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The Red Estratégica en Matematicas (REM) was set up in 2016 as a network of all relevant nodes in research and mathe-
matical transfer in Spain, integrating in fact the entire research community in this field. It started based upon the high
structuring of this community, begun decades ago.

The REM is a project funded by the Spanish National Research Agency, and is formed by

CRM/BGSMATH (Center for Mathematical Research/Barcelona Graduate School in Mathematics),
BCAM (Basque Center for Applied Mathematics),

ICMAT (Institute of Mathematical Sciences),

RedIUM (Network of University Institutes of Mathematics),

MATH-IN (Spanish Network Mathematics-Industry),

Public High Education Centers,

coordinated by the IMus (Institute of Mathematics of the University of Seville).

Starting from the consideration of the strategic nature of mathematics recognized in the national R+D+l plans, its objecti-
ves consist of the improvement of national and international strategic positioning and the scientificand economic impact
of Spanish mathematics. In this framework, six strategic actions are developed,

Action 1: Study of the results of research in mathematics in the last decade.

Action 2: Support for transversal actions of Mathematical Technology Transfer.

Action 3: Dissemination of the activity and results of mathematical research in Spain,

Action 4: Enhancement of the presence of Spanish mathematics in the world.

Action 5: Promoting the funding for Spanish mathematics.

Action 6: Study of the socio-economicimpact of research and transfer of mathematical technology in Spain.

Actions from 2 to 5 directly drive the strategic positioning of mathematics in Spain in different areas. In their turn, the ob-
jective of Actions1and 6 is to carry out an exhaustive balance of the current situation of the scientificand economicimpact
of mathematics in Spain, as a basis for its subsequent enhancement.

The present study is the one foreseen in Action 6, carried out by Analistas Financieros Internacionales (AFl).










PREFACE

PREFACE

Mathematics are silently helping to shape the current technological
world. Mathematics not only provide a deep insight into processes and
systems, and helps to improve scientific knowledge, but also contributes
to generating added value in virtually all economic sectors. In addition,
there has been a paradigm shift in the applications of mathematics in
recentyears, as they also provide direct added value to emerging sectors
related to data analysis. Without research, training and mathematical
transfer, there would be no engineering or economics in the way we
know them today, there would be no information technology, no

smartphones, no computers, no online bank accounts, no PIN numbers...

The publicinstitutions are well aware of the strategic role of mathematics
in economic and social development. In 2016, the European Commission
launched a public consultation on mathematics in the H2020

Framework Program, as a basis for the future Horizon 2020 Work
Program (2018-20) with innovative mathematical content. Among

other considerations, it states: "Two facts motivated this request: today’s
digital society depends on mathematics and algorithms; there is a vast pool

of mathematical talent in Europe. The conclusion is that Europe can be first
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PREFACE

in mathematical applications for big data, computing and especially High
Performance Computing, to be first in modern science and innovation”. In the
Spanish R+D+i 2004-2007 Plan, it was stated that “Mathematics should
be considered as a key piece in the R+D+ i system of any modern society, and in

particular, of the Spanish, its strategic nature must be clearly pointed out "

Based on these considerations, in 2016 the Spanish State Research Agency
funded the creation of the Red Estratégica en Matematicas (REm), which pro-
motes the national and international strategic positioning of research and
mathematical transfer in Spain. An output of the action of the REM is the
present report on the impact of mathematics on the socio-economic deve-

lopment of Spanish society.

This independent report, conducted by Analistas Financieros Internacionales
and referred to 2016, provides very relevant conclusions on how
mathematics drives the Spanish economy. The impact of these in terms
of economic value and employment reaches surprising values, showing
the high capacity of mathematics to provide added value in a wide
variety of economic sectors. Of course, mathematics is fundamental

in modern digital services, communications and internet, but also in
more traditional sectors such as banking, insurance, electricity and gas,
among others, in which its use is experiencing a rapid development.
The report also shows the high productivity of the economic branches
with high intensity of use of mathematics, comparable to that of

other European countries such as France, Holland or England.

It is a great satisfaction for the REM to place this report at the service of
Spanish society, especially its productive sectors and its administration.
We hope that it will help increase the capacity of mathematics to provide
added value to the Spanish economy and improve employment and, ulti-

mately, to contribute to improve the quality of life of its citizens.

Sevilla, April10 2019

Tomas Chacén Rebollo Guillermo CurberaCostello
Coordinator of the Coordinator of the Research on
Red Estratégica en Matematicas Economical Impact of Mathematics
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EXECUTIVE SUMMARY

1. EXECUTIVE SUMMARY

1.1. MATHEMATICS AND THE ECONOMY

Mathematics constitutes a set of conceptual languages, artificial
and symbolic, highly developed for communication between human
beings; learning it allows the solution of economic problems vital
for the functioning of a society. Therefore it is extremely important
for technology and the economy. From the processing of production
or consumption data in a computer to the logical reasoning used to
justify an economic policy decision, mathematics is presentin our
everyday reality, enabling the very existence of economic relations.
It could be argued that, without mathematical languages and
concepts, individuals would be unable to perform the vast majority

of economic transactions that take place on a regular basis.

The economic nature of mathematics as a semi-public good is an obstacle
to its measurement using the logic of the national accounts, and even
more so considering its capacity to derive positive externalities or benefits

to society as a whole, which is not necessarily involved in producing it.
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EXECUTIVE SUMMARY

However, as a private good, it is characterised by
the appropiable benefits that its use generates

in economic activities, allowing us to perform a
partial approximation of its economicimportance.
It should not be forgotten that mathematics is
present across the whole range of economic sectors,
because it affects all sectors and plays a role in the
different phases of the production of goods and
services, from the design, modelling, simulation
and prototyping of products to the optimisation
of production and organisational processes

and data analysis. Facilitating the generation

of benefits or incentives to the exploitation of
mathematics in its dimension as a private good
necessarily requires the intervention of the public

authorities, not least to reduce the learning costs.

The internet revolution has converted mathematics
into a fundamental input of production, while
services (which account for more than 75%

of cDP) have increasingly been incorporating

both maths-based physical/technological

capital (information and communication
technologies, software, electronic devices,

etc.), and human mathematical capital.

1.2. THEIMPORTANCE OF
MATHEMATICAL RESEARCH
AND THE TRANSFER

OF MATHEMATICAL
TECHNOLOGY IN THE
SPANISH ECONOMY

To the extent that mathematics forms part of the
stock of both human and physical capital, it can be
considered an input (supply). However, there are
goods or services whose nature is mathematical
(aninsurance premium, for example), so that
they can also be considered an output (demand).
An approach combining both occupations and
products reveals that maths-intensive activities
generated a millionjobs in Spainin 2016,
representing 6% of total employment. The addition
of indirect and induced employment increases
the impact of mathematics in the Spanish labour

market t019.4% of total employmentin 2016.

In terms of Gross Value Added (GvA), the impact
of maths-intensive activities stood at10.1% of
the total in 2016 (26.9% of the total including

carry-over effects). The impact of mathematics is

Estimated direct, indirect and 35%
induced impact of maths-intensive

activities on employment in Spain 30%
(% total employment) by level of

education completed, in 2016 25%

Sources: Afi, INE (EPA labour 20%
force survey microdata, IOT)
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% total employment
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High + upper vocational +
High + upper vocational + middle vocational +
High upper vocational middle vocational secondary
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EXECUTIVE SUMMARY

greatest in the IT, finance, telecommunications
services, and electricity and gas sectors.

These impacts are smaller than those calculated
for other European countries where similar
studies have been carried out; there, the
directimpact in terms of employment ranges
between 10% and 11% of the total, whereas

in cVvA the interval is 13-16% of the total.

The productivity of the economic sectors in
which this type of professional worked was 47.2
euros per hour worked in 2016 in Spain, similar
to that of comparable countries. Thus, what

accounts for the difference in the impactis

Spain’s economic structure, oriented more toward

activities with a lower presence of professions
requiring a certain mathematical intensity.

Spain lags notably behind in maths-intensive
professions, such as specialists in databases
and computer networks, finance, IT and

software and multimedia design.

1. 3. MATHEMATICS AS
A STRATEGIC VECTOR
FOR GROWTH AND
ECONOMIC PROGRESS

Mathematics lies at the base of the pyramid of

the stock of ideas and knowledge with economic
applications. Modern theories of economic growth
link long-term per capita income growth to the

rate of knowledge accumulation, which induces
increases in labour productivity. This is a strategic
knowledge for the Spanish economy; its businesses
can take advantage of the opportunities arising from
the technological revolution associated with robots
and artificial intelligence. If Spain increased the
proportion of STEM graduates in the total population
to the same level as France, labour productivity

could increase by 2.2% over current levels.

For all this to happen, desirable developments would
include (i) mathematics should have a leading role
in the educational model, (i) the linkages between
academe and business should be improved, (iii)
research and applied mathematics should be
enhanced, (iv) and the utility of mathematics in the

various phases of the productive process should be

made plainly visible to the business community.

Estimated direct, indirect
and induced impact of maths-
intensive activities on GVA in
Spain (% of total) by level of
education completed in 2016

Sources: Afi, INE (EPA labour
force survey microdata, IOT)
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EXECUTIVE SUMMARY

Distribution of employment in maths-intensive occupations of intensity in Spain, the EU-
15, United Kingdom, France and the Netherlands (% total employment) in 2015

B Maths-intensive B Not maths-intensive
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Sources: Afi, Cedefop
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INTRODUCTION

2. INTRODUCTION

Anyone who reflects on the importance of maths will soon notice the
difficulties that a society would encounter without it in such basic
matters as organising or administering itself. Suffice it to imagine
just how costly the functioning of markets would be in the absence
of a pricing system, or the coordination of transport systems or the
establishment of a communications network based on alphanumeric

codes without the seemingly trivial language of numbers.

The continuous accumulation of mathematical knowledge derived
from research is a key factor in accounting for both growth and for
economic, technological and social development throughout history.
Palaeontological research has established that mathematics has served
as a tool for the most primitive and ancestral communities, and that
there is even evidence' of such knowledge prior to the first written

records. Later, great civilisations such as Mesopotamia and Egypt applied

1 Henahan, Sean (2002): Art Prehistory. Science Updates documents findings of
drawings of elementary mathematics in prehistoric communities.
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INTRODUCTION

their mathematical knowledge? in arithmetic and
geometry to address problems including the need
to predict harvests and floods, keep records of
cattle, construct buildings or plan the size of armies.
Such advances served as the basis for continuing
the study of geometry in ancient Greece,® when
other decisive contributions were made in the
fields of astronomy and logic, as well asin the
application of mathematics to artistic expressions
in sculpture and architecture (such as the golden
ratio), which were taken up centuries later in the
Renaissance era. In short, it can be seen that the
universal language of mathematics forms a key
part of the cultural heritage of mankind, passing
down from generation to generation constituting,
as expressed by Raymond Wilder, "a collectively
owned good” whose use and application allows the

sophistication and modernisation of societies.

The creative intensity of mathematical science has
accelerated markedly in the last four centuries,
and its application to other disciplines (physics,
chemistry, engineering, etc.), as well as to economic
activities, has been exponential. In this respect,
itis relevant to note that mathematics underlies
the emergence and development of the successive
technological disruptions that have occurred

from the 18th century to our times, which have
been called the third industrial revolution (that

of the internet), in which the role of mathematics
is absolutely central. Indeed, computer science,
originated in the middle of the 20th century,
algorithms and the analysis of massive databases
are the foundations of the most dynamic economic
activities of our time. Meanwhile, the horizon
marked by advances in robotics and artificial

intelligence, by definition intensive in mathematical

2 Kline, M. (1992): Mathematical Thought From Ancient
to Modern Times.

3 Heath, T.L. 1981): A History of Greek Mathematics.

knowledge, will only continue to boost the role

of the science of numbers in the economy.
Accurately defining and estimating the contribution
of mathematics to the economy is an arduous

task. Due to the nature of its construction, Gross
Domestic Product (cDP)*4, the basic measure of
economicactivity, is of limited use in valuing those
goods that do not pass through the market, such

as public goods. Thus, the intangible nature of
mathematics, which makes it difficult to measure,
and, above all, its non-rivalrous character, mean
thatitis virtually a public good and make it difficult
to assess its real utility for society using the logic

of national accounting, the general framework

for measuring activity and welfare in which

GDP constitutes the indicator par excellence.

The aim of this explanation is not to argue that

the task is impossible, in spite of the obvious
methodological difficulties involved in splitting out
the contribution of mathematics to the economic
system. Rather it is a sign of caution, to warn the
reader ex ante that the work presented starts

from less ambitious premises, since the economic
value of mathematics can only be measured on

the basis of “approximation”. In the present work,
this “approximation” (there are others, but they fall
outside the framework of the national accounting
and are based on subjective preference criteria) is
that of the appropriable and tangible benefits for the
agents that possess the mathematical knowledge
and obtain particular benefits from it. This is the
approach also followed by the pioneering studies in
this area, as is the case of the reports developed in

the United Kingdom, the Netherlands and France.

4 cprisdefined as the market value of the final goods
and services produced by an economy over a given time
period (usually a year). Itis also defined by the sum of the
added value of the production process. Therefore, GDP is
identified with the sum of Gross Value Added (cva) and
indirect taxes on products less subsidies.
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The present study is structured as follows. Section 2 characterises
mathematics as an economic good and describes the relationship
between mathematics and economics. Section 3 approximates the
contribution of mathematics to GDP using Cross Value Added (GVA), the
share of total employment and tax collection in Spain, and a comparison
of this estimate with other countries where similar studies have been
carried out. Section 4 analyses the importance of mathematical research
and the transfer of mathematical technology for economic growth,
through the progress and positive externalities to which it gives rise.
Finally, the paper outlines some thoughts that could help to design
policies to support the development and applicability of mathematics

in Spain, in the light of the evidence provided in the study and the
conclusions of several rounds of interviews with individual familiar with
the maths ecosystem, ranging from university researchers to professionals

in technology companies active both in Spain and outside its borders.
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MATHEMATICS AND THE ECONOMY

3. MATHEMATICS AND
THE ECONOMY

Mathematics constitutes a highly developed set of conceptual languages
thatare artificial, universal and symbolic. It enables communication
between human beings, and learning it allows us to solve economic
problems critical to the functioning of a society. However, it establishes a
series of rules that differentiates it from everyday language. In particular,
mathematics uses a vocabulary of signs that represent numbers, figures
or things, together with the relationships between them. It is used for
the construction of formulas, equations and mathematical expressions
that, with the assistance of connectors (conjunctions, disjunctions,

etc.) and logical quantifiers (there is, any, etc.) allow the construction of
whatin an ordinary language would be sentences. These expressions
acquire meaning through their inclusion in theorems and proofs. These

represent statements and reasoning, the equivalent of texts or essays.

Without mathematical language,
the vast majority of economic
transactions could not occur.
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MATHEMATICS AND THE ECONOMY

Mathematical language is present® throughout

the economy. From the processing of production
and consumption data in a computer to the logical
reasoning used to justify economic policy decisions,
mathematics is present in everyday life, enabling
the very existence of economic relations. It could

be argued that, without mathematical language,
individuals would be unable to perform the vast
majority of economic transactions that take place
on aregular basis. In other words, mathematics is an
instrument that drastically reduces transaction costs,
making possible the interaction between the supply
of and demand for goods and services. Hence the
interest in understanding the economic nature of

mathematics and how it affects economic activities.

Mathematics forms
the base of the
pyramid of ideas
and knowledge
applied to economic
activities, and
requires public
intervention if it is
to be transmitted
to the population
in optimal
proportions.

3.1. THE ECONOMIC
NATURE OF MATHEMATICS

3.1. 1. Mathematics: a
public club good.

Like other collective productions, such as language®,
the research and intensive use of mathematics

has some characteristics of a public good. Once
atheorem has been stated or demonstrated,

e.g. the fundamental theorem of calculus, its

use does not exhaust the possibilities of use

by the rest of the human race, irrespective

of the time or place in which this was done.

This is what is known as “non-rivalrous”.

However, unlike other pure public goods, such as
air or national defence, mathematics has a certain
cost of access, i.e. learning, which restricts entry

or excludes those who do not master or know its
language. The smallerindividuals’ predisposition
to learn or their capacity to access it, the higher
these costs will be. Thus, in line with the principle
of exclusion, based on the costs of access, this puts
them in the category of a public club good. However,
unlike the majority of such public club goods, it
does not have congestion economies, but adoption
or network economies (the more users it has, the
more value it has). That s to say, it never becomes a

“rivalrous good” as such, rather quite the opposite.

Its nature as a public club good has diverse
implications. Firstly, the market does not have
the ability to produce the optimal amount

of knowledge transmission or research, as

appropriability is lacking and exclusion is

5 Anin-depth description can be found in the lessons of
Concepcién Gonzalez: “Matematicas como recurso para

6 Fundacion Telefénica has conducted several studies
analysing different dimensions of the economicvalue

economia”. of the Spanish language, such as “The economic value of
Spanish”, Delgado, Alonso and Jiménez (2012) and “The
accounts of Spanish”, Girén and Cahada (2009).
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MATHEMATICS AND THE ECONOMY

Diagram 1. Characteristics of private and public goods

Excludable Non-excludable
Private goods Common-pool goods
Clothing Public parks
Food International waters
Rivalrous
Congestible goods
Toll-less highways
Public education
Club goods Pure public goods
Non-rivalrous Paid television Defence
Sports clubs Research

Source: Afi

only partial. This is one of the reasons why the
transmission of mathematical knowledge requires
publicintervention, to ensure thatitis provided

in optimal quantities (basic education, research,

etc.), beyond what the market can allocate.

Mathematics lies at the base of the pyramid of
the stock of ideas and knowledge with economic
applications. Modern theories of economic growth
link long-term growth in per capita income to the
rate at which that knowledge is accumulated (as
will be seen below, in section 4). Moreover, the
economic effect is proportional to the population

that can access the use of this resource.

Not being an appropriable resource, there is

no market value that reflects its true utility to
society. This “market failure” is determined by its
status as a quasi-public good and by the fact that
national accounting systems can only measure
private goods, i.e. those that have been assigned
a market price. But another “market failure” that
hinders the measurement of its contribution to

the economy is that mathematical knowledge

generates positive externalities (indirect benefits
in other markets that are not reflected in the

prices of transactions). For example, the teaching
of mathematics allows people to make better
decisions (resource management, for example), a
utility that is not found in the cost of the transfer of

knowledge (the salary received by a maths teacher).

Thus, mathematics as an economic good
presents similarities with ordinary language,
sharing its four basic characteristics, as

shown in the following diagram.

The transmission of
mathematical knowledge
generates large positive
externalities that are

not usually recognised

in the statistics.

8 g
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MATHEMATICS AND THE ECONOMY

Diagram 2. Characteristics of mathematics as a public good

Non-
appropriable
good

Economic

mathematics

Non-
exhaustible
good

Use value
increases with
the number
of users
(network
effect)

Source: Afi

3. 1. 2. Mathematics
as a private good

Another approach to the analysis of the economic
nature of mathematics considers its nature as a
private good, taking into account the appropriable
benefits of the rewards of mathematical research for
agents who possess the knowledge. Mathematics,
from this perspective, can be understood as an asset
carried by individuals, which requires an initial
investment in learning (the access costs mentioned
in the previous subheading) and generates

a series of flows of tangible benefits for the

individuals who acquire it, throughout their lives.

Thus, individuals are faced with the disjunction

of “investing” effort in mathematical learning,
depending on the balance between the flows of
benefits and costs. When these benefits are easily
predictable and higher than the costs, individuals

will invest in their mathematical education.

The smaller the
learning costs and the
higher the benefits
remunerating the
knowledge, the greater
will be the incentives
to extend the stock

of mathematical
knowledge among

the individuals of a
given community.

PAGE 20
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MATHEMATICS AND THE ECONOMY

The costs of learning include both the monetary
costs and the value (opportunity cost) of the hours
of effort needed to attain the standard required,
depending on the discipline in question. With
regard to the benefits, these could be expressed
as the difference in salary over the working life

(as measured by t) of the workers who buy this

knowledge, compared to the salary that they could

expect without possession of that knowledge.

zT: Benefits;
= (1 +r)t

This simple formula leads to a series of significant

— Learning costs

conclusions. To cite just one, the greater

the public support for reducing the costs of
learning, the greater the incentive to extend the
stock of mathematical knowledge among the
individuals of a given community. With regard
to the benefits, the higher the wage premium
remunerating that knowledge, the greater

the incentives for individuals to “participate”

by undertaking mathematical learning.

The advantage of this approach to the nature
of mathematics as an economic good is

that it can be reconciled with the metrics
available in the national accounts, inasmuch
as the “salaries and benefits” attributable to
mathematics are observable in the statistical

information prepared by publicinstitutions.

Mathematics is applicable
across economic activities
and is increasingly
present in the services
sector, which accounts

for about 70% of GDP.

3.2. WHY IS MATHEMATICS
IMPORTANT FOR
ECONOMIC ACTIVITIES
AND THE ECONOMY?

“The economic world is a misty region. The first
explorers used unaided vision. Mathematics

is the lantern by which what before was

dimly visible now looms up in firm, bold
outlines. The old phantasmagoria disappear.
We see better. We also see further”.

— Irving Fisher, economist

Among the so-called social sciences, economics

is that which deals with the making of decisions

and the interaction between them. From this
perspective, mathematics constitutes a fundamental
tool box to improve decision-making, as well as

a fundamental language that, as noted above,
eliminates or reduces certain transaction costs.

In fact, mathematical programming is a basic
instrument that provides us with rules of logical
reasoning that enable us to achieve one of the chief
aims of economic science, the “efficient allocation

of scarce resources”. On the other hand, such

basic fields of mathematics as matrix algebra are
extremely useful for the presentation and processing
of information in multiple areas, from econometrics
to accounting, as well as for the achievement of
better business management. Probabilistic models,
in turn, are a fundamental instrument for dealing
with the decisions in contexts of uncertainty

and risk, for example, in the financial field.

In any case, mathematics, in its different approaches
and facets, is applicable across the whole range of
economicactivities. Until a few decades ago, its role
was predominantly in industry and construction,
given the maths-intensive nature of the various

branches of engineering (industrial, roads and

g
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MATHEMATICS AND THE ECONOMY

ports, etc.). However, the internet revolution has
converted mathematics into a fundamental input of
production, while services, which account for close to
70% of the economy’s final production in developed
economies, have increasingly been incorporating
both maths-based physical-technological capital
(information and communications technologies,
software, electronic devices, etc.), and human
mathematical capital, such as that used to

analyse data for different business functions,

from advertising or marketing strategies, to
business strategies (pricing) or the optimisation of
resources (human, energy, etc.). In general terms,
the participation of mathematics in the economy

could be summed up in three key aspects:

1) DESIGN, MODELLING, SIMULATION AND
PROTOTYPING OF PRODUCTS. Mathematics
adds a great deal of precision to the production
of goods and services, allowing them to be
made more sophisticated. The most frequent

illustrative example is the automobile industry,

2)

where mathematics has been an essential tool

for the improvement of vehicles.

OPTIMISATION OF PRODUCTION PROCESSES
AND ORGANISATION. Mathematics is essential
to reduce internal and external transaction
costs and improve efficiency (production

at the lowest possible cost). An obvious
example is the application of mathematics to
industrial logistics, for the optimisation of the
distribution network (warehouse, distribution,

route, schedule planning, travel, etc.).

DATA ANALYSIS. The tools provided by
mathematics are essential to make economic
sense of the information available and to take
advantage of it (e.g. using Big Data analytical
techniques). In the aerospace sector, for
example, the creation of analysis platform
prototypes for large volumes of unstructured
data enables the efficiency of flights (fuel
consumption, emissions, flight times, delays,

etc.) to be improved.

Diagram 3. Some links between the mathematical sciences and other academic disciplines and economic sectors

Security &

Education Defence

Mechanical Energy ..
Engineering

Computer
Science

Electronics

Electrical
Engineering Ganomics

Complex
Systems

Manufacturing
Industries

. . Physics and
Audiovisual Mathematical Sciences Astronomy
Sector
Civil
. engineering
Urban Planning
Meteorology

Machine learning

Artificial
Intelligence Robotics ..

sstS

Trade
Logistics
Geosciences

Economics Geography

Source: The Era of Mathematics
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THE IMPORTANCE OF MATHEMATICAL RESEARCH

4. THE IMPORTANCE OF
MATHEMATICAL RESEARCH
AND THE TRANSFER

OF MATHEMATICAL
TECHNOLOGY IN THE
SPANISH ECONOMY

As noted above, the fact that mathematical research and technology
transfer (hereinafter, MRT) does not have a market value makes it
difficult to measure its importance in the Spanish economy. The
methodological approach used in this work has been widely used in
similar projects’ and consists in the consideration of the appropriable
benefits for those agents who possess the mathematical knowledge

and receive its rewards in their corresponding activities.

7 The development of this study has referred to reports prepared by Deloitte in
the cases of the uk (2012) and the Netherlands (2014), and by the cmi in the case
of France (2015).
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THE IMPORTANCE OF MATHEMATICAL RESEARCH

4.1. THE QUANTIFICATION
OF MATHEMATICS AS
AN ECONOMIC GOOD

To the extent that the MRT is part of the stock of
human capital and is also incorporated in the stock
of physical capital, it can be considered as an input
(supply). However, there are goods or services
whose nature is mathematical (an insurance
premium, for example), so that they can also

be considered an output (demand). Therefore,

its contribution may be estimated using both
approaches, with the key being to discern the maths

intensity, of both the inputs and the outputs.

The analysis developed in this work is

based (see diagram 4) on the occupations
approach (supply). However, it also explores
the products approach (demand), as well as
the possibility of taking advantage of their

complementarity (combined approach).

Diagram 4. Proposed methodology to estimate the importance of the MRT in the Spanish economy

Maths-
intensive
occupations
approach

Maths-
intensive
products
approach

Combined
approach

(occupations
+ products)

Source: Afi

4. 1. 1. Quantitative estimate
using the maths-intensive

occupations approach

Based on the occupations approach (see appendix),
in Spain there were between 2.4 and 3.8 million full-
time equivalent (hereinafter, fte) employed maths-
intensive workers in 2016, according to the level of
completed studies (see Table 1). These quantities
represent between 14.1% and 22.1% of the total

employmentin the Spanish economy in that year.

In both cases, this is an estimate of the maximum,
as it considers that these workers spend all
their working time performing maths-intensive
tasks. However, this may not be the case,
because there are certain tasks, also relevant

in the exercise of any profession, which do not
require advanced mathematical knowledge
from workers or do not rely on tools with

high mathematical content (machinery). An
example of this is face-to-face commercial and
institutional relationships, attendance at team

coordination meetings, etc. Nevertheless, in many
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Table 1. Total maths-intensive employment and FTE according to
educational level completed (number and % total) in 2016

. High+
High+ upper vocational +
High+ upper vocational + | middle vocational +
No. Workers upper vocational | middle vocational | secondary
Total
By educ. level 2.350.916 568.165 1.261 801.724
Cumulative 2.350.916 2.919.080 2.920.341 3.722.065
FTE
By educ. level 2.450.880 582.801 1401 805.940
Cumulative 2.450.880 3.033.681 3.035.083 3.841.022
) High+
High+ upper vocational +
High+ upper vocational + | middle vocational +
% total upper vocational | middle vocational | secondary
Total
By educ. level 13,5% 3,3% 0.0% 4,6%
Cumulative 13,5% 16,8% 16,8% 21,4%
FTE
By educ. level 14,1% 3,3% 0.0% 4,6%
Cumulative 14,1% 17.4% 17.4% 22,1%

Sources: Afi, INE (EPA microdata)

of these tasks the use of time and optimisation

of the same are also taken into account.

Therefore, itis desirable to allocate a proportion of
time to each of the maths-intensive occupations
identified. Statistics on the use of professional
time are not available in the microdata from

the Labour Force Survey (EPA) published by the
National Institute of Statistics, making it necessary
to turn to experts® in maths transfer (see panel in
the appendix section) and in the tasks performed

by this type of professionals in their daily work.

8 The figures shown below were calculated using the
arithmetic averages of the proportion of maths-intensive
time of each of the occupations estimated by the experts
consulted. To avoid excessive differences of views, the
answers considered outliers were removed, i.e. those that
exceed the arithmetic average by two standard deviations,
both at the lower and upper end. In general, the technical
occupations were assigned a higher proportion of time
devoted to mathematics than those where the administra-
tive and/or management component is more significant.

According to the
occupations approach,
mathematics would be

responsible for more
than 630,000 jobs (3.6%
of total employment)
and for a contribution
of some €62 billion

to GVA (6.1% of the
total of the Spanish
economy in 2016).
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Taking into account the above, the results indicate
that maths-intensive activities would contribute
to the creation of close to 630,000 FTE jobs directly
considering the whole group, irrespective of their

educational level, equivalent to 3.6% of total

employment in the Spanish economy (see Table
2). If the impact is confined to employed workers
who have completed a high educational level, then
maths-intensive activities would contribute to

the generation of more than halfa million jobs.

Table 2. Estimated direct impact of maths-intensive activities on employment in Spain according to

level of education completed by the worker (full-time equivalents and % total employment) in 2016

. High +
- High + . upper vocational +
High + upper vocational + | middle vocational +
High upper vocational middle vocational |secondary
No. Workers 507.641 581.257 581.597 629.239
% total 2,9% 3,3% 3,6%

Sources: Afi, INE (EPA microdata)

The information on productivity per hour
worked in each of the 63 economic sectors,
provided by the input-output framework (see
methodological appendix), together with the
estimate of the number of FTE employed, enables
the Gross Value Added (cvA) generated by

maths-intensive activities to be calculated.

The cva could even be underestimated if the
average productivity of the sector is taken, rather
than a higher figure that could be assumed for
maths-intensive occupations. Information on
the salaries of these workers in each economic
sector could be used to quantify this difference,

if it existed. However, the absence of statistics on

the wage variable in the detailed EPA microdata

on the above-mentioned occupations and sectors
(+++ three digits in both cases), hinders the
confirmation of this fact. Therefore, the only option
is to assign each maths-intensive worker the average

productivity of the economic sector in question.

Hence, taking account of the entire group of maths
professionals, maths-intensive activities would
generate about €62 billion in GvaA directly, equivalent
to 6.1% of the total GvA of the Spanish economy in
2016 (see Table 3). If only those who have completed
university studies are considered, the direct impact

on cvA would exceed €50 billion (5% of the total).

The productivity of the economic sectors in which
this type of professional works was €47.20 per hour
worked in 2016, while the overall average is €31.40.
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It should be noted that the impact in terms of Gva
is higher than that for employment. This is because
this type of professionals predominates in the
sectors with the highest labour productivity. The
average productivity of the economic sectors in
which this type of professionals work was €47.20

euros per hour worked in 2016, while the average

for all sectors was €31.40 euros per hour worked.
Therefore, the economic contribution of the maths-
intensive activities is higher than the proportion

of workers involved. This helps to improve labour
productivity, another weakness of the Spanish
labour market, and could enhance the longed-

for competitiveness of the Spanish economy.

Table 3. Estimated direct impact of maths-intensive activities on GVA in Spain by the

level of education completed by the worker (€ millions and % total) in 2016

: High +
. High + upper vocational +
High + upper vocational + | middle vocational +
High upper vocational | middle vocational |secondary
Mill. Eur. 50.324 57.406 57466 61.747
% total 5,0% 5,7% 5,7% 6,1%

Sources: Afi, INE (EPA microdata)

4. 1. 2. Quantitative estimate
using the combined approach
of occupations and maths-
intensive products

As discussed above, the occupations approach
considers the role of maths professionals in the
economy and their economic impact in terms

of added value. However, there are times when
their contribution in terms of employment can be
important and yet not fully capture their potential
value generation. In contrast, the products approach
proposed in the methodology may underestimate
their contribution in those branches of economic

activity where mathematics has a smaller presence.

Thus, the occupations and products approaches have
a significant degree of complementarity. However,
both procedures cannot simply be aggregated,

as there would be a risk of duplication in the
aggregates. In order to integrate the two methods,

the following points must be taken into account:

(i) Forthose sectors highly specialised in
mathematical products, the products approach

will be used, and not the occupations approach.

(i) Inthose with less technological specialisation,
the occupations approach alone will be used to

estimate the impact of mathematics.

The combined approach calculates an impact of
more than a million jobs (6% of total employment)
and €103 billion of GVA (10.1% of the total).

8 g
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The combined maths-intensive occupations
and products approach shows that the direct
impact on FTE employment would rise to

1 million jobs, irrespective of the level of
studies completed by the workers. This would
represent about 6% of total employmentin

the Spanish economy in 2016 (see Table 4).

With regard to the direct impact on GVA, the
estimate points to an amount of approximately €103
billion, if it all maths professionals are considered,
which would represent 10.1% of Spanish cvA in
2016 (see Table 5). Considering only those who have
completed higher education, the direct impact

would be in excess of €98 billion (9.7% of total cvA).

Table 4. Estimated direct impact of maths-intensive activities on employment in Spain by level
of education completed by the worker (number of FTE and % total employment) in 2016

: High +
. High + upper vocational +
High + upper vocational + | middle vocational +
High upper vocational | middle vocational |secondary
No. Workers 977425 1.015.549 1.015.552 1.044.965
% total 5,6% 5,8% 5,8% 6,0%

Sources: Afi, INE (EPA microdata)

Table 5. Estimated direct impact of maths-intensive activities on GVA in Spain according
to level of education completed by the worker (€ million and % total GVA) in 2016

: High +
. High + upper vocational +
High + upper vocational + | middle vocational +
High upper vocational | middle vocational |secondary
Mill. Eur. 98.043 100.886 100.886 102.812
% total 9,7% 9,9% 9,9% 10,1%

Sources: Afi, INE (EPA microdata)

Sector by sector analysis reveals that it is
computer science, followed by financial activities,
telecommunications services, and electricity

and gas, where mathematical research and the
use of the mathematical tools have the greatest
directimpact. Not only is a significant proportion
of their cvA generated by mathematics, but

they also account for the bulk of its impact

on the Spanish economy (see Chart1).

IT, followed by
financial activities and
telecommunications
services, are the most
maths-intensive
sectors, and those
which account for the
bulk of the impact on
the Spanish economy.
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Chart 1. Economic sectors by size of direct impact of mathematics in 2016

B Mathematical GVA as % of sector's GVA M Sector's mathematical GVA as % of total mathematical GVA
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Maths-intensive

activities are estimated
to have contributed
about €107 billion in
taxes and Social Security
contributions, equivalent
to 25.8% of the total
collected by government
authorities in 2016.
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Lastly, the average effective rates of the major taxes®
and the average contribution to Social Security
can be used to estimate the revenue accruing

to the state from maths-intensive activities.

Using this methodology and the estimates of the

directimpact on cvA and employment from the

9 Personal Income Tax (IRPF), Value Added Tax (VAT) and
Corporation Tax (1S).

combined approach, maths-intensive activities
would contribute about €107 billion in taxes

and Social Security contributions, equivalent to
25.8% of the total collected by the government
authorities in 2016, considering all workers (see
Table 6). If the analysis is restricted to those who
have completed higher education, the tax revenues

are estimated at €102 billion (24.7% of the total).

Table 6. Estimated direct impact of maths-intensive activities on tax collection in Spain
by the level of education completed by the worker (€ million, % total) in 2016

High +

. High + upper vocational +
High + upper vocational + [ middle vocational +
High upper vocational | middle vocational |secondary
Mill. Eur. 102.269 105.246 105.246 107.076
% total 24,7% 254% 254% 25,8%

Sources: Afi, INE

4. 1. 3. Indirect and induced
impacts: carry-over effects
on other economic sectors

Maths-intensive activities have other impacts
beyond those generated directly on workers, the
economic sectors in which they work and the
technologies that they use in their jobs. These
other impacts have to do with (i) those derived
from the fact that a sector forms part of a value
chain (e.g. the relationship with suppliers of goods
and services), i.e. the indirect effects; and (ii)
those generated by the use of the income derived
from maths-intensive activities (spending and
investment of the income from work performed
on goods and services by maths-intensive

professionals), which would be the induced effects.

Including the indirect
and induced effects,
maths-intensive
activities accounted
for around 19% of
total employment and
27% of GVA in 2016.
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To estimate the indirect and induced impact,
multipliers derived from the 2010 input-output
table of the Spanish economy, provided by the
INE, were used. If these knock-on effects are

applied in the estimation of the direct impact

deduced using the combined occupations and
products approach, maths-intensive activities are
seen to contribute to the creation of more than
three million jobs, irrespective of the workers’

level of education completed (see Chart 2).

Chart 2. Estimated direct, indirect
and induced impact of maths-
intensive activities on employment
in Spain (% total employment) by

level of education completed, in 2016 :ﬂ-:
3

Sources: Afi, INE (EPA labour i

force survey microdata, IOT) E
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In relative terms, maths-intensive activities would
account for about 19% of the total employment

in the Spanish economy in 2016 (see Chart3). The
portion attributable to the indirect and induced
impact, therefore, would be about 2.3 million

more FTE jobs, distributed among all economic

sectors, representing 13.4% of total employment
in 2016. With regard to GvA, adding in the indirect
and induced impacts of maths-intensive activities,
the overall impact would amount to €273 billion
euros, 26.9% of the total Gva generated by the

Spanish economy in 2016 (see Charts 4 and 5).

Chart 3. Estimated total impact 35%
of maths-intensive activities on
employment in Spain (% total 30%
employment) according to level b
of education completed in 2016 g 25%
&
Sources: Afi, INE (EPA labour g' 20%
force survey microdata, IOT) -;-:
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In this case, the indirect and induced impacts maths-intensive activities on the Spanish economy.
would generate some €170 billion euros in other A breakdown of the forward and backward knock-on
economicactivities, 16.8% of the total cva of the effects on the different economic sectors affected by
Spanish economy in 2016. The magnitude of these maths-intensive activities can be classified according

impacts highlights the important knock-on effects of to the types of these “pull effects” or linkages.

Chart 4. Estimated direct, indirect and ® Indirect + induced @ Direct
induced impact of maths-intensive 35%
activities on GVA in Spain (% of total) by e 16,5% 16,5% 16,8%
level of education completed in 2016 30%
Sources: Afi, INE (EPA labour 25%
force survey microdata, IOT) P
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B
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Chart 5. Estimated total impact of 35%
maths-intensive activities on GVA in
Spain (% of total) according to level 30% 257% 26.5% 26,5% 26,9%
7% , b
of education completed in 2016
25%
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force survey microdata, IOT) 2
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The most maths-intensive activities constitute key
sectors, both in terms of their knock-on capability
and their support for the rest of the economy.
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In Chart 6, the activities with strong forward and
backward linkages, considered “key” sectors, are
concentrated in quadrant Il (top right). They are
so called because they exert both a knock-on
effect on other activities and support the growth
of other sectors; hence they are strategicin
nature. In this quadrant, we find the electricity
and gas sector, rubber and plastics industries,
chemical industry, architectural and engineering

services and telecommunications services.

All these sectors are the same ones that present the

highest overall impacts of intensity in mathematics.

However, the rest of the economic sectors with
above-average impact of mathematics, such as
financial services, information technology or
R&D&i activities, are distributed among the four

quadrants, evidencing their cross-cutting nature.

4.2. THE ECONOMIC
IMPORTANCE OF
MATHEMATICS IN SPAIN IN
COMPARATIVE PERSPECTIVE

Another way to assess the importance of
mathematics in the Spanish economy is to
compare it with the situation in other developed
European economies. This analysis also shows the
progress made by maths-intensive activities in
Spain.Judging by the views shared by a good part
of the experts consulted, this has been extensive
and praiseworthy. However, it also shows what
remains to be done, since the impact of maths-
intensive activities as estimated above is lower
than that calculated for other European countries

where similar studies have been carried out.

Chart 6. Classification of the maths-intensive sectors according to their backward and forward pull effects in 2016

Sources: Afi, INE (EPA labour force survey microdata, IOT)
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