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1. Introduction 
Recent technological developments, underpinned by the growth of the internet, have 
implications – both positive and negative – for a range of sectors and stakeholders. However, 
while the potential implications are wide-ranging, they are not necessarily predictable, linear 
or deterministic. Developing a better understanding of the implications of the complex issues 
associated with technologies is therefore of critical importance for governments, 
policymakers, businesses, academia and citizens.  
Incremental progress in technology could be expected to result in various economic and 
societal changes. However, technologies termed ‘disruptive’ or ‘game-changing’ are those 
transformative technological innovations with the potential to significantly reshape the way 
society does things, whether these be business and organisational practices or more generally 
associated with everyday life. Some technologies – such as artificial intelligence (AI) or 
improvements in battery storage – may develop as the result of incremental progress in a field 
and used in new, game-changing ways. Others – such as autonomous vehicles or blockchain – 
may provide opportunities for a fundamental reshaping of existing business and market 
practices and social organisation. While the impacts on markets and national economies are 
the most prominent examples, the changes go beyond the economic sphere. Significant shifts 
in business and consumption patterns may have wider socioeconomic implications as a result 
of the changing economic and labour patterns caused by the technology – such as the loss or 
displacement of some jobs, the creation of others, or the demand for new skills. 
While the role of new technologies in reshaping the manufacturing sector has received 
noteworthy attention (Eurofound, 2018), there are also key implications for the services 
sector. As noted in the previous section, as described in the following section, the services 
sector is taking on an increasingly important role in the EU economy. Understanding the 
implications of ‘game-changing’ technologies on the services sector will be essential for 
realising their benefits to society and the economy in Europe, as well as for minimising and 
preparing for the likely threats presented by the wider adoption of these technologies. The 
‘game-changing’ context here refers to the potential of such technologies to critically 
influence or significantly change outcomes related to existing markets, market actors, 
established value chains, prevailing legislative, regulatory paradigms, economic thinking, and 
socio-political order, amongst others. 1  
This working paper – one in a series of five working papers – presents the findings of a study 
that examined the socioeconomic implications and applicability of wearable devices to the 
services sector in Europe. This chapter presents the key objectives of the study, articulates the 
research approach adopted by the study team to meet the study objectives, and outlines the 
structure of the working paper. 

1.1 Objectives of the study 
The overarching objective of the study is to assess the potential applicability of the following 
five emerging and potentially ‘game-changing’ technology areas to the European services 
sector and the wider socioeconomic implications (Figure 1):  

• advanced robotics;  
• autonomous transport devices;  
• blockchain;  
• virtual and augmented reality (VR/AR); 

                                                      
1 Since there is no canonical definition of ‘game-changing’ technologies, as described here, game-changing technologies 
correlate to the concept of disruptive innovation which is often used to describe innovation that results in the creation of new 
markets and in some cases displaces existing market mechanisms including businesses, value networks, products and services. 
See Bower and Christensen (1995). 
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• wearable devices.  
The study has the following four specific objectives: 

• Objective 1: to assess the scope of applicability of the five technology areas to the 
services sector (and relevant subindustries where possible) in Europe; 

• Objective 2: to examine the potential implications of these technology areas on 
productivity and output and on work organisation; 

• Objective 3: to analyse the potential implications of the technology areas on 
employment and on skill levels;  

• Objective 4: to assess the potential implications on working conditions (including 
implications for and interaction with individual and collective employment relations 
systems). 

Figure 1: The five ‘game-changing’ technology areas covered by this study 

 
Source: RAND Europe. 

The five technology areas identified in the study are, to varying degrees, still in their infancy, 
in terms of (potential) widespread commercial applications and wider implications, yet they 
may have significant implications for the future of the services sector in Europe. The 
technology areas are listed in Table 1, along with brief high-level descriptions. The 
descriptions are not intended to be prescriptive or comprehensive; they serve as a general 
guide to the manner in which each technology area has been interpreted in the context of this 
study. In chapter 2, the working paper goes into more depth about the descriptions and 
characteristics of the specific technology area that is the focus of this working paper, namely, 
wearable devices. 
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Table 1: Brief high-level descriptions of the five technology areas 
Technology area Brief description 

Advanced robotics Advanced robotics refers to the improvements in machine dexterity 
and the machine’s ability to interact with its environment, as a result 
of which robots can be engaged in tasks that go beyond repetitive, 
discrete motions (Grant, 2012). 

Autonomous 
transport devices 

Autonomous transport devices are a field of technology that will allow 
vehicles to sense their environment and navigate without human input 
(Rohr et al, 2016). 

Blockchain  Blockchain technology is one of the most well-known uses of 
distributed ledger2 technologies (DLT), in which the ‘ledger’ 
comprises ‘blocks’ of transactions, and it is the technology that 
underlies a cryptocurrency such as Bitcoin (Deshpande et al, 2017). 

Virtual/augmented 
reality (VR/AR) 

VR is a computer-generated scenario that simulates a real-world 
experience (Steuer, 1992). AR combines real-world experience with 
computer-generated content (Azuma, 1997). 

Wearable devices ‘Wearables’ are technology devices comprised of an ensemble of 
electronics, software and sensors, which are designed to be worn on 
the body (Billinghurst and Starner, 1999). 

Sources: Azuma, 1997; Billinghurst and Starner, 1999; Deshpande et al, 2017; Grant, 2012; Rohr et al, 2012 

 
The five technology areas cover a wide spectrum of potential uses and outcomes associated 
with the underlying technologies. These vary from more artefact-based use cases related to 
autonomous transport devices, wearable devices, and virtual/augmented reality, to blockchain, 
which could be considered an underlying (back-end) technology that provides the basis for 
the application of the technology in relation to specific uses. Furthermore, there are overlaps 
and commonalities between the technology areas themselves depending on the manner in 
which they are interpreted and characterised, for example, advanced robotics and autonomous 
transport devices (in the context of drones) or virtual/augmented reality and wearable devices 
(in the context of the way in which ‘devices’ are interpreted). 
 
Recognising that the technology areas are in different stages of development and adoption, 
the study team adopted the following timelines (with 2018 as the baseline year) as a reference 
when discussing the trends and implications of the technologies:  

• ‘Near or immediate term’ refers to the developments likely to take place within the 
next 1–3 years 

• ‘Medium term’ refers to developments likely to take place within the next 4–7 years  
• ‘Long term’ refers to developments likely to take place in 8 years and beyond 

These timelines were informed by an initial scan of the available evidence and in consultation 
with expert advisors (see the annexes for more details).  

                                                      
2 A distributed ledger is a digital ledger (a computer file used for recording and tracking transactions) that stores 
cryptographically authenticated information on a network of machines, whereby changes to the ledger are reflected 
simultaneously for all holders of the ledger. 
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1.2 Research approach 
The study was conducted from November 2017 to November 2018, and organised in three 
discrete but overlapping phases, as illustrated in Figure 2. Each of these phases is discussed in 
turn in the sections below.  
The study team adopted a mixed-methods approach to design the study, relying on a set of 
carefully selected methodologies within each phase that were tailored to the study 
requirements. Throughout the study, the study team regularly consulted members of its 
advisory panel of experts (for example, to identify additional articles to review, to validate 
search terms, to suggest potential case examples and interviewee names, and to review the 
study team’s analyses). Additional context on these phases is provided in the annex, which 
also discusses the the limitations of the findings presented in the working paper. 
 
Figure 2: Overview of the main study phases  

 
Source: RAND Europe. 

1.2.1 Phase 1: Scoping phase 
The aim of this initial phase was to validate and provide the rationale for selecting the five 
technology areas to focus the study around, namely:  

• advanced robotics;  
• autonomous transport devices;  
• blockchain;  
• virtual and augmented reality;  
• wearable devices.  

Following discussions with Eurofound during the kick-off meeting, this ‘validation exercise’ 
was primarily aimed at assessing the extent to which these five technology areas remained 
relevant to the goals of this study. In addition, the validation exercise was aimed at ensuring 
that other emerging technology areas and existing technologies with transversal impact on the 
five technology areas were also considered. To implement the work in this phase of the study, 
the study team conducted a quick scan of the available evidence in the literature, as well as 
three scoping consultations with stakeholders that included cross-sector technology and 
socioeconomic experts. 
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1.2.2 Phase 2: Analysis and synthesis phase 
The study team aimed to collate and assimilate evidence related to the scope and relevance of 
the application of the technology areas to services sectors in Europe, their wider 
socioeconomic implications (for example, for employment, skills and working conditions, and 
work organisation and productivity), and specific case examples to provide illustrative 
snapshots of their applicability and implications. To this purpose, the study team used a 
bottom-up, evidence-based approach.  
For each of the technology areas, the authors carried out a comprehensive document review, 
web searches and conducted at least three key informant interviews with different 
stakeholders.  

1.2.3 Phase 3: Reporting phase 
Finally, the study team triangulated the findings with respect to each technology area in a way 
to address the main objectives of the study. 

1.2.4 Conceptual framework 
The conceptual framework for the study (Figure 3) provided an analytical instrument to assess 
the applicability and potential socioeconomic implications of the five selected technological 
areas to European services.  
First, for each technology area, the study team acquired a general understanding of the 
important trends that are taking place; this enabled the team to portray a picture of the current 
state of play of each technology, as well as its general direction of travel in the near to 
medium term. In parallel, the study team also analysed some of the notable driving forces 
(that is, enablers) for and barriers to the development and adoption of the technology areas.  
Second, the study team examined the (potential) implications of these technologies on several 
areas broadly linked to employment (for example, the changing nature of employment and 
tasks) and working conditions (for example, contractual arrangements and health and safety), 
skills (for example, levels and types), work organisation (for example, task allocation, work 
schedules) and productivity.  
The study team cross-analysed these factors in the context of different services sectors (and 
subindustries where possible) and geographical areas in Europe. Furthermore, where data are 
available, relevant snapshots on how the state of play varies in other parts of the world (for 
example, in the USA, China and Japan) have been provided. The study is largely qualitative 
in nature, but, where feasible, relevant quantitative data sources have been used to 
demonstrate the (potential) implications of the five technology areas.  
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Figure 3: Conceptual framework for the study 

 
Source: RAND Europe 

1.3 Structure of the working paper 
The rest of this working paper is structured as follows: 

• Chapter 2 provides an in-depth discussion about the development and adoption of 
wearable devices across the services sector. It highlights the main trends that 
characterise the development of wearable devices, as well as the associated driving 
forces and barriers. Some examples of specific applications in the services sector are 
also discussed. 

• Chapter 3 presents a detailed analysis of the socioeconomic implications of wearable 
devices on several key areas of the services sector, such as employment, skills and 
working conditions, and work organisation and productivity.  

• Chapter 4 brings together the key findings of the study against the primary 
objectives and the main elements of the conceptual framework.  

• Chapter 5 includes three ‘real-world’ case examples that demonstrate the 
applicability and implications of wearable devices in the services sector in Europe. 

• The annex contains additional details about the research approach, including the 
search strategy for literature reviews and the interview protocol, and discusses 
limitations of the analysis presented in this working paper.  
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2. Development and adoption of wearable devices 
This section provides an overview of wearable devices as a technology area, in conjunction 
with the overall trends shaping the landscape, important drivers and barriers for the adoption 
of wearable devices, and potential applications of the technology.   
2.1 Overview of wearable devices  
‘Wearables’ are technology devices comprised of an ensemble of electronics, software and 
sensors, which are designed to be worn on the body (Billinghurst and Starner, 1999). In a 
more recent context, with inclusion of data collection and transmission capabilities, wearable 
devices can be defined as ‘miniaturised computer and sensor devices, which are worn 
effortlessly on … the body of the wearer’ (Bauer et al, 2016 p. 531) and collect data on the 
person wearing the device and/or its environment.3 Wearable devices can be designed to 
provide information and possibilities for interaction with information at all times and are 
typically designed for hands-free operation (Bauer et al, 2016). Some wearable devices can 
literally be worn by their user as garments, in the form of smart fabric or smart garments, 
which enable digital components and electronics (such as sensors) to be embedded. Further 
miniaturisation, increased battery life and flexible components would even allow wearing 
these devices in the body of the wearer (Bauer et al, 2016), under the skin or in the blood 
stream, in the form of ‘implantables,’ ‘embeddables’, or even ‘ingestibles’ (Thierer, 2014).  
According to an interviewed European academic expert, the wearable technology industry is 
developing rapidly, so definitions are often ambiguous and struggle to encompass all the 
various products on the market. Since wearable devices are typically compact, they usually 
have little capacity for data storage, so are usually connected online to a cloud computing 
platform (Kleist, 2016). The rationale behind this class of technologies is therefore drawn 
from the portability of the end product, as opposed to the technique behind the technology 
(for example, blockchain) or its application area (for example, autonomous transport). 
Depending on the product design, the underpinning technology for wearable devices can 
involve (combinations of) the following technologies: radio-frequency identification (RFID), 
magnetic field, Bluetooth, ultrasonic, laser, video and static camera, global positing system 
(GPS), the Global Navigation Satellite System (GNSS), electrocardiogram, sensors and more 
(Awolusi et al, 2017). Depending on the number of sensors integrated in the device, the 
simplicity or richness of the data generated can create both structured data (such as from an 
accelerometer) and unstructured data (such as voice and video recordings) (Bauer et al, 2016).  

2.2 Trends shaping the wearable devices landscape 
Box 1. Summary of key trends in the wearable devices landscape 
• Interest and activity in relation to wearable technologies has seen an upward trend since 

2010. Forerunners are notably the USA, China, Japan and South Korea. Within Europe, 
most activity takes place in the UK, Germany and Spain. 

• While adoption is still low in Europe, experts assess a considerable market potential. 
• As of 2018, smart watches are the most prominent wearable. However, the range of 

products is growing. 
•  

Given that the wearable devices technology area is continuously evolving and the technology 
has yet to see widespread market adoption, this discussion uses patent applications and 

                                                      
3 Despite their portability and their near ubiquity in proximity to humans, smartphones are typically not classified 
as wearable technologies. Many wearables, such as smart watches, are compatible with and can be connected to 
smartphones. 
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published research as signals of market interest and activity in this technology area.4 This 
discussion is followed by other specific trends related to the wearable devices landscape.  
 
2.2.1 Interest and activity in wearable technologies  
Figure 4 shows that the number of patents5 filed for wearable devices6 has been increasing 
notably since 2010. 

Figure 4: Number of patents filed globally for wearable devices, 1995–2014 
 

 
Source: LexInnova, 2016. Original sourced with permission from LexInnova Inc.  

 
The overall trend in the patent activity in wearable devices (with a marked increase since 
2010) is also reflected if the trend across a number of different outputs other than patents is 
considered. Figure 5 draws on the findings from the Tools for Innovation Monitoring (TIM) 
project (TIM, 2018). The underlying data for this analysis are based on EU projects, patents, 
conference proceedings, book chapters and articles related to electronic/smart textiles7 which 
are used as an indicator for similar activity related to wearable devices as a technology area.  
 

                                                      
4 This discussion draws on the patent landscape reports available via the World Intellectual Property 
Organization’s (WIPO) website and the data on patents and research publications published by Tools for 
Innovation Monitoring (TIM), created by the European Commission’s Joint Research Centre (JRC).  
5 The aspects of wearable devices covered by these patents are: connectivity, processing, network infrastructure, 
and patents on specific applications (including medical devices, garments/body wear and 
manufacturing/fabrication) (LexInnova, 2016).  
6 In this analysis, the term wearable technology devices refers to electronic technologies or computing devices 
which are designed to be comfortably worn on the body (LexInnova, 2016).  
7 Electronic/smart textiles are fabrics that enable electronic and digital components to be embedded in them (TIM, 
2018).  
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Figure 5: Global trends for outputs related to electronic textiles (including patents 
and research publications), 1996–2018 

 
Source: Tools for Innovation Monitoring, 2018. Original sourced with permission from the European Commission 
JRC, TIM project.  

In terms of geographical coverage, the USA registers the most patents for wearable devices, 
followed by China, Japan and South Korea. Canada and Australia also emerge as countries 
with a strong patent portfolio in this technology area. As of 2015–2016, 40% of total global 
sales of wearable devices were in North America, with US-based firms, such as Medtronic, 
Abbott, Boston Scientific and Nike, being the most active if the wearables patents related to 
health and fitness markets are considered (LexInnova, 2016; ClearViewIP, 2014). Worldwide, 
companies such as Philips (the Netherlands), Seiko and Sony (both Japan), Nokia (Finland), 
and Samsung (South Korea) were some of the most active organisations if the patent activity 
in 2015 in relation to health (including medical devices) and fitness is considered 
(ClearViewIP, 2014; Parola Analytics, 2017). The technology companies IBM, Microsoft, 
Google, Apple and Intel (all USA) also feature prominently, along with Johnson & Johnson 
and Zoll Medical Corp (both USA and both important players in the medical devices and 
healthcare market) in terms of filing patent applications for wearable medical devices (Parola 
Analytics, 2017). 

Figure 6 depicts the amount of patent activity on wearable devices across the world, with 
darker shades of blue colour indicating higher numbers of patents filed. In Europe, the UK 
and Germany appear to be countries with high levels of patent activity, followed by Spain, 
France and Norway.  
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Figure 6: Geographical distribution of wearable devices–related patents, 2016 
 

  
Source: LexInnova, 2016. Reproduced with permission from LexInnova Inc. Darker shades of blue colour indicate 
more number of patents filed. 

The above analysis shows that investment in wearable devices as a technology area has been 
increasing across the world, with the USA, China, Japan and South Korea being the leaders in 
absolute terms in terms of the number of patents filed. Within the EU, the UK, Germany and 
Spain are the leaders. 

 
Box 2. Adoption trends for wearable devices (2018-2022) 

Given the relatively early stage of adoption of wearable devices, definitive sectoral data on 
their deployment are not yet readily available. However, a recent report on the future of jobs 
by the World Economic Forum (WEF) provides some indicative data on potential adoption of 
wearable devices from 2018 to 2022. This is based on a survey of companies across the world 
done over a nine month period (November 2017 to July 2018) with a focus on large 
multinational companies and other companies which contribute significant revenue and 
employment in a local context. The report used Occupational Information Network (O*NET) 
classifications of the sectors8. 

Overall, 48% of the participating companies identified wearable devices (referred to as 
wearable electronics in the survey and the report) as a technology they were likely to adopt 
between 2018 and 2022. When specific services sectors are considered, companies in the 
global health and healthcare sector (73%), automotive, aerospace, supply chain and transport 
sectors (61%), and aviation, travel and tourism (53%) reported a higher likelihood of adoption 
of wearable electronic devices in comparison to the consumer (45%), financial services and 
investors (49%), and professional services (35%) sectors. 57% of the companies surveyed 
identified Eastern Europe as a market for the adoption of the technology from 2018 to 2022. 
For Western Europe, this figure was slightly lower at 55%. Among the European countries for 
which national-level data are provided in the report, the share of companies identifying 

                                                      
8 The Occupational Information Network (O*NET) is a database of occupational definitions of work in the USA available online 
at https://www.onetonline.org/. It was developed under the sponsorship of the US Department of Labor/Employment and 
Training Administration (USDOL/ETA) in the 1990s. As of 2018, it is maintained by the US National Center for O*NET 
Development. See Mariani (1999) and National Research Council (2009) for more details.  
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France, Germany,UK, and Switzerland as potential markets for the adoption of wearable 
devices from 2018 to 2022 were 54%, 58%, 55%, and 61% respectively. 

The report concludes that to achieve positive outcomes vis-a-vis jobs in the wake of rapid 
technological change would require an emphasis on lifelong learning, reskilling, and 
upgrading of individuals’ skills across a number of occupational categories. In particular, 
technology skills as well as non-cognitive soft skills would become more important. 
Governments would need to upgrade education policies targeted at increasing education and 
skills levels for all ages; leverage public and private sector partnerships to stimulate job 
creation; and revise existing tax revenue approaches and social welfare programmes in line 
with the new economic and business models of work. Industries would need to support 
upskilling of current workforce to become more technologically skilled; contribute to building 
a sufficiently skilled talent pool; and adapt to the increasing influence of the platform 
economy. The report argues that as much as the workers would need to take ownership of 
their own lifelong learning, the governments and industries would equally need to support 
transition and reskilling at work.  

Source: Mariani, 1999; National Research Council, 2009; World Economic Forum, 2018 
 
 

2.2.2 The market for wearables 
Wearable technologies are rapidly becoming more popular. The market for these technologies 
has grown particularly since 2013. In Europe, although the rate of adoption to date has been 
low, the market potential for wearable devices is considerable (European Commission, 2016). 
Some projections suggest that the global wearables market will grow to USD 5 (€ 4.34) 
billion by 2020 (World Economic Forum, 2017). Others estimate a global growth of up to 
USD 70 (60.74) billion by 2025 (Harrop et al, 2015). 
The wide range in values of the projections concerning the wearable industry can partially be 
attributed to challenges in defining the term wearables. Projections for the wearable 
technology market encapsulate a combination of wearables and augmented and virtual reality 
(VR/AR) due to high-profile products in the market, such as Google Glass Enterprise and 
Microsoft HoloLens, that combine wearable and VR/AR functionalities. Additionally, there 
are varying interpretations of emerging products that ought to be included within the 
definition of wearable devices, and the range of interpretations has impacts on the total 
market value attributed to wearable technologies.  
In absolute terms, Europe has been lagging behind the USA and Asia with regard to patent 
filings, but some European companies are demonstrating breakthroughs in wearable 
technologies. The European Commission argues that Europe is well positioned to exploit the 
growth of wearables due to its strong electronic components and systems industry, which 
includes such companies as ST Microelectronics, NXP and ARM (European Commission, 
2016). Specifically, it highlights that Europe possesses key competences in smart textiles and 
medical wearables (European Commission, 2016). 
The wearable technology industry involves both large companies, spin-offs and start-up 
companies, and smart watches are the most prominent product on the market. Industry 
activity in smart watches is led by non-European players, such as Apple and Samsung 
(European Commission, 2016). According to an interview with a FIFA representative, Fitbit 
is one example of a company producing primarily activity tracking devices, which capture 
such information as the number of steps taken, sleep quality, heart rate and other personal 
health and fitness data (see also Raj and Ha-Brookshire, 2016). In 2014, two years after 
Fitbit’s inception, sales amounted to USD 745 (€ 646) million (Raj and Ha-Brookshire, 
2016).  
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2.2.3 Different forms, shapes and functionalities of wearable technologies 
The most prominent types of wearable devices available on the market are smart watches and 
fitness trackers, but the range of available products is growing. Examples of the types of 
wearable technology products are provided in Table 2.9 
 

Box 3. The Internet of Things as an infrastructure for wearable technologies 
The development and deployment of wearable technologies can be seen in the context of a 
wider trend, of increasingly embedded connectivity among a plethora of devices in 
households, companies and the public sphere. This phenomenon of a ‘seamless web’ of 
connectivity and ‘pervasive computing’ is referred to as the ‘Internet of Things’ (IoT), or 
‘machine-to-machine’ connectivity and communications (Evans, 2011). The IoT can be 
regarded as an extension of today’s internet, the value of which can only be truly recognised 
if different applications and devices work together seamlessly across and within different 
sectors, creating system-wide effects and enabling new capabilities and processes 
(Gunashekar et al, 2016). 
The discussions around IoT often revolve around its consumer applications, such as health-
tracking wearables, smart home devices and thermostats. However, the IoT has seen its 
application in industrial contexts grow, such as, for example, smart grids for utility networks 
(Gunashekar et al, 2016) or autonomous transport devices. The IoT can also present new 
opportunities to improve the efficiency and performance of public services, for instance, by 
constructing ‘smarter’ cities and enabling objects to become smart and internet-enabled, thus 
potentially reducing costs – for example, those relating to traffic incidents, improving road 
traffic management, or rolling out healthcare applications (BSI, 2014). Forecasts suggest that 
the market for IoT will continue to grow considerably. Bosche et al (2018), for instance, 
estimate that the combined markets of the IoT will grow to about USD 520 (€ 450.75) billion 
globally by 2021, more than double the USD 235 (€ 203.75) billion spent in 2017.  
Although many wearables are connected to the cloud via smartphones, they can still be 
considered part of the IoT. Connectivity is typically facilitated via WiFi or Bluetooth, but 
with increased pervasiveness of wireless access, cellular connectivity (for example, 4G and 
soon 5G) is becoming even more valuable as an important access methodology for the IoT. 
One of the main barriers to the adoption of IoT solutions has been the lack of interoperability 
with existing systems and architectures (Bosche et al, 2018; Gunashekar et al, 2016; Thierer 
2014).  
The main concerns vis-à-vis devices connected to the IoT relate to security and data 
protection. While security breaches in IoT applications in high-stake industries, such as in oil 
and gas supply chains and power grids, could have catastrophic consequences (Mumtaz, 
2017), a major concern for wearables is related to privacy. As discussed later in this working 
paper, due to their very nature, wearables tend to collect uniquely personal data of a 
potentially sensitive nature. Moreover, wearables could be susceptible to security breaches. 
Bluetooth technology, in particular, supports fairly basic levels of encryption (Thierer, 2014). 
And since data are often stored on the wearables themselves and wearables are prone to being 
lost or stolen, data protection needs to be considered for any sensitive data kept on them (Wei, 
2014). 

 
                                                      
9 They are illustrative examples of products that have gained attention in recent years for having been employed in 
services industries due to their applications for the workplace. The list of products is not an exhaustive list of the 
broad range of wearable technologies. Additionally, such wearable devices as smart jewellery (necklaces, bracelets 
and watches) or implantable devices and ingestible devices are included within wearables by some definitions. 
However, we have not included them in this analysis due to the lack of direct evidence of applications to work and 
employment in the services sector.  
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Some wearable devices are attached to the user, while more advanced wearables integrate 
sensors within the fabric of garments. Furthermore, some wearables, such as smart patches, 
which are technology-embedded, plain, light-weight, small-size fabric adhesives, can function 
as sensors themselves. Smart textiles and smart garments often have increased sensing ability, 
which could contribute to more accurate data collection. According to an interviewed 
European academic expert, a smart garment’s sensors can cover more surface area on the 
body and they are less noticeable for users and thus users might be less encumbered by these 
types of wearables (European Commission, 2016). In contrast, an interviewed automotive 
industry representative flagged that wearable devices, such as head-mounted displays, are 
sometimes criticised for their bulkiness, their burdensome weight and the decrease in mobility 
of their wearers.  
 
Table 2: Examples of wearable devices 
Examples of wearable 
devices 

Description 

Smart watches Smart watches are wearable computers in the form of a 
wristwatch, often with a touchscreen interface and associated 
smartphone connectivity. Sensors and other technologies offer 
opportunities for telemetry (such as long-term biomonitoring). 
Applications for such products as Apple Watch are being 
explored to study how these devices can be used to improve 
communications or increase productivity (McMahon, 2016). 

Smart glasses Examples of smart glasses include Vuzix Blade, Gogloo, 
Vufine+ and Google Glass. Google Glass Enterprise Edition 
was developed by Google specifically for industrial work 
environments (BBC News, 2017; Wired, 2017). The original 
Google Glass was geared towards consumers. Issues have been 
raised regarding its intrusiveness for consumers (e.g. in BBC 
News 2017). The new generation of smart glasses is designed 
for industrial settings for workers in logistics, field services and 
healthcare. Smart glasses make use of augmented reality (AR), 
which overlays virtual aspects onto the real world. This 
technology is discussed along with virtual reality (VR) in a 
separate working paper. 

Head-mounted displays Microsoft HoloLens is an augmented reality headset that is 
being piloted in the medical field to peer into patients for 
surgical operations (Hughes, 2018).  

Wearable video cameras Body-worn cameras, such as the TASER Axon cameras used by 
some police forces, typically involve video cameras that can be 
worn clipped to uniforms or as a headset (Coudert, 2015).  

  
Wrist PCs One example of wrist-wear PCs is Disney’s MagicBand, a 

plastic bracelet that uses data about the wearer to personalise 
their tourist and entertainment experience, for instance, by 
greeting them by name or allowing them access to venues based 
on their bookings, as well as guiding guests in semi-autonomous 
fashion around Disney’s resort (Kuang, 2015).  

Smart patches These are small and light-weight adhesive patches with 
technology embedded, such as those developed by Lief 
Therapeutics to measure heart and breathe rates, which generate 
data on stress (Farr, 2018).  

Smart textiles and 
clothing 

Smart textiles are embedded with sensors and conductive 
materials. They are being used in healthcare services to replace 
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Examples of wearable 
devices 

Description 

wired instruments that gather data on patients’ vital signs (Raj 
and Ha-Brookshire, 2016). For example, the ProeTEX project 
created a smart suit for emergency workers that provides 
emergency personnel with protection by continuously 
monitoring the wearer’s vital signals (for example, pulse) and 
environment (for example, chemicals, temperature), and seeks 
to aid in speedier follow-up of victims (Kiekens and Jayaraman, 
2012). Another example is WEALTHY, a wireless-enabled 
smart garment developed through the European Commission’s 
FP5 programme that continuously monitors biomedical signs of 
the wearer (Lymberis and Dittmar, 2007).  

Data gloves An example is the Mark glove, an ergonomic smart glove 
developed by ProGlove equipped with sensors and scanners to 
scan components with a single thumb control, alert workers 
about the potential for operational errors, automatically record 
workflow, and process compliance data. ProGlove is being 
tested in logistics operations to increase process efficiency in 
warehouses (Audi, 2016).  

2.3 Driving forces and barriers 
Box 4. Summary of potential drivers and barriers 
• Improvements in technologies that underpin wearable devices (such as sensor 

technologies and nanotechnologies) are driving the development of increased 
interoperability and technical improvements that increase the utility of wearable devices 
in the services sectors.  

• Wearable devices are drawing attention from the services sectors due to their potential to 
generate improvements in a range of areas, including health and personal safety, 
employee morale, productivity and performance, training processes, process and resource 
efficiency, and employee accountability.  

2.3.1 Potential drivers for the development and adoption of wearable devices 
There are a number of driving forces that have investors, technologists, business leaders and 
policymakers and other decision-makers interested in wearable technologies.  

Technical improvements and innovation in underpinning technologies 
Developments in the underpinning technologies can expand or enhance the functionalities of 
wearable devices. Advancements in integrated circuits, wireless communications, infrared 
technology, GPS technology, radio-frequency identification technology, Bluetooth 
technology, micro-electro mechanical systems and sensor technology are further improving 
intelligent monitoring capabilities of wearable devices (Awolusi et al, 2017; Bauer, 2016). 
Moreover, wearable devices are becoming increasingly miniature, lightweight, energy-
efficient and integrated into wireless networks (Curone, 2007).  

However, interviewees10 argued that to accelerate adoption, wearable technologies still 
require further improvements to their battery life, software systems, security infrastructure 
and data infrastructure. According to a European academic expert, the adoption of these 
wearable devices will also depend on the intuitiveness of these systems and the extent to 
which clothing-like wearable devices are fashionable.  

                                                      
10 Based on separate interviews with an industry expert and a European academic expert. 
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The same European academic expert also suggested that, research in the area of smart textiles 
is also contributing to a wider array of smart functions, which has further encouraged the 
development of wearable devices due to added benefits, such as 90% more contact between 
the smart textile and the skin and therefore increased sensing surface area (Lymberis and 
Dittmar, 2007). Moreover, smart textiles have other benefits, such as flexibility and, 
sometimes, disposability (Lymberis and Dittmar, 2007).  

Interoperability and convergence of data sources  
Given the strong interlinkages with other technologies and with the environment, 
interoperability and convergence tend to be important drivers for the adoption of wearables. 
Increasing interoperability of systems (the ability to allow for seamless connectivity between 
different hardware components and software applications) can also enhance wearable 
devices’ functionalities. While this is a broader issue related to the IoT, improving the 
interoperability of wearables, their data sources and their software and hardware environment 
will require considerable cooperation and coordination between firms. Increasing 
convergence between wearable devices for work and entertainment, as well as between 
wearable devices and social media, could also increase the likelihood of wider take-up of this 
technology (World Health Organization, 2017).  

Emergence of bespoke wearable devices for the workplace 
The development of wearables that are designed specifically for industrial purposes or for 
specific services sectors will also increase the attractiveness of using wearable devices (see 
Box 1). While services sectors that initiate feasibility studies on using wearables in their 
sectors typically buy the devices off-the-shelf, according to experts interviewed11 for this 
study some companies are beginning to develop their own software and hardware to 
independently manufacture or co-develop wearable devices with external companies to create 
bespoke products. The tailoring of wearable devices to specific workplaces could enhance the 
envisaged benefits of wearable devices, by ensuring they meet the requirements of the 
workplaces that are they are to be deployed in.  
 
Box 5. Google Glass Enterprise Edition 
One example of a relatively well-known assisted reality solution that leverages the combined 
benefits of AR and wearable devices for the workplace is Google’s Glass Enterprise Edition 
(Glass EE). Google Glass was evolved into the Glass EE, which was specifically developed 
as a workplace tool to help enterprises make productivity and efficiency gains, reduce costs 
and improve working conditions.  
The solution is built like a pair of glasses, with the choice of either using AR to overlay 
digital information on top of the real world on the frames, or allowing workers to shift 
between virtual and actual reality (Wired, 2017). These smart glasses are a lighter, cheaper 
and portable version of typical AR headsets. The Glass EE can also be equipped with 
customised software for the specific needs of enterprises.  
Glass EE could allow the user to gain efficiencies and productivity by overlaying 
instructions and real-time guidance on the screen and reducing inefficiencies associated with 
constant back and forth between computer screens and paper material. In the healthcare 
sector, in can be used to dictate notes as practitioners provide services, reducing the time 
required to type up patient notes and do other administrative work. It is also envisaged to 
reduce dependency on other workers and managers, eliminate distracting and inefficient 
physical manuals, improve accuracy of calculations, speed up access to help through 

                                                      
11 Based on separate interviews with an automotive industry representative and a KLM representative 
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livestreams of tasks for feedback and generate time and cost savings (Klara, 2017).  
The Glass EE is intended to be an evolution from the first generation of the Google Glass, 
which was made for consumer consumption and critiqued for the prevalence of technical 
challenges and the lack of clarity regarding its functionality. In 2014, Google initiated the 
Glass at Work programme for the original Google Glass, which inspired the development of 
Glass EE (Wired, 2017). Other improvements include longer battery life for long shifts and 
faster processing units to further support networking and collaboration at work.  
Although primarily envisaged to aid the manufacturing industry, the Glass EE is also 
relevant for the design and engineering sectors, which also contribute to prototyping 
processes. Levy (Wired, 2017) posits that applications for other sectors, such as healthcare 
services, logistics and field service, are also beginning to experiment with Glass EE, and the 
previous Google Glass model had already been used by luxury fashion brands, such as Diane 
von Furstenberg, and airlines, such as Virgin Atlantic Airlines (Wired, 2017). Firms that 
have begun experimenting with Glass EE include General Electric, Boeing, DHL, 
Volkswagen, testing and certification organisation NSF International, Dignity Health and 
Sutter Health.  
Comparable competitors in the European market include Proceedix in Belgium and 
Microsoft’s HoloLens and Project Fortaleza.  

Costs of healthcare and shift towards preventative healthcare 
Healthcare expenditure has outpaced economic growth in most European countries over the 
past few decades. With an ageing population, this trend is expected to continue. The baby 
boom generation is entering retirement age, and by 2050, 1 in 9 EU citizens will be over the 
age of 80, up from 1 in 19 in 2015 (Eurostat, 2017). Increases in the observed prevalence of 
chronic disease and mild disability, growing numbers of obese and overweight people, and an 
increasing prevalence of diabetes also contribute to the continuing rise in healthcare 
expenditure as a percentage of GDP. This trend has raised concerns about the financial 
sustainability of healthcare systems and placed emphasis on population-based interventions to 
promote healthy lifestyles and prevent disease. Measures for the prevention of chronic 
diseases, for instance, would deliver substantial health gains, with a very favourable cost-
effectiveness profile (Cecchini et al, 2010). Wearable technologies, such as activity trackers 
or health monitoring devices, can play an important role in this paradigm shift to preventative 
care. Several health insurance companies have already introduced incentives, offering 
discounts or compensation to wearers of activity trackers and other wearables. For example, 
the insurance company Vitality offers its members monthly repayments for an Apple Watch 
in amounts linked to different levels of physical activity thresholds that the individual reaches 
per month (Hafner et al, 2018). 

2.3.2 Potential barriers to the development and adoption of wearable devices 
In addition to the drivers that might accelerate the adoption of wearable devices, some 
barriers have also been identified that could inhibit or slow the deployment of wearable 
devices in the workplace.  

The financial cost of the transition to wearables  
The adoption of wearables requires an investment in the equipment and data infrastructure, as 
well as the maintenance of these systems. There is a degree of uncertainty regarding the costs 
of the transition to wearables in the services sector and how the costs would be apportioned 
between employers and employees. For public services, such as emergency services or the 
police, an additional consideration is whether government funds will be available to support 
the financial cost of the transition to wearables. Organisations will need to weigh the benefits 
of adopting the technology against the cost (World Economic Forum, 2017).  
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Technical challenges at device level and at data infrastructure level 
As various services sectors begin to test the feasibility of deploying wearables, technical 
challenges that hinder the smooth deployment of the technology could dissuade organisations 
from adopting wearables more widely. For example, police officers wearing body-worn 
cameras may find the device less useful if it is bulky, noisy and/or unable to maintain battery 
life until the completion of operations. Increases in battery life, lighter and more robust 
materials, and designs that increase comfort of wear (in terms of temperature and weight) 
could make wearable devices more functional for continuous and secure use (Cognizant, 
2015). Furthermore, the functionality and added value of wearables are highly dependent on 
the infrastructure in which they operate. The service-oriented architecture to leverage 
interoperability across data systems and wearables and to achieve high-velocity data 
exchanges still need to be established (Bauer, 2016).  

Trust and privacy concerns 
The large-scale adoption of wearable technologies in services sectors may in part be 
hampered by employee apprehension regarding continuous surveillance. The potential for 
abuse or increases in pressure to reach job performance benchmarks could lead to reluctance 
for employees to buy in to the adoption of wearables in workplaces (Bauer, 2016). 
Furthermore, there are legitimate concerns about data privacy and security governance, which 
could lead to employee apprehension regarding these technologies (Ruud et al, 2014).  

Data protection regulations, such as the EU General Data Protection Regulation (GDPR), 
were cited by several interviewees12  to be a key consideration when adopting new 
technologies, including wearables, in the services sectors. The legal framework in Germany, 
for example, includes co-determination laws that seek to ensure a high degree of worker 
participation in decision-making of industrial workplaces. This includes decisions on the 
deployment of novel technologies. Legislation is required to discourage actors from 
infringing on individual privacy. According to interviewees13, legislation may also act as a 
barrier to adoption due to the limitations for the use of all the data gathered by wearable 
devices. However, none of the interviewees indicated that data regulations would necessarily 
dissuade enterprises from adopting novel technologies.  

2.4 Emerging applications in the services sector 
Wearable devices have a range of applications in the services sectors that include 
performance enhancement, activity tracking, worker health and physiology monitoring and 
physical protection. The technology is often used as a tool to enhance workers’ physical and 
perceptual abilities (Deloitte, 2018). Specifically, wearable devices are being used to augment 
workers’ strength, endurance, vision, hearing and situational awareness (Deloitte, 2018). In 
addition, another prevalent application for services sectors is the use of wearable devices to 
track movements for tactical coordination. In some sectors, wearables have applications for 
personnel who are required to undertake a high degree of mobile teamwork.  

2.4.1 Remote health monitoring 
Wearable devices can be used for remote healthcare monitoring by gathering physiological 
and biomedical data of patients (Raj and Ha-Brookshire, 2016). Wearable health systems can 
also involve connections between wearable devices and ambient sensing systems in homes 
with integrated health monitoring systems (Andreu-Perez, 2013), which can support at-home 
medical management. Moreover, healthcare professionals themselves can use wearables to 

                                                      
12 Based on separate interviews with a FIFA representative, an automotive sector representative, and a KLM 
representative. 
13 Based on separate interviews with a FIFA representative, and an automotive sector representative. 
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generate histories about their day. Access to data on the wearer’s physiological status can also 
help wearers self-manage their health. Wearable devices can provide wearers with safety 
assessment tools, workout injury prevention, and metrics on physical conditioning and 
performance (Awolusi et al, 2017).  

In the defence sector, various wearable devices that measure military personnel’s biomedical 
data while in the combat environment and training environment are of interest (Raj and Ha-
Brookshire, 2016). In 2014, the Spanish ministry of defence initiated ‘ComFut,’ a Future 
Combatant project, that sought to draw on expertise from various disciplines, including 
wearable instrumentation, textile technology, signal processing and psychology, to develop 
specialised equipment for military personnel (Seoane et al, 2014). The project sought to 
explore military clothing that could incorporate biomedical sensing for the management of 
stress of military personnel in real-time combat. In the defence sector, access to real-time 
health monitoring is particularly urgent, and wearable devices could aid in providing real-time 
alerts of health emergencies during training or in combat (Lim et al, 2010).  

2.4.2 Personnel safety monitoring  
Wearable devices are also used by soldiers, police, disaster relief workers, fire service 
personnel and paramedics to monitor their safety and accountability in outdoor, dynamic and 
potentially dangerous environments (McFarlane and Wilder, 2009). Work in field services 
typically requires agile responses to dangerous environments, disasters or political upheavals 
(McFarlane and Wilder, 2009). For firefighters, field medical personnel and soldiers, having 
the ability to access highly localised, real-time data on environmental metrics, such as 
temperature, oxygen levels, hazardous gases and toxic chemical leaks, can be life saving 
(Awolusi et al, 2017). Some wearable devices also have proximity detection functionality, 
allowing wearers to avoid potential collisions in a timely manner, which could also prevent 
hazardous situations.  

Similarly, for services sectors involved in complex infrastructure systems, wearable devices 
can be employed to monitor workers by continuously collecting data on the job site, detecting 
environmental conditions and assessing the proximity of the worker to any areas of potential 
danger. In architecture, which is characterised by the prevalence of remote work sites, project 
data can be accessed and shared through wearable devices (Awolusi et al, 2018).  

2.4.3. Remote coaching and information delivery 
For emergency services, such as the police, firefighters and paramedics, wearable applications 
that provide remote communication support and feedback from other teammates in high-risk 
and highly dynamic work environments can be beneficial. In police services, wearable 
technology can augment crime scene investigation procedures through coaching from 
remotely situated experts, which can support the identification and production of more 
credible evidence, in a safe and reliable manner (Datcu et al, 2016). Benefits could include 
improvements in the manner in which crime scene investigators make use of appropriate 
scientific practice, but it might also improve subsequent identification, collection, analysis 
and interpretation of evidence material. For fighter pilots, products such as Striker® II 
combine AR and wearable technology to deliver information that fighter pilots need to 
complete missions.  
2.4.4 Performance enhancement  
Many types of wearable devices are designed to augment human capabilities and to overcome 
physical limitations. According to an interview with a European academic expert, wearable 
devices can compensate for fatigue through devices such as smart gloves and exoskeletons.14 
                                                      
14 Exoskeletons are supportive external frames that can be worn to support the body and that can augment human 
physical capabilities for jobs that require increased strength, speed and endurance (Wakefield, 2018). One could 
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These devices aid in identifying objects, acquiring information and avoiding errors, which are 
more likely to occur through fatigue, according to the same interviewee. In the transport 
sector, wearable devices are being developed to promote safer driving and flying and to 
provide navigation or threat information to the driver or pilot. For example, the Fujitsu 
Vehicle ICT FEELythm detects whether drivers are getting drowsy by measuring their pulse 
in order to potentially prevent vehicle accidents caused by human fatigue (Fujitsu, 2015).  

Wearables can also be used to enhance performance by providing users with feedback on 
progress, which they can utilise to adapt strategies and work plans. In the sports sector, 
wearable devices can contribute to the optimisation of professional athletes’ performance 
(Awolusi et al, 2017). Heart rate monitors, GPS watches and pedometers are already 
commonly used in this sector, and wearable technology is being incorporated in a range of 
equipment and smart clothing used by professional athletes to monitor performance. For 
example, in the USA, the National Football League uses sensors on the helmets of American 
football players to detect concussions, and in Major League Baseball, smart compression 
shirts have been used to measure arm movement and technique to determine a pitcher’s 
effectiveness (Awolusi et al, 2017). Another example is devices analysing movements and 
determining the peak of the upper arm internal rotation, wrist flexion, shoulder rotation and 
forward motion of tennis athletes (Awolusi et al, 2017). In professional golf, wristband GPS 
devices are commonly used during practice sessions for players to improve swing mechanics 
(Awolusi et al, 2017). For runners, wearable applications, such as outdoor navigation, virtual 
coaching and fitness monitoring (Awolusi et al, 2017), can be beneficial. 

2.4.5 Information gathering on service users 
Aside from gathering information on employees, the services sectors can also use data 
gathered on service consumers to provide better services. For example, an interviewed 
industry expert indicated that wearables are expected to initiate changes to point-of-sale and 
customer service processes (see also PwC, 2015) . Specifically, wearable devices in 
development are being designed to find ways of helping customers queue better and check out 
more quickly and more independently and to integrate real-time input into marketing, 
advertising and purchasing decisions (PwC, 2015). Wearable devices will allow data 
integration between consumers’ homes, on-the-go and in-store experiences through 
functionalities typically available on wearable devices, such as passive listening elements and 
active cues, logging consumer preferences (PwC, 2015).  

  

                                                                                                                                                        
argue that exoskeletons can be classified as wearables, as they are ‘worn’ by a human being and designed to 
support the wearer. However, this study focusses on wearables that collect and/or process data about the wearer or 
the wearer’s environment.  
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3. Potential socioeconomic implications of wearable devices 
As the deployment of wearables in the workplace is still largely in its infancy, evidence on 
their realised socioeconomic impacts is sparse and fragmented. Most studies are prospective 
and focus on potential impact. Pilot and feasibility studies, however, continue to be 
implemented as interest in the potential benefits of wearable devices grows. Many envisaged 
socioeconomic impacts of wearable devices are expected to be derived from wearable 
solutions’ ability to provide employees with access to real-time information, which will drive 
up data sharing and data integration. Some devices have functionalities that provide data for 
decision-support systems; automate data capture or speed up communication and information 
sharing transactions. These could lead to more data-driven and results-oriented management 
systems and process efficiencies. There is a possibility that, in order to achieve this level of 
data integration, workplaces in the services sectors will increasingly place their employees 
under greater surveillance and scrutiny.  
Wearable devices are also expected to make new, quicker and more effective modes of 
training and education of personnel possible. There are conflicting messages in the literature 
regarding whether wearable technologies are set to increase or decrease employee well-being, 
with some projected impacts including decreased employee workloads and stress levels, as 
organisations learn to use data gathered on employee health and well-being information to 
manage workflows more efficiently to enhance productivity. On the other hand, wearable 
devices are also envisaged to increase employee stress levels as employees are subjected to 
increased scrutiny.  
3.1 Impact on productivity and outputs 
Box 6. Summary of potential implications for productivity and output 

• Hands-free design is a common feature of most wearable devices, and this feature could 
help improve process efficiency and productivity. 

• Reducing reliance on manual tasks and monitoring through wearable devices can save 
time and cut error frequency. 

• Wearable devices could result in improved inter-employee communications.  

3.1.1 Hands-free design for increased process efficiency and productivity  
The hands-free aspect of wearables could increase productivity by integrating multiple steps 
that workers undertake to accomplish tasks.  
In clinical practice, wearables could enable physicians, nurses and hospital staff to receive 
relevant, context-aware information, such as patients’ electronic medical records, during 
medical examinations without needing to consult a repository of paper-based information 
(Accenture, 2015).  
In the law enforcement sector, hands-free systems could help with data capture at crime 
scenes for criminal investigation (Baber et al, 2005). Typically, crime scene evidence is 
captured through written notes and interchanging between holding items and using a pen. 
This behaviour could be sped up through automated logging of recovered items through 
wearable technology (Baber et al, 2005).  
In the defence and policing sectors, wearables, such as smart garments, could improve the 
agility and mobility of officers in the field, particularly when heavy equipment, such as 
batteries, protective gear and communications equipment, can be replaced by the 
functionalities of smart textiles. This could reduce the burden of equipment that military 
personnel carry (Silberglitt et al, 2017). Some smart textiles are equipped with the ability to 
transfer data to command and control systems or to harvest and store energy (Li et al, 2016). 
These could then subsequently improve the effectiveness of operations and mission outcomes 
by increasing the stealth and survivability of military personnel (Silberglitt et al, 2017).  
Before automotive products, such as cars, are ready for delivery and sale, they undergo visual 
inspections for testing and quality control; hands-free visual inspections for testing and 
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quality control through wearable devices that are coupled with the appropriate supporting 
information could reduce the probability of error for this repetitive task (Cognizant, 2015). 
Tasks such as manual checking typically involve the repetition of several tasks for long shifts 
and therefore are at higher risk of human error due to fatigue (Cognizant, 2015). By reducing 
reliance on manual checking, wearable devices can help save time and cut error rates. The 
FP6-funded WearIT@work project implemented a prototype that was trialled to support 
workers in the vehicle inspection process and found that the prototype reduced error 
frequency (Cognizant, 2015).  
3.1.2 Improved team communications  
Wearable device functionalities can bring about efficiencies in the workplace by facilitating 
quicker and more effective communications (Dellea et al, 2016) between management and 
employees, as well as between collaborating teams. As availability of data on work processes, 
the environment and team behaviour improves, central management will be able to plan 
certain processes and tasks more effectively.  
For example, McFarlane and Wilder (2009) carried out a field experiment in military stability 
and support operations with a prototype wearable projector-camera system that enables users 
to access human-computer interaction services. The results suggested that there is potential in 
the defence sector for these wearables to increase efficiency of mobile teams by huddling 
together collectively to plan or evaluate an operation’s progress (McFarlane, 2009). The 
authors argued that collaborative discussion is made more efficient by more accurate, 
detailed, real-time knowledge on team member location and mission progress.  
Wearable devices can be integrated with the daily workflow of communication and 
documentation by recording or communicating images and sound that document daily 
activities during the workday (Aungst and Lewis, 2015). If integrated with electronic health 
records for instance, smart glasses could help health professionals track patient progress and 
document the working day instantly and with fewer errors (Aungst and Lewis, 2015). Instant 
access to data, such as the patient’s identification information or physiological status, could 
be particularly helpful to healthcare personnel in disaster management situations, and could 
allow for information to be sent to the hospital prior to the arrival or triaging of patients 
(Aungst and Lewis, 2015). As per an interviewed  European academic expert, if these impacts 
are realised, wearables may have the possibility of replacing tools that are currently in use 
(Aungst and Lewis, 2015; INT04).  

3.2 Implications for work and employment 
Box 7. Summary of potential implications for work and employment 

• Wearable devices can gather data on services sector employees, which could transform 
human resource decision-making processes and make them more data driven.  

• Data gathered by wearables could be leveraged to generate time, cost and manpower 
savings for services sectors.  

• The hands-free design of the majority of wearable devices on the market could support 
process efficiency and productivity.  

• If adopted widely, wearable devices could create large volumes of data about employee 
behaviour and performance, which could generate unease with services sector employees 
and present legal and ethical challenges.  

• Wearable devices could support the development of more effective training processes.  
• New roles and skills requirements may emerge as wearable devices proliferate in the 

services sectors.  
• Wearable devices could generate improvements to health and safety if employers use data 

gathered by wearables to improve corporate well-being programmes. But there is mixed 
evidence as to whether they support health and safety through decreasing work-related 
injuries or burnout.  
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3.2.1 More data-driven and results-oriented human resource management 
Continuous monitoring will provide managers with large volumes of valuable data on 
employees and consumers, which managers can then leverage to inform decision-making. 
According to an interview with a European academic expert, this could allow managers to 
pursue more data-driven strategies. However, an interviewed industry expert reported that 
data collected by wearables provide only a partial picture of activity in the workplace. Unless 
all employees make use of wearable devices, data can only be gathered on the limited number 
of individuals using wearables.  
In architectural and engineering activities more accurate, real-time progress tracking data 
gathered by wearable devices could contribute to more effective control of the planning, 
design and execution of complex infrastructure projects. Virtual reality headsets, for instance, 
may interact with project plans through fully immersive and interactive software combined 
with sensors (Navigant Construction Forum, 2016). The headsets may provide designers, 
engineers and managers more accurate information to base their decisions on (Awolusi et al, 
2017). The ability to more accurately locate and track the allocation of resources can also 
contribute to improvements in the management of productivity and safety (also see chapters 
3.1 and 3.2.6).  
A secondary impact of the efficiencies generated and the more efficient use of resources 
could then, in turn, lower costs to the organisation by optimising workflow assignments and 
routines (Accenture, 2016). In the healthcare services, around half of the time spent during 
GP appointments is spent on the treatment and care of long-term conditions (HeRC, 2018). 
Wearables may empower patients with long-term conditions to become ‘managers of their 
own care’ through actionable care planning. In doing so, wearable devices can be used to 
contribute to a more efficient distribution of resources in healthcare services.  
3.2.2 Higher employee scrutiny and performance standards  
A potential externality of continuous monitoring of employees could be the subjection of 
employees to greater scrutiny. Video- or sensor-based surveillance can be used as a 
transparency mechanism or to encourage productivity, both of which could be labelled as the 
‘increasing commodification of human labour’ (Manokha, 2017). This can also lead to unease 
for employees who are placed under constant monitoring while carrying out their work.  
According to an interviewee, continuous surveillance of employees through wearable devices 
could potentially trigger changes in the behaviour of workers. For example, one experiment in 
the media agency Mindshare asked employees to wear three types of activity trackers: an 
accelerometer wristband, a portable brainwave monitor and a posture coach. After one month, 
productivity had risen by 8.5% and job satisfaction by 3.5% (Rutkin, 2014). It is also possible 
that workers might experience stress over reaching their targets, which Ethan Bernstein at 
Harvard Business School (cited in Rutkin, 2014) labels the ‘transparency paradox’. This 
increased level of stress could have a counterproductive effect on productivity.  
There are some concerns regarding the possible implications of an increasing degree of 
scrutiny on employee performance through wearable devices for job-related performance 
benchmarks (Coudert et al, 2015; Kleist, 2016). An additional risk could arise if employers 
decided to use previously collected data on employees to discriminate against employees who 
did not achieve the expected performance benchmarks (Kleist, 2016). Increasing scrutiny of 
job performance could even lead to job losses if employees are found to be underperforming. 
Kleist (2016) argues that ‘without an adequate policy that maintains employee privacy rights 
and protects employees from employer mandated performance standards, employers risk 
losing a valuable tool which has been demonstrated to increase employee productivity and job 
satisfaction while boosting bottom line corporate profits.’  
In the police services, wearable devices, such as body-worn cameras, could be used to 
document events that enhance agency transparency and accountability (Coudert et al, 2015). 
Documentary evidence generated by wearable devices could be perceived to be a reliable 
source of information on police interactions with the public and used as evidence to 
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investigate complaints about officer-related incidents (Coudert et al, 2015). By enhancing 
accountability, wearable devices could also improve police officer performance by 
encouraging respectful and lawful interactions (Coudert et al, 2015). Proponents of this 
application for wearable devices could argue that interference in the police officer’s privacy 
could be justified by the need to protect citizens from a disproportionate use of force, in light 
of public calls for increased police accountability (Coudert et al, 2015). At the same time, 
evidence from police body-worn cameras could also be used by officers to capture and 
demonstrate their perspective of events and reduce reliance on oral testimony if allegations 
are made of police misuse of force (Coudert et al, 2015). 
In 2014, Cambridge University’s Rialto Experiment compared the experiences of 500 
frontline police officers in Rialto, California. After an initial year of data collection to 
establish a baseline, half of the police officers were assigned to wearing body-worn cameras 
and the other half to operating in control conditions, through a process of random selection 
(Ariel et al, 2017). For this study, police officers were asked to document their interactions 
with the public over a period of 12 months. This documentation was then analysed in 
conjunction with the number of incidents of use of force, as well as the number of citizen 
complaints against the police involving each officer (Ariel et al, 2017). The experiment found 
a 50% reduction in the number of incidents of police use of force in the group that wore 
police body-worn cameras in comparison to the control group and a 90% reduction in citizen 
complaints compared with the 12 months before the experiment began (Ariel et al, 2017). 
Issues related to employee safety are further discussed in chapter 3.1.6.  
The potential consequence of greater access for employers to data about employee activities is 
a risk for a reduction in workers’ bargaining power as employers gain increasing knowledge 
regarding the performance, and potentially the underperformance, of employees. Government, 
unions and the legal community could begin to prepare for the possibility of needing to 
protect employees in cases where companies violate the privacy rights of employees, and to 
define which uses are appropriate (Kleist, 2016). Conversely, as much as wearable devices 
could generate risks, data generated through wearable devices could also empower workers 
by providing them with an empirical basis to demonstrate high performance.  
According to an interviewed European academic expert, in some countries, such as Germany, 
co-determination laws15 are strict and works councils are highly vigilant towards the potential 
misuse of employee surveillance. As a result, the same interviewee suggested that the 
deployment of new policies, such as those introducing new technologies, requires 
consultation with works councils to ensure the protection of employees. Trade unions appear 
to become increasingly vigilant about digitisation and the potential impacts on privacy and 
data protection of technologies such as wearable devices (see also Moore et al, 2018; INT04). 
An interviewed automotive industry representative argued that, since the service industries 
are not as well covered by trade unions and work councils as the manufacturing industry (see 
also Nowak, 2015), and they could be subject to more risk. Start-ups that offer new services, 
informal workers, or freelancers working in creative services were also mentioned by an 
interviewed European academic expert to be typically less protected by trade unions and work 
councils. However, in its first evaluation of the EU’s Digital Agenda, ETUC (2015), the 
European umbrella organisation for trade unions, emphasised the protection of personal data 
as a fundamental right.  
3.2.3 More effective modes of training  
Wearable devices can speed up induction processes for new employees (Dellea et al, 2016) 
when they have functionalities that can be utilised for remote guidance (Khakurel et al, 2017), 
such as real-time instruction and feedback (Dellea et al, 2016). Through wearable devices, 

                                                      
15 Co-determination refers to the involvement of workers to participate or vote for representatives in management 
of the companies they work for.  
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supervisors could give real-time guidance, providing one-on-one feedback to the learner 
(Khakurel et al, 2017). Additionally, wearable devices could be used to play context-aware 
instructional videos or to live-stream service and installation procedures, as well as support 
real-time troubleshooting exercises (Cognizant, 2015). Wearable devices could also be used 
on demand to support learning for service and maintenance personnel access procedures and 
guidance whenever they encounter unfamiliar situations or require further assistance 
(Cognizant, 2015).  
In the healthcare sector, wearable devices, such as smart glasses, could enhance medical 
training. Rather than observing a teacher demonstrate a procedure, students may use wearable 
devices that combine wearable and VR/AR functions and allow them to simulate first-person 
experiential learning (Aungst and Lewis, 2015).  
Videographic footage gathered by wearables, such as police body-worn cameras, is being 
used for instructional purposes in the police services. For example, police-worn body cameras 
could be used as a tool to show police officers in training how to behave during difficult 
encounters with the public or to provide police officers with constructive feedback (Coudert 
et al, 2015). Some law enforcement agencies also use footage to demonstrate exemplary 
performance by showing their footage at awards ceremonies (Coudert et al, 2015). Post-hoc 
viewings of cadet officers’ encounters on-the-job as they begin their work could be used to 
provide cadets with personalised feedback that could support their quicker development. 
Footage could be reviewed independently or as a group to exploit the learning and 
development opportunities that footage gathered by police body-worn cameras could yield.  
Several demonstrations of the use of wearable devices for ‘tele-mentoring’ have also already 
been conducted. The advantage of tele-mentoring, facilitated by wearables, is that it is able to 
leverage the benefits of providing students with more independence and experience while still 
maintaining a safety net through virtual supervision by a senior (Aungst and Lewis, 2015).  
The EU’s Sixth Framework Programme for Research and Technological Development (FP6) 
funded the wearIT@work integrated project, which investigated the effects of wearable 
computing in various industrial working environments. As part of the project, the impacts of 
wearables on personnel training throughout a range of engineering and testing tasks in a 
Skoda production facility in the Czech Republic were studied (Cognizant, 2015). Smart 
glasses worn by the trainees facilitated semi-autonomous learning methods through mobile 
and context-sensitive support that alerted trainees in real time when errors were detected or 
tasks were performed incorrectly (Cognizant, 2015).  
Another pilot study, by Russell et al (2014), demonstrated how students could be taught how 
to perform a bedside ultrasound via tele-mentoring facilitated through Google Glass. The 
method combined wearable and AR functionality, which involved instructors providing 
instructions remotely, and obtained the same results as students being taught in person 
(Aungst and Lewis, 2015). Another feasibility study, by Vallurupalli et al (2013), on a cardiac 
fellowship programme tested the use of Google Glass in patient scenarios related to 
cardiology and demonstrated the possibility of remote medical training through wearable 
technology and remote oversight of students and residents as they gained clinical experience 
(Aungst and Lews, 2015).  
3.2.4 Demand for new skills and jobs 
Wearable devices are typically designed to complement human capabilities, rather than 
automate them. It seems, therefore, that the risk of job losses following the introduction of 
wearable technologies is relatively low. There is limited evidence for the impact of these 
technologies on employment. Task and resource distribution, however, could change as a 
result of the potential to create more efficient processes and reduce costs.  
Some projections suggest that, as wearable devices proliferate, there will be a growing need 
for personnel who are able to manage and maintain the equipment (Silberglitt, 2017). In 
addition, there will be increasing demand for additional skills for people managing wearable 
systems (Silberglitt, 2017).  
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A number of interviewees highlighted that new jobs are emerging in various services sectors. 
An interviewed European academic expert highlighted that a common recurring problem in 
the services sectors is that wearable devices are generating so much data that it can become 
time consuming for personnel to review and analyse the data retrieved. An interviewed  FIFA 
representative posited that, the sheer volume of data generated by wearables is likely to 
require dedicated data managers. For example, in the sports sector, there has been an 
emergence of new roles, such as data scientists and database managers, the same interviewee 
said. An interviewed Finnish police force representative highlighted how, in the Finnish 
police services, the deployment of body-worn cameras raised concerns regarding the potential 
labour costs of analysing these data, and efforts to recruit additional personnel for this 
purpose are underway. 
3.2.5 Improved worker health and well-being  
Some sources have indicated that the increasing use of wearable technology could lead to 
improved employee well-being (Kleist, 2016; Dellea et al, 2016), for instance, if employers 
use data gathered on employees to manage workload to reduce fatigue, stress or ill health. 
Wearables could be used to monitor the effectiveness of corporate well-being strategies, and 
data collected could be used to refine the well-being programmes of employers (Khakurel, 
2017).  
Work pressure could lead to fatigue and consequently to injuries. Access to data about 
employee fatigue and stress levels could encourage employers to consider employee benefits, 
such as flexible working hours, fitness incentives, free health screenings and lower health 
insurance premiums (Dellea et al, 2016). Companies such as Barclays, the UK bank, and BP, 
the oil company, are examples of companies that have trialled the use of wearable fitness 
trackers to track employee health as part of corporate well-being programmes (Ram and 
Boyde, 2018). For example, in one study in the USA, a financial institution asked 
approximately 280 employees to wear activity trackers and provided incentives for employees 
to reach 10,000 steps a day (Giddens et al, 2017). The study found that the prolonged use of 
activity trackers increased employees’ daily step count. It concluded that it was both the 
company’s distribution of wearable devices that tracked employees’ health and the 
surrounding framework of the incentives provided by the corporate well-being programme 
that ultimately encouraged employees to engage with the technology (Giddens et al, 2017).  
Some companies that have begun to implement data gathering approaches through wearables 
and ICT as part of their health and safety promotion programmes have found that by placing 
more attention on worker’s health and safety, they were able to reduce health care costs 
(Khakurel, 2017). Khakurel (2017) argues, however, that most companies are unaware of the 
benefits that wearables that are embedded in well-being programmes could bring to their 
employees’ work-related stress levels.  
An unintended consequence of the increasing use of wearable devices in the workplace is the 
potential for a subsequent increase in employee anxiety (Wilson, 2013). Continuous data 
collection on employees could generate a feeling of constantly being watched, as Wilson 
explained using an example from Tesco (see Box 8).  
 

Box 8. Wearable armbands at a Tesco distribution centre 
In 2004, Tesco, a British multinational groceries retailer, signed a multimillion Euro deal with 
a technology company to deploy wearable devices across 300 of its locations in the UK. And 
in one of its distribution centres in Ireland, Tesco has introduced wearable smart armbands to 
track products they are gathering. Whereas the workers would otherwise spend time marking 
clipboards, they can now navigate the 87 aisles of three-story shelving hands-free. The device 
also automatically allocates tasks to workers and predicts task completion time to optimise the 
logistics of moving across the facility’s more than 15 km of shelves and 111 loading bays. 
The armband provides analytical feedback and verifies completion of specific tasks.  
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These investments in wearable devices have reportedly led to considerable efficiency gains. 
According to Wilson (2013), a management science researcher at Accenture, the number of 
full-time equivalents required to operate a supermarket of about 3,700 m2 has dropped by 
18% between 2007 and 2012. This reflects a remarkable return on investment. However, 
according to Wilson (2013), Tesco employees have complained about the increased level of 
surveillance, which, they argue, does not necessarily lead to better quality of work.  
Source: Wilson, 2013. 

 
3.2.6. Increased personnel safety 
Wearable devices that are being developed for safety in the workplace typically involve direct 
physical protection, environmental monitoring functionalities to detect hazards and 
environmental stresses (Silberglitt, 2017), or communication functionalities to facilitate 
tactical coordination (McFarlane, 2009). In addition, data gathered by wearables is being used 
to process information on areas that hold risks that endanger personnel (Yang et al, 2016).  
Some protective wearable solutions that have been developed include wearable transceivers 
such as GALILE (Senyurek et al, 2011), which are designed to detect potential emergency 
situations for workers who work alone. Wearable solutions sometimes also involve protection 
from occupational heat stress, which occurs when workers’ tasks involve uninterrupted 
physical activity in hot environments (Pancardo et al, 2015). The body of knowledge on the 
use of wearables devices to support ambient safety in the workplace is sometimes called 
ambient assisted working (Pancardo et al, 2015).  
In the military, in high-risk environments, soldiers continuously maintain movement to 
acquire temporary cover from objects, hazardous conditions or hostile attacks (McFarlane, 
2009). In these situations where forces are highly mobile but have low visibility, 
communications facilitated by wearables can lead to considerable safety benefits. 
Furthermore, wearable exoskeletons that extend human capabilities, for example, to deal with 
hazardous substances, can be used in such high-risk environments as well. In the aftermath of 
the Fukushima nuclear accident, for instance, an exoskeleton has been used to for clean-up 
work at the former nuclear power plant (Greenemeier, 2011). 
Other types of wearable devices draw on data from the wearers’ movements to create a profile 
of safety risks within a given environment. Where traditionally incidents or near misses are 
typically reported ex-post, these data are recorded in real time and can be used to build 
histories of where work injuries tend to happen. This could generate improvements in 
management strategies to prevent injuries in the future and could contribute to workplace 
safety planning. Hazardous jobs in the services sector that could potentially benefit from this 
include jobs in large infrastructure projects or jobs where workers are dealing with high 
voltages. A study by Yang et al (2016) found that dangerous working spots could be 
identified by triangulating data gathered by various employees’ wearable devices.  
In the healthcare sector, wearable devices are being developed to automate the recording of 
events and to make improvements in handling emergencies which can cause medical 
accidents in hospitals (Kuwahara et al, 2003). In nursing care, for instance, workers are 
typically exposed to high work pressure while handling emergency situations. Capturing 
event histories in this profession, potentially recorded by wearables, can help analyse 
accidents and prevent them in the future (Kuwahara et al, 2003). Poonja et al (2018) sought to 
measure how wearable devices affect well-being initiatives for emergency medicine residents 
or physicians working in the healthcare services. The study investigated how wearable 
activity monitors affected the sleep and rest of 23 residents who wore the device for 50% of 
the respective days and nights during the observation period. However, the authors found no 
statistically significant correlation between resident-perceived wellness survey scores, sleep 
interruptions, average daily sleep minutes, daily step count, or average daily active minutes.  
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Wearables can also be used to improve health and safety of drivers or pilots working in 
logistics or other forms transportation. Wang et al (2015) demonstrated the feasibility of a 
technique for detecting a driver’s fatigue through a wearable device and of electrical muscle 
stimulation to relieve the driver of fatigue without affecting the normal driving. Liu et al 
(2015) demonstrated how wearable devices could be used to track drivers’ steering wheel 
angle inputs, which could track drivers’ vehicle motion and identify unsafe driving. In 
aviation, a feasibility study successfully used wearable devices to show how a wearable bio-
signal monitoring system could be used to measure the condition of pilots who fly in extreme 
flight environments, which could contribute to improved flight safety (Kim et al, 2017).  
3.2.7 Unintended consequences for personnel safety 
Although wearable devices are often designed to increase personnel safety, some unintended 
impacts could, paradoxically, be a decrease in personnel safety.  
Some research (for example, Ariel et al, 2017; RAND Europe, 2016) indicates that wearable 
devices such as police body-worn cameras have led to increases in cases of assault against 
police officers. One explanation could be that activating the body-worn camera during tense 
situations could trigger aggression against the wearer if activation is interpreted as a 
provocation. One study, based on a meta-analysis of 10 multisite and multinational 
randomised controlled trials, found that the prevalence of assault against police officers was 
15% higher when they wore body-worn cameras (RAND Europe, 2016). An alternative 
explanation could be that police officers gain more confidence in reporting incidents of 
assault against the police due to the availability of documented evidence of assault. In this 
case, the potential impact could be the empowerment of police officers to report on workplace 
incidents that affect their safety.  
Wearable devices, such as head-up displays (HUD) or wearable displays, that project 
messages and information in drivers’ or pilots’ line of vision could offset the potential safety 
benefits of wearable devices by distracting them from driving with information and tasks (He 
et al, 2018). A study with 29 participants, some receiving notifications through a head-up, 
wearable display and some receiving notifications through a smartphone on a table during a 
simulated virtual reality driving scenario, concluded that both groups demonstrated impaired 
driving performance (He et al, 2018).  
3.2.8 Improvements in working posture 
In various sedentary service jobs, poor working posture is a common problem that could be 
corrected by introducing wearables in the workplace. The physical strain of poor working 
posture in sedentary jobs often leads to a high degree of back pressure, which, in the long 
term, could lead to lower back disorders (Khakurel, 2017). Other types of work-related 
physical pressure could come from jobs that require tiring and painful positions or repetitive 
arm or hand movements (Khakurel, 2017). Luo et al (2013) sought to understand how 
wearables affect stooped work and found considerable improvements in lower back physical 
demands. Dunne et al (2007) reported that wearable sensors can approximate the accuracy of 
expert visual analysis and provide enough accuracy of measurement to reliably monitor 
seated spinal posture. Some ‘wearable robots’, also termed exoskeletons, such as Robot Suit 
HAL (Kawabata et al, 2009), have been developed specifically to control working posture for 
various workplaces, in both the industrial and services sectors. For example, a legs-only 
version of HAL has been used for disabled health care professionals and factory workers.   
3.2.9 Increased access to service user data to provide better services 
In the healthcare services, continuous monitoring of patients’ vital signs through at-home 
monitoring facilitated by wearable devices could lead to healthcare professionals’ access to 
higher-quality data and more reliable data (Tricoli et al, 2017). This, in turn, could lead to 
more accurate data that could be used to support early diagnosis in the healthcare services 
(Amft, 2018). Examples of such wearable devices include smart patches that continuously 
monitor blood pressure (Institution of Engineering and Technology, 2014). In the long term, 
access to rich data on patients’ health could also lead to more personalised healthcare (Sandia 
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National Laboratories, 2014). Moreover, continuous data gathering on patients through 
wearable devices could allow doctors to monitor the health of patients in their own homes and 
potentially enable earlier interventions that prevent the deterioration of patients’ health or the 
onset of disease (Hall and Luhesi, 2017). Clinicians’ access to rich data gathered by wearable 
devices could drive new modes of patient-clinician interaction that can allow healthcare 
professionals to consider preventative measures and lifestyle changes (NHS England, 2016). 
Also, readings from irregular clinic visits have demonstrated mixed results in terms of 
accuracy in comparison to at-home procedures (Agarwal and Weir, 2013; Zhu et al, 2008). 
This phenomenon is sometimes called the ‘white coat phenomenon’ (Agarwal and Weir, 
2013; Zhu et al, 2008).16 Wearable devices, such as wearable microneedles, can analyse and 
continuously record physiological data, which minimises the need for patients to spend time 
on-site. 
Patients’ increasing self-management of their personal health could reduce healthcare 
professionals’ workload, which could allow clinicians to prioritise urgent cases (Lewy, 2014). 
Currently, healthcare professionals typically require the patient to physically visit a clinic in 
order to obtain data on vital signs, such as heart rate and blood pressure, which can be a time- 
and labour-intensive task.  
In retail, advertising and marketing services, wearable devices attached to consumers are set 
to generate more interconnected datasets between the consumer’s preferences and behaviour 
pre-store and in-store (PwC, 2015). Sales and customer service processes could change to 
facilitate speedier purchasing. Moreover, brands’ promotional spending, which is a key 
source of funding for retailers for in-store merchandising, could open opportunities for 
collaboration between retail and marketing (PwC, 2015), particularly for novel types of in-
store merchandising. Advertising companies are already investigating how to deliver 
messages to consumers more directly through wearable devices, such as smart watches, 
glasses and headgear (PwC, 2015). More direct access to the consumer could allow 
advertising to curate content that is more relevant and engaging for consumers, with 
optimised push and pull of information (PwC, 2015).  
 
Box 9. Wearable devices and the risks to security and privacy  

Wearable technologies may generate and collect a host of personal data about, for instance, 
the wearer’s location, age, sex, height, weight, preferences or behaviour. The potential 
privacy and security implications of such data collection and storage remain problematic. 
Wearers of these devices, whether they are employees or consumers, often do not ‘own’ these 
personal data. Instead, data may be collected and stored by the device manufacturer or a third 
party. Piwek et al (2016) highlight that this could present a paradox for the user: they may 
own the device, but not the resulting data. Manufacturers may even charge their users a fee 
for access to their own personal data, and (upon consent) it may be sold to third-party agents.  

Even anonymised data do not necessarily offer pertinent privacy protection, as algorithms 
have the ability to cross-reference data sources with individuals’ ‘digital traces’. Research 
suggests that such approaches can be remarkably accurate in approximating and collating 
personal data (see, for example, Lambiotte and Kosinski, 2015).  

Furthermore, wearable technology can be vulnerable to cyberattacks. Actors with malicious 
intent may find weaknesses in the security of communication technologies that aid the 
transfer of data between wearables and smartphones (Kirk, 2014). While, as suggested above, 
the physical impacts of hacking an individual wearable device may be limited (with the 

                                                      
16 For example, white coat hypertension is a condition in which people demonstrate a higher blood pressure in 
healthcare settings than they would in their usual day-to-day life. This phenomenon is thought to be due to alerting 
reactions or anxiety. See, for example, Pickering et al (1988).  
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exception of life-saving medical equipment, such as an implantable cardioverter defibrillator, 
for example), large-scale cyberattacks could lead to lost, distorted or compromised personal 
data for large groups of employees or consumers.  

Legal protection of personal data, such as those collected by wearables, has improved 
considerably since the introduction of the EU’s GDPR in 2018. Although collecting and 
processing these data without explicit user consent is unlawful, Jülicher (2018) argues that 
even those users who take it upon themselves to read multipage privacy policies have 
difficulties in assessing what actually happens to their data. In some cases these risks are 
mitigated for employees. Some of the transpositions of the EU GDPR into Member States’ 
national law explicitly recognise workers’ rights to privacy when using their employers’ 
digital tools. Spain has enacted a new law, the Organic Law on Data Protection and Digital 
Rights Guarantee (LOPDGDD) in 2018 to this effect (Jefatura del Estado, 2018). As a result, 
the employers are only authorised to access content derived from employee use of employers’ 
digital tools - which include data gathered via wearables - when this is to monitor compliance 
with the employees’ professional or legal obligations and to confirm the integrity of the 
provisions. Employers will have to establish a set of criteria for using such tools that comply 
with minimum privacy rights standards and that are in accordance with social practice and 
rights as recognised in the national legislation (see Jefatura del Estado, 2018).  

Sources: Jefatura del Estado, 2018; Jülicher, 2018; Kirk, 2014; Lambiotte and Kosinski, 
2015; Piwek et al,2016 
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4. Conclusions 
This study aimed to understand the implications of wearable devices as a potential game-
changing technology area to the services sector in Europe. The findings suggest that wearable 
devices are at a relatively early stage of adoption in the services sector. Although the 
outcomes related to jobs, required skills, working conditions and workplace practices in the 
services sector are still emerging and vary significantly depending on the needs of the 
different sectors, early adoption trends and high-level implications can be discerned, as has 
been outlined in chapters 2 and 3 of this working paper. This section summarises the key 
findings in relation to the primary objectives and the main elements of the conceptual 
framework outlined in chapter 1.  
 
4.1 Applicability of wearable technologies in the services sector 
The characteristic of wearable devices is indicated in their name: they can be worn. 
Wearables may take the shape of gloves, armbands, goggles, adhesive patches and many 
other forms. But they are all equipped with technology, such as miniaturised computers or 
sensors, which collects data on the person wearing the device or its environment. Some 
wearable devices can literally be worn by their user as garments enabled with digital 
components and electronics. Wearable devices can also be used as supportive tools to 
complement workers’ capabilities or to transfer learning from experienced to inexperienced 
workers. Furthermore, they have the potential to monitor the user’s environment and inform 
the user of important or potentially harmful conditions. The market for wearable technologies 
has grown rapidly in the last few years, and it is projected to continue doing so. Most firms 
leading in wearable technology are based in the USA, while in Europe, the United Kingdom 
and Germany appear to be leading. Certain trends towards miniaturisation, more lightweight 
materials, energy efficiency, integration into wireless connectivity and interoperability 
increase the likelihood of wider take-up of this technology.  
4.2 Potential implications of wearable technologies on productivity, 
output and work organisation 
Although the amount of quantitative evidence on the impacts of wearable devices on 
workplaces in the services sector is limited, early studies do show that they have the potential 
to offer efficiency and productivity gains. In particular, as these technologies tend to be 
integrated in the professional’s work apparel, they can increase productivity by integrating 
multiple steps that workers undertake to accomplish tasks. Wearable devices have a range of 
applications in the services sectors that include performance enhancement, activity tracking, 
worker health and physiology monitoring and physical protection. Applications have been 
particularly prominent in healthcare services and military services. But in order to leverage 
wearable devices’ potential to support greater efficiency and productivity in the services 
sectors, technical improvements in battery life, software solutions and the comfort and 
usability of devices are required.  

The efficiencies in the workplace may be brought about by facilitating quicker and more 
effective communication, for example, between management and employees. The availability 
of a data stream on work processes, the environment and team behaviour can help steer 
certain processes and tasks more efficiently. But in order to prepare organisations for 
optimising work processes through the use of data collected by wearable devices, there is a 
need to develop process and infrastructure arrangements. 
4.3 Potential implications of wearable technologies on employment and 
skill levels 
Since wearable devices do not necessarily automate pre-existing processes, the risk of 
workers losing their jobs appears to be relatively low. Instead, the majority of wearable 
devices on the market are designed to complement human abilities and make employees’ 
work easier, safer or more efficient. Efficiency gains and cost reductions may, in turn, lead to 
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changes in task and resource distribution. Although new job roles, involving data analysis 
skills, will be required to support employers in making sense of the large quantities of data 
collected, overall, there are few signs that wearable devices could have a considerable impact 
on job creation or loss.  
4.4 Potential implications of wearables on working conditions 
There is considerable potential for wearable devices to improve the health and safety of 
workers in the services sector. This is particularly the case for wearable devices that offer 
direct physical protection (for example, smart gloves), environmental monitoring 
functionalities to detect hazards and environmental stress, or communication functionalities to 
facilitate tactical coordination. There is also potential for improved well-being in the work 
place, but the evidence is inconclusive about this impact. Data generated by wearable devices 
as part of corporate well-being programmes, for instance, have not yet shown a measurable 
improvement in employees’ health and well-being.  

Wearable devices that are emerging to circumvent workers’ physical stress could be 
promising, but these are expensive. Costs have been a barrier, for example, in the adoption of 
wearable devices developed to improve safety in extreme work environments or increase 
endurance and minimise strain to reduce work-related injuries. More evidence on the 
effectiveness of wearable devices in real-world workplaces is required.  

However, increased monitoring of employee activity, personal health, biomarkers and other 
indicators could also create unease for employees. Ethical and legal considerations related to 
data protection and privacy may, therefore, hamper the uptake of wearables in the services 
sector. Wearable devices have the potential to increasingly collect personal or sensitive data 
on employees. This increased scrutiny of employees would be at the detriment of employee 
privacy rights, but, ultimately, it may risk employees’ bargaining power for employers to be 
able to access a considerable amount of information on employees. Equally, as wearable 
devices may weaken employees’ information position, data generated through wearable 
devices could also empower them by providing an empirical basis to their performance or 
behaviour.  
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5. Real-world case examples illustrating the applicability and 
potential implications of wearable devices  
Below, three examples of ‘real-world’ applications of wearable devices are described. The 
examples are intended to illustrate rather than assess the applicability and implications of 
wearable devices in the services sector. Instead of offering insights on a broad range of 
impacts for wearable devices (as has been presented in chapter 3), the case examples are 
meant to succinctly exemplify potential or realised implications in one or two (or more, where 
information is available) NACE sectors. The examples are meant to enrich the overarching 
analysis presented in this working paper by offering a real-life illustration of how these 
applications have had or will have implications in practice. 
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Table 3: Case Example 1: Wearable devices in football  

Wearable devices in football 

Location: Pan-European 

Example services sector(s) the case example applies to: 
• Sports activities, amusement and recreation activities (NACE sector R93. 1. 2 – 

Activities of sport clubs) 

Background and overview of the technology: The European football industry is valued at 
around €25. 5 billion. The Fédération Internationale de Football Association (FIFA) is the 
international governing body for football. Every four years, FIFA organises the World Cup, 
which is the world’s most widely viewed and followed sporting event, involving national 
teams from all over the world. In 2015, FIFA announced plans to develop a standard for what 
it terms ‘electronic performance tracking systems’, to support the implementation of wearable 
technology in official matches (Alvarez, 2017).  
Wearables could be used to enhance teams’ competitive edge over rivals by allowing them to 
leverage data that can inform choices, such as deciding which players ought to play and who 
would have the highest impact as a substitute player (Wired, 2018). Gaining a competitive 
edge in professional football, where winning and losing can be decided by slim margins, the 
financial impacts can be considerable (Wired, 2018).  
Illustrations of potential socioeconomic implications: According to the interviewed FIFA 
representative, wearable devices are already being used in training to optimise player 
performance. In Europe, most clubs and academies are already using wearable devices to 
improve training outcomes. Former Real Madrid player and youth coach José María Gutiérrez 
Hernández stated that, ‘It definitely changed, and at the end of my career we had data from 
everyone from training matches.… We retrieve the data, extract it and analyse it using the 
software. Then we can compare data with the objectives we set for each session and draw 
conclusions on how the training went and the player’s form, then we consider how to apply 
this information to upcoming matches’ (Wired, 2018). A similar case was made by Smith 
(2016), who argued that ‘Trainers may also be able to identify players that are training below 
their individual requirement to reach full potential.’ Wearable devices could also help players 
self-measure daily activities, sleep cycles, nutrition habits and more, which could then 
contribute to optimised training outcomes.  
Data collected through wearable devices can contribute to injury prevention, by allowing 
central management to quantify and control players’ training loads (Wired, 2018). Leicester 
City Football Club had the fewest injured players over the season in 2016, which could be due 
to the club’s use of wearable devices (specifically Catapult Sport’s OptimEye S5) and the 
data associated with them (Wired, 2018).  
An interviewed FIFA representative suggested that these technologies have contributed to the 
emergence of new job roles in the football industry. Data scientists are beginning to 
contribute to decision-making processes, joining other authorities, such as lawyers and 
coaches. The same interviewee said data analysts and data specialists have been introduced in 
the workplace to monitor and analyse trends in the industry andhere is also a need for 
personnel to provide assistance and technical support, such as assisting players to wear the 
devices correctly and managing the use, upkeep and technical aspects of the wearables, as 
well as database managers. This interviewee (a FIFA representative) projected an overall net 
increase in jobs as a result of the integration of wearable devices, although there may be a 
redistribution of roles and responsibilities. According to the same interviewee, for example, 
coaches’ subjective opinion is now augmented by data analytics processes of data collected 
by wearables and of other data sources.  
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The interviewed FIFA representative highlighted that scouts who subjectively assess the 
potential of a player could increasingly rely on historical data collected by wearables. Data on 
biological development, nutritional records and biomedical records from the past two to three 
years could support scouts’ decision-making processes and allow them to identify potential in 
previously undervalued players.  
As per this interviewed FIFA representative, in the future, the industry will explore using 
wearable technologies in matches. This could allow medical personnel to provide better care 
to players during matches.  
One potential ethical challenge regarding data privacy and security of personal data is that 
data collected by wearables is proprietary to the teams, which could lead to privacy and 
security challenges for individual players who work in clubs. Moreover, one interviewee 
noted that, in Germany and the UK, there are club deals that exchange data on each other’s 
players, which could lead to less control over personal data, according to the interviewed 
FIFA representative. Furthermore, players may have limited control over the use of their data 
if they are obliged to wear a wearable device to work in the industry. Since football is also 
part of the entertainment industry and viewers are able to watch and record the game, there is 
uncertainty regarding whether that data belong to the person and what types of data ought to 
be considered public or private. New data protection legislation, such as the EU General Data 
Protection Regulation, may hamper the collection and sharing of such personal data.  
Ultimately, the football industry is only likely to make use of wearable devices inasmuch as 
these technologies augment the entertainment factor of the game. The interviewed FIFA 
representative indicates that the, impacts on players’ careers and decision-making during 
games that could detrimentally affect entertaining aspects of the game are likely to be avoided 
by the industry. For example, too much scrutiny on whether a goal ought to pass or not may 
eliminate the enjoyment audiences derive from disputing scores during the game.  
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Table 4: Case Example 2: Ergonomic smart gloves in Germany  
 

Ergonomic smart gloves in Germany 

Location: Germany 

Example services sector(s) the case example applies to: 
• Wholesale and retail trade (NACE sector G) 
• Transportation and storage (NACE sector H) 
• Administrative and support service activities (NACE sector N) 

Background and overview of the technology: ProGlove is a Munich-based start-up 
company, founded by a former BMW employee (Deutsche Verkehrs-Zeitung, 2018).  
ProGlove develops ergonomic smart gloves, such as the ‘Mark’ glove, which is equipped with 
sensors and scanners to scan components with a single thumb control, alert workers about the 
potential for operational errors, automatically record workflow, and process compliance data. 
The Mark glove has been used by the BMW Group.  
ProGlove received its initial seed funding through a competition called ‘Make It Wearable’, 
with financial support from Intel Capital, Gettylab and Bayern Capital (Deutsche Verkehrs-
Zeitung, 2018). The project subsequently received financial support through the University of 
Munich’s innovation arm, UnternehmerTUM, which enabled the company to develop, test 
and co-design its product, in collaboration with BMW.  
Simultaneously, the car manufacturer BMW embarked on a strategy seeking digital solutions 
that enhance processes in terms of efficiency, quality and ergonomics (BMW Group, 2016). 
According to an interviewed automotive industry representative, BMW is deploying 
ProGlove products in Munich, Dingolfing, Regensburg, Leipzig, Berlin and Oxford, and 
around 230 BMW employees have begun using ProGlove products since 2015 (BMW Group, 
2016). Besides BMW, other automotive industry players, such as Audi (Schuchardt, 2017), 
Mahle and Skoda, have also started using ProGlove products (BBC News, 2016).  
An interviewee stated that BMW staff found that the process of physically transporting 
component parts, then scanning and taking the object back to its location was a cumbersome 
process. An interviewed automotive industry representative highlighted that this led to a pilot 
with the wearable device. Whereas workers previously had to read labels and scan barcodes 
through traditional manual scanners, the glove allows workers to scan items and document 
their work while keeping their hands free (Deutsche Verkehrs-Zeitung, 2018). The battery life 
of each unit lasts through an eight-hour shift, and the device costs €1,300 per unit (BBC 
News, 2016). 
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Illustrations of potential socioeconomic implications: In BMW’s Dingolfing plant, which is 
the company’s largest warehouse, ProGlove was credited with saving workers four seconds 
per scan (Deutsche Verkehrs-Zeitung, 2018), which implies they were enabled to expand their 
productivity by 8.3 full-time equivalent per year. The device integrates several steps of the 
order picking process into one and could potentially improve the situational awareness of both 
the person at the production line and the manager, who is able to access detailed information 
on work processes (IQ, 2014). According to an interviewed automotive industry 
representative, the ProGlove solution increased efficiency by simplifying tasks. The ProGlove 
did not appear to have a measurable effect on the accuracy of the processes; the number of 
errors remained very low after the wearable device’s deployment, said the same interviewee. 
By keeping the error frequency low, the technology holds potential to further increase process 
quality in BMW’s order picking processes.  
ProGlove also provides physical protection similar to normal working gloves, which could 
reduce the incidence of injuries and therefore increase occupational safety.  
Since thousands of BMW workers already use protective gloves, the familiarity of the 
wearable device was seen by one interviewed stakeholder to contribute to process stability, 
despite the transformation of processes through technological change.  
As per the interviewed  automotive industry representative, in order to prepare workers to use 
new technologies, an interviewee reports, BMW is implementing changes to its training 
structures with a view to ensuring that professional development programmes equip workers 
with competences that will be required in future work environments.  
Another variable that affects the impact of ProGlove is the comfort of the device’s use. An 
interviewed automotive industry representative suggested that, due to high outside 
temperatures in Germany during the summer of 2018, and because of BMW’s policy of never 
imposing new technologies on workers, many workers chose not to use the gloves. According 
to the same interviewee, in the future, the usability of the device is therefore dependent upon 
such factors as temperature control, weight, comfort and the collection of measurable data on 
their efficiency.  
Critically, workers’ acceptance and voluntary take-up of the technology is seen as a 
prerequisite before new technologies are deployed more widely in the organisation. As per the 
interviewed automotive industry representative, the voluntary nature of the technology’s 
deployment means that data gathered through the device do not yield a full overview of the 
behaviour of workers and the device is therefore not perceived by management as a useful 
tool for organisational planning. The same interviewee suggested that this policy also 
encourages workers to perceive the wearable device as an assistance system, as opposed to a 
surveillance system.  
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Table 5: Case Example 3: Wearable devices in Finnish police forces  

Wearable devices in the Finnish police forces 

Location: Finland 

Example services sector(s) the case example applies to: 
• Administrative and support service activities (NACE N80 – Security and 

investigation activities)  
• Public administration and defence (NACE O84. 2. 4 – Public order and safety 

activities) 

Background and overview of the technology: The Finnish police services are relatively 
small. According to an interviewed Finnish police force representative, the number of police 
officers per capita is among the lowest in the world. The same interviewee discussed how due 
to the relative small size of its police force, and due to shrinking budgets for the police 
services, the Finnish National Police Board explored how emerging technologies, such as 
body-worn cameras, could be used to support police officers in their work. The model of 
body-worn camera used is manufactured by Reveal Media according to the same interviewee.  
As per  the interviewed Finnish police force representative, based on accounts of positive 
impacts of police body-worn cameras in other countries, police officers in Helsinki called for 
a trial of body-worn cameras. The trial initially started with 30 bodycam units, attached to the 
breast pockets of uniforms, that record video and audio (Yle, 2016). The rationale behind 
using video cameras was twofold: first, their potential deterrent effect on violence, with the 
aim of reducing the incidence of violent behaviour against police officers; and, second, their 
potential to generate higher-quality evidence on crimes (Nordic Business Insider, 2017). The 
identification of funding streams that could sustain the broader rollout of police body-worn 
cameras has presented a challenge, and according to an interviewee from the Finnish police 
force, there has been no decision as to the broader rollout in other constabularies to date.  
The adoption of police body-worn cameras is aligned with Finland’s legal and regulatory 
framework. However, an interviewee from the Finnish police force noted that regulations 
governing the recording, processing and storage of data are underdeveloped. The initial 
guidelines issued in 2015, which were still in place as of 2018, state that the police officer 
should decide when to start recording and when to end. However, these guidelines are due to 
be refreshed and updated (Yle, 2016). An interviewee from the Finnish police force expects 
that more clarity will be introduced on policies regarding appropriate circumstances for 
recording.  

Illustrations of potential socioeconomic implications: An interviewee from the Finnish 
police force indicated that police officers appreciated the hands-free design of the body-worn 
cameras, which free officers’ hands for self-protection during fieldwork. Additionally, the 
interviewee from the Finnish police force indicated that the hands-free design allows for more 
efficient and accurate evidence collection, freeing officers’ hands from manual documentation 
of their encounters. In Finland, evidence collected by police body-worn cameras has been 
used in several court cases according to the interviewed Finnish police force representative. 
Police body-worn cameras could introduce more accountability and increase police officers’ 
quality of work through the surveillance of police officers’ behaviour. On the other hand, the 
neutrality of the footage is constrained by officers’ discretion over whether cameras are 
turned on or off, which could allow officers to construct narratives, suggested the same 
Finnish police force representative. From the police officers’ point of view, the interviewed 
Finnish police force representative argued, the collection of data on their behaviour and the 
scenes that police officers encounter could lead to evidence that could be used to implicate 
officers in crimes.  
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In order to prevent the incrimination of police officers, the Finnish Police Federation’s 
Organisation Manager stated in the Nordic Business Insider (2017) that ‘nobody has a duty to 
testify against oneself’. According to this report, the federation demanded that police officers 
retain the right to delete evidence of crimes they commit from the recorded footage. At the 
same time, body-worn cameras could be used to corroborate police officers’ professional 
conduct if needed (Nordic Business Insider, 2017). Due to these privacy issues, a National 
Police Board working group decided that recordings by body-worn cameras used by the 
Helsinki police department will be deleted after 96 hours (Nordic Business Insider, 2017).  
Police body-worn cameras generate a need for new rules of working. Beyond impacting the 
privacy of police officers, the deployment of police body-worn cameras could also impact the 
privacy of members of the public. For example, police officers responding to an emergency 
call could accidentally record sensitive material involving members of the public (Nordic 
Business Insider, 2017). One of the main challenges facing police officers is the ambiguity 
regarding the appropriate circumstances in which to record their encounters on the job. In 
public spaces, rules for recording are largely clear, but on private property, the location must 
be identified as a crime scene before police officers are permitted to record using their 
bodycams (Yle, 2016). As a result, some police officers could hesitate to turn on their 
bodycams and miss opportunities to gather valuable evidence (Voice of Europe, 2016).  
An interviewee reported that, at the same time, there might be some reluctance among police 
officers to be subjected to increased surveillance. In the interviewee’s view, this could strain 
employer-employee relations as well as police-community relations. Finnish liberal party 
board member Aki Kivirinta stated that, ‘if police officers do not trust their colleagues and the 
justice system enough to believe that the camera footage will only be accessed in court and 
therefore refuse to leave the cameras on at all times, why should we trust them?’ (Yle, 2016). 
Notwithstanding some of these reservations, the interviewee from the Finnish police force 
notes that, on the whole, the police force has viewed the introduction of body-worn cameras 
as a positive development.  
According to the interviewed Finnish police force representative, in the future training 
methods will need to be designed to provide more clarity on appropriate circumstances to 
record, since police officers typically only have moments to decide how to act during critical 
encounters on the job.  
In addition, the large quantities of data generated by police body-worn cameras can further 
constrain police forces’ limited manpower and productivity if recorded footage is time-
consuming to view, analyse and store (Nordic Business Insider, 2017). As per the interviewed 
Finnish police force representative, due to the Finnish police force’s limited personnel, the 
priority for their management is to ensure that police officers are in the field as much as 
possible and spend little time doing desk-based work, such as analysing electronic evidence. 
According to the same interviewee, in the future, there could be more demand for new jobs 
and skills or automated ways of analysing recorded data.  
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Annex – Further details about the research approach 

Phase 1: Scoping phase 
As noted in chapter 1, the main objective of this phase was to validate the five technology 
areas to focus the study around and to examine the extent to which the technology areas 
originally identified by Eurofound (that is, advanced robotics, autonomous transport devices, 
blockchain, virtual and augmented reality, and wearable devices) remained relevant to the 
goals of this study. In addition, the study team aimed to ensure that other technologies with 
potentially cross-cutting impact on the five technology areas – such as Artificial Intelligence 
and data analytics – were also considered. 
As part of the validation exercise, the study team surveyed white and grey literature,17 
including journalistic and blog sources, as well as company reports and individuals’ websites 
focused on horizon scanning of science and technology. Key sources of literature targeted by 
the study team included reports by international organisations (for example, OECD, World 
Economic Forum and World Bank), documents from European Commission sources (for 
example, European Political Strategy Centre), industry sources (for example, McKinsey, 
Deloitte, and Accenture), academic literature (for example, Harvard Business Review and 
MIT Technology Review), and sources from think tanks or third-sector organisations (for 
example, Pew Research Centre, Lisbon Council, and Nesta). Many of these sources report on 
the deployment of emerging technologies and applications and thus enabled the study team to 
assess the current and emerging landscape of game-changing technologies in relation to the 
objectives of the study.18  
The study team initially scanned these sources to identify specific citations of current and 
emerging technologies that are having/are likely to have a disruptive impact. In total, 72 
sources were identified to be examined through this quick scan of the literature. As part of the 
quick scan, the study team coalesced the identified technologies into broad technology area 
‘buckets’ and conducted a ‘strength of evidence’ analysis of appearance of the technologies 
across the set of articles. This analysis assessed the frequency of the number of appearances 
of the technologies across the set of articles. Additionally, the nature of the evidence available 
(for example, peer-reviewed or grey literature) was also considered when determining the 
strength of evidence.19  
Finally, having identified the technology areas, the study team discussed and validated the 
findings of the analysis with three ‘cross-technology’ experts. These scoping consultations 
focussed on establishing a cross-sectoral overview of the technology areas and their influence 
on key study themes, such as working conditions, employment prospects and productivity.

                                                      
17 ‘White literature’ refers to the content produced by commercial publishers. ‘Grey literature’ refers to content produced by 
entities (individuals or organisations) which do not publish content as their main task. For more details, see 
https://www.lib.uwo.ca/tutorials/greyliterature/ 
18 Key search strings included the following terms and their combinations: game-changing technolog*, emerging technolog*, 
disruptive innovation, future of jobs, future of employment, future of work, future of productivity, new job skills for the future, 
future of workforce, future of services, future of services sector. Additionally, search strings related to specific services sectors - 
for example, transport, financial services, health and healthcare, retail, hospitality, logistics, pharmaceuticals, and entertainment - 
were used to augment the search as necessary.  
19 It is important to note that in the event of a consultation conducted with a wider set of stakeholder groups and a systematic 
review of the literature, the emerging strength of evidence could differ significantly. 
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Phase 2: Analysis and synthesis phase 
Literature review searches 
The study team identified a bibliography list for each of the technology areas. When the 
search was conducted, the emphasis was on articles that discuss the (potential) implications of 
the (future) technology applications in the services sector on the following aspects: work and 
employment (for example, in terms of skills and competences, working conditions, job 
quality, and employment relations) and production processes (for example, in relation to 
productivity, outputs, business models, and value chains). Although articles published before 
2013 were considered where relevant, articles published from 2013 onwards have been 
prioritised. The study team focussed on building a corpus of English-language articles to 
inform the technology deep dives, but, where appropriate, a limited number of articles in 
other languages (for example, Dutch, French, German and Italian) were examined. Additional 
relevant articles were also ‘snowballed’ from the reference lists of some of the originally 
identified articles. 
The generic search strings used for informing the initial literature search were as follows: 

Generic search strings 

([technology area] AND service*) AND (work* OR employment OR skill* OR productivity 
OR working conditions OR work* relation*)  

([technology area] AND [specific services sector]) AND (work* OR employment OR skill* 
OR productivity OR working conditions OR work* relation*) 

Exemplary search strings for the [technology areas] were as follows.  

Technology area Search string 

Advanced robotics (Advanced robotics OR mobile robotics OR robot*)  

Autonomous transport devices (Autonomous transport devices OR autonomous vehicles 
OR driverless cars OR drones OR autonomous 
transport*) 

Blockchain (Blockchain OR distributed ledger* OR dlt)  

VR/AR (Virtual reality OR augmented reality OR mixed reality 
OR immersive technolog*) 

Wearables (Wearables OR wearable* OR wearable technog* OR 
wearable device*)  

 

Limitations of the analysis 
There are some caveats that need to be borne in mind when reading and interpreting the 
analyses presented in this working paper. This working paper is part of a larger study that 
includes the five potentially game-changing technology areas: advanced robotics, autonomous 
transport devices, blockchain, virtual/augmented reality, and wearable devices. Where 
relevant and supported by the discussion in the underlying literature, the study team has 
considered cross-functional and cross-sectoral implications of these game-changing 
technologies on each other. However, this working paper is intended to be stand-alone, and 
thus the emphasis is on the trends and socioeconomic implications observed in relation to 
wearable devices.  
During the scoping phase, additional technology areas – notably Artificial Intelligence and 
big data analytics - also emerged as important areas for consideration. However, the available 
literature suggests that these technology areas cover a broad spectrum of changes that could 
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have a significantly transformative effect on the wider society and the economy. As a result, 
the study team has regarded these technology areas as ‘transversal’, or ‘cross-cutting’, and 
therefore to be considered in conjunction with the five core technology areas as needed - that 
is, whenever pertinent information about these technology areas emerged when the study 
team was collecting evidence, this was included in the analysis. For example, Artificial 
Intelligence appeared as a significant cross-cutting technology area that has been considered 
in the analyses conducted in relation to advanced robotics and autonomous transport devices. 
Any such discussion is informed by the relevance of these technologies within the key themes 
of this study and where supported by available evidence.  
To identify the most relevant literature for the analysis, the study team adopted a rapid 
evidence review approach. Rapid evidence review does not aim for systematic coverage of 
the literature and thus aims to strike a balance between the available time and achieving 
sufficient depth of coverage in selecting the material. In doing so, the study team prioritised 
peer-reviewed literature for analysis. Grey literature was used to corroborate findings where 
relevant. Since the literature searches predominantly identified English language sources, 
where feasible the study team looked for non-English material. Although the study team 
aimed to ensure inclusion of relevant material, it recognises that the rapid evidence review 
approach may result in important material not being identified in some cases. 
For the interviews, the study team identified a long-list of experts drawing on its own network 
and subject matter expertise, and with inputs from its advisory board. A short-list was 
identified based on a consultation with Eurofound to ensure geographical coverage across 
Europe. The interviews were done based on availability of the external experts and to ensure a 
broad coverage of the themes related to the study. The study team has primarily used the 
expert opinion to complement findings from the evidence review. In some cases, expert 
testimony has been used to identify possible outcomes in the absence of suitable peer-
reviewed material. In such instances, the study team has endeavoured to identify these 
outcomes as expert opinions rather than corroborated facts. 
The game-changing technologies are still in the early stages of development, and their 
implications are still emerging. Therefore, the discussion in this working paper combines 
qualitative analysis with quantitative data where available. Since long-term data on the 
adoption of technologies is not yet readily available, the study team has considered the 
available data in the form of patents, research publications, and R&D expenditure as signals 
of market interest and activity. To understand the general trends across the EU and in key 
non-EU countries, such as the USA, Japan and China, the study team referred to the latest 
available Eurostat data on patent activity and R&D expenditure. The timelines for this 
Eurostat data vary: the latest data on R&D expenditure is from 2016, and the latest patent data 
on high-tech sectors from 2013. The study team acknowledges that some of the trends 
observed in the study may change significantly once newer data sets on patents or R&D 
expenditure become available.  
For analysing the trends specific to the technology areas, the study team used the patent 
landscape reports available via the World Intellectual Property Organization’s (WIPO) 
website20 and the data on patents and research publications published by the Tools for 
Innovation Monitoring (TIM),21 created by the European Commission’s Joint Research 
Centre (JRC). With both these sources, the study team did not have access to the underlying 
data, and thus the findings on patent data and research publications in relation to the 
technology areas presented in the study are a form of secondary analysis. Some patent 
landscape reports rely on the patent data available in public domain and thus do not 
incorporate the findings for the latest five years at the time of their publication. Although the 

                                                      
20 See http://www.wipo.int/patentscope/en/programs/patent_landscapes/ for more details.  
21 See http://www.timanalytics.eu/ for more details. 

http://www.wipo.int/patentscope/en/programs/patent_landscapes/
http://www.timanalytics.eu/
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study team endeavoured to ensure that latest patent landscape reports were referred to for 
each of the technology areas, as of 2018, some of the reports only cover the patent data until 
2013. Additionally, the study team recognises that although the patents, publications and 
R&D expenditure data are useful to identify macro-level trends, these data do not provide the 
full picture of trends regarding the development and adoption of the technologies. This 
analysis is thus intended to inform the analysis of socioeconomic implications in relation to 
such themes as work, employment and productivity, rather than provide a definitive account 
of the potential outcomes of these technology areas on the services sectors in Europe.  
Although the study team has, as far as possible, endeavoured to adopt a pan-European 
perspective in the analyses, it is important to acknowledge that the geographic scope within 
Europe in relation to data gathering for the study has been underpinned by the technologies 
themselves. 
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Protocol for stakeholder interviews 
Part 1: Introductory Questions 

1. What is your current role and background?  
• For what areas do you have responsibility?  
• Do you have any conflict of interest in relation to this study? 

Part 2: General understanding of the developments in the [technology area] landscape 
2. With regard to the current state of play of [technology area] (in Europe and beyond), 

what do you think are some of the main trends that we observe?  
3. What are some of the important driving forces for these trends that are enabling the 

development and adoption of [technology area], and why are these important?  
4. What are some of the potential barriers to the development and adoption of 

[technology area], and how are they hindering the progression?  
Part 3: Perceptions of the different socioeconomic implications of [technology area] 

5. In relation to its potential to be a ‘game-changing’ technology area, how are 
[technology area] likely to have implications for the services sector?  

• In your view, which services sectors (and subsectors or specific industries) do 
you think present the current (and future) opportunities for the application of 
[technology area], and why?  

• Can you provide examples of applications of [technology area] in these 
sectors? 

• Aligned with the earlier question, in your view, which services sectors are 
least likely to be influenced by the development and adoption of [technology 
area], and why? 

6. We would like to discuss the qualitative implications (positive and negative, direct 
and indirect) of [technology area] in terms of the following broader themes:  

• Work organisation, (workforce) productivity, and output/products  
• Employment  
• Skills  
• Individual working conditions  
• Collective employment relations  
• Are there any other implications? 

Part 4: Perceptions of potential applicability of [technology area] to services sectors in 
Europe and beyond 

7. In relation to some of the points that that you have raised so far, could you offer any 
observations that are specific to EU countries, or particular “geographical areas” in 
Europe?  

o How does the situation vary in / compare to different parts of the world?  
8. More specifically, do you have any thoughts on potential ‘real world’ case examples 

to illustrate the application/implications of [technology area] in particular services 
sectors?  

9. Could you recommend any relevant literature sources that we should consult as part 
of this study? 

10. Do you have any thoughts on prospective quantitative data sources/indicators that we 
could draw upon?  

Part 5: Additional insights – ethics and collective bargaining 
11. Do you have any thoughts about the ethical implications concerning the deployment 

of [technology area]? Do you have any thoughts on the way increased use of 
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[technology area] could change or influence the ethics of human-machine interaction 
at work would be welcome. 

12. Do you have any thoughts about developments, if any, in collective bargaining with 
regard to changes in job descriptions or occupations?  

Part 6: Wrap-up 
13. Do you have any recommendations for other potential (technology/socioeconomic) 

experts and/or stakeholders that you think we should be speaking to?  
14. Do you have any recommendations for potential case examples i.e. examples of 

[technology area] being used in practice and showcasing some of the implications we 
have covered as part of this discussion?  

15. Based on your knowledge and experience of working in this field, is there anything 
else that you would like to add that we have not yet covered? 

 

Interviewees 

• European academic expert 
• Industry expert 
• FIFA representative  
• European academic expert 

Case example interviewees 

• Automotive industry representative 
• Finnish police force representative 
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