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Timeline of major digital innovations over the past 30 
years (Jaccoud et al, 2023) 

https://www.cesifo.org/en/publications/2024/working-paper/automation-and-employment-over-technology-life-cycle-evidence
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Two Key Outputs today   

• Emerging Digital Technologies (EDT) are not “AI” 
and are not (yet) a General Purpose Technology 

• Identification of 9 families of EDT 

• Going (very) granular on EDT and screening of thousands of 
technical and engineering literature records

• Can we derive insights on the extent to which specific 
industries are exposed to specific EDT at higher level of 
granularity compared to the received literature in economics?

• Heterogeneity of effects on occupations and industries 
measured via exposure to families of EDTs
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• What is the value of going granular? 

• Can EDT (as identified in this study) potentially substitute, 
complement, and/or reconfigure specific technical tasks within 
occupations within sectors, that are executed by humans? 

• Can we infer trends and dynamics on future of work from EDT 
characterized by complex interdependency and the pervasive 
presence of artificial intelligence (AI)?

• Granularity is essential to pick up exposure, adoption, task 
replacement/complementarity, and other dimensions (knowledge 
codification, innovation, interactions with human, symbols, or tangible 
assets)

Common thread but different contributions
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“Assessing the potential for the EDT, and whether this time it will be 
different, begins with a careful assessment of the emergence of 
new capabilities in the cyber-physical systems that are the 
current subjects of research, development and initial 
deployment.” (Ciarli et al., 2022) 

Summary in Savona, M.et al (2022) The Design of Digital 
Technologies: Implications for the Future of Work CESifo Econpol 
Forum, 23(5) 2022

What we do (I) 

https://www.cesifo.org/en/publications/2022/article-journal/design-digital-automation-technologies-implications-future-work
https://www.cesifo.org/en/publications/2022/article-journal/design-digital-automation-technologies-implications-future-work
https://www.cesifo.org/en/publications/2022/article-journal/design-digital-automation-technologies-implications-future-work
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• Technology family A – Robots (Articulated, Cylindrical, Cartesian, Dual Arm) Definition: 

Technologies that sense and (autonomously) act based on data

• Technology family B – Physical Data Acquisition Technologies Definition: technologies that 

harvest and record information 

• Technology family C – Software-based data management Definition: Technologies for storing, 

protecting, managing/handling and acquiring data

• Technology family D – Computing Definition: Technologies used to compute/calculate

• Technology family E – AI (not directly as a cloud service) & Intelligent Information System, 

Definition: Technologies using algorithms and advanced methods to make sense out of the data

• Technology family F – Additive manufacturing (using any material), Definition: Technologies that 

produce bottom-up goods based on digital models

• Technology family G – Networking, Definition: Technologies for communicating between machines 

(data transmission) or connecting machines

• Technology family H – User interface, Definition: Technologies for human interaction with machines 

or data

Families of Emerging Digital Technologies
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Examples of EDTs (I) 

B Robots (Primarily mobile)
1 Co-bots (mobile)

2 Semi-autonomous (e.g. bricklaying)
3 Automated platforms/vehicles
4 Tunnel boring and mining robots
5 Submersible robots
6 Drones
7 Space vehicles and rovers
8 Service robotics

A Robots (Primarily stationary)
1 Machine vision and real-time monitoring
2 SCARA
3 Articulated
4 Cartesian
5 Dual Arm
6 Co-bots
7 Swarm robotics
8 Cylindrical
9 Service robotics

C Data Acquisition Technologies

1
IoT (including Radio-frequency identification (RFID) 
systems)

2 Scanners
3 Sensors
4 Remote Sensing
5 GPS
6 CCTV
7 Scientific and engineering instruments

8
Healthcare instruments (including Personal health
instrumentation)

D
Cloud, PC and Smartphone Computing and 
Services

1 Big data analytics
2 Gaming
3 Streaming services
4 Automated storage and retrieval systems
5 Database systems
6 Relational databases [API might go here]

7
Computer architectures (e.g. quantum 
computing)

8 Cryptography and security
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Examples of EDTs (II) 

E AI (not directly as a cloud service)

1 Simulation

2 Machine learning (predictive systems)/DL

3 NLP

4 Machine vision (Image recognition)

5 Expert systems

6 Speech recognition and production

7 Text recognition and production

F
Additive manufacturing (using any
material – so e.g. powder metallurgy
as well as bioplastic filament)

1 Prototyping (including CAD)
2 Tools production
3 Production at scale

G User interface

1
Conventional input devices (e.g. keyboard, mice, pens, 
webcams)

2 Display devices (conventional)
3 Augmented reality

4

Haptics and Tele-haptics (including all tele-operations 
of physical machinery by human operator requiring 
feedback, e.g. tele-dildonics)

5 Virtual Reality (including 3D Visualisation)
6 Touchscreens/kiosks for customer interface
7 Sound technologies (e.g. noise cancellation)
8 Neuroscanning

H Other
1 Machine  Tools
2
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Relevant dimension to codify selected 
papers
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Relevant dimension of job impact to codify 
selected papers
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(Share of papers describing) tasks executed 
within work activities by technology family
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• First, automation technologies, including within the same family, 
are fundamentally different in their design and the tasks they can 
execute

• Second, the number of sectors that attract the development of 
most automation technologies is still relatively limited, but 
expanding.

• Third, automation related to robotisation is likely to become more 
and more substitutive of tasks performed by humans

• Fourth, the use of codified or tacit knowledge is fairly associated 
with routinisation, whereby the most routinised tasks performed by 
these technologies seem to make use of codified more than tacit 
knowledge. 

• data intensive technologies interact more with symbols, rather than 
with things or people as robotisation-based automation. 

From the Technical Literature 
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Summary in Pritkova et al (2024) The Employment 
Impact of Emerging Digital Technologies CESifo n. 
10955, 2024

https://www.cesifo.org/en/publications/2024/working-paper/employment-impact-emerging-digital-technologies
https://www.cesifo.org/en/publications/2024/working-paper/employment-impact-emerging-digital-technologies
https://www.cesifo.org/en/publications/2024/working-paper/employment-impact-emerging-digital-technologies
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Combination of machine and human intelligence to study 
industry and occupation exposure to emerging 
technologies, and firm adoption 

• Generative AI: Analyse the text of 1M+ patents and 4M+ scientific publications to 
identify novel automation technologies and their patterns of emergence

• Experts: asked 600k scientists, 20k inventors, 20k managers and 5k representative 
of civil society what technologies are most likely to be used in 2030, by industry

• Generative AI: Analyse the text of 40 technologies, to identify the industries (NACE) 
and occupations (ISCO) in in which they can be employed

• Experts: asked experts what task the selected technology will be able to perform, 
by industry

• Generative AI: Analyse the technologies mentioned by firms in 4M+ online job 
vacancies

15
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Clerical support workers, Technicians, Professionals, 
and Managers are becoming increasingly exposed to 
emerging automation technologies

16
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Across service industries: IT, Administration, Finance & 
Insurance, Professional and Scientific Activities, and 
Utilities

17
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Impact varies by industry: positive for exposed 
occupations in industries producing emerging 
technologies, negative for industries using them

18
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• Monitoring the evolution of technologies and the overall level of 
(un)employment at certain critical timing (i.e. Generative AI), not 
only new emerging tasks, but the transition between old and 
new

• Facilitating citizens and workers’ voices and involvement in 
decisions to support critical technologies (e.g. platform workers) 
in case effects on working conditions worsen 

• Much of ETDs is largely data intensive, and an inclusive  
governance of data is a major policy challenge, if we consider 
issues of individual data, digital trade and the narrowing of AI 
research 

• The regulation of the boundaries between human and artificial 
intellectual property rights is also a major policy challenge, from 
the perspective of antitrust and value redistribution 

Digitalisation and employment – 
Main policy challenges 



Back up slides 
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Selected references of extant taxonomies  
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Zolas	et	al.,	2021	(NBER	WP) 

Martinelli	et	al.,	2020	 

Balland	&	Boschma,	2021 

Bakhshi	et	al.,	2017 

IBM	Industry	4.0	classification 
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A summary of methodological steps 
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