uNESCO TECHNICAL PAPER NO. 11

m INSTITUTE

: STATISTICS
. e

United Nations ~ *
Educational, Scientific and |
Cultural Organization

Guide to Conducting an R&D Survey:
For countries starting to measure research and
experimental development



GUIDE TO CONDUCTING AN R&D SURVEY:
For countries starting to measure
research and experimental development

I: [I : INSTITUTE
. Jor
. STATISTICS

. ——



UNESCO

The constitution of the United Nations Educational, Scientific and Cultural Organization (UNESCO) was adopted by
20 countries at the London Conference in November 1945 and entered into effect on 4 November 1946. The
Organization currently has 195 Member States and 9 Associate Members.

The main objective of UNESCO is to contribute to peace and security in the world by promoting collaboration among
nations through education, science, culture and communication in order to foster universal respect for justice, the
rule of law, and the human rights and fundamental freedoms that are affirmed for the peoples of the world, without
distinction of race, sex, language or religion, by the Charter of the United Nations.

To fulfil its mandate, UNESCO performs five principal functions: 1) prospective studies on education, science,
culture and communication for tomorrow's world; 2) the advancement, transfer and sharing of knowledge through
research, training and teaching activities; 3) standard-setting actions for the preparation and adoption of internal
instruments and statutory recommendations; 4) expertise through technical co-operation to Member States for their
development policies and projects; and 5) the exchange of specialised information.

UNESCO is headquartered in Paris, France.

UNESCO Institute for Statistics

The UNESCO Institute for Statistics (UIS) is the statistical office of UNESCO and is the UN depository for global
statistics in the fields of education, science and technology, culture and communication.

The UIS was established in 1999. It was created to improve UNESCOQO's statistical programme and to develop and
deliver the timely, accurate and policy-relevant statistics needed in today’s increasingly complex and rapidly
changing social, political and economic environments.

The UIS is based in Montreal, Canada.

Published in 2014 by:

UNESCO Institute for Statistics

P.O. Box 6128, Succursale Centre-Ville
Montreal, Quebec H3C 3J7

Canada

Tel: (1 514) 343-6880
Email: uis.publications@unesco.org
http://www.uis.unesco.org

ISBN 978-92-9189-151-1
Ref: UIS/2014/STS/TD/5/REV

DataLink; http://dx.doi.org/10.15220/978-92-9189-151-1-en

©UNESCO-UIS 2014

This publication is available in Open Access under the Attribution-ShareAlike 3.0 IGO (CC-BY-SA 3.0 IGO) license
(http://creativecommons.org/licenses/by-sa/3.0/igo/). By using the content of this publication, the users accept to be bound by the
terms of use of the UNESCO Open Access Repository (http://www.unesco.org/open-access/terms-use-ccbysa-en).

The designations employed and the presentation of material throughout this publication do not imply the expression of any opinion
whatsoever on the part of UNESCO concerning the legal status of any country, territory, city or area or of its authorities or
concerning the delimitation of its frontiers or boundaries.

The ideas and opinions expressed in this publication are those of the authors; they are not necessarily those of UNESCO and do
not commit the Organization.


http://dx.doi.org/10.15220/978-92-9189-151-1-en
http://creativecommons.org/licenses/by-sa/3.0/igo/
http://www.unesco.org/open-access/terms-use-ccbysa-en

Foreword

Innovation is now universally regarded as an engine of economic growth for both developing
and developed countries, thus acting as an important driver for poverty alleviation. To set
effective innovation policies, reliable indicators are needed to benchmark and monitor
progress. Research and experimental development (R&D) is an important component of a
country’s national innovation system (NIS), and R&D statistics are among the most widely-
used indicators to monitor the NIS.

The Frascati Manual (OECD, 2002) outlines the methodology to measure R&D. The well-
established practices provided in the manual have been applied for over 50 years.
Nonetheless, many developing countries continue to face challenges in conducting an R&D
survey and applying the Frascati standards to their particular situations.

In order to address this concern, in 2010 the UNESCO Institute for Statistics (UIS) produced a
technical paper on Measuring R&D: Challenges Faced by Developing Countries (UIS, 2010),
based on work carried out between 2006 and 2009. The paper provided guidance on a number
of challenges that are relevant to contexts in developing countries. In 2012, this paper served
as the basis for an annex to the Frascati Manual — Proposed Standard Practice for Surveys on
Research and Experimental Development (6" edition) (OECD, 2012).

The current report continues to provide guidance to R&D survey practitioners in countries that
are starting to measure this field. It is recognised that circumstances and practices vary greatly
across countries and that there is no single way to achieve a sound and reliable survey. In
order to assist countries in their efforts, this report 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.

While work continues to develop R&D measurement, the UIS welcomes suggestions from
survey practitioners to make improvements to current methodology.

Hendrik van der Pol
Director
UNESCO Institute of Statistics
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1. Introduction

UNESCO has a long history in science and technology (S&T) statistics, dating back to the
1960s. In 1965, a Science Statistics section was created in the Division of Statistics in the
UNESCO Office of Statistics with three main tasks: i) collection, analysis and publication of
data; ii) methodological work to sustain the collection of statistical data; and iii) technical
assistance to Member countries through missions and fellowships. The Division administered a
guestionnaire to Latin American countries, which served as the basis for the development of a
second questionnaire to be distributed internationally. This questionnaire was published in the
1967 UNESCO Statistical Yearbook and marked the beginning of a recurring statistical series
on science and technology at UNESCO (Godin, 2001).

From the start, UNESCO has strived to set the standard in science statistics. The first
methodological documents produced were a guide published in 1968 to assist countries in data
collection and one published in 1969 entitled Measurement of Scientific and Technological
Activities. In 1978, the General Conference of UNESCO adopted the Recommendation
Concerning the International Standardization of Statistics on Science and Technology
(UNESCO, 1978) followed by a provisional Manual in 1980 and a final Manual for Statistics on
Scientific and Technological Activities in 1984 (UNESCO, 1984a). UNESCO further issued a
revised Guide to Statistics on Science and Technology (UNESCO, 1984b) to provide more
detailed recommendations and practical advice to Member States that were still in the process
of establishing their framework to collect science and technology (S&T) statistics.

After the mid-1980s, activity in S&T statistics at UNESCO started to decline due in large part to
the significant budget reductions, which affected the organization as a whole. From 1992 on,
UNESCOQO’s S&T programme in the Division of Statistics entered into a consultation mode.
Following an external evaluation, the decision was made to restart activity at a minimum
capacity to prepare for future activities. From 1998 on, UNESCO S&T questionnaires adopted
the OECD classification of sectors of performance. The formal establishment in 1999 of the
UNESCO Institute for Statistics (UIS) and its subsequent move to Montreal (Canada) in 2001
marked a new turning point for S&T statistics at UNESCO. Data collection was once again
interrupted following a 2001 survey and an intense process of consultation was launched,
reaching experts and users from around the world. The strategy resulting from a consultation at
the UIS in 2003 (UIS, 2003) sought to reposition UNESCO as a principal player in the field of
S&T statistics. Based on this strategy, the 2004 S&T statistics survey was launched. It was
designed with a bias towards capturing information on research and development (R&D)
personnel (rather than on expenditure) using classifications harmonised with the OECD. This
survey is now carried out every two years (Fernandez Polcuch, 2006).

One of the main characteristics of the new UIS strategy in S&T statistics is a clear commitment
to capacity building. Capacity-building activities were initiated through workshops to discuss
methodologies and good practices for data collection in all regions of the developing world. The
wealth of experience gathered at these workshops is now being documented and published for
wider dissemination.

The first of these publications — Measuring R&D: Challenges faced by Developing Countries:
Technical Paper No. 5 (UIS, 2010) — arose from work carried out from 2006-2009. The work
involved the preparation of background papers, workshops in Montreal, Canada and
Windhoek, Namibia, as well as extensive discussions with numerous experts.



This work was then presented to the OECD Working Party of National Experts on Science and
Technology Indicators (NESTI), which suggested that it could serve as the basis for an Annex
to the Frascati Manual — Proposed Standard Practice for Surveys on Research and
Experimental Development (OECD, 2002). The suggested Annex was prepared, tabled at
NESTI, revised and adopted in March 2012 as an online adjunct to the 6" edition of the
Frascati Manual (OECD, 2012).

This Technical Paper — Guide on Conducting an R&D survey — follows these contributions to
practice and is intended to further assist R&D survey practitioners in their work. These
guidelines take into account that circumstances and practices vary widely among countries and
that there is no single way to achieve a sound and reliable survey. This Technical Paper is
intended to support other activities in the field such as the African Science, Technology and
Innovation Indicators (ASTII) Initiative by the African Union and the Ibero-American and Inter-
American Network on Science and Technology Indicators (Red de Indicadores de Ciencia y
Tecnologia Iberoamericana e Interamericana or RICYT) by the Latin American Network on
S&T Indicators. The UIS has worked closely with the ASTII Initiative and RICYT over the years.

R&D is located within the innovation systems approach and is recognised as one of the many
activities that contribute to innovation. Central to this Technical Paper is the idea that despite
the enhanced attention given to innovation, R&D matters. This forms the main topic of
Section 2 of this Guide. Given that terminology is important, care is taken to distinguish the
terms “S&T”, “R&D” and “innovation,” which are often incorrectly interchanged. R&D is
important in and of itself, and for its role in the process of technology absorption and
adaptation. This indirect contribution of R&D to the economy is difficult to measure and often
under-appreciated.

Information on the financial and human resources available to R&D is needed for planning and
monitoring, evidence-based decision-making and international benchmarking. This is
addressed in Section 3 where the relevant R&D indicators are demarcated. After identifying
why there is a need to measure something and what is to be measured, the next task — as laid
out in Sections 4 and 5 — is to carry out the survey. Section 4 considers the issues facing each
of the major sectors (higher education, government, business enterprise and private non-profit
or PNP) while Section 5 provides a simple project management template. Finally, Section 6
introduces generic model questionnaires for the higher education, government, business
enterprise and PNP sectors. These questionnaires are based on those developed by the
Centre for Science, Technology and Innovation Indicators (CeSTIl) to survey R&D in South
Africa. They are compatible with the ASTII model questionnaires, which are also based on the
CeSTIIl questionnaires. The questionnaires include examples on how to compile the data for
capital expenditure, labour costs (based on the full-time equivalent cost of labour) and current
expenditure.



2. Innovation policy and the role of R&D

There are signs that science, technology and innovation (STI) are increasingly recognised as
fundamental to achieving sustainable development. A number of developed and developing
countries have drawn on STI to improve production and productivity of agriculture and
industries, meet health care needs and overcome environmental challenges (Bokova, 2012).

“Innovation” has become the new buzzword associated with the movement of economies and
societies toward prosperity and well-being. In China, innovation is seen as central to the “green
and harmonious development” of a socialist society (CCICED, 2008) while a hemisphere away
in the United States, innovation was declared to be “more important than ever. It is the key to
... good-paying, private-sector jobs for the American people” (The White House, 2011). Two
very different economic systems yet innovation is hailed as vital to both.

Advocacy for innovation can be found across the international agenda as well as in the OECD
Innovation Strategy that posits, “Future growth must ... increasingly come from innovation-
induced productivity growth. Innovation — the introduction of a new or significantly improved
product, process or method — holds the key to boosting productivity” (OECD, 2010).

So, innovation is important and governments have responded by developing a set of policy
instruments and interventions, ranging from financial incentives and the provision of incubation
facilities to new modes of service delivery. Innovation is an inherently risky activity so care is
needed to foster a climate in which innovation is encouraged. R&D is one among many
innovation activities and carries its own risks.

A half century ago, “R&D” was the buzzword whereas today “innovation” has taken centre
stage. This does not reduce the importance of R&D or its measurement. The last half-century
has seen innovation policy move through three phases (World Bank, 2010). In the first science-
led phase, innovation was believed to arise from the conversion of basic research and
subsequent applied R&D into useful products. This linear model underpinned the emergence of
numerous public research institutes (PRIs) in the wake of World War Il. The linear model offers
a simple way of thinking about the relationship between science and society (Godin, 2005).

The measurement of national R&D activity had already started in the 1930s but it took another
three decades before sufficient agreement on a methodology was achieved (King, 2006). This
turning point was marked by the publication of the Frascati Manual (OECD, 1963), which laid
out guidelines for measuring industrial R&D.

This first phase of science policy peaked in the early 1970s at which point the onset of neo-
liberalism and the energy crisis forced a radical reappraisal of the relationship between science
and society. Sluggish growth coupled with high inflation became widespread in Europe yet
Japan continued to surge ahead. Economic assumptions and theory were re-appraised,
leading to the rise in status of evolutionary economics in direct challenge to equilibrium
economic theory. With evidence accumulating from industry studies, the recognition grew that
innovation was more complex than the linear model (e.g. the chain link model of Kline and
Rosenberg, 1986). Freeman (following studies of Japan) and Lundvall (based on the
Scandinavian experience) were instrumental in reviving appreciation for economist Josef
Schumpeter’s work on innovation. This led to the first formulations of what came to be termed
the “innovation systems approach,” in which firms are at the centre of innovation activity.



This second phase of innovation policy has since been codified in the various editions of the
Oslo Manual (OECD, 2005), which provides guidelines for conducting innovation surveys.
These surveys show that firms mainly obtain external information for innovation from their
customers, suppliers and competitors. Universities and PRIs are not the prime source of
information for firms. The former generate a reservoir of highly skilled labour while the latter
perform public goods research, particularly in health, agriculture and security, and scientific
and technological services (testing, mapping, breeding, disease control, vaccine production,
standards). R&D is a prominent feature across this entire spectrum of activities and
performers.

The third phase of innovation policy is a work in progress that builds on the understanding that
innovation cuts across the whole socio-economic structure and government. So, effective
innovation policy requires synergy between all sectors of government. As implied here, no
clean-cut breaks exist between the three phases.

R&D is one among many innovation activities — innovation involves learning, copying,
information sharing, training, the transfer of skills, selective hiring of staff, study visits,
accessing codified knowledge, design, protecting intellectual property, business intelligence
gathering, adaptation of technologies, prototyping, and reverse engineering.

Measuring R&D remains important for at least three very powerful reasons. The first and the
most obvious is that one needs to know the magnitude of the inputs to R&D (personnel and
expenditures) and their focus in various sectors, industries, scientific fields and other
categories of classification in order to be able to monitor and plan this activity. R&D statistics
provide one type of indicator of technological change and are therefore important information
for governments concerned with economic growth and productivity. Advisors concerned with
science policy, industrial policy and even general economic and social policies use them
extensively. R&D statistics are now an essential background element for many government
programmes and provide an important tool for evaluating them.

The second reason for measuring R&D is an indirect one. Essentially, the conduct of the
survey by the ministry responsible for S&T, its delegate or National Statistical Office (NSO)
brings government closer to the other actors in the innovation system, specifically the business
sector. The third — another indirect benefit — is that the act of measuring R&D may encourage
the surveyed organizations to improve their management of R&D. The following section will
examine the principles underlying the measurement of R&D.

-10 -



3. R&D indicators for evidence-based policymaking

The measurement of R&D is documented and preserved in the Frascati Manual (FM) that has
evolved through six editions since the its initial publication in 1963. Although it was originally
written for R&D surveys in OECD Member countries, the involvement of UNESCO and other
international organizations has helped it evolve into a standard for R&D surveys worldwide.
Along with the guidelines for measuring R&D is the Frascati family of manuals that now spans
the measurement of innovation (Oslo Manual), human resources (Canberra Manual),
biotechnology and patent statistics.

This section mostly contains a summary of the definitions and conventions presented in the 6™
edition of the FM (OECD, 2002). Some paragraphs may have been edited. It must be noted
that reading this Guide is not a substitute for consulting the FM directly. Currently, a revision
process is under way that will lead to the 7" edition of the FM in 2015 or 2016. Once the
revision is completed, this Guide will need to be updated to ensure that it is in line with the new
edition of the FM.

The fundamental definition of R&D has evolved since its first formulation, which focused on
science and engineering, into the present inclusive definition (see Box 1).

Box 1. Definition of R&D (OECD, 2002)

Research and experimental development (R&D) comprise creative work undertaken on a
systematic basis in order to increase the stock of knowledge, including knowledge of man, culture
and society, and the use of this stock of knowledge to devise new applications (FM §63).

The term R&D covers three activities: basic research, applied research and experimental
development (FM 864).

Basic research is experimental or theoretical work undertaken primarily to acquire new knowledge
of the underlying foundation of phenomena and observable facts, without any particular application
or use in view.

Applied research is also original investigation undertaken in order to acquire new knowledge. It is,
however, directed primarily towards a specific practical aim or objective.

Experimental development is systematic work, drawing on existing knowledge gained from
research and/or practical experience, which is directed to producing new materials, products or
devices, to installing new processes, systems and services, or to improving substantially those
already produced or installed.

The basic criterion for distinguishing R&D from related activities is the presence in R&D of an
appreciable element of novelty and the resolution of scientific and/or technological uncertainty,
i.e. when the solution to a problem is not readily apparent to someone familiar with the basic
stock of common knowledge and techniques for the area concerned (FM §84).

' The reference (FM §##) denotes the relevant paragraph number in the 6" edition of the Frascati

Manual (OECD, 2002).

-11 -



For survey purposes, R&D must be distinguished from a wide range of related activities with a
scientific and technological basis. These other activities are very closely linked to R&D both
through flows of information and in terms of operations, institutions and personnel. As far as
possible, however, they should be excluded when measuring R&D (FM §65).

The boundaries of R&D

Activities to be excluded from R&D fall under four headings: education and training; other
related scientific and technological activities; other industrial activities; and administration and
other supporting activities (FM 866).

All education and training of personnel in the natural sciences, engineering, medicine,
agriculture, the social sciences and the humanities in universities and special institutions of
higher and post-secondary education should be excluded. However, research by students at
the PhD level carried out at universities should be counted, whenever possible, as a part of
R&D (FM 868).

Other related scientific and technological activities should be excluded from R&D except when
carried out solely or primarily for the purposes of an R&D project (FM §69).
These activities comprise:

e Scientific and technical information services;
e General purpose data collection;

e Testing and standardisation;

e Feasibility studies;

e Mineral exploration;

e Specialised health care;

e Patent and licence work;

o Policy-related studies;

¢ Routine software development.

Possibly the greatest source of error in measuring R&D is the difficulty of locating the cut-off
point between experimental development and the related activities required to realise an
innovation. Errors in this respect are particularly significant (FM §24).

Excluded from R&D as well are other innovation activities (i.e. all scientific, technical,
commercial and financial steps, other than R&D) necessary for the implementation of new or
improved products or services and the commercial use of new or improved processes. These
activities include acquisition of technology (embodied and disembodied); tooling up and
industrial engineering; industrial design not elsewhere classified (n.e.c.); other capital
acquisition, production start-up; and marketing for new and improved products. Production and
related technical activities are excluded as well (FM 879-80).

-12 -



Administration and other supporting activities have two components:

e Purely R&D-financing activities: the raising, management and distribution of R&D funds
to performers by ministries, research agencies, foundations or charities is not R&D.

e Indirect supporting activities. This covers a number of activities that are not themselves
R&D but provide support for R&D. By convention, R&D personnel data cover R&D
proper but exclude indirect supporting activities, whereas an allowance for these is
included under overheads in R&D expenditure of performers. Typical examples are
transportation, storage, cleaning, repair, maintenance and security activities.
Administration and clerical activities undertaken not exclusively for R&D, such as the
activities of central finance and personnel departments, also fall under this heading (FM
§81-83).

The issue of traditional knowledge (TK) is addressed in the recently published Annex to the
Frascati Manual: “Measuring R&D in Developing Countries” (OECD, 2012). It defines TK to be
a largely tacit “cumulative body of knowledge, know-how, practices and representations
maintained and developed by peoples with extended histories of interaction with the natural
environment [...] a cultural complex that encompasses language, naming and classification
systems, resource use practices, ritual, spirituality and worldview” (ICSU and UNESCO, 2002).
The interaction between TK and R&D activities requires careful demarcation for the purposes
of measuring R&D in developing countries. As a general rule, where activities associated with
TK form part of an R&D project, the effort (financial and in terms of human resources) should
be counted as R&D. They should otherwise be excluded. (FM Annex on Developing Countries
§23-24). This is seminally important, as the Annex thus strictly follows the scope of its parent
manual, conforming with the specification of activities in the FM that are to be counted as
contributing to R&D.

Along with the definition of R&D, criteria for the systematic measurement of the inputs to
R&D — namely the personnel and expenditures that are involved — also hold importance. The
minimum set of attributes of personnel and expenditure that are to be measured are laid out
below.

3.1. R&D personnel

R&D personnel data measure the quantum of human resources involved in R&D activities. All
persons employed directly in R&D should be counted as well as those providing direct services
such as R&D managers, administrators and clerical staff. Persons providing an indirect service,
such as canteen and security staff, should be excluded even though their wages and salaries
are included as an overhead cost when measuring expenditure (FM §294-295).

R&D personnel are classified under two major categories: occupation and qualification.
Classification by occupation

R&D personnel can be classified under one of the following three types of occupations:
e Researchers
e Technicians and equivalent staff

e Other supporting staff

-13-



Researchers are professionals engaged in the conception or creation of new knowledge,
products, processes, methods and systems and also in the management of the projects
concerned (FM 8301). Managers and administrators engaged in the planning and management
of the scientific and technical aspects of a researcher's work also fall into this category
(FM 8303). Postgraduate students at the PhD level engaged in R&D should be considered
researchers. They typically hold basic university degrees (ISCED 1997 level 5A)? and perform
research while working towards a PhD (ISCED 1997 level 6)° (FM §305). For international
reporting, the R&D activities of Master's students should be excluded from the R&D data.
Countries may choose to report separately on enrolment figures for Master's degree students
and other relevant information on the extent of their research activities when they deem it
appropriate for internal monitoring and policy purposes (OECD, 2012, §17). For instance, this
could be the case in countries where PhD degree programmes are still in consolidation and
Master's students play an important role in supporting the national research structure.
Researchers also encompass post-doctoral fellows.

Technicians and equivalent staff are persons whose main tasks require technical knowledge
and experience in one or more fields of engineering, physical and life sciences and/or social
sciences and humanities. They participate in R&D by performing scientific and technical tasks,
involving the application of concepts and operational methods, normally under the supervision
of researchers. Equivalent staff perform the corresponding R&D tasks under the supervision of
researchers in the social sciences and humanities (FM 8306).

Other supporting staff includes skilled and unskilled craftsmen, secretarial and clerical staff
participating in R&D projects or directly associated with such projects (FM 8309). Included
under this heading are all managers and administrators who deal mainly with financial and
personnel matters as well as general administration -- insofar as their activities are a direct
service to R&D (FM 8311).

Out of the three groups of R&D personnel, researchers form the most important group and a
minimum set of attributes related to them should be collected.

Classification by level of formal qualification

The International Standard Classification of Education (ISCED) provides the basis for
classifying R&D personnel by formal qualification. In the 2002 edition of the FM, the reference
is to ISCED 1997 (UNESCO, 2006a). In that edition, the following six classes are
recommended for the purposes of R&D statistics and are defined exclusively by level of
education — regardless of the field in which personnel are qualified (FM 8312):

Holders of university degrees at the PhD level (ISCED 1997 level 6).

Holders of basic university degrees below the PhD level (ISCED 1997 level 5A).
Holders of other tertiary level diplomas (ISCED 1997 level 5B).

Holders of other post-secondary, non-tertiary diplomas (ISCED 1997 level 4).

Holders of diplomas of secondary education (ISCED 1997 level 3).

Other qualifications. This includes all those with secondary diplomas at less than
ISCED 1997 level 3 or with incomplete secondary qualifications or education not falling
under any of the other four classes (FM §313-318).

ISCED 2011 level 6 or 7; see the next section for more details on ISCED.
® |SCED 2011 level 8.
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ISCED has since been revised. The new version was adopted in 2011 (UNESCO-UIS, 2012).
Countries are expected to implement the new ISCED starting in 2014. The next edition of the
FM — anticipated in 2015 — will reflect the new ISCED in its classification of R&D personnel by
qualification. ISCED 2011 consists of the following levels:

R&D

ISCED level 8 — Doctoral or equivalent level.

ISCED level 7 — Master’s or equivalent level.

ISCED level 6 — Bachelor’s or equivalent level.

ISCED level 5 — Short-cycle tertiary education.

ISCED level 4 — Post-secondary non-tertiary education.
ISCED level 3 — Upper secondary education.

ISCED level 2 — Lower secondary education.

ISCED level 1 — Primary education.

ISCED level 0 — Early childhood education.

personnel most commonly have completed a tertiary education degree. Tertiary

education builds on secondary education, providing learning activities in specialised fields of
education. It aims at learning at a high level of complexity and specialisation. Tertiary
education includes what is commonly understood as academic education but also includes
advanced vocational or professional education. It comprises ISCED levels 5, 6, 7 and 8
(UNESCO-UIS, 2012). For the purposes of R&D statistics, the UIS recommends to collect data
at the following levels. The model questionnaires in Section 6 reflect this recommendation.

ISCED level 8 — Doctoral or equivalent level. Programmes at ISCED level 8 are
designed primarily to lead to an advanced research qualification. Programmes at this
ISCED level are devoted to advanced study and original research and are typically
offered only by research-oriented tertiary educational institutions such as universities.
Doctoral programmes exist in both academic and professional fields (UNESCO-UIS,
2012, §259).

ISCED level 7 — Master’s or equivalent level. Programmes at ISCED level 7 are often
designed to provide participants with advanced academic and/or professional
knowledge, skills and competencies, leading to a second degree or equivalent
qualification. Programmes at this level may have a substantial research component but
do not yet lead to the award of a doctoral qualification. Typically, programmes at this
level are theoretically-based but may include practical components and are informed by
state-of-the-art research and/or best professional practice. They are traditionally offered
by universities and other tertiary educational institutions (UNESCO-UIS, 2012, §241).

ISCED level 6 — Bachelor’s or equivalent level. Programmes at ISCED level 6 are often
designed to provide participants with intermediate academic and/or professional
knowledge, skills and competencies, leading to a first degree or equivalent qualification.
Programmes at this level are typically theoretically-based but may include practical
components and are informed by state-of-the-art research and/or best professional
practice. They are traditionally offered by universities and equivalent tertiary
educational institutions (UNESCO-UIS, 2012, § 224). First degree programmes at this
level typically have a duration of three to four years of full-time study at the tertiary level
(UNESCO-UIS, 2012, §229).
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e ISCED level 5 — Short-cycle tertiary education. Programmes at ISCED level 5 are often
designed to provide participants with professional knowledge, skills and competencies.
Typically, they are practically-based, occupationally-specific and prepare students to
enter the labour market. However, these programmes may also provide a pathway to
other tertiary education programmes. Academic tertiary education programmes below
the level of a Bachelor's programme or equivalent are also classified as ISCED level 5
(UNESCO-UIS, 2012, §207).

o All other qualifications (ISCED levels 0 to 4).
Headcount and full-time equivalence (FTE) data

R&D personnel are measured in terms of headcount (HC) and full-time equivalent (FTE) data.
HC data are on the total number of persons who are mainly or partially employed in R&D (FM
§326). Headcount data are also the most appropriate measure for collecting additional
information about R&D personnel, such as age, gender or national origin (FM 8327).

While a data series measuring the number of R&D staff and, notably, researchers (i.e. HC
data) has many important uses, it is not a substitute for a series based on the number of FTE
staff (FM §327). R&D may be the primary function of some persons (e.g. workers in an R&D
laboratory) or it may be a secondary function (e.g. members of a design and testing
establishment). It may also be a significant part-time activity (e.g. university teachers or
postgraduate students). Counting only persons whose primary function is R&D would result in
an underestimate of the effort devoted to R&D while counting everyone who spends some time
on R&D would lead to an overestimate. The number of persons engaged in R&D must,
therefore, also be expressed in FTEs on R&D activities (FM 8332). A data series based on the
number of FTE staff is considered to be a true measure of the volume of R&D (FM §331).

Although the FM does not provide a concise definition of FTE, the following approach is given.
One FTE may be thought of as one person-year. That means 1 FTE is equal to 1 person
working full-time for 1 year or more persons working part-time or for a shorter period
corresponding to one person-year. Thus, a person who normally spends 30% of his/her time
on R&D and the rest on other activities (e.g. teaching, university administration and student
counselling) should be considered as 0.3 FTE. Similarly, if a full-time R&D worker is employed
at an R&D unit for only six months, this amounts to an FTE of 0.5 (FM 8333).

More details on estimating FTE data can be found in Section 5.3.3 (FM 8335-345) and Annex 2
of the FM where time-use surveys and other methods of estimating shares of R&D (R&D
coefficients) in total activities are discussed. Some issues of particular concern for developing
countries are addressed in Section 4 of the FM Annex on Measuring R&D in Developing
Countries (OECD, 2012) and Section 4 of UIS Technical Paper No. 5 (UIS, 2010).

It is recommended that R&D surveys should include all units where at least one FTE is worked
in R&D per year. In practice, it may be acceptable to count all persons spending more than
90% of their time on R&D as one FTE and, correspondingly, to exclude all persons spending
less than 10% of their time on R&D (OECD, 1994).
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The two recommended aggregates for R&D personnel are: the number of personnel employed
in R&D measured in HCs, and R&D personnel measured in FTEs performing R&D in the
national territory for a given 12-month period. These should be broken down by sector (refer to
Section 3.3) and by occupation and/or formal qualification. The other institutional
classifications — and sometimes the functional distributions — mentioned under Section 3.4 are
applied within this framework (FM §346). In the case of countries with a large foreign presence,
data may be disaggregated according to nationality or other demographic variables.

3.2. R&D expenditure

A statistical unit may have expenditures on R&D either within the unit (intramural) or outside it
(extramural) (FM 8356).

Intramural expenditures are all expenditures for R&D performed within a statistical unit or
sector of the economy during a specific period — whatever the source of funds (FM 8§358).
Expenditures made outside the statistical unit or sector but in support of intramural R&D (e.qg.
purchase of supplies for R&D) are included (FM §359).

Extramural expenditures are the sums a unit, organization or sector reports having paid or
committed themselves to pay to another unit, organization or sector for the performance of
R&D during a specific period. This includes acquisition of R&D performed by other units and
grants given to others for performing R&D (FM 8408).

R&D expenditure data should be compiled based on performers’ reports of intramural
expenditures. As supplementary information, the collection of extramural expenditures is
desirable (FM 8§357).

R&D expenditure is broken down into two major accounting categories — namely, current
expenditure and capital expenditure. These expenditures are determined for the entity being
surveyed, the statistical unit.

Current costs are composed of:

e Labour costs of R&D personnel (annual wages and salaries and all associated costs or
fringe benefits). If R&D is not the primary function of certain persons, the R&D
coefficients derived from time-use studies or other methods could be used directly at an
appropriate level (i.e. individual, institute, department, university, etc.) to estimate the
share of R&D in total labour costs (FM Annex 2 §47-50).

e Other current costs, which encompass non-capital purchases of materials, supplies and
equipment to support R&D, including water, gas and electricity; books, journals,
reference materials, subscriptions to libraries, scientific societies, etc.; materials for
laboratories such as chemicals or animals; costs for on-site consultants; administrative
and other overhead costs (e.qg. office, insurance, post and telecommunications); costs
for indirect services (e.g. security, storage, computer services, printing of R&D reports
and the use, repair and maintenance of buildings and equipment); and labour costs of
non-R&D personnel (FM §360-364).

The shares of R&D in other current costs (i.e. purchase of items such as documents,
minor equipment, etc.) are estimated on the basis of intended use if such items are
used for more than R&D activities. If intended use is not feasible as a criterion, the
same distribution coefficients as for labour costs may be used (FM Annex 2 851).
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Administrative and other overhead costs may also be prorated if necessary to allow for
non-R&D activities within the same statistical unit (FM 8364).

Capital expenditures are the annual gross expenditures on fixed assets used in the R&D
programmes of statistical units, including land and buildings; instruments and equipment; and
computer software. Expenditure should be reported in full for the period in which it took place
and should not be registered as an element of depreciation (FM 8374).

All depreciation provisions for building, plant and equipment — whether real or imputed — should
be excluded from the measurement of intramural R&D expenditures (FM §375). This approach
is different from standard accounting procedures that would spread the cost of capital
expenditure over a number of years according to the rules applicable in the country or state
where the survey is conducted.

This approach is proposed for two reasons:

e If depreciation — an allowance to finance the replacement of existing assets — is
included in current costs, the addition of capital expenditures would result in double
counting.

¢ In the government sector, no provision is normally made for the depreciation of fixed
assets. Consequently, even within a country, comparisons between sectors cannot be
made unless depreciation provisions are excluded. Likewise, aggregates for a national
series cannot be compiled unless the sector totals are comparable (FM 8375).

Capital expenditures are composed of expenditures on (FM 8376-382):

e Land and buildings. This comprises land acquired for R&D (e.g. testing grounds, sites
for laboratories and pilot plants) and buildings constructed or purchased, including
major improvements, modifications and repairs.

¢ Instruments and equipment. This covers major instruments and equipment acquired for
use in the performance of R&D, including embodied software.

e Computer software. This includes the acquisition of separately identifiable computer
software for use in the performance of R&D. In R&D surveys, however, software for
own account® produced as part of R&D is included in the relevant cost category
(i.e. labour costs or other current costs) (FM 8383).

When the R&D term of a fixed asset is not known and it will be used for more than one activity
and neither the R&D nor any of the non-R&D activities predominates (e.g. computers and
associated facilities; laboratories used for R&D, testing, and quality control), the costs should
be prorated between R&D and the other activities. This proportion could be based on numbers
of R&D personnel using the facility, compared to total personnel or on administrative
calculations already made (e.g. the R&D budget may be charged a particular portion of the
capital cost or a particular portion of time or floor space may be assigned to R&D) (FM 8§385).

*  Own account software is software developed by an entity's own employees for its own use.
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The other possibility for estimating investment shares in instruments/equipment and land and
buildings that can be attributed to R&D is according to the intended use of the equipment or
intended use of the facilities. This may also be based on conventions or on opinion of the
institutes (FM Annex 2 §52-54).

Gross domestic expenditure on R&D (GERD) is the recommended aggregate for R&D
expenditure. GERD is the total intramural expenditure on R&D performed in the national
territory during a given period. It includes R&D performed within a country and funded from
abroad but excludes payments for R&D performed abroad. GERD consists of the total of
intramural expenditures of the four performing sectors (i.e. higher education, government,
business enterprise and not-for-profit). It is often displayed as a matrix of performing and
funding sectors. GERD and the GERD matrix form the basis of international comparisons of
R&D expenditures. They also provide the accounting system within which the institutional
classifications and functional distributions may be applied (see Section 3.4) (FM 8423-424).

Gross national expenditure on R&D (GNERD) is another useful aggregate. It comprises total
expenditure on R&D financed by a country’s institutions during a given period. This aggregate
includes R&D performed abroad but financed by national institutions or residents and excludes
R&D performed within a country but funded from abroad. GNERD is constructed by adding the
domestically-financed intramural expenditures of each performing sector and the R&D
performed abroad but financed by domestic funding sectors. It provides some supplementary
information on R&D cooperation between different kinds of units (FM 8426).

Government budget appropriations or outlays for R&D (GBAORD) is another valuable
indicator that measures government support for R&D using data from budgets. This essentially
involves identifying all the budget items involving R&D and measuring or estimating their R&D
content in terms of funding. These estimates are less accurate than performance-based data
but as they are derived from the budget, they can be linked to policy through classification by
objectives or goals (FM 8476). Since GBAORD data are compiled from the budget and do not
require a survey, it is beyond the scope of this Gui