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FOREWORD 

The Directorate-General for Internal Market, Industry, Entrepreneurship and SMEs 
(DG GROW) of the European Commission (EC) has awarded the present study to 
the Consortium comprised of Prometeia, BIP-Business Integration Partners, and 
the Economics for Policy Knowledge Centre of Nova School of Business and 
Economics Lisbon, in order to assess the impact of regulatory environment and 
technology trends on Digital Automation in professional services.  

The Consortium has brought together diverse competencies and skills in order to 
ensure the highest level of suitability vis-à-vis the specific objectives of the study: 
macroeconomic and econometric proficiency (Prometeia), management consulting 
skills and Digital transformation competencies (BIP-Business Integration Partners), 
and academic expertise (Economics for Policy Knowledge Centre of Nova School 
of Business and Economics Lisbon). 

This study explores and analyses the current state of play in digital 
automation and the potential for further automation in a subset of business 
service sectors. It provides a strategic outlook and assessment of the challenges 
and opportunities ahead and identifies the relevant factors that contribute to the 
observed automation trends. Furthermore, the study analyses the relationship 
between the regulatory environment and digital automation, focusing on 
whether restrictions on the entry and exercise of professions may slow down 
digital automation and whether any regulatory changes would be beneficial. 

The study focuses on four professional service sectors (engineering, 
architectural, legal and accounting services), across twelve selected EU 
Member States: Belgium, Croatia, France, Germany, Ireland, Italy, the 
Netherlands, Poland, Portugal, Romania, Spain, and Sweden. 

The results of this study will help to develop a solid knowledge base to underpin 
the European Commission’s policy of supporting and enhancing competitiveness 
of the four selected professional service sectors within the EU.  
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1 Literature review 
 
This section presents a comprehensive literature review on the current state of 
digital automation in the four selected sectors (i.e. architectural, engineering, legal 
and accounting) and the regulation pertinent to digital automation and 
professional services. The main objective is to identify and describe the most 
relevant digital automation trends that are currently underway and capable of 
shaping the technological context of the next five years and beyond. 
The review was based on thorough desk research that covered various sources: 
consortium databases and a collection of publications, academic search engines 
and research aggregators. Both academic literature and professional/non-
academic publications (such as professional association studies and international 
organisation reports), as well as documents released by the European Commission 
were gathered, selected and analysed, to underpin the topics addressed by this 
study. 
The extensive preliminary research allowed the Consortium to identify the most 
innovative digital automation solutions and best practices among 
different industries and geographical areas regarding technological and 
digital trends. The following sections present the most relevant findings, which 
include the current and well-known digital automation trends as well as newly 
emerging innovative services/tools (such as smart contracts for accounting 
services or 3D printing for architectural services). 
The literature review begins with a global overview across different business 
sectors and geographical areas, aiming at providing a representation of the 
current frontier of technological and digital innovation. It is supported by examples 
and best practices not limited to the European scenario. Specific sections are 
dedicated to each professional sector covered by the study, with detailed 
descriptions of the main technological solutions applied and adopted and their 
impact on the professionals’ businesses.  
The present chapter is structured as follows. 
• Global trends of digital automation: this part outlines the general context of 

the analysis and the definition of digital automation adopted in this study. It 
also introduces and describes the main cutting-edge technological and digital 
trends, indicating the rationale used for their identification and classification. 

• Digital Automation in Professional Services: this part introduces digital 
automation in professional services, as well as the potential impacts on sectors. 
It explains the methods used to define the related value chains. It also provides 
an in-depth description of the most relevant technological solutions currently 
adopted in the four professional sectors under analysis, with reference to the 
activities directly related to service provision, activities that are not directly 
related to the provision of the service, and activities connected with support 
processes. 

• Regulatory Outlook: this part provides a general introduction to the main 
regulatory issues pertaining to digital automation and professional services.  
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A breakdown of the population of the four sectors1 is presented below to focus on 
the scope of the research. The data presented in the table refer to the year 2018, 
with a few exceptions, as indicated in the notes. 
The most represented sector is engineering services, with 1 082 591 
professionals, followed by legal services with 777 638 professionals (of which Italy 
represents almost a third of the total population), architectural services with 
440 650 professionals, and lastly, accounting services with 311 249. The coverage 
of data in this last sector is less consistent, as data are not available for some 
countries where the accounting profession is not regulated. 
 
Table 1: Number of professionals per country and sector (2018) 

 
Italy has the largest number of professionals providing architectural services, with 
around 160 000 professionals, followed by Germany (111 200) and Spain 
(55 700). The least represented country is Croatia with 2 200 architects. Italy 
continues to rank first in terms of population share, with a share of 0.26%, 

1 Data come from different sources, listed in the footnotes to Table1, and refer to different years.  
2  Data without a reference are taken from the Architects' Council of Europe’s statistics. 
https://www.ace-cae.eu/  
3 Data come from DBNOMICS database. https://db.nomics.world/  
4 Most of the data is taken from the Accountancy Europe’s website and refer to 2020. 
5  Most of the data comes from the CCBE lawyers’ statistics 2018. 
https://www.ccbe.eu/fileadmin/speciality_distribution/public/documents/Statistics/EN_STAT_-
2018_Number-of-lawyers-in-European-countries.pdf  
6  Data refer to 2017. https://www.lecho.be/entreprises/services/jamais-le-metier-d-avocat-n-a-
ete-aussi-prise-mais/9999438.html  
7 The statistics do not include solicitors regulated by the Law Society of Ireland. 
8 Data refer to 2019. https://www.fondazionenazionalecommercialisti.i t/node/1388  
9 Data refer to 2019. http://www.cassaforense.it/riviste-cassa/la-previdenza-forense/previdenza/i-
numeri-dell-avvocatura-
.2019/#:~:text=La%20popolazione%20degli%20avvocati%20residenti,si%20evince%20dalla%20
Tabella%201  

Countries Architects2 Civil engineers3 Accountant4 Lawyers5 
Belgium 14 800 36 480 12 000 18 5946 
Croatia 2 200 21 450 n/a* 4 765 
France 30 000 197 045 21 296 65 480 

Germany 111 200 257 541 n/a* 164 406 
Ireland 2 500 9 850 33 076 2 1807 

Italy 160 000 85 479 118 6398 245 4309 
Netherlands 10 600 57 447 21 700 17 672 

Poland 14 000 172 239 n/a* 40 778 
Portugal 23 000 46 062 71 260 31 552 
Romania 9 900 65 174 33 278 26 330 

Spain 55 700 104 422 n/a* 154 573 
Sweden 6 750 29 402 n/a* 5 878 

tot 440 650 1 082 591 311 249 777 638 
*For those countries where the professional services are not regulated with regard to the 
accounting profession, data are not available 
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followed by Portugal (0.23%) and Germany (0.13%). Poland is the country with 
the smallest share of architects, with 0.04%.  
Germany has the highest number of civil engineers with 257 541 professionals, 
followed by France (197 045) and Poland (172 239). The least represented 
country is Ireland,  with 9 850 professionals. In terms of population share, Croatia 
has the highest value, with 0.52% of engineers, followed by Poland (0.45%) and 
Portugal (0.45%), while Italy has the lowest value per inhabitant (0.14%). 
With regard to accounting services, it can be concluded from the available data 
that the country most represented in absolute terms is Italy, with 118 639 
accountants, followed by Portugal with 71 260 and Romania with 33 278. The least 
represented country is Belgium, with around 12 000 professionals. Portugal 
registers the highest proportion of accountants in terms of population share, with 
0.70%, followed by Ireland (0.67%) and Italy (0.20%); the least represented in 
relative terms is France, with 0.03%.  
Finally, legal services see a clear predominance of Italian professionals in absolute 
terms (245 430), followed by German (167 234) and Spanish (154 296) 
professionals. In terms of population share, the top and the bottom remain 
unchanged, with Italy recording the highest rate at 0.41%, Spain (0.33%) and 
Portugal (0.31%). 
 
  

Study on the impact of regulatory environment on digital automation in professional services

5



 Global trends of digital automation 
 

 Context and digital automation definition  
 
Between the middle of the 18th and the beginning of the 19th century, a series of 
technological advances led to the first large-scale uses of mechanical automation 
of production in the most advanced societies of the time, which in turn led to the 
birth of the concept of industry. A few decades later, another wave of advances 
and refinements in automation further developed this concept, also applying it to 
infrastructures such as railways and telecommunications systems and contributing 
decisively to the birth of the contemporary mass society. These critical phases 
were later widely discussed by academics and economists and were encompassed 
within the paradigm of what would be referred to, throughout the last century, as 
the ‘industrial revolution’.  
With the gradual advent of information technologies and services, from the second 
half of the twentieth century onwards, advanced automation in production 
systems has led to rapid changes and disruptive innovations, similar in scope to 
those that occurred during the first and second industrial revolutions, which some 
in the literature have identified as the third industrial revolution. (Schwab, 2016).  
Since the early 2000s, and up to the present day, even under the pressure of a 
globalised and interconnected world, people are witnessing a massification of 
digital technologies that are progressively shaping the daily lives of most 
individuals globally. Moreover, it has been observed that these latest changes are 
taking place at an increasingly fast pace, with a trend that some have defined as 
exponential (Kurzweil, 2005), so much so that some observers are talking about 
a fourth phase of industrial revolution (Schwab, 2016). This phase is represented 
by technologies that are increasingly interconnected and which, unlike the 
mechanical automation that took place in the previous decades, will also succeed 
in replicating and automating most of the intellectual aspects that until now have 
been exclusively characteristic of human activity, therefore making the boundary 
between the physical and digital worlds thinner and thinner. 
These rapid changes have been noticed not only by scholars and entrepreneurs, 
but also by governments, institutions and intergovernmental organisations, which 
have seen the need to systematise and regulate them, in order to guarantee an 
improvement in the quality of life and to raise income levels for the world's 
population in the years to come. 
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By way of example at the EU level, in May 2010, the European Commission 
launched the digital agenda for Europe (DAE)10as one of the seven flagship 
initiatives under the Europe 2020 strategy. Its aim is to boost Europe’s economy 
by delivering sustainable economic and social benefits from a digital single market. 
Other initiatives at the European level are further illustrated within the ‘Regulatory 
Outlook’ section of this study. 
At the national level within the EU, at the beginning of the last decade the German 
government launched an initiative regarding a major federal development plan for 
the implementation of the latest generation of digital automation technologies in 
its production systems11. This initiative has been renamed as ‘Industry 4.0’ and 
has attracted the interest of many other members of the European Union, 
including France12, Spain13, Sweden14 and Italy, whose government launched a 
plan similar to Germany’s in 2017, in order to encourage companies to invest in 
digital automation15. 
Outside the EU, many other governments, such as the UK16, the UAE17, India18 
and Brazil19 have also felt the need to launch similar initiatives to spread digital 
automation within their own countries. 
Although promoted by very diverse countries, the identified objectives of these 
initiatives and the horizon they have in view is common: preparing their own 
manufacturing industry for the great challenges that the fourth industrial 
revolution entails, through the understanding and application of the potential of 
new technologies. 

10 https://www.europarl.europa.eu/factsheets/en/sheet/64/digital-agenda-for-europe 
11 https://www.bmbf.de/de/zukunftsprojekt-industrie-4-0-848.html 
12 https://www.economie.gouv.fr/lancement-seconde-phase-nouvelle-france-industrielle#  
13 https://www.industriaconectada40.gob.es/Paginas/index.aspx  
14 https://produktion2030.se/en/  
15 https://www.mise.gov.it/images/stories/documenti/guida_industria_40.pdf 
16 https://www.gov.uk/government/publications/regulation-for-the-fourth-industrial-revolution 
17https://u.ae/en/about-the-uae/strategies-initiatives-and-awards/federal-governments-
strategies-and-plans/the-uae-strategy-for-the-fourth-industrial-revolution 
18 https://digitalindia.gov.in/ 
19 https://www.bnamericas.com/en/news/brazil-launches-digital-transformation-strategy 

Automation led by 
mechanization, 
steam and coal

power

Automation driven by 
oil and electricity 
power; assembly 

lines

Automation supported by 
information technologies 

and electronics

Digital automation 
and cyber-physical 

systems

1st phase 2nd phase 3rd phase 4th phase

From late XVIII to 
mid IXX cent.

From late IXX to 
early XX cent.

TodayFrom mid to late 
XX cent.

Figure 1: The four phases of the automation process 
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Among other initiatives, the World Economic Forum also addressed the issue 
extensively in 2015  –  the year it launched its Digital Automation Initiative (DTI) 
to serve as the focal point for new opportunities arising from the latest 
developments in the digitalisation of business and society  –  and dedicateddits 
usual meeting event of 2016 to the fourth industrial revolution. 
In the context of this study, starting from the information gathered during the 
review of the above-mentioned initiatives and from the way digital automation has 
been treated in the literature, a specific definition of digital automation has been 
provided. ‘Digital automation’ is understood as the adoption of digital technologies 
with the aim of improving the effectiveness and efficiency of business processes, 
ranging from the enhancement of skills, competencies and human knowledge to 
the automation of repetitive/standardised tasks. For the purpose of this study, 
digital automation includes advanced technologies, while more basic and 
ubiquitous solutions such as e-mails, text-editing applications, spreadsheets, etc. 
are not included. 
In the following paragraph, a general overview is presented of the different trends 
that the development and adoption of digital automation technologies have 
brought about in this era of great changes. 
 
 
 

 Global digital trends  
 
Technology, and in particular digital automation solutions, are increasingly an 
integral part of human experience, both in the personal and the professional 
spheres, and at the same time they are further characterised by a process of rapid 
evolution that does not seem to be slowing down. 
Nevertheless, it is key to underline the importance, especially in certain areas of 
the world, of the infrastructural delay that hinders the adoption of the most 
advanced technologies. A recent study (Ménard, 2020) states ‘Some 2.5 billion 
people remain offline altogether today, and the business case for building 
advanced networks and investing in frontier technologies like high-band 5G varies 
widely across countries and between urban and rural areas’, concluding that while 
almost 80% of the world’s population could have advanced coverage or better in 
ten years, just one-quarter will enjoy access to networks delivering the highest 
speeds and lowest latency via cutting-edge technologies. 
Technological progress and the widespread digital transition is also bringing about 
a change in the way people take advantage of new digital and automation 
technologies, also thanks to the high level of attention given to aspects such as 
the user interface and usability, which ‘is a necessary condition for survival’ 
(J.Nielsen, 2012). Regarding the approach to new technologies, a recent 
publication from Gartner (Cearley et al., 2020) states that ‘Privacy and ethical 
considerations will become increasingly important. Artificial intelligence (AI) will 
play an increasingly central role. New architectures and integration methods will 
be needed to weave together the myriad of technological components. New tools 
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and software for the collection, management and analysis of data and information 
will continue to become increasingly central and strategic.’ 
These considerations show that new technological trends pose numerous 
challenges, not only of a purely technological nature, but also of a cultural and 
organisational nature, which makes it even more difficult to determine exactly 
what the near future will look like. These challenges are met in very different ways 
by the business world. Many organisations  –  typically those that are large, 
international and/or natively digital  –  see the adoption of new technologies as 
an opportunity to build new business models or introduce new services 
and not just as a way to make their operations more efficient. On the other 
hand, smaller organisations (e.g. SMEs) usually tend to be further behind in the 
digital transition for reasons of culture, organisation and skills, as well as for 
resource issues. Confirming this, the OECD in 2019 stated that ‘SMEs are less 
likely to have the skills needed to manage their digital transformation, and too 
few companies still engage their employees in appropriate hi-tech training. 
Moreover, these realities continue to suffer from a shortage of skilled workers, 
particularly in problem-solving management and skills, which are key to 
innovation.’  
With reference to the main and most innovative digital automation solutions, it is 
necessary to specify how these, in most cases, are the result of a combination of 
various technologies and enabling factors that over the years have seen a 
significant process of maturation, such as artificial intelligence, big data, robotics, 
etc. 
By way of example, the ability to make available a large amount of data and 
information  –  i.e. big data, needed to ‘train’ the different models and algorithms 
used by artificial intelligence and machine learning  –  was decisive in enabling its 
practical application in different fields and sectors. The same is true for artificial 
intelligence, which in turn is used in combination with the world of robotics to 
enrich robots with a learning capability, thus improving their efficiency and 
opening up new areas of application.  
 
 
Case study: Kensho 
As illustrated by Popper, 2016, the importance of integrated AI application with 
big data could be illustrated by the case of Kensho, a company that deploys big 
data and machine learning to answer complex research queries.  
Kensho increases human capacity for thinking, learning and doing by combining 
big data and machine learning to automatically analyse the impact of real-world 
events on financial markets and respond to complex financial queries.  
Previously, searches done by analysts were carried out through the use of 
different keywords in several different databases. Through the Kensho search 
engine, with an automatic process of a few minutes, the various events can be 
categorised according to several characteristics. To get a similar result or query 
could take about 40 hours of work, which would represent a very high 
investment for companies operating in the financial world. Therefore, for some 
years now, major investment banks have invested in Kensho and use it for 
research activities. 
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In order to describe and introduce the main digital trends, a dedicated 
classification has been devised; it considers the scenario described above and the 
high degree of complementarity of technologies. All digital solutions currently on 
the market and/or under development have been analysed, identifying the 
potential impacts and effects on human activities and business. These impacts 
have been then categorised in five macro-clusters that have allowed the 
identification of the related five global digital trends illustrated below. This 
methodology made it possible to take into due consideration not only the 
technological aspects but also the more functional aspects of the matter.  

  
Figure 2: The five global digital automation trends with their digital automation 
technologies and their impacts on humans and business activities 

 
As illustrated in the figure, the five global digital trends identified are: 

1. Hyper-automation: all the technological solutions that contribute to a full 
or high automation of processes and activities;  

2. Human augmentation: all the technological solutions that contribute to 
the enhancement of the typical abilities of human beings, for example, 
learning, seeing, communicating, etc.; 
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3. Smart and autonomous things: all the technological solutions that 
provide tangible and physical support to human activities (e.g. drones, 
driverless car, wearables, etc.); 

4. Distributed solutions: all the technological solutions that enable greater 
technical capabilities thanks to a decentralised operating logic; 

5. Data-driven society: all the technological solutions that enable the 
management and enhancement of large amounts of information and/or 
data. 

 
Each technological trend, which will be described in more detail below, responds 
to specific human needs and requirements. To satisfy these needs, each of the 
above-mentioned trends exploits specific applications of one or more technological 
solutions. In this regard, artificial intelligence deserves a specific treatment as 
it represents a combination of various technologies that enable a very wide 
range of technological solutions spanning all the five trends. Moreover, it is worth 
mentioning that each separate trend should not be regarded as completely 
autonomous and independent from the others, but as a system where each 
connection has its role and importance in the overall digital development. 
 
 
1.1.2.1 Hyperautomation 
 

Hyperautomation ‘deals with the application of advanced 
technologies, including artificial intelligence (AI) and machine 

learning (ML), to increasingly automate processes and augment humans. 
Hyperautomation extends across a range of tools that can be automated, but also 
refers to the sophistication of the automation’. In other words, hyperautomation 
is the combination of various technologies and automation tools already available, 
such as machine learning, packaged software, and job delivery automation tools, 
in order to enhance the levels of effectiveness, efficiency and productivity in the 
execution of business processes and related individual tasks. The combination of 
these instruments is based on a series of ‘automation steps’ such as ‘discovering, 
evaluating, designing, automating, calculating, tracking and reassessing’ (Cearley 
et al., 2020).  
This trend, paired with a ‘highly-educated workforce’ and ‘highly-informed 
customers’, is forcing companies to radically rethink their management practices 
(vom Brocke et al., 2018). Indeed, a hyperautomated future state can only be 
accomplished by hyperagile work processes and techniques; the ability to use 
different forms of hyperautomation would heavily rely on the current IT 
infrastructure and business processes of the organisation.  
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An important concept in this field is process mining. Process mining tools consist 
of smart algorithms which reconstruct, analyse and understand actual 
operational/business processes. With their powerful analytics capabilities, they 
highlight inefficiencies, bottlenecks and conformance issues and give advice on 
how to improve performance. The application of these tools mainly produces: 
• the actual process flowcharts, in Business Process Modelling Notation (BPMN) 

format (or others required) with all the cases/variants that can take place; 
• all the management data associated with the normal execution of operations 

and processes within an organisation; 
• graphical and quantitative information about the execution of the processes: 

bottlenecks, % of usage of the different process ‘paths’, percentage of 
uncompleted processes, etc. 

More specifically, process mining consists of two basic elements: an ‘extractor’ to 
obtain process data and an ‘exploiter’ to transform the data into usable 
information. Typical extractors have a real-time data processing architecture that 
gathers process digital traces and sends the raw data to a data collection bus (also 
including noisy or unstructured data). After various steps of refinement, the 
information is structured into messages related to the process. Thanks to the 
application of these tools it is possible to obtain: 
• process discovery (automatic generation of diagrams (BPMN format) of the 

executed processes; detection of activities executed within a process; path 
detection followed within a process); 

• process analysis (detection of process volume; detection of abandonment rate 
or process bottlenecks); 

• golden path (the most efficient) or less efficient path detection; 
• detection of need for process reengineering or failures in the tools that support 

the process (working session outside of ordinary time; unusual or unexpected 
process variants; sudden changes in performance of a process or resource); 

• process benchmarking (e.g. between different agents or groups of agents; 
between different work cases; different time slots); 

Figure 3: Technological applications of Hyperautomation 
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• conformance and root causes (e.g. compares the desired process model 
against the actual process; identifies root causes for deviations and 
performance losses); 

• fault detection (in monitoring of process efficiency; handling of risky cases of 
process performance forecasting). 

With reference to the applicability of process mining-based solutions, it is worth 
mentioning that every process that leaves digital traces (e.g. workflow logs, 
transaction logs, subscriptions, orders, invoices, etc.) can be mined using process 
mining.In the area of hyperautomation, another widely used advanced technology 
is robotic process automation (RPA). RPA is an umbrella word for devices that 
work in the same way a person does on the user interface of computer systems, 
and usually encompasses solutions based on the developments in data science, 
machine learning, and artificial intelligence. Unlike traditional workflow technology, 
the information system remains unchanged. Gartner defines robotic process 
automation (RPA) as follows: ‘RPA tools perform [if, then, else] statements on 
structured data, typically using a combination of user interface interactions, or by 
connecting to APIs to drive client servers, mainframes or HTML code. An RPA tool 
operates by mapping a process in the RPA tool language for the software robot to 
follow, with runtime allocated to execute the script by a control dashboard.’ 
(Tornbohm, 2017). Hence, RPA tools are designed to reduce the burden of simple 
repetitive tasks on employees (Aguirre and Rodriguez, 2017). 
Commercial RPA device vendors have seen an increase in demand. In addition, 
over the last few years several new vendors have entered the market. This is not 
surprising, as most companies are still searching for ways to cut costs and quickly 
connect legacy applications. RPA is currently seen as a way to quickly attain a high 
return on investment (RoI). There are dedicated RPA vendors, like 
AutomationEdge, Automation Anywhere, Blue Prism, Kryon Systems, Softomotive, 
and UiPath, for instance, that only offer RPA software (Le Clair, 2017; 
Tornbohm 2017). There are also many other vendors that have embedded the 
RPA functionality in their solutions or that offer various tools (not just RPA). For 
example, Pegasystems and Cognizant provide RPA along with traditional BPM, 
CRM, and BI functionality (van der Aalst et al., 2018). 
Another important technology used with a view to automate workers' activities is 
machine learning (ML) which is an application of AI that provides systems with 
the ability to automatically learn/improve from experience without a continuous 
updating of the program. ML focuses on the development of computer 
programs that can access data and use them to learn for themselves20. Machine 
learning technologies are increasingly used by companies to design services of 
diverse complexity. Results of machine learning development applications can be 
experienced by anyone today, as they even form the basis for everyday services 
embedded in smartphone operating systems, such as face recognition and virtual 
personal assistants; in social media, services such as tailored recommendations 

20 https://expertsystem.com/machine-learning-definition/  
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regarding who users might know or what  content they might like/follow; in e-
mails, services such as spam or malware filtering21.   
More in-depth information about ML will be provided in the section of this chapter 
dedicated to artificial intelligence.  
 
 
1.1.2.2 Human augmentation 
 

The second identified trend is human augmentation, which 
encompasses all technological solutions able to enhance the typical 

abilities of human beings, e.g. seeing, speaking, learning, etc.  
Human augmentation can be pursued by resorting to ‘external’ tools such as 
eyeglasses and binoculars, leveraging augmented reality and multimodal 
interaction technologies that enable non-invasive ways of enhancing human 
capabilities (Raisamo, 2019). The new technologies emerging from computer 
science, such as wearables, smart speakers, virtual reality-enabled tools and 
those emerging from biological science, provide a new set of development 
opportunities in different working fields. In other words, ‘Human augmentation 
explores how technology can be used as an integral part of the human experience 
to deliver cognitive and physical enhancements’ (Cearley et al., 2020). 

 
As mentioned above, one of the main examples of human augmentation is virtual 
reality (VR), which is the use of computer technology to create a simulated 
environment. VR is a generic concept and defines content that can be reproduced 
via digital terminals such as head-mounted display (HMD) or even smartphones 
(i.e. "mobile VR"). VR can consist of linear movies, recorded with the help of a 
360° camera, but also interactive 3D simulations, such as games that allow people 
to fully immerse themselves in the action. One advanced configuration of this 
technology is known as ‘interactive VR’, which is an environment that reacts to 

21  9 Applications of Machine Learning from Day-to-Day Life, Medium, 2017. Retrieved by 
https://medium.com/app-affairs/9-applications-of-machine-learning-from-day-to-day-life-
112a47a429d0  
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Figure 4: Technological applications of Human augmentation 
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people's actions within virtual reality. Current applications of interactive VR are 
video games and mobile applications, where, through a controller or a joystick, 
the user/gamer can also use dedicated functions (such as "Touch", "Hold", "Click", 
"Swipe") to select, move, replace or delete items without having to use menus. 
Another example of human augmentation is augmented reality (AR), where 
objects that reside in the real world are enhanced by computer-generated 
perceptual information, sometimes across multiple sensory modalities, which may 
be visual, auditory, haptic, somatosensory or olfactory. Through augmented 
reality (AR), virtual content has direct applications in the real world. For example, 
it can be used on a daily basis to find a product in the supermarket quickly, to 
provide instructions for mounting a shelving unit or to illustrate the functions of a 
car navigation system.  
At the present time, the use of augmented reality technologies focuses more on 
solutions in the video game, manufacturing and healthcare sectors (Altınpulluk, 
H., 2017). 
The use of augmented reality is often associated with the success of the mobile 
game Pokemon GO by Niantic, which allows users to search and capture Pokemon 
in public places with their smartphone. The fame it garnered is linked to its many 
Guinness World Records associated with the spread and profitability of mobile 
applications, including the record for the most international charts topped 
simultaneously by a mobile game in its first month (top game in 70 different 
countries)22.  
Despite AR’s success in gaming, a recent VR intelligence study concluded that the 
industrial use of AR technologies will soon surpass that in the consumer and 
entertainment sector, thanks to their potential for boosting productivity and safety, 
for example in maintenance operations and the remote control of machinery 
(Bonasio, 2019). 
In addition, mixed reality (MR) is also becoming increasingly popular. Despite 
some statements about the fact that ‘there is no universally agreed on, one-size-
fits-all definition of MR’ (Speicher et al., 2019), this technology could be 
considered as the merging of real and virtual worlds to produce new environments 
and visualisations, where physical and digital objects co-exist and interact in real 
time (Sutko and de Souza e Silva, 2009). Concrete applications of mixed reality 
are videos in which VR content and real movie sequences are combined and 
superimposed. For this purpose, the person in VR is filmed with the help of specific 
technologies. Afterwards, the position of the real camera is linked to the position 
of the virtual camera. In this way, people outside can also see what the subject is 
experiencing in the virtual world. 
 
Case study: HoloLens 
One of the most advanced examples of mixed reality applications is HoloLens, 
produced by Microsoft. It consists of a completely independent holographic 
computer that allows the user to interact with digital content and holograms 
displayed in the world around him. HoloLens works autonomously, as it doesn't 

22  https://www.guinnessworldrecords.com/news/2016/8/pokemon-go-catches-five-world-records-
439327 
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need any connection with a smartphone or other devices, being equipped with 
motion sensors, depth sensors, cameras, microphone and audio with spatial 
sound (the sound is perceived at 360 degrees, similar to Dolby Surround). 
It is currently finalising its experimental phase, as it is only available for 
developers and certain types of companies/organisations (e.g. within medical 
specialisation schools, where it is used to simulate complex surgical operations; 
within schools and universities as support during lessons or study or to make 
video calls or visit cities and places remotely)23.  

 
The most innovative collaboration platforms are another way in which human 
augmentation is incorporated, exploiting the above-mentioned technologies, i.e. 
VR or AR. These tools offer an opportunity to reduce the physical and geographical 
distances between people by enabling new forms of collaboration, involving not 
just simple communication but real interaction. 
 
Case studies: Immersive technology players 
There is a great number of VR companies that are betting on the creation of 
new ‘virtual’ workspaces and environments thanks to the reduction of physical 
and geographical distances provided by VR/AR/MR.  
By way of example, Connec2 is a Netherlands-based company that provides 
virtual reality environments for remote collaboration, such as meeting rooms 
equipped with blackboards and markers, post-it for comments and other tools 
for brainstorming and boosting productivity of participants24.  
Finnish Glue produces shared virtual environments that take advantage of 
recent advances in immersive 3D graphics, virtual reality, and cloud computing 
for file sharing. Glue’s services have been tested by several leading corporations 
in the EU and the US, and the company has recently announced new features 
specifically designed for overcoming the growing travel uncertainties25.  
Vertical platforms for given types of activities are arising as well, such as NVIDIA 
Holodeck. The platform is mainly designed to give content creators an idea of 
what the final rendering of a scene or model will be and enable them to discuss 
it with colleagues and other content creators, represented by avatars. Its aim is 
to simplify the process of reviewing and physically prototyping a product or 
car26.  

 
 
1.1.2.3 Smart and autonomous things 
 

Smart and autonomous things are linked to the concept of 
automating functions in physical devices, software or services. 

Autonomous things include advanced robots, drones, and autonomous vehicles. 

23 https://www.microsoft.com/en-us/hololens 
24 https://connec2.nl/en/ 
25  https://www.prnewswire.com/news-releases/glue-launches-next-generation-vr-collaboration-
platform-for-remote-workers-and-dispersed-teams-301022317.html 
26 https://www.nvidia.com/it-it/design-visualization/technologies/holodeck/ 
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Smart things generate opportunities in sectors and industries such as retail, where 
robots serve as waitresses and store greeters, and in agriculture, where self-

driving tractors, robotics, and drones may increase farm yields and efficiencies.  
Existing objects would become smart and autonomous, potentially providing the 
power of AI-enabled technologies anywhere. Autonomous software brings value 
to applications and IT systems such as network management, where AI-powered 
systems with higher performance can achieve greater productivity and 
effectiveness (Cearley et al., 2020). This is made possible through the role played 
by advanced robotics. This concept involves all devices that, to a greater or 
lesser degree, function autonomously and increase the human-robot collaboration. 
For manufacturing companies, advanced robotics systems represent a key 
component of the self-controlled factories of the future, ready to transform 
industrial operations by bringing a higher perception, integrability, adaptability 
and mobility than conventional robots. Recent surveys show that companies are 
positive about the potential of these systems in manufacturing processes, as they 
can manage the increasing complexity of the operating environment resulting 
from the increasing number of product variations, the frequency of new product 
launches and the demand for customised products.  
A recent study by Küpper et al., 2019, estimates that within three years, around 
85% of companies plan to use them in their production processes, with a peak of 
around 90% among technology firms. European and Asian companies currently 
lead the introduction of advanced robotics systems, while the introduction is 
progressing more gradually in North America. Finally, it should be pointed out that 
advanced robotics can bring significant benefits, especially when integrated and 
combined with other enabling technologies.  
Advanced robotics will have a significant impact on the work force. Jobs that 
include mainly routine manual exercises, (‘low-added activities’ such as stacking 
and emptying machines, for example) are the most likely to be completely 
robotised. For occupations that include both everyday and nonroutine functions, 
the portion of nonroutine assignments will increase. As manual work shifts toward 
nonroutine assignments, labourers must acquire more highly developed skills. 
New position classifications will emerge as mechanical selection presents new 

Figure 5: Technological applications of Smart and Autonomous things 
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needs. Human jobs will move toward assignments that require specialised 
capacities and delicate aptitudes (for example, the capacity to step up to the plate) 
(Küpper et al., 2019). 
Moreover, it is worth mentioning the increasing importance of relevant systems of 
interrelated computing, mechanical and digital devices and machines, provided 
with unique identifiers and the ability to gather and transfer data over a network 
without requiring human-to-human or human-to-computer interaction. In fact, 
familiar devices and tools are evolving to become connected and smarter by 
leveraging the Internet of Things (IoT) so as to make their use easier, better 
and safer. The Internet of Things is still today a field characterised by an important 
technological evolution and diffusion in terms of applications. In particular, there 
has been a proliferation of areas in which the IoT is becoming increasingly 
important, such as smart home, smart building, smart metering, smart factory, 
smart city, smart agriculture, smart logistics, smart lifecycle, smart retail and 
smart health. 
 
Focus: Wearables 
As an example, with particular reference to the health sector, it is important 
to point out the role of wearables, which are increasingly becoming part of our 
daily life. These devices might be worn during sports activities or simply to check 
the pulse or the quality of sleep. In general, the main reason why people live 
with this type of device is to be able to monitor their state of health. In a study 
that involved around a thousand consumers, it was found that health 
organisations (including clinicians, hospitals and health insurance companies) 
are the ones who, more than any others, suggest wearable devices to their 
users. This means that while healthcare organisations have fully understood the 
potential of wearable devices, more synergies with technology companies are 
needed to create effective solutions to establish a connection with patients and 
offer them the best possible services. When talking about the world of wearable 
devices to support patients, it is necessary to mention patches  –  devices that 
can be worn on the skin  – that are able to monitor patients minute by minute 
to collect data and send alerts to caregivers  –  and those devices dedicated to 
the remote monitoring of patients bedridden by chronic diseases, including some 
sensors that are placed under the mattress for real-time monitoring of vital 
parameters. 
Wearables are reaching extremely high levels of precision. Examples include 
gloves designed for stroke patients that provide the ability to gradually recover 
use of the hand, smart boards that allow patients with motor problems in the 
upper limbs to move the shoulder, or clock-shaped devices that allow glucose 
levels to be measured without the pain inflicted by the traditional procedure. 
According to the International Data Corporation (IDC), the wearable technology 
market grew 29% in 2016, with 101.9 million devices sold, and it is expected to 
grow further by 2020, reaching 213.6 million devices27. 

 

27 Peviani, 2017. 
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In this regard it is also important to stress the concept of smart things, which 
are objects that can sense, monitor and react to their environment, securely 
processing the information they collect, protected from threats and intrusions, 
then communicating the results to other smart objects while managing their power 
consumption. Advanced semiconductor technologies, low-cost, low-power 
embedded microcontrollers and innovative sensors are enabling large-scale 
deployment of new smart things that are powerful, compact, energy-efficient, 
secure and affordable, expanding the importance of the IoT more and more. 
 
1.1.2.4 Distributed solutions 
 

 Our traditional industrial technology systems are based on a 
centralised model design that uses batch processing to leverage 

economies of scale as centrally controlled systems, such as power generator plants, 
factories and broadcast media-produced technologies and services that were 
pushed out to end users. Although distributed solutions have always been on 
the fringes, today a number of factors are working to fundamentally change this 
centralised model to a more distributed one, where capabilities and operation can 
also be carried out by many different actors across a network (Maul et al., 2017). 
 

In this context, a technology like the distributed ledger is very representative 
of this new trend. A distributed ledger is an expanding chronologically ordered list 
of cryptographically signed, irrevocable transactional records shared by all 
participants in a network.  
The blockchain is a type of distributed ledger, where the database is consensually 
shared and synchronised across multiple sites, institutions, or geographies, and 
accessible by multiple users, allowing transactions to have public ‘witnesses’. One 
way that blockchain provides business value is by reducing relational and technical 
frictions. This can be obtained by making the ledger independent from centralised 
control, and by replicating it across a distributed network to create a consensus-
based authoritative record of significant events. Blockchain can also enable a 
distributed trust architecture that allows untrusted parties to undertake 
commercial transactions with decentralised validation mechanisms, with the 
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support of smart contracts, i.e. computer protocols intended to digitally facilitate, 
verify, or enforce the negotiation or performance of a contract without the 
mediation of any third party. Blockchain can also enhance the sharing of 
information among known entities and improve opportunities for tracking and 
tracing physical and digital assets. However, given their decentralised nature, 
blockchain applications face challenges that might undermine the delivery of 
robust scalable solutions in the coming years.  
Technologies based on less-centralised architectures also fed the evolution of 
cloud computing, understood as the on-demand availability of computer system 
resources, such as data storage (cloud storage) and computing power, without a 
direct active management by the user. 
Moreover, distributed cloud refers to the distribution of public cloud services to 
various locations outside the data centres of the cloud provider, while the 
originating public cloud provider assumes responsibility for the operation, 
administration, maintenance and updates. It marks a major change from most 
public cloud providers' centralised model, which will lead the way in a new age of 
cloud computing. 
Related to the concept of distributed cloud, another relevant trending concept is 
edge computing, where information processing and content collection and 
delivery are placed closer to the sources, repositories and users of the information, 
thus driving greater computational power, storage, and sensors into the physical 
world, and creating new digital business opportunities. The concept of distributed 
processing derives from edge computing, as edge computing places workloads 
inside a centralised/decentralised system where they are best suited.  
Challenges to the development of edge computing are related to connectivity, 
latency and bandwidth limitations. Nevertheless, a steady increase in sensor 
embedding, storage, computer and advanced AI capabilities, as well as enhanced 
software and security capabilities in edge devices is expected within the next ten 
years. The coming of 5G can offer higher edge density, lower latency and higher 
efficiency.  
From the extension of the edge computing network comes what is known as fog 
computing. The OpenFog Consortium defines fog computing as ‘a system-level 
horizontal architecture that distributes resources and services of 
computing, storage, control, and networking anywhere along the continuum 
from Cloud to Things’. Fog computing offers benefits similar to those of edge 
computing, including low latency, a focus on storage, and real-time analytics. In 
other words, fog computing is the overall architecture of distributing resources 
across the network, whereas edge computing is specifically focused on executing 
computational processes close to end-users outside the core of the network. The 
confusion between them might arise from their joint goal of decentralising 
computing for a better end-user experience. The two concepts are often tied to 
the advancement of the Internet of Things (IoT) technology and the optimisation 
of 5G networks. (Boyd, 2018).  
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1.1.2.5 Data-driven society 
 

The importance of managing and exploiting the huge amounts of 
data and information created and collected in the digital age 

(data-driven society)  –  also-called big data  –  is increasingly both a challenge 
and an opportunity to be exploited by all different types of organisations. 

 
Big data is generally known as relating to the extremely large volumes of data, 
both structured and unstructured, that companies are now able to collect and 
attempt to process in a meaningful way. This has required the development of 
analytical techniques and methods, new ways of structuring data, and interesting 
applications in science and in management. While the importance of big data has 
often been questioned, the big data environment is still on the rise.  
Data and information volume, velocity of 
spread, and variety (the ‘3 Vs’) have risen 
exponentially over the past decade, to the 
point that it is no longer possible to handle 
the data asset by conventional means. 
Today new, innovative forms of processing 
for enhanced decision-making, business 
insights, and process optimisation are 
required. As illustrated in the figure, big 
data trends were triggered by 
developments in computational 
technology, which allowed the sudden 
explosion of data from various sources 
such as the Internet, social media and 
sensors. 
The basic notion of big data as a recent idea involves the techniques and 
technology needed for processing extremely large volumes of data. In addition to 
the technology, trained professionals with analytical and design skills are needed 
to properly manage this resource.  

DATA DRIVEN 
SOCIETY 5

Figure 7: Technological applications of Data driven society 
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Over the last few years, the production of big data applications has become 
increasingly important. At the same time, many organisations from various 
industries are increasingly dependent on information derived from huge volumes 
of data. Traditional computing methods and systems are therefore less effective 
in the light of big data. Reports show slow sensitivity and lack of scalability, 
efficiency and precision (Storey and Song, 2017). 
Big data mining provides many opportunities. However, when researching big data 
sets and extracting value from such mines of information, researchers and 
professionals face many challenges. The difficulties lie at various levels and 
encompass activities related to and including data capture, storage, searching, 
sharing, analysing, managing and viewing, among others. Moreover, security and 
privacy issues are a particular concern in distributed applications that are powered 
by data. Although the scale of big data continues to grow exponentially, as the 
global big data technology market is calculated to be worth $36.8 in 2018, and 
estimated to reach $104.3 billion by 202528, the actual technical ability to handle 
and explore big data sets is still in the relatively lower data transmission rates.  
 
Case study: Apache Hadoop 
Apache Hadoop is one of the most relevant recent technological solutions in 
the context of big data. Hadoop is a well-known big data platform with a large 
community of users. It was designed to avoid the poor performance and 
difficulty of big data analysis using conventional technologies. Hadoop's ability 
to handle massive data sets rapidly provides relevant benefits, due to its parallel 
clusters and distributed filesystem. In addition, unlike conventional 
technologies, Hadoop does not copy all remote data into memory for the 
execution of computations. Instead, Hadoop performs assignments where the 
data are stored. Another advantage of Hadoop is its ability to run programs 
while ensuring fault-tolerance, usually encountered in distributed environment. 
To guarantee that, it prevents data loss by replicating data on servers.  
Furthermore, users can attach modules on top of Hadoop according to their 
goals and application specifications (e.g. power, performance, reliability, 
scalability, security) as required. Indeed, the Hadoop community has 
contributed with several open-source modules to enrich their ecosystem29. 

 
1.1.2.6 Focus: artificial intelligence 
 
All the technological trends identified and described above are enabled or in any 
case potentially integrable with artificial intelligence (AI) applications. For 
this very reason, a focus specifically dedicated to this subject is presented below.  
 

Definition: Artificial intelligence is a collection of technologies that combine 
data, algorithms and computing power to perform tasks normally requiring 
human intelligence, such as visual perception, speech recognition, decision-
making, and translation between languages. At this time, however, there is still 

28 https://www.fortunebusinessinsights.com/industry-reports/big-data-technology-market-100144 
29 https://hadoop.apache.org/  
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no agreed definition of ‘artificial intelligence’. Artificial intelligence could be 
defined as a machine (a) thinking humanly, (b) thinking rationally, (c) acting 
humanly, or (d) acting rationally (Russel and Norvig, 2010).  
The most common approach to defining AI systems is based on the reproduction 
of abilities usually attributable to humans in their learning and decision-making 
roles. Such definitions can be found in several relevant papers by the bodies of 
the Council of Europe or of the European Commission: 
• AI is used as an umbrella term to refer generally to a set of sciences, theories 

and techniques dedicated to improving the ability of machines to do things 
requiring intelligence. An AI system is a machine-based system that makes 
recommendations, predictions or decisions for a given set of objectives. It 
does so by: (i) utilising machine and/or human-based inputs to perceive real 
and/or virtual environments; (ii) abstracting such perceptions into models 
manually or automatically; and (iii) deriving outcomes from these models, 
whether by human or automated means, in the form of recommendations, 
predictions or decisions30. (Council of Europe, 2019) 

• AI refers to systems that display intelligent behavior by analysing their 
environment and taking actions  –  with some degree of autonomy  –  to 
achieve specific goals. AI-based systems can be purely software-based, 
acting in the virtual world (e.g. voice assistants, image analysis software, 
search engines, speech and face recognition systems) or AI can be 
embedded in hardware devices (e.g. advanced robots, autonomous cars, 
drones or Internet of Things applications). We are using AI on a daily basis, 
e.g. to translate languages, generate subtitles in videos or block email spam. 
Many AI technologies require data to improve their performance. Once they 
perform well, they can help improve and automate decision making in the 
same domain. For example, an AI system will be trained and then used to 
spot cyber-attacks on the basis of data from the concerned network or 
system. (European Commission, 2018a) 

Thus, the definition of AI usually includes the ability to learn, i.e. to perceive 
data (be it analogue or digital data) and to analyse it, and to provide outcome – 
–  whether in the form of recommendations, decisions or controls  – – as abilities 
that distinguish AI from other less evolved algorithms.  
The Council of Bars and Law Societies of Europe points out the need of 
discussing another important aspect in the use of AI technologies: the definition 
of a common ethical framework for the use of AI, as it goes beyond the field of 
justice alone (CCBE, 2020). In this regard, in 2019 the European Commission 
issued a paper on Ethics Guidelines for Trustworthy Artificial Intelligence 
(Smuha, 2019). 
On this issue, reference can be made to different initiatives taken by the 
European Commission aimed at guiding the ethical choices made by artificial 
intelligence-backed technologies: in 2018 the Commission appointed a group of 
experts from academia, industry and civil society to support the implementation 
of its first artificial intelligence strategy. In June 2019, the first results of this 
initiative were presented with the issuance of the documents 'Ethics Guidelines 

30  
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for Trustworthy AI' and 'Policy and Investment Recommendations for 
Trustworthy Artificial Intelligence'.  
In addition, in 2019, the Commission sponsored a public consultation involving 
citizens and stakeholders, which resulted in the publication of a white paper 
reporting on policy and regulatory options Towards an Ecosystem for Excellence 
and Trust in Artificial Intelligence. These documents will be discussed in more 
detail below. 
Artificial intelligence is expected to support a new wave of automation. The 
relevant class of AI technologies includes advanced neural network machine 
learning techniques, smart robotics, natural-language processing, computer 
vision, autonomous vehicles and virtual agents.  
 

Applications: Machine learning is the application of artificial intelligence (AI) 
that provides systems with the ability to automatically learn and improve from 
experience without being explicitly programmed. Machine learning focuses on 
the development of computer programs that can access data and use it to learn 
for themselves. 
Machine-learning algorithms are responsible for most of the well-known AI 
innovations and implementations today. They use statistics in massive 
quantities of data to identify patterns. Data can be collected and processed in 
different forms, as they might include numbers, words, images, and clicks, 
among others. Almost any kind of data can be managed, as long as they can be 
digitally stored.  
Moreover, machine learning is the process that drives many of today's services  
– – recommendation systems such as those on Netflix, YouTube, and Spotify; 
search engines such as Google and Baidu; social media feeds such as Facebook 
and Twitter; voice assistants such as Siri and Alexa.  
In all these cases, each platform collects as much data as possible about the 
users (for instance links clicked on, statuses reacted to, etc.) and uses machine 
learning to make a highly educated guess of what users might want next.  
With reference to another one of the main applications of AI, it is worth 
mentioning deep learning. Deep learning is a kind of machine learning but with 
the use of a technique that gives machines a greater ability to find and amplify 
even the smallest models. This technique is called deep neural networking 
because it has many layers of simple computational nodes that work together 
to crunch data and provide a result in the form of prediction.  
 
How AI is helping to counter the COVID-19 emergency: During the recent 
COVID-19 outbreak, various technological solutions backed by artificial 
intelligence have been developed globally with the aim of containing the effects 
of the emergency. As early as February 2020, the World Health Organization 
issued a report illustrating how AI is playing an important role in helping health 
workers respond to the COVID-19 epidemic in China.  
Among the examples presented, the Chinese tech company Baidu has developed 
an AI-backed infrared technology system to predict passengers’ temperature, 
which has been deployed in Beijing’s Qinghe Railway Station; the e-commerce 
company Alibaba has developed a natural processing language model that 
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provides healthcare data analysis on the basis of the company’s existing 
platforms and search engine capabilities, which has played a decisive role in 
accelerating the country's ability to circulate medical records (World Health 
Organization, 2020).  
A team of researchers from the Data Science Department of Eurecom (France), 
Cornell University (USA) and the Johns Hopkins University (USA) have 
developed a fact-checking search engine (named Corona Check) equipped with 
artificial intelligence to counter the spread of pandemic-related fake news. By 
entering a statement in the search bar, the news is verified on the basis of 
official data from the World Health Organization (WHO), governments and 
health ministries. 
For each verification, the system shows a true/false label and an explanation of 
how the artificial intelligence system came to that conclusion. The algorithm, 
moreover, when confronted with statements that it is not able to verify, asks for 
feedback from the user so as to help it in the process. In this way, the system 
learns from user feedback on how to handle new types of claims and how to 
exploit new data sets31.  

 
 Digital automation in professional services 

 
Digital transformation is accelerating the Fourth Industrial Revolution, 
transforming the way people live and connect. The latest industrial transition, 
unlike its predecessors, is systemic, impacting every field of the economy, 
including professionals (World Economic Forum, 2017) in professional service 
sectors such as engineering, architectural, legal and accounting services, which 
are the focus of this study. 
 
 

 Digital transformation impacts 
 
In the near future, professional services will be forced to deal with significant 
changes that will fundamentally alter the organisation and management of their 
work, especially as automation comes into play. In other words, ‘digital innovation 
contributes to a fundamental shift’ (World Economic Forum, 2017) in supply 
and demand dynamics in the sector. The economics of the industry is changing 
mainly in three ways: 
• On the demand side, pervasive data and widespread technology make 

professions more transparent, enhancing customers' understanding of the 
industry and raising their expectations of high-quality, affordably priced 
professional expertise. 

• On the supply side, relevant progress in machine learning, robotic process 
automation, and work modularisation supports the creation of a new way of 
supply in professional services; 

31 https://coronacheck.eurecom.fr.  
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• Digital platforms offer a convenient alternative to the traditional physical 
service market, as customers can search and pursue online professional help.  

 
More specifically, the significant impacts of digital transformation on professional 
services, in general, can be summarised in the following categories: 
 
Business model transformation. Digitisation allows companies and 
professionals to revolutionise all aspects of the way they access their markets: 
their services, their value propositions, target customers, communication and 
pricing. Professionals are repositioning themselves with new services dedicated to 
the digital world; they are promoting a system of partnerships throughout the 
industry value chain and beyond, particularly concerning potential technology 
partners. 
 
New division of work. Automation uses technology to perform highly repeatable 
tasks that previously required time and human effort, which involves the division 
of work into modules (modularisation). The reason is that automation works best 
in explicit, coded, routine tasks (e.g. mathematical calculations in accounting, 
etc.). Therefore, by modulating the work, i.e. breaking it down into discrete tasks 
and investing in the right technology to perform these easily automated tasks, 
companies can reduce costs and time spent on service while increasing accuracy 
and quality (World Economic Forum, 2017). This work division permits the use of 
professional expertise, primarily on those jobs with high added value (personalised 
and nonrepetitive activities that require the use of unique and valuable skills and 
are typically more profitable) or where it is necessary to adapt the service to 
specific customer needs.  
 
Reskilling. The division of labour, driven by new digital technologies, has also 
contributed to the polarisation of jobs and skills bias. Digital technologies have 
created the need for more on-the-job education and raised the need for a high 
level of skills. Not only is an ever-higher level of education needed, but the 
importance of having new and different skills compared to traditional ones is 
emerging more and more. For example, it is increasingly important to have a 
certain level of knowledge of programming and coding techniques. 
 
Market structure. The adoption of digital solutions aimed primarily at automating 
processes and activities impacts the competitive structure of the professional 
service sector. While not exhaustive, two potential general trends can be 
identified:  
• The high investment required for the adoption of the most innovative 

technologies, such as AI-based solutions, tends to put larger companies in a 
more favourable position vis-à-vis smaller companies.  

• The relevant specificity of skills and technologies will increase the role of 
digitally native practices and online providers or online platforms. 

 
Focus: Online services providers 
In recent years there has been a clear affirmation of online service providers as 
important economic players within the professional services domain.  
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An online service provider can be defined as any company, organisation or group 
of professionals that provides exclusively online services, thus, without any 
physical intervention.  
The rise of such players has been possible thanks to the increasing possibility of 
exploiting new digital technologies, from online platforms for bringing demand 
and supply of professional services closer together to machine learning 
algorithms for automating one or more phases of professional service delivery 
processes (these often concern activities subject to greater standardisation of a 
professional service practice). 
Examples of online service providers for professional services in the areas 
covered by this study can be found in the French company 
E-interiorconcept.com – which offers the services of decorating, modifying and 
enhancing interiors for users with an architect's touch directly online – and the 
Italian company LexDo, which offers different legal advice services entirely 
online. 

 
Moreover, data mining and digital platforms are already making public institutions, 
such as courtrooms and taxation offices, more efficient, saving many staff-hours 
of process-oriented work. AI and other technologies drive down the cost of service, 
making it inexpensive and convenient for citizens to access professional services.  
 
Case study: DoNotPay 
DoNotPay is an example of an ‘automation disruptor’ in the legal advisory 
industry. DoNotPay is sometimes regarded as ‘the home of the world's first robot 
lawyer’32 and consists of a chatbot that provides legal services and assistance. 
Currently, the chatbot includes different services such as consumer protection 
and immigration rights – it was initially created for parking tickets. As a ‘robot 
lawyer’, DoNotPay makes use of automation to provide free legal consultation 
for the public and it is supported by IBM's Watson computer (artificial 
intelligence) to provide services free of charge. Moreover, DoNotPay has also 
released a mobile app currently downloadable in the United Kingdom and the 
United States33.  

 
However, it is also worth pointing out that increased automation will raise difficult 
ethical decisions and may even lead to ‘technological unemployment’ in the 
professional service sectors. Professionals, policymakers, and regulators will need 
to work together to address the societal challenges that may arise from the 
digitisation of professional services and to exploit important opportunities. 
 
 
 
 
 

32 https://www.mercurynews.com/2019/03/28/joshua-browder-22-builds-robot-lawyers/ 
33 https://donotpay.com/learn/ 
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 Professional service value chain 
 
The effectiveness of the analyses to be completed in this study relies on achieving 
a sound understanding of the professional service value chain. The analysis of 
the value chain and business models related to the professional services addressed 
in this study is key to thoroughly understanding the impact of the emerging digital 
automation trends. 

 
The figure above shows a value chain in line with the most relevant scientific 
literature. It consists of two main components: Core Services and Support 
Services. 
 
Core services are all those processes through which the core business of a 
specific sector is carried out and contributes to the value creation of professional 
services by generating revenues. Core services are divided into the following five 
major business processes: 
• Customer acquisition: all the activities aimed at expanding the customer 

portfolio, including those related to the participation in public tenders. 
• Customer engagement: all the activities aimed at defining the engagement 

with the client, such as contract signing, partnership or agreement 
management. It also includes all activities that involve the acquisition of 
information to define efforts and economics of the service delivery. 

• Service delivery: all those activities (front and back office) directly related to 
the production/execution of the services in favour of the customer. 

• Service review and validation: all the activities aimed at communicating to 
the customer the delivery and the outcome of the service, along with any other 
relevant information to receive its acceptance. These activities are also 
preparatory to the conclusion of contractual obligations and invoicing. 
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• Customer retention and follow-up: all the activities aimed at fostering 
customer loyalty and relationship management after the services have been 
effectively provided.  

Each business process comprises activities that vary according to the individual 
professional sector, thus determining the specific value chain for each sector. A 
customised value chain has been defined for each of the four professional sectors 
in the scope of the present study to analyse and consider different types of 
services provided and digital technologies/solutions adopted. 
More specifically, to assess the state of play of the digital automation of each 
professional service, priority will be given to the analysis of technologies and 
solutions adopted within the service delivery of each sector. On the other hand, 
technologies related to the business processes preceding (customer acquisition 
and engagement) and following (service review and validation; customer retention 
and follow-up) service delivery will be taken into consideration in an aggregated 
way within a dedicated section, since they tend to be common to the four sectors 
as a whole. 
With regard to the detailed activities identified for the analysis of the service 
delivery phase, the breakdown for each sector is highlighted as follows. 
As far as architectural services are concerned, the main activities that 
characterise an architectural practice within the services delivery phase are:  
• architectural design and planning, feasibility studies; 
• examination of design and related documentation; 
• preparation / submission / signing of technical control and compliance / permit 

related documentation or certification of project and adhering to building 
legislation / standards of performance, quality, cost and safety; 

• construction cost management, monitoring of construction / execution 
including supervision of other related professionals / inspection of execution; 

• urban / territorial planning / design; 
• landscape architecture; 
• interior design / preparation of documentation for interior decoration; 
• others (e.g. energy efficiency inspection/certification, resistance declarations, 

fire protection studies, restauration of historical/cultural buildings, valuation of 
land/buildings, industrial architecture, expertise activities (research, judicial, 
etc.)). 

As for the engineering service value chain, the most relevant activities in the 
service delivery phase are: 
• design and planning, feasibility studies; 
• representation for obtaining permits (signature of designs); 
• tender and contract administration; 
• project management including monitoring of execution and construction cost 

management; 
• management of constructions maintenance (including inspection); 
• others (e.g. energy efficiency inspection/certification, …). 
With reference to legal services, the activities that distinguish the legal sector in 
service delivery are: 
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• representation of clients before courts – (this covers cases where 
representation of clients before courts is reserved in general or only before 
some specific courts. Please specify in the free text field box.); 

• legal advice (including in tax matters); 
• drawing up legal documents (such as contracts, real estate transactions and 

wills and preparing statements of legal opinions); 
• representation before administrative authorities (including tax authorities); 
• fiduciary activities (e.g. acting on behalf of another person/persons to manage 

assets ...); 
• notarial activities (e.g. administering oaths and certifying/authenticating legal 

documents, conveyancing, land registration, business incorporation); 
• mediation; 
• insolvency practice; 
• others.  
Finally, as for accounting services, the service delivery process activities 
peculiar to accountants’ practices encompass:  

bookkeeping / drawing up annual financial statements and consolidated 
financial statements for undertakings; 

• tax advice; 
• representation and assistance before administrative authorities (tax 

authorities); 
• payroll services; 
• others (e.g. issuing of independent reports on share valuations, valuations of 

businesses or prospectuses, offering memoranda and other similar documents; 
acting as expert appointed by the courts or other public/private entities). 

The other main component of the value chain, as mentioned above, is related to 
support services, which includes all processes that are necessary for an 
organisation to carry out its core business adequately. Unlike core services, they 
are broadly transversal and common to all professional services. Specifically, the 
following key support processes have been identified: 
• Human resources – HR: related to the organisation of personnel and the 

management of all related aspects (e.g. training, recruiting, people policies, 
etc.); 

• Administrative support and organisation: related to the management of all 
general (facilities, contracts, safety and security, etc.) and compulsory aspects 
of the business, from document storage to accounting; 

• Information communication technologies – ICT: related to the 
development/design, management and maintenance of all IT systems used, as 
well as devices and other hardware; 

• Secretarial support: related to the support of general management and front 
office activities. 

Technologies and solutions of digital automation related to support services will 
be analysed. Since they are transversal to all four sectors in this study, they will 
be detailed in an aggregated way. 
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 Digital automation in architectural and engineering services 
 
This section is devoted to the analysis of digital automation in architectural and 
engineering services. Specifically, the focus will be on civil and structural 
engineers, while architects will be considered in all aspects of the profession. 
The decision to analyse the two sectors in the same section stems from the many 
similarities between the two professions, from both the point of view of the 
activities carried out and the technologies used in the construction industry. 
According to the report ‘Digitising the EU Construction Industry’ (Euractiv, 2019), 
the construction industry is the least digitalised sector in Europe. However, digital 
automation technologies can revolutionise and provide many advantages both to 
the industry as a whole and to individual professionals. In fact, technological 
developments in the construction industry have always had significant impacts on 
the processes and activities that characterise architectural and engineering 
practices, from the design to the construction and maintenance of the building. 
As far as the design process is concerned, new trends like computational and 
generative design aim to automate tasks and speed up project optimisation. 
Digital automation also affects the process of realisation of the building, 
generating substantial savings in terms of waste of resources, and impacting 
safety issues, thanks not only to a more accurate analysis during the planning 
phase of the activities but also to the transferring of the most dangerous tasks to 
machines. In other words, nowadays, architects can use dedicated tools that suit 
almost any specific need they have. In some cases, they even use artificial 
intelligence.  
A major topic in the construction industry is collaboration. The need for increasing 
collaboration between the multiple actors along the supply chain has been 
repeatedly documented by important industry studies (Latham, 1994; Egan, 
1998), which have shown how the lack of collaboration has led to project failures, 
as well as to an adversarial approach to work, to disputes, to design intent not 
being realised, to costly re-work and delays, and ultimately to lower client 
outcomes. However, the advantages of greater collaboration can be many, from 
the standardisation of information to an increased circulation of expertise and 
competencies, from a greater transparency of techniques and processes to a 
better distribution of risks and responsibilities. Finally, additional advantages 
include better management of the construction life cycle and ultimately higher 
value for the customer (Microsoft and RIBA, 2018). 
 
 
1.2.3.1 Key technologies in service delivery 
 
The automation technologies that will be discussed in the present section are listed 
in the table below: 
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Table 2: List of digital automation technologies characteristic of the architectural 
and engineering sectors 

 
A technology widely used by architects and civil engineers is the computer-aided 
design/drafting tool, known as CAD. It consists of software and, specifically, 
computer graphics technologies that support the technical drawing activity 
(drafting) and the design activity of both virtual and real objects/structures in 
either 2D or 3D. However, using a 2D representation today is considered an 
outdated method. Many construction firms claim that 2D models do not let them 
embed every necessary aspect of the project in the design, with the risk of missing 
vital measurements and details. 3D modelling improves the design project in 
terms of quality, cost and time saved and positively impacts client relationship 
(Thilmany, 2018). As engineering and architecture progress in their digital 
journey, new digital technologies are being developed and improved. An example 
is the introduction of automation solutions in design applications, which allows the 
design process to be faster and more accurate and reduces errors like those made 
in manual computation. Such software can eliminate this problem and carry out 
multiple iterations of complex designs, delivering optimal and previously 
unattainable solutions. Automation lets software do the time-consuming regular 
work and frees up professionals’ time for more creative development.  
The professions of architect and civil engineer have changed a lot over the years. 
Beyond the initial need for more computing power, current needs focus on the 
management of streamlined workflows and stronger integration between all the 
actors involved in the design process (Nulli, 2020).  
A specific solution for civil engineers is structural engineering software, 
software packages that implement the engineering analysis of structure against 
applied loads using the principles of structural engineering. They satisfy the need 
for integrated design environments and are able in a single setting to manage all 
problems of structural design, i.e. three-dimensional design for the definition of 
the artefact, the creation of the mathematical model starting from the drawing, 
the visualisation of the model’s results and the automatic transfer of the model 
results to the verifiers.  
For the construction industry as a whole, a further step forward in integrating all 
the activities of the project process is the BIM. Building information modelling 
(BIM) is a process for creating and managing information about a construction 
project throughout its entire life cycle. The result of this process is the building 
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information model, which is a digital representation of every element or aspect, 
material and non-material that characterises the built object. The production, 
assembly and updating of the information that makes up the model is carried out 
in a shared and collaborative way by all the stakeholders involved in the project, 
and in every phase of the asset’s life cycle, from conception to disposal, in order 
to allow decisions to be made in a more complete, precise and conscious way and 
consequently obtain a final result of greater value. Thus, building information 
modelling represents a foundational, holistic method of managing buildings, which 
may encompass different technologies applied in an integrated way. 
The use of BIM has a great positive impact on the efficiency of projects, thanks to 
the ability of all members of the project team to develop, access and share a 3D 
model rich in data, relevant to the management of the asset beginning with the 
preliminary design phases. BIM also provides great time and cost savings in terms 
of all the frequent clashes and input conflicts between disciplines acting in the 
project. For the various actors in a construction project, BIM also provides a 
standardised language approach for everyone. Through increased collaboration 
and better coordination of information, BIM optimises both the various cost 
categories (from material to the full life cost of the asset) and the labour 
productivity (in terms of time spent and process efficiencies achieved). 
To date, many architects and designers have made the transition from CAD to 
BIM, improving the quality of the construction process. It is also used by many 
civil engineers and allows them to obtain a better clarity of the project as a whole 
and in its different components to make more informed decisions, reducing risks 
of potential errors.  
BIM has already transformed design and is expected to transform the entire life 
cycle of buildings in a collaborative way. In the near future, BIM will allow design 
choices to be evaluated on projects under construction by collecting real-time 
performance information from buildings in use. This technology will enable design 
to continue evolving based on data-driven learning and best practice. This 
disruptive potential will require cross-industry involvement, but will bring 
substantial changes to consumer performance, as well as benefits for communities 
and environments. 
Most construction projects must contend with the discrepancies between ground 
conditions and early survey estimates, and sometimes they face unexpected 
geological surprises. These setbacks might require troublesome and costly last-
minute changes to both project scope and design. New automation technologies 
and innovative techniques to integrate them can dramatically improve the 
accuracy and speed of all surveying activities.  
A useful technique used in surveying to gauge the three-dimensional surfaces 
through photography is photogrammetry. Photogrammetry is based on the 
triangulation technique according to which photographs from different locations 
are taken to create what professionals call ‘lines of sight’. Once collected, these 
lines are joined to locate the coordinates of the desired object. These techniques 
allow the obtaining of detailed information on the land surface layout and help 
prepare plans for urban development. Moreover, photogrammetry tools with 
drones enable engineers and architects to monitor the construction process step 
by step. Additionally, with the help of 3D representation, more accurate designs 
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and in-progress visuals or prospective results can be created, positively affecting 
clients’ perception 34.  
Another surveying technique is light detection and ranging, i.e. Lidar. It is a 
remote-sensing method that exploits light in pulsed laser to measure ranges 
(variable distances) to the Earth. The combination of these light pulses with other 
data obtained by airborne systems delivers information on surface characteristics. 
It is composed of a laser, a scanner and a GPS receiver35. Usually, it is used on 
airplanes and helicopters, but it can also be deployed with drones. Lidar is faster 
than conventional technologies and provides accurate 3D images that can also be 
integrated with BIM. It has gained importance in the construction industry since it 
produces a rich data set and saves costs.  
 

 
These modern survey techniques are more accessible than ever and provide 
advanced technology at reasonable costs. They are used for project planning and 
construction in combination with geographic information systems that overlay 
maps, images, distance measurements, and GPS positions. Moreover, they can 
also be used with unmanned aerial vehicles (UAV)/drones which improve their 
efficiency and capacity.  
UAV/drones are a new entry in the construction industry, where they have a 
wide variety of applications. They can be used to carry out surveys, topography 
mapping and land survey, construction site inspection, thermal image recording, 
and construction monitoring, etc. They offer a practical and cost-saving solution, 
especially when surveying locations that are not easily accessible. Indeed, many 
professionals tend to prefer using drones since they make it possible to capture 
360° panoramas, providing data to construct 3D models and ensuring high-quality 
work, cost savings and reduction in time-consuming processes.  
Drones are also adopted to create aerial thermal images aimed at assessing cold 
spots in buildings. This technique is called thermography and exploits infrared 
radiations produced by all objects with a temperature greater than absolute zero, 

34 https://planningtank.com/geographic-information-system/applications-advantages-
disadvantages-of-
photogrammetry#:~:text=Photogrammetry%20allows%20both%20vertical%20and,3D%20mappi
ng%20of%20an%20area.&text=Civil%20engineering%3A%20Photogrammetric%20techniques%2
0offer,prime%20importance%20in%20civil%20engineering  
35 https://oceanservice.noaa.gov/facts/lidar.html  

Case study: Voxelgrid 
The growing diffusion of BIM is driving many companies to focus their business 
on the diverse aspects, technologies, and phases that this foundational method 
encompasses. The German-based startup Voxelgrid is an example of a 
company that develops BIM solutions for existing buildings. They use light 
detection and ranging (Lidar), photogrammetry and deep learning to generate 
a detailed three-dimensional model of the building. It then uses hyperspectral 
analysis with special cameras for automatically identifying material properties 
on the building envelopes, managing to record up to 10,000 square metres of 
floor area in a day, instead of manually mapping buildings, which is indeed more 
time consuming.  
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translating them into a 2D image that depicts accurate surface temperatures. In 
civil and structural engineering, where these technologies are more widely 
adopted, thermography is used to detect hidden building defects which are not 
visible to the naked eye, such as the excessive energy use due to missing or 
damaged insulation, and excessive air-leakage through the thermal perimeter. 
Another increasingly important type of technology among AEC (architects, 
engineers, construction) is 3D printing. Its use ranges from the production of 
accurate and tangible scale models to the production of entire houses. Indeed, 
already in 2014, a Chinese company, WinSun, used a giant 3D printer to make 10 
full-sized, detached single-storey houses. A 3D printer reads a design created by 
CAD or 3D scanner and lays down successive layers of printing medium joined or 
fused to create an item. The use of a 3D printer allows for faster and more accurate 
construction of complex objects and reduces labour costs and wastes.  
An interesting example of the work of a 3D printer is the world’s first pedestrian 
bridge printed in 2016 in the urban park of Castilla-La Mancha in Alcobendas in 
Madrid. The bridge made by micro-reinforced concrete is 12m long and 1.75m 
wide. Thanks to the optimisation in the distribution of materials and the 
maximisation of the structural performance, 3D printers can use the material only 
where needed, with total freedom of forms, opening up new construction 
possibilities36.  
Clearly, this technology has a great impact in the construction sector, but there 
are still lots of open questions regarding the integration of 3D constructions with 
other building components, for example. However, in the long run, benefits should 
prevail, allowing for better, faster and perhaps lower-cost buildings.  
Because the AEC sector is intrinsically related to three-dimensional spaces and 
makes great use of imagery for communication, virtual reality (VR), 
augmented reality (AR) and mixed reality (MR) are of the utmost importance 
in this field. Such technologies can be used to exponentially improve the customer 
experience: virtual reality can immerse customers in a project rendering that can 
provide them with many details that they would otherwise struggle to grasp 
through a ‘traditional’ description or representation.  
Besides improving customer experience, these technologies are extremely 
valuable for the construction process. The possibility of viewing construction 
virtually has been very beneficial for architects but also for civil and structural 
engineers, as all members of the construction team, consultants and contractors 
can work as virtual teams, jointly exploring, assessing and agreeing on design 
choices, thus saving time, money and reducing on-site changes and post-
construction remedial work. Nevertheless, some difficulties remain. A step forward 
has been offered by the AR technology, which enables a solution to the problem 
of matching virtual reality with real practical applications. AR has numerous uses 
in the construction field since it helps builders view different plans immediately 
right at the jobsite, with the real field as a background. Misinterpretation of plans 
or drawings and imprecise information transfer from the plan to the real object 
are avoided. It is used for different activities such as construction planning, 
process monitoring, construction safety, etc. These technologies support 

36 https://www.designingbuildings.co.uk/wiki/3D_printing_in_construction 
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designers in the identification of the consequences of their design decisions so as 
to have a better understanding of the final result. A further development in this 
field is mixed reality. While for AR, special equipment is not needed and 
augmentations can be visualised using mobile devices or tablets, for MR, head-
mounted displays (HMD) such as glasses and multi-display setups are necessary.  
This innovative technology might have a great impact in design and construction. 
For example, by freeing up the designers from their desks and bringing them to 
the site of the project or improving their ability to work remotely (Heiskanen, 
2016).  
Another technology making a major impact on the architectural and civil and 
structural engineering field is the Internet of Things (IoT). IoT is a system of 
interrelated computing devices, mechanical and digital machines provided with 
unique identifiers with the ability to transfer data over a network without requiring 
human-to-human or human-to-computer interaction. The adoption of IoT can 
make significant improvements in the construction field by enhancing automation 
and the remote working of many tasks. It provides engineers with relevant and 
useful data that enable prompt actions throughout the scope of a project and even 
beyond. Indeed, IoT allows a transfer from reactionary to preventive maintenance. 
For example, IoT devices and sensors enable the collection of data in real-time to 
identify potential errors. This data collection may translate into savings in terms 
of both time and cost. IoT could also create automated and reliable documentation 
and provide a seamless project safety platform (Jia, Komeily et al., 2019).  
All the above-mentioned technologies can be enhanced by the adoption of 
artificial intelligence (AI). AI is increasingly finding its way into the 
architectural and civil engineering context. Design, management, construction, 
real estate, urban planning, structural optimisation, health monitoring, 
construction engineering, geotechnical engineering and highway engineering are 
some of the fields where AI has already been applied. 
One of the most interesting and advanced areas of development in the AI field is 
related to the techniques of image creation, which are key to architectural design, 
and which, consequently, all architectural disciplines could use extensively.  
Within the field of engineering, some exciting applications of artificial intelligence 
are machine learning and deep learning. Deep learning is a class of machine 
learning algorithms that applies multiple layers to progressively extract higher-
level features starting from the raw input (Deng and Yu, 2014). Applications in 
civil engineering are mainly in vision-based structural health monitoring. Among 
the recent developments of computer vision based on deep learning, there is the 
work of Gopalakrishnan et al. (2017): they developed a vision-based pavement 
crack-detection system based on a pre-trained deep learning model to detect 
cracks in pavement images using transfer learning and regional adaptive methods. 
This system greatly increased pre-existing crack-detection methods.  
The construction process produces a considerable, continuous amount of data. 
The data originate from different sources such as GPS, wireless devices, sensors, 
and streaming communication generated by machine-to-machine interactions. 
These devices produce ongoing streams of unstructured data, which is difficult to 
process using traditional methods. Therefore, the development of big data 
applications has become of extreme importance in the AEC field.  
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Conclusions 
As we observed in the previous section, there are many digital automation 
technologies that could improve the efficiency and productivity of the construction 
process. 
The benefits of deploying these new solutions for architects and engineers are 
various. They are mainly related to greater collaboration along the supply chain, 
greater project efficiency and better results for the client, minimising on-site 
changes, post-construction remedial work and, more generally, decision-making 
errors. Every digital automation solution has been created for a specific purpose; 
however, their integrated use could increase their efficiency even more.  
However, the journey towards digital automation involves some challenges: 
among the most relevant barriers to the adoption of innovative digital technologies 
for architectural and civil engineering firms are the high costs of digital solutions 
and the difficulties in funding investments in new technologies such as software 
licences, hardware, and devices, as well as up-skilling staff. In this path, 
professionals face cultural challenges, such as organisational aspects, conceptual 
resistance to change by colleagues or slow decision processes of the hierarchical 
structure in which they operate (Microsoft and RIBA, 2018). Moreover, although 
some of these technologies are already on the market, some others are still on 
the drawing board.  
 
 

 Digital automation in legal services  
This section is dedicated to the digital automation process in legal services. 
Traditionally, strict regulations have shielded the legal sector from disruption. 
However, the increasing spread of digital automation could cause a sharp decline 
in lower-skilled jobs such as legal secretaries and paralegals over the next 
decades. 
Although the Anglo-Saxon law firms are at the forefront of the digital 
transformation of law, many legal tech start-ups have emerged throughout Europe 
and have brought, or are planning to bring, a range of tools on the market, 
promising to facilitate the work of legal practitioners with legal analysis, reduction 
of repetitive and time-consuming tasks, speeding up judicial processes, or even 
assisting judges in decision-making (CCBE, n.d.).  
Traditionally, law firms, especially larger ones, have been based on a very 
hierarchical organisational model with the partners at the top. However, the 
advent of new digital technologies has brought changes not only in legal practices, 
but also in the internal structure and organisation of the legal field. The new digital 
automation technologies allow for a more horizontal, flexible, and dispersed 
organisation, in which lawyers operating in different global locations contribute to 
the same case (Galanter and Palay, 1991; Nelson, 1988). Of interest in this regard 
are the two organisational solutions that, for a while, have been available to the 
legal profession, namely legal process outsourcing (LPO) and alternative 
legal service providers (ALSP). LPO essentially consists of subcontracting legal 
work from high-cost locations to sites where the same work can be executed at a 
significantly lower price (often third countries or developing countries). ALSP, on 
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the other hand, can be considered as the recent version of LPO. ALSPs are 
companies that primarily provide high-demand legal services. They come in 
different shapes, ranging from small start-ups to traditional law firms to massive 
disrupters, such as the Big Four accounting firms. They perform many tasks that 
traditionally were done by firms, such as: litigation and investigation support, legal 
research, document review, e-discovery, regulatory risk and compliance, etc. An 
important attribute of these companies is the use of technology, as reported by 
Thomson Reuters’s survey (Thomson Reuters, 2019). The use of digital 
automation technologies allows them to improve the quality of their services and 
offer more specialised services at very competitive prices, making them more 
attractive to law firms.  
A similar trend involves the emergence of new forms of legal practices that use 
digital innovations to offer on-line lawyers or legal services. Such new models 
comprehend e-lawyering, virtual law office (VLO), virtual courts (VC) and 
online dispute resolution (ODR). e-Lawyers are attorneys who, by using web-
based software, are able to work from anywhere, and not only in their firm’s offices 
(Granat and Lauritsen, 2004). This is made possible by the creation of digitised 
documents and cloud computing software that can be accessed from any internet-
enabled device. In regard to virtual law offices (VLO), they are law firms delivering 
legal services exclusively online. VLOs provide a web area for clients that is 
accessible via a username and a secure password, incorporating a secure client 
portal into the architecture of their sites. Finally, virtual courts (VC) and online 
dispute resolution (ODR) are on-line platforms that offer tools for solving conflicts 
almost entirely on the internet. All of these new forms of legal practice, leveraging 
on internet/cloud resource and digital technologies, will trigger changes in the 
organisation of the legal profession and the dynamics of the legal field more 
generally, resulting in a change in the law firm business model and associated 
culture.  
 
 
1.2.4.1 Key technologies in service delivery 
 
The following table comprehends all the digital automation technologies discussed 
in the present section: 

 

Table 3: List of digital automation technologies characteristic of the legal sector 

Digital automation Technologies – Legal Services 

Digital automation Technologies – Legal Services 

Research and e-
discovery software 

Due diligence and 
compliance automated 
solutions 

Document automation 
/ assembly software Blockchain 

Optical Character 
Recognition (OCR), 
filing and document 
management systems 

Conflict check 
software 

Trial preparations 
tools 

AI, Natural Language 
processing (NLP), 
Machine and Deep 
Learning 
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A fundamental activity in the legal profession is the research of contracts, 
sentences, and other legal documents to extrapolate information necessary to 
build a case or provide legal support. It is a repetitive and time-consuming activity 
that, in fact, many legal companies outsource. Today, alternative digital solutions 
which do such work exist: the research and e-discovery37 software (e.g. Lexis 
Advance, Thomson Reuters Westlaw). These tools enable companies to retrieve 
information quickly and cost-effectively from a variety of sources, including email, 
public folders and business documents, by searching through headers, body text 
and various types of attachments. They help minimise the margin of error during 
litigation and give users an edge in closing the case and maximising value. For a 
defence counsel, for example, the availability of such technology-assisted review 
tools in courts is becoming critically important. The research tools are often used 
in European countries also, although the discovery procedure differs from the civil 
procedure in the UK and other common law jurisdictions.  
Crucial to the e-discovery activity is the availability of documents in electronic 
forms. For this purpose, the OCR technology, or optical character recognition, 
enables the mechanical or electronic conversion of different types of documents  
– – scanned paper documents, PDF files, or digital images –  – into editable and 
searchable files. 
Some of these are advanced systems that allow lawyers to retrieve information, 
by reviewing and organising large bodies of documents. This technology has clear 
implications for the legal practice, as it is claimed to clearly outperform paralegals 
and junior lawyers (Susskind, 2013). An example is the online platform Justis, 
which provides legal analytical services, such as finding leading authorities, 
identifying relationships between cases, searching between more than a hundred 
legal databases, exploring and categorising precedents and citations38. 
Another one of the primary tasks of lawyers is carrying out due diligence of 
contracts and documents, and compliance reviews, a process that can be very 
time-consuming and monotonous. Lawyers must conduct a long comprehensive 
and meticulous investigation for meaningful results and are also prone to mistakes 
and inaccuracy when doing spot checks. The due diligence and compliance 
automated solutions serve this purpose exactly. An example of such technology 
is Leverton, an offshoot of the German Institute for Artificial Intelligence that uses 
AI to extract relevant data, manage documents and compile leases in real estate 
transactions and is capable of reading contracts at high speeds in 20 languages. 
A similar technology is offered by conflict check software, which is used to 
ensure there are no conflicts of interest before taking on a new case. These 
platforms create an aggregated database of available attorneys at a given law 
firm, which users can then search for, using details about a client or case. Law 
firms can perform these searches using a variety of different filters, and the results 
should show whether each attorney has a conflict of interest with the case at hand. 
Besides information retrieval tools, there are also digital automation technologies 
that facilitate the creation by lawyers of more consistent legal documents in a 
shorter timeframe by means of document automation/document assembly 

37 e-Discovery (electronic discovery) refers to discovery in legal proceedings such as litigation or 
government investigations, where the information sought is in electronic format (often referred to 
as electronically stored information or ESI) (Casey, 2009). 
38 https://www.justis.com/ 
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software. Even if some lawyers have been using document automation for almost 
30 years now, the natural language generation capabilities of AI tools may take 
the possibilities of document automation to a new level.  
Related to the document administration, there are also the filing and document 
management systems that have evolved from simple file storage engines to 
sophisticated workflow and data classification systems. Most of these systems 
include some amount of online cloud storage. 
Another and perhaps lesser-known group of software developed for the legal 
sectors are the trial preparation tools. They encompass two types of software: 
software that reveals insights about judges, lawyers, parties, and patents (e.g. 
Lex Machina39) and software that calculates the chances of winning a case and the 
possible compensation, depending on the jurisdiction, the magistrate, and the law 
firm (e.g. Predictice 40 ). These tools help lawyers draft the most effective 
argumentative line for the case at hand. Ravel's Judge Analytics, for example, 
allows lawyers to know the decisions, precedents, quotes of every single 
(American) judge, which arguments or language the judge finds most persuasive, 
his/her writings and opinions, etc. With the analytics made available, it is also 
possible to identify the arguments that have the best chance of being accepted in 
relation to each appeal. A similar tool has been created for lawyers: Premonition, 
which ranks lawyers by ‘win rate’ and makes it possible to find out how ‘good’ the 
lawyer is, based on his win rate, which areas and before which jurisdiction or 
judge.  
Most of the technologies analysed so far are already making inroads into existing 
modes of practicing law and are likely to further integrate into legal practice in the 
near future. Some of them use also advanced technologies such as machine 
learning and AI. A question that often comes to mind when talking about digital 
automation is whether new digital technologies might, in the long run, replace 
lawyers (or some groups of lawyers) with machines, computers, and/or legal 
robots41. In the legal field, AI already performs some of those functions usually 
reserved to human agents, such as problem solving, modelling, communicating 
with other human beings or machines and understanding and filling blanks, to 
name a few. A pioneer in this new innovative and cutting-edge field is IBM’s 
Watson system. 
 

 

39 https://lexmachina.com/ 
40 https://predictice.com/ 
41 On this issue, see (Remus and Levy, 2017); (Rostain, 2017). 

Case study: IBM Watson 
Watson is a question-answering computer system able to answer questions 
posed in natural language. In 2011, it participated in a TV game show and beat 
the best player of all times. Its underlying computer program has already been 
used in the medical field to provide medical diagnosis and chronic care and 
cancer treatment diagnostics. Recently, Watson has also been used in law and 
legal proceedings. The first practice to adopt this technology was the law firm 
Baker & Hostetler with its first artificial intelligent lawyer, “Ross”. Ross’s 
intelligence resides in the engine IBM Watson and advises other lawyers in the 
firm. It has been designed to read and understand language, postulate 
hypotheses when questioned, research, and then generate responses (along 
with references and citations) to back up its conclusions. Learning from 
experience, it acquires speed and knowledge by interacting with other lawyers. 
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Predictice is another example of this group of innovative AI technologies. This 
company operates a natural language processing software based on machine 
learning algorithms that reads French cases and reconstructs relevant patterns for 
the clients. Predictice makes it easy to search for legal information and calculates 
the chances of winning a lawsuit and the possible compensations, depending on 
the jurisdiction, the magistrate, and the law firm. Already more than 100 major 
law firms such as Dentons or Clifford Chance are using these technologies and 
more recently, small law firms have also joined. A similar service is offered by the 
start-up Blues Jeans, which uses machine learning technologies and sophisticated 
algorithms to predict how courts are likely to rule on new tax cases with results 
that are deemed 90% accurate (Sorensen 2017). Another digital innovative start-
up is Intraspexion42, which uses a patented ‘deep learning’ technology to predict 
and prevent potential litigation before it happens. Intraspexion’s technology 
basically identifies risks before they explode into a full-blown case. 
Most of the above-mentioned digital automation tools are based on natural 
language processing (in short, NLP) technology. NLP is an interdisciplinary field 
(also a subfield of AI) focusing on the objective of helping computers read, 
interpret, and understand human language, so as to carry out repetitive and high-
volume tasks that would otherwise have to be carried out by humans. Very 
important parts of the computer tools and models used in NLP are built on 
machine learning algorithms, and deep learning is one major driving force 
behind the current new wave of interest and new applications in NLP tools. 
According to the Council of Bars and Law Societies of Europe (CCBE), since 
lawyers’ work is related to the human language, most of the advances in AI that 
may affect their work are likely to be based on NLP tools and new capabilities in 
the field of NLP. 
A technology that is currently in its early days, but which is expected to have a 
disruptive impact on the legal industry in the future, is blockchain. The use of 
smart contracts, for example, will help law firms expedite bureaucratic procedures 
and save time and costs for recurring operations. In a survey of 2017 (Hodgson 
et al., 2017) 43, 41% of the legal firms interviewed claim that they will use 
blockchain for transactional legal services, 21% for business support and 31% for 
providing high-value legal services (European Commission, 2020f). 
 
 
Conclusions 
 
Pioneers in the legal-tech field are the Anglo-Saxon Law firms, especially those 
from the US and the UK, but which possess a regulatory framework very different 
from that of many European countries. Moreover, most of the law practices in 
Europe are sole practitioners and small firms that do not have the necessary 
resources to acquire some of the above-mentioned technologies and, above all, 
there are no universally accessible legal tools. The market for legal technological 
tools is neither world-wide nor EU-wide. Each of the 27 EU jurisdictions has its 
own specific market because of the different regulatory context, even if they use 

42 https://intraspexion.com/. 
43 Hodgson, T., Hutchinson L., Mynott, C., Reeves, A., Snell, D. and Wolstenholme, K., “Time for 
change PwC Law Firms’ Survey 2017”, PWC, 2017. 
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the same language. For example, German lawyers cannot use the same case 
management software in Austria since the regulations applicable to the lawyer and 
the e-government solutions with which the lawyer interfaces are different. 
Furthermore, some of these innovative technologies marketed in Europe as 
language-independent, in practice do not always fit for commercial use in 
languages other than English. 
Some of the above-mentioned digital automation tools have been used in the legal 
profession for a while. The most disruptive and innovative, instead, are only in the 
first phase of their development.  
The progress prompted by these new technologies will likely have both positive 
and negative effects on law and the legal profession. The automation of the 
production of (basic) legal products, coupled with the spread of online legal 
platforms, is likely to foster efficiency, cost-reduction, and even greater 
transparency in the legal process. However, all these technologies, especially 
those based on AI, must be properly adapted to the legal environment, taking into 
account the principles and the procedural architecture underpinning the legal 
procedures.  
As recommended by the Council of Bars and Law Societies of Europe, lawyers 
need to make a conscious and responsible use of these new technologies in order 
to not only carry out the activities in the best possible way and in compliance with 
current regulations, but mostly to protect the relationship of trust between the 
lawyers and the client at the base of their profession. The most obvious principles 
to respect when using AI tools are: maintaining the lawyers’ independence in 
terms of defence and advice; the duty to preserve professional secrecy/legal 
professional privilege; and the obligation to protect the confidentiality of client 
data. In this regard, for example, some issues may emerge when data is stored 
on third-party servers. In this case, lawyers give up a certain amount of control 
over documents and information, which might undermine the confidentiality 
agreement in some cases and to some extent.  
 
 

 Digital automation in accounting services 
 
The present paragraph focuses on the analysis of digital automation in the 
accounting services.  
The accounting profession is based on rules and principles that have been 
established and have remained the same for many years. However, the digital 
transformation process, along with its new technological solutions, did not bypass 
the accounting profession either. As a result of the technological improvement, 
not only the accounting business is evolving, but also client preferences and 
expectations are changing. These changes will affect the way accountants do their 
job; the knowledge of new skills will be needed, and finally, new types of 
accounting professionals will be created (Gulin et al., 2019).  
Accountants have been deploying technology for many years to help them provide 
better advice and make better decisions. Technology can help accountants in three 
ways: 
• providing better and cheaper data to support decision-making;  
• generating new insights from the analysis of data;  
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• freeing up time to focus on more high-value activities such as decision-making, 
problem solving, advising, strategy development, relationship building and 
leadership. 

In order to evaluate the likelihood of automating accounting tasks and procedures, 
it is important to differentiate between routine tasks which can be easily 
automated and non-routine tasks that are difficult to execute by machines or 
software. Oschinski et al., 2017, emphasised that jobs and activities involving 
critical thinking, high-level imagination, and preparation, as well as human 
interaction, will not be automated in the near future. The same conclusion is 
reached by Herbert et al., 2016: they claim that digitalisation and automation are 
adopted to reduce or fade out routine and repetitive tasks (such as data entry), 
thus allowing accountants to dedicate more time to more creative and non-routine 
activities.  
 
 
1.2.5.1 Key technologies in Service Delivery 
 
All the digital automation technologies that are discussed in this paragraph are 
highlighted in the table below: 

 

Table 4: List of digital automation technologies characteristic of the accounting 
sector 

 
Reducing manual data entry and improving the speed, quality and accuracy of the 
overall data managed, digital automation technologies will strengthen the role of 
accountants in the near future. By adopting digital automation tools such as 
automated tax compliance software or document assembly software44, 
accountants would be able to streamline their operations and free up time to focus 
on more strategic, high added-value tasks. Automated compliance software, for 
instance, provides firms with accurate regional/local tax calculations, automates 
tax form filing and all tax updates, freeing them from the burden of manual 
research.  
Another field involving low added-value activities that can be subjected to 
automation is the document management area. Many documents created by 
accountants and accounting firms are repetitive forms, the majority of which 

44 https://www.theformtool.com/lp/accounting/ 

Digital automation Technologies – Accounting Services 

Automated tax 
compliance software / 
e-invoicing and digital 
payment 

Optical Character 
Recognition (OCR) / 
Filing and document 
management systems 

Artificial intelligence 
(AI) Big Data solutions 

Document assembly 
software 

Business Intelligence 
(BI) Software 

Distributed ledger 
technology / 
Blockchain / Smart 
Contracts 

Cloud based solutions 
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remain the same. Document assembly software can save time, reduce costs, while 
eliminating errors and speeding up service to clients. Similarly, crucial for the 
organisation of accounting practices are filing and document management 
systems, which help to reduce cost and risk of damage and loss and to increase 
accuracy and productivity. This type of software that replaces human activity in 
carrying out repetitive tasks is called robotic process automation (RPA) software45. 
Another technology that has a great impact on the way accounting firms handle 
documents is OCR (optical character recognition). OCR is a technology used 
to convert image documents, scanned or photocopied, and PDF files to machine 
encoded information. Although this is not a new technology, in recent years further 
technological advancements have led to software that matches order numbers and 
invoice amounts and understands invoices and bills. The use of OCR reduces the 
time and cost spent on manual data entry and ensures higher accuracy. Many 
accountants are adopting automated, cloud-based tools that use OCR (e.g. 
PaperLess for Sage46) and machine learning technology to increase the speed and 
precision of their work. Certain software can learn the way the user categorises 
his expenses and arrange the new data accordingly, and it can even match 
invoices to purchase orders. 
One of the activities of accountants is in regard to tracking the performance of 
their client organisations. That process usually involves multiple sources to gain 
insight on the trends of the organisation, its industry, and even its competitors. 
Business intelligence software helps accountants efficiently carry out this 
activity. These applications, such as Power BI47 or QlikView48, are designed to 
retrieve, analyse, transform, and report data for business intelligence, generally 
extracting previously stored data (Stewart Thomas, 2020). 
Another technological tool which is having a strong impact on the accounting 
profession is the e-invoicing and digital payment system. Pursuant to 
Directive 2014/55/E, many Member States have started to use e-invoicing in 
business-to-government (B2G) relations with regional and local public 
administrative bodies. Some countries, such as Italy and Portugal, have expanded 
the scope of the directive also to B2B and B2C relationships. The resulting 
development of e-invoicing and digital payment systems has therefore drastically 
modified accounting activities, reducing direct relationships with clients and 
undermining the centrality of the accountants’ role. On the other hand, this 
digitalisation process reduces the data entry activity, i.e. tedious and repetitive 
phases of data entry of issued and received invoices, thus freeing internal 
resources within the firms, which can be reallocated to other activities with higher 
added value, such as management control and corporate strategic consulting. 
All the above-mentioned technologies are making profound changes in the 
accounting profession. Artificial intelligence (AI), cloud, data analytics and 
blockchain are on the verge of automating many traditional core accounting tasks. 
Although artificial intelligence (AI) techniques such as machine learning are not 
new, and the pace of development is rapid, widespread adoption in accounting is 

45 https://polarimaging.ca/10-benefits-of-document-management-in-accounting/  
46 https://paperlesseurope.com/paperless-ocr-software-for-sage/ 
47 https://powerbi.microsoft.com/en-us/ 
48 https://www.qlik.com/us  
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still in the early stages. For example, early research and implementation projects 
involve: 
• adopting machine learning to code accounting entries and increase the 

accuracy of rules-based approaches, allowing greater automation of processes; 
• developing more sophisticated machine learning tools to discover and better 

predict fraudulent activities; 
• using predictive models based on machine learning to forecast revenues;  
• improving the analysis of unstructured data through deep learning models. 
Artificial intelligence is also used for smart document OCR and automating 
payment transfers.  
Another fundamental technology for the accounting profession is the distributed 
ledger technology, the most famous example of which is the Blockchain. 
Distributed ledger is a digital database of records with an ownership that is spread 
across multiple parties, each with its own copy, instead of being held centrally. 
The most successful and common implementation is the blockchain. Its main 
characteristics are: 
• The absence of a central controller; all transactions are spread across a 

network of identical ledger. 
• Permanence of all transactions and records; they can neither be tampered with 

nor removed; 
• Programmability. Blockchain is programmable, which enables the creation of 

automated transactions via ‘smart contracts’49. 

 
The accounting profession involves the analysis, assessment, and communication 
of financial information, advising on the best financial resource allocation. Since 
blockchain keeps track of all financial transactions, as well as any transfer of 
ownership of assets and obligations, it has the potential of greatly improving 
efficiency for accountants by reducing the cost of maintaining and reconciling 
ledgers and providing absolute certainty over the ownership and history of assets. 
Moreover, it offers a greater degree of transparency and accuracy of financial 
information than traditional ledgers. If on one hand, blockchain could threaten the 
work of accountants in some areas such as bookkeeping, reconciliation, 
compliance, and auditing, on the other hand, it would empower the accountancy 

49  https://www.theprogressiveaccountant.com/index.php/salestaxcompliance/item/5253-smart-
contracts-a-good-example-of-how-blockchain-will-impact-your-clients  

Focus: Smart contracts 
Unlike traditional contracts, smart contracts not only define rules and penalties 
of the agreement, but also enforce the terms and conditions. The idea behind 
these contracts is to automate all kinds of transactions. A common analogy 
used to explain the functioning of smart contracts is to compare their 
technology to a vending machine: without the need for a central party, the 
transaction occurs according to the contract terms. 
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profession to expand its scope to cover a higher number of activities than before 
and free up time for accountants to spend on high added-value tasks.  
However, the blockchain technology is only in its early stage. In order to become 
an integral part of the financial system and be broadly used by accountants, it 
must be further developed, standardised and optimised. There are already some 
applications and start-ups in this fields (i.e. Auditchain50), but only a few are 
mature enough for the market. In addition to technology challenges, there will 
also be legal issues to be faced; new regulations and standards will, in fact, be 
required. 
According to a study of over 700 accounting practices and 400 firms conducted by 
Wolters Kluwer, 2019, cloud technology is the key to unleashing the full potential 
of an accountant. Businesses that have experienced more than 10% year-on-year 
revenue growth have already adopted cloud-based solutions that provide access 
to new services. In this respect, the European Association ‘Accountancy Europe’ 
(previously known as Federation of European Accountants) published an 
information paper (Accountancy Europe, 2016) on the importance of cloud 
computing for accountants working in small and medium-sized practices (SMPs). 
According to this paper, the main reason for the importance of cloud-based 
computing in accounting practices is that it is important to clients. Nowadays, 
clients are increasingly demanding sound accounting tools which provide data in 
real time, and cloud-computing solutions allow accounting practices to offer new 
services to meet client expectations at lower cost. Moreover, it can improve the 
flexibility of firm, harness the power of big data, and, thereby, keep the firm 
relevant in the eyes of its clients (Zampiccoli, 2020). 
As already mentioned, data analytics is an important part of the accounting 
profession. Today, the amount of data is ever increasing and includes both 
structured and unstructured data, thus fostering the role that big data solutions 
play in business management. Big data and data analytics will impact the 
accounting profession in many ways, from the management of the business to the 
preparation and audit of financial statements. For example, big data could reduce 
subjective assumption in the fair value estimates, by integrating the financial 
information with data stemming from different sources. Although the application 
of big data in accounting is in its early stage, accountants should take advantage 
of the opportunity offered by data analytics application to enhance the 
effectiveness and efficiency of their work (Rezaee and Wang, 2017).  
 
Conclusions 
 
According to a research conducted by Frey and Osborne, 2017, the accounting 
profession is one of those most subject to being automated in the near future. 
However, this does not necessarily imply that the accountant profession will 
disappear, but that accountants will shift their activities to added-value tasks such 
as consultancy or advisory services.  
Although the digital automation process in the accounting profession is still at the 
beginning of its journey, many accounting practices seem willing to take on board 

50 https://auditchain.com/  
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the new technologies to improve their services. One of the obstacles in the 
implementation of digitalisation in accounting is the complex and laborious process 
required to introduce such technologies within companies. The lack of skills is 
another issue. Digital automation technologies need employees with a strong IT-
oriented job profiles, a sort of accounting engineers who can adapt technological 
developments to the accounting practice. Hence, IT and analytical knowledge and 
accountancy skills will have to be developed. For instance, a change in graduate 
educational programmes is crucial to meet new market changes. The learning 
agenda for the future accounting professional has been subject to a lot of debate 
between professional bodies, employers, and educators. Most would agree that 
accountants will need more hard skills in areas such as technology and data, as 
well as a greater emphasis on things like soft skills, critical thinking, and 
adaptability (ICAEW, 2018a). 
 
 

 Digital automation in other business processes  
 
So far, the analysis has been focused on the main digital automation innovations 
of the core process of each professional service, i.e. the service delivery process. 
In this section, the focus will be on the other business processes of the value chain 
and on their most used digital automation solutions. Since they are similar among 
all the four selected professional services, they are presented in a single section .  
The common denominator of all these business processes is the client relationship. 
All the following tools will cover different aspects of this relationship, from 
customer acquisition to customer management and customer retention.  
Although in many countries interpersonal relations and word of mouth are still the 
main channels through which professional services can attract new clients, the use 
of the web is gaining momentum. The web and social media can be efficient means 
for attracting/finding new clients, retaining existing ones, and setting a practice 
apart from its competitors. Besides a well-structured and appealing website, 
managing the ‘online presence’ is a key factor for both individual professionals and 
firms. Indeed, one of the first things potential clients do when looking for a 
professional is search the web for the services they need. Appearing among the 
first results of this research in a specific location might be a great advantage. 
Search engine optimisation (SEO) has precisely this purpose, helping firms to 
improve the ranking of their website on search engines, saving them time and 
efforts 51. Often, during this research, potential clients land on professional 
service platforms that contain a list of professionals of the selected sector from 
which to choose. These platforms can be either platforms where the professionals’ 
contact details are posted along with some comments from their clients (online 
reputation systems) or platforms where a third party (other than professionals 
and clients) is involved with an active role as an intermediary. This allows a vast 
quantity of information of every kind to be publicly available and makes it 
important for professionals to keep track of their online reputation. Many online 

51 https://mention.com/en/blog/seo-automation-tools/  
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reputation management solutions have been developed for this purpose to 
help companies understand their reputation and improve it, minimising the 
dangers of damaging references52.  
A fundamental step for customer acquisition and customer retention is the 
marketing strategy. Nowadays, an important part of marketing is digital 
marketing. Digital marketing is the whole set of marketing activities that uses web 
channels, where professionals develop their commercial network, analyse and 
forecast market trends and create offers on the target customer profile. Marketing 
automation is part of this new and developing discipline. A recent High Growth 
Study by Hinge, 2019, showed that 84% of professional services firms see 
marketing automation solutions as a part of their development plan. Marketing 
automation solutions are platforms that automate both routine and complex 
marketing processes, reducing costs and improving effectiveness, allowing 
professionals to simultaneously personalise and scale their marketing programs. 
These innovative platforms can accomplish various tasks efficiently. The variety 
of features offered by these tools includes: email marketing (personalised e-mails 
and automatic replies), forms and landing pages, lead nurturing, campaign 
management and cross-platform integration, lead scoring and management, 
social media marketing, SEO support, tracking users' online behaviour, content 
marketing, and analytics (Boldrini, 2018). A further advantage in the use of this 
marketing software is obtained with its integration with the customer relations 
management (CRM). CRM is a process which allows firms to manage and 
analyse their own interactions with their past, current and potential customers in 
order to simplify processes and increase business profitability. CRM solutions 
collect large amounts of customer data and through its analysis, they improve 
business relationships with customers and enhance customer retention. As was 
the case for other sets of technologies, new developments in CRM software involve 
the incorporation of AI solutions. The integration of AI, in particular of machine 
learning algorithms, not only improves CRM functions but it also adds new efficient 
functions, such as predictive analytics, automation of email marketing campaigns, 
and management of customer transactions. Examples of AI-powered CRM are the 
two platforms Salesforce Einstein and Zoho CRM Zia, which, among the additional 
functions enabled by AI, exploit voice recognition techniques53 to interact with the 
platform via mobile apps or smart speakers. 
Although personal client-professional relationship remains an important aspect of 
professional services, it is commonly believed that the introduction of these new 
technologies will improve the efficiency and productivity of businesses, saving 
costs and valuable time. To this end, automation builds on existing strategies with 
the aim of improving business activities and perfectly complements the ways in 
which most professional services firms work.  
 
 
 
 

52 https://influencermarketinghub.com/influencer-marketing-benchmark-report-2020/  
53  https://www.commercient.com/why-artificial-intelligence-integration-in-crm-is-the-future-for-
your-business/  
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 Digital automation in the support processes 
 
This final section of digital automation is dedicated to support processes outlined 
in the value chain, i.e. HR, IT, administrative support and organisational and 
secretarial support.  
Managing an organisation requires a centralised and a decentralised approach 
simultaneously and the bigger the firm is, the more complex managerial activities 
become. In the manufacturing sector, most firms adopt enterprise resource 
planning (ERP) to deal with such complexity. ERP refers to a category of business 
management software, typically a suite of integrated applications, that helps 
companies in their business management and in the implementation of resource 
planning by integrating all processes within a single system. However, professional 
services firms are different from other organisations; they are people-centred and 
so they have a separate set of requirements. Recently new ERP systems, more 
flexible and adaptable to professional service organisations’ needs, have been 
developed. An example is Cloud ERP54. Cloud-based ERP is an ERP system that 
has the flexibility to adapt to specific business needs and to be scalable to business 
size. Moreover, it is more affordable and does not need to be deployed in-house, 
requiring a skilled IT staff to support the system. For these reasons, they might 
be a better fit for small- and medium-size companies, which is typically the size 
of professional services. Since ERP works in modules, Cloud ERP can also be used 
in combination with an ERP system installed at a corporate level, as a second tier 
to improve flexibility. 
An alternative to ERP is professional services automation (PSA) software55. 
PSA is a software designed to support professionals, such as lawyers, auditors, 
and IT consultants in the project and resource management for their clients and 
in the utilisation rate management for billable staff. The typical functions include 
project management and documentation, time recording, billing, reporting, and 
labour utilisation. As an ERP for professional services, it increases efficiency and 
productivity, saving costs and automating repetitive and time-consuming tasks, 
reducing the risk of errors.  
The automation of a large part of support processes takes place through the 
above-mentioned software, either as an option module or as an integral part of 
the system. For example, payroll or invoicing solutions are often part of ERP or 
PSA systems, as well as employee management tools. Moreover, there are other 
digital automation technologies that are external to the ERP system (they are not 
a module) but can be also integrated with them. 
For IT processes, for example, in order to handle all the requests from 
professionals of a certain company, there are the ticketing IT solutions. These 
tools make it possible to fix issues and resolve user requests, keeping track of all 
the operations56. Another example is the collaboration platforms which allow 

54 https://www.unit4.com/blog/nine-reasons-you-must-use-flexible-erp-your-professional-services-
organization-thrive  
55https://www.cambridgenetwork.co.uk/news/the-difference-between-erp-and-psa-
software#:~:text=ERP%20stands%20for%20Enterprise%20Resource,PSA%20is%20Professional
%20Services%20Automation.&text=With%20ERP%20the%20tangible%20assets,that%20are%20t
he%20main%20focus  
56 https://freshservice.com/it-ticketing-software/it-ticketing-best-practices  
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professionals to work remotely, which has been of a fundamental importance in 
this period where remote working has been the rule.  
In relation to secretarial activities, there are some interesting tools which exploit 
AI technology. An example is ‘Amy Ingram’. Amy Ingram is an AI assistant that 
schedules meetings for professionals, drastically reducing their email traffic. 
Professionals need only to provide Amy with all the options for the meeting and it 
will exchange emails with all the participants until a date is set up57.  
For many companies, especially the larger ones, most of these tools are 
fundamental for all management and support activities. However, other firms are 
still at the beginning of their digitalisation process. The reasons for this delay could 
vary. For example, they might be related to the affordability of solutions, lack of 
digital knowledge, lack of commitment from personnel/top management or 
regulatory constraints. The purpose of this study is to provide a picture of the 
state of play of the digital automation in professional services, through a survey 
of twelve European countries whose results will be presented in a dedicated part 
of the study. In the following section, a focus on the regulation of professional 
services in the selected countries and on digital automation initiatives is provided, 
both at EU and national level.  
 
  

57 https://www.businessinsider.com/amy-ingram-personal-assistant-2015-7?IR=T  
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 Regulatory outlook  
 
Within the limits of the principles of non-discrimination and proportionality, it is 
the competence of each Member State to decide whether and how to regulate 
professional services. However, from the point of view of the Single Market, 
excessively restrictive regulations constitute an obstacle for its development and 
can hamper new job creation and growth. Removal of such unnecessary obstacles 
enhances the productivity and competitiveness of the European economy 
(European Commission, 2017a). Studies contracted by the European Commission 
on the effect of specific regulatory reforms at country level confirm that relaxing 
restrictive requirements in the professional services sector had a positive impact 
on market dynamics, in particular by favouring the opening of new markets and 
the entrance of new start-ups and innovative services 58 . Similarly, a 2015 
European Commission assessment estimated the economic impact of specific 
barriers in the four professional services (architects, civil engineers, accountants 
and lawyers) and found that they have a significant economic effect on the 
efficiency of resource allocation, competition and profitability (European 
Commission, 2015c). Furthermore, in 2016, the World Bank evaluated that by 
reducing barriers in professional services, EU productivity could increase by 5% 
(World Bank Group, 2016). 
 
FOCUS: Flight Compensation Regulation 
The relevant regulatory frameworks can have significant impacts on the market 
structure and dynamics of professional services, both positive and negative, 
even if the direct scope of application does not strictly relate to professional 
services.  
A positive example is the Flight Compensation Regulation (Regulation (EC) 
261/2004), which introduces a consumer protection discipline in the area of 
flight refunds. It establishes common rules on compensation and assistance to 
passengers in the event of denied boarding, flight cancellations, or long delays 
of flights.  
Because of this regulation, the related legal framework has become more 
homogeneous and clearer across the continent, so much so that traditional legal 
practices started to shape their offerings accordingly, providing ad hoc services 
for European customers. Given the repetitive and standardised nature of this 
kind of legal advice and the wide range of potential clients, new legal start-ups 
have emerged too59, such as the German Flightright. They offer semi-automated 
online assistance and advisory services to air passengers, and thanks to 
machine learning algorithms they can also predict the likelihood of a positive 
outcome of the case in court. 

 

58 https://ec.europa.eu/growth/content/effects-reforms-regulatory-requirements-access-
professions-country-based-case-studies-0_en  
59  https://www.lejdd.fr/Economie/info-jdd-retard-annulation-de-vol-indemnisation-de-passager-le-
bilan-estival-du-secteur-aerien-francais-3990698   
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The same reasoning might be further applied when digitalisation is concerned. 
Digitalisation is the future of the global economy; new digital innovations are 
transforming people’s lives and the way they work. However, a suitable regulatory 
framework is instrumental for the successful digitalisation process. Indeed, 
dealing with some digital transformation challenges at a national level might not 
be the efficient way to exploit all the opportunities offered by the digital 
transformation itself. A digital European strategy instead can have a positive 
impact on the EU economy, creating new opportunities for start-ups and 
expanding the market for existing firms. For these reasons, the Digital Single 
Market is at the centre of the European Agenda (European Commission, 2015a, 
2015b).  
New digital automation developments also create the need for completely new 
regulatory frameworks, especially when AI is considered. According to the Council 
of Bars and Law Societies of Europe (CCBE), ‘There is a need for extensive 
discussion to determine whether new legal frameworks may be needed to codify 
the principles and requirements governing the use of AI, in conjunction with 
voluntary ethics codes committing AI developers to act responsibly.’ (CCBE, 
2020). 
The following sections investigate both the regulation regarding professional 
service sectors and the regulation concerning digital automation, with a specific 
focus on the regulation related to artificial intelligence.  
 

 European regulation  
 
Professional services 
 
As explained later in this document, sector-specific regulations and restrictions for 
professional services can be very relevant in fostering and steering digital 
transformation.  
The production of regulations very often chases technological evolution with the 
high risk of distorting the decisions and investments of the market players, while 
it would be desirable to produce regulations with a more strategic and forward-
looking vision. In this regard, due consideration should also be given to how a 
more coherent regulatory framework at the level of the Single European Market 
would make it possible to fully exploit the potential of new emerging technologies.  
Indeed, an increasingly integrated market, including from a regulatory point of 
view, makes it possible to exploit the scalability of digital solutions, which is one 
of the most important and investment-incentive features. 
This section therefore provides an overview of the main regulatory initiatives at 
European level with regard to professional services. 
 
Directive 2005/36/EC lays out the principles of cross-border recognition of 
professional qualifications in the EU. The Services Directive (2006/123/EC) also 
plays an important role, addressing a range of obstacles to free movement of 
services, which include regulatory barriers and obstacles of administrative nature. 
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Since 2012, the European Council, the European Parliament and the European 
Commission started a process aimed at removing unnecessary or disproportionate 
barriers to the access to and exercise of professional services (European 
Commission, 2017b). With Directive 2013/5/EU 60 , the European legislator 
introduced a transparency and mutual evaluation exercise aimed at 
assessing all regulated professions in each Member State, in order to create a 
regulatory framework ‘fit for purpose’. Every Member State had to report the 
regulatory requirements imposed on all the professions in its country, review their 
impact and assess to what extent they contribute to protecting legitimate public 
interests in a non-discriminatory and proportionate manner. As part of their 
obligations, each Member State had to submit a national action plan (NAP) by 
January 2016, containing the results of this assessment and the reforms 
undertaken or planned.  
On October 28th, 2015, the European Commission presented an updated single 
market strategy containing several actions to deliver a more homogeneous and 
fairer single market to benefit both consumers and businesses61. There are three 
key areas that the Single Market Strategy focuses on: 
• creating opportunities for consumers, professionals and businesses;  
• encouraging and enabling the modernisation and innovation that Europe 

needs; 
• ensuring practical delivery that benefits consumers and businesses in their 

daily lives62. 
As part of the roadmap laid out in the Single Market Strategy, in January 2017 the 
European Commission published a proposal for introducing a mandatory 
proportionality test for Member States before adopting a new regulation of 
professions. 
The scope of the directive is to create a legal framework for conducting 
proportionality assessments before introducing new or modifying existing 
legislative, regulatory or administrative provisions restricting access to or pursuit 
of regulated professions. 
The possibility of changing the rules of access to a profession remains with each 
Member State, as far as the principles of non-discrimination and proportionality 
are respected, but Member States are obliged to conduct a proportionality 
assessment before introducing new provisions or modifying existing ones, 
restricting access to or exercise of regulated professions. Criteria to be taken into 
account for conducting the assessment are included in the Directive, as well as 
mandatory exchanges of information before introducing new measures, both 
between competent authorities and interested parties, and between competent 

60 Directive 2013/55/EU of the European Parliament and of the Council of 20 November 2013 
amending Directive 2005/36/EC on the recognition of professional qualifications and Regulation (EU) 
No 1024/2012 on administrative cooperation through the Internal Market Information System ( ‘the 
IMI Regulation’ ) (2013), OJ L 354/132  
61 https://ec.europa.eu/growth/single-
market/strategy_en#:~:text=The%20single%20market%20strategy%20is,potential%20of%20the
%20single%20market.&text=And%20in%20a%20rapidly%20changing,new%20ideas%20and%20
business%20models  
62 European Commission, 2015c. 
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authorities of other Member States, in order to share the knowledge on best 
practices. The final act, signed in June 2018, entered into force on July 29th, 
201863. 
Another important initiative in the context of the Single Market Strategy is 
represented by an additional document issued by the Commission in January 
2017, on Reform recommendations for regulation in professional services 
(European Commission, 2017a). The Commission offered guidance on national 
regulatory reform needs for professional services with high growth and 
employment potential, such as those regarding professional services of architects, 
engineers, lawyers, and accountants, among others. Member States were invited 
to assess whether the requirements for exercising the profession met the national 
public policy objectives pursued. The guidelines complemented the evaluations of 
the European Semester by specifically examining the requirements applicable to 
these professions and by providing country-specific recommendations. 
 
Based on two recent reports (European Commission, 2019; 2020a), the European 
Commission highlighted 13 key barriers, not only of a regulatory or administrative 
nature, but also of a practical nature. In particular, the most penalised by this 
lack of integration are small and medium-sized enterprises (SMEs) and 
professionals.  
As the basis of these barriers, five main root causes have been identified by the 
Commission:  

i. regulatory choices at EU and national level; 
ii. transposition, implementation and enforcement of legislation; 
iii. administrative capacity and practices in Member States; 
iv. the general business and consumer environment; and 
v. root causes not linked to public policy such as language or culture.  

In order to raise awareness of and address these issues, new initiatives such as 
the European Union’s New Industrial Strategy Package have been adopted. 
The European Union’s New Industrial Strategy Package consists of the New 
Industry Strategy for Europe - An SME strategy for a sustainable and 
digital Europe; a communication, accompanied by a staff working document, on 
identifying and addressing barriers to the single market (Identifying and 
addressing barriers to the Single Market - European Commission, 2019; 
2020a), and an Action Plan for better implementation and enforcement of the 
single market rules (Communication on a long-term action plan for better 
implementation and enforcement of single market rules) (European 
Commission, 2019; 2020a; 2020b; 2020c; 2020d, 2020e).  
In the New Industry Strategy for Europe, the European Commission points out the 
direction and the route Europe should take by 2030 and beyond, as well as the 
goals and the fundamentals that will take Europe there.  
In the SME Strategy for a sustainable and digital Europe, additional measures 
dedicated to SMEs have been adopted with the aim of facilitating the use of the 
single market.  

63 https://www.europarl.europa.eu/legislative-train/theme-deeper-and-fairer-internal-market-
with-a-strengthened-industrial-base-services-including-transport/file-proportionality-test  
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With the same goal, in the communication on a long-term action plan for better 
implementation and enforcement of single market rules priorities have been set 
to renew the collaboration between Member States and the European Commission 
through preventive and remedial actions to remove the remaining barriers.  
Finally, in the communication on the identification of barriers in the Single Market 
(European Commission, 2020a), various initiatives have been taken, based on the 
findings of the barrier analysis already mentioned. In this communication, 
Members States, along with the European Parliament, have been called on to 
accelerate the legislative process, aiming at tackling the root causes of the 
remaining barriers and to allocate enough resources to those key administrations 
for the single market.  
As for the European legislation, the focus of all the initiatives is on removing, 
reducing, and preventing unnecessary barriers, for example, by strengthening the 
Regulatory Fitness and Performance Programme (REFIT), with the aim of 
mitigating the legislative burdens and simplifying the legislation without reducing 
its public-policy benefits.  
 
 
Digital automation 
 
Since 1995, information and communication technologies (ICT) have had a 
positive impact on the EU economy in terms of higher productivity and growth64. 
In order to define the role that ICT plays in Europe, in 2010 the European 
Commission launched the Digital Agenda for Europe (DAE). This was one of 
the seven flagship initiatives under the European 2020 strategy and the first 
initiative at a European level to build a single digital market. Since treaties do not 
contain special provisions for ICT, all actions had always been taken within the 
framework of sectoral and horizontal policies, for example, in the industrial policy, 
Article 173 of the Treaty on the Functioning of the European Union (TFEU), or in 
the competition policy, Articles 101-10965.  
In 2015, the European Commission launched the Digital Single Market (DSM), 
making such initiative one of its priorities. The Digital Single Market is ‘one in 
which the free movement of goods, persons, services and capital is ensured and 
where individuals and businesses can seamlessly access and exercise online 
activities under conditions of fair competition, and a high level of consumer and 
personal data protection, irrespective of their nationality or place of residence’ 
(European Commission, 2015a). With the aim of guaranteeing a fair, open and 
secure digital environment, the Digital Single Market is based on three pillars: 
• providing better access for consumers and businesses to digital goods and 

services across Europe through a removal of the barriers to cross-border online 
activities; 

• creating the right conditions for digital networks and services to 
flourish by improving infrastructures and content services through better and 
equal regulatory conditions; 

64 Digital scoreboard  –  http://ec.europa.eu/digital-agenda/en/scoreboard. 
65 https://www.europarl.europa.eu/factsheets/en/sheet/64/digital-agenda-for-europe. 
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• maximising the growth potential of the European digital economy with 
new investments in technologies, ICT infrastructure and research and 
innovations favouring industrial competitiveness.  

Different initiatives have been adopted under this framework. For example, in 
order to improve consumer protection in telecommunication, legislations on 
privacy (Directive 2009/136/EC) and data protection (Directive 95/46/EC) have 
been amended by the new regulatory framework on data protection (Regulation 
(EU) 2016/679 and Directive (EU) 2016/680). In the scope of the second pillar, 
the Body of European Regulators for Electronic Communications (BEREC) has been 
promoting cooperation between national legislators and the Commission in order 
to avoid inconsistent and non-cooperative approaches that could risk distortions 
in competition in the single market. Finally, for maximising the growth potential 
of the European digital economy, regulatory measures66 have dealt with the 
portability of digital services with the removing of any cost to the consumer when 
accessing their own country’s online content services from another country within 
the EU. 
Other key initiatives include the General Data Protection Regulation (2018), 
regulation on the free flow of non-personal data (2018), the regulation addressing 
unjustified geo-blocking (2018) and the European Electronic Communications 
Code (2018) (Ebeke et al., 2019). 
Although it might be too early to assess the economic impact of the DSM Strategy, 
the European Parliament has attempted to provide a first economic evaluation of 
the actions taken in the DSM. Based on the Commission estimates, a potential 
annual economic gain of €177 billion has been calculated, equal to 1.2% of the 
2017 GDP, if all the legislative measures are enacted (Marcus et al., 2019).  
 
Focus: eIDAS 
Fundamental elements of the Digital Single Market are the Electronic 
identification (eID) and Trust Services introduced by the eIDAS Regulation. 
These two initiatives are key to guaranteeing secure and cross-border electronic 
transactions between businesses, citizens, and public authorities. To date, there 
are six countries that have a national eIDS, i.e. Germany, Italy, Estonia, Spain, 
Croatia and Luxembourg. 
The eIDAS Regulation was established in the EU Regulation 910/2014 of 23 July 
2014, on electronic identification. The two main elements of this regulation are: 

• The electronic identification schemes (eIDS) that allow EU citizens 
and businesses to access public services in other EU Member States; 

• The creation of a European internal market for Electronic Trust 
Services (eTS), i.e. electronic signatures, electronic seals, time stamp, 
electronic delivery service and website authentication. eIDAS guarantees 
to all eTS services the same legal status as their traditional paper-based 
equivalents and ensure they can be exploited properly across borders.  

66 Regulation of the European Parliament and of the Council (2018/302) of 28 February 2018 on 
addressing unjustified geo-blocking and other forms of discrimination based on customers' 
nationality, place of residence or place of establishment within the internal market and amending 
Regulations (EC) No 2006/2004 and (EU) 2017/2394 and Directive 2009/22/EC, (2018), OJ L 60 
I/1. 
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eIDAS (by allowing the precise identification of reference standards to ensure 
interoperability between trust services) can facilitate electronic transactions, 
hence the exchanges underlying a single digital European market, therefore new 
business opportunities for any professional service player within the market.  
Currently, the European Commission has launched an open consultation to 
assess this regulatory framework with the aim of evaluating its impacts and the 
necessity of potential adjustments67.  

 
The strategic and fundamental role of digitalisation in Europe has also been 
reaffirmed by the new mandate of the European Commission. ‘A Europe fit for 
the digital age’68 is one of the six political priorities set by the Commission at 
the onset of its mandate with the aim of helping people, businesses, and 
governments in the digital transformation processes.  
In order to reach its goals, the Commission launched diverse legislative and non-
legislative initiatives covering the following areas: artificial intelligence, European 
data strategy, European industrial strategy, high performing computing (HPC), 
online platforms, cybersecurity, digital skills, and connectivity. 
On February 19th, 2020, the Commission published its digital strategy in the 
communication on shaping Europe’s digital future. The European new digital 
approach for the following five years is based on three main pillars69: 

1. A technology that works for the people. The EU’s strategy will invest in 
digital skills, protect people from cyber threats, encourage an AI 
development guaranteeing the respect of citizens’ rights, accelerate the 
adoption of ultra-fast broadband and expand Europe’s supercomputing 
capacity in different areas such as medicine and transport.  

2. A fair and competitive digital economy. The EU’s strategy aims at: enabling 
all innovative start-ups and small business to access funds and to expand; 
building the right regulatory framework for online platforms and services 
and the digital economy as a whole; ensuring fair competition among all EU 
companies; increasing high-quality data access while guaranteeing 
personal and sensitive data protection. 

3. An open, democratic and sustainable society. The EU strategy will help to 
reach the climate-neutral objective of 2050, to create a ‘European health 
data space’ and to fight disinformation on social media, favouring diverse 
and reliable contents.  

Within the second pillar, on the same day it issued the document Shaping Europe’s 
Digital Future, the Commission published the document A European Strategy 
for Data, containing strategical guidelines for policy measures and investments 
in order to enable the data economy to thrive for the coming five years (European 
Commission, 2020g).  

67 https://ec.europa.eu/digital-single-market/en/trust-services-and-eid  
68 https://ec.europa.eu/info/strategy/priorities-2019-2024/europe-fit-digital-age_en  
69 https://ec.europa.eu/info/strategy/priorities-2019-2024/europe-fit-digital-age/shaping-europe-
digital-future_en  
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In order to address the potential risks embedded in the new technologies and to 
protect the rights of EU citizens, on April 8th, 2020, the Committee of Ministers of 
the Council of Europe (CoE) approved a series of Recommendations70 on the 
potential impacts on human rights of algorithmic systems 71 . Among other 
recommendations, Members States are called on to revise legislative framework 
and policies regarding the algorithmic systems and to ensure their enforcement. 
Moreover, along with recommendations, the CoE provides Member States with 
guidelines to address the impact that algorithmic systems might have on human 
rights and specific obligations related to data management, analysis and 
modelling, transparency, accountability and effective remedies, precautionary 
measures, research, innovation, and public awareness.  
 
Focus on AI 
 
Because of the ever-increasing role that AI is playing in our society, the present 
section is dedicated to a focus on the regulatory framework that is growing around 
this innovative technology.  
If on one hand, artificial intelligence can have a positive impact on most aspects 
of citizens’ lives, from healthcare to climate change, to industrial production (to 
name only a few), on the other hand it also embeds potential risks such as 
discrimination, criminal exploitation, invasion of privacy and opaque decision-
making. 
Over the past years, EU institutions have already launched various initiatives to 
evaluate the impact of AI in different fields. For this purpose, different groups of 
experts have been put together, such as the Commission’s High-Level Expert 
Group on AI (AI HLEG) and the Ad Hoc Committee on Artificial Intelligence 
(CAHAI). With the aim of helping the Commission and Member States with their 
plan on AI, the AI HLEG published two documents: Ethics Guidelines for 
trustworthy AI and Policy and Investment Recommendation. They were 
aimed at promoting trustworthy AI and provide a series of recommendations for 
leading Trustworthy AI towards sustainability, growth, competitiveness, and 
inclusion72. A similar ethical framework has been developed by the European 
Commission for the Efficiency of Justice (CEPEJ) for the legal sector. In its 
‘European ethical charter on the use of Artificial Intelligence in judicial systems 
and their environment’, the CEPEJ defines a series of ethical principles to guide 
the policy makers and legal professionals in the use of AI in the judicial system73. 

70 Committee of Ministers, Recommendation CM/Rec (2020)1 of the Committee of Ministers to 
Member States on the human rights impacts of algorithmic systems, Council of Europe, Brussels, 8 
April 2020. 
71 In the recommendation, ‘algorithmic systems’ are understood as ‘applications that, often using 
mathematical optimisation techniques, perform one or more tasks such as gathering, combining, 
cleaning, sorting, classifying and inferring data, as well as selection, prioritisation, the making of 
recommendations and decision making.  Relying on one or more algorithms to fulfill their 
requirements in the settings in which they are applied, algorithmic systems automate activities in a 
way that allows the creation of adaptive services at scale and in real time’. 
72 https://ec.europa.eu/digital-single-market/en/high-level-expert-group-artificial-intelligence. 
73 https://www.coe.int/en/web/cepej/artificial-intelligence-in-justice-systems. 
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As for the CAHAI, it was set up by the Committee of Ministers of the Council of 
Europe with the purpose of assessing the feasibility of a legal framework for the 
development, design, and application of artificial intelligence, based on the Council 
of Europe’s standards on human rights, democracy and the rule of law74. 
In 2017, the European Council and the Parliament called on the Commission to 
build a European approach on artificial intelligence75. In 2018, the European 
Commission defined a European Strategy on AI aiming to: 

• enhance EU's technological and industrial capacity and the use of AI both 
in the private and in the public sector; 

• support the socio-economic changes due to AI with adequate action in the 
education and training systems, labour market, and social protection 
systems; 

• guarantee an appropriate ethical and legal framework compliant with the 
EU principles and values and with the Charter of Fundamental Rights of the 
EU. 

Building on this initiative and the declaration 76  of cooperation signed by 24 
Member States on 10 April 2018, the European Commission along with Member 
States, Norway and Switzerland defined a Coordinated Action Plan on AI with 
detailed actions for the 2019-2020 period. The plan is meant to be reviewed and 
updated every year.  
On 19 February 2020, within the new digitalisation strategy outlined in ‘Europe Fit 
for the Digital Age’, the European Commission published a White Paper on AI 
(European Commission, 2020) with the aim of promoting the uptake of AI and of 
addressing the risks associated with certain uses of this new technology. For this 
purpose, the White paper presents policy options to enable a trustworthy and 
secure development of AI in Europe, in full respect for the values and rights of EU 
citizens.  
Finally, it is important to note that these initiatives have direct or indirect impacts 
on the adoption of digital automation solutions by service providers in regulated 
sectors, as well as effects on the regulatory initiatives promoted by the Member 
States as illustrated below. Indeed, these initiatives lay the pillars for national 
regulations of professional services to manage and adapt to the rapid process of 
technological evolution.    

This proves the relevance of the role that can be played by European policy makers 
in the context of digital transformation, which is increasingly moving in the 
dimension of the potential market rather than the national one.  

  

74 https://www.coe.int/en/web/artificial-intelligence/cahai  
75 https://data.consilium.europa.eu/doc/document/ST-14-2017-INIT/en/pdf  
76  https://ec.europa.eu/digital-single-market/en/news/eu-member-states-sign-cooperate-artificial-
intelligence  
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 National insights 
 
As mentioned in the previous section, professional service regulations across 
Europe are characterised by a high level of heterogeneity. In this 
paragraph, a glimpse of this fragmentation will be shown by providing some 
regulatory insights on each and every country within the scope of the study. 
 
In particular, in order to map the most significant specific restrictions affecting 
access to and exercise of the professional services, reference was made to a 
framework, already used by the European Commission 77 , that groups the 
restrictions into four categories of requirements, as described below: 
 
Table 5: Classification of regulatory requirements  

Classification of regulatory requirements 

Categories of requirements Specific Restrictions78 

Regulatory approach 
o Exclusive or shared reserved activities  
o Protection of title  

Qualification requirements 

o Years of education and training  
o Number of pathways to obtain qualifications  
o Existence of mandatory traineeship  
o Obligation to have professional experience 

to get full capacity  
o Existence of mandatory state exam  
o Continuous professional development 

obligations  

Other entry restrictions 

o Compulsory membership or registration in 
professional body  

o Limitation to the number of licences granted  
o Territorial validity of the professional 

qualification  
o Age restriction  
o Other authorisation requirements  

Exercise requirements 

o Restriction on corporate form/ type of entity  
o Shareholding requirements  
o Voting rights control  
o Prohibitions on joint exercise of professions  
o Incompatibilities of activities for a 

professional  
o Professional indemnity insurance  
o Tariff restrictions  
o Restrictions on advertising 

 
 

77 Communication on Reform recommendations for regulation in professional services (European 
Commission, 2017a). 
78 These restrictions are explained in more detail in the Annex (paragraph 1.1). 
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For each country, information on the market entry and exercise requirements of 
the four professional sectors analysed have been collected from the Commission 
document on reform recommendations for regulation in professional 
services (European Commission, 2017a) and integrated with the survey 
evidences. The following charts report regulatory details at a national level79: 

79  For more details on specific restrictions per each country analysed, please refer to Annex 
(paragraph 1.2). 

Study on the impact of regulatory environment on digital automation in professional services

61



 
Table 6: Market entry and exercise requirements – Architectural sector 

ARCHITECTURAL SECTOR 

Country Regulatory approach Qualification requirements Other Entry Restrictions Exercise requirements 

Belgium Regulated by reserved 
activities and protected title 

• 5 years of study and 2 years of 
traineeship 

• Continuous professional development 
obligations 

• Compulsory membership or 
registration in professional 
body 

• Other authorisation 
requirements 

• Shareholding requirements 
and/or voting rights control 

• Obligatory professional 
indemnity insurance 

Croatia Regulated by reserved 
activities and protected title 

• Different education requirements are 
mandatory 

• To use the title there is a compulsory 
state exam, as well as a continuous 
professional development obligation 

• Continuous professional development 
obligations 

Compulsory membership or 
registration in professional 
body 

- 

France Regulated by reserved 
activities and protected title 

• 6 years of higher education of which 5 
years of studies and 1 year of practical 
training 

• Continuous professional development 
obligations 

Compulsory membership or 
registration in professional 
body 

• Shareholding requirements 
and/or voting rights control 

• Obligatory professional 
indemnity insurance 

Germany80 Regulated by reserved 
activities and protected title 

• University degree in architecture or 
engineering and certification exam. 

Compulsory membership or 
registration in professional 
body 

• Restriction on legal and 
corporate form 

• Shareholding requirements 
and/or voting rights control 

• Obligatory professional 
indemnity insurance 

Ireland Regulated by reserved 
activities and protected title 

• 5 years of education and 2 years of 
postgraduate professional experience 
are required 

• Continuous professional development 
obligations 

Compulsory membership or 
registration in professional 
body 

- 

80 lander level 

Study on the impact of regulatory environment on digital automation in professional services

62



Italy Regulated by reserved 
activities and protected title 

• 3+2 years of university (bachelor and 
master) 

• A State exam is mandatory 

Compulsory membership or 
registration in professional 
body 

- 

The 
Netherlands Regulated by protected title 

• 7 years of higher education training, of 
which 5 years of study and 2 years of 
traineeship 

• Continuous professional development 
obligation 

- - 

Poland Regulated by reserved 
activities 

• From 4 years secondary education to 5 
years university education, depending 
on the regulated profession; from 1.5 
years to 4 years of professional 
training, depending on the regulated 
profession and on the length of the 
education 

• State exam 
• Continuous professional development 

obligation 

Compulsory membership or 
registration in professional 
body 

- 

Portugal Regulated by reserved 
activities and protected title 

• 5 years of university education and a 
professional traineeship of 12 months 

Compulsory membership or 
registration in professional 
body 

Shareholding requirements 
and/or voting rights control 

Romania Regulated by reserved 
activities and protected title 

• 6 years of academic studies + 2 years 
of traineeship 

• An exam is mandatory to obtain the 
‘right of signature’ 

• Continuous professional development 
obligation 

Compulsory membership or 
registration in professional 
body 

Restriction on legal and 
corporate form 

Spain Regulated by reserved 
activities and protected title • 6 years of training for architects 

Compulsory membership or 
registration in professional 
body 

Shareholding requirements 
and/or voting rights control 

Sweden Not regulated (only 
voluntary titles) • 5-years education programme - - 
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Table 7: Market entry and exercise requirements – Engineering sector 

ENGINEERING SECTOR 

Country Regulatory approach Qualification requirements Other Entry Restrictions Exercise requirements 

Belgium Regulated by protected title 4-5 years of education (depending on the 
specific title) 

- - 

Croatia Regulated by reserved 
activities and protected title 

• Different education requirements are 
mandatory 

• To use the title there is a compulsory 
state exam, as well as a continuous 
professional development obligation 

• Continuous professional development 
obligations 

Compulsory membership or 
registration in professional 
body 

- 

France Regulated by protected title 

• The title can be obtained only after a 
diploma from certain State-
created/recognised and accredited 
engineering higher education 
institutions 

- - 

Germany81 Regulated by protected title 2-3 years of professional experience 
Compulsory membership or 
registration in professional 
body 

• Restriction on legal and 
corporate form 

• Shareholding requirements 
and/or voting rights control 

• Obligatory professional 
indemnity insurance 

Ireland Regulated by reserved 
activities and protected title 

• 5 years of education and at least 3 
years of practice are required 

• Continuous professional development 
obligations 

Compulsory membership or 
registration in professional 
body 

- 

Italy Regulated by reserved 
activities and protected title 

• 3+2 years of university (bachelor and 
master) 

• State exam is mandatory 

Compulsory membership or 
registration in professional 
body 

- 

81 lander level 
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The 
Netherlands No 5-year training courses at Master level - - 

Poland Regulated by reserved 
activities 

• From 3.5 to 5 years university 
education, from 1.5 to 3 years 
professional training, depending on the 
length of education 

• State exam is mandatory 
• Continuous professional development 

obligation 

Compulsory membership or 
registration in professional 
body 

- 

Portugal Regulated by reserved 
activities and protected title 

5 years university education plus 12 - 18 
months of traineeship 

Compulsory membership or 
registration in professional 
body 

Shareholding requirements 
and/or voting rights control 

Romania Regulated by reserved 
activities and protected title 

• Diploma or specific authorisation is 
mandatory 

• Certification exam 
- - 

Spain Regulated by reserved 
activities and protected title 

6 years of training for engineers and 4 
years for technical engineers. 

Compulsory membership or 
registration in professional 
body 

Shareholding requirements 
and/or voting rights control 

Sweden Not regulated 
The civil engineering education is 
regulated and consists of a 5-year Master 
programme 

- - 
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Table 8: Market entry and exercise requirements – Accounting sector 

ACCOUNTING SECTOR 

Country Regulatory approach Qualification requirements Other Entry Restrictions Exercise requirements 

Belgium Regulated by reserved 
activities and protected title 

• 3 years of university or post-secondary 
study  

• A mandatory traineeship of 3 years for 
expert-comptable 

• 200 days and a minimum of 1 year 
(and a maximum of 3 years) of 
professional training for comptable 
agréé/comptable 

• Continuous professional development 
obligations 

Compulsory membership or 
registration in professional 
body 

• Shareholding requirements 
and/or voting rights control 

• Obligatory professional 
indemnity insurance 

Croatia Not regulated - - - 

France Regulated by reserved 
activities and protected title 

• Minimum 5 years of studies  
• 3 years of traineeship  
• A state exam. 

 

Compulsory membership or 
registration in professional 
body 

Restriction on legal and 
corporate form 

Germany Not regulated (Only the title 
of “qualified accountant”)  

No (Qualified accountants must take an 
examination)  - 

No (Only shareholding 
requirement for Tax 
Consultancy companies) 

Ireland Regulated by reserved 
activities and protected title 

Continuous professional development 
obligations 

Compulsory membership or 
registration in professional 
body 

Shareholding requirements 
and/or voting rights control 

Italy Regulated by reserved 
activities and protected title 

• 3+2 years of university for Chartered 
Accountant, only 3 years for accounting 
expert.  

• 18 months of internship 
• State exam is mandatory  

Compulsory membership or 
registration in professional 
body 

Incompatibilities of activities for 
a professional 

The 
Netherlands Regulated by protected title 

• Minimum 3 years of practical training 
concluded by an exam. 

• Continuous professional development 
obligation 

Compulsory membership or 
registration in professional 
body 

- 
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Poland Regulated by reserved 
activities and protected title 

• 3 years of university education, a state 
exam and 6 months of professional 
training. 

Compulsory membership or 
registration in professional 
body 

Shareholding requirements 
and/or voting rights control 

 

Portugal Regulated by reserved 
activities and protected title 

3-year secondary education and a 
maximum of 18-month professional 
internship (commonly 8 to 12 months 
duration) finalised with an exam 

- 

• Shareholding requirements 
and/or voting rights control 

• Restriction on legal and 
corporate form 

• Prohibitions on joint exercise 
of professions 

Romania Regulated by reserved 
activities and protected title 

• For expert (chartered) accountant: 
Bachelor’s degree and a 3-year of 
training  

• For licensed accountant: High school 
graduation diploma and 3-year 
theoretical/practical training  

• For tax consultant: 3-year bachelor’s 
degree, but prior experience in the field 
is required (5 years). 

Compulsory membership or 
registration in professional 
body 

• Shareholding requirements 
and/or voting rights control 

• Obligatory professional 
indemnity insurance 

Spain Not regulated - - - 
Sweden Not regulated - - - 
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Table 9: Market entry and exercise requirements – Legal sector 

LEGAL SECTOR 

Country Regulatory approach Qualification requirements Other Entry Restrictions Exercise requirements 

Belgium 
Regulated by reserved 
activities and protected 
title 

• 5 years of study and 3 years of 
training.  

• An Avocat devant la Cour de 
Cassation/Advocaat bij het Hof van 
Cassatie is required to have an 
additional professional experience 
of 10 years as a registered lawyer 
and must take an additional 
training of 4 years which is finalised 
by passing a state exam. 

• Continuous professional 
development obligations 

• Compulsory membership 
or registration in 
professional body 

• Limitation to the number 
of licences granted only 
for Avocat devant la Cour 
de Cassation 

• Shareholding 
requirements and/or 
voting rights control 

• Restriction on legal and 
corporate form 

• Obligatory professional 
indemnity insurance 

Croatia 
Regulated by reserved 
activities and protected 
title 

• Higher education diploma 
• Traineeship period 
• State exam. 

Compulsory membership or 
registration in professional 
body 

• Shareholding 
requirements and/or 
voting rights control 

• Restriction on legal and 
corporate form 

• Obligatory professional 
indemnity insurance 

France 
Regulated by reserved 
activities and protected 
title 

• 5.5 years of training are necessary 
– composed of a master’s degree in 
French law (minimum 4 years of 
studies – Master I), 18 months of 
training in a law school, and a final 
exam 

• For lawyers before the supreme 
courts, the training has to last 3 
years more and they have to pass a 
state exam 

• Compulsory membership 
or registration in 
professional body 

• Limitation on the number 
of licences granted for 
lawyers before the 
supreme courts 

• Shareholding 
requirements and/or 
voting rights control 

• Restriction on legal and 
corporate form 

• Obligatory professional 
indemnity insurance 
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Germany 
Regulated by reserved 
activities and protected 
title 

• 4 years in University and another 
two years of mandatory traineeship 

Compulsory membership or 
registration in professional 
body 

• Shareholding 
requirements and/or 
voting rights control 

• Obligatory professional 
indemnity insurance 

Ireland 
Regulated by reserved 
activities and protected 
title 

To become a solicitor: 
• entrance examination in law 
• attend 2 years of training in a 

solicitor’s office 
• follow vocational training courses 

and pass an examination 
Continuous professional development 
obligations 

Compulsory membership or 
registration in professional 
body 

Restriction on legal and 
corporate form 

Italy 
Regulated by reserved 
activities and protected 
title 

• Master’s degree in Law 
• 18 months of professional 

traineeship  
• State exam 
• Continuous professional 

development obligations 

Compulsory membership or 
registration in professional 
body 

Restriction on legal and 
corporate form 

The 
Netherlands 

Regulated by reserved 
activities and protected 
title 

• 8 years of training composed of a 
bachelor of 3 years, a master of 2 
years and a traineeship of 3 years. 

• Compulsory membership 
or registration in 
professional body 

• Continuous professional 
development obligation 

• Shareholding 
requirements and/or 
voting rights control 

• Obligatory professional 
indemnity insurance 

Poland 
Regulated by reserved 
activities and protected 
title 

• 5 years of university in law and 3 
years of training under supervision, 
followed by a state exam 

• Continuous professional 
development obligations 

Compulsory membership or 
registration in professional 
body 

Restriction on legal and 
corporate form 

Portugal 
Regulated by reserved 
activities and protected 
title 

• Bachelor’s degree in law (4 years), 
plus 18-month of professional 
traineeship, followed by a national 
exam. 

Compulsory membership or 
registration in professional 
body 

• Shareholding 
requirements and/or 
voting rights control 

• Obligatory professional 
indemnity insurance 
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Romania 
Regulated by reserved 
activities and protected 
title 

• Law degree, exam to enter the 
profession, 2 years professional 
traineeship and final exam.  

Compulsory membership or 
registration in professional 
body 

• Shareholding 
requirements and/or 
voting rights control 

• Restriction on legal and 
corporate form 

• Obligatory professional 
indemnity insurance 

Spain 
Regulated by reserved 
activities and protected 
title 

• 4 years of bachelor’s degree in law, 
plus 18 months Master (theoretical 
and practical) 

• State exam. 

Compulsory membership or 
registration in professional 
body 

• Shareholding 
requirements and/or 
voting rights control 

Sweden 
Regulated by reserved 
activities and protected 
title 

• 7.5 years of education and training 
courses including a mandatory 
traineeship 

• Continuous professional 
development obligations 

Compulsory membership or 
registration in professional 
body 

• Shareholding 
requirements and/or 
voting rights control 

• Obligatory professional 
indemnity insurance 

• Incompatibilities of 
activities for a 
professional 
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Finally, an overview of the main national or regional regulatory initiatives, 
mapped among the country in scope, to boost digitalisation is presented in the 
map below82. 
 

 
  

82 For more details on specific regulatory initiatives per each country analysed, please refer to Annex 
(paragraph 1.2). 

• Digital Belgium
• Industrie 4.0
• Digital Wallonia
• BeDigital.brussels

• START 
• School of Life

• Law for a Digital  
Republic Act 

• E-invoicing
Initiative

• Piano Triennale 
2020-2022

• Industrie 4.0
• High-Tech Strategy 

(HTS) 2025
• KI Strategie
• Digitization Act 

• Responsible 
Development Plan -
Future Industry 
Platform 

• Digital 9 (D9) 
charter

• Action Plan for 
Digital Transition

• National Strategy 
on the Digital 
Agenda for 
Romania 2020

• Industria 
Conectada 

• 4.0 - Agenda 
'España Digital 

• Smart Industry
• A Sustainable Digitalized 

Sweden - A Digitalization 
Strategy

• National approach to 
artificial intelligence 

• National Digital 
Strategy

• Dutch Digitalization
Strategy

• Dutch Digitalization
Strategy 2.0

Figure 10: Main digital initiatives - overview 
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 The interplay between digital automation and regulation  
 
Digital automation trends are deeply affecting the growth trajectories of 
economies. On the one hand, in the last two decades, research has focused on the 
effects of this kind of innovation on economic performance (both at the micro and 
the macro level), and on the other hand, on the potential factors which can 
influence the technological diffusion process. With respect to the latter, regulatory 
factors have been identified from the economic literature as key variables for 
policymakers to improve the framework conditions necessary to spur innovation. 
The empirical analysis presented in the next paragraphs will follow the main 
indications of the theoretical and empirical literature on the relationship between 
automation trends and regulation.   

In one of the first seminal contributions on the topic, Baumol and Ordover (1988) 
questioned the appropriateness of traditional regulatory instruments in assessing 
competitiveness in high-technology industries, highlighting how antitrust 
intervention in R&D-intensive markets could lead to the undesired effect of 
weakening future incentive for innovations. However, the market dominance of 
tech giants has increased dramatically since the time of Baumol and Ordover’s 
work, raising concerns on how tech monopolies should be regulated. Recent work 
of Philippon (2019) argues that keeping the playing field level for competition in 
technology-intensive industry must be at the top of the agenda to favour 
opportunities for investment, innovation, and growth. 

The OECD (2002) and Van Gorp and Batura (2015), in their report for the 
Economic and Monetary Affairs Committee, stress the importance of the swiftness 
of technological change and relatively low barriers to entry (if lock-in is absent) in 
promoting transitory market dominance. They all agree in recognising that the 
major weakness of standard and antitrust policies stems from their focus on static 
models and static analyses, thus disregarding the speed of technological change 
and its acceleration over time. For example, Audretsch et al. (2000) refer to the 
term ‘dominant position’ itself as no longer adequate, given the growing 
importance of potential entry. 

In defining the interplay between regulation and digital automation, most of the 
seminal works in the field (e.g. Carlin and Soskice, 2006; Blind, 2012) distinguish 
between: 

• compliance cost or negative incentive effect, and 

• positive incentive effect. 

The regulatory environment can act as either a stimulus or a barrier to innovation, 
but also a specific norm can simultaneously promote or hinder innovation, 
depending on other factors. Blind explains how market entry regulation may entail 
both effects: on the one hand, it may hamper innovation by prohibiting market 
entry of probably innovative newcomers; on the other hand, it may provide a 
positive incentive for incumbents by reducing competition (e.g. for infant 
industries), thus allowing them to engage and invest in risky innovation activities, 
enjoying temporary monopoly positions. 
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A number of factors contribute to the aforementioned relationship, and, according 
to Pelkmans and Renda (2014) and Ravet (2017), sector-specific characteristics 
are among the most important ones.  These studies stress that specific types of 
regulation have different impacts depending on the sector. Thus, in order to 
understand and address barriers, a sectoral analysis of the existing regulations is 
needed, the extent of the regulation impact being a function of the stringency, 
timing, flexibility and uncertainty generated by the rules at hand. And a sectoral 
perspective has indeed been adopted in a number of studies (Freel, 2006; Canton, 
et al. 2014) and has also been embraced by the European Commission in 
numerous reports (EC, 201683; EC, 201784; EC, 201885). 

A large body of literature explores the structural factors and incentives that shape 
automation trends, and the specific work on the professional services (Canton et 
al., 2014; EC, 2017; van der Marel et al., 2016; World Bank 2016; Hook, 2016; 
Cette et al., 2014) has highlighted cross-country differences in providing stimulus 
to business dynamics. 

The most recent contributions (Andrews et al., 2018; Ferracane and van der Marel, 
2020) stress the importance of sector and country-specific specifications, which 
enable an exploration of the link between structural factors, such as human capital 
or business dynamism that help in speeding up the adoption of automation. 
Including these factors in the empirical analysis will help to obtain robust 
measurements of the contribution of the regulatory variables and address other 
important policy issues, pivotal to the successful implementation of new 
technologies. 

Relying on the theoretical and empirical works just presented, it is possible to 
summarise the effects of various regulatory restrictions on the firms’ digital 
automation adoption strategies. In order to assess the influence of the regulatory 
framework in a more schematic way, the specific restrictions will follow the 
classification of regulatory requirements illustrated in Table 5. 

The effect of each specific restriction will be analysed with particular focus on the 
channels through which the regulation affects the firms’ behaviour on the adoption 
of digital automation. More specifically, five general potential channels of 
impact on digital automation have been identified: 

- Competition: regulations modify the professional services market 
competition settings, thus limiting competitive pressure between 
incumbents and from new entrants, in turn affecting the firms’ propensity 
to introduce digital automation technologies86. ‘The entry of new firms, or 
the threat of it, induces existing firms to become more efficient through 

83 European Commission, ‘Better regulations for innovation-driven investment at EU level’, Staff 
Working Document, 2016.  
84 European Commission, ‘Communication from the Commission to the European Parliament, the 
Council, the European Economic and Social Committee and the Committee of the Regions on reform 
recommendations for regulation in professional services’, Commission Staff Working Document, 
2017. 
85  European Commission, ‘Regulatory barriers and firm innovation performance’, Business 
Innovation Observatory, 2018. 
86 This channel will be furthered analyzed in its impact on productivity and markup in Chapter 4.   
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reallocation of resources inside the firm or cutting slack or by investing in 
innovation to escape competition (allocative, productive and dynamic 
efficiency gains)’ (Canton et al. 2014).  

- Access to finance: regulation can exert its effects on the possibility of 
companies to have access to external funding, thus conditioning future 
automation investments plans. The positive impact of financial dependence 
(i.e. the need for external funds) and faster value-added growth is well 
documented in the literature (pioneered by the Rajan and Zingales’ work in 
1998). Barone and Cingano (2011) show lower regulation and higher 
financial development in the service sector has a significant impact on 
value-added growth, in turn closely related to innovation. 

- Skills: each regulation can influence the adoption and development of new 
skills and expertise complementary to digital automation adoption. The 
economic literature has stressed the role of capabilities and their evolution 
within professional services firms for innovation activities (e.g. Criscuolo et 
al., 2007; Bryson and Daniels, 2008). 

- Costs: specific restrictions can entail additional costs for the professional 
services firms, draining resources and thus reducing funds for investment 
in digital automation. 

- Size: specific regulations can influence the dimensional development of 
firms and therefore the scope and the resources for the introduction of new 
digital technologies (OECD, 1997; Ribes, 2018). 

The existence of a well-functioning professional services market ultimately affects 
most economic activities and is fundamental to enabling productivity growth 
(Chapter 4 will pursue this aspect further). The introduction of digital automation 
in these sectors can boost their own productivity and guarantee a general increase 
in the efficiency of the EU economic system: in what follows there will be a brief 
description of how specific regulation restrictions, through the transmission 
channels above mentioned, can have an impact on the adoption and diffusion of 
digital automation technologies and thus limit growth potential. 

With respect to the regulatory approach, reserves of activities is the specific 
restriction that can most represent a constraint on the road to the digitalisation of 
professional services. As a matter of fact, by reserving services to specific 
providers, reserves of activities automatically trigger the impacts of all the other 
restrictions that apply to these providers. As a result, all the channels of impact 
are directly or indirectly involved. Indeed, by giving individuals with the required 
qualification (or title) a monopoly to exercise certain activities or professions, the 
reserve of activities limits competition between service providers, and the 
potential entrance of online service providers (e.g. legal tech) can be limited, 
hence reducing the incentive to innovate and make productivity improvements 
(CSES, 2012).  

As far as the qualification requirements are concerned, continuous 
professional development obligations involve both the skills and the cost of 
transmission channels. Qualifications required to practice the profession might not 
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provide significant digital skills required to implement digital automation tools, 
and the investment of additional financial costs and time is entailed that does not 
guarantee a step forward toward digital automation and can divert resources from 
that goal. On the other hand, it must be stressed that it could, in any case, have 
a positive impact on digital automation as it enables keeping skills up-to date, 
given that the required skills are relevant for digital automation. Qualification 
requirements is the other specific restriction within this regulatory area: in this 
case, too, it is possible to see the skills and costs channels at work, indeed the 
qualification required to practice the profession might not provide significant 
digital skills necessary to implement digital tools and innovative services. 
Moreover, this restriction may represent a skill mismatch between the qualification 
requirements and the actual skills and knowledge required to implement digital 
automation tools, and thus constitute an obstacle to the expansion of abilities, 
effort and skills into digital transformation. That means that specialisation in 
specific activities and skills relevant for the regulated profession might divert 
resources and time that could be invested in digital automation training and 
development. The increasing complexity of technology demands higher absorption 
capacity in the form of prior accumulated knowledge and an adequate skills 
endowment, in order to be able to reap the benefits of technological change: an 
optimal mix of different skills must be adopted to exploit the productivity 
improvements linked to digital automation adoption. In addition, the cost channel 
is involved, as the lengthy and costly qualification process can divert resources 
from automation. 

Among the Other entry restrictions regulatory area, Compulsory 
membership or registration in professional body and Limitation of the 
number of licences granted are the main specific restrictions under scrutiny in 
the next chapters. The first can constitute an obstacle to the adoption of new 
automation tools mainly through the competition and costs channels. Indeed, 
where a professional association is delegated certain regulatory powers, such as 
the power to discipline its members, concerns have arisen that professional 
associations may use these powers as a tool to restrict entry, fix prices and enforce 
anti-competitive cooperation between its members, thus distorting competition 
and in turn limiting innovation investment (OECD 2000). In the specific case of 
Compulsory membership or registration in professional body, compulsory 
membership, including its annual renewal, can also create additional costs for 
professionals over and above formal regulatory requirements, due to the 
unwanted bundling of additional representative services.  

The limitation of the number of licenses granted constitutes a barrier to entry that 
restricts foreign and domestic service providers from bringing competition to the 
market. If entry barriers are high, domestic incumbents will be sheltered from 
competition and less incentivised to perform better and to invest in digital 
automation (European Parliament, 2017). Moreover, this kind of market entry 
barriers can also limit new entrants like start-ups, which are generally 
characterised by a higher innovation propensity.  

Under the Exercise requirements regulatory area there is a set of other specific 
restrictions which can affect firms’ choices about digital automation adoption 
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through different transmission channels. Restriction on corporate form can 
constitute an obstacle to dimensional growth and firms’ access to finance, 
limiting the scope for collaboration with other professions. In addition, it can limit 
the development of start-up firms (which are generally characterised by a higher 
level of innovation of products and processes). Restriction on corporate form can 
also limit the choice of financial and business models for companies and thereby 
can hamper service innovation, having adverse consequences on service prices, 
and a negative effect on the competitiveness of such services. Additionally, the 
competition channel is involved, as such restrictions may prevent some firms from 
entering the market (e.g. foreign firm87). Similarly, shareholding requirements 
and/or voting rights control can represent an obstacle to dimensional 
growth and firms’ access to finance, thus limiting economies of scale and 
hampering the development of innovative services and cost-effective business 
models. This kind of restriction can eventually limit automation adoption through 
the skills transmission channel as well, as it could condition investment partners 
in fund allocation on ICT training as well as digital technology infrastructures. 
Moreover, it may constitute an obstacle to the freedom of cross-border 
establishment and can even result in making it impossible to set up subsidiaries 
(investments which often export best practices and innovation) or to create multi-
disciplinary practices, which can boost innovation through cooperation and 
knowledge spill overs. In sum, the competition channel is also triggered, as these 
restrictions by limiting business development and market entry, reduce the scope 
for competition. 

Incompatibilities of activities and Restrictions on joint exercise of 
professions can affect investment in digital automation through the size, skills 
and competition channels. This kind of restrictions can impact the firms’ growth 
by limiting economies of scale and collaboration between professions, hence 
limiting the scope for investment in digital technologies. Moreover, they can limit 
knowledge spill over which are crucial for ICT tool absorption capacity, thus 
slowing down efficiency and innovation adoption. Lastly, these restrictions can 
distort competition by hindering the market (e.g. by foreign firms). Obligatory 
professional indemnity insurance is a clear example of expenses that drain 
resources that could be allocated to investment in automation (costs impact 
channel), although the impact might not be significant. In the cases of tariff and 
advertisement restrictions, regulation can impact automation adoption through 
the competition impact channel. Minimum tariffs mainly prevent service 
providers from competing on price and can protect less efficient competitors and 
reduce the incentive to improve quality through investment in digital automation 
innovation. Maximum tariffs can, on the other hand, reduce profitability and 
future prospects of profits thus limiting investing capacity. Arguably, maximum 
tariffs can also limit competition by establishing de facto agreed prices (similar to 
cartel behaviour) that may result in overpricing and make them unfeasible in 
terms of competitiveness (Canton et al., 2014). As far as the advertisement 
restrictions are concerned, it can be stressed that advertising, and in particular 

87 The work of Arnold et al. (2007) on service liberalisation in Czech Republic highlighted the positive 
impact of the presence of foreign providers on productivity growth, especially with foreign firms 
being at the forefront of introducing innovative services. 
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comparative advertising, can be a crucial competitive tool for new firms entering 
the market and for existing firms to launch new products. Allowing advertising, 
and digital advertising above all, could therefore provide an incentive to 
competition and thus stimulate digital automation. Therefore, restrictions on 
advertising can reduce the stimulus to innovate by curbing competition and firms’ 
investment plans. 

 

Table 10: Specific restrictions and related impact channels for digital 
automation adoption 

Specific regulation 
Potential channels 
of impact on 
digital automation 

Reserves of activities All channels 

Continuous professional development obligations Skills, costs 

Qualification requirements Skills, costs 

Compulsory membership or registration in professional body Competition, costs  

Limitation of the number of licences granted Competition 

Restriction on corporate form Size, Access to finance, 
Competition 

Incompatibilities of activities Skills, size, competition 

Restrictions on joint exercise of professions Skills, size, competition 

Obligatory professional indemnity insurance Costs 

Tariff restrictions Competition 

Advertising restrictions Competition 

Shareholding requirements and/or voting rights control Size, Access to finance, 
Competition 
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2 Field research: survey & interviews 
 
In order to describe the current state of play of digital automation in the four 
selected professional service sectors, a significant number of stakeholders were 
engaged. The consultation strategy was based on online questionnaires and ad 
hoc interviews of a sample of professional providers (supply side) and 
business consumers of professional services (demand side).  
The chapter is structured as follows: the first section is dedicated to the 
methodological approach, where the scope, the main features of questionnaires 
and interviews and the strategy for questionnaire dissemination and data analysis 
will be presented. The following two sections are dedicated to results and data 
analysis. In particular, the second section is devoted to professional service 
providers and presents the main results of the questionnaire integrated with 
significant and explanatory insights from the interviews. In the third section, the 
analysis will focus on a qualitative analysis of the results obtained from the 
businesses consumers’ consultation. Finally, section 5.4 is dedicated to the 
synthetic digital automation index, which is used in the subsequent analysis.  
 

 Methodological approach 
 
Scope of the Analysis  

The scope of the professional service provider sampling has included both 
professional services companies and self-employed/freelance professionals 
(professionals working in corporate environments with different scopes – e.g. 
manufacturing – have therefore not been considered). Figure 11 provides more 
detailed information on the sample composition per each professional service 
sector. 

 
As far as the business consumer sampling is concerned, it aimed at creating a 
sample as heterogeneous as possible, including a wide variety of companies from 
the point of views of sector, dimension and country. 

EngineeringArchitectural

All types of architects
(i.e. commercial architects, 

urban designers, etc.) 
which work in a company 

providing professional 
services or self-employed 

professionals

All civil and structural 
engineers which work in 

a company providing 
professional services or 

self-employed 
professionals

Legal

All types of lawyers
(i.e. corporate lawyers, 

tax lawyers, family 
lawyers, etc.)

Accounting

All accountants' 
professionals, included 

chartered accountant, will 
be considered in the 

study (Audit services not 
included)

Figure 11: Professionals involved in the survey by sector 
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The 12 countries involved in the survey were Belgium, Croatia, France, 
Germany, Ireland, Italy, the Netherlands, Poland, Portugal, Romania, 
Spain and Sweden. 

 
Questionnaire features and topics covered 

The survey was composed of two types of online questionnaires: 
• One directed to professional service providers (i.e. the supply side of the 

service); 
• One directed to business consumers (i.e. the demand side of the service). 
The online questionnaires were composed mostly of closed-ended and multiple-
choice questions, while opened-ended questions were primarily devoted to 
additional comments or suggestions only, so as to guarantee the full consistency 
of the whole set of answers. 
In particular, the questionnaire directed to professional service providers was 
structured according to the business activities of each professional service sector 
(value chain) and was therefore characterised in some sections with specific 
questions for the sector for which it was intended. A total of five questionnaires 
were prepared for each of the six languages it was translated into: 
• English; 
• French; 
• German; 
• Italian; 
• Spanish; 
• Portuguese. 
For further details please see Annex for the extended English version of the 
questionnaire. In order to ensure a higher level of stakeholder engagement, both 

Figure 12: Countries involved in the survey 
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types of questionnaires were carried out through SurveyMonkey, a proven online 
tool that provided a user-friendly solution for filling out the questionnaires.  
As for the fill-out period, the following dates were taken into consideration:  
• From 30/07/2020 to 06/09/2020 for the professional service providers’ 

questionnaire; 
• From 30/07/2020 to 14/09/2020 for the business consumers’ questionnaire. 
As for the subjects covered, besides the customisation section for each sector that 
mainly contained questions about the ‘core’ business activities of practices and 
the related automation technologies, the professional service providers’ 
questionnaire encompassed questions on general information about the 
interviewed business, the benefits/obstacles of digital automation and regulatory 
aspects of the profession, as well as specific questions investigating how practices 
were responding to the recent COVID-19 emergency period. 
Professionals working for companies that did not provide professional services or 
services/activities falling within the clusters listed above were considered out of 
scope. For these cases, a dedicated path of questions within the survey was 
planned and provided. 
Apart from those questions aimed at profiling the respondents, business 
consumers were asked questions regarding their experience, contact channels and 
future expectations when interacting with professional service providers. 
In addition, both types of questionnaires included specific questions regarding the 
growing role that actors providing professional services entirely online are playing 
in the professional service market, as well as newly established companies that 
natively incorporate advanced technological solutions for the provision of 
professional services. 
For further details on the Methodological approach please see the Annex. 
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 Results and data analysis – Professional service providers 
 
Through the online survey, as highlighted in Figure 13, a total of 11 224 
professionals were reached in 12 EU countries in the fields of architecture (1 581 
respondents, 14% of the total sample), engineering (5 095, 45%), accounting 
(3 528, 32%) and legal services (1 020, 
9%), with an average completion rate 
of the questionnaire equal to 48% of  
questions. The breakdown of the 
completion rate (see figure I in the 
Annex) shows more completed 
questionnaires from accountants on 
average (55%), followed by engineers 
(49%), architects (46%) and finally the 
legal sector (42%).  
A total of 515 respondents were 
considered ‘out of scope’ and therefore 
followed the path of questions 
dedicated to them (see figure II in the 
Annex). In line with the sectoral 
distribution of total responses, in 
absolute terms, the sector that included 
the most out-of-scope respondents was 
that of engineers (352), followed by accountants (99), architects (33) and lawyers 
(31). 
After excluding sub-samples of respondents on the basis of completion rate in 
order to have a more accurate representativeness, the actual sample analysed 
was therefore reduced to 8 157 professionals/firms, with a country distribution 
displayed in Table 11. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: Total respondents by 
sector 
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Table 11: Total Respondents by country and sector 

 
 

 Respondent profile 
The first section of the questionnaire included questions aimed at profiling the 
respondent. When asked their professional status (see figure III in the Annex), 
i.e. whether an employee/partner of a professional service company or a self-
employed professional, the vast majority of the professionals contacted (71%) 
claimed to work as self-employed. In the breakdown by sectors, the accounting 
services sector has the highest share of employees (35%), whereas most self-
employed professionals belonged to the legal sector (79%). 
As for the question about whether or not the professionals contacted were 
registered with an official register in their home country (see figure IV in the 
Annex), almost everyone answered affirmatively (97%), transversally across all 
sectors analysed. 
The age of companies was identified through a specific question (see figure V in 
the Annex), to which 71.6% of respondents replied they work for a company 
established more than 10 years ago, whereas 9.2% work for companies 
established less than 3 years ago. 
As far as the location of the company is concerned, the sample of respondents is 
fairly evenly distributed between those working in a rural area (45.8%) and those 
working in an urban centre (54.2%). Among the latter, 27.3% stated that they 
work in a small to medium-sized city and 26.9% in a large city.  
As for the size of companies in terms of employees (see figure VI in the Annex), 
most of respondents reached were part of small practices with fewer than 15 
employees (82%, merging the two options of ranges 0-5 and 6-15 employees), 

Respondents by country and sector 

Country Architectural Engineering Legal Accounting Total 
Belgium 9 6 27 14 55 
Croatia 1 3 5 15 25 
France 667 20 12 1 145 1 844 
Germany 17 41 308 27 393 
Ireland 5 15 30 7 57 
Italy 659 2 086 535 1 339 4 619 
Netherlands 3 11 19 4 38 
Poland 16 9 30 16 71 
Portugal  57 41 37 546 681 
Romania 105 173 4 7 288 
Spain 32 26 9 3 70 
Sweden 10 0 4 2 16 
TOTAL  1 581 2 431 1 020 3 125 8 157 
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whereas large firms with more than 100 employees were 6% of the total 
respondents. 
In terms of revenues, as shown in Figure 14, 55% of the companies surveyed 
generate less than €100 000 per year, while 80% have a turnover of €500 000 or 
less per year. On the other hand, 4% of respondents claim to generate an annual 
revenue of more than €10 million per year. Moreover, for 33.4% of respondents, 
the revenue trend was increasing over the last 3 years; 21.5% have seen their 
revenues decreasing, while for 45.1% of respondents, revenues were stable.  

 
The answers collected with respect to the question about high-speed internet 
(broadband) connection confirm that the majority of respondents have access to 
a high-speed connection (81.5%). This implies, on the other hand, that almost 1 
in 5 respondents do not have access to a high-speed internet connection. 
When asked about what share of revenue on average was spent on ICTs (Figure 
15), 60% of the respondents stated that in the last 3 years they spent less than 
3% of their annual revenues on ICT, on average, on a yearly basis. In this regard, 
it is worth mentioning that almost one respondent out of five claimed to spend 
more than 5% of his revenue on ICT. 

 

The trend in ICT spending (see figure VII in the Annex) proved to be increasing 
for 47% of respondents, stable for 45% and decreasing for 8%. The breakdown 
by sector reveals heterogeneous approaches to spending on ICT technologies, 
according to the type of professionals interviewed: 65% of accountants saw ICT 
spending increase in the last 3 years, compared to 33% of engineers, while 13% 
of architects said they have reduced their spending on ICT technologies over the 
last 3 years. 
The last question in the section dedicated to the profiling of respondents was a 
request for a qualitative self-assessment of the state of progress of the 
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Figure 14: Respondent distribution by range of revenues 2019 
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implementation of digital automation technologies within the respondents’ 
practice. To the question: ‘How digitised are the services you provide?’ (see figure 
VIII in the Annex), on average about 90% of respondents said they offer ‘partly’ 
(53%) or ‘highly’(36%) digitised services, 6% do not currently provide any 
digitised services, while 4% of respondents say their business is ‘fully’ digitised. 
The legal sector, combining ‘partly’ and ‘not at all’, is the sector with the least 
digitised services (74%) with only 2% of respondents with fully digitised services. 
The sector with the highest share of fully digitised services (6% of respondents) 
is engineering, followed by architectural (5%) and accounting (4%). 
 

 Cross-sectoral analysis 
 
Respondents were then asked to imagine that digital automation was a journey, 
and to position themselves, as a company, at a stage in the journey (see figure 
IX in the Annex). With this kind of qualitative question, it was possible to 
investigate not only the respondents' attitudes towards changes in their 
profession, but also the digital environment they are surrounded by. 
The majority of respondents (92%) state that they have started their journey 
towards digital automation. Among these, 33% say they are only at the beginning, 
while 51% say they have been on the journey for some time. 6% of respondents 
‘have not started yet’, while 8% have ‘reached’ their destination. 
When asked which digital automation trend respondents would bet on for the 
future of their business, on an aggregated level (Figure 16), the three options 
most frequently mentioned were cloud computing (51%), artificial intelligence 
(40%) and big data (32%)88.  

 
Remarkable data came from the sector breakdown of the question: while cloud 
and artificial intelligence seem to be slightly more relevant for accountants and 

88 For each technology, percentages are computed over the total number of respondents per sector.  
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lawyers than for architects and engineers, architects pay great attention to 
VR/AR/MR, while engineers seem to be evenly interested in several different 
technologies.  
A special focus was given to the topic of artificial intelligence: overall, 25.9% of 
respondents stated that AI solutions are essential, and they will be the future of 
their sector, 37.8% stated that ‘They could be useful but not essential’, 20.9% 
said they ‘Can do without them’, while 15.4% never thought about it. As for the 
sector breakdown, almost one accountant out of two (44%) said AI solutions will 
be the future of their business, while the sector least interested in AI solutions 
seems to be that of architectural services, where 46.7% of professionals answered 
either ‘We can do without them” or ‘Never thought about it”. 
The role that artificial intelligence can currently play in the day-to-day operations 
of a professional firm was also discussed in an interview with a legal professional 
expert in digital innovation: although artificial intelligence technologies are not yet 
fully developed today, there is still a lot of data that the software used by many 
firms (e.g. ERPs) is collecting and organising in view of a future, and upcoming, 
diffusion of AI-backed applications that will be structured with models based on 
such data. In particular, the classes of applications for which AI will be more 
important in the legal professions are related to document review/comparing and 
content analysis for compliance check and due diligence activities.  
But artificial intelligence applications will not just be integrated into traditional 
business operations, as they will be the foundation of new digital professional 
services that are emerging and will emerge in the future, as confirmed in an 
interview with a digital provider offering legal services based on AI, machine 
learning and natural processing language. 
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Following the implementation of digital automation technologies, it is possible to 
see the need to change the business model. According to the answers obtained 
(see figure XI in the Annex), the adoption of digital automation has led to changes 
in the respondents’ business models in 43% of all cases, business models 
remained unchanged in 29% of cases despite the introduction of digital 
automation solutions, while 28% said they did not adopt digital automation at 
all 89 . In particular, the kind of change most commonly experienced by 
respondents, as shown in Figure 17, involved the introduction of new services in 
79% of cases, but companies also relevantly experienced new ways of client 
retention (38%), new ways of client acquisition (37%) and decommissions of old 
services (34%).  

Practices employing ICT staff might be more prone to embrace transformation 
through digital automation solutions. Nevertheless, most respondents (84%) state 
that they do not have their own ICT staff (see figure XII in the Annex), whereas 
the two sectors where the presence of ICT staff is most frequent are engineers 
(20%) and accountants (17%). 

89 Comparing this latter answer with the question about digitisation of services, 6% of respondents 
say they have no digital services, while 28% say they have not adopted digital automation in their 
business. 
In this regard, it is worth pointing out that according to the definition provided within the survey, 
for the purpose of this study, digital automation includes advanced technologies such as those listed 
within the questionnaire, while more basic and pervasive solutions such as e-mails, text-editing 
applications, spreadsheets, websites, etc. are not included.  
Thus, given the discrepancy between the two findings, it might be possible to conclude that some 
respondents do provide digital services, but only through the use of basic digital automation 
technologies such as, for instance, the delivery of technical advice via email or the provision of 
information via their website. 
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Focus: Emerging business models  
In an interview with an online provider, significant findings emerged on new 
revenue models implemented by native digital companies that offer professional 
services directly online. One of these is what is known as the ‘no-win, no-fee’ 
model, which consists of a payment linked to the service performance. In the 
case of the respondent, who offers judicial dispute resolution online through 
predictive AI models, this translates into fee charges only if the client wins the 
case. If the case is lost, the provider assumes all the costs.  
Nevertheless, for this model to be sustainable, it is necessary to design all the 
possible judicial case models in order to be able to apply them in case a 
determined event occurs, so as to minimise the risk of losing the case due to an 
undetermined contingency. But a model with many variables needs to be 
constantly updated to be effective over time. For this reason, machine learning 
algorithms are the key to keep ‘training’ the judicial case models with data 
(along with an effective marketing campaign for delivering the message on the 
convenience of the model to potential customers). 
 
Regulation of emerging business models 
Although it is very incentivising for clients, in some EU countries, lawyers who 
might offer the same services are not allowed to act on this business model, 
despite some recent legislative developments: in Germany’s legal services law, 
according to the government90, there is a need for an adjustment of the legal 
framework due to developments in the legal services market. So far, lawyers 
are only allowed to agree on contingency fees within very narrow limits and are 
completely prohibited from assuming the costs of proceedings. This does not 
apply to debt collection service providers registered under section 10(1) 
sentence 1 of the Legal Services Act (RDG), which is why their services are 
increasingly in demand, especially for the enforcement of low-value claims. 
In January 2021, in order to create more equal opportunities between legal tech 
providers and the legal profession, along with increasing the transparency and 
comprehensibility of these business models, the federal government of Germany 
passed a draft law to remove those restrictions that are imposed on lawyers and 
allow them to use the contingency fee and litigation financing, especially where 
they are also allowed to offer debt collection services91.  
 

 
When implementing a digital automation solution within a company, it may be 
that there is a lack of skills needed to run the solution optimally. In this regard, 
10.2% of respondents claimed they have bridged skill gaps by hiring new skilled 
resources, 37.5% have trained their current resources, 65.6% have used a 
‘learning by doing approach’, while 14% of respondents stated that no skill gaps 
have arisen after the implementation of digital automation within their companies. 

90https://www.bmjv.de/SharedDocs/Gesetzgebungsverfahren/DE/Rechtsdienstleister.html?nn=671
2350 
91https://anwaltsblatt.anwaltverein.de/de/news/erfolgshonorar-legal-tech-inkasso-gesetz 
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It is worth mentioning that during an interview, a growing offer of coding courses 
dedicated to legal professionals in Europe was reported. 
To the question ‘How well do you keep yourself updated on the latest automation 
technologies available in your sector?’, 31.2% of respondents claimed to stay 
informed ‘much’ or ‘very much’, 56.9% ‘little’ or ‘moderately’, while 11.9% of 
respondents do not stay informed on relevant new technologies at all.  
In fact, the ways in which professionals can keep up to date with technological 
advances may be multiple: for instance, during an interview with a professional in 
the engineering service sector, it emerged that one of the ways in which he keeps 
himself informed is through the large number of commercial offers that come to 
him via email from potential suppliers, for example regarding BIM. 
The journey through digital automation may lead to considerable benefits both for 
the practice and for customers, but it is often studded with risks and obstacles. In 
investigating such elements, 76% of respondents stated that they have benefited 
from the implementation of digital automation (see figure XIII in the Annex). The 
most relevant benefits experienced (see Figure 18) indicated by respondents were 
in regard to reductions in the service delivery time as well as improvements in the 
quality of services offered. 
  

Better service quality and time savings were also pointed out by respondents as 
the two most relevant benefits valued by costumers, although no relevant 
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predominance of benefits of one over another was observed. These findings also 
emerged from the various interviews conducted with professionals. 
As for obstacles, the most relevant ones for respondents of the questionnaires 
(Figure 19) were the costs of digital automation and shortages of specific skills. 

During interviews, obstacles to digital automation were extensively discussed as 
well. In particular, besides extremely high licensing costs of some professional 
software (especially in the architectural and engineering sectors), professionals 
from countries where the local language is not widely spoken internationally (such 
as Poland, Croatia, or Portugal, for example) pointed out major language barriers 
when it comes to implementing IT solutions. It was reported that, very often, 
software solutions from certain providers do not support the local languages of 
many EU countries, despite the demand from professionals, perhaps due to the 
limited overall market size. To confirm this, during an interview with a Croatian 
accountant, it turned out that a Canadian provider of accounting software was 
interested in opening an office in Croatia, even if without the aim of entering the 
local market, deemed too small for its business, but only to leverage low-cost IT 
expertise and focus on another target market. Indeed, the provider, although 
settled in Croatia, developed solutions which only support the most widely spoken 
languages since its targets were only the biggest European markets.  
 
Another obstacle to digital transformation may be the organisational structure of 
the firm, and a legal professional expressed an opinion on this issue during an 
interview: in his opinion, most firms consist of partnerships and do not have a 
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long-term vision. In order to invest in technology, they need a ‘company’ 
structure. Therefore, in his opinion, the traditional structure of a law firm is a 
limitation on technology adoption. In structural changes to professional firms, 
more share-based would be preferable. This type of obstacle has been also 
highlighted within the theoretical framework with reference to a restriction on 
corporate forms. Often, for example, the partnership formula for professional firms 
is compulsory, and such restrictions can undermine investment in digital 
automation by impacting the potential growth of the firm and the subsequent 
access to capital, as well as the potential development of in-house innovation. 
As stated above, an important goal of the cross-sectoral analysis was to 
investigate how regulatory matters related to professional regulation, in particular, 
affect digital automation. The first question concerned the extent to which the 
rules of access to a certain profession constitute an obstacle to digital automation. 
To this end, respondents were asked to express a qualitative ‘score of 
restrictiveness’ (out of 5, from 1 – Very low to 5 – Very high) for each access rule 
by selecting them from a list.  
Despite all of the restrictions in focus generally appearing to have a more or less 
equal/medium impact on automation, at an aggregated level, ‘tariff restrictions’ 
(a tariff cap could impact digital automation to the extent that it may allow prices 
to remain above competitive levels thus limiting incentives to innovate) turned 
out to be the main obstacle to digital automation in professional services practices 
(2.90/5), followed by ‘limitation of the number of licenses granted’ (2.83 - barriers 
to entry restrict foreign and domestic service providers from bringing competition 
to the market) and ‘continuous professional development obligations’ (2.78 - 
where technical qualification required to practice the profession does not provide 
significant digital skills required to implement digital automation tools). 
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The reportedly less restrictive but still important obstacles to digital automation 
are ‘shareholding requirements and/or voting rights control’ (2.33) preceded by 
‘compulsory membership or registration in professional body’ (2.37), in line with 
the high rates of membership of professional bodies recorded by the survey.  All 
these restrictions have an impact on the adoption of digital automation through 
different channels as presented in the regulatory framework in the dedicated 
chapter. Figure 20 shows the full results related to the ‘score of restrictiveness’: 

As for the country breakdown (Figure 21) of this question, it is relevant to point 
out that the main obstacles posed by the rules of access in Germany, according 
to the questionnaire’s results, relate to ‘reserve of activities, i.e. any requirement 
reserving the exercise of a service activity to the holders of a specific professional 
qualification’, albeit to a moderate extent, having received a score of 2.5. 
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Tariff restrictions are considered to be the most important obstacle to digital 
automation both in France and in Italy, although with slightly different intensities 
recorded (2.7 for France and 3.1 for Italy), whereas in the rest of the Member 
State countries in the scope of the study, the ‘continuous professional 
development obligations’ (3.1) emerged as the most relevant obstacle to digital 
automation posed by rules of access and conduct, according to respondents. 
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As for the sector breakdown (Figure 22), according to the questionnaire results, 
professionals who feel most hampered by the rules of access/conduct are 
architects and engineers, as far as ‘tariff restrictions’ and ‘limitation of the number 
of licenses granted’ are mainly concerned.  
Accountants appear to be the least hindered, while lawyers suffer the most from 
‘reserve of activities’ and ‘advertising restrictions’, as shown in the picture (for 
more information on the current regulatory situation by sector and country, please 
refer to the dedicated section in the annex).  
 
Focus: A uniform regulation to boost digitalisation 
The relationship between regulatory issues and investment in digital automation 
in professional firms was also discussed extensively in the various interviews. 
One point on which almost all the interviewees agreed was the need to 
standardise regulations, with particular reference to rules of access and exercise 
requirements across Europe in order to develop the professional service sectors 
in the sense of digital technologies. 
Indeed, one of the main incentives to invest in digital automation lies in the 
opportunity to provide services at an international level / in multiple markets, 
going beyond size and geographical limits. In the presence of non-uniform 
regulation at an international level, the risk is that this incentive will be lost or 
greatly reduced.  
For example, during an interview with a legal service professional, it emerged 
that standardising legal documents throughout all Member States in a digitally 
readable format would certainly boost the development of legal research 
software (e.g. on legal cases), therefore benefiting the whole sector. 
In one interview, an accountant argued that regulatory simplification would 
boost the digitisation of the whole sector, also ensuring better management of 
VAT evasion controls between Member States. In this sense, digitisation 
represents an opportunity because it would make it possible to concentrate the 
greatest efforts on activities with higher added value. 

 
Focus: Grey areas of regulation 
Uncertainty also creates a disincentive to invest in digital automation. A position 
in this regard was expressed by a professional working for a company offering 
professional online services: in his opinion, a harmonised regulation across 
Europe is needed, because there are a lot of grey areas that complicate 
businesses like those of online providers, who must always check whether their 
service, legal in one country, is legal in another, as it is not always enough to 
be compliant with the home country rules to be allowed to provide services to 
other countries in Europe. 

 
 
Another dimension examined in the survey was in relation to the competitive 
landscape and drivers within sectors.  
When asked “How would an increase in the level of competition (e.g. by reducing 
market entry restrictions) impact the adoption of digital automation solutions?”, 

Study on the impact of regulatory environment on digital automation in professional services

93



the majority of respondents across all sectors would welcome the opening up of 
their markets: in fact, for 55.1% of respondents, an increase in the level of 
competition would translate into a stimulus or a ‘strong’ stimulus for the adoption 
of a digital automation solution, the pace of the adoption would not be affected 
for 30.3% of respondents, while only 14.6% of respondents would be 
‘discouraged’ or ‘strongly discouraged’ to tackle further digital automation in the 
case of an increase in the level of competition. As illustrated also in the regulatory 
framework, by reducing competition, market entry restrictions might have a 
negative impact on the speed of digital automation development, since companies 
are less incentivised to perform better and to invest in digital automation. The 
sector in which an increase in the level of competition would foster the adoption 
of digital automation solutions the most is engineering services, for which 68.4% 
of respondents answered either ‘It would stimulate the adoption’ or ‘It would 
strongly stimulate the adoption’.  
The topic was also discussed in an interview with an industry professional. He 
argued that it is not always sustainable for a company to invest on its own in new 
technologies. A possible solution would be to form associations or consortia to 
invest together in a specific technology. However, companies often see other 
providers only as competitors and not as potential partners. Hence, the mutual 
trust necessary for any collaboration fails, and this is true especially on issues 
related to respecting data protection regulations. This issue could be linked to the 
restrictions on corporate form, shareholding requirements and voting rights 
control discussed in the overall framework. 
Another question was about competition between more ‘traditional’ practices and 
those players who provide professional services exclusively online and with the 
help of advanced digital technologies since the establishment of the company (see 
figure XIX in the Annex). 
Out of the total number of respondents, when asked about the possibility that 
online providers could be regarded as a competitive alternative, professionals 
seem to be divided: 36% of the sample say that they feel ‘very much’ or ‘much’ 
competition from online professional service providers, while another 35% say 
they feel ‘little’ or no competition ‘at all’. Of course, in assessing these replies to 
the question, the degree of digitalisation of the respondents themselves should be 
taken into account. For example, for some of the 4% of respondents who 
answered ‘fully’ to the question about how greatly digitised the services they offer 
were, online providers might be natural competitors.  
An interviewee who works for an online legal service provider claimed that the 
reason why online providers are not considered as direct competitors resides in 
the different nature of their business model, as well as the different target 
audience. For example, while traditional lawyers are not always interested in 
closing their cases in a short time because of the hourly salary structure, exactly 
the opposite can be said for online providers, who are often remunerated on the 
basis of the results achieved. Indeed, the advantage of their offer also consists in 
providing services in less time than traditional providers, thanks to a more 
standardised service offering. Clients are aware of this difference and choose the 
provider according to their needs, determining ex-ante differentiation in the 
providers' clientele. 
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A large law firm interviewed also confirmed the propensity to not consider online 
service providers as direct competitors. During the interview, it was stated that 
they are more interested in the digital automation solutions implemented by their 
traditional competitors, rather than those underlying the online service providers' 
offer, even if they are related to services similar to those provided by the firm. 
As far as the sector breakdown is concerned, as shown in Figure 23, accountants 
seem to be the ones who most feel competitive pressure from new online service 
providers, with more than 40% of responses claiming to be facing ‘much’ or ‘very 
much’ competition from online providers. As discussed in more detail in the 
dedicated section, the reason for this result could be found in the greater ease of 
digitisation of certain aspects of the accountants' core business. 
 
 

 
The questionnaire included questions about the role of digital public services 
(eGovernment) in the work of the professionals interviewed (e.g. in carrying out 
administrative and fiscal obligations), asking them for a qualitative opinion on the 
relevance of these services in their field of competence and their degree of 
satisfaction. 27.9% of respondents find digital public services to be ‘irrelevant’ or 
‘moderately relevant’ in their sector, 69.1% ‘relevant’ or ‘very relevant’, while 
2.8% do not know. As for satisfaction, 23.5% are very dissatisfied or dissatisfied 
with digital public services they receive, 46.3% declare themselves as ‘moderately 
satisfied’, while 30.2% say they are ‘satisfied’ or ‘very satisfied’. 
Focus: Digital public services 
Regarding the role of digital public services, an Italian accountant interviewed 
shared a virtuous example of dematerialisation of paper processes: electronic 
invoicing in Italy, which since 2014 has made it mandatory to invoice Italian 
public administrations electronically. The benefits for his practice concerned 
cutting operating costs and increasing the time and resources to be dedicated 
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Figure 23: In your opinion, how much competition is your business / company 
facing from online providers? - Share of respondents for each perceived level of 
competition from online professional service providers, by sector 

Study on the impact of regulatory environment on digital automation in professional services

95



to value-added tasks, derived from compliance with the regulations on digital 
invoicing. 

 
Lastly, when asked whether specific technologies were adopted following the 
COVID-19 health emergency, respondents stated that in 82% of cases the 
emergency prompted professionals to use specific digital technologies (see figure 
XX in the Annex). An interview with a legal sector professional confirmed those 
results. He claims that, in Italy, the health emergency cemented the digitalisation 
of the legal sector by increasing the number of administrative processes and 
hearings with judges conducted remotely. Moreover, it brought to light an old 
critical issue for the sector, which is the importance of a correct digital 
identification process. 
As for the solutions used during the emergency, 63% of respondents highlighted 
the adoption of communication and sharing platforms. The usage of these 
technologies will continue to take place ‘highly’ or ‘very highly’ for most of the 
sample under observation (69.5%); ‘moderately’ for 26.1% of respondents, while 
the usage will be ‘low’ or ‘very low’ for 4.4% of respondents.  
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 Sectoral analysis 
 
By analysing the section of the questionnaire related to specific questions for each 
professional service sector, it was possible to investigate some relevant aspects 
of digital automation with reference to both activities and technologies peculiar to 
each individual sector.  
The analysis of the value chain represented in the previous paragraphs has made 
it possible to isolate and schematise in a standardised manner the activities that 
professional firms carry out within the sectors studied. 
The sectoral analysis, described in the four following sub-sections, made it 
possible to identify which activities, among those mapped within the value chain, 
have the highest added value92. Given that high value-added activities are the 
distinctive features of the firm to which they relate, automating these activities 
could bring a double benefit for the firm that succeeds in doing so: in addition to 
gaining an advantage in terms of operational efficiency, it would also be possible 
to obtain a commercial advantage over competitors. 
The following analysis presented in this section is also aimed at better 
understanding which kinds of technologies are considered to be relevant as well 
as those currently adopted in each sector, according to the opinion of the 
professionals involved.  
 
2.2.3.1 Sectoral analysis: architectural services 
 
From the analysis of questions specifically related to the field of architecture, it 
emerges that the activities related to the service delivery phase (see 1.2.2) are 
those typically considered to have a higher added value (4 out of the top 5), 
whereas ‘invoicing and payments’ (2nd most value-added) is related to support 
processes (see figure XXI in the Annex).  
For each activity within architectural services, the relative level of digitisation (i.e. 
whether or not they were performed with the help of digital solutions) was 
evaluated.  
As represented in Figure 24, among the four activities with a higher level of digital 
automation there are 3 core business activities preceded by invoicing and 
payments. Indeed, the activities of ‘Invoicing and Payments’, ‘Creating, planning 
and designing projects’ and ‘Information gathering’ are the most digitised.  
 

92 Personalised and not repetitive activities that require the use of unique and valuable skills and are 
typically more profitable. 
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Although the survey shows that customer acquisition activities (e.g. promotion, 
events, networking, etc.) do not have a high level of digital automation, interviews 

conducted with professionals show that the main works/projects carried out are 
increasingly being disseminated or promoted through online platforms, thus 
favouring the acquisition of new clients. These platforms, therefore, according to 
the interviewees, have helped to open up the market, making it more competitive. 
In any case, it should be pointed out that even according to interviewees, despite 
the promotion of services using digital channels, the end customer's engagement 
remains little digitalised. 
This evidence about the level of digital automation is consistent with the valuations 
with respect to value-added: the three activities with the highest added value are 
the top ones also for digital automation level (even if in a different order). 
In the context of the sectoral analysis, attention was also paid to the different 
digital and technological solutions adopted, in order to investigate how relevant 
these technologies are and which ones are currently the most adopted. 
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Figure 24: Which are the main activities that have been automated through 
digital automation solutions as of today? - Current level of digital automation 
for each activity of the firm on a scale from 1-low to 3-high – Architectural 
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As represented in Figure 25, the most widely used technology is CAD (computer-
aided design / 3D drafting) with a percentage around 90%. This very extensive 
use of CAD is also strongly confirmed by the interviews conducted with 
professionals, as well as extensively described in paragraph 1.2.3 of the Literature 
Review. 

 
After CAD, BIM-related solutions are the second most widely used technology in 
the industry, used by more than 40% of respondents, considered at the same time 
relevant by more than 60% of the sample, and according to the architects 
interviewed, BIM could be the most interesting solution for the near future. 
Collaboration tools are adopted by about 35% of the respondents and have a level 
of relevance higher than 40%. Indeed, it should be emphasised that there is a 
substantial consistency between levels of adoption and those of relevance with 
reference to the first three technologies while in cases such as virtual reality (VR), 
augmented reality (AR) and mixed reality (MR), drones, photogrammetry, and 3D 
printing, there is a significant gap between how much a technology is considered 
relevant and the level of adoption, which is much lower.  
In fact, a professional interviewed confirmed that the possibility of using advanced 
digital tools is theoretically extremely broad, but that in practice they are not yet 
a common feature (see paragraph 3.1). However, the debate among service 
providers on new technologies is very lively because the possible savings in time 
and consequently on tariffs are very significant. 
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Figure 25: Select the most relevant digital solutions for your professional sector and 
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The professionals interviewed during the study also pointed out that some service 
delivery activities are outsourced to companies that are specialised in the use of 
specific technologies. This outsourcing makes it possible, on the one hand, to avoid 
the above-mentioned high costs of adopting digital solutions internally and, on the 
other, to resolve the problem of filling skill gaps. An example of this is the 
rendering activity that is also frequently outsourced to companies in third 
countries (e.g. China). 
 
2.2.3.2 Sectoral analysis: engineering services 
 
From the analysis of questions specifically related to the field of engineering, the 
‘Design and development’ activity is the one most often considered (over 80%) as 
high value added. Among the top 5, there is also ‘Invoicing and payments’, which 
is related to support processes (see figure XXII in the Annex). 
Regarding the activities that characterise engineering services, the relative level 
of digitisation (i.e. whether or not they were performed with the help of digital 
solutions) was evaluated.  
As with the architectural sector, among the four activities with a higher level of 
digital automation, they are all related to the service delivery phase (‘Design and 
development’; ‘Representation for obtaining permits’ and ‘Information gathering’), 
except for ‘Invoicing and payment” as shown by Figure 26. 

 
 
As in the case of architects, this evidence on the level of digital automation is 
consistent with the valuations with respect to value added: two of the first three 
activities for added value are in the first three positions also for digital automation 
level (even if in a different order). 
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Figure 26: Which are the main activities that have been automated through 
digital automation solutions as of today? - Current level of digital automation 
for each activity of the firm on a scale from 1-low to 3-high – Engineering 
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With respect to technological solutions adopted by civil and structural engineers, 
as Figure 27 shows, the most widely used technology is CAD (around 70%) 
followed by structural engineering software (more than 50%), which are also 

considered the two most relevant technologies.  
Another very relevant technology according to about 50% of the sample is BIM-
related solutions, but the adoption level is less than 30% of the sample. In this 
case as well, there is a large gap between the level of relevance and the level of 
adoption of more innovative technologies (such as drone-enabled solutions, 
photogrammetry, and Internet of Things (IoT)-enabled solutions).  
Finally, as in the case of architectural services, it should be noted that the 
advanced robotics solutions along with blockchain-enabled solutions are the 
solutions perceived at the same time as less relevant by the sample (around 10%) 
and those with the lowest level of adoption (well below 10%). 
Taking into consideration both the absolute value of the responses and the 
percentage gap between the two answers, BIM-related solutions could be 
considered as the technologies with the largest gap between those who find them 
relevant for the profession and the level of adoption, within the engineering 
services sector. This could be traced back to the wide breakthrough scope of these 
technologies, which on the one hand have great impacts on the operations of 
engineering firms and on projects, and on the other, have reached a level of 
maturity only in some fields and for some types of structures. As an example, with 
regard to BIM applications on linear infrastructures, such as railways or 
motorways, a common standard of integration between the languages of the 
different IT applications throughout all phases of the project lifecycle has not yet 
been reached. However, these are under development and promise in the short 
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term to have very significant impacts on projects in terms of time efficiency, error 
control and resources used93. 
 
2.2.3.3 Sectoral analysis: legal services 
 
With reference to the legal services sector, it is necessary to point out that the 
interviews conducted with professionals show that it is important to distinguish 
between ‘strategic legal advice’ and ‘traditional legal advice’ services. This 
distinction is necessary to assess the impacts of digital automation, which act in 
different ways:  
• ‘Strategic legal advice’ consists of activities with higher added value, which 

are less standardised and more personalised, therefore less automated, and 
still very dependent on human factors.  

• ‘Traditional legal advice’ consists of activities such as privacy or anti-money 
laundering compliance, which are highly automated because they are much 
more standardised, and generally also have a more uniform regulation at an 
international level (thanks to European standards, also). 

Among the activities most frequently indicated as of highest added value in the 
legal sector are the document redaction (e.g. legal documents, contracts, etc. – 
79% of total respondents), followed by invoicing and payments (76%), a 
traditionally cross-functional activity that the majority of respondents have listed 
among the top 5 most value-added activities of their practices, regardless of the 
professional sector, and information gathering (e.g. diligence and/or discovering 
documents – 72%) (see figure XXIII in the Annex).  
‘Invoicing and payments’ was listed as the most widely automated activity, with a 
score of 2.32 out of 3, topping document redaction (e.g. legal documents, 
contracts, etc.) with a score of 2.16 and information gathering (e.g. diligence 
and/or discovering documents), which scored 2.14, as shown in Figure 28. This is 
consistent with what emerged from the interviews conducted with professionals. 

93 https://www.buildingsmart.org/standards/rooms/railway/ifc-rail-project/.  
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The interviewees pointed out that in the largest and most internationalised law 
firms, activities such as document drafting/review and information gathering 
activities connected with due diligence services are already outsourced because 
they are considered more standard.  
 
As for the digital automation solutions (Figure 29), those most widely used by 
professionals in the legal sector are filing document management systems and 
legal research SW & e-discovery solutions (with around 70% of respondents), 
followed by document assembly SW, which are also considered the 3 most 
relevant technologies. According to the professional providers interviewed, it is 
possible to identify obstacles to the adoption of digital solutions related to the 
specific characteristics of the home country, for example: 
• a limited size of the domestic market 
• the specificity of the legal system and laws  
• the diffusion of the domestic language (language barriers). 
On the other hand, it should also be pointed out that such limits can also be a 
competitive advantage from a business point of view (under the condition that the 
cost of entry is not prohibitive for small companies), because they limit the 
presence of international big law firms in the local market.  
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It should be noted that, contrary to the case in architectural and engineering 
services, none of the adoption levels are higher than the respective level of 
relevance. 
 
 
2.2.3.4 Sectoral analysis: accounting services 
 
The activities that accounting professionals indicated as most value added are 
those related to tax advice (e.g. on tax declaration, VAT returns, etc. – 72% of 
total respondents), bookkeeping / drawing up financial statements and 
consolidated financial statements for undertakings (70%) and representation and 
assistance before administrative authorities (65%), all of which are activities 
related to the service delivery phase (see figure XXIV in the Annex).  
When asked to indicate the current level of digital automation of their activities, 
accountants attributed a high level of digital automation to bookkeeping / drawing 
up financial statements and consolidated financial statements for undertakings 
(with a score of 2.33 on a scale from 1-low to 3-high), payroll services (2.31) and 
invoicing and payments (2.28), whereas the high value-added activity of 
representing and assisting clients before administrative authorities earned a score 
of 1.75, as shown in Figure 30.  
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Figure 29: Select the most relevant digital solutions for your professional sector 
and which of them you have already adopted - For each technology, percentage 
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business – Legal Services. 
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It is worth pointing out that unlike other sectors, for accountants, ‘invoicing and 
payments’ and ‘payroll services’ can also be considered, in certain cases, as core 
services of accounting practices provided to clients. 
Accounting professionals indicated bookkeeping / drawing up financial statements 
and consolidated financial statements for undertakings as the second most value-
added activity. Such data may be relevant in explaining the frequent attitude of 
accountants to consider online professional service providers as direct 
competitors, as it might be easier for them to standardise and automate these 
activities, providing related digital services.  
As far as the most relevant and already adopted technological solutions in the 
accounting services sector are concerned (Figure 31), the option “e-invoicing and 
digital payment tools” was indicated as both the most used (by almost 65% of the 
sample) and the most relevant one (almost 80%), followed by “filing and 
document management systems” (usage – 60%; relevance – more than 70%) 
and “online solutions for automated tax compliance” (usage – 60%; relevance – 
65%).  
Another very relevant technology according to about 60% of the sample is 
document assembly software with the adoption level close to 50% of the sample.  

Figure 30: Which are the main activities that have been automated through 
digital automation solutions as of today? - Current level of digital automation 
for each activity of the firm on a scale from 1-low to 3-high – Accounting 
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Moreover, in the course of the interviews conducted, digital tools in the accounting 
sector seem to be relevant for the retrieval and interpretation of regulations, 
bearing in mind that the retrieval of the appropriate regulatory source is easy, 
while highly specialised digital databases must be used for correct interpretation. 
Furthermore, with specific reference to cloud computing, the accountants 
interviewed highlighted how these are very relevant to ensure compliance with 
GDPR standards and to promote proper digital storage. In this regard, they also 
reiterated that the regulation of digital conservation is a potentially critical element 
because it determines a certain managerial complexity. 
Unlike the architectural sector, where gaps between how much a technology is 
considered relevant and its level of adoption are significant for almost all 
technologies, in the accounting sector only the more disruptive technologies such 
as artificial intelligence-enabled solutions, big data analytics solutions, and 
distributed ledger / blockchain-enabled solutions display significant gaps. 
However, most of these technologies are only in their initial development and 
experimental phase. Although accounting professionals acknowledge their 
importance, they might either not be available yet or too expensive to adopt.  
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Figure 31: Select the most relevant digital solutions for your professional 
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 Results and data analysis – Business consumers  
 

 

In order to obtain a complete view of the demand for professional services in the 
countries covered by the study, as mentioned above, an ad hoc questionnaire 
targeting business consumers of professional services in the four reference sectors 
was carried out.  
Despite a longer fill-in period than the one established for the questionnaires 
addressed to professional service 
providers, the number of answers 
collected is rather limited, as 
represented by Figure 32, and does 
not allow for a relevant quantitative 
analysis.  
Therefore, the information collected 
will be leveraged through a high-level 
qualitative analysis (comparable to 
an additional set of interviews), in 
order to provide selected insights 
that may be indicative of the views 
of business consumers with respect 
to professional services and digital 
automation. 
 
  

 Respondents per language 
Language # Responses 

 
English 20 

 
French 6 

 
German 8 

 
Italian 5 

 
Portuguese 9 

 
Spanish 3 

TOTAL 51 

Figure 32: Total responses by 
questionnaire language 
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 Qualitative analysis: Business consumers 

 
As described above, based on the responses collected through the online survey 
aimed at investigating the demand side (business consumers) of professional 
services, it was possible to identify some qualitative evidence. 
First of all, as represented in Figure 33, it was found that accounting services 
followed by engineering services are considered by consumers to be the most 
digitised services, while legal services are perceived as less digitally mature. 

 
 
This result is consistent with the supply-side analysis and may be explained by 
the fact that digital technologies mostly used in accounting are often directly 
addressed and used by the final consumer (e.g. ERP solutions, payroll software, 
online solutions for automated tax compliance, e-invoicing, etc.).  
On the other hand, in the other sectors analysed, digital technologies (e.g. CAD, 
BIM-related solutions, photogrammetry, structural engineering software, legal 
research software, trial preparation tools, etc.) are used more in back-office 
processes or activities and therefore they are not easily perceived and evaluated 
by end users.  
In addition, business consumers interviewed all said that the ongoing process of 
digital automation in professional services has brought tangible benefits to their 
business or company.  
Specifically, the most significant benefits, as shown in Figure 34, are those relating 
to time savings, a general improvement in the quality of the service provided 
(better service quality) and easier access to the services (e.g. in terms of 
information and instructions provided to the consumer).  
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Figure 33: Based on your experience, how digitally mature do you think 
professional service providers are? - Digital maturity level for each service on 
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However, it is worth mentioning that there is not a strong consensus in regard to 
the most significant benefits. This might be related to the fact that services by 
online providers is an emerging market and either there is not a full awareness of 
what the benefits actually are, or it is too soon to tell.  
It should also be noted that among the 3 main benefits selected by business 
consumers, there are no savings in economic terms (cost savings), which means 
being able to buy the services offered at lower prices. This evidence is consistent 
with what was seen in the survey addressed to professionals – in fact, service 
providers do not include cost savings among the main benefits for end consumers. 
This evidence can probably be explained by the fact that the operational efficiency 
generated so far, on average, with the adoption of digital automation solutions 
has either not been fully transferred to the price borne by consumers or is not yet 
fully sufficient to ensure the return on the necessary digitisation investments 
sustained.  
With regard to the latter point, it may be remembered that professionals affirm 
that the most important obstacle to the introduction of digital solutions is precisely 
the high cost of digital solutions. 
The vast majority of business consumers surveyed say they have used one or 
more online channels to find service providers and use their services. Specifically, 
the most common online channel is generally the use of web search engines (e.g. 
Google, Bing, Yahoo, Ecosia, etc.) while the other channels (social network/new 
media; specialised websites; professional online platforms) are characterised by a 
similar rate of use as represented by Figure 35. 
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Figure 34: Select what, in your opinion, are the most relevant benefits as a client - 
For each benefit, percentage of respondents who believe that benefit relevant for 
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Still with reference to the use of online 
channels, the analysis shows that almost 
all consumers hope for their increasing 
adoption by service providers in the near 
future, in order to promote their services 
and facilitate the match between supply 
and demand (Figure 36).  
Finally, the online channel is not only 
used to find professionals but also to 
access the services directly. The analysis 
shows that, out of the total number of 
respondents, just under one out of every 
two business consumers has already 
used online professional service 
providers (i.e. without any face-to-face 
contact). 
 
In particular, as represented in Figure 37, consumers seem to declare that the 
sectors in which online providers were most used are engineering and 
accounting services.  
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Figure 35: If you have already used one, which of the following online 
channels have you used to find service providers? - For each online 
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Figure 36: Would you like professional 
services providers to adopt a wider use of 
online channels in the near future? - 
Distribution of consumer preferences on 
the use of online channels 
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Yes, engineering services

Figure 37: Have you ever made use of online professional services providers 
(i.e. without any face-to-face contact)? - For each sector, percentage of 
respondents who have already used online professional services. 
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 Measuring intensity of digital automation  
 
As a supporting tool for the assessment of digital automation, a synthetic digital 
automation index was built. The index provides a comparable measure to 
evaluate the degree of digital automation for each respondent and, at an 
aggregate level, to conduct the analysis of automation patterns along different 
dimensions (e.g. sector, size, geographical location, etc.). Moreover, it provides a 
quantitative measure of automation intensity for the econometric analysis, 
explained and illustrated in Chapter 3.  
 

 Initial analysis using a synthetic index 
 
After the synthetic index of digital automation was computed for each respondent, 
an analysis of digital automation levels was performed through aggregation 
along different dimensions. Three dimensions were investigated: company size 
(number of employees), sector and company revenues.  
Figure 38 presents the results related to the company size. It reveals a 
proportional relationship between the value of the index and the size of the 
companies. Hence, the bigger the company is, the higher is its level of automation 
as measured by the synthetic index. Therefore, regulations that affect company 

size and access to finance, as restrictions on corporate forms for example, might 
indirectly hinder the adoption of digital automation by limiting the choice of the 
financial and business model.  
A similar correlation is found for the levels of revenues (Figure 39). Companies 
with a high revenue have a digital automation level greater than the average, 
equal to 2.19. These results are in line with what is expected. On the one hand, 
bigger companies with a higher volume of business have more resources to invest 
in innovative technologies, and on the other, they can afford investing in the digital 
skills of their employees. 
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Figure 38: Synthetic Index by number of employees 
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The analysis by sector (Figure 40) shows that the most advanced in terms of the 
digital automation process is accounting, with the value of the synthetic index of 
2.36. The legal sector is the second with the value of 2.11, closely followed by the 
engineering sector with 2.10.  
With only 2.04, architectural companies appear to be the least advanced in the 
use of digital automation technologies. These results are confirmed by the average 
level of adoption of the most relevant digital solutions reported by each sector. By 
way of example, for the accounting sector, an average of 27% of respondents 
adopt at least one of the technologies included in the questionnaire, while in the 
legal sector, the average is 26%. In the engineering and architectural sectors, 
only 20% and 18% of the respondents, respectively, adopt the digital automation 
technologies presented in the questionnaire. 
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Figure 39: Synthetic Index by revenues 
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Through an initial analysis represented in this paragraph, the synthetic index was 
related to the size of the companies in terms of turnover and number of 
employees, and it was possible to conclude that, within the sample analysed in 
this study, the level of digital automation implemented within the professional firm 
is directly proportional to its size. Furthermore, applying the index to the sectors 
analysed, it is possible to conclude that the sector with the highest level of digital 
automation is the accounting services sector.     
As stated above, the synthetic index will be used further on, and will be linked to 
a set of explanatory variables by means of an econometric model, in order to 
assess how relevant factors, including regulation, impact the intensity of the digital 
automation adoption. 
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Figure 40: Synthetic Index by professional sectors 
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3 Impact of relevant factors on digital automation 
 

The previous chapters outlined the state of play in digital technologies for 
professional services and their regulatory frameworks in selected EU Member 
States. 

Chapter 3 aims to address the research question on how professional regulation 
and technology interact and, more specifically, if changes in the former have 
impacts on the overall adoption of the latter, and to what degree.  

Survey results on the perception of excessive regulation as a deterrent to 
technology adoption, as described in Chapter 2, are used to assess whether 
general literature findings illustrated in paragraph 1.4. apply to European firms in 
professional services. In paragraph 3.1, two sets of econometric models are 
developed to test the research question. The first model looks at how the 
perceived level of regulation influences the probability of a firm to adopt digital 
automation. Focusing on the adopters, the second model tests how regulation 
affects the intensity of digital automation.  

The survey presented in the previous section provided data on the perception of 
respondents regarding the relevance of specific restrictions on entry and exercise 
of professional services (such as qualification requirements, tariff restrictions, 
regulatory exclusiveness, etc.) as potential obstacles to digital automation. This 
data was used to construct a comprehensive regulation perception index (see Box 
Subjective and Objective Regulation and methodological Annex for further details 
on the methodology of the index), falling into the category of ‘proper market 
functioning indicators’, such as European Commission Restrictiveness Indicator or 
OECD Product Market Regulation Indicators. Comparing the country/sector 
ranking on the perception index to the measures of objective restrictiveness (such 
as PROSERV or OECD PMR), one observes some significant divergences, 
suggesting that the practical understanding of the relevant regulation by 
professionals differs from the de jure situation as measured by these indicators. 
This could be explained by the subjectively perceived (ir)relevance of certain 
restrictions for a specific firm, as well as by the potential lack of clarity on how the 
existing regulation may apply to the innovative digital services. At the same time, 
this subjective perception of the regulatory restrictiveness appears to be very 
relevant to the firms’ innovation strategies (see Box Subjective and Objective 
Regulation), indicating an important role of regulation in their decision-making.  

The econometric modelling using the regulatory perception index confirms the 
main findings of the descriptive analysis of the survey results presented in Chapter 
2. Namely, specific forms of professional regulation (regulatory exclusiveness and 
qualification requirements in particular) are shown to exert a statistically 
significant impact on the adoption of digital technology. When modelled in terms 
of the intensity of digital automation, the results are less straightforward and lose 
most of their statistical significance, indicating that regulation is perceived more 
as an entry barrier rather than a determinant of the scale of the investment.  
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Results on adoption choices hold, even considering the impact on automation of 
other relevant environmental factors such as broadband and IT skills availability. 
These variables also prove to strongly affect the degree of digital automation of 
professional services, indicating how the background characteristics of the 
business environment are instrumental in the promotion of innovation. Thus, the 
estimates suggest that policy interventions aimed at increasing the speed of digital 
automation should combine initiatives to address several overlapping innovation 
triggers (5G infrastructure, STEM education, …) and industry-specific types of 
reforms to work as an incentive for digital automation in professional services.  

To provide additional evidence on the impacts of regulation on digital innovation, 
some relevant reforms in regulation of professional services in the last decade 
were investigated. Changes in regulatory regimes in five different Member States 
(France, Italy, Poland, Portugal, and Spain) were selected as case studies. 
Although these reforms in professional services were not explicitly related to 
automation, the study finds an overall positive relationship between the regulatory 
changes carried out by the Member States and investments, used as a proxy of 
technology adoption (paragraph 3.2).  

Finally, to define reliable regulatory scenarios to be tested and ultimately used for 
the estimation of wider economic benefits of digital automation, the study looked 
at the latest reform recommendations from the European Commission94 to the 
Member States (paragraph 3.3). In particular, reforms considered the most 
beneficial to automation based on the results of the survey and interviews were 
considered for the scenario building. All sets of recommendations were then 
transformed into quantitative scores and implemented in the OECD algorithm for 
calculating the PMR indicators. A hypothetical revised PMR, consistent with the 
amended regulatory framework, was then calculated for each country and 
professional service and compared to the actual level of regulation.  

 

 Empirical analysis: impact of regulation on digital 
automation of professional services  

 

According to the main findings and approaches stressed by the economic literature 
(see paragraph 1.4.), a set of econometric models was developed to assess the 
relevance of the regulatory framework on digital automation in the selected 
professional services95. The first research question the model attempts to answer 
is which factors affect the choice to adopt digital automation and to what extent. 
In other words, the model tests whether professional regulation, along with other 
relevant internal and external factors, affects the decision of each firm to start 
automation or not.  

94 COM(2016) 820 final. 
95 While the current paragraph describes the main findings of the empirical analysis in a nontechnical 
manner, a more detailed specification of the econometric models and their statistical results are 
presented in the methodology Annex of the Report. 
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The second question concerns the impact of relevant factors on the intensity of 
automation. According to the methodological findings highlighted in the literature 
review, a selection model was implemented to investigate the links between a set 
of exogenous variables and the intensity of adoption of the automation 
technologies (for the firms which have introduced them).  

The estimated models find that entry and exercise regulation is generally 
negatively related to the propensity to adopt digital automation. Simultaneously, 
firms intensively adopting automation tend to perceive regulation as an obstacle. 
The main outcomes of these models are outlined and described below. 

As already mentioned, the first step of the analysis consists of assessing the 
relevance of the regulatory framework for the digital automation adoption. Along 
with regulation, a number of other factors influence or determine the choice to 
engage in digital automation: some pertain to the characteristics of the firm, such 
as size and revenue growth, or the technological infrastructure available at the 
firm, in terms of broadband connection, financial resources and economies of scale 
that might support digital transformation; others pertain to the environment 
where the company resides, which are related to the degree of internet 
penetration, or the availability of relevant skills. Hence, the analysis attempts to 
investigate not only the impact of regulation in shaping the decision to adopt 
digital automation but also the role of other relevant structural and environmental 
factors. Indeed, this would provide support for policy interventions combining 
initiatives that stimulate innovation at large with industry-specific reforms to 
foster digital automation in professional services. 

The econometric model employed96 to infer the relationship between the outlined 
variables and the choice to adopt digital automation leverages mostly on the data 
obtained through the survey described in Chapter 2. This firm-level data 
represents the main source of information for the estimates, especially being the 
source for the dependent variable (decision to adopt digital automation, retrieved 
from Question 16 of the survey97) and the main variable of interest (perception of 
regulation, retrieved from Question 3298), along with the firms’ characteristics. 
However, additional country-level data complement the analysis providing insights 
on relevant factors that affect the environment in which the firm operates. 

Figure 41 summarises the regression outcomes, including coefficient estimates for 
the regulatory index, as well as the relevant infrastructural and environmental 
factors for the whole survey sample. Overall, an increase in the perception of the 
strength of regulatory obstacles is shown to be significantly negatively related to 
the decision to engage in digital automation. In other words, the model finds that 
when firms perceive regulation as a greater obstacle, they are less prone to 
engage in digital automation activities (choosing not to start the digitalisation 
process at all). 

96 The econometric model employed is a probit model, the dependent variable is binary coded: a 
firm has adopted digital automation or not.  
97 ‘If digital automation were a journey, where would your practice be on that journey as of today?’ 
98 ‘To what extent might the following rules of access and conduct constitute an obstacle to digital 
automation?’ 
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Figure 41: Probit coefficients resulting from the regression analysis of the effect 
of regulation and other variables on the adoption of automation 

 

How to read this graph: a full blue bar represents a statistically 
significant relationship between the variable and digital automation adoption. 
Suppose the bar is on the positive side. In that case, a higher level of the 
variable of interest is related to a higher probability that a firm adopts digital 
automation (e.g. higher revenues are associated with a higher probability to 
adopt digital automation). On the contrary, a bar on the negative side implies 
a negative relationship (e.g. the higher the shortage of specific skills, the 
lower the probability of adopting digital automation). When the bar is striped, 
the relationship has low statistical significance. A white bar signals a 
relationship that is not statistically significant. 

 

As put forward in the theoretical framework (paragraph 1.4), larger firms are more 
inclined to adopt digital automation, thanks to greater financial and human 
resources. As expected, in fact, firms with higher revenues have higher chances 
to adopt digital automation. In terms of infrastructural barriers, access to high-
speed internet on premises represents a natural enabler of digital automation. 
Conversely, a perceived high cost of digital automation (e.g. financial costs, time 
of the investment etc.) is a self-explanatory obstacle. On the obstacles side, a 
shortage of specific ICT and digital skills also appears as a factor preventing the 
firms from adopting digital automation. Country-specific characteristics such as 
broadband speed and digital skills availability seem to be less strongly related to 
the choice to adopt digital automation, although the direction of the impact 
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suggests that there is a weaker relationship 99   (respectively positive and 
negative).  

The aggregate data give an overview of the main relationships in place between 
the perception of the regulatory framework and the digital automation choice. To 
obtain a better understanding of the role of regulation, the analysis digs into each 
professional service separately and provides a breakdown into twelve specific 
entry and exercise restrictions (reserve of activities, qualification requirements, 
…) instead of a composite regulation index, providing further information on the 
relationship under scrutiny.   

 

Table 12: Probit coefficients resulting from the regression analysis of the effect 
of regulation and other variables on the adoption of automation by professional 
service 

 

 

99 Although this weak relationship may be explained by the fact that much of the country-specific 
characteristics is captured by country-specific effects added to the econometric model. 
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Table 13: Probit coefficients resulting from the regression analysis of the effect 
of each regulation on the adoption of automation by professional service 

 
Note: the table reports only coefficients for the variable concerning specific regulation, although the 
specification employed for each regulation and each sector controls for the same variables as the 
previous two outlined models 

 

How to read these tables: each cell reports the regression coefficient 
representing the impact of the variable on the left on the adoption of digital 
automation, thus the sign of the effect can be found in the cell. A full blue cell 
represents a statistically significant relationship between the variable listed on 
the left and digital automation adoption. When the cell is striped, the 
relationship has low statistical significance. A white cell signals a relationship 
that is not statistically significant. 

 

Architects 

A higher coefficient (in absolute value) on regulation with respect to the pooled 
regression findings suggests that among surveyed professional categories, 
architects are more sensitive to regulation barriers than others (Table 12). Indeed, 
the descriptive analysis presented in Chapter 1 anticipated that architects were 
the professionals who feel most hampered by the rules of access and conduct. 
Moreover, regulation appears to have a much more significant impact on digital 
automation choices, as opposed to other structural variables that have limited 
statistical significance: access to high-speed internet, cost of digital automation 
and shortage of specific skills seem to be less related to the decision to adopt with 
respect to the aggregate results. This might imply that architects, among other 
professionals, are much less constrained by the infrastructure, as the adoption of 
key specific technologies is paramount for competition in the sector. Moreover, 
most of the digital instruments used for design (see Chapter 2 survey results) do 
not strictly require broadband connection or a sophisticated technological 
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infrastructure100. Alternatively, a different perspective could involve the nature of 
digital automation in this professional service. Differently from accountants and 
lawyers, architects often employ digital automation technologies during their day-
to-day activities and acquire the related skills throughout their educational path. 

Concerning specific regulations (Table 13), the architects surveyed signal that 
almost all of the regulation items represent an obstacle to entering the digital 
automation journey. The highest coefficients are found on ‘obligatory professional 
indemnity insurance’, ‘tariff restrictions’ and ‘compulsory memberships or 
registration in professional body’. According to the Commission document on 
reform recommendations for regulation in professional services (European 
Commission, 2017a), insurance requirements are some of the most widespread 
elements in the regulation for this profession in the EU, since public security and 
safety, protection of service recipients and the environment are the most 
commonly quoted justifications for regulating this profession. As described in the 
theoretical framework, although ‘obligatory professional indemnity insurance’ and 
‘compulsory memberships or registration in professional body’ might not be 
strictly connected to digital automation capacity, they might be perceived as 
burdensome expenses that drain resources that could be allocated to investment 
in automation. More than the other professional services, architects perceive tariff 
restrictions as an important obstacle to automation. Indeed, as put forward in the 
theoretical framework proposed at paragraph 1.4., suggested or minimum tariffs 
might allow prices to remain above the competitive levels thus limiting price 
competition and thus incentives to innovate. A further obstacle to competition 
might derive from advertisement restrictions that could prevent architects from 
investing. This would impact them directly, since advertisement, and online 
advertisement such as the development of a website and other digital channels 
and media, would increase competition and hence stimulate digital automation 
adoption.  Other two exercise requirements appear to be negatively related to the 
incentive to innovate: incompatibilities of activities and restrictions on corporate 
forms. Both these restrictions might represent an obstacle to dimensional growth 
and thus access to finance, limiting the scope for investment on digital 
automation. 

Considering that exercise requirements are perceived by architects as major 
obstacles to enter the automation journey, Member States that apply stricter 
restrictions on exercise requirements might be impacted more than others. 
According to the EU Restrictiveness Indicator, Belgium, France, and Germany, 
present the most significant restrictions for architects in this regard. 

 

Engineers 

Overall, regulation does not appear to be an obstacle to digital automation 
adoption (the overall coefficient in Table 12 is not statistically significant). Main 
drivers of the choice to engage in digital automation activities seem to be 
infrastructural factors. Other than revenues, access to high-speed bandwidth 

100 The most widespread technologies regard design tools, and most of this software is used offline. 
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emerges as the main enabler. On the contrary, the cost of digital automation 
appears to be the highest barrier to automation, relatively more than in the other 
regulated professions. Costs associated with digital automation seem thus to 
weigh more on the decision to go digital, and this might be related to the high 
costs of the technologies for this profession or to a different awareness of their 
costs. As is the case with architects, the shortage of specific skills does not appear 
to be an obstacle, as education programmes already integrate a large amount of 
technical and technological training. 

In line with the findings of the aggregate regulation index analysis, the analysis 
of its components does not reveal any of the specific regulations having a strong 
impact on the automation adoption. With weakly significant coefficients, reserve 
of activities, qualification requirements, limitation of the licences granted, 
incompatibilities of activities and advertising restrictions are the regulations that 
appear as the most salient obstacles to engineers. These results, adding up to the 
general finding on firm size being an important driver of adoption, suggest 
regulations that place an obstacle to dimensional growth and firms’ access to 
finance (such as restrictions on corporate form or shareholding requirements) 
represent a relevant hurdle in the decision to start adopting new automation tools 
or digitalise activities.  

Reserve of activities shows the highest negative coefficient, although weakly 
significant, which suggests that engineers in countries reserving activities might 
encounter more difficulties in the automation process than those in other 
countries. Member States such as Italy, Poland, Portugal, Romania and Spain 
operate with a wide scope of reserve of activities in this profession, thus being 
more affected than others. 

 

Accountants 

The overall regulation index is not significantly related to the choice to adopt digital 
automation. As for the other variables, infrastructural obstacles such as size and 
access to high-speed internet are significant hurdles to automation. However, the 
most striking outcome of the model is that shortage of ICT and digital skills 
emerges as a significant barrier to automation, relatively more than in other 
professions. One possible explanation could stem from the nature of digital 
automation in this profession, which demands specific ICT skills that are not 
embedded in the conventional educational path of an accountant and would thus 
require investment in dedicated staff or additional training.  

As regards specific regulations, qualification requirements appear to be the most 
strongly related to the choice to opt for digital automation and therefore represent 
the largest obstacle. If matched with the finding on specific skills, one might 
hypothesise that the qualification required to practice the profession does not 
provide significant digital skills required to implement digital automation tools. A 
weak significance on reserve of activities points in the same direction, as 
specialisation in the activities reserved to accountants might represent a skill 
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mismatch and thus an obstacle to expand abilities, effort and skills into digital 
transformation.  

The qualification requirements vary considerably across Member States, with 
length of training spanning from 3 years in Greece and Czech Republic to 8 in 
France and Romania. More generally, according to the EU Restrictiveness Indicator 
and also evident from Table 8 in paragraph 1.3.2., all the countries under scrutiny 
impose strict restrictions on qualification requirements, thus representing a shared 
issue and barrier to digital automation adoption. 

 

Lawyers 

Similarly to engineers and accountants, regulation overall does not appear to be 
a significant obstacle to digital automation adoption. In addition to this, despite 
displaying the same direction, in terms of sign, as the results for other professions, 
most of the variables under scrutiny do not seem to significantly affect the digital 
automation choice (Table 12). 

However, the analysis of the regulation components reveals that reserves of 
activities is a factor that significantly inhibits the adoption of digital automation. 
Similar to accountants, a possible explanation may lie in the skill mismatch, when 
specialisation in specific activities and skills relevant for legal services diverts 
resources and time that might be invested in digital automation training and 
development. Indeed, as resulted from interviews with legal experts, 
implementing and developing automation implies the need of having a team of 
resources with specific transversal skills (p. 118) that need some time and effort 
to build. Most importantly, as stressed in paragraph 1.4, reserve of activities acts 
together with the other entry and conduct restrictions, automatically triggering 
the impacts of all the other restrictions that apply to these providers and can 
directly prevent the provision of certain services online. For instance, reserve of 
activities may lead to difficulties in areas such as the provision of online legal 
consultations and digital automation of legal documents by non-lawyers.  

In all the Member States under scrutiny the legal profession is regulated by means 
of reserve of activities, thus representing a cross-cutting issue. 

 

Automation intensity - Heckman model 

 

In the second step, the scope of the analysis shifted from the choice to adopt to 
the degree of digital automation, aiming at assessing the factors that have an 
impact on the automation level of the adopters.  

With particular regard to the technical aspects of the empirical analysis, the 
econometric literature on the regulation-innovation relationship (e.g. Blind et al., 
2017), places a special emphasis on the Heckman selection model when the aim 
of the analysis is to investigate the intensity of technology adoption with respect 
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to changes in the regulatory context. It is indeed stressed that companies that 
introduce innovation are not a random subset of the entire sample, so a two-step 
procedure is necessary to first isolate the adopters from the non-adopters and 
then, in a second stage, measure the intensity of the former using a more balanced 
set of observations. Failure to take into account this self-selection element would 
lead to results that suffer from a selection bias. It should be noted that this 
argument does not hold when innovation is measured by a binary variable 
(adopting or not). The selection bias in Heckman sense would, in that case, only 
suggest that an OLS model linking the intensity of digital automation to the 
regulation would be biased but would not signal any bias in the relationship 
between the choice of adopting (or not) digital automation and regulation.  

Therefore, a sample-selection 101  approach was implemented, following the 
empirical literature on automation/innovation. The procedure basically consists of 
two steps: a selection model, which in its specification follows closely the probit 
model presented in the previous paragraph, and an output model, which, for the 
firms that have introduced them, links the intensity of adoption of the automation 
technologies (measured with the synthetic index elaborated from the survey and 
described in section 2.4) to a set of explanatory variables.  

Overall, the Heckman model finds that when firms adopt digital automation, their 
perception of intensity of regulation increases along with their automation 
intensity. Keeping in mind that regulation in this analysis is not an exogenous 
variable (see Box Subjective and Objective Regulation), this might be explained 
by a stronger and more conscious perception of the regulatory environment by 
the firms that are advanced in their automation journey. Nevertheless, once the 
relationship is broken down to specific restrictions, it appears that the positive 
relationship between automation intensity and perceived regulation is significant 
mostly due to tariffs across professions and to corporate-form restrictions for 
lawyers, thus signalling restrictions on tariffs might drive the positive relationship. 
Along with some of the infrastructural variables tested in the probit model, the 
output model was enriched with other information from the survey, including 
‘competition from online professional service providers’ and ‘benefits from the 
implementation of digital automation’. The first measure is the answer to the 
question ‘In your opinion, how much competition is your business/company facing 
from online professional service providers?’; our estimates find that professionals 
who feel competition from online competitors report higher levels of digital 
automation; online providers therefore appear to be a stimulus to invest in digital 
automation. Conversely, it might indicate that professionals who invest the most 
in digital automation are also more aware of the competition they are facing from 
online providers. Furthermore, benefits from the implementation of digital 
solutions are also felt as higher for those who display a higher level of digital 
automation, a sign of higher awareness by those who are at the frontier of 

101 The model we estimate is a model where the dependent variable is distributed over a range of 
values but take on focal point. In our case, we have an index of automation that has a continuous 
distribution over strictly positive values whereby there is a possibility that the variable takes the 
value of 0 (not adopting and therefore no intensity). In this case, the Heckman 2-step procedure for 
a corner solution model can be used. Further details of the model specification are provided in the 
methodological Annex (par. 3.1.). 
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technological and digital innovation. Differently from the probit model, the 
shortage of specific skills (e.g. ICT/digital) in the firm is positively related with 
automation intensity; as for regulation, the interpretation might lie in the 
strongest perception of the importance of digital skills by adopters of digital 
automation. In other words, the more advanced in their automation journey, the 
more firms acknowledge the shortage of skills as a salient obstacle to automation. 

Figure 42: Heckman output model coefficients resulting from the regression 
analysis of the effect of regulation and other variables on the intensity of 
automation 

 

 

Following the choice of adoption scheme, in the following paragraphs the analysis 
delves a little deeper into each professional service and each specific regulation, 
as already presented in the probit analysis. 
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Table 14: Heckman output model coefficients resulting from the regression 
analysis of the effect of regulation and other variables on the intensity of 
automation by professional service 

 

 

Table 15: Heckman output model coefficients resulting from the regression 
analysis of the effect of each regulation on the intensity of automation by 
professional service 

 
Note: the table reports only coefficients for the variable concerning specific regulation, although the 
specification employed for each regulation and each sector controls for the same variables as the 
previous two outlined models. 

 

Architects 

Table 14 suggests the positive relationship between automation intensity and 
regulation perception is not significant for the architects surveyed. Hence, 
although the regulation appeared to be an obstacle in the choice of whether to 
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adopt automation or not, adopters do not seem to be affected by their perception 
of regulation in their level of digital automation. Interestingly, the only variables 
that seem to be significant for the intensity of automation are ‘competition from 
online professional service providers’ and ‘benefits from the implementation of 
digital automation’. On the other hand, when looking at specific regulations, the 
estimates provide evidence of a negative relationship of reserves of activities and 
qualification requirements with automation intensity. These two restrictions did 
not appear to be significant obstacles to the adoption of digital automation, 
according to the probit regression. It thus seems that, instead, architects perceive 
reserve of activities and qualification requirements as a less salient obstacle when 
they advance in their automation journey. Evidence is mixed though, as the ‘tariff 
restrictions’ coefficient is estimated to be positive.   

 

Engineers 

Engineers seem to be the professionals who display the most significant and 
positive relationship between their regulation perception and automation 
intensity. In other words, the more intense the adoption of digital automation is, 
the more regulation is perceived as an obstacle to it. Moreover, competition from 
online professional service providers is found to be an important driver of digital 
automation intensity. As regards specific regulations (Table 15), the estimates 
suggest that, as for architects, only tariff restriction is positively associated with 
higher levels of digital automation. 

 

Accountants 

Overall, for accountants, it does not appear that a significant relationship between 
regulation and automation intensity exists. The main drivers of automation 
intensity seem to be competition from online providers, trends of revenues over 
the last three years and benefits from the implementation of digital automation. 
Among the professionals, accountants are the only ones who display a positive 
relationship between trend of revenues and automation intensity, thus confirming 
the hypothesis of a peculiar and specific nature of automation solutions, which 
probably require highly skilled staff and considerable investments. The analysis of 
specific regulations highlights a pattern comparable to that observed for architects 
and engineers, with tariff restrictions being the only regulation significantly and 
positively related to automation intensity. For these three professions the overall 
positive relationship seems to be driven by the result on tariffs. As put forward in 
the theoretical framework, minimum tariffs would prevent professional service 
providers from competing on price, while simultaneously protecting less efficient 
competitors and limiting the incentive to improve quality and innovate. 
Conversely, maximum tariffs could discourage investment in automation by 
reducing profitability and future prospects of profits. Both interpretations could fit 
the hypothesis that, by imposing restrictions on investment capacity and price 
competition, higher tariff restrictions could be perceived as obstacles to digital 
automation. 
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Lawyers 

As for automation adoption, estimates on automation intensity for lawyers do not 
spotlight any significant driver or obstacle, as none of the variable coefficients are 
significant, with benefits from the implementation of digital automation solutions 
representing the only exception. Concerning specific regulations, restrictions on 
corporate forms appear to be significantly and positively related to automation 
intensity, along with the weakly significant shareholding requirements and/or the 
control of voting rights, restrictions on joint exercise of professions, and 
incompatibilities of activities. All in all, it appears that in the case of lawyers, 
corporate requirements are positively related with automation intensity and that 
lawyers perceive these restrictions relatively more acutely  

 

 

 

Subjective and objective regulation 

Regulation and its impact on digital automation adoption and intensity are 
observed throughout the Report using different lenses and methods. The 
analysis of the survey results adopts a ‘subjective’ perspective on regulation, 
as opposed to an ‘objective’ measure provided by the OECD, the OECD Product 
Market Regulation (PMR) index, employed in the following sections. 

The ‘subjective’ regulation index has been drawn up reporting the average 
perceived negative impact of regulations on digital automation. 
Therefore, this indicator aims at capturing the level of perception of regulation 
for each respondent. Question 32 asking ‘To what extent might the following 
rules of access and conduct constitute an obstacle to digital automation?’ has 
been selected as the source of information concerning the perceived level of 
regulation. For the calculation of the index, each answer to each of the 12 rules 
of access and conduct listed has been associated with a parametric value from 
a minimum of 1 to a maximum of 5, through which an index value for each 
respondent is computed. Used as the main explanatory variable in the 
assessment of the impact of the regulatory framework on digital automation, 
this ‘subjective regulation’ index measures how much each respondent 
perceives regulation as an obstacle. 

The relationship between ‘subjective’ and ‘objective’ regulation is depicted in 
Figure 43. 

The scatter plot of the OECD PMR index vs the constructed regulation index 
shows that the ‘subjective’ perception of regulation by firms and the ‘objective 
level’ of regulation are not correlated. One would expect that higher levels of 
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PMR correspond to higher levels of 
the regulation index, instead the 
cloud does not follow any 
trajectory that would indicate a 
relationship is in place.  Graphical 
evidence is supported by 
correlation estimates (far from 1) 
and regression results (when 
regressing Regulation Index on 
PMR, the resulting coefficient is 
very close to 0). Looking at 
sector levels, no correlation is 
found, not even in the ranking of 
sectors. 

There might be a number of 
possible explanations for the deviation between ‘subjective’ regulation intensity 
and the ‘objective’ one. One explanation is that the survey does not ask about 
the level of regulation (which would mirror the PMR construction 
questionnaire), rather, respondents are asked whether the regulation 
constitutes an obstacle to automation. Thus, the answers would provide a 
measure of perception rather than a degree of regulation. Another possible 
interpretation is that perception does not reflect the status quo and because of 
a knowledge bias, respondents might not be fully aware of the regulatory 
framework, either due to scarce information received or researched, or because 
of poor transparency of the regulatory framework.  

 

Figure 43: Scatter plot between ‘objective’ 
(horizontal axis) and ‘subjective’ 
regulation (vertical axis) 
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Since subjective and objective regulation are not providing correlated 
information, results from previous models should be read and interpreted 
carefully. The first model, for instance, that assesses the choice to adopt 
automation or not, finds that when firms perceive regulation as a greater 
obstacle, they are less prone to engage in digital automation activities (choose 
not to start the digitalisation process). Moreover, the Heckman model tells us 
that adopters have a stronger and more conscious perception of the regulatory 
environment the further their 
firm is ahead in its automation 
journey. Figure 44 compares 
median regulation index by 
state of adoption, and it can be 
seen that non-adopters score 
higher. 

Some insights of the 
relationship between 
automation and an objective 
measure of regulation are 
presented through selected 
reform cases (see Chapter 4 in 
the Annex). It will also appear from the results of Chapter 4 of this report.  

 

 

 The intertemporal dimension: case studies on how 
regulation affects automation over time 

 

In the previous paragraphs the relationship between regulation and automation 
has been investigated, allowing for a thorough decomposition through different 
regulatory and other factors. However, the assessment of the relationship cannot 
disregard the time dimension, in other words, how automation trends have been 
shaped by regulatory shifts across time. Therefore, an intertemporal assessment 
of regulation on automation was carried out. This evaluation obviously required a 
different strategy of analysis from the cross-sectional estimation, and a case-
studies approach was applied.  

The analysis of cases of reforms occurring in the last 15 years attempts to assess 
the link between regulation and automation, which is the subject of this section. 
Therefore, the first step is the selection of those regulatory reforms that may have 
exerted an impact (even indirectly, for example through an increase in the level 
of competition) by stimulating investment and automation processes in 
professional services. 

Five reforms on professional services adopted in five European countries were 
analysed with respect to their effects on digital automation. Case studies stem 

Figure 44: Median Regulation index by state 
of adoption of digital automation 
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from desk research and suggestions from experts on the subject who contributed 
to the study. The selection strategy aimed at balancing the quality and quantity 
of the collected information, the presence of all four professional services, as well 
as an adequate year of reference (neither too far back in time, nor too recent).  

 
Table 16: Selected case studies 

 
 

The analysis was carried out following three main strands: the regulation 
environment, the digital automation trends, and the natural experiment. The first 
focuses on the characteristics and the most relevant issues addressed by the 
reform while the second outlines the trends of some selected indicators that seem 
to better capture changes in digital automation during the years affected by the 
reform. Finally, the natural experiment approach aims at better capturing the 
causal links between regulatory reforms and shifts in automation trends. The 
synthetic control method was applied to estimate these links. This econometric 
technique enables correcting for endogeneity or measurement issues through a 
transparent comparison between treated (countries that underwent the reform) 
and untreated units. The latter are selected and combined by an algorithm based 
on the similarities to the treated units before the treatment, ensuring that 
differentials observed after the treatment do not reflect structural differences 
between the two compared units. 

The analysis of each case study is described in detail in the Annex, but the main 
results of the synthetic control exercise together with some caveats have been 
outlined below. 

According to the econometric exercise, in Italy the impact of the reform on digital 
automation is evident in the legal profession, while the analysis gets mixed results 
in the other professional services.  

In Poland, a positive effect of the reform emerges for both professional services 
under investigation (architects and engineers).  

In Portugal, there is a noticeable impact on the investment rate in all but 
engineering professional services.  

Country Reform Reference year Professions involved Main Issues

Spain First wave of reform (17/2009 
and 25/2009) 2009 all professional services

Recommended prices by professional 
bodies, advertising information on tariffs, 
fees to professional bodies, freedom of 
movement 

Italy So-called Monti Reform of 
professional services 2012

all regulated professions 
imposing the enrolment to a 
professional body

Advertising information on tariffs, 
professional indemnity, duration of 
compulsory training, tariffs, legal form

Poland Act of May, 9th, 2014 2014

87 professions under the 
Minister of Finance and that of 
Transport and Constr, including 
Architects and Civil Engineers

Compulsory practice, educational 
requirements, examination procedure,  
interprofessional mobility 

Portugal

Framework Law (2/2013), 
53/2015, bylaws of 
professional association of 
regulated professions (2015)

2013, 2015
all regulated professions 
imposing the enrolment to a 
professional body

Restrictions on recognition of professional 
qualifications, advertising and access to 
regulated professions

France So-called Macron law, 
990/2015 2015 Specific professions within legal 

and accounting activities

Multi-professional companies, regulated 
tariffs, professionals’ cost accounting 
system, freedom of movement 
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In France, the reform positively affects digital automation only in the accounting 
services. Due to lack of information, the synthetic control exercise could not be 
applied to Spain: in this case the impact of the reform was studied only from a 
descriptive perspective (see Annex, paragraph 4.2).  

The above-mentioned results cannot disregard some noteworthy limitations of the 
econometric analysis. 

First, the exercise suffers from remarkable data constraints. The investment rate 
was selected as a proxy for digital automation. A more ICT-specific variable, which 
would certainly have been preferable, is not available for each of the professional 
services under consideration, but only at a more aggregate industry level. 
However, due to the characteristics of the professional services, total investment 
is supposed be highly correlated with ICT investment, and thus, with digital 
automation. A focus on the topic is provided in the Annex (see paragraph 3.2.1. 
The investment rate as a proxy of digital automation). 

Furthermore, the approach does not make it possible to capture the effect that 
policy interventions other than the considered one might have exerted on the 
dependent variable (e.g. a law aimed at boosting the investment of the 
enterprises). 

 

 

The synthetic control method exercise 

The impact on digital automation of the reforms considered in the case studies 
was econometrically tested and, in order to assess the effects of the policy 
intervention, the synthetic control method (SCM) was applied. The idea is to 
compare the country exposed to the reform with a group of unexposed 
countries. This basic idea recalls the difference-in-differences approach, which 
is based on defining a treated unit (e.g. the country exposed to the change in 
regulation) and a control unit (e.g. a country or multiple countries with similar 
characteristics but not exposed to similar shocks) and compares pre-
/post-change between these units. The novelty of SCM is that, rather than 
aggregating all comparison units into one control unit, a weighted (‘synthetic’) 
combination of countries that are the best pre-treatment match with the 
treated unit is selected from the ‘donor pool’ of unaffected countries. Inference 
is then based on a post-treatment difference between the treated unit and the 
weighted combination of control countries. Therefore, the synthetic control 
method relies on the presence of a close pre-treatment matching with the 
donor pool*.  

In the exercise that was carried out, the control group is represented by those 
OECD countries characterised by: 

• a pre-treatment level of regulation similar to the affected one; and  
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• no change in regulation or change of a smaller extent than the affected 
one during and after the treatment. 

Regulation is measured by either the STRI index or by the PMR, while the 
dependent variable, approximating the development of digital automation, is 
the investment rate (investment over value added). 

The synthetic control method relies on a set of relevant observed covariates to 
be included in the model, which in general may vary across time or not and 
may be pre- or post-treatment as long as they do not depend on the 
intervention. Given the availability of data at the single professional service 
level from the Eurostat Structural Business Statistics, time-varying covariates 
were adopted. In particular, the synthetic control was constructed using a set 
of variables to approximate some relevant characteristics of the country/sector 
affected by the intervention, with the selected covariates being the growth rate 
of the professional service value added, the number of employees per firm in 
that sector, the per capita GDP growth rate of the country and the incidence of 
the service sector on total economy value added. The analysis was performed 
for the period 2010-2016, taking into account the different intervention times 
for the selected cases, as well as the most appropriate donor pool, consisting 
of countries that did not experience regulation reforms in the years preceding 
and following the intervention.    

In comparative studies, reliability may be challenged by the lack of knowledge 
of the ability of the control group to reproduce the behaviour of the treated 
unit in the absence of the treatment**. In order to reduce this kind of 
uncertainty, some placebo tests were carried out as suggested by the main 
literature on synthetic control. In placebo tests, the SCM is separately run on 
each state in the donor pool as though it were a treated state, using the 
remaining members of the pool as before. The resulting placebo state is 
compared with its synthetic match, and the test is repeated on the next state 
in the donor pool. Because none of the donor pool states receive treatment, 
variation between the placebo state and its synthetic match occurs randomly. 
By comparing the difference between the treated state and its synthetic control 
to the differences between placebo states and their controls, we can evaluate 
the likelihood that the treatment’s apparent effect on the treated state is due 
to chance. In other words, if the post-treatment difference between the treated 
state and its synthetic counterpart is larger than the difference for most of the 
placebo states, it can be interpreted as evidence that the treatment had an 
effect. 

Although the SCM seems the best-suited approach in comparative studies on 
policy interventions, the exercise suffers from some limitations. First, data 
constraints restrict the choice of the dependent variable: although the 
investment rate reflects the development of digital automation, due to the 
characteristics of the professional services under investigation, a more ICT-
specific variable would have been preferred if it were available. In addition, the 
approach does not make it possible to capture the effect that policy 
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interventions other than the considered one could have exerted on the 
dependent variable (e.g. a law aimed at boosting the investment of the 
enterprises). 

 

*Rehkopf D. H., Basu S., ‘A New Tool for Case Studies in Epidemiology-the Synthetic Control 
Method’. Epidemiology, Cambridge, Mass., DOI: 10.1097/ede.0000000000000837, 29(4), pp. 
503-505, 2018  

**Abadie, A., Diamond, A., Hainmueller, J., ‘Synthetic Control Methods for Comparative Case 
Studies: Estimating the effect of California’s tobacco control program’, Journal of the American 
Statistical Association. doi:10.1198/jasa.2009.ap08746, 105(490), pp. 493-505, 2010.  

 

 The regulatory scenario 

 

In the following section, the wider economic effects of regulation in professional 
services will be assessed through the development of relevant regulatory 
scenarios. More specifically, this paragraph aims at quantifying how reforms in 
professional services would shape the overall restrictiveness of regulation faced 
by these industries. The scenarios will also work as an input for Chapter 4 of this 
study, where, via total factor productivity (TFP) and markup effects, the 
macroeconomic impacts of regulatory reforms will be assessed. The setup of 
regulation shocks is composed of two steps. First, it is necessary to outline, if 
only in qualitative terms, the direction and the specific forms of 
regulations the reform process is expected to take. Secondly, it is essential 
to translate the projected changes into quantitative measures in order to provide 
a ground of comparison among countries and sectors and, most importantly, to 
feed the econometric models used for the overall macroeconomic assessment. 

The desired path for regulation is grounded on the two sources of information 
presented below.  

• The EC recommendations (COM(2016) 820 final). This communication 
identifies possibilities for improving the regulatory environment for a 
number of economically important groups of professional services. It starts 
from the consideration that regulation creates obstacles for the functioning 
of the Single Market and holds back the potential for growth and job 
creation in the EU economies. Thus, removing such barriers opens up 
opportunities and has a positive impact on the productivity and 
competitiveness of the EU economy. The recommendations aim at 
supporting Member States in creating a regulatory environment that is 
conducive to growth, innovation and the creation of jobs. It is worthwhile 
to point out that reform recommendations are very detailed since they are 
tailored both to each Member State and to each group of professional 
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services. As a consequence, recommendations differ from country to 
country102. 

• Suggestions from the direct interviews with a panel of selected professional 
service representatives.  

A clear and thorough picture of regulation scenarios stems from the 
above-mentioned sources of information.  

In regard to the regulation index to be shocked, the 2018 version of the OECD 
Product Market Regulation indicators (PMR) for professional services has been 
used. Among other proper market functioning indicators, PMR has been selected 
as the most recently updated and covering all professions and countries targeted 
by the study.  For every profession, the indicator is built from the bottom up as 
an aggregate of single scores in specific forms of regulation, making it possible to 
simulate changes in each of its components and to assess, accordingly, the impact 
on the overall index. It is worth noting that, although among the regulation indices 
the ‘natural’ candidate is the European Commission Restrictiveness Indicator 
(2016), the choice has fallen on the OECD PMR (2018) index, in order to provide 
the most up-to-date representation of the regulatory framework and to be 
consistent with other sections of the report (see Chapter 4). It goes without saying 
that the two above-mentioned indicators may differ 103 due to methodological 
choices and time difference. 

 

 

The OECD PMR sectoral indicators: overall index and breakdown into 
components  

The OECD PMR sectoral indicators are constructed through a questionnaire sent 
to the national authorities, which consists of country- and industry-specific 
questions on regulatory provisions. In regard to professional services, the 
professions of lawyers, notaries, accountants, architects, civil engineers and 
estate agents are investigated separately. 

In addition, regulation is examined according to two different blocks of 
questions: entry regulation and conduct regulation. The former takes into 
consideration issues such as the presence of exclusive/shared rights or of 
territorial restrictions, the education requirements, the obligation of 
professional association membership, while the latter deals with legal 
form/ownership requirements, regulation of fees/tariffs, advertisement, inter-
professional business co-operation, and issues related to the international 

102 See I.1. Political context in COM(2016) 820 final. 
103 One of the most relevant differences between the two indices are accountants in Poland (most 
restrictive regulation according to the European Commission indicator, least restrictive regulation 
according to the OECD PMR). 
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mobility of professionals. The questionnaire is filled in by ministries, regulators 
and other relevant authorities in the countries surveyed.  

The information collected through the questionnaire is scored and aggregated 
into the overall sector PMR indicator according to the specific methodology, 
which is available on the OECD PMR website(*).  

Starting from the structure of the questionnaire, the specific answers and the 
system of weights for each country and professional service, we broke up the 
overall PMR score into its individual components, that is, the score and the 
weight associated with each question. The resulting decomposition makes it 
possible to measure the contribution of each answer’s score to that of the 
overall index. Hence, any possible change in the answer to a question would 
modify, via a different score and according to the specific weight associated 
with that question, the value of the PMR overall index. 

 
(*)https://www.oecd.org/economy/reform/Schemata_Sector%20PMR_2018update.xlsx 

 

 

3.1.1. Linking recommendations to PMR sectoral questionnaire  

 

Once the tool has been implemented that enables any variation in the regulation 
to be reflected on the overall index, the magnitude and direction of these changes 
must be calculated. For this purpose, qualitative suggestions retrieved from EC 
recommendations (COM(2016) 820 final) and opinions of experts on the subject 
have been linked to specific questions. Answers have been modified accordingly.  

It is important to note that this process implies a certain degree of discretion since 
the link between the recommendation and the corresponding question is not 
always straightforward. The figure below clarifies the approach followed, through 
an example.   
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Figure 45: Exemplification of the approach ‘from recommendation to new PMR 
index’ 

 

 

When recommendations involve a specific country, the answer to the 
corresponding question has often been modified also in other countries. That 
occurs if, in that specific question, they reported the same or higher degree of 
regulation. In fact, the idea underlying that choice was to capture the essence of 
the EC recommendations toward a more competitive and liberalised market of 
professional services.  

Once suggestions and questions have been thoroughly linked and answers 
consequently modified, the overall hypothetical PMR scores, embedding such 
changes, depict the new regulatory scenario to be tested in the following task of 
the study. The chart below describes both the actual (2018) and the new 
calculated value of the PMR by country and professional service. It is worth 
underlining two main outcomes. First, the new PMR level is lower than the current 
one, mirroring the reduction in regulation suggested by the recommendations. 
Second, in some cases, the absence of specific indications, changes of negligible 
size, current PMR levels equal or close to zero lead to a new regulatory scenario 
not really far from the current framework. 
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Figure 46: Actual (2018) and revised PMR index after assumed regulatory 
reforms 

Legal Accountants 
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Source: Authors’ elaboration on OECD data 
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4 Regulation and wider economic effects 
 
In the previous chapters the relationship between regulation and digital 
automation adoption has been assessed at the firm level, relying on the theoretical 
work on this topic, on the survey results as well as on a micro-econometric 
analysis focused on the companies’ automation strategies in response to 
regulation restrictions. The aim of this chapter is to assess the overall 
macroeconomic impact of the regulatory changes in professional services depicted 
in the previous steps of the study. In terms of wider economic effects, the study 
maps how reforms may alter the market structure with a special focus on 
competition, productivity, and their impact on the economies of 12 selected 
Member States in terms of GDP, employment, prices and other macroeconomic 
variables.  

Paragraph 1 illustrates which economic variables would be the most 
affected by regulatory changes by presenting insights from the main economic 
literature on the topic. Empirical studies on the impact of structural reforms are 
well established and find that the liberalisation of services generally has a positive 
effect on productivity and growth, while macroeconomic assessments of specific 
measures relevant for regulated professions are less explored.  

Paragraph 2 presents the empirical macroeconomic analysis using a large-
scale overlapping generation (OLG) model together with a Dynamic Stochastic 
General Equilibrium model (DSGE). The two are complementary in that the OLG 
model deals with long-term intertemporal behaviour (consumption, labour, and 
investment), while the DSGE model deals with short- and medium-term 
intertemporal choices by explaining the dynamics of macroeconomic variables and 
gaps between actual and potential levels of each variable under consideration.  

In order to assess the effects of regulatory changes incorporating a complete chain 
of transmission channels, a link connecting regulation to economic performance 
and market structure was set up. This link was built on the assumption that the 
removal of regulatory restrictions works as a shock in the professional 
services markets. In fact, a variation of market regulation necessarily disrupts 
the ecosystem of market participants, allowing, for instance, newcomers to enter 
through the adoption of digital automation. This implies that the change in market 
concentration (number and distribution of participants) and, thus, in price-cost 
markup and productivity levels, in response to a regulatory shock must be 
the first objective of the empirical identification of the shocks. Two firm-
level econometric models were set up to investigate these aspects, 
looking in particular at the relationship between markup and productivity 
(TFP) on the one hand, and the indicators of OECD Product Market 
Regulation (PMR) on the other. 

Besides being the intermediate steps for the overall assessment, the responses of 
markup and productivity to regulatory shocks are themselves insightful to better 
understanding how regulatory rule-setting can shape the behaviour of firms 
(paragraph 4.4). In terms of productivity, reducing the regulation by stimulating 
market entry and competition works as a stimulus for efficiency and better use of 
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resources. Markup, on the opposite side, appears positively correlated to 
regulation restrictiveness. This indicates that, by allowing more competition, a 
relaxation of the latter entails a decrease in the firm’s market power. 

The estimated levels of markup and productivity, consistent with the 
hypothetical regulatory scenarios previously defined, are then 
substituted into the macroeconomic models (paragraph 3), and result in 
a potential gain, in terms of GDP, of 14 billion EUR for the 12 selected 
European economies. The assumed regulatory changes in professional services 
are also shown to have an impact on the overall price level (lowering), 
employment and final consumption (increasing). The impact of these changes 
would differ between Member States according to the magnitude of the regulatory 
variations, the size of professional services in the economy and country-specific 
elasticities with respect to the shocks. The potential gains appear larger for Italy, 
France, Germany, and Portugal. 

 

 Literature review 

 

The regulation of professional services and its wider economic effects have been 
extensively discussed in theoretical and empirical literature. From a theoretical 
point of view, market failures are in general identified as the main rationale 
for regulation. As far as professional services are concerned, market failures 
exist in the presence of externalities (both positive or negative) or asymmetric 
information between sellers and buyers (OECD, 2000). In the former case, it is 
possible that the provision of a service may have an impact on third parties. 
Interventions in many professional service markets tries to ensure that positive 
social externalities occur and negative externalities are avoided. In the latter case, 
regulation authorities have to deal with the difference in the information available 
to consumers and service providers: a defining feature of professional services is 
that they require practitioners to possess a high level of technical knowledge. 
Consumers may not have this knowledge and therefore find it difficult to judge 
the quality of the services they purchase (as stressed by Canton, et al., 2014) and 
even after the service has been delivered, the client sometimes cannot judge its 
quality and make decisions based on the expected average quality. Since 
consumers cannot evaluate ex post the quality of purchased professional services 
when these are ‘credence goods’ (Dulleck et al., 2011; d’Andria, 2013), they 
cannot rely with 100 % confidence on signals from other consumers and experts 
regarding the quality of service providers. This means that the service provider 
can be in a position of power to impose a higher price or to deliver a lower-quality 
service, a situation that can be mitigated with a regulatory intervention such as 
imposing information disclosure obligations or labelling, regulating prices, or 
introducing authorisation to deliver the service. In addition to asymmetric 
information and externalities, professional services may be characterised by 
another source of potential market failure, namely monopoly power (or high 
concentration), related to entry barriers, which can lead to less provision at a 
higher cost to consumers and is therefore inefficient compared with what would 
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be obtained in a competitive market. On the other hand, if not well designed 
and implemented, regulation can lead to restrictions on competition, 
limiting consumer choice and increasing prices. Moreover, by limiting 
competition pressures, the incumbents have fewer incentives to invest and 
innovate. Downstream businesses also have fewer incentives to upgrade their 
technology and processes, as their innovation income can be captured by the 
upstream enterprises (Bourlès, et al., 2013). Hence, a lower level of service 
regulation can be expected to boost productivity. Such a relationship is confirmed 
by the empirical literature: econometric models which relate total factor 
productivity to a measure of regulation (for instance, the OECD Product Market 
Regulation (PMR) Index) find a significant and robust transmission mechanism in 
the professional services (e.g. van der Marel et al., 2016 and World Bank, 2016), 
with higher regulation restrictiveness implying lower productivity levels. 

Moreover, strict market regulation may have negative consequences on allocative 
efficiency; as shown by Canton, et al. (2014) with an empirical analysis, regulation 
may prevent inefficient firms from exiting the market, while potentially more 
efficient firms are not able to have access to it.  

A significant number of empirical studies tend to confirm that restrictive 
regulation in professional services decreases competition, allows wage 
premiums, and increases prices (e.g. Monteagudo, et al.,2012; Bouis and 
Duval, 2011). Particularly relevant for the present study is the strand of literature 
investigating the relationship between regulation and markup (e.g. Thum-Thysen 
and Canton, 2015; Thum-Thysen and Canton, 2017): evidence from both 
aggregate sectoral data, and firm-level data suggest a relationship between higher 
product market regulation and higher markups in professional service sectors in 
the European Union. 

While empirical studies on the economic impacts of structural reforms are well 
established and find that service liberalisation generally has a positive impact on 
production and growth, on the other side, specific macroeconomic assessments of 
reforms in regulated professional services are scarce in the literature. Two 
examples are the European Commission’s study estimating the impact of 
regulated professional services reforms in five European countries 104 and the 
Federal Planning Bureau’s similar exercise for the Belgian market105. Both papers 
share the same conceptual methodology and the same instrument, a multi-
country DSGE model (QUEST III R&D). These works represented the main 
references for the macroeconomic empirical analysis in this study, which will be 
presented in the following paragraphs. 

 

 

104 European Commission, ‘The Economic Impact of Selected Reform Measures in Italy, France, Spain 
and Portugal’, Institutional Paper 023, April, Brussels, 2016. 
105 Ingelbrecht, M., Kegels, C., and Verweft, D., ‘Economic impact of professional services reform in 
Belgium: A DSGE simulation’, Federal Planning Bureau working paper 9-18, 2018. 
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 Empirical analysis: the estimation of the wider economic 
effects of regulation  

 

This paragraph describes the methodology applied to quantify the wider economic 
effects of a regulatory reform in professional services. In particular, the research 
question to be addressed is how a change in the regulation framework of one 
specific sector, in this case a group of professions, may affect the performance of 
the economy as a whole. Indeed, each sector contributes to the overall 
economy of a country, working for instance as an input to other business 
activities and providing means to workers that end up in final 
consumption (i.e., demand for other sectors). In other words, a change in 
the market structure of one sector (for instance a price reduction of a service due 
to higher competition) would bring along downstream effects to its clients and 
stakeholders. Indeed, these downstream effects were also pointed out by business 
consumers interviewed (paragraph 2.3.) who referred that the ongoing process of 
digital automation in professional services has brought tangible benefits to their 
business or company. Specifically, they drew attention to time savings, better 
service quality, and easier access to the services (e.g. in terms of information and 
instructions provided to the consumer). 

In order to assess all potential interactions properly and thoroughly, at the heart 
of the process stands the use of a macroeconomic framework based on two 
integrated models (an OLG model and a DSGE model). The two are 
complementary in that the OLG model deals with long-term intertemporal 
behaviour (consumption, labour, and investment), while the DSGE model deals 
with short- and medium-term intertemporal choices by explaining the dynamics 
of macroeconomic variables and gaps between actual and potential levels of each 
variable under consideration, also considering the interaction between sectors 
within the economy.  

Several steps are initially required to translate the proposed measures into usable 
inputs for the simulation. First, as described in Chapter 3 (paragraph 3.3), based 
on EC recommendations and survey results, the study defines a set of policy 
interventions that could affect the level of regulation for each country and 
professional sector. These measures are then associated with a change of the 
OECD Product Market Regulation (PMR) index, a score widely used to synthesise 
the regulation level in many sectors and markets. The delta of the PMR index 
therefore quantifies the level of deregulation associated to the scenario outlined. 
The use of this indicator is particularly instrumental in identifying the effects of 
regulation on market structure, as highlighted in the literature review. As it is built 
with the specific purpose to provide a quantitative estimate of the regulation 
intensity, it can be readily used in econometric analysis and simulations. Most 
importantly, it makes it possible to embody variations of specific entry and conduct 
regulatory restrictions into a comprehensive measure of change in a profession’s 
restrictiveness. 

Study on the impact of regulatory environment on digital automation in professional services

142



Secondly, a relationship between innovation, market structure, economic 
performance and regulation has been investigated through the estimation 
of different firm-level econometric models. A change in the level of regulation 
influences the market structure; in fact, the reduction of market regulation (PMR) 
necessarily alters the ecosystem of market participants by inducing fewer 
advantages for the actual players and allowing new entrants. Increased 
competition stimulates more efficient use of resources and greater adoption of 
innovation; conversely, reduced market power may weaken the financial capacity 
needed to innovate. In line with the literature review, this change of market 
structure is expressed by two main transmission channels: total factor productivity 
and the markup of the specific industry directly affected by the regulatory reforms. 
A firm-level model is then estimated for each channel and professional sector. 
Confirming previous studies on the same topic, for the professional services 
investigated, the results also show that a decrease in the PMR index has a positive 
effect on total factor productivity, while it reduces the market power and 
consequently the markup of firms in the sector (see next paragraph). 

 

 Total factor productivity and markup 

 

A preliminary step to the model simulation phase is the definition of the links 
connecting the degree of regulation to digital automation and thus to economic 
performance and market structure. The general idea behind it is that a shock in 
regulation, affecting market competition, provides the incentive to innovate and 
hence to speed up the move to the technology frontier, in turn fostering the firms’ 
productivity (Ahn, 2002; Griffith and Harrison, 2004). In other words, when 
regulatory barriers are lowered, competitive pressure leads to an increase in 
productivity of incumbent firms through digital adoption and to shifts of market 
shares from lower-productivity to higher-productivity firms. Hence, the change in 
productivity and market concentration, and thus in markup, were the first objects 
of the empirical identification strategy of the shocks to be included in the model. 

More specifically, total factor productivity and markup were estimated using firm-
level data retrieved from the ORBIS database using a sound econometric 
strategy106 and then tested against the impact of market regulation (namely, 
measured through the OECD PMR) and a set of balance sheet variables to control 
for firm characteristics. The methodology adopted is extensively discussed in the 
methodological note and stems from the seminal works of van der Marel et al. 
(2016) and Word Bank (2016) as far as regards productivity, and Thum-Thysen 
and Canton (2017), in regard to the assessment of the impacts on markup.  

The following table summarises the regression coefficients of market regulation 
on TFP by professional service.  

106 Levinsohn Petrin method to estimate TFP (Levinsohn, and Petrin, 2003) and De Loecker and 
Warzynski (2012) to estimate markup. 
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Table 17: Coefficients resulting from the regression analysis of the effect of 
regulation and other variables on TFP 

 

 
As expected, regulation coefficients on TFP are negative and significant, meaning 
that an increase in the level of regulation hampers productivity at the firm 
level, even after controlling for country-specific factors and other firm 
characteristics. These findings are in line with previous literature (van der Marel 
et al., 2016 and World Bank 2016) and provide a robust transmission mechanism 
between the regulatory scenarios and the TFP to be fed into the macroeconomic 
model. Firm-level variables included in the regression provide other insights on 
the factors shaping productivity. A positive and significant coefficient on turnover 
and share funds suggests that larger and more structured firms are more likely to 
display higher productivity. More insightful is the result on the share of intangible 
assets in total assets: considering professional service investment on intangible 
assets might be related to the purchase of software, licences, and patents, rather 
than trademarks and brands that are more common in manufacturing; this 
indicator could be seen as a proxy for investment on digital automation. In other 
words, a positive coefficient on the share of intangible assets in total assets might 
suggest that more innovative firms tend to be more productive. This result is in 
line with our expectation on the transmission channel, and with a large strand of 
literature documenting the positive impact of technical improvements and 
technological innovation on firm-level productivity are multiple (see Cardarelli and 
Lusinyan (2015) and Heshmati and Rashidghalam (2016). 

On the other hand, the impact on markup (Table 18) appears to be positive and 
significant, meaning that an increase in the level of regulation hampers 
competition and thus favours profit maximisation strategies. Although our 
empirical strategy departs from the one adopted by Thum-Thysen and Canton 
(2017), our results are comparable. Findings on size highlight the fact that smaller 
firms in professional services catch higher markups, and, indeed this is supported 
by the coefficient on TFP: less productive firms are more prone to display higher 
markups. Moreover, a negative coefficient on the share of intangible assets in total 
assets suggests that more innovative firms tend to have lower markups. 

 

Architects Engineers Legal Accounting
Regulation (PMR) -0.239 -0.682 -0.487 -0.137
Turnover 0.461 0.317 0.292 0.206
Labour Cost -0.143 -0.125 -0.058 0.003
Share Funds 0.058 0.066 0.105 0.073
Share of intangible assets on total assets 0.212 0.062 0.000 0.026
Country effects Yes Yes Yes Yes

Observations           4 225         13 713           2 894         19 449 

Impact on Total Factor Productivity

 

 
 
      

 

    

Statistically significant 
impact (p-value < 0.05)

Weakly significant impact 
(0.05 < p-value < 0.2)

Not significant impact
(p-value > 0.2)
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Table 18: Coefficients resulting from the regression analysis of the effect of 
regulation and other variables on Markup 

 

 
In sum, these models suggest that relaxing regulation and thus stimulating 
competition would boost firm productivity and lower markups. Competitive 
markets help correct distortions in the structure of production and incentivise the 
adoption of digital automation thus raising productivity levels, and secondly, 
stronger competition reduces the wedge between prices and marginal costs, 
resulting in lower markups and more efficient markets.  

It is interesting to stress how the evidence on the negative link between a 
reduction in regulation and an increase in total factor productivity is also an 
indirect confirmation of the results found in the previous chapter regarding the 
link between regulation and the digital automation adoption process. Indeed, total 
factor productivity, by definition the portion of output not explained by the amount 
of inputs used in production, includes a set of factors (e.g. human capital, 
organisation …) that drive the general efficiency of the economic system, and 
digital automation (and more generally ICT technologies) has been shown to be a 
crucial element to boost growth trajectories. 

 

 The macroeconomic framework 

 

These intermediate steps contribute to the design of a complete chain of 
transmission from regulatory policies to the behaviour of firms and wider effects 
on the main macroeconomic variables. Before explaining some additional technical 

Architects Engineers Legal Accountin
g

Regulation 0.160 0.150 0.134 0.049
Enterprise size
(1st quantile) Ref. Ref. Ref. Ref. 
(2nd quantile) -0.211 -0.147 -0.095 -0.152***

(3rd quantile) -0.339 -0.261 -0.209 -0.248***

(4th quantile) -0.417 -0.318 -0.236 -0.304***

(5th quantile) -0.438 -0.324 -0.245 -0.304***

Turnover growth 0.001 0.000 0.000 0.001
TFP -0.064 -0.041 -0.028 -0.078
Share of intangible assets on total assets -0.300 -0.055 -0.029 -0.036
Share of share funds on total assets 0.022 0.015 0.005 0.003
Country effects Yes Yes Yes Yes

Observations           2 312           8 556           1 165           9 169 

Impact on Markup

 
     
 
 
 
 

 

      
      

 

  

Statistically significant 
impact (p-value < 0.05)

Weakly significant impact 
(0.05 < p-value < 0.2)

Not significant impact
(p-value > 0.2)
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steps needed to run the simulation, it is worth introducing the characteristics of 
the macro framework used (MATER)107. 

The MATER framework is composed of two layers: a large-scale 
overlapping generation (OLG) model and a Dynamic Stochastic General 
Equilibrium model (DSGE), specialised in describing trend and business 
cycle, respectively.  

The OLG model is a multi-country structural model that provides long-term 
quantitative projections of the macroeconomic quantities of areas/countries 
characterised by different technological drivers, demographic trends, and 
consequent savings behaviour. The DSGE model is a multi-country general 
economic equilibrium model with rational expectations that is designed for the 
analysis of the economic cycle in the short term. In this model, the economic 
system is divided into several sectors and agents in order to capture the structural 
relations that influence the business cycle.  

The two models are complementary in that the OLG model deals with long-term 
intertemporal behaviour (consumption, labour, and investment), while the DSGE 
model addresses short- and medium-term intertemporal choices by explaining the 
deviations of actual levels from potential ones defined in the former. The factors 
disrupting the equilibrium from natural levels can be policy shocks, short-term 
supply and demand shocks and so on, in line with the standard New Keynesian 
DSGE literature. 

Hence, while the OLG model is used for long-term analyses, such as the 
determination of potential GDP and natural rates, climate change for transition 
and physical risk scenarios, the DSGE model is suitable for short-term policy 
assessment, like fiscal and monetary policies or market structure reforms, which 
is the case examined here. 

Shocks derived from the reduced-form models have been imputed directly into 
the total factor productivity and the markup parameters in the multi-country DSGE 
model; no long-run growth effects have been assumed. The variation in the 
markup at the macro level is assumed to be contemporary with that of 
total factor productivity and interacts with the latter, with no clear ex-
ante unambiguous effects, triggering supply and demand shocks for firms 
and consumers. For example, a change in the markup could induce a positive 
(or negative) financial shock due to the change in expected profits and imply 
financial and real effects through demand adjustments for the upstream 
(intermediate enterprise) and downstream (consumers) sector.  

The computation of the shocks at the sectoral level implied by the regulation policy 
changes is a crucial step for the simulation phase. The results of the 
reduced-form models have been indeed combined with the shock of PMR 
defined in the regulatory scenarios in order to quantify the effects on TFP 
and markup for each professional service and country. As the macro 

107 Technical features of the model are described in detail in the methodological note. Only the 
highlights and focal points are presented here. 
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framework works at a more aggregate level, a sectoral weight of each service is 
calculated to scale, and the impacts are adjusted to the whole economy.  

As shown in Figure 47, step 2, the relevance of professional services varies across 
countries and markets; the share of the four professional services in scope in the 
total service sector spans from 2.1% in Romania to 4.8% in France and provides 
a first picture of the potentially different impacts of the reforms. These weights 
were further re-scaled with the share of services in GDP to identify the final 
economy-wide shock to be included in the macro model. 

Step 4 in Figure 47 reports the shocks (percentage deviations from baseline) for 
each parameter and country. The combined effect of all the factors illustrated 
(policy intervention, regulation elasticity, weight of services) results in Germany 
and Italy seeing the highest increase in total factor productivity (0.22% and 
0.17% respectively) while Italy, France and Belgium would show the largest 
reduction in markup (-0.05% to -0.03% for the three countries). 

 

Figure 47: Simulation approach 

 

 

A simulation has been constructed on the basis of the deviations from the baseline 
presented. The shock is imputed as permanent in one quarter and then the wider 
effects are evaluated after 13 quarters later when factor interactions have almost 
reached equilibrium. The percentage deviation from the baseline 
(business-as-usual scenario) is interpreted as the permanent contribution of the 
proposed reforms. The results obtained are illustrated in the next section. 
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The outlined approach follows the most recent literature108 on the estimation of 
the impact of structural reforms. General equilibrium models are well suited for 
this task as they are able to detect the interconnectedness between agents and 
sectors; moreover, by defining parameters that approximate consumer 
preferences, technology, etc., they are suitable for tracking changes in economic 
fundamentals. Furthermore, an interesting aspect of this study is that it estimated 
a set of models tailored to the markets examined; in this way a proper linkage 
with the parameters of the macro model was made possible considering specific 
characteristics and relative weights of countries and sectors involved. 

Some caveats still apply when interpreting the results. First, uncertainty 
characterises the assumptions of the regulatory scenario as the implementation 
and speed of reforms cannot be easily determined a priori. Second, the results 
could be affected by the specific assumptions made in the models, such as the 
stylised economic systems and their behaviour, but which are specifics of any 
macroeconomic model adopting general equilibrium frameworks, rationality, and 
representative agents.  At the same time, the models applied in the study make 
it possible to obtain an overall estimate of all potential gains of the reform process, 
looking not only at the effects within a specific industry affected by the regulatory 
changes, but also counting the upstream and downstream consequences indirectly 
generated.  

 

 Results 

 

The simulation carried out in this study suggests that professional service reforms 
can have a sizable positive impact on the 12 European economies analysed. The 
measures, after 3 years from the complete implementation, could raise 
the GDP on average by 0.09%, with the largest increase in Italy and 
Germany, (0.24% and 0.18%, respectively). According to the estimates, the 
economies would show a steep rise in the first year and a half, when the 
adjustment takes place more rapidly. In other words, transmission channels will 
act quickly, allowing a swift reallocation of the resources among sectors and 
fostering the overall growth of the countries involved.     

 

 

 

 

 

108 European Commission (2016) and Ingelbrecht et al. (2018) 
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Figure 48: Simulation results: GDP (percentage deviation from the baseline) 

 

 
 

More technically, the output gain is mainly driven by the rise in total factor 
productivity. Increased productivity improves the competitiveness of firms, 
including their positioning within international markets; in addition, it lowers 
domestic prices, which are further squeezed by lower markups. 

Real wage gains result from the combined effect of rising wages, due to higher 
productivity of the sectors involved, and falling prices that favour all those 
industries and economic agents in general buying professional services. As 
illustrated in Table 15, the impacts on wages are the most significant. The effects 
on employment are smaller, given that the major output demand is largely 
absorbed by the current workforce through labour productivity improvement. 
Final consumption, which on average grows by 0.7% compared to the 
baseline, is supported by the increase in purchasing power.  There is a 
positive effect on the debt/GDP ratio due to the permanent increase in GDP and 
hence in tax revenues, reducing the incentives to resort to debt. Overall, 
compared to the baseline, the debt-to-GDP ratio declines by almost 0.9% in Italy 
and by more than 0.6% in Germany and France. 
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Table 19: Simulation results: main macroeconomic variables (Percentage 
deviation from the baseline) 

 
 

The ranking of countries benefiting most from the proposed reforms mainly 
reflects the scale of shocks resulting from relaxing regulation. However, it is 
important to state that, for some countries, there is no room for further 
improvement, as the restrictiveness index is already equal to zero (e.g. Sweden, 
or Spain, for accounting). In other cases, the proposed scenario assumed only a 
moderate decrease in the PMR index, in line with the EC recommendations. 

In this respect, the comparison with the results of other studies must be 
interpreted carefully in relation to the assumptions adopted as the basis for the 
scenario. Indeed, according to many studies a broad structural reform that 
includes many sectors and measures (services, labour regulation ...) 
entails a significant potential GDP growth. For example, the European 
Commission (2016) estimated the effects of a selected set of reforms for four 
countries as a GDP increase between 1.25% and 2%. 

In Mocetti et al. (2020), three reforms (liberalisation of the services sector, 
innovation incentives and civil justice reforms) are assessed for Italy using an 
approach similar to the one in this study (reduced-form model estimation for TFP 
and markup and use of a DSGE). The estimated impact could increase Italy's 
potential GDP by 6.9%, of which 3.6% is attributable to the liberalisation of 
services. The shocks imputed in this study to TFP and markup are respectively 
about 18 times and 11 times those applied in this report to Italy; rescaling for 
these factors the growth attributable to the liberalisation of services (3.6%) would 
give a rise of GDP between 0.2% and 0.3%, a result in line with that presented in 
Table 20. 

 

% dev. baseline years GER ITA FRA BEL CRO POR IRE NED POL ROM SPA SWE

1 0.15        0.19        0.12        0.10        0.05        0.17        0.06        0.03        0.09        0.00        0.01        0.01        
2 0.18        0.24        0.16        0.12        0.05        0.19        0.06        0.03        0.10        0.00        0.01        0.01        
3 0.18        0.24        0.15        0.12        0.05        0.17        0.06        0.03        0.10        0.00        0.01        0.01        
1 0.12        0.15        0.09        0.08        0.04        0.12        0.05        0.02        0.08        0.00        0.01        0.01        
2 0.14        0.17        0.11        0.09        0.04        0.13        0.06        0.02        0.08        0.00        0.01        0.01        
3 0.14        0.17        0.11        0.09        0.04        0.12        0.06        0.02        0.08        0.00        0.01        0.01        

1 0.15        0.19        0.12        0.10        0.04        0.13        0.06        0.03        0.09        0.00        0.01        0.01        
2 0.20        0.27        0.17        0.14        0.05        0.19        0.07        0.04        0.11        0.00        0.01        0.01        
3 0.21        0.28        0.18        0.14        0.05        0.19        0.07        0.04        0.11        0.00        0.01        0.01        
1 (0.03)      (0.05)      (0.03)      (0.02)      (0.01)      (0.05)      (0.01)      (0.01)      (0.02)      (0.00)      (0.00)      (0.00)      
2 (0.03)      (0.04)      (0.03)      (0.02)      (0.01)      (0.04)      (0.01)      (0.01)      (0.02)      (0.00)      (0.00)      (0.00)      
3 (0.03)      (0.04)      (0.03)      (0.02)      (0.01)      (0.04)      (0.01)      (0.01)      (0.02)      (0.00)      (0.00)      (0.00)      
1 0.04        0.04        0.02        0.01        0.00        0.04        0.01        0.00        0.01        0.00        0.00        0.00        
2 0.05        0.06        0.02        0.02        0.00        0.06        0.01        0.00        0.01        0.00        0.00        0.00        
3 0.05        0.07        0.03        0.02        0.00        0.06        0.01        0.00        0.02        0.00        0.00        0.00        
1 -0.03% -0.04% -0.03% -0.02% -0.01% -0.02% -0.01% -0.01% -0.02% 0.00% 0.00% 0.00%
2 -0.03% -0.04% -0.03% -0.02% -0.01% -0.02% -0.01% -0.01% -0.02% 0.00% 0.00% 0.00%

3 -0.03% -0.04% -0.03% -0.02% -0.01% -0.02% -0.01% -0.01% -0.02% 0.00% 0.00% 0.00%
1 -0.33% -0.49% -0.32% -0.26% -0.10% -0.24% -0.10% -0.07% -0.20% 0.00% -0.02% -0.02%
2 -0.53% -0.78% -0.52% -0.41% -0.16% -0.38% -0.16% -0.11% -0.33% 0.00% -0.04% -0.03%
3 -0.63% -0.88% -0.62% -0.45% -0.18% -0.42% -0.17% -0.12% -0.33% 0.00% -0.04% -0.03%

Unemployment

Debt-to-Gdp

GDP 

Final 
Consumption 

Real Wage

Price Levels

Employment
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Table 20: Simulation results: main macroeconomic variables (absolute deviation 
from the baseline, levels) 

 
 

A more comparable exercise was carried out in a recent work on regulatory reform 
in Belgium applied to the same four markets analysed in this study. A light reform 
scenario and a strong reform scenario were examined. The impacts on Belgium's 
GDP are estimated at 0.15% and 0.29% respectively after 3 years; the light 
reform scenario makes assumptions compatible with those presented in this report 
and so is the final impact on GDP (here 0.12% for Belgium vs 0.15%). Overall, 
our estimates seem to be in line with those provided by other institutions, once 
differences in time, scope and methods of analysis are accounted for. 

To summarise, these reforms could support a gain in GDP of over 14 billion in 
the 12 countries examined and an increase in employment of over 50 
thousand. Assuming that all these reforms could be implemented at no public 
cost, the gain can be considered significant. 

  

years GER ITA FRA BEL CRO POR IRE NED POL ROM SPA SWE

2020 4 443      3 122      2 770      408         25          328         172         188         440         1            102         38          

2021 5 411      3 956      3 523      510         27          363         191         238         497         1            128         47          
2022 5 303      3 863      3 439      500         25          325         190         232         491         1            126         46          
2020 2 701      1 958      1 644      243         14          190         70          96          300         0            58          21          
2021 3 030      2 248      1 911      276         15          199         74          112         318         0            67          24          
2022 3 021      2 240      1 902      275         14          189         74          112         318         0            67          24          
2020 18          11          5            1            0            2            0            0            1            0            0            0            
2021 21          15          7            1            0            3            0            0            2            0            0            0            
2022 22          18          7            1            0            3            0            0            3            0            0            0            

Abs dev. from baseline

Chain linked volumes 
(2010), million euro GDP 

Chain linked volumes 
(2010), million euro

Final 
Consumption 

Thousand persons Employment
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5 Summary and Policy Implications 
 

 Background 
 
Over the last decade, digital automation has not only consistently pervaded the 
lives of citizens but has also profoundly influenced the way professionals deliver 
their services by freeing professionals from many repetitive tasks, serving clients 
remotely through online service delivery and providing more customised and 
affordable services to individual consumers. Today, along with improving the 
processes behind the provision of services, digital automation favours the 
emergence of brand-new services, transforming the nature of many professional 
services. These rapid changes have prompted institutional and governmental 
decisionmakers and policymakers to systematise, regulate and incentivise the 
phenomenon to guarantee an overall improvement in the quality of life and raise 
income levels for the world's population in the years to come.  
A comprehensive review of the available literature on this topic reveals the 
emergence of several global technological trends in digital automation that are 
currently underway, and which can be summarised as follows: Hyper-
automation – all technological solutions that contribute to full or high automation 
of processes and activities; Human augmentation – all technological solutions 
that contribute to the enhancement of the typical abilities of human beings, for 
example learning, seeing, and communicating; Smart and autonomous things 
– all the technological solutions that provide tangible and physical support to 
human activities (e.g. drones, driverless car, wearable, etc.); Distributed 
solutions – all technological solutions that enable greater technical capabilities 
thanks to a decentralised operating logic; Data-driven society – all technological 
solutions that enable the management and enhancement of large amounts of 
information and/or data. All the trends identified and described above might be 
enabled or at least integrable with artificial intelligence (AI), as it represents 
a combination of different digital technologies replicating human intellectual 
functions in the use of the technologies identified above. 
All new technological trends pose numerous challenges, which are not only 
purely technological in nature, but which are also cultural and organisational, 
making it even more challenging to precisely determine what the near future will 
look like. Indeed, by looking at the professional services value chain, the 
activities that are most likely to be digitised are those comprising repetitive and 
low added-value tasks, while those with greater added value, which include the 
human and experiential component and although they are not yet subject to 
digitisation, in some sectors and cases they are already in the sights of certain 
technologies backed by artificial intelligence. 
 

 Field research and survey data 
 
A field research, which includes a survey and interviews carried out involving 
the main actors of the sectors under examination, such as professional service 
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providers (including online platforms) and consumers, has allowed the 
construction of a solid body of information. One of the significant results is that 
the most important automation occurring across the four professions regards 
support processes common to most businesses. Another interesting result is that 
the second most important activity to be automated by architects, engineers, 
accountants and lawyers is related to a core value-added process of each different 
profession. 74% of the sample confirmed that they benefited from the 
introduction of digital automation solutions by reducing service delivery 
times and improved quality, revealing how digital automation is becoming 
more and more crucial for efficiency and competitiveness.  
With reference to expenditures and investments in information and 
communications technology (ICT), 60% of respondents state that in the last three 
years they have spent less than 3% of their annual revenues on ICT. In 55% 
of cases, annual revenues are less than €100 thousand and, overall, 47% of the 
sample reported a growing trend in ICT expenditure. Regarding the 
digitalisation of the services provided, it appears that the majority of respondents 
(84%) state that they have started their journey to digital automation. 
Among these, 34% say they are only at the beginning while 51% say they have 
been on the journey for some time.  
The analysis of digital automation adoption confirms some qualitative results 
highlighted in Chapter 1: larger firms have a higher index of automation adoption. 
The index also shows that the accounting profession is the most automatised, 
while architects are the least. The two main technologies that professionals 
say they would bet on for the future of their business are those related to cloud 
computing and artificial intelligence (AI). Accountants and lawyers are the 
most interested in AI and cloud computing. Architects give great attention to 
virtual, mixed and augmented reality while engineers seem to be evenly interested 
in several different technologies. According to the professionals interviewed, 
although AI technologies are not yet fully developed at the present, there is 
a lot of data that the software used by many firms (e.g. ERPs) is collecting and 
organising in view of a future, and upcoming, diffusion of AI-backed applications 
that will be structured with models based on such data.  
The study made clear how digital automation is about to change the behaviour 
and organisation of firms. Following the implementation of digital automation 
technologies, it is indeed possible to see the need for firms to change their 
business model. The majority of the sample states that the adoption of digital 
automation has led to changes in their business model by introducing new 
services in about 80% of cases. For instance, an example of a new revenue model 
is the so-called "no-win, no-fee" model, typically developed by online service 
providers in the legal domain. With respect to the possibility that online 
providers of professional services are a competitive alternative, 
professionals seem to be divided. Accountants and architects seem to be the 
ones who feel the most the competitive pressure stemming from new online 
service providers. 
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 Impact assessment 
 
The journey through digital automation could lead to considerable benefits for the 
practice and for customers both, but it is often studded with risks and obstacles. 
The regulation framework might act as one of these obstacles. Chapter 3 confirms 
that regulation restrictiveness is negatively correlated to the adoption of 
technology. In particular, the higher the perception of regulation, the lower the 
probability that firms will engage in digital automation. Furthermore, specific 
forms of regulation (regulatory exclusiveness and qualification requirements in 
particular) exert a significant impact on the adoption (or not), while in terms of 
intensity, the results are less straightforward. In other words, regulation is 
perceived more as an entry barrier rather than a determinant of the scale of the 
investment.  
Combining the insights from previous experiences of reforms with suggestions 
collected through interviews and the survey, together with recent 
recommendations from the European Commission to Member States, a new level 
of market regulation has been estimated for each country and sector. The impact 
evaluation of these regulatory changes carried out in Chapter 4 underlines how a 
proper assessment should not be limited in its scope. On one hand, regulatory 
change addresses the very sectors under reform by pushing productivity and 
allowing new entrants in the market. On the other hand, it allows sectors that use 
services in their production process to benefit from their lower prices and higher 
quality brought about by the reform.  
Total factor productivity and markups of professional services are also found to be 
affected by changes in the level of regulation and move in the expected directions. 
In particular, econometric estimates report that a lower level of restrictions allows 
an increase in efficiency and usage of resources that translates in higher 
productivity. Markup, on the other hand, appears positively correlated to 
regulation restrictiveness. Thus, a relaxation (i.e. a negative shock) of the latter 
entails a decrease in the firm’s market power by allowing more competition.  
Finally, the macroeconomic assessment finds an overall benefit for all countries 
involved. Lowering restrictiveness in professional services would result in a 
potential gain in terms of GDP of EUR 14 billion for the 12 selected European 
economies, with Italy, France, Germany and Portugal gaining the most. 
Regulatory changes on professions would also impact the overall price level 
(lowering), employment and final consumption (improving), by freeing resources 
of households and enterprises for other expenditures. Assuming that all these 
reforms could be considered at no public cost, the gain remains significant. 
 

 Policy implications 
 
Asymmetric information between seller and buyer is one of the rationales for 
regulation policy in the case of professional services. In some markets, it may be 
the case that, due to the sometimes highly specialised nature of services, the 
buyer cannot properly assess the quality, or the fair price of the provision, calling 
for regulatory intervention like imposing information disclosure obligations, 
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regulating prices, introducing authorisation to deliver. However, when they are 
too strict, these regulations end up in limiting competition, choices and overall 
economic efficiency. Excessive regulation has indeed shown a negative 
impact on productivity, revealing how further liberalisation in 
professional services may end up sustaining growth and the international 
positioning of European firms.     
Since 2012, European institutions started a process of removing unnecessary or 
disproportionate barriers to the access to and exercise of professional services. 
The same reasoning might be especially applied when digitalisation is concerned. 
Digitalisation is the future of the global economy; new digital innovations are 
transforming people’s lives and the way they work. However, the presence of 
different and sometimes disproportionate regulations within the EU is holding back 
the digitalisation process. The relationship between regulatory issues and digital 
automation in professional firms was also discussed extensively in several 
interviews. Almost all the interviewees agreed on the importance of improving 
regulation across Europe in order to develop the professional service sectors in 
the sense of digital technologies. 
Over the last decade, European institutions have stepped up initiatives aimed at 
harmonising the market and regulations relating to digital technology, including 
the Digital Agenda for Europe (DAE), the Digital Single Market (DSM), and the 
most recent ‘A Europe fit for the digital age’, which is one of the six political 
priorities set by the last mandate of the European Commission. Nonetheless, 
homogeneity in the regulation is not the only issue raised by the digital automation 
process. New digital automation developments also create the need for completely 
new regulatory frameworks, especially when AI is considered, and over the past 
years, EU institutions have already launched various initiatives to evaluate the 
impact of AI in different fields. 
In terms of policy implications, the study points out also how economies of scale 
work as an enabler of digital automation. Regulations that end up, even indirectly, 
limiting businesses in terms of size (by prohibiting access to new markets or 
certain corporate forms, for instance) should then be seen as discouraging digital 
automation.  
This evidence calls for more results on how specific forms of regulation might 
affect digital strategies and specifically how to improve them. Reliable regulatory 
scenarios depicted in the study call in particular for a thorough review of the scope 
of reserved activities, especially when it seems too broad or somewhat 
inconsistent. Furthermore, to enable digital innovation, countries should 
reconsider restrictions on legal forms or shareholding requirements and work 
towards the removal of obstacles hindering the free movement of professionals. 
Lastly, concerning the rules of access and conduct, tariff restrictions, licensing 
limitation and continuous professional development obligations seem to be 
important obstacles. 
Other factors, apart from regulation and more related to the business 
environment, such as broadband and IT skills availability for instance, are shown 
to influence firms’ digital strategies. In particular, besides extremely high licensing 
costs of some professional software (especially in the architectural and 
engineering sectors), professionals from countries where the local language is not 
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widely spoken internationally (Poland, Croatia or Portugal, for example) have 
pointed out major language barriers when it comes to implementing IT solutions. 
It has been reported that, very often, software solutions from certain providers do 
not support the local languages of many EU countries, despite demand from 
professionals, perhaps due to the limited overall market size. 
The policy implication for these environmental variables does not strictly entail 
regulation for professional services, but still calls for action in order to favour those 
conditions within the EU, enabling digital automation. In other words, the 
estimates suggest that policy interventions should combine initiatives to address 
some overlapping innovation triggers (5G infrastructure, STEM education …) and 
industry-specific types of reform to work as an incentive for digital automation in 
professional services. 
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GETTING IN TOUCH WITH THE EU 

In person 

All over the European Union there are hundreds of Europe Direct information centres. You can find the 
address of the centre nearest you at: https://europa.eu/european-union/contact_en 

On the phone or by email 

Europe Direct is a service that answers your questions about the European Union. You can contact 
this service: 

– by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls), 

– at the following standard number: +32 22999696, or  

– by email via: https://europa.eu/european-union/contact_en 

 

FINDING INFORMATION ABOUT THE EU 

Online 

Information about the European Union in all the official languages of the EU is available on the Europa 
website at: https://europa.eu/european-union/index_en 

EU publications  

You can download or order free and priced EU publications from: https://op.europa.eu/en/publications. 
Multiple copies of free publications may be obtained by contacting Europe Direct or your local 
information centre (see https://europa.eu/european-union/contact_en). 

EU law and related documents 

For access to legal information from the EU, including all EU law since 1952 in all the official language 
versions, go to EUR-Lex at: http://eur-lex.europa.eu 

Open data from the EU 

The EU Open Data Portal (http://data.europa.eu/euodp/en) provides access to datasets from the EU. 
Data can be downloaded and reused for free, for both commercial and non-commercial purposes. 
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