific research
and technological
development

Promotion of
science education

Promotion of
gender equality
in research and
innovation

Protection of
indigenous
knowledge

Attraction and
reinvestment of
foreign direct
investment

XXXIV

Competitive
grants

Public
subsidies
for projects
establishing
science
laboratories
at public
secondary
schools

Scholarships

Intellectual
property
rights, public
law—national
legislation
and public
subsidies

Public
financing
Tax incentives

Attracting R&D
firms

Other services

Promote the endogenous production
of new scientific knowledge in the exact
and natural sciences. Promote regional
networking.

Improve scientific knowledge;
methodological approach and critical
thinking for secondary school pupils

Promote the participation of women in
high-tech research and innovation

Protection of traditional knowledge

to confer exclusive ownership and
rights on local communities when

the object of protection is a product
or domesticated animal, cultivated
plant or any micro-organism, or a
design or an object of a functional

or aesthetic nature, including any
element of handicrafts, the act prohibits
third parties from making, using,
stocking, offering for sale, selling,
commercializing, importing, exporting
or identifying the active substances for
commercialization, without consent

Strategies vary from country to country,
examples being: (a) an Industrial policy
based on attracting export-oriented
industries; (b) promotion of structural
change; (c) capacity-building to
improve competitiveness, focusing

on sectors or market niches; (d)
internationalization of enterprises, and
promotion of innovation; (e) prioritizing
the generation of higher-tech goods
and services (f) attracting selective FDI
oriented towards ICTs, biotechnology,
nanotechnology and financial services;
(9) improving the business climate by
refining legislation and simplifying
formalities to facilitate corporate
operations.

Structural change within a large country
offers more opportunities for the
domestic market, small and medium-
sized countries generally focus on
schemes conducive to the development
of exports

Research groups at
national universities
and national research
centres associated with
similar research groups
from other countries in
the region, within formal
partnership agreements

Public secondary
schools in less
developed parts of the
country

Young women enrolled
in a PhD programme in
basic and engineering
sciences

A local traditional
practitioner, a local
community or its
representative may
apply to register
traditional knowledge

National Infrastructure
(buildings, technology
corridors, technological
cities) and training of
labour and professionals
for the industry in
question

SMEs with export
capacity

Endogenous
entrepreneurs High-
tech emerging sectors:
biotechnology,
nanotechnology, new
materials, ICTs.
Strengthening exports
of industries and
services considered to
have strong potential in
the country

Competitive grants
selected on a peer
review basis; national
research groups must
be associated with
similar groups from
countries in the region
which provide matching
funding

Public subsidies to
mount new science
cabinets and
laboratories and new
posts for science
professors

Scholarships of up to
four years and small
grants for participation
in international
conferences

Public subsidies and tax
exemptions to defend
the Intellectual property
rights of holders

of indigenous and
traditional knowledge

Soft-loans, tax
incentives, grants

For specific periods: tax
discounts, exemptions,
preferential rates,
rebates on machinery
and equipment

The same tax incentives
plus special competitive
funding

Creation of a “one-
stop shop” with
representatives from
different ministries/
agencies to deal with
problems concerning
programmes, public
regulations and post-
investment services



Programmes Policy Strategic objectives Beneficiaries Mechanisms for
and objectives | instrument allocating funding

Technological
development

Non-repayable
contributions

Loans for
technological
development

projects
Technological Fiscal credit
modernization programme
(improvement
of products and
processes, training)
Loans for
modernization
Projects
Loans to

enterprises

Promotion of the  Subsidies
technological for projects
services market to develop
(research institutes  business plans
and business

research centres)

Loans to
institutions

Training and Subsidies for

technical training and

assistance retraining
projects

Subsidies
for project
Formulation

Technological Technological
advisory assistance advisory
programmes assistance
and those programme
strengthening the

performance of

technical small

and medium-sized

enterprises

Popularization Competitive
and social grants
appropriation of

science

Increased competitiveness through Micro-, small and By public competition;
innovation in products, services and medium-sized up to 50% of project
processes enterprises and broader  cost

enterprises certified

as having attained

international standards

Finance for middle-income technology ~ Micro-, small and Compulsorily repayable
production projects medium-sized enterprises loans; up to 80% of the
with R&D departments total cost, allocated on
or teams, collaborating an open window basis,
groups and technical with a maximum of $...
linkage units underwritten  for three years
by the enterprise
Physical or juridical Subsidies through fiscal
persons who own credit certificates obtained
enterprises producing via public competition; up
goods and services to 50% of the total cost of
the project

Assistance in executing R&D

Enterprises with R&D Special compulsorily
department or groups;  repayable loans
allocated on an open
window basis. Up to
80% of the total cost

of the project, with a
maximum of $...in three
years

Technological adaptation and

improvements to products and

processes with a low level of technical ~ collaboration groups,

and economic risk and technical linkage
units underwritten by
the enterprise

Compulsorily repayable
loans allocated on an

To finance projects for the development Enterprises, without

of new production processes, products  any restriction on size

and modifications thereto or sector; no finance open window basis. Up
provided for projects to 80% of the total cost
with a rate of return of of the project, with a
less than 12% maximum of $...

Micro-, small and
medium-sized

Subsidies allocated on
an open window basis.

Finance for business development
projects based on R&D

enterprises whose Up to 50% of the total

projects are executed by project cost, with a

technical linkage units ~ maximum of $..., for up
to one year

Public or private Obligatorily repayable
institutions providing subsidies allocated on
services to the private an open window basis,
productive sector; projects up to a maximum of $...
may be presented on an

individual or associated

basis

To promote the establishment and
strengthening of structures for the
provision of technological services to
R&D enterprises and institutions

Subsidies to support activities for Micro-, small and Subsidies allocated on

training and retraining human resources medium-sized an open window basis.

in new technologies enterprises whose Up to a maximum of
projects are executed by  50% of the total cost of
technical linkage units the project, or $... for up

to six months

Subsidies allocated on

medium-sized an open window basis.

enterprises whose Up to a maximum of

projects are executed by 50% of the total cost of

technical linkage units the project, or $... for up
to six months

Support for the formulation of R&D Micro-, small and
projects, technology transfer or

technical assistance

Micro-, small and Subsidies allocated on
medium-sized an open window basis
enterprises producing to individuals or groups,
goods and services with a maximum of
which incorporate 50% of the total cost of
technological added the project, or $... and
value a maximum of $... per
participating enterprise

Support for the formulation of R&D
projects, technology transfer or
technical assistance

Support for the organization of national Science museums, Subsidies allocated on a
exhibitions and science fairs educational institutions  competitive basis

at primary, secondary

and tertiary levels

Source: UNESCO, UN ECLAC, FONTAR (Argentina)
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Market penetration of the innovation (product or services)
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Figure B: Policy instruments for different stages of the innovation process and market penetration.
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Table D: Taxonomic classification of SETI operational policy instruments employed by GO->SPIN

Objectives and goals

Strengthen the production of new endogenous
scientific knowledge

Strengthen the infrastructure of research
laboratories in the public and private sectors

Human resources for research, innovation and
strategic planning; capacity building, education
and training of specialized human capital for (1)
the production of new scientific knowledge, (2)
development of new technologies, (3) promotion
of innovation within the productive and services
systems and (4) management of the knowledge
society

Strengthen gender equality for research and
innovation

Strengthen the social appropriation of scientific
knowledge and new technologies

Development of strategic technological areas
and new niche products and services with high
added value; promotion and development

of innovation in the production of goods and
services; promotion of start-ups in areas of high
technology

Strengthen science education programmes at all
levels (from primary school to postgraduate)

Promotion of the development of green
technologies and social-inclusion technologies

Promotion of indigenous knowledge systems

Research and innovation eco-system:
strengthening co-ordination, networking

and integration processes which promote
synergies among the different actors of the
national scientific, technological and productive
innovation system (i.e. government, university and
productive sectors)

Strengthen the quality of technology foresight
studies to: assess the potential of high-value
markets; develop business plans for high-tech
companies; construct and analyse long-term
scenarios and; provide consulting services and
strategic intelligence

Strengthen regional and international co-
operation, networking and promotion of SETI
activities

Source: UNESCO

Type of mechanism/

Mode of support

Grants (grant funds)

Donations (individuals/
companies)

Loans

Creation of, and support
for, technological poles and
centres of excellence

Tax incentives

Technical assistance

Scholarships

Credit incentives and venture
capital

Trust funds

Information services

Others

Target groups/Beneficiaries

Technical and support staff
at SETI

Students

Individual professionals / PhD
holders

Teachers/ Researchers

Universities

Research centres
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ABBREVIATION: IL
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HISTORY OF A PEOPLE AND THE LAND

The narrow geographical region between the Mediterranean Sea in the west, the Jordan Valley in the
east, the Gulf of Eilat in the south and the Lebanese Mountains in the north is known as the Levantine
Corridor, through which early humans moved from Africa to Asia and Europe, and vice versa. This region
is characterized by a variety of landforms (the Dead Sea, the Judean Mountains and the Coastal Plain)
and is characterized by a mixture of elements originating from different biogeographical zones. It
contains thousands of archaeological sites, both caves and open-air sites that reveal an extremely long
chapter of humankind’s history. Their study sheds light on human adaptation, survival and cognitive
abilities throughout the Pleistocene and the beginning of the Holocene eras. The earliest sites document
prolonged occupation of lakesides by hunter-gatherer communities with a material culture similar to that
known in African cultures.

Key matters of global importance that have been investigated in the region include: 1) the mechanism and
nature of the earliest migrations out of Africa, with the earliest evidence discovered at the site of Ubeidiya in
the Jordan Valley (dated at 1.6 million years ago); 2) the earliest cemeteries in the world, at the sites of Qafzeh
in Lower Galilee and Skhull on the slopes of Mount Carmel (dated at about 100 000 years ago), where remains
of Archaic Modern Humans are buried; and 3) indications of the transitional process from a hunter-gatherer
lifestyle to permanent settlements, as evidenced by the Natufian culture (c. 13 100 - 9 600 BCE).

The sites of the second millennium BCE provide evidence of urbanization as well as the appearance of
historical records. The first extensive political entities to arise in the region were the kingdoms of Israel and
Judah, which evolved in the tenth century BCE and whose history is narrated in the Hebrew Bible. In the
eighth century BCE, during the period of these kingdoms, the first demographic peak was reached (Table 1).

The kingdom of Israel succumbed to the Neo-Assyrians in 722 BCE; the kingdom of Judah and the First
Jewish Temple in its capital, Jerusalem, were destroyed by the Neo-Babylonians in 586 BCE, after which
the Jews were exiled to Mesopotamia. Following the Persian conquest of the Neo-Babylonian Empire in

1 lIsrael does not have a written constitution, even though according to the Proclamation of Independence a constituent assembly
should have prepared a constitution by October 1, 1948. The delay in the preparation of a constitution resulted primarily from
problems that emerged against the background of the alleged clash between a secular constitution and the Halacha (the Jewish



http://www.knesset.gov.il/description/eng/eng_mimshal_hoka.htm

539 BCE, King Cyrus allowed the Jews to return to the land of the former kingdom of Judah and erect the
Second Jewish Temple, in Jerusalem. It came under the rule of Alexander the Great of Macedon in 332
BCE, and was later ruled by his Ptolemaic and Seleucid successors. In 167 BCE, the Jews revolted against
the Seleucids and created the independent Hasmonean kingdom.

This kingdom came under Roman rule in 63 BCE, though Jerusalem and its Temple continued to function
as the centre of the Jewish people. During this period the second demographic peak was reached. In
addition, the Christian religion branched off from Judaism. An astronomical book written in Aramaic — a
Dead Sea Scroll discovered in 1952 — forms part of the Jewish literature of the Second Temple period and
attests to an interest in this branch of learning (Drawnel, 2011).

The Second Temple period ended with the revolt against Rome in 66-70 CE and the destruction of
Jerusalem and the Temple. Subsequently, the Romans changed the name "Judea’ to 'Palaestina’. In the
following centuries it was ruled from Rome and, after 330, from Constantinople. During this period, the
Jewish population gradually dwindled, and most inhabitants began following the Greco-Roman and other
polytheistic religions. Following the fourth century, many became Christians.

In the fifth century, the third demographic peak, unequalled until our own time, was reached. Several scholars
of that period left behind works on scientific subjects. Marinus of Flavia Neapolis (today Nablus), a Samaritan
born c. 440 who embraced the Greek way of life, wrote commentaries on Euclid’s Data and on astronomical
topics. The mathematician Eutocius of Ascalon (today Ashgelon), born c. 480, composed an important
commentary on three treatises of Archimedes. Timotheus of Gaza wrote an epic that reveals interest in
zoology. Numerous recognized physicians of the period include Rufus of Samaria, a Jew (or Samaritan) who
lived around 100 CE and wrote commentaries on Hippocrates in Greek, and Tribunus, the Greek physician
from Palestine whose reputation was so great that, in 545, the Persian king Kosrow |, while negotiating a truce
with the Byzantine emperor Justinian, stipulated that Tribunus enter his service. Flavius Boethus of Ptolemais
(today Akko), governor of Syria-Palaestina in 166, was known for his passion for anatomical theory, and Galen,
the greatest physician of the age, produced nine works at his request (Geiger, 2012).

Table 1: Population estimates from the 8th Century BCE to the present

The land between the Jordan River and the Mediterranean Sea
Total Population

8th century BCE (1st peak) 1000 000
before 66 CE (2nd peak) 2 500 000
5th century CE (3rd peak) 2 900 000
1180 400 000
1340 225000
1400 150 000
1533-39 156 800 5900 5400 145 300
1553-54 205 000 9200 7 200 188 400
1800 275000 21800 6700 246 300
1890 532 060 57 400 42 900 431 600
1914 689 300 70 000 94 000 525150
1922 752 048 71464 83790 589 177
1931 1033314 88907 174 606 759 700
1947 1970 400 143 300 630 000 1180 000
15 May 1948 805 600 33200 649 600 108 700
31 December 1951 1577 800 39000 1404 400 118 900
31 December 1975 3493 200 80 200 2959 400 411 400
31 December 2000 6 369 300 135100 4955 400 970 000
31 December 2013 8 134 500 160 900 6104 500 1420 300

Source: Bachi (1977) for all data up to 1975. For the dates up to 1914, the table presents estimates, excepting the
evaluations for the years 1533-1554, which are based on Ottoman household lists. From 1922 onward, the data are
based on censuses and vital and migratory statistics. Statistical Abstract of Israel, No. 65 (Jerusalem, 2014), p. 91 —for
the years 2000, 2013



The Arabs conquered the region in the 630s and a gradual conversion of the population to Islam got
under way. The Noble Sanctuary in Jerusalem, established on the site of the destroyed Jewish Temples,
eventually became Islam’s third holiest shrine.

The land, at that time divided into the two districts of Filastin and al-Urdunn, did not play a significant role
in the scientific flourishing that characterized the Islamic Golden Age. Nevertheless, there is evidence of
activity by Muslim, Christian and Jewish physicians in Jerusalem as well as in Ramla, the capital of Filastin.
Al-Tamimi, who in the tenth century studied medicine in Jerusalem with two masters, a Muslim and a
Christian, became a distinguished physician of that age, and his writings on materia medica was widely
quoted for generations, inter alia by Maimonides in the twelfth century (Amar and Serri, 2004).

By 1047, there was a hospital in Jerusalem, as in other centres of the Islamic realm in which salaried
physicians attended to patients. Following the Crusader conquest of Jerusalem in 1099, the Knights
Hospitaller established a hospital there that welcomed not only Christians but also Muslims and Jews.
Following Muslim or Byzantine models, the institution was divided into wards and employed salaried
physicians. In due time it served as a model for hospitals in Western Europe. In the twelfth century, under
Crusader rule, it was possible to study medicine in Jerusalem. In the thirteenth century, the ophthalmologist
Benvenutus Grapheus of Jerusalem, who combined Western and Arabic lore, wrote a treatise on ocular
diseases and their treatment that became one of the most influential works in its field, in Europe, well into
early modern times (Kedar, 2006).

During Mamluk rule (1260-1516) and in the early part of the Ottoman period (1516-1800), the land that
increasingly came to be known in Europe as Palestine was very sparsely populated and tilled, the number of
inhabitants amounting to less than one-tenth of the population that had lived there during the fifth-century
peak. While Europe witnessed the Scientific Revolution of the early modern period, with breakthroughs in
mathematics, astronomy, physics, chemistry and biology, Palestine was a backward country that played no
role whatsoever in these developments, quite unlike the situation in Roman and Byzantine times.

The modernization of the country and the growth of its population began in the nineteenth century
under the Ottomans. Zionist Jews, who began to arrive from Eastern Europe in 1882, played an ever-
increasing role in these two developments. Tel Aviv, the first Jewish city, and Degania, the first kibbutz,
were founded in 1909. The cornerstone of the Hebrew Technion in Haifa, the first institute in Palestine
devoted to engineering and the sciences, was laid in 1912. Modernization and population growth were
greatly accelerated after the British conquest of the country in 1917-18 and after Great Britain received
a mandate to administer it from the League of Nations in 1922. The preamble to the mandate document
declared that the Mandatory (Great Britain) should be responsible for putting the Balfour Declaration
of 2 November 1917 into effect ‘in favour of the establishment in Palestine of a national home for the
Jewish people.’ Zionism believed that science would play a crucial role in building this national home
and in making the country fertile and productive once again. One of the first steps taken by the Zionist
Organization was to found The Hebrew University of Jerusalem, the first modern research institution in
the country. Its foundation stones were laid in July 1918, when battles between the Ottoman Turks and the
British were still raging north of the city, and it was officially opened in April 1925.

Palestine’s population grew from 752 000 in 1922 to 1 970 000 in 1947, to a considerable extent because
of Jewish immigration that intensified after the Nazi takeover in Germany. This immigration, which made
the Jewish national home a reality, triggered opposition and outbreaks of violence by Palestine’s Arabs,
most notably in 1929 and 1936-39. The murder of six million Jews by the Nazis during the Second World
War rendered urgent the establishment of an independent Jewish state, open to survivors of the Shoah
and other Jews. On 29 November 1947, the General Assembly of the United Nations adopted Resolution
181 calling for the partition of Palestine into two independent states, one Jewish and the other Arab. The
country’s Jewish community accepted the Partition Plan, while the Arab community and the surrounding
Arab States rejected it and tried to prevent its implementation by force of arms.

On 14 May 1948, the Jewish State of Israel declared its independence, and the declaration was immediately
followed by the invasion of the country by five neighbouring Arab States’ armies. Israel emerged victorious
from its War of Independence and in 1949 signed armistice agreements with the adjoining Arab States.



Israel was admitted into the United Nations as its 59th member. Further rounds of large-scale warfare took
place in 1956, 1967, 1973 and 1982. In 1979, Israel signed a peace treaty with Egypt and in 1994 with the
Hashemite Kingdom of Jordan. In 1993, a framework was set up in order to settle the Israeli-Palestinian
conflict, which, however has not yet been resolved.

Israel’s population in 2015 was more than ten times larger than in 1948. The country’s Jewish population grew
dramatically with the mass immigration from Europe and the Arab countries in the early years of statehood,
as well as in the wake of the breakup of the former Soviet Union. From its inception, Israel has been a
parliamentary democracy, characterized by a multi-party system. Because of the proportional electoral
system prevailing since the establishment of the state, no political party has ever achieved a majority in the
120-member Knesset. Hence, all of its governments have been coalition governments. This occasionally
gives rise to weak governments, sometimes creating impediments to reaching and/or implementing difficult
decisions. On the other hand, it guarantees political pluralism and a vital and contentious political culture.
At the time of this writing, Arabs comprise 20% of the country’s population and 14% of its parliamentarians,
representing six different political parties. Following Hebrew, Arabic is the second official language of the
country.

DEMOGRAPHIC PROFILE

Between 1948 and 2012, about 3.1 million immigrants arrived in Israel. Every Israeli government throughout
the years has encouraged immigration of Jews to Israel’. The legal instrument that allows Jews and people
of Jewish ancestry and their spouses to gain automatic Israeli citizenship is the Law of Return passed in the
Knesset (Parliament) in July 1950. The new immigrants enjoy tax discounts, special loans and subsidies.
In addition, there are programmes specifically for new immigrants in education, vocational training,
establishment of new businesses, etc. The Ministry of Absorption is responsible for most government
programmes for new immigrants. In 2012, the rate of immigration was relatively low — 2.6 immigrants
per 1 000 residents—which amounts to 16 558 immigrants arriving in Israel, a decrease of 2% in the
number of immigrants compared to 2011. The largest number of immigrants arrived from the following
countries: Russia, Ethiopia, the United States, the Ukraine and France®. The same year 15 900 Israeli citizens
emigrated from Israel to other countries and lived abroad for one year or more, according to Central
Bureau of Statistics data. A recent study conducted by Cohen-Kastro (2013) found that the main emigration
destination of Israeli families was the United States (64%), followed by Western and Central Europe (18%).
Israeli families who immigrated to the United States were characterized by an especially high level of
education and skills.

As of the end of August 2014, Israel’s population is estimated at 8.24 million inhabitants (Figure 1). The
growth rate of the total population during 2014 was 1.91%, similar to the growth rate in the previous
decade (Figure 2). A similar rate of growth was prevalent in Israel during the 1980s, a period characterized
by low immigration rates. In the 1990s, a decade characterized by a high immigration rates (from the former
Soviet Union), the population growth rates peaked at approximately 6% in 1991. Approximately 75.3% of
the Israeli population is Jewish (about 6.1 million inhabitants), 20.7% is Arab (about 1.68 million inhabitants),
while the remaining 4.3% (about 348 thousand inhabitants) are mainly Christians of European descent and
residents who do not have an ethnic or religious classification®.

The average number of children per woman (total fertility rate) in 2012 was estimated at approximately 3.05
—the highest level in the OECD. Life expectancy at birth in 2012 was 79.9 years for men and 83.6 years for
women. Life expectancy rose from the end of the 1970s (1975-1979) by 8.7 years among men and 8.9 years

2 Central Bureau of Statistics. URL: http://www.cbs.gov.il/www/publications/isr_in_n13e.pdf

3 Central Bureau of Statistics (2013), Statistical Abstract of Israel No. é4.

4 Central Bureau of Statistics (2014). URL: http://www.cbs.gov.il/reader/shnaton/templ_shnaton.htm|?num_
tab=st02_03&CYear=2014



http://en.wikipedia.org/wiki/Knesset
http://en.wikipedia.org/wiki/Arab_citizens_of_Israel
http://www.cbs.gov.il/www/publications/isr_in_n13e.pdf
http://www.cbs.gov.il/reader/shnaton/templ_shnaton.html?num_tab=st02_03&CYear=2014
http://www.cbs.gov.il/reader/shnaton/templ_shnaton.html?num_tab=st02_03&CYear=2014
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Figure 1: Evolution in the population of Israel, 1960-2014. Source: UNESCO, based on data provided
by UN Statistics Division. The Central Bureau of Statistics of Israel estimated the projection
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Figure 2: Evolution in the population’s growth rate of Israel, 1960-2014. Source: UNESCO, based on
data provided by UN Statistics Division

among women. Israel’s life expectancy is higher than most OECD countries. In 2011, the life expectancy
of men was ranked 4th (after Iceland, Switzerland, Italy, and together with Sweden) and life expectancy for
women was ranked 13th among OECD countries.



HUMAN DEVELOPMENT IN ISRAE

The concept of human development focuses on the result rather than the means of achieving development.
This holistic approach puts people at the centre of the development process. Since 1989, the United
Nations Development Programme (UNDP) has been measuring the Human Development Index (HDI).
It describes in a summary way the achievements of a country in relation to three dimensions of human
development: a long and healthy life, access to knowledge, and a decent standard of living. The HDI's
country coverage is of course limited by data availability. The data for the three dimensions are normalised
with the corresponding lowest and highest values obtained from a sample of 187 countries, then combined
into a single index. Each country will have a HDI value situated between 0 and 1. The global rank of
countries is obtained by representing each individual HDI value in descending order.

Countries are classified as achieving very high, high, medium or low human development, according to
their ranking. In 2013, Israel achieved a HDI of 0.888, which corresponds to very high human development
(world rank 19). Between 1980 and 2013, Israel’s HDI value increased from 0.749 to 0.888, an increase of
18.5% or an average annual increase of about 0.52%. The HDI is below the average of 0.890 in the very
high human development group and above the average of 0.876 for OECD countries. However, the HDI
of Israel is below those OECD countries with similar populations (i.e. Denmark and Switzerland).

The logistic growth trend shown in Figure 3 can be best explained by disaggregating the HDI dimensions
into their components. For example, one of the components of a long and healthy life is life expectancy
at birth. In Israel, this has continuously increased in a quasi-linear way between 1960 and 2014. In 1973, the
life expectancy at birth was 71.6 years while in 2013 was 81.7 years.
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Figure 3: Evolution in Israel's Human Development Index, 1970-2015. Source: UNESCO estimation,
adjusted according to the latest HDI methodological approach and data provided by UNDP (2015)
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The mean (average) income level, which helps constitute the measure for decent standard of living,
measured as GDP in PPP per capita has been increasing linearly over the last four decades, going from 10
600 PPP$ in 1975 to 29 966 PPP$ in 2013.

The mean (average) number of years of schooling for adults has also increased substantially in a quasi-
logarithmic way over the past 30 years: from 9.8 years in 1980 to 12.5 years in 2013 (see Table 2).

Recent Human Development Reports have launched an Inequality Adjusted Human Development
Index (IHDI), which takes into account inequality in all three dimensions of the HDI by ‘discounting’ each
dimension’s average value according to its level of inequality. The IHDI is basically the HDI discounted for
inequalities. The ‘loss’ in human development due to inequality is given by the difference between the
HDI and the IHDI, and can be expressed as a percentage. As the inequality in a country increases, the
loss in human development also increases. Recent Human Development Reports present the coefficient
of human inequality as a direct measure of inequality, which is an unweighted average of inequalities in
three HDI dimensions.

Israel’s HDI for 2014 is 0.894. However, when the value is discounted for inequality, the HDI falls to 0.775,
an overall loss of 13.3% due to inequality in the distribution of the HDI dimension indices. For example,
Denmark and Switzerland show losses due to inequality of 7.3% and 7.4% respectively. The average loss
due to inequality for very high HDI countries is 12.1 % and for the OECD it is 13.3%. The IHDI coefficient
for Israel is equal to 12.9% (UNDP, 2015). The last coefficient is composed by 3.8% loss due to the inequality
in life expectancy at birth, 9.9% loss due to the inequality in education and 25% loss due to the inequality

in income.

The Gll reflects gender-based disadvantages in reproductive health, empowerment and the labour market.
Countries with better gender equality tend to have low maternal mortality, low adolescent fertility and a
high proportion of males and females with at least secondary education. The Gll can be interpreted as
the loss in human development due to inequality between female and male achievements in the three
Gll dimensions.



Table 2: Quality of life in Israel

Indicator Value (2014)
Human Development Index (HDI) _

HDI [value] 0.894

HDI [world ranking out of 187 countries] 18
I

Public expenditure on health [percent of GDP] 7.7

Under-five mortality [per 1 000 live births] 4.0

Life expectancy at birth [years] 81.8

HIV prevalence [percent ages 15-49 both sexes]

e

Public expenditure on education [percent of GDP] 56
Pupil teacher ratio 13
Primary school dropout rates [percent of primary school cohort] 1.1
Expected years of schooling [of children] [years] 16
Adult literacy rate, both sexes [percent aged 15 and above] 97.8
Mean years of schooling [of adults] [years] 12.5
Population with at least some secondary education [percent aged 25 and above] 85.8
gty ]
Coefficient of human inequality 12.9
Gini coefficient 2005-2013 428
Loss due to inequality in education [percent] 9.9
Loss due to inequality in life expectancy [percent] 3.8
Loss due to inequality in income [percent] 25.0
B
Population with at least secondary education [percentage of females to males] 96.7
Adolescent fertility rate [births per 1000 women aged 15-19] 7.8
Labour force participation rate [percentage of females to males of ages 15 and older] 83.6
Gender-related development Index [female to male ratio of HDI] 0.971
Women in parliament [percent held by women] 22.5
Maternal mortality ratio [deaths of women per 100 000 live births] 7.0
T R
Carbon dioxide emissions per capita [tonnes] 9.3
Natural resource depletion [percent of GNI] 0.3
Population living on degraded land [percent] 12.9
Impact of natural disasters [deaths per year per million people] 1
Fresh water withdrawals [percent of total renewable water resources] 79.7
Forest area [percent of total land area] 7.1
e R
Urban population [percent of total] 92.1
Median age [years] 30.1
Dependency ratio of young age [ages 0-14] 458
Dependency ratio of old age [65 and older] 17.8

Source: UNDP (2015) Human Development Report



Israel has a Gll value of 0.101, ranking it 18 out of 155 countries in the 2014 index. In Israel, during the 19t
Knesset 22.5% of parliamentary seats are held by women (highest share of women ever), and 84.4% of adult
women have reached at least a secondary level of education compared to 87.3% of their male counterparts.
For every 100 000 live births, 2 women die from pregnancy related causes; and the adolescent birth rate is
7.8 births per 1000 live births. Female participation in the labour market is 57.9% compared to 69.1% for
men. In comparison, Denmark and Switzerland are ranked at 4 and 2 respectively on this index.

In 2014, UNDP introduced a new measure, the Gender Development Index (GDI) based on the sex-
disaggregated HDI. It was defined as a ratio of the female to the male HDI. The GDI measures gender
inequalities in achievement in three basic dimensions of human development—health (measured by
female and male life expectancy at birth), education (measured by female and male expected years of
schooling for children and mean years for adults aged 25 years and older); and command over economic
resources (measured by female and male estimated GDP per capita). Country rankings are based on
absolute deviation from gender parity in HDI (UNDP, 2014). The 2013 female HDI value for Israel is 0.879
in contrast with 0.893 for males, resulting in a GDI value of 0.984. In comparison, GDI values for Denmark
and Switzerland are 0.989 and 0.953 respectively.

HEALTH CARE

Health care services were developed at the beginning of the 20th century (the first being Kupot-Holim
Clalit, in 1913) by non-profit health organizations and by the British Mandatory government that existed
prior to the establishment of the State of Israel in 1948 (Rosen, 2011). These health plans called Kupot-
Holim were originally based on the German ‘sick funds’ (Krankenkasse) model.

Universal insurance coverage in Israel is mandated by the 1995 National Health Insurance (NHI) Law.
The law sets forth the state’s responsibility to provide health services for all residents of the country. All
permanent residents are free to choose from among the country’s four, competing, non-profit health
plans. Public NHI financing comes from two sources: the health tax and general tax revenue. The health
tax is an earmarked payroll tax collected by the National Insurance Institute. Individuals pay 3.1% on
wages up to half of the average national wage and 4.8% on income beyond that level, to a ceiling of five
times the annual wage. There are exemptions and discounts for various groups, such as pensioners and
recipients of income maintenance allowances (Rosen, 2011). Health care services covered by the law include
medical diagnosis and treatment, preventive medicine and health education, hospitalization, surgery and
transplants, preventive dental care for children, medical treatment for drug abuse and alcoholism, medical
equipment and appliances, obstetrics and fertility treatment, medications, treatment of chronic diseases
and paramedical services.

The Israeli health system has over 2000 community-oriented primary care clinics throughout the country,
operated by the Kupot-Holim, the Ministry of Health or the municipalities. There are some 26 000
physicians in Israel, most of whom are salaried employees of hospitals and the Kupot-Holim. The ratio of
physicians to 1 000 persons is 4.6, one of the highest levels in the world. Forty-seven general hospitals
presently operate in the country with some 13 000 general beds. The health system also includes some
14 000 beds for chronic-care patients and some 7 000 for psychiatric patients. The ratio of all hospital
beds to population is 5.95 per thousand. The Ministry of Health operates a nation-wide public network
of 850 mother-and-child-care centres, which offers low-cost, easily accessible services. The services
provided include health education programmes, regular check-ups to monitor child development and a
comprehensive immunization programme. In Israel, 95% of all babies and children are immunized. The
nation’s comprehensive immunization programme is a major factor contributing to the low infant mortality
rate — approximately 6.3 per 1 000 live births. Source: Israel Ministry of Foreign Affairs URL: http://www.mfa.gov.il



BOX 1 - PROGRAMMES AND POLICIES FOR ENCOURAGING SOCIAL MOBILITY

Social mobility is defined as ‘the opportunity for an individual to transcend social strata’.
According to the Human Capital Report 2015 prepared by the World Economic Forum, Israel
is ranked in a relatively low place in this indicator, 29th place among 124 countries (World
Economic Forum, 2015).

In recent years, the Israeli government has initiated a variety of programmes in order to improve
social mobility among minorities and disadvantaged populations. The preferred means has been
investment in education and in vocational training programmes, especially among the Arab,
Ultra-Orthodox and new immigrant (Ethiopian in particular) populations.

The Authority for the Economic Development of Minorities initiates most programmes to
improve the economic status of the Arab population in Israel. This Authority operates from
within the Prime Minister’s Office. While Arabs, Druze and Circassians constitute approximately
20% of the population, their contribution to the GDP is estimated at 8%. Reasons for this disparity
include lack of equal opportunities and proper infrastructures; inaccessibility of capital; as
well as impediments related to Arab society such as low participation in the labour force and
inadequate education levels, especially in the S&T fields. The Authority has developed tools
to encourage entrepreneurship and investment benefiting minorities. These include creating
private investment funds in the business sector, encouraging initiatives of local authorities,
vocational training for Arab women, and creating programmes to integrate Arab university
graduates in the private sector.

An additional organization that is actively involved in setting policy and specific goals aimed
at mitigating disparities between the general population and the minority population is the
Planning and Budgeting Committee (PBC). The PBC views formal education as ’a primary means
of social mobility and a key element in the development of each population group in Israel’. In
the framework of the multi-year programme for 2010-2016, for the first time the PBC set a goal of
making higher education accessible to minorities and to the Ultra-Orthodox population (Shaviv
et al., 2013). The main points of the multi-year programme are:

Establishment of information, consultation and guidance centres for the Arab population.

Effective absorption of students during the first year of studies - reducing dropout and change
of major, reaching timely graduation, raising achievement levels, increasing the numbers of
Arab and Jewish Ultra-Orthodox students in fields in which they are under-represented.
Programme for outstanding Arab graduate students: expanding support for outstanding
doctoral students.

Continuing operation of the Ma’of Fund that supports outstanding young Arab lecturers in
higher education institutions.

Integration of Arabs in governing institutions and committees. Adopting principles of

affirmative action when appointing members of committees, governing bodies and
senior staff.

Establishment of scholarship and loan fund for Arab students from low socio-economic
backgrounds, studying in preferred fields such as engineering (Shaviv et al., 2013).

1



NATIONAL INSURANCE

The National Insurance Institute (Hamosad LeBituach Leumi in Hebrew) is Israel’s national social security
agency. The Institute pays disability pensions to individuals who have lost the ability to earn a living due to
medical disability, to individuals whose earning capacity has dropped by at least 50% and to homemakers
whose ability to perform household duties has decreased by at least 50%. The monthly pension rate is
determined by the degree of disability. All citizens, permanent residents and those among new immigrants
who are no more than 60 years of age upon arrival to the country are eligible for old-age pensions, paid
by the National Insurance Institute®. This is financed by a tax levied on all Israeli residents over the age
of 18 with the exception of soldiers in the Israeli Armed Forces, National Service volunteers and students
enrolled in vocational training courses. A tax is also levied on employers. The current rates of national
insurance tax for employers and employees are specified in Table 3¢.

Table 3: Share of national insurance tax by income level (including health insurance), 2014

|| UptoNIS 5453 monthly salary NIS 5 453-43 240 monthly salary
Employee’s share 3.50% 12.00%
Employer’s share 3.45% 5.90%

Source: National Insurance Institute of Israel

LONG-TERM ECONOMIC GROWTH

Over the past three decades, the Israeli economy has gone through major structural changes. During this
period, a semi-socialistic economy, exporting goods in the primary sector (agriculture and mineral mining)
and secondary sector (e.g. diamond polishing, textile, chemical, plastic) was transformed to become a
market-based knowledge economy, driven by the private sector and characterized by strong orientation
towards international markets (Leck, 2008; Getz et al., 2014). According to Trajtenberg (2001, 2005), this
transformation was facilitated by efforts of the Israeli government, which actively supported export-oriented
industrial R&D, and by the harnessing of spillovers from the advanced defence sector to civilian industries.
Large investments in the defence and aerospace industries created new technologies that became the
basis for Israel’s high-technology industries (e.g. medical devices, electronics, telecommunications,
computer software and hardware).

Since the end of the 1970s, many initiatives have been taken by the Israeli government to attract foreign
investment. These include tax incentives, policies to stimulate capital investments and incentives for the
development of foreign venture capital (Trajtenberg, 2000, 2005). Today, Israel is a technologically advanced
market economy. Its major imports include crude oil, grains, raw materials and military equipment. Cut
diamonds, high-technology equipment and pharmaceuticals are among its leading exports.

Figure 5 shows the long-term evolution of the GDP per capita (1960-2014) expressed in 2015 constant
US dollars and in 2011 constant PPP international $. Both curves can be fitted by parabolic growth curves
with determination coefficients R?>0.95. For more than five decades the GDP per capita of Israel had
almost the same value as the average OECD high-income countries. Particularly over the last five years,
Israeli income per capita is a little bit above OECD average.

ol

National Insurance Institute. URL: http://www.btl.gov.il/English%20homepage/Pages/default.aspx

6 The National Insurance Institute (2014). Rates and amounts of insurance contributions. The amount of NIS 43240 is the maximum
level of income for which national and health insurance contributions must be paid. URL: http://www.btl.gov.il/English%20

Homepage/Insurance/Ratesandamount/Pages/default.aspx
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The monetary policy of Israel is primarily directed towards maintaining stability in the general level of prices.
As in the case of many other western countries, the monetary policy of Israel is set by the central bank.
The Bank of Israel, established in 1954, is the central bank of the State of Israel. The Bank is independent,
with objectives and operating methods specified in the Bank of Israel Law, 5770-2010. The Bank’s main
objectives are to support the Government's objectives (economic growth, employment, reduction of social
gaps), to support the stability of the financial system, and to maintain price stability.
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Figure 5: Evolution of GDP per capita, expressed in constant 2012 US dollars, in Israel, 1960-2014.
The dotted lines show the best fitted curves, which follow a quadratic growth. Source: UNESCO,
based on data provided by the UN Statistics Division, World Bank Databank (August 2015)

LABOUR MARKE

As of July 2014, Israel’s civilian labour force numbered more than 3.8 million individuals. Of these, 3.55
million were employed and approximately 250 000 were unemployed. Among the employed persons,
1.87 million were men and 1.68 million were women. The Israeli labour force is highly educated, with 55%
of individuals between the ages of 15 and 65 having more than 13 years of schooling and 30% of them
having 16 or more years of schooling. The general labour force participation rate grew in the last decade,
from 59.8% in 2003 to 63.7% in 2013 (Fatal, 2013). According to a report prepared by the Bank of Israel, this
growth can be explained by the increase in the general education level of the population’.

Two population groups in Israel are characterized by low levels of labour force participation: Arabs and
Ultra-Orthodox Jews (Table 4). The low participation rate of Arab women (27%) is mainly due to cultural
reasons, related to the structure and characteristics of traditional Arab society. In recent years, the Israeli
government, via the Authority for Economic Development of Minorities (AEDM) in the Prime Minister's
Office, has introduced several programmes aimed at strengthening the minority sector’s integration into
the national economy. Two examples of these programmes are vocational training for Arab women and
integration of Arab university graduates into the private business sector.

7 URL: http://www.boi.org.il/en/NewsAndPublications/PressReleases/Pages/27022013-a.aspx
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The Ultra-Orthodox population in Israel numbers, according to various estimates, between 700 000 and
820 000 individuals, comprising 8.5% to 10% of the total Israeli population. The annual growth rate of the
Ultra-Orthodox population stands on 7%, due to very high fertility rates. The extremely low labour force
participation rates among Ultra-Orthodox men (41% in 2013) are explained by the fact that the Ultra-
Orthodox community is a Scholar-Society, in which the large majority of adult males engage in religious
studies for their entire lives, within Yeshivas and Kolels. In recent years, both the Israeli Government and the
Council for Higher Education have initiated vocational training (particularly for men) and special academic
support programmes providing a comprehensive response to the barriers faced by Ultra-Orthodox
students, including enhancement of learning skills and overcoming cultural and educational differences.
The Ultra-Orthodox and the Israeli Arab populations are viewed as the main growth engines labour-force
in future years. Their integration into the labour-force and the enhancement of their educational level is
vital for safeguarding Israel’s growth potential in the coming years (Eckstein, 2010).

Table 4: Labour force participation rate as a share of the population, 2013

| Men | Women | __ Total |

Ultra-Orthodox Jews 41.0 59.0 50.0
Arab 66.1 271 46.6

Source: Central Bureau of Statistics, 2014b

Wages

The average annual wage in Israel in 2012 was US$ 31 934 (20th in the OECD?). Table 5 presents trends
in the gross monthly wage in Israel by comparing the national mean wage to the mean wage in the high-
technology sector.

Table 5: Average monthly gross wage in the high-technology manufacturing and services sectors versus
the national gross wage, 1995-2014

: High-tech Manuf. | Knowledge Intensive High-tech High-tech
Nat|o(r’lla]lsg\/lean Mean Services Mean Manufacture Services
NIS NIS

1995 4 355 7482 7 386 1.7 1.7
1996 4915 8 843 8 569 1.8 1.7
1997 5493 10175 9934 1.9 1.8
1998 5914 11377 11150 1.9 1.9
1999 6377 12 861 12973 2.0 2.0
2000 6835 13 401 14714 20 2.2
2001 7207 13774 14 879 1.9 2.1
2002 7147 13 991 13995 20 2.0
2003 6972 13 909 13 540 2.0 1.9
2004 7145 13 962 13928 20 19
2005 7324 14 535 14 579 2.0 2.0
2006 7576 14 991 15161 2.0 2.0
2007 7749 15431 15462 2.0 2.0
2008 8075 15478 15937 1.9 2.0
2009 8131 15 569 16 009 1.9 2.0
2010 8414 16 304 16 326 1.9 19
2011 8768 17 816 16 885 1.9 2.0
2012 8971 18 251 17 367 1.9 2.0
2013 9212 18 601 18 805 2.0 2.0
2014 9373 19171 19 544 2.0 2.0

NOTE: The data for the years 2004-2010 are based on a new sample. Data from 2011 onwards are based on a new classification of
economic branches. Comparison to earlier years can be only done by using a chain-linked index

Source: Central Bureau of Statistics

8 In PPP $ 2012 constant prices. See OECD Stat data (August 2015).



As can be observed from the data, high-technology sector wages and the national mean wage usually
fluctuate in the same direction and at similar rates. Since 1999, wages in the high-technology manufacturing
sector and in the high-technology service sector have been 1.9-2.2 times higher than the national average.
Analysis of the data shows that the gap between high-technology service sector wages and national
average wages narrowed slightly in 2010 but widened again in 2011 and in 2013.

DISTRIBUTION OF INCOME

Table 6 presents the distribution of the gross monthly income by deciles of households. As can be observed
from the table, in 2013, nearly 42% of the gross monthly income in Israel was concentrated in the top two
deciles of households. The Israeli Middle Class (deciles 4-7) accounts for only 34% of the gross income.
Table 7 presents trends for the last decades in the Gini index’, further demonstrates the inequality in the
distribution of income. The table shows that since the mid-1980s, there is a steady and constant rise in the
value of this indicator, pointing to widening social-economic gaps in the country. This trend can be attributed
to the country’s transition from a semi-socialistic economy towards an open competitive market economy. It
is important to note that between 2000 and 2010, the ratio between the Gini index calculated before taxes
and transfer payments and the Gini index calculated after taxes and transfer payments has sharply decreased.
This points to the fact that in recent years welfare benefits have been significantly reduced by government.
However, the opposite behaviour took place between 2010 and 2013 (see Table 7).

Table 6: Total monthly income in deciles of households in NIS thousands, 2013

Decile Gross monthly income Percentage Net monthly income Percentage
(‘000) of total ("000) of total
26 2.9

1 1064 869 996 602
2 1709573 4.2 1599 600 4.7
3 2053621 5.0 1891151 5.6
4 2 602 457 6.3 2 367 369 7.0
5 3125548 7.6 2811 556 8.3
6 3742 845 9.1 3277 252 9.7
7 4416181 10.7 3781840 1.1
8 5267 655 12.8 4392 378 12.9
9 6527 165 15.9 5200 965 15.3
10 10615 392 25.8 7 633 264 22.5
Total 41125 305 33951977

Source: Central Bureau of Statistics, 2014b

Table 7: Gini index in Israel, 1985-2013

| 1985 ] 1990 [ 1995 2000 | 2005 | 2010 | 2013

Gini index, after taxes and transfer 0326 0329 0338 0347 0378 0376 0360

payments
Gini index, before taxes and transfer 0472 0.476 0.494 0.504 0513 0501 0535
payments
Ratio before/post 1.450 1.450 1.460 1.450 1.360 1.330 1.490

Source: OECD.Stats

9  The Gini index measures the extent to which the distribution of income (or, in some cases, consumption expenditure) among
individuals or households within an economy deviates from a perfectly equal distribution. A Gini index of zero represents perfect
equality and 1 (or 100%), perfect inequality. For further information on Gini Index see URL: http://data.worldbank.org/indicator/
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GOVERNMENT EXPENDITURES

Due to several factors, Israel's government-expenditures were relatively high — compared to OECD
countries — from the early 1950's until the late 1980s. These included the need to absorb massive
immigration (especially in the 1950's), increasing defence expenses (especially after 1967) and more. In
the last two decades, Israel has gradually lowered public expenditures. Figure 6 presents the structure of
central government expenditures in 2013.

Israel underwent a major economic crisis in the early 1980s, characterized by a high budget deficit,
growing public debt and skyrocketing inflation. In order to deal with the grave economic situation, the
Israeli government introduced the Economic Stabilization Plan in 1985. The objectives of the Plan were
to decrease inflation, equalize the balance of payments and stabilize the economy. The Plan included
a sharp devaluation of the Shekel, long-term fixing of the foreign exchange rate, price control on basic
products and services, wage controls and a substantial cut in government expenditures and deficit.
Following implementation of the Plan, Israel’s budget deficit was maintained at a relatively stable level. The
government budget deficit in November 2013 to October 2014 was NIS 12.6 billion or 2.5% of GDP, well
below the government deficit target, mainly due to higher than expected revenues and lower spending
than planned.

General public
Social protection, services, 17.6%
20.8%

Defence, 16.7%

Education, 16.6%

Economic affairs,
YA

Health, 13.4%
Public order and
safety, 4.3%

Recreation, culture
and religion, 2.6%

Housing and Environmental
commun(l)t;;g/:nenltles, protection, 0.3%

Figure 6: Structure of central government expenditures, 2013. Source OECD.Stats



ATTRACTING FOREIGN DIRECT INVESTMEN

Foreign direct investment' (FDI) is also usually considered a major source of growth. FDI is an important
source of finance for transition economies, as it helps to cover the current account deficit and fiscal deficit
(in case of privatization-related FDI) and supplements inadequate domestic resources to finance both
ownership change and capital formation.

Secondly, compared with other financing options, FDI may facilitate international transfer of technology,
expertise and skills, including more advanced technologies and managerial skills, and may help local
enterprises expand into foreign markets. It may not only increase the activity of FDI-beneficiary firms
but also have a knock-on effect on other firms and sectors through technological spillover and through
increased competition, thus raising productivity for the whole industry.

Although FDI is commonly considered an important vehicle of international knowledge transfer, the
effectiveness of this process depends crucially on the absorption capacity of the host economy, which is
determined by a complex set of political, structural and institutional variables (competition policies, IPR,
quality of education, availability of scientists and engineers, R&D infrastructure, etc.).

Countries can increase the inflow of FDI by creating a business climate that makes foreign investors
feel that their capital is safe, for example by improving rule of law, stabilizing the regulatory framework,
establishing and protecting private property rights, and reducing corruption. Among the incentives that
governments can offer, one could cite low tax rates or other tax incentives, access to loans and co-funding,
zoning in proximity to where workers live, and improved infrastructure that allows products and services
to reach markets.

According to the latest World Investment Report (UNCTAD, 2015), developing countries accounted for
a record 55% of global FDI inflows in 2014, exceeding flows to developed economies by US$182 billion.

Economies obtain useful new technologies through various channels, such as FDI, international trade and
the international diffusion of knowledge and innovation. Technology transfer may be a major reason for the
growth in total factor productivity (TFP) in many economies. Wang and Wong (2012) demonstrated that,
over the period 1986-2007, foreign R&D, the products of which were transferred through inward FDI and
imports, improved the technical efficiency of countries by an estimated 9.97% on average. In other words,
a country with an average technical efficiency score of 0.85 would have dropped to about 0.72 had it not
benefited from foreign R&D through FDI and imports.

This research indicates that FDI is an effective conduit for technology transfer through technology spillovers
to domestically owned firms in the host country. This is consistent with a vertical technology spillover
hypothesis: foreign firms have an incentive to facilitate knowledge transfer to local firms to enable them
to produce intermediate inputs more efficiently, thereby making them available to foreign firms upstream

at a lower cost.

The potential of FDI for improving technical efficiency

In their study, Wang and Wong (2012) define technical efficiency as a country’s ability to obtain maximum
output from a given vector of inputs, so technical efficiency improvement refers to the movements toward
greater productivity. Based on showing that inflow of foreign R&D via FDI improves technical efficiency
in a regular manner across countries, they were able to estimate technical efficiency scores for individual
countries (as a multiple of inflow of foreign R&D transferred via FDI).

10 The International Monetary Fund defines (foreign) direct investment in its Balance of Payments Manual as the category of
international investment that reflects the objective of obtaining a lasting interest by a resident entity in one economy (direct
investor) in an enterprise resident in another economy (direct investment enterprise). A direct investor is defined by its
ownership of 10% or more of the ordinary shares or voting power in a direct investment enterprise.
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Whereas least developed countries typically do not have adequate domestic resources to promote the
accumulation of R&D stock, this work points to the conclusion that adopting preferential policies to
promote trade and capital inflows, so as to access results of foreign R&D, can be extremely important to
improve technical efficiency and, consequently, industrial competitiveness.

However, technical efficiency, innovation and competitiveness also depend on other variables, such as
infrastructure and political stability. Arnold (2004) identified still other factors, such as: managerial deficits;
a lack of technological understanding, learning ability or absorptive capacity to make use of externally
generated technology; failure to (re)configure public institutions, such as universities or research institutes,
to work effectively within an innovation system; deficiencies in regulatory frameworks (e.g. health and safety
rules); as well as other indirect factors, related to the sophistication of demand or cultural and social values,
which can have a negative effect on innovation and economic performance. Improvements in infrastructure
and political stability, combined with adequate human capital policies, can help to improve a country’s
technical efficiency and its attractiveness for FDI.

Table 8: FDI inflow and outflow for Israel, 1990-2014

FDI inflow FDI outflow 3
[million current US$] [million current US$] POl tleny EIRES

1990 137.1 261.0 0.02
1991 49.6 355.0 0.02
1992 303.9 256.2 0.04
1993 471.9 7447 0.04
1994 475.2 673.9 0.03
1995 1576.6 574.2 0.06
1996 16168 436.8 0.05
1997 1990.4 750.0 0.06
1998 19667 11628 0.07
1999 4187.2 829.6 0.17
2000 6957.4 33354 0.30
2001 17717 687.6 0.07
2002 15828 981.0 0.07
2003 33224 2109.5 0.15
2004 2947.4 4.540.7 0.12
2005 48183 29458 0.19
2006 15295.9 15438.0 0.54
2007 8798.3 8 604.6 0.25
2008 10874.7 7210.0 0.27
2009 4 607.0 17514 0.12
2010 5509.6 8 656.1 0.13
2011 10765.6 53291 0.18
2012 9481.3 23522 0.15
2013 11803.8 49322 0.21
2014 6432.0 3975.0 0.1

*Gross fixed capital formation

Source: UNCTAD World Investment Report(s) [several years]



FDI trends in Israel since 1990

Market failures imply a potential for policies to increase welfare by encouraging technology transfer
(Sagasti and Arédoz, 1976; Berg and Fuchs, 2013). To be effective, policy must alter the incentives of agents
that possess innovative technologies in order to ensure that they transfer these technologies. In practice,
this means encouraging the means for technology transfer: for example, licensing and inflows of FDI.

Table 8 shows the long-term evolution of Israel’s FDI inflow and outflow as well as the ratio of its net FDI
inflow to gross fixed capital formation' (GFCF) between 1990 and 2014. Figure 7 presents the long-term
evolution of FDI flows as a percentage of the GDP. Figure 8 shows the long-term evolution of GFCF
between 1960 and 2014.

From Table 8 and Figure 7 it is possible to reconstruct the long-term evolution of FDI behaviour in Israel
between the years 1970 and 2014. Particularly, Figure 7 shows that since 1995 FDI has been increasing
substantially relative to prior levels, marked by three well-determined peaks (2000, 2006 and 2013). The
FDI in 2006 was US$15.3 billion, while the following years produced much lower investment. This outcome
can be explained by the 2008 world economic crisis. FDI inflow reached US$4.4 billion and US$5.1 billion
in 2009 and 2010 respectively. By 2013, it had already reached a high of US$11.8 billion.

It is very important to note that the FDI inflows/GFCF ratio is very low indicating that the investment was
oriented to medium and high technology projects.
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Figure 7: Evolution of net inflow of Foreign Direct Investment (FDI) in Israel expressed as a percentage
of GDP, 1970-2014. The dotted line indicates the best-fitting curve. Source: UNESCO based on raw
data provided by the World Bank

11 GFCF consists of investment in land improvements (fences, ditches, drains and so on); plant, machinery and equipment
purchases; and the construction of roads, railways and the like, including commercial and industrial buildings, offices, schools,
hospitals and private residences.
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Figure 8: Evolution of gross fixed capital formation in Israel expressed as a percentage of GDP,
1960-2014. The dotted line indicates the best-fitting curve. Source: UNESCO based on raw data
provided by the World Bank databank (August 2015)

HE CORRELATION BETWEEN GOOD GOVERNANCE AND
SCIENTIFIC PRODUCTIVIT

In an increasingly complex innovation landscape, developing effective governance requires better co-
ordination at and among the local, regional, national and international levels. With the broadening of
innovative processes players and locations, the systems of governance that nourish their relationships and
proper functioning become even more important. As no single actor has the knowledge and resources to
tackle the innovation challenge unilaterally, every country —in one way or another —faces the task of better
co-ordinating the various actors involved in formulating and implementing policy.

A country’s social capital, anchored on good governance and an effective and capable state, is considered
a minimal condition to stimulate harmonious development. It is understood that institutions, politics and
economics are central features of any system of governance. Where controversy has sometimes arisen, it
has concerned what constitutes good and bad governance, and how to link governance to democracy.

Since 1996, the World Bank has published a set of standardized governance indicators each year for
every country in the world. The World Bank’s team defines governance as the traditions and institutions
by which authority in a country is exercised. This includes the process by which governments are selected
monitored and replaced; the government's capacity to formulate and implement sound policies and; the
level of respect on the part of both citizens and the state for the institutions that govern economic and
social interactions (Kaufman et al. 1999).

Within UNESCO's GO->SPIN programme some correlation among these governance indicators and
SETI productivity was found (Lemarchand, 2013). For example in Figure 9, countries are represented
in a Cartesian graph (four quadrants) according to their positive or negative values for government
effectiveness and political stability/absence of violence. The size of the bubble reflects the number of
scientific publications — listed in the Science Citation Index Extended — per million inhabitants. Few
nations fall in the first quadrant. Those countries with the largest GDP per capita and number of scientific
publications per million population are located in this first quadrant (Lemarchand 2013).
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Figure 9: Evolution in government effectiveness worldwide, as measured against political stability/
absence of violence, 2013. The size of the bubbles reflects the number of scientific articles at SCI
Extended per million inhabitants in 2013 for countries with more than 500 000 inhabitants. Source:
UNESCO based on raw data provided by World Bank databank (August 2015), UN Statistics Division and
the SCI Extended

Within the second quadrant, we find those countries, which have negative values for political stability/
absence of violence, but positive values for government effectiveness. In general, these are countries with
some level of violence in their society (i.e. terrorism, war, drugs trafficking, etc.) or which are facing some
economic or political crises (i.e. Greece). Israel has been evolving within the second quadrant since the
indicators were published for the first time (Figure 10).
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The third quadrant (negative values for both indicators) concentrates the great majority of African countries.
Lastly, in the fourth quadrant (positive values for political stability/absence of violence but negative values
for government effectiveness), we have a series of countries which have certain political stability but
there are not so efficient in the implementation of their policies. Figure 9 also informs about differences
of scientific productivity using as its measure: the number of scientific publications resident scientists
annually published in journals recognized by international indexes per million inhabitants of the country’s
population. The smallest bubble size represents the least productive countries; larger bubbles represent
countries that are more productive. The first quadrant features very high productivity.
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Figure 10: Evolution of the governance indicators and scientific productivity in Israel, 1996-2013
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Figure 11: Evolution of the Corruption Perceptions Index (CPI) in Israel (circles associated with the left-
axis) and world rank (triangles associated with the right-axis), 1996—2014. The dotted lines represent the
best-fitting curves. Source: UNESCO based on raw data generated by Transparency International



Figure 10 shows on a magnified scale the evolution in the same two governance indicators (and scientific
productivity) for Israel over time for the period between 1996 and 2013. The political stability/absence
of violence dimension had negative values during the whole period (1996-2013), while the dimension
government effectiveness had positive values. The scientific productivity of Israel in terms of scientific
articles listed at the SCI Extended per million inhabitants remained the same over the whole period.

Since 1995, Transparency International has published the Corruption Perceptions Index (CPI). The CPI
ranks countries and territories based on how corrupt their public sector is perceived to be on a scale from
0 (highly corrupt) to 100 (very clean). A country’s rank indicates its position relative to the other countries
and territories listed in the index. The total number of countries included in the survey varies each year
ranging from 85 (1998) to 183 (2011). The last survey performed in 2014 included 175 countries. The CPI
is calculated using data from 10 independent institutions. All 13 sources measure the overall extent of
corruption (frequency and/or size of bribes) in the public and political spheres and all sources provide a
ranking of countries.'?

Figure 11 shows the CPI scores of Israel and its corresponding world ranking between 1996 and 2014. The
shape of these curves show a smooth increase in the corruption level of the country during the past two
decades. In 2005 Israel ranked 28th (out of 159 countries) in 2011 it ranked 36th (out of 183 countries) and
in 2014, 37th (out of 175 countries).

Political stability and good governance sustained over decades are prerequisites for developing sound
public policies. Stability and predictability are particularly important for research and innovation since
both endeavours involve risk-taking with long time horizons. They thus require a stable framework of
institutions and policies. Political instability may inhibit innovation by increasing uncertainty for innovators
and venture capitalists; it may lessen the effectiveness of SETI policy instruments by weakening the
incentives they provide.

Moreover, research and innovation are crosscutting activities that involve the ministries of science and
technology, higher education, health, agriculture, energy, mining, environment, water and planning among
others. To be effective, research and innovation measures require co-ordination and coherence among
government departments programmes and policies. Empirical studies over the past two decades show
that governments find this difficult since their traditionally departmentalised structures are generally ill-
suited to deal with cross-cutting policy issues such as research and innovation. Adopting a coherent
approach entails not only co-ordinating a multitude of policy moves dictated by the core set of research
and innovation policies such as those for higher education and entrepreneurship but also evaluating their
possible interaction with policies pursuing other primary objectives such as the fiscal policy competition
laws and regulations which provide the framework for innovation (OECD 2010).

12 To determine the mean value for a country, the data are standardized using the technique of matching percentiles. This method
uses the country ranking reported by each individual source. It is useful for combining sources that have a different distribution.
Whereas there is some information loss with this technique, it allows all reported scores to remain within the bounds of the CPI,
i.e. between 0 and 100. A beta-transformation is then performed on scores. This increases the standard deviation among all
countries included in the CPI and avoids a smaller standard deviation from year to year, one of the drawbacks of the matching
percentiles technique. All of the standardized values for a country are then averaged, to determine a country's score. The CPI
score and the ranking position are accompanied by the number of sources, high-low range, standard deviation and confidence
range for each country. The confidence range is determined by a bootstrap (non-parametric) methodology, which allows
inferences to be drawn from the underlying precision of the results. A 90% confidence range is then established, whereby there
is a 5% probability that the value is either below or above this confidence range. Source: Transparency International.
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CONSTRUCTING AN INNOVATION PROFILE: INDUSTRIAL POLICIES
AND DEMAND FOR SETI

The national innovation systems paradigm usually characterizes the relationship among institutions that
support and foster knowledge creation and firms that exploit this knowledge. This stream of work suggests
that to maximize innovation, institutions within a country need to complement each other and work in
tandem. Moreover, it suggests that technology policy aiming to create efficient institutional mechanisms for
integrating the functions of knowledge production and knowledge commercialization is likely to enhance
a country’s ability to sustain an innovative technology system over time (Stern et al., 2002).

Innovation policy is usually defined as a set of policy instruments and appropriate institutions that assist
in the local adoption of technologies and the introduction new products and services to the market. This
may include adapting imported technologies to local conditions. Appropriate technology and innovation
policies can be derived only from an understanding of how technical change takes place in local enterprises.
Whereas companies everywhere have to make an effort to master or adapt existing technologies, a high
level of basic knowledge and capabilities exists in most firms in mature industrial countries or can be
easily acquired from other firms, labour markets, supporting institutions, or consultants. This makes it
relatively easy and routine to master existing technologies. In developing countries by contrast not only is
the internal knowledge base for mastering technologies relatively weak; the support network provided by
other enterprises institutions and human capital also tends to be underdeveloped (Lall and Teubal, 1998).

Promoting innovation at firm level involves both public and private sectors (e.g. entrepreneurs, researchers,
public servants, financiers etc.) and may include civil society organizations. Successfully launching and
running initiatives involving innovation requires aligning interests of numerous stakeholders. This implies a
difficult co-ordination process. The state is often best placed for the role of initiating, guiding, or facilitating
co-ordination, owing to its stronger convening and co-ordinating power, and it has an important tool
available only to it: incentives can be designed in public policies to influence behaviours and the relations
of actors involved in the innovation process. For example, by aligning incentives with stakeholders,
establishing risk-sharing mechanisms for multi-stakeholder ventures, and promoting knowledge sharing
and dissemination, the state significantly promotes the co-ordination process. In developing countries,
inadequate public sector involvement to co-ordinate stakeholders may stymie innovation.

The productive sector and its markets represent demand for SETI. The characteristics and behaviour of this
SETI demand over time determine whether or not it is possible in the economy of a country to absorb the
results of research obtained by universities and research centres (SETI supply) so as to generate new goods
and services. To handle new knowledge and incorporate it in production, a firm has to make a number of
technological decisions. Some are clearly concerned with the choice of alternatives regarding the source of
new knowledge, the source of equipment and the use of such inputs. Others have to do with the building-
up of the firm’s capacity (technical and design groups, administrative/organisational information) to make
such choices to adapt foreign technology and to incorporate new knowledge effectively into production.
The adaptation of foreign technology is particularly important since it contributes to the optimal use of
foreign technology and can link foreign technology to domestic S&T.

Supply and demand analysis should guide the public sector’s involvement. A lack of adequate
understanding of the characteristics and potentialities of the SETI supply and demand in a given country
will trigger failure for any research and innovation policies policy instruments and incentives put in place.

In recent years, a growing number of surveys have studied the behaviour of entrepreneurship and
innovation in different countries. Some of these provide valuable information on Israel (World Economic
Forum, 2014; INSEAD et al., 2015). See Table 9 for a series of subjective and objective indicators showing
the perception of research and innovation in Israel.



Table 9: Selected subjective and objective measurements for Israel

Subjective index: World Economic Forum
Executive Opinion Survey 2014 Objective Measurements
(Max. value = 7)

Indicator Indicator

Secondary enrolment gross percentage

Quiality of the education system 3.7 69 (2014) 101.7 26
Quiality of Math and Science Tertiary education enrolment gross
Education 4.0 79 percentage (2014) 65.8 30
Quiality of management schools 4.9 32 School life expectancy in years (2012) 15.7 28
Internet access in schools 55 32 Individuals using internet percent (2014) 70.8 37
Avai.lability of research and training 46 38 Broadband internet subscriptions/100 257 o
services inhabitants (2013)
Extent of staff training 4.0 76 z;é’,ll ér)wternet emeiein ofs per user 100.5 29
D Mobile broadband subscriptions/100
Availability of latest technology 6.3 10 inhabitants (2014) 53 37
. . Mobile telephone subscriptions/100
Firm level technology absorption 6.0 5 inhabitants (2013) 122.8 53
FDI and technology transfer 5.4 1 Fixed telephone lines/100 pop (2012) 44.8 15
. . . Patent families filed in 3+ offices/bn
Capacity for innovation 58 3 PPP$ GDP (2013) 2.9 6
Oeliyy Eiflenife KRzien 6.3 3 Scientific articles/bn PPP$ GDP (2014)* 464 11
institutions
Company spending on R&D 53 7 Citable scientific articles-H index (2014) 496 15
ﬁ”évggity‘i”d“s”y zcllloarziier 55 7 Life expectancy at birth in years (2014) 817 10
Government procurement of Women in labour force ratio to men
advanced tech products = Y (2013) 0.88 36
Aval_lablllty of scientists and 52 10 Imports as a percentage of GDP (2014) 325 108
engineers

Note: The subjective indicators (from a low of 1 to a high of 7) are based on a series of executive opinion surveys prepared by the
World Economic Forum whereas the objective indicators (related to research and innovation) were originally produced by other
agencies and have been compiled by the World Economic Forum. Both columns show Israel’s ranking out of 148 nations for each
individual indicator. INSEAD et al. (2015) have also produced similar surveys and data. *Taken from INSEAD et al (2015)

Source: World Economic Forum (2014) Global Competitiveness Report 2014-2015

Characteristics of the manufacturing sector

In recent years, several executive polls have been conducted by different international organizations to
measure the dynamism of innovation and the competitiveness of different countries (i.e. World Economic
Forum, 2014; INSEAD et al., 2015).

Figure 12 shows the results of an executive poll designed to determine the major difficulties faced by the
productive sector in promoting innovation and improving competitiveness. The poll reveals that foreign
currency regulations lack of access to financing an inadequately educated workforce insufficient capacity
to innovate and inadequate supply of infrastructure are deemed the major hurdles.

INSEAD et al. (2015) made a systematic analysis of the major components of innovation in 143 countries.
Their study analyses seven pillars: business sophistication; creative output; human capital and research;
infrastructure; institutions; knowledge and technology output and; market sophistication. Figure 13 shows
the cartographic results obtained by Israel for each individual pillar. In 2014, Israel came out 15th out
of 144 countries with an integrated value of 55.5 out of 100 maximum points. Institutions and market
sophistication are the pillars that have the highest scores.
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Inflation
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Government instability

Foreign currency regulations

Insufficient capacity to innovate

Inadequately educated workforce

Poor work ethic in labour force

Restrictive labour regulations

Tax regulations

Corruption

Access to financing

Inadequate supply of infrastructure

Policy instability

Tax rates

Inefficient government bureaucracy 22.1%

0% 10% 20% 30%
Figure 12: Major difficulties in promoting innovation and competitiveness in Israel, 2014.

Source: World Economic Forum (2014)
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Figure 13: Israel’s scores (0-100) for each individual pillar of innovation taking into account the
estimation of the Global Innovation Index. Source: INSEAD et al. (2015)



Trends and Drivers of Macro-Economic Performance

In the past decade, the GDP in Israel has risen significantly. Data shows that between the years 2003 and
2013, the GDP grew by 36%, while the GDP per capita rose by 23% (Figure 5). Israel’s high economic
performance in the past two decades can be explained by the dominance of the high-technology sector
(high technology and medium-technology manufacturing and in particular the ICT manufacturing and
services sectors) which constitutes the economy main growth engine.
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Figure 14: Share of high-technology and medium-high-technology manufacturing in GDP.
Source: Central Bureau of Statistics. Data processing by SNI
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Figure 15: Share of ICT of total business sector GDP. Source: OECD Stat and Central Bureau
of Statistics
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Figure 14 presents the share of high technology and medium-high-technology manufacturing in Israel's GDP.
Data shows that in recent years the share of these two manufacturing sectors constituted approximately
7.3% out of the GDP. The main driver for growth is the ICT manufacturing™ and ICT service' sectors which,
in 2011, constituted approximately 17% of the business sector GDP. Overall, 65% of ICT gross product can
be traced to the service industries and 35% originates from manufacturing industries (Getz et al., 2013).

Total factor productivity (TFP)

Total Factor Productivity (TFP) is a variable that accounts for effects in total output not caused by
traditionally measured inputs of labour and capital. TFP can be taken as a measure of an economy’s long-
term technological change or technological dynamism, if all other inputs are fully taken into account.
TFP cannot be measured directly. Instead, it is a residual, often called the Solow residual, which accounts
for effects in total output not caused by inputs. The main components explaining TFP growth are
technological innovations, technological improvements and the scope of R&D in the country (Getz et al.,
2013). Since this indicator is also affected by non-recurrent factors, it is best to use an average over several
years, as exhibited in Figure 16. As can be seen from the data, the average TFP growth in Israel during the
years 2005 to 2010 was 1.3%, topped only by the Republic of Korea, another country that exhibits strong
technological innovative capabilities.

-0.6%

'0 .20/0
Spain

Finland

New
Zealand

Switzerland

Germany

Ireland

USA

Israel

Republic of Korea 3.2%

-1.0% 0.0% 1.0% 2.0% 3.0%

Figure 16: Average growth-rate in Total Factor Productivity (TFP) for a selection of developed countries,
percent, 2005-2010. Source: OECD Stat and Central Bureau of Statistics

13 ICT manufacturing industries are industries that produce ICT equipment such as office machinery, accounting machinery, and
computers, electronic components, electronic communication equipment and industrial control and supervision equipment
(excluding medical equipment).

14 ICT service industries are communication services, computerization and software services, research and development services,
and start-ups.


http://www.businessdictionary.com/definition/innovation.html
http://www.businessdictionary.com/definition/improvements.html

Employment by sectors and firms

The Israeli economy can be divided into five main sectors: manufacturing sector, service sector (public
services such as education, health and welfare; services in the business sector), electricity and water,
construction and agriculture (Figure 17). The service sector is the main employer in the economy. In 2012,
80.3% of the workforce was employed in this sector and their share in the Net Domestic Product (in 2010
prices) was 79.4%. The manufacturing sector constituted 12.9% of total employment. Chemical products
and computers, electronic and optical products are this sector’s two main industries.

Table 10 exhibits the distribution of firms by size and the distribution of employees in the manufacturing
sector by firm size. As can be seen, almost 90% of Israeli manufacturing firms are small-medium business
establishments employing less than 50 employees. The share of these firms (employing less than 50
workers) out of total employment, however, is only 26%. Medium-large firms (50 employees or more)
employ approximately 74% of the employees in the manufacturing sector.

Agriculture
Not known 2%

2% \

Manufacturing

s 13%

Construction
4%

Education, health,
welfare and public
administration
39%

Trade and service in
the business sector
39%

Electricity and
water suppl;/
1%

Figure 17: Share of employees by industrial sector, 2012. Source: Central Bureau of Statistics, 2013
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Table 10: Firms and jobs in manufacturing, mining and quarrying, by size, monthly averages, 2012

m—— Erpoyee
et e o o0
3.5

1-4 5580 46.6 12.5
5-9 2065 17.3 13.7 3.8
10-19 1666 13.9 23.4 6.4
20-29 662 5.5 16.0 4.4
30-49 720 6.0 28.4 7.8
50-99 622 52 45.5 12.5
100-299 477 4.0 84.5 233
300+ 170 14 138.4 38.2
Total 11962 100.0 362.3 100.0

Source: Central Bureau of Statistics, 2013

Labour productivity and the dual economy

Despite Israel’s proven innovative abilities, the country’s labour productivity is among the lowest in the
OECD (Ben David, 2013). In 2014, the productivity level in Israel, measured as GDP per work hour, occupied
the 25% place among OECD member states (see Figure 18).

During recent years, Israel’s productivity level has risen only by 0.74%, as compared to 4.4% in the Republic
of Korea, 3.7% in Ireland, 1.9% in Sweden and 1.9% in the United States (OECD, 2013). It is important to
note that labour productivity in Israel differs by technological intensity. Labour productivity in the high-
technology and the medium-high technology industries is significantly higher than in other manufacturing
industries. In the service sector, the highest levels of production per employer are in the technology-
intensive industries (for example, computers, R&D services and communications) and in the knowledge-
intensive industries (Getz et al., 2013).

Since 2007, policy makers in Israel™® raised the problem of dual economy that emerges between the high-
tech and low-tech industrial sectors. Israel’s dual economy consists of a relatively small, yet world-class
high-tech sector which serves as the engine of the economy, on the one hand, and the much larger but
less efficient traditional industry and services sectors, on the other hand. The economic contribution of
the flourishing high-tech sector does not necessarily always spill over into other sectors of the economy.

Over time, this ‘dual economic structure’ has led to a well-paid labour force living at the ‘core’ of the
country, namely the Tel Aviv metropolitan area, and a poorly paid labour force living primarily on the
periphery. The growing socio-economic gap that has resulted from the structure of the economy and the
concentration of wealth among the upper 1% is having a destabilizing effect on society (Trajtenberg, 2006;
Brodet, 2008; Fisher and Eilan, 2011).

As mentioned, in the medium- and high-tech industries, labour productivity is significantly higher than
in other manufacturing industries. The medium- and high-tech manufacturing sectors account for about
13% of GDP and 7% of total employment, although their output contributes 46% of industrial exports,
as mentioned earlier. The main industries in the manufacturing sector are: chemical and pharmaceutical
products, and computers, electronic and optical products (Getz et al., 2013).

15 National Economic Council, Socio-Economic agenda for Israel: 2008-2010.



It is to be considered whether public policy recommendations and related specific policy instruments could
be designed to promote the generation of R&D spin-offs and diffusion of innovation skills from these high
and mid-high tech sectors to the mid and low tech industrial sectors.

Garcia-Torres (2014) considered that any diversion of a major part of the government resources intended to
support industrial R&D to other new fields would cause extensive economic damage. Taking into account
that high-tech exports, predominantly based on ICT, are responsible for close to half of Israeli exports, a
diversion of resources from ICT would deprive Israeli industry of an important element of its competitive

capacity.
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BOX 2 - FOSTERING INNOVATION IN TRADITIONAL INDUSTRIES IN ISRAEL

Traditional industry includes the low-tech manufacturing sector (e.g. food, tobacco, textiles,
paper, printing, furniture, etc.) and the medium-low-tech manufacturing sector (mining and
quarrying, rubber and plastic, basic metals, metal products, ferrous and nonferrous minerals,
and jewellery). Traditional industry in Israel suffers from low productivity per employee and
from slow rate of improvement in productivity. Due to its considerable share in production and
in employment, long-term economic growth cannot be attained without focusing on improving
the productivity of this industry. The key to achieving this objective is to provide incentives to
employers so as to implement innovation (including assimilation of advanced technologies,
openness to organizational changes/business model modifications), and so as to increase
export’s share in output (Brodet, 2008).

The Israel 2028 Strategic Plan recommends taking the following measures in order to encourage
innovation in traditional industries and to foster productivity improvements:

Adapt specially tailored versions of Office of Chief Scientist (OCS) programmes that were
originally created for high-technology sectors, such as Magnet and Tnufa, to suit traditional
industries.

Initiate specific programmes for encouraging collaboration between university laboratories
and traditional industries.

Encourage the creation of cooperative consortia of technology users.

Grant tax credits for employers in traditional industries in the periphery, to expand
employment in their businesses.

Facilitate mergers and acquisitions that enable the penetration of innovation and R&D
activity, in order to support organizations that have a critical mass.

Increase awareness among manufacturers about the importance of innovation, and about
support available for this purpose.

Initiate professional industrialist forums for specific industries involved in innovation.

A recent report prepared by Fortuna (2012) on leveraging Israel’s traditional (classical) industry
has identified small classical companies as a neglected segment that has potential. According
to his report, the major barriers that postpone a breakthrough in small enterprises are:

Managers’ unwillingness to change long-established patterns of thinking.

Lack of systematic support suited to their needs (business, organizational, operational,
financial, and technological).

Scale and language gaps, which complicate communication between small enterprises and
government support mechanisms.

Lack of knowledge regarding export potential and lack of courage to dream about exporting
(Fortuna, 2012).

The report recommends taking the following steps:

Designate an official entity to initiate a process of integrating and coordinating all
government programmes, so as to ensure they are compatible with the characteristics of
small enterprises, and which will effectively guide small enterprises so as to facilitate use
of these programmes.



Support the concept of ‘anchor industries’ leading to upgrading their subcontractors, in
terms of efficiency and quality.

Support the establishment of ‘clusters’ on the basis of branch, sector, or geographic proximity,
leading to economies of scale.

Eliminate the term ‘low-tech’ from the professional and public jargon as part of a
communications effort to improve image and to set higher expectations for traditional
industries (Fortuna, 2012).

Policy Tools for Supporting and Encouraging Innovation in Traditional Industries

The Office of the Chief Scientist (OCS) of the Ministry of Economy, as part of its R&D Fund,
operates a special programme designed to encourage the implementation of innovation in
traditional industry. This special programme runs parallel to the main track, which supports
industrial R&D. The special programme funds up to 50% of an approved R&D plan. Companies
conducting R&D activities in peripheral regions are eligible for a grant of 60%. There is no limit
to the sum of the grant, however industrial firms need to provide justification for the requested
amount based on the technological innovation and marketing potential. Since the launch of
the programme in 2005, 500 traditional industry enterprises have approached the OCS; they
submitted 1 320 requests for funding projects, totalling about NIS 3.1 billion. Of these requests,
1050 projects from 392 companies were approved, with a total budget of NIS 1.4 billion. The total
amount of R&D grants was NIS 786 million. Among those supported were companies from the
following industries: plastics, rubber, metal machining using CNC machine tools, glass, ceramics,
building materials, textiles, wood, leather, paper, jewellery and food (OCS, 2014).

Doing business in Israel

An economy with an efficient bureaucracy and rules of governance that facilitates entrepreneurship and
creativity among individuals, and that provides an enabling environment for people to realize their full
potential, can enhance living standards and promote growth and shared prosperity. Table 11 shows a
selection of countries with population sizes comparable to that of Israel (+/- 30%), in which national policies
facilitate doing business. The data presented was collected by the World Bank Group's Doing Business
initiative, which tries to track and measure (with a series of normalized indicators) how easy it is to do
business, trade and exchange in a given country (World Bank, 2015). The numbers presented in Table 11
are organized by the global rankings of over 189 countries, and by the main components that characterize
doing business. The data is consistent with other opinion polls done by different organizations (INSEAD
et al., 2015; World Economic Forum, 2014). Israel occupied the 53" world rank in ease of doing business, far
below what might be expected from its scientific productivity or human development index ranks. On the
one hand, the negative value of political stability/absence of violence (see pages 20-23) prevents foreign
companies to make long-term investments. On the other hand, Israel recently made paying taxes more
costly for companies by increasing the corporate income tax rate, the rate for social security contributions
paid by employers for the upper wage bracket employees, and by adjusting municipal taxes.
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Table 11: Ease of doing business in selective group of countries with population sizes similar
to Israel, 2015
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Singapore 54 1 10 1 6 17 19 1 5 4 1 27
Hong Kong 7.2 5 4 7 9 59 19 1 4 47 22 26
Switzerland 8.1 20 69 45 5 16 52 78 18 22 22 41
Austria 8.5 21 106 47 17 26 59 36 74 1 6 18
Portugal 10.5 23 13 36 25 27 97 66 65 1 20 8
Slovak Rep. 54 29 68 84 48 5 42 88 73 1 63 BS
Bulgaria 7.3 38 52 51 100 63 28 14 88 20 52 48
Hungary 9.9 42 55 88 117 29 19 81 95 1 23 65
Serbia 7.2 59 65 139 63 73 59 81 143 23 73 50

Source: Doing Business 2016: Measuring Regulatory Quality and Efficiency, International Bank for Reconstruction and
Development and World Bank (2015)

Characteristics of merchandise exports

The effect of exports on economic growth depends on the content of value-added and the generation of
linkages in the production structure. In turn, an increase in the proportion of value added is sensitive to the
technological content of the goods and services in question. Countries that export goods associated with
higher productivity levels usually grow more rapidly. Compared to products of low-technological content
or those based on natural resources, the production and export of medium- or high-technology goods
requires a higher level of physical and human capital and involves more innovation-intensive activities.
Governments are interested in setting up support programmes to enable firms to increase their export
sales given the positive impact that a surge in exports has on the economic growth and competitiveness

of a country.

To visualize research and innovation as components of merchandise exports over time Figure 19 shows
the evolution between 1988 and 2013 of manufactured exports as a percentage of merchandise exports
against high-tech exports expressed as a percentage of all manufactured exports. Over the past three
decades between 82% and 94% of all Israel's exports were manufactured products and within them 10-20%
were high-tech products. It is very interesting to note that between 1988 and 1998 the manufactured and
high-tech components of all exports were continually increasing, followed by a drop between 1999 and
2007 and a recovery afterwards (Figure 20). The last measurements (2012-2014) show that 93% of total
exports were manufactured products, and of these exports, 16% were high-tech products (2012-2013).

16 When this publication was prepared, no measurement of the high-tech component was published for the year 2014.
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HIGH-TECH INDUSTRY AND VENTURE CAPITAL FUNDS

The first global technology firms established in Israel were Motorola (1948) and IBM (1949). The first Israeli-
owned technological firms were Tadiran and Elron Electronics, founded in 1962. Many other Israeli firms
developed and expanded their activities in the country due to their strong ties with the Israeli military
(Braznitz, 2007). Israeli defence industries have traditionally focused on components, electronics, avionics
and other systems. The development of these auxiliary systems has given the Israeli high-technology
industry an edge for civilian spin-offs in the software, communications, and internet sectors. Civilian
applications of skills derived from military industries have become increasingly important. For example,
the need for better night-vision equipment led to the development of image processing (Globes, 2000).

The venture capital (VC) industry has played a fundamental role in the dramatic development of the high-
technology sector in Israel over the past years (Avnimelech and Teubal, 2005). VC funds are enterprises
that raise capital for investment in start-up companies. Since such enterprises invest in the cutting edge
of scientific research, the extent of VC raised is considered a good proxy for the country’s R&D activity.
The Israeli VC industry has significantly grown in the past two decades. Several factors have contributed
to the growth of this industry. These include tax exemptions on Israeli VC investments, funds established
in collaboration with large international banks and financial companies and the involvement of major
organizations desiring to capitalize on Israeli high-technology companies (BDO Israel, 2014). Among the
latter are the world’s largest multinational companies such as IBM, Intel, Apple, Microsoft, Cisco, Google,
Facebook, Siemens, Samsung, Oracle and others.

By providing and allocating funding, VC has served as a link between start-up companies and investors,
and is regarded as an essential infrastructure for any technological environment. It is also an effective tool
for financing, supporting and guiding companies toward a successful course. Today, Israel is considered
to be one of the largest venues for venture capital investment in the world, outside the US (Breznitz and
Zehavi, 2007; IVC Research Centre, 2012).

The 2008 economic crisis has significantly contracted Israel’s VC market (Figure 21). Between the years 2008
and 2009, VC raised by Israeli firms plummeted by 46% from US$ 2 076 million to US$ 1 122 million. This
was followed by a relatively mild upturn in 2010 (a 12.5% increase), bringing the total to US$ 1 262 million.
An additional steep increase (69.5%) was recorded in 2011. In 2014, Israeli firms raised US$ 3 407 million in
VC (a 43.3% increase compared to 2013).

The composition of investments made by VC funds has also varied in recent years. Table 12 shows that in
2008-2009, the share of investments that benefit final stage product development (late revenue growth)
declined, wheras investments in mid-stage product development rose. The picture was different in 2011,
by which time there was a steep increase in late revenue-growth stage investment, a decline in early
stage, and a slight contraction in mid-stage as well. In 2013, investments at the mid-stage R&D grew at
the expense of investments at the seed stage.

When looking at the distribution of VC investment by technological field (Table 13), the main trends
observed in the last decade reveal a contraction of investment in ICT in contrast to its expansion for firms
developing life-science products. The share of VC capital investment in ICT dropped from 69% in 2000 to
37% in 2013, while the share of investment in life sciences grew from 8% to 23%.
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Figure 21: Venture capital raised by Israeli firms, in million US dollars. Source: IVC Research Centre

Table 12: Venture capital fund investments, by stage

Growth Stage

Ye

2000 10% 38% 30% 22%
2001 5% 41% 32% 22%
2002 2% 35% 54% 9%
2003 6% 32% 49% 13%
2004 8% 24% 56% 12%
2005 8% 28% 53% 1%
2006 9% 31% 42% 19%
2007 8% 32% 38% 22%
2008 5% 36% 38% 21%
2009 6% 30% 49% 16%
2010 3% 35% 46% 16%
2011 4% 27% 42% 27%
2012 8% 32% 1% 19%
2013 5% 30% 47% 18%

Source: IVC Research Centre
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Table 13: Israeli venture capital fund investments, by technological field of activity

v Field of Activit
‘ear — ; -

2000 39% 30% 16% 8% 6%

2001 42% 9% 20% 16% 13%
2002 37% 4% 18% 15% 26%
2003 35% 4% 18% 19% 24%
2004 29% 4% 22% 22% 23%
2005 35% 3% 17% 21% 24%
2006 24% 5% 22% 23% 26%
2007 21% 15% 13% 20% 31%
2008 25% 14% 20% 15% 27%
2009 20% 13% 23% 24% 20%
2010 19% 18% 1% 27% 23%
2011 20% 23% 19% 19% 19%
2012 16% 21% 17% 27% 19%
2013 17% 20% 21% 23% 19%

Source: IVC Research Centre

The role of multinational companies in driving innovation
and economic growth in Israel

Multinational companies (MNCs) are central actors in the global innovation process. As a result, domestic
innovation activities in host countries are affected by the location decisions taken by these global firms.
There is a growing interest among countries in formulating policies aimed at attracting MNCs, especially
those specializing in high technology and R&D activities (Getz et al., 2014).

A considerable volume of evidence exists in the economic literature demonstrating the importance
of supply-side factors to attract MNCs and FDI investments. Among these, Faeth (2009) classifies the
government incentives that may be offered into three main categories: fiscal incentives (e.g. tax exemptions
and credits, etc.), financial incentives (grants, subsidies, etc.) and other incentives (e.g. subsidized services
and infrastructure, preferential treatment).

Additional location and investment considerations that were identified in the economic literature as
important to global firms include: access to highly skilled human resources (Von Zedtwitz and Gassmann,
2002; Chung and Alcacer, 2002), stock of private R&D capital in host countries (Erken and Kleijn, 2010),
access to high quality scientific infrastructure (Abramowsky et al., 2007; Karlsson and Anderson, 2005),
existence of agglomeration economies and economies of scales (Head et al., 1999; Head and Mayer, 2004),
tapping informal networks of knowledge (Von Zedtwitz and Gassmann, 2002), market size, e.g. China and
India (Shimizutani and Todo, 2008; Friedman 2011), the cost of R&D resources (UNCTAD, 2005; Ernst, 2006)
and the degree of IP protection in the country (Athukorala and Kohpaiboon, 2005).

Due to government incentives and the availability of high-level human capital, Israel has become an
attractive location for R&D centres of leading multinationals. R&D centres are Israeli subsidiaries of foreign
multinational firms of which a key objective is carrying out technological research and development
activities. These tasks are conducted in facilities based on local infrastructure and a local staff of scientists
and engineers. Motorola was the first American firm to set up a branch in the country, in 1964. Microsoft
and Cisco Systems built their first R&D centre outside the US in Israel and Motorola maintains its largest
R&D centre in the world, outside the US, in Israel. Intel, which began its operations in Israel in 1974, has
two manufacturing facilities and four R&D centres in the country.

According to the Israel Venture Capital Database (IVC), 264 foreign R&D centres are currently active in
Israel. Most of these R&D centres are part of large international firms (mostly in the technological sector)
that acquired Israeli companies in the past decade and transformed them into local research facilities.



The activity of a few R&D centres (e.g. Intel, Applied Materials, Motorola, and IBM) spans more than three
decades. The activity of most R&D centres is concentrated in central Israel (Tel Aviv metropolitan area).
This owes to the fact that the Israeli economy is characterized by a clear spatial dichotomy of its industry.
Most of Israel’s tertiary and quaternary sectors are located in the core region, whereas most of its primary
and secondary industries are situated in the periphery (Frenkel and Leck, 2014). Shefer and Frenkel (1998)
attribute the concentration of R&D activity in a region to the existence of a local innovation milieu. This
distinct physical and human environment, which constitutes the main catalyst for innovation, is prevalent
in the core region. It relies heavily on the existence of agglomeration economies, regional spillovers and
collaboration among firms.

A recent study conducted by the Samuel Neaman Institute on the innovation of foreign R&D centres in
Israel found that most R&D centres are small. Approximately 73% of them employ fewer than 100 workers.
Only 6% of the R&D centres employ more than 500 workers (e.g. Intel, Applied Materials, HP, Motorola,
IBM, and Marvell). The research found that almost two thirds of the R&D centres in Israel belong to
American multinational firms and 20% to European firms. Nearly 27% of foreign R&D centres belong to
the IT and Enterprise Software sectors. The Communication, Semiconductors and Life Science sectors
constitute approximately 50% of these firms’ activity in Israel (Getz et al., 2014). According to Avnimelech
and Teubal (2005) and Avidan-Shpalter (2012), the emphasis placed by multinational firms on these four
sectors in Israel stems from the country’s relative advantage in scientific infrastructure, skilled labour force
and entrepreneurial culture. These important factors strongly foster R&D activity.

In 2011, foreign multinational companies were responsible for the employment of 33 000 workers through
local subsidiaries (23 170 in R&D jobs)". The share of foreign-controlled corporations out of total output
and total jobs in the manufacturing sector in this year stood on 16.7% and 14%, respectively (Figure 22).

In 2011, the R&D centres spent a total of NIS 14.7 billion on R&D activity, an increase of 16% compared
to 2010. Most of the R&D activity in the R&D centres is concentrated in the Scientific R&D division, in
which the expenditure on R&D constituted 48% of all expenditure in R&D centres'®. Table 14 presents key
innovations developed by selected foreign R&D Centres in Israel.
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Figure 22: Share of foreign controlled corporations of total output and of total jobs, 2011. Source:
Central Bureau of Statistics, 2014b

17 Central Bureau of Statistics (2014). URL: http://www1.cbs.gov.il/webpub/pub/text_page_eng.html?publ=56&CYear=2011&CMonth=1

18 Total expenditure on business R&D inciudes all expenditure on R&D in companies. The expenditure items included are Tabour
cost, purchase of raw materials, payments to external factors, other expenditures and overhead and capital formation for the
purpose of R&D. Central Bureau of Statistics (2014). URL: http://www1.cbs.gov.il/webpub/pub/text_page_eng.html?publ=56&CY
ear=2011&CMonth=1
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Table 14: Key innovation of foreign R&D centres in Israel

] Number
R&D Rgfctgf?lggs of R&D | Establishment ,e\lnlirglgi(raeoi Key innovations/
Centre bt Centres | Year in Israel in lsrael technologies/products
in Israel
. Development of hardware and
Apple Semiconductors 3 2011 500 e for Il ene 2l e
Semiconductors Galaxy camera, eye tracking
Samsung and 2 1999 250 system for Galaxy S4
Communications smartphone
Time traveller application,
Yahoo! Internet 2 2008 50 smart advertising (market

segmentation)
Google autocomplete, Live
Google Internet 2 2007 250 results, Google related, Google
instant, Google analytics
Pentium M microprocessor,
Intel Semiconductors 5 1974 8500 Sandy Bridge and Ivy bridge
family of processors
Business Intelligence in the
Cloud and in Office, XBOX
IT and Enterprise 2 1989 800 Analytics: building a novel real-

liereser Software time recommendations platform
for the Microsoft entertainment
business
CenaE Miscellaneous Autoqomous Vehicles; Human
. 1 2011 60 Machine Interface (HMI);
Motors Technologies

Connected Vehicle
Wi-Fi technology and the
next generation of wireless

) LAN connectivity; Mobile
Qual Se(rjmconductors 3 1993 260 enterprise security technologies;
e Qualcomm Snapdragon Mobile
Development Platforms; Digital
pen and gestures based on
ultrasound technology
Enterprise Swarm; Automatic
Print Quality Inspection;

Communications

Miscellaneous

HP Technologies 4 1994 5700 Semantic Automation from
J Screen Capture; HP Indigo
Photo Enhancement Server
Trusted Flash technology; digital
SanDisk Semiconductors 3 2006 700 cameras (with Zoran); SSD

drivers

ECO-2000 Optimized Crew
Scheduling System; Websphere
Content Discovery Server;
mobile shopping app

IT and Enterprise
IBM Software; 3 1949 1 000+
Semiconductors

Sources: Cohen, 2013, and Ministry of Economy. URL: http://www.investinisrael.gov.il/

Support of industrial R&D by the Office of the Chief Scientist (OCS)

Although R&D is widely perceived as a main catalyst for the growth and development of firms, it is
considered as a risky investment. As a result, R&D investment by the private sector can be scarce — a
serious obstacle to the goal of maintaining Israel’s lasting competitive edge in applied innovation. The
government’s willingness to share in this risk greatly aids in both reducing uncertainty and in ensuring
successful fruition of the investment (OCS, 2013).

The high-technology sector in Israel has made a giant leap in the course of the past thirty years both by
domestic and international standards. There is no doubt that government policy was a key factor in the
early success of this sector. The beginning of government support for industrial R&D in Israel dates back to
1968. At that time a government commission recommended the creation of the Office of the Chief Scientist
(OCS) at the Ministry of Industry and Commerce (currently the Ministry of Economy), with the mandate
to subsidize commercial R&D projects undertaken by private firms. Support was restricted until then to
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the National R&D Labs, and to academic R&D, in addition to the weighty resources that were devoted to
defence-related R&D and to agricultural research (Trajtenberg, 2000). The OCS administers all government-
sponsored support of R&D within Israeli industry. It operates through the R&D Fund, as well as a wide
spectrum of domestic and international programmes, agreements and collaborations. The OCS supports
hundreds of projects annually, ranging from unripe concepts within a pre-seed framework, to incubator
and start-up companies, to autonomous industrial R&D enterprises (Trajtenberg, 2000; OCS, 2013).

All OCS programmes and instruments are empowered by the Law for the Encouragement of Industrial
R&D, which is commonly known as the R&D Law, enacted in 1985. This important piece of legislation
defines the parameters of government policy towards industrial R&D. The stated goal of the legislation is
to develop science-based, export-oriented industries, which will promote employment and improve the
balance of payments. The legislation provides the means to expand and exploit the country’s technological
and scientific infrastructure, and leverage its high-skilled human resources (OCS, 2013). At the heart of the
law is a programme of financial incentives. Companies — whether big corporations o