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Abstract
Industrial robots and robot applications are a key enabling technology to improve the
competitiveness of the European manufacturing industry and the overall welfare of
society. This study replicates novel empirical evidence that the positive stimulation
provided by the further development and diffusion of industrial robot systems is a key
enabler for exploiting the competitiveness and growth potentials of the European
manufacturing industry. The main results and conclusions about the utilisation of
industrial robot systems in manufacturing that were published in the study “Analysis of
the impact of robotic systems on employment in the European Union” are confirmed
with the latest available data.
Based on extensive firm-level analyses of data from the European Manufacturing
Survey 2012, it is shown that the use of industrial robots does not have any – neither
negative nor positive – direct effect on firm-level employment. Hence, this study does
not provide any evidence for the often referred to image of industrial robots as “job
killers”. Instead, companies using industrial robots achieve significantly higher levels
of productivity in their manufacturing processes. Likewise, firms with a higher vertical
range of manufacturing, which can also be realised by using industrial robots, also
show better productivity performance. The potential of utilising industrial robots to
maintain the competitiveness of EU manufacturing is also reflected in the finding that
the companies using industrial robots in manufacturing and production achieve higher
labour productivity.
The study concludes by identifying key aspects that should be taken into account
when designing and implementing ongoing and future EU policies in the field of industrial robots. These mainly concern the barrier of investment costs, especially for
small and medium-sized firms (SMEs), and the specific challenges faced by SMEs
when trying to exploit the benefits of industrial robots in manufacturing and assembly.

Résumé
Les robots industriels et les applications de robots sont une technologie essentielle
pour améliorer la compétitivité de l'industrie manufacturière européenne et le bienêtre général de la société. Cette étude atteste à nouveau de façons empiriques que la
stimulation positive apportée par le développement et la diffusion des systèmes
robotisés industriels est un élément-clé permettant d'exploiter la compétitivité et les
potentiels de croissance de l'industrie manufacturière européenne. Les resultats et
conclusions principales de l'utilisation de robots industriels publiée dans l’étude
“Analysis of the impact of robotic systems on employment in the European Union” sont
confirmés sur la base de dernière données disponibles.
Les analyses détaillées des données obtenues à partir de le European Manufacturing
Survey (Enquête sur les fabricants européens) 2012 au niveau de l'entreprise révèlent
que l'utilisation de robots industriels n'a pas d'incidence directe – négative, ni positive
– sur l'emploi au niveau de l'entreprise. Par conséquent, l'image souvent renvoyée des
robots industriels à l'origine des pertes d'emploi dans la discussion publique ne peut
être approuvé pour le compte de cette étude. Les entreprises utilisant des robots
industriels parviennent, en revanche, à des niveaux de productivité bien plus élevés
dans leurs processus de fabrication. De la même manière, les entreprises ayant une
autonomie plus élevée de la production, pouvant également être obtenue au moyen
de robots industriels, révèlent une meilleure performance en termes de productivité.
Le potentiel d’utilisation des robots industriels permettant de maintenir la
compétitivité de l'UE se reflète également dans la conclusion que les entreprises
utilisant des robots industriels dans leur fabrication et production parviennent une
meilleure productivité du travail.
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L'étude se conclut en identifiant les principaux aspects qui doivent être pris en compte
lors de la conception et la mise en œuvre des politiques européennes déjà existantes
ou à venir dans le domaine des robots industriels. Ceux-ci portent essentiellement sur
la barrière du montant des investissements, en particulier pour les PME, ainsi que sur
les défis spécifiques auxquels sont confrontées les PME lorsqu'elles essaient d'exploiter
les avantages des robots industriels dans la fabrication et l'assemblage.
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Executive summary
Background
Industrial robots and robot applications are a key enabling technology to improve the
competitiveness of the European manufacturing industry and the overall welfare of
society. Due to technological progress, the domains in which robots or robot-based
systems can be applied are ever increasing and will continue to do so, as are the
actual numbers of robots put to use in practice. In particular, it is of the utmost
importance for policy makers to further foster and develop Europe’s capabilities in
robotics to maintain and increase technological leadership, productivity, and valueadded of the European manufacturing industry both as developers and users of robotic
technology.
Although the potential benefits of robot utilisation are numerous – such as being able
to deliver superior quality or productivity or being able to work in hazardous
environments – and can be even considered as generally accepted by society – there
are also increasing fears by the public on whether the potential benefits may be offset
by yet not fully known and potentially negative impacts. Most prominently, industrial
robots still have the image of being a “job killer” as they were mainly deployed to
rationalise simple and repetitive tasks in the past. In order to develop and improve
industrial and technological policies on the development of robots and robot-based
systems it is important for policy makers to deepen their understanding on how they
impact on each domain of our society and how these effects interrelate with each
other. This first and foremost concern is their economic impact in terms of their ability
to improve the competitiveness of manufacturing companies and how this relates to
their potential of creating or destroying jobs.
Although these questions have already been discussed for a long time, they have not
yet been answered sufficiently. On the one hand, the economic rationale suggests that
the introduction of robot systems into industrial processes aims at optimising total
factor productivity by substituting human activities to improve the productivity,
reliability and quality. As a consequence and given that the potential cost savings are
not offset by the necessary capital expenditures, the introduction of robot systems
would trigger profitability by minimizing labour-intensive activities, and thus, lead to
the elimination of the respective jobs and industrial workplaces.
On the other hand, arguments from a competitive perspective lead into the opposite
direction, since robots may solve the “labour cost issue” for many industries in high
wage countries within the European Union. Following the basic logic of competition,
industrial companies need to have at least the same or a superior level of total factor
productivity as their competitors to be sustainably successful in their markets – given
that their products and services yield the same customer utility. Therefore, companies
that are able to achieve a higher level of total factor productivity by the intelligent use
of robot systems were able to gain higher market shares than competitors with lower
productivity levels. Furthermore, as higher capital intensity usually implies sunk costs
companies which use robots might also perceive higher barriers to offshore and
outsource production activities and jobs from higher-wage European countries to
lower-wage regions in other parts of the world, particularly to Asia.
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Research questions
Given this background, this study aims at reviewing the findings, conclusions and
recommendations compiled in the study “Analysis of the impact of robotic systems
on employment in the European Union” published in 2015. It intends to provide the
latest empirical evidence to the European Commission on whether and how the
use of industrial robots in manufacturing companies impacts on their
competitiveness in general and on employment in particular.
In detail, it addresses the following specific research questions:
 What is the current utilisation of industrial robots in manufacturing companies in
selected European countries according to major structural properties such as sector
affiliation and firm size?
 What are the determinants of industrial robot utilisation in European manufacturing
companies?
 Which share of companies, differentiated along structural characteristics, of the
European manufacturing industry has relocated manufacturing activities to other
countries outside the European Union?
 What are the determinants of relocating manufacturing activities to countries
outside Europe and what effects does robot utilisation have?
 How and to what extent does the use of industrial robots affect competitiveness and
employment in European manufacturing companies?
Key findings
Based on firm-level data of the European Manufacturing Survey 2012, the study
presents novel empirical insights into the diffusion and use of industrial robot
technologies among European manufacturing companies as well as its effects on
productivity and employment. In summary, the major findings of this study are:
 The use of industrial robots does not have significantly negative effects on
employment. The relationship between robot utilisation and employment among
the analysed firms in the data sample appears to be rather neutral. Thus, the
findings of this study provide evidence that European manufacturing companies do
not generally substitute human workforce capital by capital investments in robot
technology. On the contrary, it seems that the robots’ positive effects on
productivity and total sales are a leverage to stimulate employment growth.
 Companies using industrial robots obtain superior efficiency in their
manufacturing processes compared to non-users. Industrial robots are a
technological key enabler when it comes to maintaining and increasing labour
productivity of European manufacturing companies and thus to strengthening their
international competitiveness. Nevertheless, due to the still high investment costs
for this advanced manufacturing technology, the positive productivity effect of robot
utilisation is not persistent in terms of total factor productivity (taking into account
capital investments).
 Companies with a higher vertical range of manufacturing – performing a
higher number of value creating processes in-house – show superior
efficiency in terms of both labour productivity and total factor productivity.
This finding is contrary to the still prevailing management paradigm of “core
competences” which means that companies should focus on their core competences
by outsourcing all other rather peripheral steps of value creation and supportive
tasks to external suppliers to get “lean” and increase their productivity. As the
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empirical analysis presented in this study documents, companies that have higher
in-house control over their processes of value creation and production obtain higher
levels of efficiency.
In more detail, the key findings corresponding to the research questions mentioned
above can be summarised as follows:
Determinants of robot utilisation
 The probability of industrial robot utilisation strongly increases with the
size of the company: Their utilisation rate increases almost linearly with the size
group of the surveyed companies: only a quarter of companies with 20 to 49
employees are users of industrial robots, compared to 38% of companies with 50 to
249 employees, 54% of companies with 250 to 999 employees and 70% of
companies with 1000 and more employees. This finding is mainly due to the fact
that larger companies have higher financial resources, are more experienced with
the introduction of advanced production technologies (i.e. embedding them into the
existing work flow and organisational layout), and have more possibilities and
higher economies of scale to make efficient use of industrial robot systems.
 Almost half of all European manufacturers of rubber and plastic products
and manufacturers of transport equipment make use of industrial robots in
their production processes: This is basically due to the large volumes and batch
sizes these sectors are able to run in their production processes and in particular in
their assembly processes, which allow for intensive investments in advanced
automation technologies. On the lower end of the deployment level, robots are only
used by one out of five companies in the textile industry. These companies are still
in need of workers who carry out a huge amount of remaining manual activities that
can either not be further automated or investment costs are too high. Generally, the
findings show that the diffusion of industrial robots highly varies between different
manufacturing industries in Europe and their production characteristics in terms of
batch size. Thereby it is revealed that the usage of industrial robots is still driven by
rationalisation efforts of small, medium or large batch size manufacturing rather
than by single unit production. This means in turn that robot solutions for handling
single unit production and make-to-order production have not yet made their way
into industrial practice.
 Spain, France and Switzerland show the highest numbers of companies using
robots in Europe: 47% of Spanish firms, 42% of French firms and 39% of Swiss
firms used at least one industrial robot in their factories in 2012 followed by Sweden
(35%) and Austria (32%). This can be interpreted in terms of a higher diffusion rate
of robot technology in the economy in these countries. Surprisingly, despite its high
specialisation in the transport industry, the share of companies using robots in
Germany only accounts for 29%. While the installed base of industrial robots in
Germany is very high in a few number of large automotive manufacturers (e.g. VW,
Daimler, Audi, BMW), the country is characterised by a comparably low diffusion in
the broader economy. The lowest rate of industrial robot deployment is reported in
the Netherlands (24%).
Firms’ individual decision to make use of industrial robots strongly depends
on their production characteristics and export orientation: Due to economies
of scale, companies running large batch sizes or even medium to small batches
display a significantly higher propensity to use industrial robots than companies that
perform single unit production activities. Furthermore, firms that are active in the
export business show a higher probability of deploying industrial robots in order to
meet higher international market requirements in terms of productivity or quality.

March 2016

3

Analysis of the impact of robotic systems on employment in the European Union

Current production relocation activities
 Large firms with 1000 and more employees show the highest level of
production relocation activities to foreign countries: Almost every second
company of that size category (41%) has moved (parts of) their production to
foreign countries – 16% of them even to countries outside the European Union.
Companies with 250 to 999 employees also relocate production activities abroad
more frequently than the overall average (26%) or even relocate outside Europe
(7%). But generally, production offshoring activities strongly decrease with smaller
firm sizes. Only between 6 and 12% of the SMEs state that they have performed
offshore activities abroad. The share of SMEs which relocate production to countries
outside Europe is even considerably smaller (between 1 and 3%). Besides costdriven relocation activities this finding is also due to more frequent market-driven
relocations of large, internationally operating companies.
 Relocation patterns vary widely among European countries: The European
manufacturing industry is affected by relocation activities to very different degrees,
ranging from 8% of German manufacturers relocating parts of production abroad
compared to 23% of Swedish manufacturers. Moreover, not all countries relocate
within the European Union. Germany, Switzerland, the Netherlands and also France
show relatively low offshoring activities to countries outside of Europe (2-3% of
firms) and seem to have close ties to Central or Eastern European member states.
Sweden, but also Spain, however, are a lot more active in offshoring production
outside Europe. 3 out of 4 Swedish manufacturing firms and every second Spanish
manufacturing firm moving abroad have done so outside Europe. The reasons for
this can be found in different internationalisation cycles, geographic location and
international interconnectedness.
Effects of robot utilisation on productivity and employment
 Companies with utilisation of industrial robots show significantly higher
levels of efficiency by means of labour productivity: The deployment of
industrial robot applications in production enables firms to better realize efficient
production processes in terms of shorter processing times, higher process quality
and competitive economies of scale. Thus, the comparative location advantages of
high-wage countries in the EU strongly rely on advanced capital-intensive
production technologies such as industrial robots. But it has to be mentioned that, if
capital investment on the input side is taken into account (analysing total factor
productivity) the positive effect of robot utilisation on productivity is not persistent
anymore. In consequence, industrial robots definitely have the potential to
safeguard and increase the efficiency and competitiveness of industrial production
within the European manufacturing industry, but this positive effect is – at least
among the firms in the analysed sample – likely to be cannibalized to some extent
as soon as the still high investment costs are taken into consideration.
 Despite its positive effect on productivity the use of industrial robots does
not show a negative effect on employment growth: This finding adds
pioneering insights into the intra-firm relationship between technical process
innovation (on behalf of industrial robots) and its impact on employment. It
indicates that the improvements in efficiency and competiveness obtained by the
deployment of industrial robots stimulates further employment growth in the
companies instead of replacing human workforce capital by investments in
automation technology. The implementation of industrial robots thus does not
necessarily mean following the “low road” of rationalisation by job cuts.
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Policy recommendation
The results provided by the study are of paramount importance for the European
industry and technology policy. They provide novel empirical evidence that the
affirmative stimulation of the further development and diffusion of industrial robot
systems represent one key measure among others to exploit competitiveness and
growth potentials of the European manufacturing industry.
Based on this study, the following key aspects with regard to further policy action can
be summarised:
 Reduction of investment costs: As the findings show, the positive effects on
firms’ productivity might be considerably offset by the high investment costs.
Hence, one starting point could be to promote the development of cost-friendly
robot solutions. This could include both the development of demand-side-oriented,
modular and scalable robot solutions that can be individually configured and
customized to the diverse needs of different applications as well as new business
models on the side of equipment suppliers that reduce the cost-related entry
barriers, particularly for smaller and medium-sized enterprises (SMEs). This would
help to enhance the positive productivity effects of industrial robots in terms of total
factor productivity, too. There have been already some initiatives taken in the past1
which could serve as starting points for future initiatives aiming at similar objectives
and stimulating the diffusion of such demand- or application-oriented solutions.
 Increase the ability of small and medium-sized manufacturing firms (SMEs)
to realize the benefits of industrial robots in manufacturing and assembly:
As this study reveals, small and medium-sized companies use robots significantly
less frequently than larger firms. This is mainly due to large firms having better
economies of scale and resources. However, as this study showed, especially small
companies are able to achieve higher labour productivity by utilising robots. Many
SMEs position themselves as process specialists in their industrial value chains by
showing superior performance in flexibility, quality or efficiency (Som 2012). Thus,
it can be expected that support on both the supply side through adequate
technological solutions (see the point before), and the side of end-users will help to
unlock large potentials for improving the competitiveness and growth of SMEs in the
European manufacturing industry.
 Provide incentives for firms to (re-)establish a higher vertical range of
manufacturing via the implementation or increased use of industrial robots:
The findings in this study highlight that firms with a higher vertical manufacturing
range – meaning that they perform a larger share of production operations and
steps in-house – have higher productivity. In many cases, manufacturing firms have
reduced their vertical range of manufacturing due to an increased focus on their
core competences by outsourcing periphery and/or cost-intensive production steps
to specialised suppliers. But given the current level of technological progress in the
field of industrial robots, the implementation and use of robot systems could be a
strong argument in favour of re-introducing these production steps in order to
further increase productivity through new, in-house possibilities of monitoring and
optimisation without simultaneously increasing labour costs.

1 See for example the research project SMErobot™ - The European Robot Initiative

for Strengthening the Competitiveness of SMEs in Manufacturing – which was funded
under
the
European
Union’s
Sixth
Framework
Programme
(FP6)
(http://www.smerobot.org/)
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As can be seen, the above points are closely interrelated. It therefore makes sense to
integrate them in an overall EU policy initiative targeted at the future technological
development of industrial robotics in the European Union.
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Résumé analytique
Contexte
Les robots industriels et les applications de robots sont une technologie essentielle
pour améliorer la compétitivité de l'industrie manufacturière européenne et le bienêtre général de la société. Compte tenu des progrès technologiques, les domaines
dans lesquels les robots ou les systèmes robotisés peuvent être utilisés gagnent
actuellement de plus en plus de terrain et continueront à s'étendre, étant donné que
les nombres réels de robots sont mis en œuvre dans la pratique. En particulier, il est
extrêmement important que les décideurs développent et favorisent davantage les
capacités de l'Europe en matière de robotique afin de maintenir et d'accroître le
leadership technologique, la productivité et la valeur ajoutée de l'industrie
manufacturière européenne, à la fois en tant que développeurs et utilisateurs de la
robotique.
Même si les avantages potentiels de l'utilisation des robots sont nombreux – comme la
capacité à offrir une qualité ou productivité supérieure ou à travailler dans des
environnements dangereux – et peuvent être même considérés comme étant
généralement acceptés par la société – on assiste également à de plus en plus de
réticence de la part du public quant au fait que les avantages potentiels peuvent être
contrebalancés par des impacts potentiellement négatifs et n'étant pas encore
entièrement connus. Les robots industriels gardent surtout encore l'image d'être à
l'origine des pertes d'emploi, étant donné qu'ils étaient, par le passé, principalement
déployés pour rationnaliser des tâches simples et répétitives. Afin de développer et
d'améliorer les politiques industrielles et technologiques concernant le développement
des robots et des systèmes robotisés, il est important que les décideurs
approfondissent leur compréhension sur la manière dont ils influent sur chaque
domaine de notre société et sur la corrélation de ces effets. Cette principale
préoccupation est leur impact économique en termes de capacité à améliorer la
compétitivité des entreprises manufacturières et la manière dont cela est lié à leur
potentiel de création ou de destruction des emplois.
Bien que ces questions fassent déjà l'objet de discussions depuis longtemps, des
réponses suffisantes n'ont pas encore été apportées. D'une part, la logique
économique tend à penser que l'introduction de systèmes robotisés dans les processus
industriels vise à optimiser la productivité globale des facteurs en substituant les
activités humaines afin d'améliorer la productivité, la fiabilité et la qualité. En
conséquence et étant donné que les économies potentielles en termes de coûts ne
sont pas compensées par les dépenses en capital nécessaires, l'introduction des
systèmes robotisés déclencherait une rentabilité en minimisant les activités exigeant
beaucoup de main d'œuvre et entraînerait donc la suppression des emplois respectifs
et des lieux de travail industriels.
D'autre part, les arguments d'un point de vue compétitif mènent dans la direction
opposée, étant donné que les robots peuvent résoudre la « question du coût lié à la
main d'œuvre » pour de nombreux secteurs dans des pays à niveau salarial élevé au
sein de l'Union Européenne. Si l'on suit la logique de base de la concurrence, les
entreprises industrielles doivent avoir au minimum un niveau de productivité globale
des facteurs, identique, voire supérieur à leurs concurrents pour se démarquer
durablement avec succès sur leurs marchés – étant donné que leurs produits et
services donnent le même profit pour la clientèle. Par conséquent, les entreprises qui
sont en mesure de parvenir à un niveau plus élevé de productivité globale des facteurs
grâce à l'utilisation intelligente des systèmes robotisés pourraient bien gagner des
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parts de marché plus élevées que les concurrents ayant des niveaux de productivité
plus bas. De plus, étant donné qu'une intensité en capital plus élevée implique des
coûts irrécupérables, les entreprises utilisant des robots sont également susceptibles
de percevoir des barrières plus importantes pour délocaliser et externaliser les
activités et les emplois dans la production des pays européens à niveau salarial élevé
vers d'autres régions du monde aux salaires inférieurs, en particulier vers l'Asie.
Questions de recherche
Compte tenu de ce contexte, cette étude vise à revoir les resultats, conclusions et
recommendations compilés dans l’étude “Analysis of the impact of robotic systems on
employment in the European Union” publiée en 2015. Elle est supposé fournir de
nouvelles preuves empiriques à la Commission Européenne indiquant si et
comment
l'utilisation
de
robots
industriels
dans
les
entreprises
manufacturières influent sur leur compétitivité en général et sur l'emploi en
particulier.
En détail, elle aborde les questions de recherche spécifiques suivantes :
 Quelle est l'utilisation actuelle des robots industriels au sein des entreprises
manufacturières dans certains pays européens en fonction des propriétés
structurelles majeures telles que l'affiliation des secteurs et la taille d'entreprise ?
 Quels sont les éléments déterminants de l'utilisation des robots industriels dans les
entreprises de fabrication européennes ?
 Quelle part d'entreprises, différenciées selon les caractéristiques structurelles, de
l'industrie manufacturière européenne a délocalisé les activités de production vers
d'autres pays situés en dehors de l'Union Européenne ?
 Quels sont les éléments déterminants de la délocalisation des activités à l'extérieur
de l'Union Européenne et quels effets a l'utilisation des robots ?
 Comment et dans quelle mesure l'utilisation des robots industriels influe sur la
concurrence et l'emploi dans les entreprises manufacturières européennes ?
Conclusions principales
Basée sur les données de l'Étude sur les fabricants européens 2012 au niveau de
l'entreprise, l'étude présente de nouvelles perspectives empiriques sur la diffusion et
l'utilisation de technologies de robots industriels parmi les entreprises manufacturières
européennes ainsi que leur incidence sur la productivité et l'emploi. En bref, les
principales conclusions de cette étude sont les suivantes :
 L'utilisation de robots industriels n'a pas d'incidence négative importante
sur l'emploi. La relation entre l'utilisation des robots et l'emploi parmi les
entreprises analysées dans l'échantillon de données s'avère être plutôt neutre. Ainsi,
les conclusions de cette étude apportent des preuves selon lesquelles les entreprises
manufacturières européennes ne remplacent généralement pas le capital de main
d'œuvre humaine par des investissements en capital dans la robotique. Au
contraire, il semble que l'incidence positive des robots sur la productivité et les
ventes totales sont un levier pour stimuler la croissance de l'emploi.
 Les entreprises utilisant des robots industriels parviennent à une efficacité
supérieure dans leurs processus de fabrication, comparativement aux nonutilisateurs. Les robots industriels sont un élément-clé technologique lorsqu'il
s'agit de maintenir et accroître la productivité du travail des entreprises
manufacturières européennes et donc de renforcer leur compétitivité internationale.
Néanmoins, en raison d'un montant des investissements encore élevé pour cette
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technologie de fabrication avancée, l'effet positif de l'utilisation des robots sur la
productivité n'est pas persistant en termes de productivité globale des facteurs
(compte tenu des investissements en capital).
 Les entreprises ayant une autonomie de production plus élevée – réalisant
un nombre plus important de valeurs créant des processus en interne –
révèlent une efficacité supérieure à la fois en termes de productivité du
travail et de productivité globale des facteurs. Cette conclusion va à l'encontre
du paradigme de gestion des « principales compétences » encore prédominant,
autrement dit que les entreprises doivent se concentrer sur leurs principales
compétences en externalisant toutes les autres étapes périphériques de la création
de valeur ainsi que les tâches coopératives vers des fournisseurs externes afin de
devenir « lean » et accroître leur productivité. Comme le documente l'analyse
empirique présentée dans cette étude, les entreprises ayant un plus grand contrôle
interne sur leurs processus de création de valeur et de la production parviennent à
des niveaux d'efficacité plus élevés.
Plus précisément, les principales conclusions correspondant aux questions de
recherche mentionnées ci-dessus peuvent être récapitulées de la manière suivante :
Éléments déterminants de l'utilisation des robots
 La probabilité de l'utilisation des robots industriels augmente fortement
avec la taille de l'entreprise : le taux d'utilisation augmente quasiment
linéairement avec la taille du groupe d'entreprises sondées : seulement un quart des
entreprises employant entre 20 et 49 personnes sont utilisatrices de robots
industriels, comparativement à 38% des entreprises employant entre 50 et 249
personnes, 54% des entreprises employant entre 250 et 999 personnes et 70% des
entreprises employant 1000 personnes et plus. Cette constatation est
principalement due au fait que les plus grosses entreprises disposent de ressources
financières plus importantes, ont plus d'expérience avec l'introduction de
technologies de production avancées (par exemple, leur intégration dans le flux de
travail existant et la configuration organisationnelle) et ont davantage de possibilités
et des économies d'échelle plus élevées pour utiliser efficacement les systèmes
robotisés industriels.
 Quasiment la moitié de l'ensemble des fabricants européens de produits en
caoutchouc et en plastique ainsi que des fabricants de matériel de
transport utilisent des robots industriels dans leurs processus de
production : cela s'explique essentiellement par les tailles de lots et les volumes
importants que ces secteurs sont en mesure de gérer dans leurs processus de
production et en particulier dans leurs processus d'assemblage, permettant
d'importants investissements dans les technologies d'automatisation avancées. En
bas du niveau de déploiement, les robots sont uniquement utilisés par une
entreprise sur dix dans l'industrie du papier et de l'impression, ce pourrait
s'expliquer par l'automatisation importante en termes de machineries prévues ainsi
que leur manque de processus d'emballage des marchandises. En revanche, les
entreprises du textile et du cuir ont encore besoin d'une quantité très importante
d'activités manuelles qui ne peuvent pas être davantage automatisées ou qui
engendrent des frais d'investissement trop élevés. Généralement, les conclusions
révèlent que la diffusion des robots industriels varie fortement entre les différentes
industries manufacturières en Europe et leurs caractéristiques de production en
termes de taille de lots. Par conséquent, il s'avère que l'utilisation de robots
industriels est encore commandée par des efforts de rationalisation de la fabrication
par taille de lots importants. Cela signifie en conséquence que les solutions en
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matière de robots destinés à traiter des tailles de lots petits, voire uniques n'ont pas
encore trouvé leur voie dans la pratique industrielle.
 L'Espagne, la France et la Suisse présentent le nombre le plus élevé
d'entreprises utilisant des robots en Europe : 47% des entreprises espagnoles,
42% des entreprises françaises et 39% des entreprises suisses utilisaient au moins
un robot industriel dans leurs usines en 2012, suivies de la Suede (35%) et de
l‘Autriche (32%). Cela peut être interprété en termes de taux de diffusion plus
élevée de la robotique dans l'économie de ces pays. De façon surprenante, malgré
sa haute spécialisation dans le secteur du transport, la part des entreprises utilisant
des robots en Allemagne représente seulement 29%. Si la base installée des robots
industriels en Allemagne est très élevée chez quelques constructeurs automobiles
importants (par exemple, VW, Daimler, Audi, BMW), le pays est caractérisé par une
diffusion comparativement faible sur l'économie au sens large. Le taux le plus bas
de déploiement de robots industriels est enregistré aux Pays-Bas (23%).
 La décision individuelle des entreprises d'utiliser des robots industriels
dépend fortement de leurs caractéristiques de production et de
l'orientation à l'exportation : en raison des économies d'échelle, les entreprises
gérant des tailles de lots importants ou même des lots moyens à petits affichent une
prédisposition bien plus élevée à utiliser des robots industriels que les entreprises
qui réalisent des activités de fabrication à la pièce. De plus, les entreprises
intervenant dans les activités d'exportation révèlent une probabilité plus élevée de
déploiement des robots industriels afin de répondre aux exigences plus élevées des
marchés internationaux en termes de productivité ou de qualité.
État actuel de délocalisations de la production
 Les grosses entreprises employant 1000 personnes et plus affichent le
niveau le plus élevé des activités de délocalisation de production vers les
pays étrangers : presqu’une entreprise sur deux entrant dans cette catégorie de
taille (41%) a transféré (des parties de) sa production vers des pays étrangers –
16% d'entre elles vers des pays situés en dehors de l'Union Européenne. Les
entreprises employant entre 250 et 999 personnes délocalisent les activités de
production à l'étranger plus fréquemment que la moyenne générale (26%) ou
même délocalisent en dehors de l'Europe (7%). Mais, de façon générale, les
activités de délocalisation de la production diminuent fortement avec les plus petites
entreprises. Seulement entre 6 et 12% des PME déclarent avoir réalisé des activités
de délocalisation à l'étranger. La part des PME qui délocalisent la production vers
des pays en dehors de l'Europe est même bien plus faible (entre 1 et 3%). Outre les
activités de délocalisation guidées par les coûts, cette constatation s'explique
également par des délocalisations plus fréquentes, axées sur le marché, de grosses
entreprises intervenant à l'échelle internationale.
 Les schéma de délocalisation de production diffèrent largement entre les
pays européens: Les secteurs industriels analysés sont affectés par des activités
de délocalisation à une échelle très différente, allant de 8% des fabricants
allemands qui déplacent une parties de la production par rapport à 23% des
fabricants suédois. En outre, tous les pays ne délocalisent pas principalement au
sein de l'Union européenne. Allemagne, Suisse, Pays-Bas et aussi la France
présentent relativement peu d’activités de délocalisation vers des pays en dehors de
l'Europe (2-3% des entreprises) et donc, semblent être étroitement lier aux Etats
membres d'Europe centrale ou de l’Est. La Suède mais aussi l'Espagne sont
cependant beaucoup plus actifs dans la délocalisation de leur production hors de
l'Europe. 3 fabricants Suédois sur 4 ou 1 fabricants Espagnols sur 2 qui ont
délocalisé leur production, le font en dehors de l'Europe. Ceci peux s’expliquer par
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des cycles de globalisation differents, leur situation géographique et leur
l'interconnexion internationale.
Effets de l'utilisation des robots sur la productivité et l'emploi
 Les entreprises utilisant les robots industriels affichent des niveaux
d'efficacité bien plus élevés au moyen de la productivité du travail : le
déploiement des applications de robots industriels dans la production permet aux
entreprises de mieux réaliser des processus de production efficaces en termes de
temps de traitement réduits, de qualité de processus plus élevée et d'économies
d'échelle compétitives. Ainsi, les avantages comparatifs de l'emplacement des pays
à haut niveau salarial au sein de l'UE s'appuient largement sur des technologies de
production avancées à forte intensité de capital tels que les robots industriels.
Néanmoins, il convient de mentionner le fait que, si la productivité globale des
facteurs est analysée (compte tenu de l'investissement en capital du côté de
l'entrée), l'effet positif de l'utilisation des robots sur la productivité globale des
facteurs ne tien plus debout. Par conséquent, les robots industriels présentent
clairement le potentiel pour préserver et accroître l'efficacité et la compétitivité de la
production industrielle au sein de l'industrie manufacturière européenne, mais cet
effet positif est – du moins parmi les entreprises situées dans l'échantillon analysé –
susceptible d'être cannibalisé dans une certaine mesure dès que les frais
d'investissement encore élevés sont pris en considération.
 Malgré son incidence positive sur la productivité, l'utilisation de robots
industriels ne révèle pas d'effet négatif sur la croissance de l'emploi : cette
constatation permet d'appréhender différemment la relation intra-entreprise entre
l'innovation des processus techniques (pour les robots industriels) et son impact sur
l'emploi. Elle indique que les améliorations en termes d'efficacité et de compétitivité,
obtenues par le déploiement des robots industriels, favorisent davantage la
croissance de l'emploi dans les entreprises au lieu de remplacer le capital de la main
d'œuvre humaine par des investissements dans la technologie d'automatisation. La
mise en œuvre des robots industriels n'implique ainsi pas nécessairement de suivre
la « voie peu honorable » de la rationalisation par les pertes d'emplois.
Recommandation politique
Les résultats fournis par l'étude sont d'une importance capitale pour l'industrie
européenne et la politique technologique. Ils apportent de nouvelles preuves
empiriques indiquant que la stimulation positive du développement et de la diffusion
des systèmes robotisés industriels représente une mesure-clé permettant d'exploiter
la compétitivité et les potentiels de croissance de l'industrie manufacturière
européenne.
À partir de cette étude, les principaux aspects suivants à l'égard de plus d'intervention
peuvent être récapitulés :
 Réduction des frais d'investissement : comme le montrent les constatations, les
effets positifs sur la productivité des entreprises pourraient être largement
compensés les frais d'investissement élevés. Par conséquent, un point de départ
pourrait consister à promouvoir le développement des solutions peu onéreuses en
matière de robots. Ceci pourrait comprendre à la fois le développement des
solutions axées sur la demande, modulaires et évolutives, pouvant être
individuellement configurées et personnalisées selon les différents besoins des
différentes applications ainsi que des nouveaux modèles d'activité du côté des
fournisseurs d'équipement qui réduisent les obstacles à l'entrée, liés aux coûts, en
particulier pour les PME. Ceci aiderait également à l'amélioration des effets positifs
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des robots industriels sur la productivité en termes de productivité globale des
facteurs. Par le passé, certaines initiatives2 pouvant servir de points de départ pour
des futures initiatives visant à des objectifs similaires et stimulant la diffusion de
telles solutions axées sur la demande ou les applications ont déjà été prises.
 Accroître la capacité des petites et moyennes entreprises manufacturières
pour parvenir aux avantages des robots industriels dans la fabrication et
l'assemblage : comme le révèle cette étude, les PME utilisent des robots bien
moins fréquemment que les entreprises de taille plus importante. Cela s'explique
principalement par le fait que les grosses entreprises ont de meilleures économies
d'échelle et de ressources. De nombreuses PME se positionnent comme des
spécialistes de processus dans leurs chaînes de valeurs industrielles en offrant une
performance supérieure en termes de flexibilité, de qualité ou d'efficacité (Som
2012). Ainsi, on peut prévoir que le soutien à la fois du côté approvisionnement par
le biais de solutions technologiques adaptées (voir point mentionné précédemment)
et du côté utilisateur final aidera à libérer d'importants potentiels en vue d'améliorer
la compétitivité et la croissance des PME dans l'industrie manufacturière
européenne.
 Fournir des mesures incitatives aux entreprises pour (re)créer une plus
grande autonomie de production par la mise en œuvre ou l'utilisation
accrue des robots industriels : les conclusions tirées dans cette étude soulignent
le fait que les entreprises ayant une plus grande autonomie de production –
impliquant qu'elles réalisent une part plus importante des opérations de production
et des étapes en interne – ont une productivité accrue. Dans bon nombre de cas, les
entreprises manufacturières ont réduit leur autonomie de production en raison d'une
concentration accrue sur leurs compétences-clés en externalisant la périphérie et/ou
des étapes de production coûteuses vers des fournisseurs spécialisés. Mais compte
tenu du niveau actuel de progrès technologiques dans le domaine des robots
industriels, la mise en œuvre et l'utilisation de systèmes robotisés pourraient être
un argument important en faveur de la réintroduction de ces étapes de production
afin d'accroître davantage la productivité par de nouvelles possibilités internes de
surveillance et d'optimisation sans pour autant augmenter les coûts salariaux.
Comme on peut le voir, les points susmentionnés sont en étroite corrélation. Par
conséquent, il est judicieux de les intégrer dans une initiative de politique européenne
globale, visant au futur développement technologique de la robotique industrielle au
sein de l'Union Européenne.

2 Voir, par exemple, le projet de recherche SMErobot™ - L'Initiative Européenne des

Robots permettant de renforcer la compétitivité des PME dans la production – qui a
été fondée au titre du sixième programme-cadre de l'Union Européenne (FP6)
(http://www.smerobot.org/)
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1

Introduction

1.1

Context and background

Robot technology is making fast progress, opening up more and more application
domains for robots or robot-based systems. Consequently the actual number of
installed robots is increasing as well. In fact, given the figures on robot utilisation
available today (e.g. IFR, 2013a, b, c, IFR, 2015), robots and robot-based systems
must be considered an integral part of our society.
Whereas robots are seen as a supportive element with striking advantages in the
service sector, robots used for industrial purposes still cause fears in public that they
destroy jobs in manufacturing. Although the potential benefits of robot utilisation are
numerous – such as being able to deliver superior quality, achieving higher
productivity or being able to work in hazardous environments (e.g. Kleine et al., 2011)
– latest studies show (e.g. TNS Opinion & Social, 2012), there are increasing fears by
the public whether the potential benefits may be offset by yet not fully known and
potentially negative impacts (e.g. AAAI, 2006; Ford and Colvin, 2015). Thus, it is
important to understand how they impact on each domain of our society and how
these effects interrelate with each other – in particular for policy makers. The first and
foremost concern is their economic impact in terms of their ability to improve the
competitiveness of manufacturing companies and how this relates to their potential of
creating or destroying jobs (e.g. Tobe, 2013).
On the one hand, the economic rationale would suggest that the introduction of
robotic systems to industrial processes aims at optimising total factor productivity by
substituting human activities to improve productivity, reliability and quality of these
processes. As a consequence of this logic and given that the potential cost savings are
not offset by the necessary capital expenditures, the introduction of robot systems
would trigger profitability by minimizing labour-intensive activities (e.g. Schmidt and
Rohde, 2010), and thus, leading to the elimination of the respective jobs and
industrial workplaces (e.g. Tobe, 2013).
On the other hand, arguments from a competitive perspective could lead into the
opposite direction, since robots may solve the “labour cost issue” for many industries
in high wage countries (e.g. Widmann, 2007). Following basic competition logic,
industrial companies need to have at least the same or a superior level of total factor
productivity as their competitors to be sustainably successful in their markets – given
that their products and services yield the same customer utility. Therefore, companies
that are able to achieve a higher level of total factor productivity by the intelligent use
of robot systems, might be able to win market shares from their competitors with a
lower total factor productivity level (e.g. N.U., 2009). Further, in addition to improving
their competitive situation cost-wise, the use of robots may also improve customer
utility in terms of quality and product performance. Both would, at least in the long
term, lead to a higher level of sales, value-added, and thus would, as a direct effect,
also preserve or even increase the employment level in these companies.
Furthermore, as a higher capital intensity usually also implies sunk costs for these
companies, they might also perceive a higher barrier to offshoring and outsourcing
production activities and jobs from higher-wage European countries to lower-wage
regions in other parts of the world, particularly to Asia. If these companies perform
offshoring or outsourcing of production activities to low-wage countries at all, they will
have a tendency to focus on out-sourcing standardized production processes of
mature products (e.g. Kleine and Kinkel, 2013; Kinkel, 2012; Kinkel and Maloca,
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2009). The innovative and high skilled production and auxiliary value added activities
would remain in their European locations at large, resulting in a higher level of
innovativeness and high-quality jobs at the European home base (e.g. Dachs et al.,
2012). And finally, it has also to be recognised that today even low-cost countries
such as China perceive an increasing need to shift their industries to a higher level of
automation – not only because of increasing labour costs but also as a precondition to
be internationally competitive in terms of product performance and quality (Mentgen,
2011).
However, the empirical evidence of these effects has been scarce until recently (see
Beckert et al., 2016 as an exception). Existing studies usually suffered from
methodological shortcomings (e.g. Tobe, 2013). For instance, they were mostly based
on statistical material that does not provide means to directly link the effects on
competitiveness and/or employment to the utilisation of robots in industry (e.g. Gorle
and Clive, 2011). Further, even if these studies were directly investigating the use of
robots in industry and their impact on competitiveness, they have either not yet
thoroughly investigated the mentioned relationships and/or investigated them on a
European basis (e.g. Armbruster et al., 2006; Kinkel and Weißfloch, 2009; Kleine et
al., 2008).
As a key enabling technology to improve the competitiveness of the European
manufacturing industry and the overall welfare of society, industrial robots and robot
applications receive a lot of attention in research and policy. In particular for policy
makers, it is of utmost importance to be able to base decisions concerning the further
fostering and development of Europe’s capabilities in robotics on strong facts –
enabling the scarce financial resources to be spent in a way that they yield the best
return on investments for society.
The 2015 study “Analysis of the impact of robotic systems on employment in the
European Union”, published by the European Commission, Directorate-General of
Communications Networks, Content & Technology and authored by Fraunhofer ISI and
Karlsruhe University of Applied Sciences, provided answers to the open questions.
Based on large-scale representative data, gathered through the European
Manufacturing Survey (EMS) in 2009, it helped to answer the questions on how
robotics impact on economy, employment and relocation decisions. Moreover, it
created a deeper understanding of the underlying cause and effect relationships.
Hence, this present study provides an update of the 2015 study “Analysis of the
impact of robotic systems on employment in the European Union”, aiming at
replicating the preceding analyses and testing conclusions based on the latest data
available.

1.2

Scope and objectives

This study aims at reviewing the findings, conclusions and recommendations
compiled in the study “Analysis of the impact of robotic systems on employment in the
European Union” published in 2015 (ISBN: 978-92-79-48086-7), with the most recent
data available. It intends to provide the latest empirical evidence to the European
Commission on whether and how the use of robots in industrial companies
impacts on their competitiveness in general and on employment in particular.
Its specific objectives are as follows:
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1. Replicate the descriptive analyses of
a. the current utilisation of robots in industrial companies in seven selected
European countries, by major structural properties such as company size,
industry and country, and
b. the share of companies which have relocated manufacturing activities to
other countries outside Europe, differentiated by the same categories.
2. Replicate the model-based analyses
a. to identify the determinants of robot utilisation in European industrial
companies in the seven selected European countries,
b. to identify the determinants of manufacturing relocation activities to
countries outside Europe in these countries,
c. to identify and quantify the effect of robot utilisation on the
development of the competitive and employment situation in
industrial companies in the seven selected European countries.
The general approach will be based on data generated by the European Manufacturing
Survey (EMS), coordinated by the Fraunhofer ISI (Jäger and Maloca, 2012). This
database does not only provide a unique and “not-yet-peered” insight into the
manufacturing and competitive strategies of major Europe industries (e.g. Dachs et
al., 2014; Kinkel, 2012; Kinkel and Maloca, 2009; Som and Kirner, 2015), but has
already also been applied in the context of investigating the utilisation of robots in the
manufacturing industry (Armbruster et al., 2006; Jaeger et al., 2015; Kinkel and
Weißfloch, 2009; Kleine et al., 2008). Further, statistical material from World Robotics
2013, provided by the International Federation of Robotics (IFR) (2013d), on the use
and dissemination of robots worldwide will be applied, as well as data on the
structures of the countries’ industries considering sector and firm size classes,
provided by the National Statistical Offices of the seven countries considered.
Moreover, Eurostat data reporting on labour productivity of the EU 28 and some
additional countries were used (European Union, 2014a).

1.3

Approach and methodology

Given the scope and objectives explained above, the general approach of this study
has been structured as in Figure 1-1. Based on this figure, the following will first
describe the empirical database for this study in more detail and will in particular
explain which key variables were utilized in order to operationalize the research
objectives. Afterwards, the methodology to analyse this data and to answer the
research objectives will be outlined according to the defined phases.
1.3.1

Database and key variables

This study is based on a subsample of the European Manufacturing Survey (EMS)
2012. The major properties of EMS in general as well as the data sample and key
variables used for this study in particular are described in the following sections.
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European Manufacturing Survey
EMS has been organised by a consortium of research institutes and universities from
and across Europe since 2001. The EMS surveys the utilisation of technoorganisational innovations in manufacturing at the level of individual
manufacturing sites (of each company) and the thereby achievable performance
increases in the manufacturing sector.

overall objective:
update of initial study report
with 2012 EMS data
to provide latest empirical evidence on the impact of
industrial robot utilisation on employment in Europe
Phase I
Analysis of robot utilisation

Phase II
Analysis of the effects
of robot utilisation

Phase III
Update of initial study report
Methodological basis:
European Manufacturing Survey (EMS)
(N ~ 3,000 manufacturing firms, 7 European countries, 2012)
Figure 1-1: General approach of study
In addition to the EMS, several other surveys try to monitor innovation activities of the
economy, to identify backlogs of particular sectors, countries or regions. These
surveys mainly focus on indicators which measure product innovation. Process
innovations are hardly taken into account or, if at all, then on a very highly
aggregated level. The Fraunhofer Institute for Systems and Innovation Research (ISI)
developed the German Manufacturing Survey in 1993 to close this gap and to
complement existing surveys on a national level in Germany. In 2001, this survey
became international and developed into the European Manufacturing Survey (EMS).
The EMS is managed by a consortium of research institutes and universities from
countries in and across Europe. The Fraunhofer Institute for Systems and Innovation
Research (ISI) coordinates the consortium.
The EMS is carried out as a written or online survey by each partner in his country
and at the level of individual manufacturing sites (of a specific company). The survey
comprises a random sample of companies with at least 20 employees (at
manufacturing site level) of the whole manufacturing sector in each country.
Manufacturing or plant managers are invited to complete the questionnaire. The EMS
covers a core of indicators on the innovation fields "technical modernisation of value
adding processes", "introduction of innovative organisational concepts and processes"
and "new business models for complementing the product portfolio with innovative
services". The questions on these indicators have been agreed upon in the EMS
consortium and are surveyed in all the participating countries. Additionally, some
countries ask questions on specific topics.
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The data collection process follows a clear firm-centred approach. All country
samples where gathered addressing a random sampling of manufacturing firms. As
address sources for contact data, the best available data bases in each country are
used. A follow-up procedure assures a consistent approach on the data gathering
process. A minimum of reminding procedures were applied in each country.
The fixed set of core questionnaire is translated into the respective language of the
country and tested in each country. In order to prepare multinational analyses the
national datasets undergo a joint validation and harmonisation procedure. Thus, data
allows for cross-country analyses based on comparable indicators.
The underlying idea of the questionnaire design is to have a constant common pool of
questions over several survey rounds, to modify other common questions in the
respective survey round corresponding to current problems and topics from the area
of innovations in production and to thirdly leave room for some country or project
specific topics. As yet, data from five survey rounds 2001/02, 2003/04, 2006/07,
2009/10, and 2012/2013 is available.
For a comprehensive analysis of the whole population of manufacturing industries in
the European Union, the EMS data was related to other statistical data sources and, as
far as available, analyses of other data sources were included in the report: World
Robotics data (IFR 2013d) on the operational stock of industrial robots was employed
to allow for a better interpretation of the results. Finally Eurostat data, providing
statistics on labour productivity of the EU 28 and some other countries (European
Union, 2014a) as well as on employment growth (European Union, 2014b), was
employed for the validation and interpretation of the retrieved results. However,
regarding the objectives of this study we firmly believe that the above-mentioned
advantages of the chosen EMS database outweigh its limitations by far.
Data sample and country coverage
As pointed out before, this study employed data from the EMS round in 2012. EMS
2012 was carried out in 11 countries. Additionally, a pilot study has been conducted in
United Kingdom. EMS 2012 contains information on the utilisation of innovative
organisational and technological concepts in the generation of products and services
as well as performance indicators such as productivity, flexibility and quality of around
3,500 companies of the European manufacturing. With regard to industrial robots,
EMS provides the actual number of firms using robots, the intensity of their robot
usage related to the economically rational maximum in the own firm as well as the
number of firms that reinvested in new robot technology. By using this variable, EMS
differs from other data sources as for example World Robotics (IFR 2013d) which
measures the total amount of robots in use per country. While the latter refers to the
installed based within a certain country, the EMS variable is targeted towards the
broader economic diffusion of robots in terms of using firms. Given the aim of this
study, the EMS perspective is more appropriate as it allows the employment effects on
a higher number of single firm observations to be examined instead of cumulative
effects within a large enterprise with a high installed robot base.
Given that, the statistical analyses were based on a subset sample of the EMS
2012 survey covering the data of around 2,800 manufacturing companies
from Austria, France, Germany, Spain, Sweden, Switzerland, and the
Netherlands (Table 1-1). Obviously, Switzerland will act as the non-Community
member benchmark country. The selected country samples account for a total sample
of 2,848 enterprises with at least 20 employees across European manufacturing
industry. This large firm-level data set allows in-depth analyses of the utilisation of
robots in seven different national industries.
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Table 1-1: EMS 2012 data sample
EMS country

EMS 2012 - sample size

Density of industrial robots

(# of cases)

(# per 10,000 employees)

Austria

236

110

France

129

124

1,535

273

157

138

72

164

Switzerland

609

75

The Netherlands

110

84

Germany
Spain
Sweden

Total sample of EMS data used
in this study
Source: EMS 2012; IFR, 2013a

2,848

The analytical unit of EMS data are manufacturing sites with at least 20 employees.
Compared to company data, analysing firm level data allow a more direct link between
the production performance or employment trend and the application of industrial
robots at this specific production site in Europe. Analyses of these firm level data are
used for conclusions at company level in an analytical approximation, considering the
major industry structure in manufacturing as rather small and medium sized
companies. The industry structure is included by indicators based on the
"Nomenclature statistique des activités économiques dans la Communauté
européenne" (NACE REV. 2) of firms with more than 20 employees. The data cover the
whole manufacturing sector including sectors 10 to 33 (NACE Rev. 2).
As can be seen in the attachment (Table Annex 1 and Table Annex 2), EMS 2012 data
can be regarded as being representative for the selected countries in terms of industry
structure. Even if relying on non-weighted data, EMS shows no significant differences
to the distribution reported by EUROSTAT. Although EMS contains a very high share of
SMEs (~85%), firms with less than 50 employees are still underrepresented to a small
degree. In contrast to EMS 2009 data, in 2012 for several national EMS data the bias
of the country samples towards larger firms even is statistical significant. However,
this can be expected for any kind of industry survey as such small firms are less likely
to participate in large-scale surveys in general.
Nevertheless, to ensure for a maximum of result validity, all calculations were
additionally run for weighted EMS data that were adjusted for observed differences in
the industry structure. For this purpose, National Statistics data3 of each country on
manufacturing sites were used to weight the EMS survey sample according to the
size (taking into account 2 or 4 firm size classes) and industry structures in the
manufacturing industry (taking into account 7 to 13 industry groups, Nace Rev. 2,
Division 10-33) in the respective country.4 Thus, weighting factors were employed on
the EMS data sample, to align it with the actual firm sizes and industry structures in
the respective countries.

3 For Netherlands Eurostat data had to be used.
4 Eurostat data could not be used for this purpose as it does not contain such data at

the level of the manufacturing site. Besides, the number of strata for calculating the
weighting factors depended on the size of the national EMS data set, trying to be as
precise in grouping as possible as well as avoiding zero cells or cells below five cases.
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A summary of the weighting factors is displayed in the appendix (Table Annex 3). The
national statistics were provided by:
Spain :

Extract upon request. EMPRESAS EN LOS GRUPOS DE LAS DIVISIONES 15
A 37 POR GRUPO Y ESTRATO DE ASALARIADOS 20 Y MAS, 2011. Instituto
Nacional de Estadística.
France :
Dénombrement des entreprises et des établissements 2011. INSEÉ, institut
national de statistique et des études économiques.
http://www.insee.fr/fr/themes/detail.asp?ref_id=fdsidenomb2011&page=fichiers_detail/sidenomb2011/telechargement.htm
(accessed 24 February, 2016).
Germany : Statistisches Bundesamt (2011): Fachserie 4: Produzierendes Gewerbe,
Reihe 4.1.2: Betriebe, Beschäftigte und Umsatz des Verarbeitenden
Gewerbes sowie des Bergbaus und der Gewinnung von Steinen und Erden
nach Beschäftigtengrößenklassen, Ausgabe 2012. Wiesbaden.
Austria : Leistungs- und Strukturstatistik, Betriebsdaten. 2012. STATISTIK AUSTRIA.
Sweden : Företag (FDB) efter näringsgren SNI 2007, storleksklass och år,2012.
The Netherlands : Eurostat data 2016, Annual enterprise statistics by size class for
special aggregates of activities (NACE Rev. 2), years 2005 to 2013,
Manufacturing, available at: http://ec.europa.eu/eurostat/web/structuralbusiness-statistics/data/database# (accessed 24 January, 2016).
Switzerland : Auszug aus dem Betriebs- und Unternehmensregister (BUR). Größen ab
20 Beschäftigten. Bundesamt für Statistik. 2012.
Key variables
In order to answer the research objectives given above, the following key variables
and indicators were operationalised based on the available EMS data 5:
As the main indicator to measure robot utilisation we used answers to the EMS
question “Does your company use industrial robots in production and/or assembly
(y/n)?”. In descriptive analyses we displayed the share of companies in the relevant
country/sector which uses industrial robots as a percentage of all companies in the
relevant country/sector. In model-based analyses we used the dummy variable “robot
use y/n” on the company level as the dependent variable.
In addition to the utilisation of industrial robots, we employed the “extent of
actually utilized potential” of industrial robots with ratings from “low” for an initial
attempt to utilize over “medium” for partly utilized to “high” for extensive utilisation.
The operationalisation aimed for capturing to which extent the technology is actually
used “compared to the economically most reasonable potential utilisation in the
factory” offering the three answer categories as described. In model-based analyses
we used the dummy variable “intensive robot use” on the firm level as an independent
variable.
In order to describe the dynamics of robotic utilisation within manufacturing firms, an
indicator of investments in improved robot technology since 2009 can be used. The
subquestion “Upgrade since 2009” is to identify whether firms have reinvested in
the technology during the last three years. A reinvestment can be seen as an
indication that the utilisation of robots in a company, country or sector is considered
successful and seems to provide actual benefits for the company.

5 The original questions from EMS which were employed for the operationalization of

the key variables can be found in the annex in Table Annex 4.
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As the main indicator for measuring relocation of manufacturing activities
outside Europe we used answers to the EMS question “Did your company relocate
parts of their manufacturing activities to foreign countries (y/n)?”, covering a
timeframe of these activities from 2010 to mid 2012. We then selected such
companies which stated in an additional question on the target countries of their
relocation activities that some of their manufacturing activities relocated to countries
outside the European Union and outside Switzerland. In descriptive analyses we
displayed the share of companies in the relevant country/sector which relocated parts
of their manufacturing activities to foreign countries outside Europe as a percentage of
all companies in the relevant country/sector. The model-based analyses used the
dummy variable “relocated activities y/n” on the company level as the dependent
variable.
As the main indicator for measuring the development of the competitive and
employment situation in the respective companies we used answers to the EMS
questions on the (a) “annual turnover 2011” vs. “annual turnover 2009”, (b) “number
of employees of your company in 2011” vs. “number of employees of your company in
2009” and (c) “procured services and materials 2011. We used these measures in the
descriptive as well as model-based analysis. While the answers to the employment
situation are directly linked to the research objectives, the answers to the annual
turnover and procured services and materials provided an indirect indication of the
added value created on a company level, which also provided insights into the ability
of robot utilisation impacting on the overall welfare of society. Additionally,
considering also (d) the labour cost measured as a share of total turn-over and (e) the
depreciation of machinery and equipment (euros) a further indicator of productivity is
analyzed, total factor productivity (TFP). It takes into account value added (total
turnover minus inputs) divided by the sum of labour cost and depreciation of
machinery and equipment.
1.3.2

Methodological background

This section gives an overview of the statistical methods applied to answering the
research questions stated above.
Phase I: Analysis of robot utilisation
Chapter 3 first displays a general statistical description of the EMS samples used in
this study as well as descriptive analyses of the distribution of robot utilisation in
industrial companies (Chapter 3.1, 3.2).
For the descriptive analysis of the current utilisation of robots in industrial
companies (objective 1a) and the share of companies which have relocated
manufacturing activities to other countries outside Europe (objective 1b) we
analyzed the respective variables “robot utilisation“ and “relocation” by company sizes
(four company size classes 20-49 employees, 50-249 employees, 250-999 employees,
1,000 and more employees), sectors and countries. Any descriptive analyses are
based on weighted data adjusting to the respective industry structure in each country.
By comparing the descriptive analyses based on weighted as well as unweighted data
the quality of the data and the reliability of the results are assessed.
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To identify the main determinants of robot utilisation in industrial companies
(objective 2a) of the seven selected European companies, a logistic estimation for
the dummy variable of robot utilisation (y/n) as the dependent variable has been
employed (Chapter 3.3). As independent variables, which might be relevant factors
for explaining robot utilisation on the company level, we used the following:
 The seven selected countries as dummy variables, as we assume that in some
countries with an innovative and international competitive manufacturing sector in
their long manufacturing history the utilisation of industrial robots might be higher
than in countries with different sector specializations. Country differences in
manufacturing traditions and internationalisation cycles might also explain the
relocation behaviour and employment strategies in industrial companies.
 Size of the company, measured as the logarithm of the number of employees, as
we assume that larger companies have more experience with the introduction of
advanced production technologies and more possibilities and higher economies of
scale to make efficient use of industrial robot systems. The argument of higher
economies of scale within the boundaries of large companies rather than small
firms, given their reduced and sometimes sub-critical mass in certain production
and auxiliary functions (Klette, 1999; Söderbom and Teal, 2001), persists also for a
higher probability of manufacturing relocations and employee changes in large
companies.
 Industrial sectors as dummy variables, as we assume that in sectors with high
production volumes and mass or serial production processes industrial robots are
used to a significantly higher percentage than in sectors with lower or single unit
production processes. Sector differences in production processes and
internationalisation cycles might also to a large extent explain the relocation
behaviour and employment strategies in industrial companies.
 Batch size of production, as we assume that companies with production
processes in large batch sizes are more suitable for using industrial robots than
companies with smaller batches or single unit production processes. Economies of
scale are easier to realize under the frame conditions of large batch size production,
enabling productivity growth through rationalising repetitive tasks (Söderbom and
Teal, 2001; Broedner et al., 2009). Existing economies of scale are also major
prerequisites for relocating parts of manufacturing activities to foreign countries
(Kinkel and Maloca, 2009; Kinkel, 2012) or employee layoffs as practicable
productivity improvement measures.
 Product complexity, as we assume that companies which produce simple products
in large volumes have a higher need and more potential to automate their
production processes than companies producing medium-complex products
(Armbruster et al. 2006). Vice versa, processes with a high automation level bear a
lower risk of being relocated to foreign countries, as industrial companies will firstly
exploit their automation and productivity potentials at home before shifting them to
foreign locations (Kinkel and Maloca, 2009;Kinkel, 2012). This might also affect the
employment situation in the respective companies.
 Mode of production (to make-to-order compared to make-to-stock or to assemble
according to customer orders), as we assume that productivity gains are more
important and delivery on time is less important for companies producing on stock,
leading to a higher need to use industrial robot systems. Companies producing on
stock might also feel a higher necessity to improve their productivity levels further
by relocating manufacturing activities abroad or reducing their personnel cost
burden.
 Export behaviour, measured as the logarithm of the share of turnover in foreign
markets, as we assume that companies which are facing international competition in
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foreign markets are under more pressure to improve the productivity of their
production processes via industrial robot systems than companies which are solely
serving their home markets. The same argument of a superior need of exporting
companies to further exploit efficiency and productivity potentials (Bernard and
Jensen, 2004; Broedner et al., 2009; Wagner, 2002) holds also true for explaining
relocation decisions or employee layoffs in these companies.
 Export orientation is measured as logarithm of the share of products sold abroad.
Additionally, a binary variable indentifies non-exporting firms for separating the
effect of the amount of export from the effect of the mere fact selling abroad.
Particularly with regard to SMEs the latter indicator might be relevant because it
accounts for the basic openness towards international markets instead of solely
focussing on the financial export performance.
 Additionally, it is controlled for the share of unskilled or semiskilled personnel
of the total number of employees. We assume that the absorption capacity for
advanced production technologies like industrial robot systems increases with a
decreasing share of semi- or unskilled workers (Som, 2012).
 Depth of value-added/vertical integration, measured as the share of valueadded (total turnover minus total inputs) on total turnover, as we assume that
companies with a higher vertical integration possess a higher share of the total
value chain which might give them more possibilities to exploit economies of scale
and productivity gains using industrial robot technologies. Research has also shown
that companies with a higher level of vertical integration – which is also one of the
characteristics of the so-called hidden champions (Simon, 2012) – have higher
productivity than companies with a lower vertical integration level (Broedner et al.,
2009). Thus, they may also be more reluctant to move manufacturing relocations
abroad and layoff employees as pure cost-oriented management measures.
Due to item non-response – a usual characteristic of survey data in contrast to
statistical data – the numbers of observations have been reduced for the multiple
regression models. For detecting systematic biases, the reduced data set used in the
models is compared to the full set data included; relevant limitations of the models
will be reported.
Phase II: Model-based analysis of the effects of robot utilisation
To assess the effect of robot utilisation on relocation activities, a logistic model
analyzing the main determinants of manufacturing relocation activities to countries
outside Europe (objective 2b) in industrial companies in the seven selected European
countries is used. The methodological approach is basically the same as explained
above for robot utilisation. Considering the aim of this study, the focus of the
interpretation lies on the impact of robot use (Chapter 3.4).
The identification and quantification of the effects of robot use on the
development of the competitive and employment situation (objective 2c) in
industrial companies in the selected European countries is again based on model
based statistical analyses. In these models, the dependent variables will be the key
figures of value-added per employee as a widely used measure for the labour
productivity of manufacturing companies, the total factor productivity as an
additional and more integrated productivity measure and the development of the
number of employees between 2009 and 2011 as an integrated measure of the
competitive situation of the company and its ability to grow and provide
manufacturing jobs in its European locations. The dummy variables “robot use"
and “intensive use of industrial robots” as defined above will be used as the key
independent variable to explain the competitive and employment effects. Other
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independent variables, which might be relevant factors to explain competitive
positions and employment developments on the company level, basically correspond
to the set of independent variables already used to explain the utilisation of robots and
the relocation of manufacturing activities as described in the sections above.
To identify the main determinants of labour productivity in manufacturing
companies, a multivariate regression model is employed. The firm's labour
productivity is measured as the logarithm of value added (total turnover minus
inputs) per employee and serves as the dependent variable of the model.
In order to account for overall productivity effects, a second multivariate regression
model with the total factor productivity (TFP), measured as the logarithm of value
added (total turnover minus inputs) divided by the sum of labour cost and
depreciation of machinery and equipment, as the dependent variable of the model, is
utilized.
For the identification of the main explaining factors for employment growth in
manufacturing companies, another multivariate regression model is used. The
dependent variable of employment growth is measured as the logarithm of the
difference of its number of employees in 2011 compared to 2009, calculated as the
percentage of change compared to 2009. For methodological reasons the dependent
variable was split into an indicator of the degree of positive employment growth and
one of the degree of negative employment growth.

2

Current state of knowledge

The following chapter provides an overview of the current state of knowledge
concerning the use and impact of robotic systems and manufacturing relocation
activities.
In order to create a common understanding of robotic systems in the context of this
study automation, robots and robotic systems will be defined. Subsequently, the
dissemination of robotic systems, and therefore the relevance of an analysis of their
impact, will be outlined. This is followed by an overview of the most important
available qualitative and quantitative studies investigating the effects of robot
utilisation and automation. Conclusively, literature on relocation of manufacturing
activities is reviewed.

2.1

Definition of automation, robots and robotic systems

Robotics represent a substantial subset of automation (Nof, 2009). This implies that
robots can be part of automated systems. Nevertheless, the latter comprise more
elements than just robots and thus, they show enhanced characteristics and abilities.
Consequently, in a first step the term automation will be outlined before robots and
robotic systems are defined. Finally a differentiation between automation and robotics
will be made.
2.1.1

Automation

The term automation can be specified in many different ways: from representing only
the process of automating production (The Automation Federation, 2014) through to
describing a predetermined sequence of operations and actions that is performed
independently with little or no human intervention (e.g. Gupta and Arora, 2007; Mittal
and Nagrath, 2003). A brief definition that outlines automation in an industrial
context, suitable for the present study, is given by the International Organization for
Standardization (ISO). It defines automation as “[t]he implementation of processes by
automatic means” (ISO/TR 11065:1992).
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In that context automation comprises four basic elements:
1. platforms (usually machines, tools, devices, installations and systems)
2. autonomy (which is defined through organization, process control, automatic
control, intelligence and collaboration)
3. processes (e.g. actions, operations, functions)
4. power sources
The design and development of all these components is conducted by humans.
However, the processes and chains of activities are executed without human
involvement (Nof, 2009).
2.1.2

Robots and robotic systems

According to the scope and objectives of this study we only consider industrial robots
as distinct from service robots.6 According to Stauffer (1979) an industrial robot in
general is a mechatronic device designed to automatically manipulate or transport
parts or tools or, more precisely, according to the ISO definition also used by the
International Federation of Robotics (IFR) “[a]n automatically controlled,
reprogrammable, multipurpose manipulator programmable in three or more axes,
which can be either fixed in place or mobile for use in industrial automation
applications” (ISO 8373:2012; IFR 2013a). Consequently, an industrial robot:
1. executes its tasks without any external commands during the process
(“automatically controlled”),
2. can have its motions changed without someone changing its hardware
(“reprogrammable”)
3. can be adapted to different operational domains with physical alterations (e.g.
changing tools or graspers – “multipurpose”).
In summary, a high degree of flexibility and variability in its motions and activities can
be considered the unique features of an industrial robot (Hunt 1983; IFR 2013a).
Since an industrial robot consists of several components such as a mechanical
structure, sensors, a computing and a control unit (Ceccarelli, 2004; Nof, 2009) it is
often referred to as a robotic system (e.g. Jacak, 1999; Liu et al., 2009; Shah et al.,
2013; Tzafestas, 1992).
2.1.3

Automation and robotic systems

As already mentioned above, automation is considered a superset of robotics,
meaning that beyond similarities they both share (like automatic control) automation
goes further. In contrast to robotic systems automation is not centred on single tasks
or activities, but comprises whole sequences of operations. Furthermore, automation
has a more global view on the production system, as it for example also integrates
decision-making, planning and optimization activities and collaboration as well as
enterprise resource planning automation.
6 It has to be noted, that the classification of a robot into one of the two categories is

done based on its intended field of application (IFR 2013c). Therefore, we consider
only robots that are used in an industrial context. IFR 2013c keeps information on
service robotics available.
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In addition to robotic systems, automation according to Nof (2009) usually includes:
1. non-robot devices (e.g. timers, valves, sensors)
2. automated machines (e.g. drills, presses, vehicles)
3. automatic inspection machines or measurement workstations
4. inter-linkage installations (for example elevators, conveyors and railways)
5. control systems (e.g. decision making systems, production planning systems,
enterprise resource planning systems)
Nevertheless, robotic systems may be part of an automated system, but their explicit
focus is on the automation of motion and mobility.

2.2

Dissemination of robots

In this section the dissemination of robots worldwide, in Europe and in the countries
that are analyzed in this study will be outlined in order to demonstrate the relevance
of industrial robots in general and to underline the importance of an analysis of its
impact in particular.
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Figure 2-1: Global operational stock of industrial robots from 2005 to 2014 including a
forecast for 2018.
The IFR 2013d data shows that in a global perspective there was a continuous rise of
the stock of operational industrial robots between 2005 and 2014, except for a decline
in 2009 due to the global economic crisis (cf. Figure 2-1). On average, the annual
growth rate amounts to 5%. A total increase of 60% from 922,838 robots in 2005 to
1,480,778 in 2014 proves the growing importance of industrial robots, especially in
the past few years. From 2010 to 2014 alone, the global stock of industrial robots
grew by almost 40%. It has to be noted, however, that the European share in the
global stock of industrial robots, fluctuating between 28% and 34% within the time
period from 2005 to 2014, has been decreasing since 2009. IFR (2015) even predicts
a decrease to 22% of the global stock for Europe. Nevertheless, the absolute number
of industrial robots in stock in Europe shows a continuous increase within the period

March 2016

25

Analysis of the impact of robotic systems on employment in the European Union

under consideration. These figures highlight the importance for deeper analyses of the
impact of the growing number of industrial robots in Europe.
A more detailed overview of the stock of operational industrial robots for selected
countries is given in Figure 2-2; the countries with the highest values are displayed as
well as the countries analysed in this study. Except for Japan all countries increased
their amount of installed robots between 2007 and 2012. However, Japan still
accounts by far for the highest number of robots compared to the countries
considered. Large increases in the stock of robots within the five-year period can be
recorded in the Republic of South Korea (93%) and China (305%). When the smaller
countries in this study are analyzed, the Netherlands, Austria and Switzerland have
high growth rates of around 20% and higher, whereas the bigger countries, France,
Spain and Germany lag behind these figures. Sweden, having a remarkable stock of
industrial robots for the size of its economy, shows a lower growth rate than the other
smaller countries with 11%.
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Figure 2-2: Stock of operational industrial robots in 2007 and 2012 for selected
countries.
In Figure 2-3 the number of industrial robots per 10,000 employees in the
manufacturing industry can be seen for 2007 and 2012. This ratio can be regarded as
an indicator of the degree of automation.7 The Republic of Korea, Japan and Germany
are the leading nations – the other countries follow with a certain gap. A big variety of
the degree of automation can be registered among the countries relevant to this
study. Interestingly, Sweden is in the fourth place, after Germany. It has to be noted,
that except for Japan, all nations increased their number of industrial robots per
10,000 employees between 2007 and 2012.

7 The countries that have been considered for EU- and World-values are listed in Table
Annex 5.
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Figure 2-3: Number of industrial robots per 10,000 employees in manufacturing
in selected countries in 2007 and 2012 (ISI rev. 4:C).
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Figure 2-4: Operational stock of industrial robots in Europe by main branches of the
manufacturing industry in 2007 and 2012.
In Europe, manufacturing accounts for 288,805 out of 325,859 industrial robots in
2007, representing a share of 89%. In 2012 this figure decreased by a little to 86%
(328,921 out of 380,546 installed robots). The automotive sector is by far the largest
operator of industrial robots in Europe and even increased its stock of robots by 10%
between 2007 and 2012 (Figure 2-4). Metals and metal products are the second most
important industry concerning robot utilisation, also showing a steep rise in the
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analyzed time period. It is followed by plastics and chemical products, whose robot
utilisation is quite stable. After the food and beverages industry the electrical and
electronics industry accounts for a significant share of operated industrial robots.
Other industries, such as glass, ceramics, stone and minerals products, wood and
furniture, paper and paper products, as well as textiles and leathers can be neglected.

2.3

Impact of automation and robotics on economic growth,
competiveness and employment

This section covers the various effects automation and robotics exhibited for the socio
economic field by a structured literature review. Robotics as a “key transformative
technology” (Robotics VO, 2013, p. 7) and automated manufacturing quintessentially
impacts on various arrays connected to economic growth and competiveness in
manufacturing. Quantitative as well as qualitative effects are reviewed, concluding
with shortcomings of previous studies in this field.
2.3.1

Impact of automation on productivity and employment

From a data-driven, statistical perspective, labour productivity captures the dynamics
of economic growth and competitiveness – among various additional indicators
(Freeman, 2008). On a country aggregation level for the EU27, a recent World Bank
study, based on the Amadeus firm-level database, reveals that the average labour
productivity has risen in all countries except Italy, Spain and Greece (Dall'Olio et al.,
2013) in the years 2002-2008 when large structural changes happened. Economists
refer to various causes for these productivity changes, in particular government
regulations, trade changes, and industry technology-driven changes (Dall'Olio et al.,
2013).
According to Miller and Atkinson (2013) automation and robotics are core drivers of
the technology-driven changes that increase productivity as key enablers for human
progress. In that context, research analyzes automation associated with productivity
and employment on different levels of aggregation: firm, industry, region, country and
on different time scales: short term, medium term and long term (Miller and Atkinson,
2013). Miller and Atkinson state that most research studies look at the long term
correlation of productivity and employment over the last 60 years, arguing about the
“causal link” between the growth of total employment and productivity.
On the one hand, the frequently cited authors Brynjolfsson and McAfee even look
further into the history in order to understand employment impacts of automation
from a historic point of view of the 19th and 20th century. Successive waves eliminated
jobs, but entrepreneurs seized new opportunities for job creation (Brynjolfsson and
McAfee, 2011). For the current digital age, the authors Brynjolfsson and McAfee
(2011) ultimately believe that productivity gains remain, but meanwhile former typical
types of jobs are likely to be replaced by more flexible and cheaper routines of
installed machines (Rotman, 2013). As a solution they discuss counteracting the
accelerated speed of continuous improvements of automation through investments in
the complementary human capital, particularly education and skills. On the other hand
Miller and Atkinson (2013) summarize several IMF economists’ papers stating various
effects, that especially in the short term, cyclical factors like recessions sparking
declines in employment, finding at the same time that the long-term technology
changes are not responsible for it.
Stochastic models like the one introduced by Kromann et al. (2011), using crosscountry and cross-industry data (with industrial robots as a measure for automation;
stock of industrial robots based on IFR and EU-KLEMS data: nine countries, eleven
industries for the period 2004-2007) estimate, based on time scale effects, the impact
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of labour productivity on employment. The researchers discover that automation
“…has a significant positive impact on productivity in the short run (three years) as
well as in the long run. Moreover, automation tends to reduce employment in the
short run. In the long run, however, employment increases.” Kromann et al. (2011,
p.15) remark explicitly that in some countries, within an industry, specialization
implies more difficulties in the automation process, leading to a lasting effect on
employment growth.
2.3.2

Quantitative effects of robot utilisation

This chapter reflects core considerations in studies which are directly based on IFR
dissemination data of robots, also in the context of previously launched studies of the
EC on robotics (Joint Research Centre - Institute for Prospective Technological
Studies), specifically aiming at how to support competitiveness of the EU robotics
industry (Forge and Blackman, 2010).
Robotics technology advanced sufficiently, now able to transform the work place in
cooperative working environments (Robotics VO, 2013, p. 2). Quantitative studies on
employment effects do not track explicitly these cooperative work units, however,
they do track overall industrial robot counts and employment dynamics in different
countries based on firm sizes. The most discussed published series by Metra Martech,
the latest release authored by Gorle and Clive (2013), analyzes the impacts of the use
of robots on the industrial production of goods by combining the robot use data
provided by the IFR with economic data on six selected countries. The study covers
the years 2000 up to 2016 for an outlook. The conclusions were reviewed and
discussed by IFR members.
Gorle and Clive (2013, p.1) argue that the statistics reflect (mostly) small reductions
in employment numbers in manufacturing in developed countries. At the same time
output increases and additionally an increase in robotics use can be stated, in addition
to the case of Japan. Contrary to the developed countries, the industrialising countries
unfold a marked increase in manufacturing employment and output. The study
estimates the total job creation due to robotics for up to and including the year 2008
at 8 to 10 million; for 2008 to 2011 at 500,000 to 750,000; for the period from 2012
to 2016 at 900,000 to 1.5 million; for 2017 to 2020 at 1 to 2 million. Additionally, the
robot industry generates 170,000 to 190,000 jobs in the world, as stated by Gorle and
Clive (2011, p. 5).
Tobe (2013) takes a critical view of the mere numbers of the Metra Martech Report
2011 amended by expert interviews (predecessor of the Metra Martech 2013 report)
and reviewed it. Tobe assessed the overall potential for job generation, for both
industry and service robotics. Especially jobs in SMEs and healthcare / medical
robotics are estimated to grow massively over the next few years. 21% to 24%
potentially new jobs can be assigned to service robots in manufacturing and
marketing. It concluded that Metra Martech research had determined a job-creation
ratio of 3.6 jobs for every robot deployed and that with more robots, fewer jobs are
lost.” Reviewing the Metra Martech Report, author Tobe reflects the positive value of
the tool, concurrently stating that “two areas stand out as seriously unsubstantiated
[...] 1. offsets of jobs displaced, 2. downstream jobs.”
2.3.3

Qualitative effects of robot utilisation

In this section scientific studies identifying several qualitative effects of robot
utilisation on labour debated in the research community are reviewed. The discussed
effects include possible impacts on labour skills, societal changes, trust and safety
concerning human-robot-interaction.
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The continuous rise of operational manufacturing robots will improve the quality of
jobs directly (developing, producing, maintaining and training of robots) and
strengthen the global competitiveness (Robotics VO, 2013). Both main concerns of
human-robots interaction - safety and ergonomics - improve working conditions,
reduce medical problems, and leverage the skills of robot precision and human
intelligence, effectively adding to the responsiveness of systems and overall reduced
lead times (Surdilovic et al., 2010; Robotics VO, 2013). Experts indicate that through
adopting robots to more flexible manufacturing environments, these production
systems may also be economically competitive to outsourcing to low wage countries
(Robotics VO, 2013).
Lin et al. (2011) speak in this context about “three Ds”, when robots are used to
perform tasks. These are dull, dirty or dangerous tasks in automated manufacturing
environments, which human workers do not have to execute any longer. This is a
great advantage concerning safety and health from an employee’s point of view and
due to euRobotics aisbl (2013) also concerning waste and resource use optimization
from an ecological and economic viewpoint.
On the other hand, Frey und Osborne (2013) conclude, bringing together the insights
from the World Robotics Report, the McKinsey Global Institute Report on Disruptive
Technologies (McKinsey Global Institute, 2013) and the Roadmap for US Robotics
(Robotics VO, 2013) that job profiles change in the manufacturing industry and
increasingly in a broader range of tasks, because robots have enhanced senses and
increasing dexterity, which allows them to perform a broader range of manual tasks.
An example for this is the increasing automation in science (King et al., 2009). Lin et
al. (2011) point out that human workers, who are replaced or enhanced by robots,
can focus on fields of activity, where they can make a greater impact through
acquiring creative and social skills, for example. But on the other hand a societal
change may take place if technology “dependency” through automation and robots
increases, because a gradual loss of certain skills may occur. Mital and Pennathur
(2004) state that the automation movement has resulted in significant deskilling the
American worker, because automation means little or no human intervention. Autor
and Dorn (2013) and Frey and Osborne (2013) mention an effect of computerization
in general, which could also be applied to the field of automation systems and robots
specifically and corresponds to the previously indicated deskilling issue. They point out
that by eroding wages for routine tasks, workers will reallocate to relatively low-skill
service occupations.
In the case that automation systems and robots enhance human workers instead of
replacing them, human-robot interaction has a severe impact on the outcome of the
manufacturing industry. The handling of limitations and interdependence of both,
technology and human workers is a key issue. Due to Mital and Pennathur (2004) it is
important
to
understand
work-place
stresses,
skill-training
requirements,
consequences of making errors and error reduction, which is highly linked to usability
and communication designs. Hancock et al. (2011) introduce the term trust as a
prerequisite for human-computer or robot interaction, because it directly affects the
willingness of people to accept robots’ suggestions or information. Concerning coworking robots, human safety is an issue, even more so than for automated robots,
which are working separately in a cell or cage. Forge and Blackman (2010) believe
that a new safety approach is necessary in order to improve the dissemination of
robots in manufacturing and service environments.
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2.3.4

Relocation of manufacturing activities

The movement of production activities from the home base of manufacturing
companies to foreign locations has been researched theoretically and empirically for
some time (e.g. Dunning, 1980, 1988; Stopford and Wells, 1976; Vernon, 1966,
1979). Some more recent studies show that in particular the relevance of the vertical
relocation of production activities to low-wage countries grew in the 1990s and in the
first years of the 21st century (e.g. Barba Navaretti and Falzoni, 2004; Brainard and
Riker, 1997; Egger and Egger, 2003; Mucchielle and Saucier, 1997; Pennings and
Sleuwaegen, 2000). Whereas in the past predominantly multinational enterprises
(MNEs) were active in this arena (e.g. Ayal and Zif, 1979; Buckley and Casson, 1976;
Caves, 1982), today production relocation as a replacement mode of operating foreign
direct investment (FDI) is becoming an increasingly interesting option for firms of all
sizes (Mucchielli and Saucier, 1997; Pennings and Sleuwaegen, 2000). The fifth
enlargement of the European Union in May 2004 with the joining of the ten new
Eastern European Community Countries (EECC) has accelerated the dynamics of this
development (Egger and Egger, 2006; Kinkel et al., 2007; UNCTAD 2005, 2007).
The EMS data used for this study employs a question to the surveyed companies if
they relocated parts of their manufacturing activities to foreign countries, covering a
timeframe of these activities from 2010 to mid 2012. It has to be acknowledged that
before that period of time, from mid 2008 to mid 2009, large parts of the European
industry were heavily hit by a sudden economic downturn as a consequence of the
global economic crisis. This external shock affected the European companies’ FDI and
relocation strategies significantly. The 2009 World Investment Report has conclusively
shown that the global economic crisis led to a severe reduction in global FDI flows
(UNCTAD, 2009).
Prior studies have also conclusively shown that relocation activities of companies
located in developed European countries towards the Eastern European Community
Countries (EECC) are primarily cost-driven (e.g. Mucchielle and Saucier, 1997;
Pennings and Sleuwaegen, 2000). For relocation activities targeted at Asian countries
and specifically China, the search for lower labour costs plays an important role, too,
but market seeking motives are almost an equally strong driver (Kinkel and Maloca,
2009; Kinkel, 2012). As most EECC were suffering harder and longer from the
consequences of the economic crisis than the emerging economies in Asia, particularly
China, companies targeted their cost and market seeking relocation activities
significantly more often at the further growing Asian emerging economies (Kinkel,
2012).
2.3.5

Shortcomings of current research studies

Although most studies clearly define their research question as theory driven, they are
often challenged with sorting out and classifying various dynamic employment effects
over region, time, and on the firm level. Furthermore, the chosen deterministic (e.g.
Gorle and Clive, 2013) and probabilistic models (e.g. Kornman et al., 2011) establish
hypothesis structures without clearly enough defined dependant, independent
variables and interdependent effects. The definition and operationalization of the
theoretical constructs is of imminent importance, being able to clearly distinguish
related theoretical concepts.
As most quantitative research studies depend on IFR data, the data seems to lack the
much needed robot use statistics on the firm level. Raw use or not-use data seems to
be not sufficient and unable to capture the use of the potential of robots interacting
with humans. Ultimately, based only on the utilisation data, additional difficulties have
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to be considered, as Rotman (2013) states: "One reason […] to pinpoint the net
impact on jobs is that automation is often used to make human workers more
efficient, not necessarily to replace them.” It is assumed that most studies would have
benefited largely to incorporate various scenarios, comparing them, and being able to
discuss and possibly falsify them.
The qualitative research studies depend principally on expert interviews, or multiple,
large organized workshops bringing together experts of adjacent research and
practitioner fields. As such these are adequate approaches to analysing a
transformative technology like robotics in the context of employments effects.
Qualitative employment studies may capture new causal effects, especially for the
research of robotics as a transformative technology, where scientists from various
research areas are involved. But essentially they do lack the ability to interpret and
analyse economic
key
numbers
like long-term
industry
changes,
and
internationalisation effects. The EU countries reflect strong networks with constant
changes which can be tracked much better by longitudinal studies, and which are able
to precisely compare different employment effects over a timeframe.

3

Analysis of robot utilisation

This chapter includes a profound descriptive analysis of the employment of robots in
the seven selected countries and a descriptive analysis of the relocation of
manufacturing activities to countries outside of Europe. Thus, an overview of the
characteristics of robot users is provided and the basis for further analyses is
established. Subsequently, model-based analyses are conducted to try to determine
first the factors which explain robot use and second, the effect of robot use on
relocation activities taking into account other explanatory factors.

3.1

Descriptive analysis of robot utilisation

As a fundamental first step an extensive descriptive analysis of robot utilisation by
firm size, industry and country will be delivered in this section.
3.1.1

Robot utilisation by firm size

As expected, larger firms use industrial robots much more frequently in their
production processes than smaller firms (Figure 3-1). According to the weighted data
(i.e. data of the survey sample was weighted according to the size and industry
structures in manufacturing in the respective country as presented on page 18) 24%
of all firms in the selected countries with 20 to 49 employees are making use of
industrial robots in their factories. The use rate increases almost linearly with the size
group of the surveyed companies: 38% of the companies with 50 to 249 employees
are users of industrial robots, compared to 54% of the companies with 250 to 999
employees and 70% of the companies with 1,000 and more employees.
Thus, the size of the company, measured as the number of employees, is a clear
predictor for the frequency of robot use in industrial companies. This is due to the fact
that larger companies have more experiences with the introduction of advanced
production technologies and more possibilities and higher economies of scale to make
efficient use of industrial robot systems. The small differences between the weighted
values and the unweighted values are an indication that the survey sample represents
the parent population of manufacturing companies in the selected countries quite well.
However, the unweighted data is to a small degree biased towards larger firms.
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unweighted data

weighted data

24%
24%

20 to 49 employees

39%
38%

50 to 249 employees

55%
54%

250 to 999 employees

72%
70%

1000 and more employees
0%

Share of firms

100%

Source: European Manufacturing Survey 2012, 7 countries. Fraunhofer ISI

Figure 3-1: Shares of firms using industrial robots, by company size.
3.1.2

Robot utilisation by industry

The results obtained when differentiating robot utilisation by industrial sectors are
highly predictable (Figure 3-2). According to the weighted values, manufacturers of
transport equipment and manufacturers of rubber and plastic products have the
highest share of companies which use industrial robots in their production processes,
with 46% and 43% respectively. This may be basically caused by the large volumes
and batch sizes these sectors are able to run in their production processes and in
particular in their assembly processes, which allow for intensive investments in
advanced automation technologies.
Manufacturers of metals or metal products and manufacturers computers, followed
closely by manufacturers of electronic and optical products with a level of 37% and
36% of robot use in their companies are on the ranks three and four. Here, the
production and assembly processes are performed with smaller volumes and batch
sizes, due to a higher degree of customized and specialized processes and labourbased assembly tasks (manufacturers of computers, electronic and optical products)
or a higher share of rather small firms (manufacturers of metals or metal products).
Though the chemical and pharmaceutical industry mainly uses process engineering
technologies for large parts of their bulk goods, automation technologies come more
and more into play for their piece goods processes, for tasks dealing with hazardous
substances or for packaging, leading to an overall robot utilisation rate of 32%. The
situation for the wood, paper and printing industry is similar. While their key
processes show small potentials for utilizing robots, ancillary processes like packaging,
palletising and providing paper for presses for example, offer at least some
opportunities for robot utilisation, resulting in 30% of firms using robots in that
industry. These developments have been made possible by considerable
improvements of pick-and-place robots. The same arguments apply for the food,
beverages and tobacco industry, where 29% of the firms are using robots.
In the case of manufacturers of electrical equipment, production processes are
ambivalent, which is reflected by a moderate robot utilisation rate of 28%. On the one
hand plenty of standard components are usually produced in large volumes, offering
potential for automation. On the other hand there is still a high amount of labourbased assembly tasks and of highly customized production processes. A similar
explanation, customized processes requiring highly qualified labour for the assembly of
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high-tech machinery, holds true for the even lower rate of 24% of companies in the
machinery sector which use robots. The small batch sizes in that industry reinforce the
low automation level.
The textiles industry can be found on the last rank, with a share of 19% of firms using
robots. Since the industry uses different production technologies and as it is still in
need of a high amount of manual activities, automation is too expensive which paves
the way for very extensive off-shoring activities towards low-cost countries. Due to
increasing wage levels, also in the target countries of such off-shoring activities,
however, there is a trend towards automation. The differences between the weighted
values and the unweighted values for certain sectors are an indication that the survey
sample is somehow biased as far as those sectors are concerned. A weighting
procedure might be reasonable to adjust for those differences.

unweighted data

weighted data
55%

Transport equipment (29 30)

46%
44%
43%

Rubber & plastics (22 23)

39%
37%

Metals industry (24 25)

36%
36%

Electronic & opticals (26)

37%
34%

Other products (19 31 32 33)
Chemical & pharmaceuticals
(20 21)

34%
32%

Wood, paper, printing
(16 17 18)

31%
30%

Food & beverages (10 11 12)

34%
29%

Electrical equipment (27)

34%
28%

Machinery (28)

27%

Textiles (13 14 15)

19%

0%
Note: sector classification
based on NACE Rev. 2

28%
24%

Share of firms

100%

Source: European Manufacturing Survey 2012, 7 countries. Fraunhofer ISI

Figure 3-2: Shares of firms using industrial robots, by industries. 8
The IFR 2013d data on the operational stocks of industrial robots in the seven selected
countries in 2012 shows a much larger concentration of robot installations in specific
manufacturing industries (Table 3-1). According to that data, the lion’s share of
industrial robots was installed by the automotive industry, which accounts for 56% of
all industrial robot stocks in the manufacturing industry alone. This dominant position
8 Regarding the comparison over time, it has to be noted that the change of the sector

classification from NACE Rev. 1.1 to NACE Rev. 2 makes it difficult to compare specific
sectors in an descriptive view.
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is plausible considering the fact that the large players in this sector are able to run
very large volumes and batch sizes in their efficiency-driven and highly automated
production processes. We can conclude: There might be “only” 46% of robot users
(i.e. firms using at least one robot) in the automotive industry. However, in particular
the large multinational OEMs and first-tier suppliers in this sector have a large
installed base of industrial robots within their factories.
A clear second rank in industrial robot installations goes to the metal and metal parts
industry which accounts for 15% of operational stocks in the manufacturing industry.
Rank three goes to the manufacturers of rubber and plastics products with 9%. Both
positions fit nicely with the above average user rates of companies using industrial
robots reported above. The food and beverages industry with 6% and the electrical
and electronics industry with 5% follow on ranks four and five. Both industries are
characterized by large multinational players which account for a decent amount of the
reported robot installations. The same argument holds for the chemical industry which
is on rank six with 3% of robots installed in manufacturing. All other industries show
rather negligible shares of industrial robot stocks in total manufacturing.
Table 3-1:

Operational stocks of industrial robots by manufacturing sectors in the
seven selected countries in 2012.9
Total no. of industrial robot applications 2012
AT

FR

DE

NL

ES

SE

CH

Countries'
total

% of
total C

91

2,657

5,975

691

2,473

533

434

12,854

5.7%

5

57

222

7

94

1

12

398

0.2%

Wood and furniture (16)

42

152

943

20

393

272

43

1,865

0.8%

Paper (17-18)

15

311

519

17

40

26

13

941

0.4%

79

1,108

4,471

83

580

237

226

6,784

3.0%

1,187

2,720

12,503

659

1,824

655

624

20,172

9.0%

Industry (ISIC Rev. 4)
Food and beverages (10-12)
Textiles (13-15)

Chemical products (19-21)
Rubber and plastic (22)
Glass, ceramics, etc. (23)
Metal industries (24 25 28)
Electrical/electronics (26-27)
Automotive (29)
Other vehicles (30)
Other manuf. sectors (31-33)
C – Manufacturing

23

532

2,409

90

638

31

10

3,733

1.7%

1,292

3,642

19,435

1,440

3,999

3,560

1,063

34,431

15.3%

270

825

7,890

533

515

278

248

10,559

4.7%

1,583

18,330

86,267

630

16,035

2,895

567

126,307

56.1%

35

391

663

54

204

43

31

1,421

0.6%

125

449

3,877

23

608

365

178

5,625

2.5%

4,747

31,174

145,174

4,247

27,403

8,896

3,449

225,090

100.0%

Source: Data based on WORLD ROBOTICS 2012 - 06th August 2014 (IFR 2013d). Own calculations

3.1.3

Robot utilisation by country

The analysis of robot utilisation in the seven selected countries (Figure 3-3) shows
that industrial companies in Spain and France most frequently use industrial robots in
their production processes. According to the weighted value 47% of the Spanish firms
and 42% of the French firms used robots in their factories in 2012. Switzerland and
Sweden follow in third and fourth place of robot utilisation with a level of 39% and
35% respectively. Ranks five and six were reported by Austria and Germany with 32%
and 29% of firms using industrial robots in their countries. The seventh and last place
of the ranking was held by the Netherlands, which reported that 24% of domestic
firms use industrial robots. In all countries the share of robot-using firms increased in
comparison to EMS 2009, except for Spain, where a decline of 1% can be stated, and
9 Due to differences in the methodological approach, the IFR data in this table cannot

be compared one-on-one to EMS 2012 data, though a good indication can be given.
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Germany where the share remains constant. Again, the comparison of the results
based on weighted as well as unweighted data shows no major differences. The
exception is Sweden, where the sample, and accordingly the unweighted values,
clearly overrepresent medium and large firms. Thus, weighting procedure seems to be
necessary to get insights of the manufacturing sector in Sweden.
As can be seen, the differences between the first and the last countries in the robot
utilisation are quite remarkable. The quota of firms using robots in Spain is almost
double the subsequent value of the Netherlands. These differences cannot be simply
linked to the wage levels in the different countries as a factor of pressure to substitute
labour by capital. Countries with a comparatively low wage level like Spain show a
significantly higher quota of firms using robots than countries with a relatively high
wage level like Switzerland, Sweden, Germany or the Netherlands.

unweighted data

weighted data
52%
47%

Spain

47%
42%

France

42%
39%

Switzerland

43%

Sweden

35%
38%
32%

Austria

Germany

32%
29%
26%
24%

Netherlands
0%

Share of firms

100%

Source: European Manufacturing Survey 2012, 7 countries, Fraunhofer ISI

Figure 3-3: Shares of firms using industrial robots, by countries.
Differences in the size structure of the companies in the different countries do also not
properly account for the variations in robot utilisation: Spain in comparison to the
other countries has the lowest share of large firms with 250 to 999 employees and
very large firms with 1000 and more employees. Taking into account the clear pattern
of higher user rates of industrial robots in larger firms as reported, the share of firms
with a high propensity of using robot technology are relatively low in Spain. Vice
versa, according to size structures, Germany with the second biggest share of large
and very large firms has the highest number of firms with a high propensity of robot
use. Neither can the sectoral differences in the selected countries fully explain the
different robot utilisation levels in the selected countries. There are some significant
patterns like the higher shares of machinery or electrical equipment companies and a
relatively low share of food and beverage producers in Germany compared to the
highest shares of consumer products in Spain. However, these sector patterns are not

March 2016

36

Analysis of the impact of robotic systems on employment in the European Union

sufficient to understand the clearly different robot use rates in the selected countries
when bearing in mind the average user rates by industries. Thus, at a first glance, the
finding of a high share of robot users among manufacturing companies in Spain
contradicts existing statistics on industrial robot utilisation which see Germany among
the top level group ranked right after Japan and the U.S.
However, it has to be carefully taken into account that the question deployed in the
EMS survey does not target the number of robots used inside the firm (i.e. installed
base), but the number of firms that make use of – at least one – industrial robot (i.e.
industry diffusion). Hence, the findings reveal that industrial robot usage in Spain
spreads among a comparably high number of firms, while in Germany robots are
utilized by a comparably lower number of companies. Thus, in Spain the number of
firms using industrial robots measured against the total number of firms located in
Spain is higher than in Germany whereas the total number of robots used as well as
the average number of robots used per firm is much higher in Germany. As a result in
Germany the percentage of firms using industrial robots is quite low but those who
10
utilize robots utilize them in very high quantities.
3.1.4

Intra-firm degree of robot utilisation

Overall, there seem to be some country-specific factors which account for a decent
part of the different shares of companies using industrial robots. These might lead to
different company behaviour, e.g. that in some countries companies are eager to try
out industrial robots even restricted to pilot areas, whereas in other countries a clear
economic rational dominates the decision to invest in industrial robots for a broader
potential of use. One indicator that can help to uncover such behaviour is the “extent
of actual utilized potential” of industrial robots in the respective factory, rated as “low”
for an initial attempt to utilize, “medium” for partly utilized and “high” for extensive
utilisation in relation to the most reasonable potential utilisation.
The resulting picture of the shares of companies with intensive use of industrial robots
by the selected countries (Figure 3-4) shows relatively slight differences compared to
the results of overall robot using companies in the respective countries. When taking
into account the extent of actual utilized potential Spain still holds rank number one
with a share of 30% of firms using industrial robots intensively in comparison to the
most reasonable potential utilisation. The gap to the second position has become even
wider, as Spain also shows the highest ratio of intensive users of industrial robots with
68% compared to all robot users. France, on the second rank, has a share of 19% of
intensive robot users of all companies, whereas almost half of the robot users are
intensive users (49%). Switzerland, Austria and Germany following on ranks three,
four and five have a much lower share of 15%, 12% and 11% of intensive robot users
of all companies. Looking at intensive robot users compared to robot users, the gap
between those three countries gets even smaller. In Switzerland 40% of the robot
users use robots intensively, while in Austria and Germany 39% do so. Sweden, by
contrast, has lost ground in this ranking. With a share of 10% intensive robot users
among all companies and 29% among robot users, Sweden falls back from rank three
to rank five. The Netherlands show the lowest rate of companies using industrial
robots intensively in their factories with 5% and with 19% of robot users using them
intensively. In almost all selected countries, the share of intensive robot users
increased in comparison to EMS 2009. However, for the Netherlands a remarkable
decrease of firms using robots is reported.

10 A table on the distribution of industrial robots on firms in Spain and Germany is

displayed in the appendix, Table Annex 6.
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Overall, by taking into account the extent of the utilized potential of using industrial
robots in the surveyed companies, the gaps in robot utilisation rates between the
selected countries has even widened, with Spain showing a weighted value that is
almost six times as high (30%) as the comparable values of the Netherlands (5%).
Therefore, national or cultural factors leading to differences in the willingness to try
out robots only in pilot areas or to invest in particular when potentials can be utilized
rather broadly or to perceive unused potential, did not narrow or significantly change
positions in the above reported country differences in robot use per company.
However, the dissemination of industrial robot use will be viewed quite differently
depending on discussing the question whether (at least one) robot is used in
production or when discussing whether the full potential of robot applications is used.

Intensive users in % of all companies

Intensive users in % of all robot users
30%

Spain

68%
19%

France

49%
15%

Switzerland

40%
12%

Austria

39%
11%

Germany

39%
10%

Sweden

Netherlands
0%

29%

5%
19%
Share of firms

100%

Source: European Manufacturing Survey 2012, 7 countries, Fraunhofer ISI

Figure 3-4: Shares of firms with intensive use of industrial robots, by countries,
weighted data.
In comparison to the preceding analyses of robot use which refers to the number of
firms who apply robots, data of World Robotics allow a view of the total amount of
robots used within a country without referring to the number of companies. IFR 2013d
reports the operational stocks of industrial robots (Table 3-2). In operational stocks
Germany shows by far the highest value of industrial robots installed in manufacturing
sectors until 2012 with more than 145,000 units, more than four times the value of
France following in second place with almost 31,000 units. Spain ranks third with
almost 27,000 units installed, more than three times the value of Sweden following in
fourth place with almost 9,000 operational robot stocks.
Taking the number of manufacturing sites into account, the picture remains quite the
same. Germany still shows the highest average number of 3.3 installed robots per
company. Sweden follows with an average value of 2.4, then Spain, France and
Austria follow with average values of 1.7 to 1.2 operational robot stocks per firm. The
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Netherlands and Switzerland here still show values less than 1.0. The prominent result
of Germany might be explained by the dominance of the large German automotive
OEMs and first tier suppliers in the surveyed subject, which still account for the lion’s
share of operational stocks of industrial robots. This argument holds true also for
Sweden.
Table 3-2:

Operational stocks of industrial robots in manufacturing and number of
production sites in the seven selected countries in 2012

# firms
in 2011 (1)
4,095

Country
Austria

# of robot
installations in
manufacturing in
2012 (2)
4,747

Robots per
company (3)
1.16

France

22,551

31,174

1.38

Germany

43,554

145,174

3.33

5,108

4,247

0.83

16,183

27,403

1.69

3,633

8,896

2.45

The Netherlands
Spain
Sweden

Switzerland
5,270
3,449
0.65
Note: (1) Number of manufacturing sites in 2011 according to Eurostat data resp. national
statistics. (2) based on IRF data. (3) own calculation.

3.1.5

Dynamics of the diffusion of robot utilisation

In this section the recent developments and dynamics in the utilisation of robotics will
be presented. Therefore, the share of companies that has reinvested in improved
robot technology since 2009 will be analyzed by country and firm size.
It has to be noted, that reinvestments in improved robot technology can have diverse
reasons and allow for different conclusions. First it can be assumed, that only firms,
which have had good experiences with robots and which could benefit from the
utilisation of robots, are eager to reinvest in improved technology. Upgrading robot
technology can also mean that firms doing so want to profit from the latest
technological developments, resulting in either a better performance in existing
processes or in completely new application domains. Finally the reinvestment shares
allow conclusions on the level of modernisation of the installed robot base. The higher
the share, the more modern the robots will be.
As Figure 3-5 shows there are big differences among the countries analysed. The first
three countries are close together, with France in first place showing a share of 31%
of firms having used upgrades since 2009. Spain ranking second and Switzerland
ranking third follow with shares of 30% and 29% respectively. Sweden, Austria and
Germany are, with a certain gap, on the ranks four, five and six, having shares of
22%, 20% and 19%. The Netherlands have a comparably low share of firms that have
reinvested in robot technology with 7%, which places them with a big gap on rank
seven.
Taking the recent increase of robot utilisation in France (Figure 3-3) and the high
reinvestment quota into account there seems to be a trend towards robotization in
France. However, since the total number of installed industrial robots between 2007
and 2012 remains constant and the number of enterprises in France is decreasing
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(Eurostat 2016a)11, it is likely that especially the enterprises not making use of robots
have disappeared. It can also be concluded that a modernization of the installed robot
base, in form of a replacement of older robots, is taking place. For Spain the situation
looks differently. Since the reinvestment quota is pretty high, but neither the stock of
robots in use nor the share of firms using robots changes dramatically, it can be
concluded that firms utilising robots are modernizing their installed base.
An increasing stock of robots in Switzerland, as well as an increasing share of robot
users combined with a high share of firms that have used updates indicate that robot
users, as well as former non-robot users have invested in robots. However, in Austria
a growing share of firms using robots and the low share of firms having upgraded
since 2009 lead to the conclusion that mainly former non-robot users have invested in
industrial robots. In Germany, the number of enterprises in manufacturing as well as
the share of firms using robots remain on a constant level, whereas the total number
of robots in use is increasing. Besides an increasing concentration of robots in a
number of firms modernization of the installed robots can be assumed. Finally, it
seems that in the Netherlands, when looking at the increasing number of utilised
robots as well as at the slightly increasing share of robot users, it is mainly former
non-robot users who have invested in robots, since the reinvestment quota is quite
low.
Robot use and upgrade since 2009
Robot use without upgrade since 2009
France

31%

Spain

30%

Switzerland

29%

Sweden

22%

Austria

20%

Germany

19%

Netherlands

7%

0%

12%
17%
10%
13%
12%
9%

16%

Share of firms

100%

Source: European Manufacturing Survey 2012, 7 countries, Fraunhofer ISI. Weighted data.

Figure 3-5: Share of robot users that have made reinvestments in improved robot
technology since 2009 by country.

11 Only the manufacturing industry and enterprises with at least 20 employees have
been taken into account.
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The share of firms that have upgraded its installed robot base since 2009 split by firm
size provides the same hierarchy as the actual utilisation of robots does (Figure 3-6).
Not only do larger firms use a higher share of robots, but also more of them have
reinvested in the three years prior to the survey. Firms with 20 to 49 employees show
the lowest reinvestment share with 14%, whereas companies with 50 to 249
employees and 250 to 999 employees show higher shares with 26% and 42%
respectively. As expected, companies with 1,000 and more employees show by far the
highest share of reinvestments in new robot technology with 58%.
These figures are quite alarming, when considering the fact that SMEs are already
lagging behind large companies concerning robot utilisation and that instead of
catching up, they are losing ground. Probably, there is still a lack of flexible and
scalable robot solutions which is suitable for SMEs.
Robot use and upgrade since 2009
Robot use without upgrade since 2009
20 to 49 employees

50 to 249 employees

14%

9%

26%

250 to 999 employees

12%

42%

1000 and more employees

12%

58%
0%

13%
Share of firms

100%

Source: European Manufacturing Survey 2012, 7 countries, Fraunhofer ISI. Weighted data.

Figure 3-6: Share of robot users that have made reinvestments in improved robot
technology since 2009 by firm size.

3.2

Descriptive analysis of relocation of manufacturing activities
to countries outside Europe

In the following, the share of companies that relocated parts of their manufacturing
activities outside their home country, and in particular outside European borders, will
be analyzed by the size of the firms, the industrial sectors and the seven selected
countries of this study. As there are huge differences in the frequency of relocation
considering offshoring abroad in general and offshoring outside the EU or Switzerland,
both shares are considered in these descriptive analyses.
3.2.1

Relocation of manufacturing activities by firm size

As expected and well known from literature, the size of the company is positively
related to the probability of production relocation to foreign countries and outside
Europe. Large companies are significantly more often multinational companies, have
more plants and more often have already gathered experiences with cross border
production and relocation activities (e.g. Dunning, 1980, 1988; Pennings and
Sleuwaegen, 2000; Rugman and Hodgetts, 2000). They have also better financial and
personnel capacities to plan, finance and absorb the costs of the relocation investment
(Caves, 1982; Fillis, 2001; Pennings and Sleuwaegen, 2000).
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According to the weighted values displayed in Figure 3-7, the analyses show that large
firms with 1000 and more employees are clearly the most active in production
relocation activities to foreign countries (41% of all companies of that size class) as
well as to countries outside Europe (16%). Companies with 250 to 999 employees are
also relocating production activities more frequently than the overall average abroad
(26%) or outside Europe (7%). Companies with 50 to 249 employees represent very
well the overall average of firms active in these offshoring activities (11% resp. 3%)
with their share of firms offshoring production abroad or outside Europe (12% resp.
3%). Small companies with between 20 and 49 employees show relocation quotas
which are further below these average values with 6% and 1%, respectively.

Offshoring production outside Europe
Production offshoring abroad
20 to 49 employees

1%
6%
3%

50 to 249 employees

12%

7%

250 to 999 employees

26%
16%

1000 and more employees
0%

41%

100%
Source: European Manufacturing Survey 2012, 7 countries. Fraunhofer ISI

Figure 3-7: Shares of firms relocating production activities abroad or outside Europe
between 2009 and mid 2012, by company size, weighted data.
Besides the overall quota of firms relocating production activities outside the EU, there
is also a difference between large firms and SMEs regarding the ratio of extra EU
relocating companies at all relocating companies. In very large companies with 1000
and more employees this ratio is around 40%, whereas in small companies with 20 to
49 employees this ratio is only around 17%. Medium sized companies with 50 to 249
and large companies with 250 to 999 employees have rates around 25%. That shows
that SMEs are not only more reluctant to production relocations abroad overall than
larger companies are, but they also focus relatively more often on near-shore
locations within the EU, whereas larger companies more frequently go far-shore
outside Europe. It also has to be noted, that in comparison to EMS 2009 overall
relocation activities have decreased. This might be the result of a consolidation
process and a concentration on existing production capacities and plants after the
global economic crisis.
3.2.2

Relocation of manufacturing activities by industry

When looking at sectoral differences in production offshoring frequency (Figure 3-8), it
becomes obvious that the manufacturers of computers, electronic and optical products
and the machinery industry show the highest shares of companies which have
relocated production activities to foreign countries (21% and 17%). However, the
share of companies which have relocated production activities outside Europe is
significantly higher in the electronic and optical industry (8%) than in the machinery
sector (4%).
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Therefore, the manufacturers of machinery seem to be more focused on the
production centres in the European Union, as only 24% of relocating companies of this
sector are targeting far-shore outside Europe. A reason for this might be found in the
need for qualified personnel, which is easier to be found in Europe. In contrast, in the
electronic and optical industry this ratio goes up to 38%, because the production hubs,
the centres of excellence and to a large part also the relevant markets are outside
Europe in this sector.
Manufacturing sectors which are also relocating above average outside Europe are the
manufacturers of chemical products and pharmaceuticals (with 6% of its companies
which have relocated production activities outside Europe) and manufacturers of
transport equipment (3%). In these industries, a relevant potential of markets and
production alternatives seems to be outside the European Union and Switzerland,
causing their companies to build up relevant shares of their production activities in
these markets. Thus, 43% of relocation activities in the chemical industry and 25% of
relocation activities in the transport equipment industry are targeting countries outside
Europe.

Offshoring production outside Europe

Production offshoring abroad
8%

Electronic & electrical & optic
(26 27)

21%
4%

Machinery
(28)

17%
6%

Chemical & pharmaceuticals
(20 21)

14%
3%

Transport equipment
(29 30)

12%

Rubber & plastics
(22)

1%

Other products
(17-23 26 36 37)

2%

Metals industry
(24 25)

2%

Food & beverages
(10 11 12)

0%
3%

11%
9%
8%

0%
Note: sector classification
based on NACE Rev. 2

Share of firms

100%

Source: European Manufacturing Survey 2012, 7 countries. Fraunhofer ISI

Figure 3-8: Shares of firms relocating production activities abroad or outside Europe,
by manufacturing industries, weighted data.
In contrast, manufacturers of rubber and plastics products, manufacturers of metals
and metal products, as well as manufacturers of food, beverages and tobacco products
are much more reluctant to offshoring activities outside Europe, with marginal shares
of maximum 2% of companies active in this field. Companies in these sectors still
seem to be much more focused on local and European markets than firms of the other
sectors described above.
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3.2.3

Relocation of manufacturing activities by country

When looking at different countries, it becomes obvious that countries do not only
differ in the amount of offshoring firms but differ also considerably in the destination
regions of relocation activities. According to the results displayed in Figure 3-9,
Sweden has with 17% by far the highest share of companies which have relocated
production activities to countries outside Europe. Compared to the overall 23% of
Swedish firms that have relocated production activities to foreign countries, this
corresponds to a remarkable ratio of almost 75% of all relocating firms that have
relocated outside Europe. In all other countries this ratio is significantly lower. In
Switzerland 15% of all companies have offshored production abroad, but mainly within
Europe. Only 3% of Swiss companies have offshored production activities outside
Europe, leading to a share of 20% of all relocation activities targeting countries
outside the EU. For the Netherlands on third rank, this ratio amounts to 21%. The
shares of relocation abroad and relocation outside Europe are almost the same as in
Switzerland with 14% and 3% respectively.

Offshoring production outside Europe
Production offshoring abroad
17%
23%

Sweden

Switzerland

3%

15%
3%

Netherlands

14%
2%

Austria

12%
5%

Spain

11%
3%

France

9%

Germany
0%

2%
8%
Share of firms

100%

Source: European Manufacturing Survey 2012, 7 countries. Fraunhofer ISI

Figure 3-9: Shares of firms relocating production activities abroad or outside Europe,
by manufacturing industries.
Austria and Spain follow in fourth and fifth place with 12% and 11% of companies that
have relocated production activities abroad. They are followed by France and Germany
with 9% and 8% of companies offshoring abroad. With the exception of Spain with 5%
of companies offshoring to countries outside Europe, only between 2% and 3% of the
companies in the other countries offshored production activities outside Europe. A
difference between these countries is that Austrian and German companies relocate
production outside Europe significantly less frequently; only 17% and 25% of
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relocation activities target countries outside Europe. The non-EU relocation ratio
amounts to 33% in France and to 45% in Spain.
Germany and Austria also show by far the lowest level of firms offshoring production
activities to countries outside Europe (2%). Overall, firms from Sweden (17%) and
Spain (5%) are by far the most active in relocating production outside Europe,
targeting the production and market potentials of these far-shore locations more
intensively than the other countries during the observed period. French, Dutch and
Swiss companies seem to be more reluctant regarding relocation of production outside
Europe, as they might be culturally and historically more closely bound to countries
within the EU, in particular to the Benelux countries and the Central European member
states.
The major part of Swedish companies offshoring production activities abroad relocates
to countries outside Europe – Asia as well as America. Compared to the other six
countries considered, the Swedish economy and its companies seems to be a lot more
internationally interlinked. An explanation can be found in the size structure of
Swedish companies, which tends towards bigger companies. Sweden has by far the
highest share of large as well as very large companies and, as noted above, bigger
companies are inclined to be multinational companies, having already gained
experience with relocation of production activities and being able to provide the
financial and personnel capacities required for offshoring activities.
To fully understand the different relocation patterns in the selected countries, country
differences in internationalisation cycles also need to be taken into account. For
example, ten years ago in Sweden firms’ activities in relocating manufacturing abroad
were even higher than today – around twice as high. On the one hand, this was due to
a focus on financial issues and the high impact of management consultants who were
pushing towards offshoring. On the other hand, Sweden is a small country and has
limited human resources, thus when a firm plans to move production, it is highly
probable that it will be offshored abroad. And due to its geographic location it makes
no actual difference whether target countries for offshoring activities are located in
Southeast Europe or overseas which explains the high rate of offshoring activities to
countries outside Europe. Though offshoring activities have decreased sharply within
the last ten years, compared to other European countries they are still on a high level.
Consequently a long-term analysis can show interesting patterns in the development
of relocation activities.
Another example is given for the German manufacturing industry (Figure 3-10). At the
end of the 90s, more than one quarter of German manufacturing companies were
actively – also in a two year timeframe –relocating production activities abroad. In the
years 2002 to 2003, when the German manufacturing industry clearly saw the EU
Eastern enlargement, this level was almost reached again before the rapid decline to
the low level in mid-2009 started to emerge.
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Figure 3-10: Relocation and backshoring activities of the German manufacturing
industry over time

3.3

Determinants
companies

of

robot

utilisation

in

manufacturing

To conclusively explain the use of robots in industrial application, a descriptive
analysis is not enough. It is evident that not all companies possess the preconditions
that a large amount of their production processes can be reasonably improved by the
introduction of industrial robot systems. So far, robot systems might be mostly used
by large companies with high-volume and large batch production processes,
innovative production technologies, strong international competition and sufficiently
qualified workers which are able to run and maintain advanced robot systems
(Armbruster et al., 2006). Therefore it is necessary to check for these and other
possible factors explaining the use of robots in industrial companies, as a comparison
of the utilisation of robot systems and their effects on employment over different
sectors and countries would lead to misleading results if these enabling factors were
neglected.
Within this section, potential factors explaining the use of robot systems will be
identified with the use of logistic regression model. Table 3-3 displays the summary
results of regression estimation displaying the improvement of the model fit for each
construct included in the model. The change in the log-likelihood indicator as well the
significance level is reported. In the appendix in Table Annex 7, the regression
coefficient and the corresponding significance levels are given in detail. The model is
statistically significant (-2LL = 2391.96) and shows a Cox & Snell R2 of 0.134 resp. a
Nagelkerkes R2 of 0.186, which is quite satisfactory.
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Table 3-3:

Model summary of the probit regression of firm-level determinants of
the probability to use industrial robots (cf. Table Annex 7)
 2loglikelihood
-45.987

Sig.
***

Firm size

-98.217

***

Sector

-26.098

***

Batch size

-64.317

***

Complexity

-1.321

n.s.

Type of production

-0.837

n.s.

Strategy

-0.086

n.s.

Export

-3.863

**

Skill level

-0.694

n.s.

2,391.96

***

Construct
Country

Model fit
-2 Log-Likelihood / Significance
Number of cases in model

2,100

Logistic regression with weighted data. Estimated change in model fit for each explanatory construct.
Significance level: *** p< 0.001, ** p< 0.05, * p<0.1, n.s. p> 0.1

According to the test of the explanatory power of the main determinants, firm size and
production characteristics as sectors and batch size are relevant for determining the
probability of the use of industrial robots in a firm. Besides, significant differences
between countries remain.
In more detail, the following independent factors seem to be relevant factors for
explaining robot utilisation on the firm level in the selected countries:
The country dummy for Switzerland as well as for France and Spain are significant
and relevant factors which explain the share of companies using industrial robots in
the selected sample of the European manufacturing industry. This underlines the
results of the descriptive analysis, where these three countries showed above average
user rates of industrial robots in manufacturing.
The size of the company, measured as the logarithm of the number of employees, is
a strong predictor for the probability of the company using industrial robots in
manufacturing. Larger companies have more experience with the introduction of
advanced production technologies and more possibilities and higher economies of
scale to make efficient use of industrial robot systems.
Industrial sectors as dummy variables are also a relevant factor to explain the use
of industrial robots in the manufacturing industry. When controlling for company size,
batch size and product complexity in parallel, in particular the manufacturers of
rubber and plastic products and manufacturers of metals and metal products,
but also the manufacturers of transport equipment show a significantly higher
probability of making use of industrial robots than other manufacturing industries. This
underlines the empirical findings, where these three sectors were the top three sectors
in robot utilisation. The relevance of the sectors in position four and five,
manufacturers of electronic and optical products and the chemical and pharmaceutical
industry seems to be mitigated by company size and other specific characteristics of
their production processes controlled for in this probit analysis.
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Batch size of production is another important factor for explaining the use of
industrial robots in the manufacturing industry. Companies running large batch sizes
or even medium to small batches display a significantly higher propensity to use
industrial robots than companies that perform single unit production activities.
Economies of scale are easier to realize under the frame conditions of large batch size
production, enabling productivity growth through rationalising repetitive tasks
(Broedner et al., 2009; Klette, 1999).
It appears that companies which are active in the export business show a higher
probability of using industrial robots in manufacturing than companies that do not
export at all. This might be due to the fact that companies which are facing
international competition in foreign markets are under more pressure to improve the
productivity of their production processes via industrial robot systems than companies
which are solely supplying their home markets.
In contrast to former analyses, product complexity does not serve as a significant
explanatory factor of the use of industrial robots in manufacturing. Nowadays,
companies producing medium-complex or complex products are as likely to be using
robots as companies producing simple products. This is due to technological progress
and an increasing number of potential applications of robots. Industrial robots are
usable for simple, standardized tasks which are often repeated as well as for the
repetition of the precise execution of critical processes.

3.4

Determinants of relocation of manufacturing activities to
countries outside Europe

In this section the impact of robot utilisation on production relocation activities is
analyzed while taking other major influencing factors into account because other
confounding factors have to be controlled for to determine the proper impact and the
explanatory power of robot utilisation. Thus, the probability of a firm to relocate
production activities outside Europe has been modelled using a logistic regression.
Among other explaining constructs the impact of robot use was tested. On the one
hand, an indicator of robot use (compared to no use of industrial robots) has been
included. On the other hand, an indicator of intensive robot utilisation (compared to no
or only partial use of industrial robots) is used.
Table 3-4 displays the summary results of both logistic regression estimations
displaying the improvement in the model fit for each construct included in the model.
The change of the log-likelihood indicator as well the significance level is reported. The
regression coefficients and the corresponding significance levels are given in detail in
the appendix (Table Annex 8). Both models are statistically significant with a -2LL of
443.945 resp. 446.344.
According to the test of the explanatory power, relocation of manufacturing activities
outside of Europe is mainly determined by sector, export orientation, country and
firm size.
The country dummies for Sweden and Spain are highly significant and relevant
factors in the selected sample of the European manufacturing industry to explain the
share of companies relocating manufacturing activities outside Europe.12 This

12 As discussed above, relocation patterns in Sweden are different. Swedens relocation

activities to countries within Europe as well as outside Europe are a lot higher,
additionally typical target countries of relocation activities differ. For that reason
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underlines the results of the descriptive analysis, where these two countries have
clearly shown the highest share of firms which have relocated manufacturing activities
outside the borders of the EU. Here, the country differences in manufacturing
traditions and internationalisation cycles as described in the descriptive section above
might play an important role.
Table 3-4:

Model summaries of the logistic regressions of firm-level determinants of
the relocation of manufacturing activities outside Europe
Model: Robot use

Construct
Country
Firm size

Model: Intensive use

 2loglikelihood
-9.857

Sig.
**

 2loglikelihood
-13.366

Sig.
**

-8.173

**

-8.913

**

-18.790

**

-18.629

**

Batch size

-2.299

n.s.

-2.255

n.s.

Complexity

-0.151

n.s.

-0.105

n.s.

Type of production

-0.010

n.s.

-0.024

n.s.

Strategy

-1.086

n.s.

-1.253

n.s.

-12.680

**

-13.043

**

Skill level

-0.198

n.s.

-0.193

n.s.

Vertical range of manufacturing

-1.054

n.s.

-0.982

n.s.

Robot use

0.000

n.s.
-0.161

n.s.

446.344

***

Sector

Export

Intensive robot use
Model fit
-2 Log-Likelihood / Significance

443.945

***

Number of cases in model
1902
1951
Probit regression. Estimated change in model fit for each explanatory construct.
Significance level: *** p< 0.001, ** p< 0.05, * p<0.1, n.s. p> 0.1. cf. Table Annex 8.

The size of the company is again proxied by using the logarithm of the number of
employees and is a strong predictor for the propensity of a company to relocate
manufacturing activities outside Europe. Large companies are significantly more often
multinational companies, have more plants and have more often already gathered
experiences with cross-border production and relocation activities (e.g. Dunning,
1980, 1988; Pennings and Sleuwaegen, 2000; Rugman and Hodgetts, 2000). They
have also better financial and personnel capacities to plan, finance and absorb the
costs of the relocation investment (Caves, 1982; Fillis, 2001; Pennings and
Sleuwaegen, 2000). Another argument for a higher probability of manufacturing
relocations are the higher economies of scale within the boundaries of large companies
compared to small firms, given the reduced and sometimes sub-critical mass of the
latter in certain production and auxiliary functions (Klette, 1999; Soederbom and Teal,
2001).

regression models were calculated with and without Swedish data. However, the
results of the different logistic regressions show no major differences.
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Sectoral affiliation remains a strong predictor of relocation activities even when
controlling for production characteristics, firm characteristics, and innovation activities.
This indicates that relocation follows strong sector- and market-specific patterns. In
some sectors, localisation requirements, the proximity to market or national
production quotas seem to be much more important than in other sectors. The
manufacturers of electrical and electronic products show a higher chance to relocate
manufacturing activities outside Europe, when controlling in parallel for company size,
batch size and product complexity. This underlines the results of the descriptive
analysis, where this sector was most active in relocating within as well as outside
Europe. In contrast the food and beverages industry, which showed the lowest
offshoring intensity, seems not to have a statistically significant lower chance of
relocation abroad of Europe, even if the negative prefix in the logistic model goes
along with the bivariate results.
The logistic analyses also test for the export quota of the manufacturing companies,
assuming and showing that export-intensive companies are more active in production
relocation activities outside the borders of Europe. This is in line with theoretical
expectations of experience- or learning-based stage models of international production
(e.g. Camuffo et al., 2007; Johanson and Vahlne, 1977). It is predicted that
companies internationalise like “rings in water” (O’Grady and Lane, 1996; Nordström
and Vahlne, 1994; Johanson and Vahlne, 1990). They start with export activities in
culturally and physically “close” countries whose traditions and history appear known,
before serving and later investing in more “distant” markets. Additionally, companies
which are facing international competition in foreign markets have a superior need to
exploit further efficiency and productivity potentials (Bernard, 2004; Broedner et al.,
2009; Sourafel et al., 2004; Wagner, 2002), leading to more frequent relocation
decisions in these companies.
Finally, the use of industrial robots in manufacturing operations and the intensity
of robot utilisation in manufacturing firms show no statistically significant effect.
Neither a positive nor a negative effect is apparent from the regression model of robot
utilisation being a predictor for the propensity of firms to relocate manufacturing
activities to countries outside of Europe. Also when excluding Swedish data from the
models, because of their different relocation patterns, no statistically significant effects
could be found. Since these results were quite unexpected, additional models were
run, in order to check if firm size has a moderating effect on the correlation of robot
use and relocation activities.13 But those moderations showed no statistically
significant effects. It seems that the importance of market-driven relocation, that
means that firms want to be close to their (future) markets abroad to adapt and
develop new products for these markets, increased over time in relation to costreducing or efficiency-increasing motives for relocation decisions, as in the latter case
robot utilisation with its benefits of allowing higher economies of scale should have a
mitigating effect on relocation activities.

13 It might be possible that, for small firms, the (intensive) use of robots has a

significant effect on decreasing a firm’s probability to relocate manufacturing activities
abroad, while this effect vanishes with increasing firm size, as larger firms per se
relocate more frequently than smaller firms, overlaying the effect of robot utilisation.
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4

Analysing the effects of using robots

Chapter 4 outlines the effects of robot use on overall productivity and employment in
the European Union.

4.1

Effects of robot utilisation on productivity

This section presents the results of regression models used to identify the main factors
determining productivity in manufacturing companies.
Table 4-1:

Construct

Country

Variables
Austria

(1)

Firm size

Sector

Linear regression model of firm-level determinants of the logarithm of
labour productivity

(2)

Export
Vertical range
Strategy (3)

Coeff.
0.025

Sig.
0.326

Switzerland

0.319

0.000

***

Netherlands

0.097

0.000

***

France

0.102

0.000

***

Spain

0.085

0.002

**

Ln. of number of employees

0.116

0.000

***

Food, beverages, tobacco (10-12)

0.088

0.011

**

Chemical products (20 21)

0.144

0.000

***

Rubber/plastic products (22)

0.023

0.461

Metal products (24 25)

0.023

0.517

Electrical/electronic etc. (26 27)

-0.001

0.964

Transport equipment (29 30)

-0.007

0.806

Other products n.e.c.

0.004

0.913

Ln. of share of export

0.089

0.023

No export

0.010

0.790

Vertical range of manufacture

0.171

0.000

Major competition on price
Major competition on quality

Firm age

Ln. of age of firm

Product
innovation

Ln. of share with new products

Batch size

(4)

Type of
production (5)
Skill level
Intensive
robot use(6)

0.000

0.998

-0.031

0.272

0.029

0.262

**
***

9.2%

***

1.1%

***

2.3%

***

0.5%

**

2.5%

***

0.1%

n.s.

0.1%

n.s.

0.1%

n.s.

0.6%

**

0.027

0.556

No product innovation

-0.012

0.785

Single unit production

-0.023

0.422

0.081

0.003

**

Make-to-order

-0.085

0.001

**

0.6%

**

Share of semiskilled or unskilled

-0.137

0.000

***

1.4%

***

0.071

0.005

**

0.5%

**

0.000

***

Large batch size

Intensive robot use
Constant

Model fit

Construct
2
( in R /sig. )

N

1,354

corr. R² / Sig.

0.206

0.000

Note: Dependent variable: Ln. of labour productivity. Model specification: linear regression with weighted
data. Significance level: *** p< 0.001, ** p< 0.05, * p<0.1, n.s. p> 0.1
Reference groups: (1) Germany, (2) machinery, (3) other prior competition factor, (4) single unit
production, (5) assemble to order or make-to-stock, (6) no use or used to a lesser degree.

March 2016

51

Analysis of the impact of robotic systems on employment in the European Union

To monitor productivity, indicators of labour productivity and total factor productivity
are used. Table 4-1 reports the results for the regression model (OLS) on
companies’ labour productivity measured as the logarithm of value added per
employee at firm level. The model is statistically significant and shows a corrected R2
of 0.206, which is quite satisfactory. The model explains 20% of the variance in
companies' labour productivity. Besides the standardized regression coefficient and
related significances, the explanatory power of the constructs is illustrated by the
14
change of R2. Due to gaps in the considered variables, the number of observations
was reduced to 1,354 cases that feature all the considered variables.
To account for overall productivity effects, a second linear regression model is run with
total factor productivity (TFP) as the dependent variable, measured as the
logarithm of value added divided by the sum of labour cost and depreciation of
machinery and equipment. This regression model is also statistically significant and
shows a corrected R2 of 0.161 (Table 4-2), which is still quite satisfactory. Due to gaps
in the considered variables, the number of observations was reduced to 1,505 cases
that feature all the considered variables.
According to the regression analyses, the following independent variables seem to be
relevant factors to explain labour productivity and/or total factor productivity
(TFP) at firm level in the selected countries:
The regression model shows that companies from Switzerland, as well as to a
lesser degree the Netherlands France, and Spain show a significant positive
correlation to labour productivity, when controlling for the whole set of included
independent variables in parallel. However, in the estimated model for total factor
productivity, the positive correlations of the Swiss dummy variable become negative.
It seems that Switzerland makes very efficient use of its labour force with its specific
manufacturing traditions and sector specializations, but that these effects are
rendered irrelevant when additionally controlling for the costs and efficiency of how
Switzerland uses capital investments. For the other countries, the Netherlands, France
and Spain, a significant positive but small correlation remains.
As expected and already shown by many earlier studies, the regression model shows a
positive correlation between labour productivity and the size of the firm: Large
companies are able to realize greater economies of scale within their boundaries than
small firms given the latter’s reduced and sometimes sub-critical mass in certain
production and auxiliary functions (e.g. Klette, 1999; Söderbom and Teal, 2001). This
positive correlation also proves significant in the regression model for total factor
productivity.
The manufacturers of food and beverages and the chemical industry show a
significantly positive correlation to the dependent variable of labour productivity.
These industrial sectors have very capital-intensive production processes with a very
low share of labour costs in total costs. This results in superior labour productivity
compared to the other sectors included. To control for the overall productivity
advantage of these industries, the model for the total factor productivity of the
selected companies has to be used. The results of this TFP regression model confirm
the positive correlation of these two sector dummy variables to the dependent variable

14 The dependent productivity indicators as well as the indicator on vertical range of

manufacturing rely on information on inputs which is a major source for itemnonresponse. Therefore, a control for missing information on vertical range is not
useful in these productivity models, cases have to be skipped.
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and thus the overall higher productivity of these two sectors compared to the rest of
the manufacturing industry in the selected countries.
Table 4-2:

Linear regression model of firm-level determinants of the logarithm of
total factor productivity

Construct

Country

(1)

Firm size

Sector

(2)

Export
Vertical range
Complexity
Batch size

(3)

(4)

Variables
Austria

Coeff.
-0.014

Sig.
0.576

Switzerland

-0.069

0.006

**

Netherlands

0.074

0.002

**

France

0.074

0.002

**

Spain

0.102

0.000

***

Sweden

0.022

0.365

Ln. of number of employees

0.091

0.001

***

Food, beverages, tobacco (10-12)

0.171

0.000

***

Chemical products (20-21)

0.106

0.000

***

Rubber/plastic products (22)

0.040

0.179

Metal products (24-25)

-0.007

0.845

Electrical/electronic etc. (26-27)

-0.019

0.542

Transport equipment (29-30)

-0.001

0.974

Other products n.e.c.
Ln. of export

0.036

0.391

0.070

0.072

No export

0.042

0.248

Vertical range of manufacture

0.353

0.000

Simple products

-0.003

0.918

Complex products

-0.006

0.812

Single unit production

0.043

0.112

Large batch size

0.047

0.070

*
***

Type of
production

(5)

Make to order production

-0.084

0.001

Intensive
robot use

(6)

Intensive robot use

0.035

0.155

Constant
Model fit

Construct
2
( in R /sig. )

0.029
N

1,505

corr. R² / Sig.

0.161

*
***

2.7%

***

0.7%

***

3.2%

***

0.2%

n.s.

11.1%

***

0.0%

n.s.

0.3%

*

0.6%

***

0.1%

n.s.

**

0.000

Note: Dependent variable: Ln. of total factor productivity. Model specification: linear regression.
Significance level: *** p< 0.001, ** p< 0.05, * p<0.1, n.s. p> 0.1
Reference groups: 1) Germany, (2) machinery, (3) products with medium complexity, (4) small or
medium batch/lot, (5) assemble to order or make-to-stock, (6) no use or used to a lesser degree

In line with previous empirical studies, the regression model also shows that the
export quota of the surveyed companies, i.e. the percentage of turnover generated
on foreign markets, is positively correlated to labour productivity (see, e.g. Bernard,
2004; Broedner et al., 2009; Sourafel et al., 2004; Wagner, 2002). Exporting
companies have to develop the capabilities to achieve the specific, locally expected
quality and innovation level on foreign markets and, simultaneously, offer
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internationally competitive prices by realising adequate productivity potentials at their
production sites. They do not operate in protected national niches, but have to face
global competition on foreign markets, forcing them to exploit further efficiency and
productivity potentials (e.g. Bernard, 2004; Sourafel et al., 2004; Wagner, 2002).
However, the estimation on TFP does not support this conclusion easily. The overall
test of the construct export does not display any statistically significant impact. This
may indicate that exporting companies rather need higher labour productivity in order
to be able to compete successfully on international markets. It also indicates that the
impact of export orientation on productivity needs further exploration.
In both models, the labour productivity and the TFP regression model, the vertical
range of manufacturing – measured as the depth of value-added (total turnover
minus total inputs) in the total turnover of the company – shows the most significant
positive correlation with the respective dependent variable. It seems that companies
with higher vertical integration are able to control a higher share of the total value
chain, clearly giving them more possibilities to exploit economies of scale and
productivity gains within their manufacturing operations (Broedner et al., 2009).
Research on the so-called hidden champions (Simon, 2012) has also shown that a
higher level of vertical integration is one of the main characteristics of these
companies, enabling them to operate with higher productivity than companies with a
lower vertical integration level and a higher level of outsourcing. Overall, the strategic
risks of competence and capability drains and increased transaction costs seem to
outweigh the anticipated direct cost and efficiency potentials of outsourcing initiatives
in the medium and long term (Broedner et al., 2009). The positive impact of high
vertical integration on profit and productivity is also confirmed by other studies (Kinkel
et al., 2016), which criticise offshoring activities and stress the positive effects of
vertical integration and local sourcing.
The batch size of the companies’ production processes is also positively correlated to
the labour productivity of the surveyed firms. Economies of scale are easier to realise
under the frame conditions of large batch size production than in small and medium
sized batches, enabling productivity growth by rationalising repetitive tasks (e.g.
Klette, 1999; Söderbom and Teal, 2001).
A similar argument can be used to explain why companies producing in a make-toorder and not make-to-stock mode show significantly below average labour
productivity. These companies need to react flexibly to customer demands and thus
are not as easily able to organize their manufacturing processes along efficiency lines
as stock producers.
Both correlations - batch size and make-to-order mode are confirmed if the TFP
regression model is taken into account; however only the correlation between TFP and
mode-of-production passes the statistical tests at a 5% significance level. The
correlation between batch size and TFP is statistically significant on a 10% level only.
In conclusion, large batches and stock production seem to be levers for optimizing the
productivity of the workforce, to a certain degree also for optimizing total factor
productivity
The share of unskilled and semi-skilled workers shows a significant negative
correlation to labour productivity in the respective regression model. Thus focussing
on highly qualified and skilled workers to improve the innovative capabilities of a firm
proves to be more successful than attempting to exploit cost advantages by employing
unskilled and semi-skilled workers in simple, repetitive manufacturing and assembly
tasks.
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Finally, companies that use industrial robots in their manufacturing operations
show a significantly higher labour productivity than companies that do not.15 It
seems that users as well as intensive users of industrial robots are better at realizing
efficient production processes due to shorter processing times, higher process quality
and competitive economies of scale, which enable them to perform manufacturing
operations with an above average labour productivity even in high wage countries
(e.g. Klette, 1999). The comparative location advantages of high-wage countries in
the EU are strongly dependent on the skills of qualified personnel to efficiently use and
further optimise advanced capital-intensive production technologies such as industrial
robots.
Further, the effect of intensive robot utilisation on labour productivity is influenced by
the size of a firm.16 For smaller firms, intensive robot utilisation has a positive effect
on labour productivity while this positive effect vanishes for large firms. Only the
intensive utilisation of robots in contrast to the mere use of robots shows the
moderating effect of firm size on robotic use. Consequently, intensive robot
utilisation is a good measure for smaller firms to increase labour productivity, while
other measures are more useful for larger firms. It is also likely that the effect of
intensive robot utilisation loses significance due to the fact that larger firms tend to
make use of a much bigger variety of technical and also organizational innovations to
increase labour productivity than small firms do.
However, the (intensive) use of industrial robots is not significantly correlated to total
factor productivity in the TFP regression model. The prefix is also positive, but the
correlation is not statistically significant. Furthermore, this correlation does not change
notably when applying the models to different sample parts characterised by firm size
groups (cf. Table Annex 11) or when taking into account a relation of robotic use and
TFP moderated by firm size (cf. Table Annex 12). The intensive use of industrial robots
seems to have the potential to improve the efficiency of the labour force in European
manufacturing, but does not have positive overall effects on total factor productivity at
the level of the surveyed companies due to the high investments needed for this
advanced automation technology. Bearing this in mind, industrial robots might have
the potential to improve the efficiency of manufacturing operations in the European
Union and thus also to help to safeguard manufacturing operations within the EU.

4.2

Effects of robot utilisation on employment

Several regression models were run to identify the main explanatory factors for
employment trend in manufacturing companies. It was differentiated between models
explaining whether or not the number of employees increases or decreases (cf. Table
Annex 13) and models capturing the positive resp. negative extent of employement
change (cf. Table Annex 14). The dependent variable of employment trend indicates
the difference in the number of employees in 2011 compared to 2009 calculated as a
percentage of the change compared to 2009.

15 Another regression model integrating the use of industrial robots instead of the

intensive use of industrial robots as an independent variable, while integrating all
other variables described in the regression model above, displays very similar results.
The results indicate there is no major advantage to labour productivity from using
industrial robots intensively.
16 A regression model was calculated (Table Annex 9) integrating all the above used
independent variables and including the moderating effect of firm size on robotic use.
Furthermore, regression models were calculated for different firm size groups (cf.
Table Annex 10).
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Table 4-3: Linear regression model for the logarithm of positive employment growth
Construct

Variables

Coeff.

Sig.

Austria

0.074

0.014

Switzerland

0.010

0.754

Netherlands

-0.099

0.001

France

0.021

0.474

Spain

-0.089

0.004

Ln. of number of employees

-0.044

0.181

Food, beverages, tobacco (10-12)

-0.038

0.334

Chemical products (20 21)

-0.091

0.005

Rubber/plastic products (22)

0.005

0.893

Metal products (24 25)

0.057

0.155

Electrical/electronic etc. (26 27)

0.053

0.149

Transport equipment (29 30)

0.005

0.876

Other products n.e.c.

-0.025

0.556

Ln. of export

0.000

0.992

No export

0.028

0.508

Vertical range of manufacture

0.040

0.412

Control for missing information

0.029

0.548

Major competition on price

0.032

0.323

Major competition on quality

-0.005

0.889

Firm age

Ln. of age of firm

-0.149

0.000

Product
innovation

Ln. of share with new products

0.030

0.582

No new products

-0.015

0.773

Turnover trend between
2006/2008

0.339

0.000

Intensive robot use

-0.033

0.260

Country

(1)

Firm size

Sector

(2)

Export
Vertical range
Strategy (3)

Turnover
Intensive
robot use

(4)

Constant
Model fit

0.000
N
corr. R² / Sig.

956
0.210

Construct
2
( in R /sig. )
**
***

2.4%

***

0.1%

n.s.

1.7%

**

0.1%

n.s.

0.1%

n.s.

0.1%

n.s.

1.8%

***

0.2%

n.s.

10.6%

***

0.1%

n.s.

0.9%

n.s.

**

**

***

***

***
**

0.000

Note: Dependent variable: Logarithm of amount of positive trend of turnover. Model specification: linear
regression with weighted data. Significance level: *** p< 0.001, ** p< 0.05, * p<0.1, n.s. p> 0.1
Reference groups: (1) Germany, (2) machinery, (3) other prior competition factor, (4) no use or used to a
lesser degree.
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The following paragraphs discuss the analyses of positive employment growth. The
dependent variable is measured as the logarithm of positive employment growth.17
The calculated multivariate regression model is statistically significant and shows a
corrected R2 of 0.194 (Table 4-3), which is quite satisfactory.
This model can therefore explain around 19% of the variance in the companies'
employment growth. Due to gaps in the considered variables and taking into account
enterprises which show only positive growth, the number of observations was reduced
to 982 cases that feature all the considered variables. According to the regression
analysis, the following independent variables seem to be relevant factors to explain
the amount of positive employment growth at firm level in the selected countries:
Austrian companies show a positive correlation to employment growth in the
multivariate regression model. This positive correlation matches Eurostat data on
employment in the Austrian manufacturing industry, with an increase of 1.6%
between 2009 and 2012 (Eurostat 2016b). In the same period of time, Spain had an
employment decrement of 13.8%, the Netherlands of 4.5%, Sweden of 3.1% and
Switzerland of 0.1% in manufacturing (data for France are not available before 2010).
The Eurostat data confirm the above average employment growth in Austria indicated
by the statistical regression model.
The chemical and pharmaceutical industry shows a slightly negative correlation to
employment growth in the multivariate regression model. This is supported by the
actual employment level, which also showed a slight decrease between 2009 and
2011. While sales of the EU chemical and pharmaceutical industry have increased
since 2009, the market share has gone down, since Asian producers outpace their
competitors. As a result of increasing competition manufacturers have followed a
consolidation strategy concerning their workforce.
As expected, the company’s age is significantly and negatively correlated with the
dependent variable of employment growth in the statistical regression model. This is
due to the fact that young companies with successful business models are able to
grow faster when starting out than older and larger companies. Statistics conclusively
show that jobs tend to be lost faster in older companies, whereas when younger
companies grow, they tend to create new jobs more swiftly.
Turnover development (as an annual percentage) for the period 2009 to 2011 was
also integrated into the regression model. This variable is a central indicator as
recruitments and staff reductions are predominantly dependent on the company’s
success in the market, measurable by developments in turnover.
The main focus of this study is to analyse whether the use or intensive use of
industrial robots in European manufacturing companies has a positive impact on
employment growth in the respective companies or not. The results show neither a
statistically significant positive nor negative effect on employment for companies
that use industrial robots intensively in their manufacturing operations. The
regression model that includes the use of industrial robots [use in general, not only
intensive use] as an independent variable has shown very similar results. These
17 For methodological reasons it was no possible to estimate simultaneously positive

and employment growth. The requirement of linearity was only met when splitting up
between positive and negative growth. However, the main results were the same as
displayed in the appendix (Table Annex 14). Moreover, as an additional test, logistic
models for estimating the determinants of a positive resp. negative development was
calculated as displayed in Table Annex 13.

March 2016

57

Analysis of the impact of robotic systems on employment in the European Union

results are of paramount importance for policies affecting manufacturing companies in
the EU and the EU itself; especially those aiming to stimulate the development and
use of industrial robot systems as one possible way to improve competitiveness and
growth.
As the regression models for the productivity effects described above have shown, the
intensive use of industrial robots in the manufacturing companies of the selected
European countries in this study seems to have a relevant potential to improve the
efficiency and competitiveness of manufacturing in high wage countries in Europe.
Simultaneously, despite a positive effect on labour productivity, the intensive use of
industrial robots in manufacturing companies does NOT seem to have a negative
effect on employment in the selected company sample, but a neutral one.
Therefore, overall, it seems safe to say that the intensive use of industrial robots in
manufacturing companies in European high wage countries seems to have the
potential to improve the efficiency of manufacturing operations in the European Union
and, in parallel, to help safeguard manufacturing jobs within the EU.

5

Conclusions and recommendations

5.1

Summary of the main results

Table 5-1 gives a brief summary of the main results of the study with respect to the
main factors determining the use of industrial robots and with respect to the effects of
using robots in manufacturing on labour productivity, on total factor productivity (TFP)
and on employment.
5.1.1

Factors explaining the use of industrial robots

Companies from Switzerland, France, and Spain use industrial robots significantly
more often than companies from other countries in the selected sample of the
European manufacturing industry. This underlines the results of the descriptive
analysis, where those countries also showed above average user rates of industrial
robots in manufacturing.
Larger firms use industrial robots much more frequently in their production processes
than smaller firms. The use rate increases almost linearly to the size of the surveyed
companies from 24% of the companies with 20 to 49 employees to 70% of the
companies with 1,000 and more employees. Thus, the size of the company,
measured by the number of employees, is a clear predictor for the frequency of robot
use in industrial companies. Larger companies have more experience with advanced
production technologies, more possibilities and higher economies of scale to make
efficient use of industrial robot systems.
Companies running large batch sizes – or even medium to small batch sizes–
display a significantly higher propensity to use industrial robots than companies
producing single units. Economies of scale are easier to realize under the frame
conditions of large batch size production allowing more handling and assembly tasks
to be automated, enabling productivity growth through rationalising repetitive tasks.
This also explains the above-average probability that manufacturers of rubber and
plastic products, manufacturers of metals and metal products as well as
manufacturers of transport equipment will use industrial robots in their
manufacturing operations – whereas the high descriptive numbers of robot users in
the electrical industry seem to be mitigated by the structural company characteristics
described above.
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Companies active in exports are more likely to use industrial robots than companies
that do not export at all. This can be explained by the fact that companies facing stiff
international competition on foreign markets are under more pressure to improve the
productivity of their production processes via industrial robot systems than companies
which are solely active on domestic markets.

Netherlands
France

(+)
+
(-)
+

Sweden
Spain
Size of company

+
+

+
+
+

Chemical products (20-21)
Metal products (24-25)

Other products n.e.c.
Export quota

n.a.

n.a.

+
+
+
+

+
+
+
+

+

(+)

Employment
growth

+
+

-

-

-

+
+
(+)

Electrical/electronic etc. (26-27)
Transport equipment (29-30)

+
+
+

+

Food, beverages, tobacco (10-12)
Rubber/plastic products (22)

Total Factor
Productivity
TFP

Switzerland

Labour
Productivity

Austria

Relocation
to outside
Europe

Use of
industrial
robots

Table 5-1: Summary of the main results of the analyses

+
+
n.a.

+

No export

(-)

Vertical range of manufacturing

n.a.

Age of firm

n.a.

n.a.

-

+
+

(+)
(+)

n.a.

Single unit production
Large batch size

+

+

+

n.a.

Medium product complexity

n.a.

n.a.

Complex products

n.a.

n.a.

Make to order production
Semi- or unskilled workers (%)

-

-

n.a.

n.a.

n.a.

+
n.s.
n.s.

Turnover growth

n.a.

n.a.

n.a.

Use of industrial robots

n.a.

Intensive use of industrial robots

n.a.

+
+

n.s.
n.s.

Notes: n.a.: Not used in the model. n.s.: no impact. + : positive relation. – : negative relation. Empty cell:
no impact.
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5.1.2

Factors explaining relocation of manufacturing activities outside
Europe

Companies from Sweden and Spain show a significantly higher probability to
relocate manufacturing activities outside Europe than companies from the other
selected countries. Here, country differences in manufacturing traditions and
internationalisation cycles play an important role. Spain’s economic development lags
behind the other selected countries with respect to globalization and relocation
activities. In Sweden, ten years ago, relocation activities were even higher than today,
almost twice as high, which was due to financial reasons and management consultants
who were pushing towards offshoring. Though offshoring activities have decreased
sharply in Sweden within the last years, they are still on a high level, compared to
other European countries.
As expected and as evidenced from the literature, the size of the company is
positively correlated to the chance of manufacturing relocations outside the European
borders. Large companies are significantly more often multinational concerns, have
more plants and more experience with cross-border production and relocation
activities. They also have better financial and personnel capacities to plan, finance and
absorb the costs of the relocation investment.
The export quota of the selected manufacturing companies is positively correlated to
the probability of relocating manufacturing activities outside Europe. Companies
exposed to international competition on foreign markets have a greater need to
exploit advanced efficiency and productivity potentials, leading to more frequent
relocation decisions in these companies.
Another predictor of relocation activities is sectoral affiliation. Relocation displays
strong sector-specific patterns. Restrictions or requirements for manufacturing firms,
such as proximity to markets, localisation of products or national production quotas
seem to vary not only at national level, but also significantly between sectors.
Especially the manufacturers of electrical and electronic products show on average a
higher probability for relocation activities.
Neither a significant positive nor negative effect of the (intensive) use of industrial
robots on relocation activities was found in this study. It can be concluded that
market-driven relocation decisions, such as moving closer to current or future markets
or being able to adapt products for markets more easily through proximity to
customers, gains importance, whereas cost-reducing and efficiency-increasing motives
for relocation activities lose importance.
5.1.3

Effects of robot use on labour productivity and total factor
productivity (TFP)

Companies from Switzerland, the Netherlands, France and Spain show a
significantly positive correlation to labour productivity when controlling for the whole
set of included independent variables. Concerning total factor productivity (TFP), the
effect becomes negative for Switzerland, while for the other countries it remains
positive. Though Switzerland seems to make efficient use of its labour force, the costs
and efficiency of its capital investments seem to be suboptimal.
As expected and already shown by many earlier studies, the regression model shows a
positive correlation between the size of the firm and labour productivity as well as
total factor productivity (TFP). Large companies are able to realize greater economies
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of scale than small firms which have reduced and sometimes sub-critical mass in
certain production and auxiliary functions.
The manufacturers of food and beverages and the chemical industry show a
significantly positive correlation to the dependent variables of labour and total factor
productivity. These industrial sectors perform very capital-intensive production
processes with a very low share of labour costs in total costs, leading to superior
labour productivity compared to the other sectors included.
The export quota of the surveyed companies is positively correlated to labour
productivity. Exporting companies have to face global competition on foreign markets,
forcing them to exploit further efficiency and productivity potentials. That positive
correlation does not hold true for TFP.
The vertical range of manufacturing –or depth of value-added – shows the most
significant positive correlation with labour productivity as well as total factor
productivity (TFP). It seems that companies with higher vertical integration have and
are able to control a larger share of the total value chain, clearly giving them more
possibilities to exploit economies of scale and productivity gains within their
manufacturing operations.
The batch size of the companies’ production processes is also positively correlated to
the labour productivity as well as to total factor productivity (TFP) of the surveyed
firms. Economies of scale are easier to realise under the frame conditions of large
batch size production, enabling productivity growth by rationalising repetitive tasks. In
reverse, companies producing in “make-to-order” mode need to be able to react
flexibly to customer demands and therefore cannot as easily organise their
manufacturing processes along efficiency lines as in-stock producers can.
The share of unskilled and semi-skilled workers shows a significantly negative
correlation to labour productivity in the respective regression model. Thus focussing
on highly qualified and well-trained skilled workers to improve the innovative
capabilities of a firm proves to be more successful than attempting to utilise cost
advantages by employing unskilled and semi-skilled workers for simple, repetitive
manufacturing and assembly tasks.
Strikingly, companies that use industrial robots in their manufacturing operations
show significantly higher labour productivity than companies that do not. It
seems that users as well as intensive users of industrial robots are better at realizing
efficient production processes with shorter processing times, higher process quality
and competitive economies of scale, which enable them to perform manufacturing
operations with an above average labour productivity even in high wage countries.
The intensive use of industrial robots is not significantly correlated to the total factor
productivity in the TFP regression model, however the coefficient is positive. Thus, it
seems to have the potential to improve the efficiency of the labour force in European
manufacturing, but due to the high investments needed for this advanced automation
technology, it does not cause positive overall effects on total factor productivity, at
least on a short-term basis. It might be possible that after high investments in robot
technology which decrease total factor productivity at short notice, a positive return
on investment can only be observed with a certain delay. Overall, industrial robots
seem to have the potential to help to improve the efficiency of manufacturing
operations in the European Union and thus to safeguard manufacturing operations
within the EU.
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5.1.4

Effects on employment of using robots

Austrian companies show a positive correlation to an increase in employment in the
multivariate regression model. Eurostat data on employment in the manufacturing
industry confirm the above-average growth in employment in Austria in the respective
time frame of 2009 to 2012 that was indicated by the statistical regression model.
Manufacturers of chemicals and pharmaceutical show a slightly negative
correlation to employment growth in the multivariate regression model. The actual
employment figures in this industry, which were decreasing between 2009 and 2011,
support this result.
The age of the firm is significantly and negatively correlated with employment. This
is due to the fact that young companies in their early years have a significantly higher
average growth rate of employment per year if their business model is intact than
older and larger companies.
The turnover development (annual percentage) for the period 2009 to 2011 was
also integrated into the regression model. This variable is a key indicator as both
recruitment and job cuts are predominantly dependent on the company’s success in
the market, measurable by developments in turnover.
The use or intensive use of industrial robots in manufacturing operations shows
no statistically significant effect on employment growth. These results are of
paramount importance for policies affecting manufacturing companies in the EU and
the EU itself; especially those aiming to stimulate the development and use of
industrial robot systems as one possible way to improve competitiveness and growth.
The stimulation of the development and use of industrial robot systems may be one
possible measure to improve competitiveness and growth potentials. Despite positive
effects on labour productivity, as described above, the intensive use of industrial
robots in manufacturing companies does NOT seem to have a negative effect on
employment in the selected company sample, but either a neutral or even a slightly
positive one. Therefore, overall, it seems safe to say that the intensive use of
industrial robots in manufacturing companies in European high wage countries seems
to have the potential to improve the efficiency of manufacturing operations in
the European Union and, in parallel, to help safeguard manufacturing jobs within
the EU.

5.2

Conclusions and policy recommendations

Today, manufacturing represents more than one quarter (26.8%) of the EU’s total
non-financial business economy value added, providing around 30 million jobs in a
total of 2.1 million enterprises, mostly SMEs (EUROSTAT 2013). 18 European
manufacturing also plays a leading role in international trade in industrial sectors such
as automotive, machinery and agricultural engineering. While the manufacturing
sector was already under threat from both lower-wage economies and other high-tech
rivals, the specific situation of EU manufacturing companies was aggravated even
more by the global financial and economic downturn starting in 2008.
As a lesson learned from the crisis originating in the financial sector and in order to
regain the strength of the European manufacturing industries, the European
Commission's
Communication
on
Industrial
Policy
and
the
subsequent

18 http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/

Manufacturing_statistics_-_NACE_Rev._2
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Competitiveness Council in 201019 both highlighted the vital importance of a
prosperous, innovative and sustainable European industry for the overall
competitiveness of the EU economy. This objective was further underpinned by the
2011 Communication “Industrial Policy: Reinforcing competitiveness”.20
To
sustainably
restore
European
manufacturing
industries’
growth
and
competitiveness, the Commission aims to make a strategic shift in Europe from costbased competition to an approach based on the creation of high added value, for
instance in terms of more customised, higher quality and greener products, resourceefficient and environmentally-friendly production processes as well as the creation of
high quality jobs. These are the basic pillars of the research and innovation in
production technologies already stimulated by the FP7-NMP programme and continued
in the Horizon 2020 framework (FP8).
In September 2009, the European Commission published its Communication
"Preparing for our future: Developing a common strategy for key enabling
technologies in the EU".21 This strategy clearly identifies the need for the EU to
facilitate the industrial deployment of so-called Key Enabling Technologies (KETs) in
order to make its industries more innovative and globally competitive. These KETs are
expected to contribute to the development of solutions to the Grand Challenges in
Europe and thereby to stimulate economic growth and employment in the EU’s
manufacturing sector. The need to foster the industrial deployment of KETs within the
EU has been identified as a priority in several other EU policy documents. For instance,
in its 2012 Communication “A European strategy for Key Enabling Technologies – A
bridge to growth and jobs”22, the European Commission outlines a specific strategy for
KETs to allow maximum exploitation of the EU’s potential in competitive markets. This
Communication underlines the high relevance of KETs for the EU’s ability to innovate
and modernize its industrial base. The European Commission has identified the
following technologies as KETs: nanotechnology, micro- and nanoelectronics, industrial
biotechnology, photonics, advanced materials – and most importantly against the
backdrop of this study - advanced manufacturing systems.
Without a doubt, industrial robots have to be regarded as an integral part of the
advanced manufacturing technologies and systems defined by the KET strategy. The
importance of robotics lies in its wide-ranging impact on Europe's capacity to maintain
and expand a competitive manufacturing sector. Moreover, the rapid recent
technology progress in industrial robotics has led to an increase in the use of robots,
not only in the manufacturing sector, but also in hospitals and health services as well
as private homes. Today, robotics has a high potential to provide new solutions to
societal challenges ranging from ageing to health, smart transport, security, energy
and the environment.
As a consequence, the European Commission has built up a large portfolio of research
projects and coordination actions to improve knowledge-sharing and cooperation
throughout the robotics community. As part of the “Digital Agenda for Europe” 23,
19 An Integrated Industrial Policy for the Globalisation Era: Putting Competitiveness

and Sustainability at Centre Stage
20 http://ec.europa.eu/enterprise/policies/industrial-competitiveness/industrialpolicy/files/comm_2011_0642_en.pdf
21 http://ec.europa.eu/enterprise/sectors/ict/files/
communication_key_enabling_technologies_en.pdf
22 http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:52012DC0341
23 https://ec.europa.eu/digital-agenda/en/science-and-technology/robotics
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these projects research subjects ranging from autonomy, manipulation, grasping,
mobility and navigation in all terrains, to human-robot interaction and cooperative
robots. Very recently, these activities have been supplemented by a public-privatepartnership on robotics that was inaugurated at the beginning of 2014. 24
Against this background, the results of this study are of paramount importance for
European technology and innovation policy. It provides novel empirical evidence that
the positive stimulation provided by the further development and diffusion of industrial
robot systems is a key means to exploiting the competitiveness and growth potentials
of the European manufacturing industry.
With regard to the numerous policy actions addressing the stimulation of technological
progress in industrial robotics, this study wants to highlight the following key aspects
that should be taken into account along the design and implementation of ongoing and
future policy activities:
 Reduction of investment costs: As the findings show, the positive effects on
firms’ productivity might be considerably offset by the high investment costs.
Hence, one starting point could be to promote the development of cost-friendly
robot solutions. This could include both the development of demand-side-oriented,
modular and scalable robot solutions that can be individually configured and
customized to the diverse needs of different applications as well as new business
models on the side of equipment suppliers that reduce the cost-related entry
barriers, particularly for smaller and medium-sized enterprises (SMEs). This would
help to enhance the positive productivity effects of industrial robots in terms of total
factor productivity, too. There have already been some initiatives taken in the
past25 which could serve as starting points for future initiatives aiming at similar
objectives and stimulating the diffusion of such demand- or application-oriented
solutions.
 Increase the ability of small and medium-sized manufacturing enterprises
(SMEs) to realize the benefits of industrial robots in manufacturing and
assembly: As this study reveals, small and medium-sized companies use robots
significantly less frequently than larger firms. This is mainly due to large firms
having better economies of scale and resources. However, this study showed that it
is especially small companies that are able to achieve higher labour productivity by
utilising robots. Many SMEs position themselves as process specialists in their
industrial value chains by showing superior performance in flexibility, quality or
efficiency (Som 2012). Thus, it can be expected that support on both the supply
side through adequate technological solutions (see the previous point), and the endusers’ side will help to unlock large potentials for improving the competitiveness and
growth of SMEs in the European manufacturing industry. Such supportive actions on
the user side could, for instance, include strengthening SMEs’ absorptive capacity
for new technologies in general and robotics in particular, promoting roboticsrelated skills in the qualification and vocational training of the production workforce
as well as increasing the ability to adapt and develop organisational routines and
working processes in production to the requirements of using robots.
24 http://www.sparc-robotics.net/
25 See for example the research project SMErobot™ - The European Robot Initiative

for Strengthening the Competitiveness of SMEs in Manufacturing – which was funded
under
the
European
Union’s
Sixth
Framework
Programme
(FP6)
(http://www.smerobot.org/)
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Complementary, the development of adequate tools to evaluate the economic
potentials of new robotic applications in interested SMEs using scenarios of lifecycle-costs and benefits could pave the way for further IR implementations in this
key user group.
 Provide incentives for firms to (re-)establish a higher vertical range of
manufacturing via the implementation or increased use of industrial robots:
The findings in this study highlight that firms with a higher vertical manufacturing
range – meaning that they perform a larger share of production operations and
steps in-house – have higher productivity. Accordingly Kinkel, Lay and Jäger (2009)
have shown that vertical integration within manufacturing companies has a positive
impact on productivity. In many cases, manufacturing firms have reduced their
vertical range of manufacturing due to an increased focus on their core
competences by outsourcing periphery and/or cost-intensive production steps to
specialised suppliers. Hence, the strategic insourcing of certain value creation steps
or manufacturing tasks represents a strong leverage for companies to increase their
productivity. Industrial robots could help them in realising such a strategy. Given
the technological progress in the field of industrial robots that was made in the past
years, the implementation and use of robot systems could be a strong argument for
re-introducing these, for instance, cost-intensive or hazardous production steps in
order to further increase productivity through new, in-house possibilities of
monitoring and optimisation without simultaneously increasing labour costs.
As can be seen, the above points are closely interrelated. It therefore makes sense to
integrate them into an overall EU policy initiative targeted at the future technological
development of industrial robotics in the European Union.
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Annex
Table Annex 1: Description of the selected EMS sample by country and firm size.
Country
samples
Country

20 to 49
employees

Firm size
50 to 249
250 and more
employees
employees

%

N

Austria

8.3%

236

41.1

[52.9]

43.2

[36.0]

15.7

[11.1]

100.0

France

4.5%

129

33.3

[58.5]

51.9

[33.3]

14.7

[8.3]

100.0

53.9%

1,535

38.8

[42.9]

46.0

[45.7]

15.2

[11.4]

100.0

Netherlands

3.9%

110

42.7

[54.4]

46.4

[38.7]

10.9

[6.8]

100.0

Spain

5.5%

157

31.8

[67.0]

52.2

[27.9]

15.9

[5.1]

100.0

Sweden

2.5%

72

9.7

[55.2]

56.9

[35.9]

33.3

[8.8]

100.0

21.4%

609

37.1

[54.9]

50.9

[36.8]

12.0

[8.3]

100.0

100.0%

2,848

Germany

Switzerland
Total

%

%

%

Total
%

*

Source: EMS 2012, Fraunhofer ISI, unweighted data, own calculations. [Eurostat 2011, tables
sbs_sc_ind_r2, extracted 27-2-2016].
Note: * no significant difference between distribution of EMS data and Eurostat data.

Looking at the firm size distribution of the EMS sample, it can be stated that all firm
sizes are represented sufficiently. Especially the group of small and medium-sized
firms (SME) is covered very well and accounts for about 80 to 90 % in all country
samples. However as the comparison between the firm size distribution of the EMS
sample and the statistical data provided by EUROSTAT shows and in contrast to other
firm-level surveys, there is no significant firm size bias only for the subsamples of
Germany. In all other national samples the group of small firms with less than 50
employees is underrepresented. Whereas the Austrian and the Dutch EMS data only
differ slightly, especially the Swedish EMS sample does overrepresent larger firms. In
total, in 2012 the sample including the selected seven countries is biased towards
medium and large sized firms. Nevertheless, it has to be taken into account that this
applies to a certain degree to all larger firm surveys due to the general reluctance of
such small firms to participate in innovation surveys and their smaller awareness of
innovation-related issues. Moreover, the questionnaire is mainly focused on facts and
figures and not on subjective estimations, which additionally decreases the willingness
of representatives of micro-firms to return a useable questionnaire. This drawback
regarding the firm size representation is highly compensated by the value of the firmlevel information which is not available in other surveys. Moreover, an adjustment
weighting to overcome this bias has been applied for descriptive analyses as well as
for multivariate analyses.
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Table Annex 2: Description of the selected EMS sample by sector affiliation.
Sector classification on R&D intensity
Firms in the
non-R&Dintensive
sectors

Country
samples

Country

Firms in the
high
technology
sector

Total

%

%

%

N

Austria

8.3%

236

68.2

[76.1]

26.3

[20.2]

5.5

[3.7]

100.0

*

France

4.5%

129

71.3

[76.8]

27.9

[18.7]

0.8

[4.5]

100.0

*

53.9%

1,535

64.0

[68.7]

28.5

[26.2]

7.4

[5.1]

100.0

*

Netherlands

3.9%

110

64.5

[70.6]

28.2

[25.2]

7.3

[4.2]

100.0

*

Spain

5.5%

157

68.8

[78.3]

27.4

[18.8]

3.8

[2.9]

100.0

*

Sweden

2.5%

72

68.1

[69.0]

30.6

[26.6]

1.4

[4.4]

100.0

*

21.4%

609

58.8

[61.7]

22.2

[23.6]

19.0

[14.7]

100.0

*

100.0%

2,848

Germany

Switzerland
Total

%

Firms in the
sector of
highly
developed
products
%

Source: EMS 2012, Fraunhofer ISI, unweighted data, own calculations. [Eurostat 2011, tables
sbs_sc_ind_r2, extracted 27-2-2016].
Note: * no significant difference between distribution of EMS data and Eurostat data.

The firm sample is composed by all kinds of manufacturing sectors, including nonR&D-intensive sectors (e.g. food, beverages, textiles, metal processing), sectors of
highly developed products (e.g. automotive industry, mechanical engineering) as well
as the so-called high technology sectors (e.g. medical engineering, systems for
measurement and control, electrical engineering). Comparing the sector classification
structure of the EMS sample with EUROSTAT data reveals a very good representation
regarding the sector distribution for each national data set. Firms which belongs to
sectors of highly developed products represent two third of the manufacturing industry
in every country concerned. High technology sectors count only for less than 10 % of
the firms. This picture is very well covered by EMS 2012 data; chi square tests
comparing the distribution of EMS and EUROSTAT data did not reveal significant
differences for almost all sub-samples.
Hence, the EMS 2012 sample covers the whole range regarding sector providing a
reliable and valid database for the intended quantitative analyses. Moreover, the
samples were drawn randomly. In general a stratification was applied to the
population list based on two major characteristics, firm-size and sector affiliation.
Nevertheless, for certain national EMS samples a bias towards larger firms has to be
stated which mainly was caused by non-representative address sources and
incomplete population lists. The overview over the weighting factors illustrates this
fact. Compared to the 2009 EMS data, the range of the factors is higher and for some
strata quite high.
In conclusion, we are convinced that the data are a meaningful base for analyses in
this context. To overcome the limitations of some national sub-samples an adjustment
weighting will be applied to the descriptive as well multivariate analyses.
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Table Annex 3: Weighting factors by country.
Weighting factor (proportional weighting to sample size)
Percentile
Percentile
Min.
Median
Max.
Valid N
05
95
Austria (AT)

0.39

0.39

0.84

2.19

2.19

236

France (F)

0.26

0.33

0.83

2.80

2.94

129

Germany (D)

0.18

0.44

0.92

1.93

3.14

1,535

Netherlands (NL)

0.22

0.49

0.77

4.09

4.91

110

Spain (ES)

0.09

0.13

0.91

2.66

5.01

157

Sweden (SE)

0.14

0.14

0.81

2.44

5.49

72

Switzerland (CH)

0.47

0.54

0.98

1.55

2.72

609

Data: European manufacturing survey (EMS) 2012, 7 countries.
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Table Annex 4: Questions from EMS employed for the operationalization.
Robot utilisation (including extent of used potential)

Relocation activities

Development of the competitive and employment situation
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Table Annex 5: Countries that have been considered for EU- and World-values in
Figure 2-3. Source: IFR 2013a.
Country list:

Country list, continued:



Argentina



Mexico



Australia



Netherlands



Austria



New Zealand



Belgium



Norway



Brazil



Philippines



Canada



Poland



China



Portugal



Croatia



Republic of Korea



Czech Republic



Romania



Denmark



Russian Federation



Estonia



Slovakia



Finland



Slovenia



France



South Africa



Germany



Spain



Greece



Sweden



Hungary



Switzerland



India



Taiwan



Indonesia



Thailand



Iran



Turkey



Israel



Ukraine



Italy



United Kingdom



Japan



USA



Malaysia

Note: Countries in italic were taken into account for calculating the European mean. All countries listed were
taken into account for calculating the World mean
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Table Annex 6: Estimation and projection on distribution of industrial robots on
companies in Spain and Germany.

Number of robots used in production in 2012
Number of firms in 2011

(1)

(2)

Share of firms using robots in 2012, weighted data

(3)

Estimated number of firms using robots
Estimated average number of robots per firm

Germany

Spain

145,174

27,403

43,554

16,183

29%

47%

12,631

7,606

11.5

3.6

Extrapolation
Example 1: Assumption of equally high user rate
Share of firms using robots
Number of firms using robots
Extrapolated average number of robots per firm

47%

47%

20,470

7,606

7.1

3.6

29%

29%

12,631

4,693

11.5

5.8

Example 2: Assumption of equally low user rate
Share of firms using robots
Number of firms using robots
Extrapolated average number of robots per firm

Sources: (1) IFR 2013d, (2) according to national statistics, (3) European Manufacturing Survey 2012, own
calculations, weighted data.
Note: The first case represents actual data; all examples in italics are only notional calculations.

The table above shows that in Germany the total amount of industrial robots in use is
almost five times as high as in Spain. The number of firms located in Germany is more
than twice as high as in Spain. Almost 50 % of the firms located in Spain are using
robots, whereas in Germany less than 30 % are making use of robots. This leads to an
average number of 11.5 robots per firm in Germany in contrast to 3.6 in Spain,
leading to the conclusion that the high number of robots in use in Germany is
concentrated on a relatively low number of companies. As it can be seen in the
different extrapolations the total number of firms using robots as well as the average
number of robots per firm is a lot higher in Germany than in Spain, no matter if the
share of firms using robots is on the level of Spain in both countries, or on the level of
Germany.
Furthermore, EMS gathers data on the utilisation of robots on a firm-level. A random
sample of all firms in the manufacturing industry is asked if they utilized robots within
their production. This allows for a profound estimate on the question “How many firms
within manufacturing use robots in their production within a specific country?” based
on a broad data set of high quality. Even if a slight (!) bias of the sample cannot be
precluded completely as possibly in Spain the survey tends to include more innovative
companies within EMS, the detected differences may not be caused only by that.
IFR, however, captures country-specific stocks of operational industrial robots, by
aggregating sales data from robot manufacturers on a national basis. This data allows
for an appropriate estimate on how many robots are used in a certain country.
However, it does not indicate which share of companies are using these robots.
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Table Annex 7: Logistic regression model of firm-level determinants for the probability
to use industrial robots, as summarized in Table 3-3.
Variable

Country (1)

Firm size

Sector

(2)

Batch size

(3)

Complexity

(4)

Type of production
Strategy
Export

(6)

Skill level

(5)

Label

Coeff.

Sig.

OR

Austria

0.356

0.061

1.428

Switzerland

0.694

0.000

2.002

Netherlands

-0.541

0.087

0.582

France

0.691

0.003

1.995

Sweden

0.157

0.650

1.170

Spain

0.585

0.004

1.794

Ln. of number of employees

0.550

0.000

1.733

Food, beverages, tobacco (10-12)

0.066

0.774

1.068

Chemical products (20-21)

-0.061

0.824

0.941

Rubber/plastic products (22)

0.642

0.009

1.901

Metal products (24-25)

0.655

0.001

1.925

Electrical/electronic etc. (26-27)

0.184

0.388

1.202

Transport equipment (29-30)

0.705

0.016

2.025

Other products n.e.c.

0.497

0.007

1.644

Small/medium batch

0.520

0.000

1.682

Large batch

1.359

0.000

3.892

Medium complexity

0.107

0.421

1.112

Complex products

0.185

0.253

1.204

Make to order production

-0.105

0.360

0.900

Major competition on price

-0.036

0.769

0.964

No export

-0.309

0.052

0.734

Share of semiskilled or unskilled

0.002

0.404

1.002

-4.234
2,392

0.000
0.000

0.01

-2 Log-Likelihood / Significance

Constant

Model fit

Cox & Snell R-Square

13.4%

Nagelkerkes R-Square

18.6%

Number of cases

2,100

Note: Dependent variable: Robot use. Model specification: logistic regression with weighted data.
Significance level: *** p< 0.001, ** p< 0.05, * p<0.1, n.s. p> 0.1
Reference groups: (1) Germany, (2) machinery, (3) single unit production, (4) simple products, (5)
assemble to order or make-to-stock, (6) other prior competition factor.
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Table Annex 8: Logistic regression model of firm-level determinants for the probability
to relocate (parts of) the manufacturing activities outside Europe, as
summarized in Table 3-4.
Model: Robot use

Variable

Country

(1)

Firm size

Sector

(2)

Batch size

(3)

(4)

Complexity
Type of
production
Strategy

(5)

(6)

Export
Skill level
Vertical range
Robot usage
(4)

Label
Austria
Switzerland
Netherlands
France
Sweden
Spain
Ln. of number of employees

Coeff.
-0.074
-0.034
0.710
0.586
1.528
1.375
0.377

Sig.
0.899
0.930
0.247
0.353
0.010
0.007
0.004

OR
0.93
0.97
2.03
1.80
4.61
3.95
1.46

Coeff.
-0.078
-0.038
0.678
0.602
1.499
1.454
0.385

Sig.
0.894
0.923
0.268
0.343
0.011
0.005
0.002

OR
0.93
0.96
1.97
1.83
4.48
4.28
1.47

Food/ beverages etc. (10-12)

-2.363

0.128

0.09

-2.356

0.129

0.09

Chemical products (20,21)
Rubber/plastic products (22)
Metal products (24,25)
Electrical/electronic etc.
(26,27)
Transport equipment (29,30)
Other products n.e.c.
single unit
large batch
simple products
complex products

0.535
-0.610
-0.297

0.336
0.441
0.568

1.71
0.54
0.74

0.544
-0.612
-0.296

0.329
0.439
0.568

1.72
0.54
0.74

0.782

0.071

2.19

0.787

0.070

2.20

-0.924
-0.567
0.492
0.069
0.069
0.169

0.267
0.257
0.223
0.900
0.870
0.720

0.40
0.57
1.63
1.07
1.07
1.18

-0.919
-0.532
0.495
0.086
0.068
0.145

0.269
0.288
0.218
0.874
0.872
0.757

0.40
0.59
1.64
1.09
1.07
1.16

Make to order production

0.031

0.919

1.03

0.048

0.876

1.05

Major competition on price

0.370

0.285

1.45

0.398

0.250

1.49

Ln. of export
Control for no export
Share of semiskilled or
unskilled
Vertical range of manufacturing
Control for missing information
on vertical range

0.575
0.876

0.005
0.437

1.78
2.40

0.587
0.924

0.004
0.413

1.80
2.52

-0.003

0.658

1.00

-0.003

0.661

1.00

0.277

0.770

1.32

0.349

0.711

1.42

-0.166

0.787

0.85

-0.107

0.861

0.90

0.005

0.987

1.01
-0.161

0.692

-7.836

0.000

Robot use
Intensive robot use

Constant
-2 Log-Likelihood / Significance
Model fit

Model: Intensive use

-7.729

0.000

446,344

0.000

0.00

0.85
0.00

443,945

Cox & Snell R-Square

0.042

0.043

Nagelkerkes R-Square

0.176

0.177

Number of cases

1,935

1,902

Note: Dependent variable: Relocating outside Europe vs. not relocating. Model specification: logistic regression.
Significance level: *** p< 0.001, ** p< 0.05, * p<0.1, n.s. p> 0.1
Reference groups: (1) Germany, (2) machinery, (3) small or medium batch/lot, (4) products with medium complexity, (5)
assemble to order or make-to-stock, (6) other prior competition factor, (4) no robot use or used to a lesser degree.
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Table Annex 9: Linear regression model of firm-level determinants of the logarithm of
labour productivity –moderation effect on robotic use by firm size
included (cf. Table 4-1)
Intensive Use

Construct

Country

(1)

Firm size

Sector

(2)

Export
Vertical
range
Strategy (3)
Firm age
New Products
Batch Size

(4)

Type of
production

(5)

Skill level

Robot use

(6)

Robot Use

Variables

Coeff.

Sig.

Coeff.

Sig.

Austria

0.025

0.326

0.024

0.341

Switzerland

0.321

0.000

0.319

0.000

Netherlands

0.097

0.000

0.095

0.000

France
Spain
Ln. of number of employees

0.104
0.085
0.136

0.000
0.002
0.000

0.093
0.084
0.130

0.000
0.002
0.000

Food, beverages, tobacco (10-12)

0.088

0.011

0.093

0.007

Chemical products (20-21)

0.145

0.000

0.145

0.000

Rubber/plastic products (22)

0.022

0.483

0.021

0.495

Metal products (24-25)

0.023

0.517

0.019

0.602

Electrical/electronic etc. (26-27)

-0.001

0.969

-0.001

0.984

Transport equipment (29-30)

-0.006

0.833

-0.005

0.847

Other products n.e.c.

0.003

0.934

0.004

0.929

Ln. of export

0.088

0.025

0.094

0.016

No export

0.011

0.757

0.008

0.830

Vertical range of manufacture

0.171

0.000

0.175

0.000

Major competition on price

0.001

0.965

0.003

0.902

Major competition on quality

-0.031

0.273

-0.036

0.198

Ln. of age of firm

0.030

0.241

0.031

0.225

Share with new products (Log. + Missing)

0.027

0.566

0.034

0.463

No new products

-0.016

0.721

-0.006

0.887

single unit

-0.021

0.456

-0.017

0.557

large batch

0.083

0.002

0.083

0.002

Make to order production

-0.085

0.001

-0.081

0.002

Share of semiskilled or unskilled

-0.137

0.000

-0.134

0.000

Intensive robot use
.. moderated by firm size

0.301

0.012

-0.239

0.048
0.168

0.146

-0.110

0.368

Robot use
.. moderated by firm size
Constant

Model fit

N

1,354

corr. R² / Sig.

0.208

1,378
0.000

0.206

0.000

Note: Dependent variable: Ln. of labour productivity. Model specification: linear regression.
Significance level: *** p< 0.001, ** p< 0.05, * p<0.1, n.s. p> 0.1
Reference groups: (1) Germany, (2) machinery, (3) other prior competition factor, (4) small or medium
batch/lot, (5) assemble to order or make-to-stock, (6) no use (or used to a lesser degree).
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Table Annex 10: Extracts of Linear regression model of firm-level determinants of the
logarithm of labour productivity – for different sample parts
Impact of robot use on labour productivity
All
manufacturing

Only
SMEs

Only
large
firms

Less
than 50

Less
than 100

Greater
than 50

Greater
than 100

Coeff.

0.067

0.069

0.004

0.054

0.066

0.074

0.079

Sig.

0.009

0.009

0.966

0.147

0.028

0.037

0.111

N

1,378

1,275

101

640

1,004

737

372

R²

0.206

0.201

0.133

0.187

0.176

0.202

0.242

Impact of intensive robot use on labour productivity
All
manufacturing

Only
SMEs

Only
large
firms

Less than
50

Less than
100

Greater
than 50

Greater
than 100

Coeff.

0.071

0.080

-0.060

0.081

0.086

0.072

0.046

Sig.

0.005

0.003

0.561

0.029

0.004

0.041

0.360

N

1,354

1,253

100

630

986

723

367

0.206

0.203

0.129

0.196

0.180

0.197

0.232

R²

Note: Dependent variable: Ln. of labour productivity. Model specification: linear regression – controlling for
all variables presented in table 4-1. For each estimation, the corrected regression coefficient, the
significance, the number of cases and the R² are displayed.

Table Annex 11: Extracts of Linear regression model of firm-level determinants of the
logarithm of total factor productivity – for different sample parts
Impact of robot use on total factor productivity
All
manufacturing

Only
SMEs

Only
large
firms

Less than
50

Less than
100

Greater
than 50

Greater
than 100

Coeff.

0.016

0.011

-0.025

0.016

-0.001

0.014

0.051

Sig.

0.524

0.676

0.783

0.643

0.972

0.696

0.299

N

1,533

1,414

118

731

1,129

801

403

R²

0.158

0.146

0.295

0.172

0.140

0.167

0.208

Impact of intensive robot use on total factor productivity
All
manufacturing

Only
SMEs

Only
large
firms

Less than
50

Less than
100

Greater
than 50

Greater
than 100

Coeff.

0.035

0.026

0.036

-0.002

0.025

0.071

0.047

Sig.

0.155

0.323

0.671

0.958

0.391

0.040

0.333

N

1,505

1,389

114

718

1108

785

396

0.161

0.150

0.287

0.172

0.140

0.171

0.207

R²

Note: Dependent variable: Ln. of labour productivity. Model specification: linear regression – controlling for
all variables presented in table 4-1. For each estimation, the corrected regression coefficient, the
significance, the number of cases and the R² are displayed.
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Table Annex 12: Linear regression model of firm-level determinants of the logarithm
of total factor productivity – moderation effect on robotic use by firm
size included
Intensive Use

Construct

Country

(1)

Firm size

Sector

(2)

Export
Vertical range
Complexity

(3)

Batch Size

(4)

Type of
production

(5)

Robot use

(6)

Robot Use

Variables

Coeff.

Sig.

Coeff.

Sig.

Austria

-0.014

0.565

-0.015

0.541

Switzerland

-0.070

0.006

-0.069

0.006

Netherlands

0.074

0.002

0.071

0.003

France

0.074

0.002

0.059

0.014

Spain

0.102

0.000

0.090

0.000

Sweden

0.022

0.364

0.021

0.378

Ln. of number of employees

0.086

0.003

0.089

0.011

Food, beverages, tobacco (10-12)

0.170

0.000

0.170

0.000

Chemical products (20-21)

0.106

0.000

0.105

0.000

Rubber/plastic products (22)

0.041

0.174

0.036

0.228

Metal products (24-25)

-0.007

0.848

-0.007

0.838

Electrical/electronic etc. (26-27)

-0.019

0.551

-0.018

0.554

Transport equipment (29-30)

-0.001

0.968

0.000

0.995

Other products n.e.c.

0.036

0.389

0.034

0.418

Ln. of export

0.070

0.071

0.079

0.041

No export

0.042

0.249

0.039

0.274

Vertical range of manufacture

0.353

0.000

0.358

0.000

simple products

-0.002

0.926

0.002

0.947

complex products

-0.006

0.808

-0.005

0.850

single unit

0.043

0.115

0.049

0.074

large batch

0.047

0.075

0.059

0.024

Make to order production

-0.084

0.001

-0.082

0.001

Intensive robot use
.. moderated by firm size

-0.009

0.939

0.046

0.688
0.023

0.840

-0.007

0.952

Robot use
.. moderated by firm size
Constant

Model fit

N

1,505

corr. R² / Sig.

0.160

1,533
0.000

0.157

0.000

Note: Dependent variable: Ln. of total factor productivity. Model specification: linear regression.
Significance level: *** p< 0.001, ** p< 0.05, * p<0.1, n.s. p> 0.1
Reference groups: (1) Germany, (2) machinery, (3) products with medium complexity, (4) small or medium
batch/lot, (5) assemble to order or make-to-stock, (6) no use (or used to a lesser degree).
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Table Annex 13: Logistic regression models of firm-level determinants of the
probability of a positive resp. negative development of employment
between 2009 and 2012.
Model 1: positive
development
Variable

Country

Label
Austria

(1)

Firm size

Coeff.
0.243

Sig.
0.255

OR
1.275

Coeff.
0.473

Sig.
0.032

OR
1.605

Switzerland

0.091

0.552

1.095

0.123

0.452

1.131

Netherlands

-0.662

0.008

0.516

0.666

0.007

1.946

France

-0.507

0.064

0.602

0.662

0.016

1.938

Spain

0.320

0.162

1.377

0.826

0.001

2.285

Ln. of number of employees

0.314

0.000

1.369

-0.008

0.911

0.992

Food, beverages, tobacco (10-12)

0.320

0.162

1.377

-0.207

0.399

0.813

Chemical products (20-21)
Sector

(2)

0.012

0.968

1.012

-0.169

0.599

0.845

Rubber/plastic products (22)

-0.051

0.842

0.950

0.129

0.636

1.138

Metal products (24-25)

-0.031

0.882

0.970

-0.156

0.493

0.856

Electrical/electronic etc. (26-27)

-0.084

0.719

0.919

-0.148

0.565

0.862

0.611

0.074

1.843

-1.052

0.013

0.349

Other products n.e.c.

-0.112

0.551

0.894

0.003

0.989

1.003

Ln. of export

-0.016

0.785

0.985

-0.051

0.399

0.950

Control for no export

-0.068

0.770

0.934

-0.147

0.546

0.863

0.739

0.028

2.094

-0.289

0.419

0.749

Transport equipment (29-30)

Export

Model 2: negative
development

Vertical range of manufacturing
Control for missing information
on vertical range
Major competition on price

0.214

0.371

1.238

-0.237

0.354

0.789

-0.414

0.012

0.661

0.492

0.005

1.636

Major competition on quality

-0.212

0.093

0.809

0.281

0.042

1.324

Firm age

Ln. of age of firm

-0.336

0.000

0.715

0.192

0.011

1.212

Product
innovation

Ln. of share with new products

0.030

0.697

1.031

0.122

0.152

1.130

-0.136

0.506

0.873

0.503

0.025

1.654

0.073

0.000

1.076

-0.069

0.000

0.933

0.128

0.441

1.137

-0.257

0.162

0.774

-0.592

0.236

0.553

-1.455

0.007

0.234

1,960.4

0.000

1,753.6

0.000

Vertical range
Strategy

(3)

Turnover
Robot usage
(4)

No new products
Turnover trend between
2006/2008
Intensive robot use

Constant
-2 Log-Likelihood / Significance
Model fit

Cox & Snell R-Square

0.208

0.154

Nagelkerkes R-Square

0.279

0.221

Number of cases

1,720

1,720

Note: Dependent variable: Binary indicator of employment growth, model 1 analyzing positive development
(> 0) vs. not positive development resp. model 2 analyzing negative development (< 0) vs. not negative
development. Model specification: logistic regression with weighted data.
Significance level: *** p< 0.001, ** p< 0.05, * p<0.1, n.s. p> 0.1
Reference groups: (1) Germany, (2) machinery, (3) other prior competition factor, (4) no robot use or used
to a lesser degree.
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Table Annex 14: Linear regression models of firm-level determinants for logarithm of
the extent of positive resp. negative employment growth between
2009 and 2012 measured in %.

Construct

Country

Model 2:
Negative
development

Coeff.
0.074

Sig.
0.014

Coeff.
0.003

Sig.
0.944

Switzerland

0.010

0.754

0.052

0.284

Netherlands

Variables
Austria

(1)

Firm size

Sector

Model 1:
Positive
development

(2)

-0.099

0.001

0.001

0.975

France

0.021

0.474

-0.020

0.671

Spain

-0.089

0.004

-0.076

0.108

Ln. of number of employees

-0.044

0.181

0.245

0.000

Food, beverages, tobacco (10-12)

-0.038

0.334

-0.006

0.926

Chemical products (20-21)

-0.091

0.005

0.127

0.011

Rubber/plastic products (22)

0.005

0.893

0.033

0.543

Metal products (24-25)

0.057

0.155

0.079

0.202

Electrical/electronic etc. (26-27)

0.053

0.149

-0.102

0.065

Transport equipment (29-30)

0.005

0.876

-0.016

0.736

Other products n.e.c.
Export
Vertical range

-0.025

0.556

0.029

0.691

Ln. of export

0.000

0.992

-0.130

0.057

No export

0.028

0.508

-0.064

0.319

Vertical range of manufacture

0.040

0.412

-0.072

0.299

Control for missing information

0.029

0.548

-0.121

0.070

Major competition on price

0.032

0.323

-0.051

0.346

Major competition on quality

-0.005

0.889

0.015

0.781

Firm age

Ln. of age of firm

-0.149

0.000

0.006

0.897

Product
innovation

Ln. of share with new products

0.030

0.582

-0.002

0.985

-0.015

0.773

-0.037

0.667

0.339

0.000

0.182

0.000

-0.033

0.260

-0.099

0.029

Strategy (3)

No new products

Turnover
Robot usage

Turnover trend between 2009/2011
(4)

Intensive robot use
Constant

Model fit

0.000
N

956

corr. R² / Sig.

0.210

0.000
481

0.000

0.100

0.000

Note: Dependent variable: Ln. of the positive (1) or negative (2) trend of employment.
Model specification: linear regression with weighted data. Significance level: *** p< 0.001, ** p< 0.05, *
p<0.1, n.s. p> 0.1
Reference groups: (1) Germany, (2) machinery, (3) other prior competition factor, (4) no robot use or used
to a lesser degree.
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