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Abstract

In industrial production, smart wearables (e.g. data glasses) are becoming more relevant to support employees. While
economic aspects have so far been the focus of the introduction, changes for work design have been neglected. The aim of
the Delphi study was to describe changes through the use of smart wearables and to derive implications for work design.
Six description dimensions (application, implications for work design, data use, personalization, flexibility, introductory
purpose) were identified and 18 scenarios were developed. The assessment of the scenarios in terms of desirability and
degree of dissemination showed that scenarios for work-related and ergonomic support are particularly desirable and
scenarios for changes in cooperation are considered particularly likely. Data usage is a relevant factor for the assumed
degree of dissemination but not for the assessment of desirability. In operational practice, work design and economic
aspects are important for assessing the scenarios.

Practical Relevance: The results show possible development scenarios for production work when using smart wearables and
highlight possible implications for work design. Positive and negative effects on task, knowledge, social and contextual
characteristics are identified, which offer suggestions for a conscious selection and design of the use of technology in
practice.

Keywords Digitalization - Smart wearables - Industry 4.0 - Work design - Delphi method

Veranderungen der Produktionsarbeit beim Einsatz von Smart Wearables - Ergebnisse einer
Delphi-basierten Studie

Zusammenfassung

In der industriellen Produktion werden Smart Wearables (z.B. Datenbrillen) zur Unterstiitzung der Mitarbeitenden re-
levanter. Wihrend okonomische Aspekte bei der Einfithrung bisher im Fokus standen, wurden Verdnderungen fiir die
Arbeitsgestaltung vernachlassigt. Ziel der Delphi-Studie war es, Verdnderungen durch den Einsatz von Smart Wearables
zu beschreiben und Implikationen zur Arbeitsgestaltung abzuleiten. Es wurden sechs Beschreibungsdimensionen (An-
wendung, Implikationen fiir die Arbeitsgestaltung, Datennutzung, Personalisierung, Flexibilisierung, Einfiihrungszweck)
identifiziert und 18 Szenarien entwickelt. Die Einschitzung der Szenarien hinsichtlich Erwiinschtheit und Verbreitungsgrad
zeigte, dass Szenarien zur arbeitsbezogenen und ergonomischen Unterstiitzung als besonders erwiinscht und Szenarien zu
Verdnderungen der Zusammenarbeit als besonders wahrscheinlich eingeschitzt werden. Die Datennutzung ist ein relevanter
Faktor fiir den angenommenen Verbreitungsgrad, nicht jedoch fiir die Einschétzung der Erwiinschtheit. In der betrieblichen
Praxis sind u.a. die Arbeitsgestaltung und 6konomische Aspekte Schliisselkriterien fiir die Einschitzung der Szenarien.
Praktische Relevanz: Die Ergebnisse zeigen mogliche Entwicklungsszenarien fiir die Produktionsarbeit beim Einsatz von
Smart Wearables auf und beleuchten mogliche Implikationen fiir die Arbeitsgestaltung. Dabei werden positive und negative
Auswirkungen auf Aufgaben-, Wissens-, soziale und kontextuelle Merkmale herausgearbeitet, die Anregungen fiir eine
bewusste Auswahl und Gestaltung des Technologieeinsatzes in der Praxis bieten.

I Institut fiir Arbeits-, Organisations- und Sozialpsychologie,
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v.blumberg @tu-braunschweig.de Germany

@ Springer


https://doi.org/10.1007/s41449-021-00275-6
http://crossmark.crossref.org/dialog/?doi=10.1007/s41449-021-00275-6&domain=pdf

506

Z. Arb. Wiss. (2021) 75:505-526
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1 Introduction

Technological developments have always been a major
driver of change in workplaces and work practices. There-
fore, it is not surprising that technology is present as a rele-
vant variable in many work design frameworks (Morgeson
and Campion 2003; Morgeson et al. 2013; Parker et al.
2001, 2017). However, the recent increase in the digital-
ization of work, especially in industrial work, seems to be
bringing about a new quality of change (Hirsch-Kreinsen
2016). These changes are summarized under the buzzword
of Industry 4.0 or the “fourth industrial revolution” (Lasi
et al. 2014). This describes a fundamental transforma-
tion of industrial work through an increasing data transfer
between physical systems with embedded software and
a global data network (Hirsch-Kreinsen 2016). Employees
have to become part of this data network. Therefore, they
will be ubiquitously surrounded by computers and smart
technologies (Cascio and Montealegre 2016) that perceive
the environment and are able to react to it (Worden et al.
2003).

As Parker et al. (2017) pointed out, there is neither a di-
rect positive nor a direct negative effect of technology on
work design. Instead, the concrete effect of technology on
aspects of work design (such as autonomy or relational as-
pects) is related to decisions made by relevant stakeholders
in the design, introduction and use of technology in the or-
ganizational context (Rammert 2016; Waschull et al. 2020;
Williams and Edge 1996). Therefore, changes in work de-
sign can be assumed for the future of production work
(Parker and Grote 2020). However, to ensure that technolo-
gies are developed and applied in a desired direction, it
is essential to gain deeper insights in these technological-
driven changes and thus, to better understand the potential
effects and interactions with work design, especially in the
setting of production work. For this reason, a future-ori-
ented Delphi-based study was conducted to scientifically
derive possible developments in production work when im-
plementing smart wearables.

2 Literature review

There is a large body of research on the relevance of tech-
nology in the work context (e.g. Orlikowski and Scott 2008;
Ulich 1993), the adoption and diffusion of technology (e.g.
Rogers 2003), and the relevance of technology for work de-
sign (e.g. Parker and Grote 2020; Wang et al. 2020). How-
ever, given the increasing prevalence of smart technologies
(e.g. wearables like smart glasses) in the production envi-
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ronment, there is a lack of future scenarios that identify
possible development paths for industrial work. In the fol-
lowing section, we will discuss the role of technology in the
work context, presenting existing research findings on the
relationship between smart technologies and work design.

2.1 Work design and smart technologies

Work design can broadly be defined as ‘“‘choices made
about the nature and content of people’s jobs and how
these choices affect individual and organizational out-
comes” (Parker and Wall 2001, p. 90). Technology is seen
as antecedent shaping different work characteristics and
thereby influencing organizational, team- and individual
outcomes, such as job performance, job satisfaction and
employee well-being (e.g. Humphrey et al. 2007; Morge-
son and Campion 2003; Parker 2003; Parker et al. 2001).
Morgeson and Humphrey (2006) identified four key work
characteristics. Task characteristics describe factors that
influence the execution and accomplishment of the task
(e.g. autonomy, task variety, feedback from job). Knowl-
edge characteristics refer to the nature of knowledge, skills
and abilities (e.g. breadth or specialization of knowledge)
required of a person depending on the activity at work.
Social characteristics refer to interpersonal aspects, in-
teractions and cooperation at work, e.g. social support,
interdependence and feedback from others. Finally, con-
textual characteristics describe the work environment and
working conditions for employees, such as ergonomics
and physical demands (Morgeson and Humphrey 2006;
Stegmann et al. 2010).

Previous research on the impact of smart technology
(e.g. information and communication technology; ICT) on
the four core characteristics of work design revealed in-
consistent results (e.g. Parker and Grote 2020; Wang et al.
2020). Looking at the impact of technology on fask char-
acteristics, it is noticeable that changes in autonomy are
frequently studied (Wang et al. 2020). The use of ICT can
have a positive impact on the perceived autonomy of em-
ployees (Moore et al. 2018; Wegman et al. 2018). If knowl-
edge and relevant information is available to employees
through ICT, this can also contribute to an increase in de-
cision-making autonomy (Cascio and Montealegre 2016).
Furthermore, these technologies enable an increased work
scheduling autonomy regarding the decision on where and
when to work (Johnson et al. 2020) and help employees
to integrate requirements from different areas of life (Hill
et al. 2001). On the other hand, this increased time- and
location-independent working can also lead to an increased
expectation of constant connectivity and the perceived need
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of employees for supplemental work. This fact might have
a negative impact on the boundaries between work and
personal live (e.g. Fenner and Renn 2010; Johnson et al.
2020) and therefore might reduce the perceived autonomy.
The use of these technologies also enables greater monitor-
ing and control of employees and the work process, which
reduces autonomy (Cascio and Montealegre 2016; Fréour
et al. 2021; Gerten et al. 2018).

Turning to implications of technology on knowledge
characteristics, some researchers note that the increasing
use of technologies leads to increased qualification require-
ments and skill variety (Pfeiffer 2018a; Wegman et al.
2018). This can be explained as increasing digitalization
and automation leads to more complex processes. In order
to be able to fix faults in such complex systems, employees
need specialized knowledge (Fréour et al. 2021; Pfeiffer
2018a). In addition, smart technologies can provide relevant
information to employees, enabling learning on the job, ac-
complishing more complex and diverse tasks, or greater
participation in problem-solving processes (Blumberg and
Kauffeld 2020; Szalavetz 2021). There are also risks for
knowledge characteristics at work (Blumberg and Kauffeld
2020), such as simplification of work activities, which
might result in a reduction of the variety of requirements
or de-skilling (Kunst 2019; Szalavetz 2021).

Although social characteristics have long been studied
less intensive than task and knowledge characteristics, the
importance of interpersonal relationships in the workplace
is undisputed (Grant and Parker 2009). ICT enables new
ways of communication and access to knowledge. There-
fore, it could be assumed for production work that the use
of ICT might lead to new forms of work organization (e.g.
a strengthening of teamwork; Bayo-Moriones et al. 2015).
Studies have shown that ICT-mediated communication fo-
cusses mainly on task-related aspects and less on social
or relational aspects. This could lead to a reduced percep-
tion of social support and therefore result in perceptions
of loneliness, isolation and low satisfaction with work pro-
cess (Barnes 2012; Monzani et al. 2014). However, virtual
teams, most of which communicate through ICT technolo-
gies, can reach over time similar levels of interpersonal
interaction and effectiveness as face-to-face teams (Rhoads
2010; Wilson et al. 2006).

Finally, Johnson et al. (2020) found in their literature re-
view on technology-driven changes both positive and neg-
ative effects of technology use on contextual characteris-
tics. Automation and smart technologies can increase job
safety and support good health practices, which reflect pos-
itive contextual characteristics. Also, Ackerman and Kanfer
(2020) point out, that the changing nature of work reduces
physiological job demands. On the other hand, negative as-
pects of technology for the working environment, such as
increased screen time and an increase in sedentary activ-

ities, which can contribute to deterioration of ergonomics
are found (Johnson et al. 2020).

The presented findings suggest that different aspects at
the organizational (e.g. organizational support; Day et al.
2012) and individual level (e.g. individual skills; Wang
et al. 2020) interplay with the characteristics and concrete
applications of the technologies (e.g. information vs. com-
munication technologies; Bloom et al. 2014) and can have
both positive and negative effects on work performance,
job satisfaction and well-being (e.g. Karimikia et al. 2020).
Further, the data collection and usage as well as privacy
concerns are particularly important and a critical factor in
the introduction, acceptance and use of such technologies
(Cascio and Montealegre 2016; Dhagarra et al. 2020; Fer-
nandez 2014; Jacobs et al. 2019; Moore et al. 2018; Nikne-
jad et al. 2020; Spagnolli et al. 2014). Restrictively, it must
be taken into account that a large part of the study results
relates to knowledge work and not to industrial work. This
may also be due to the fact that smart technologies (e.g.
smart wearables) are still in a design and deployment phase
in industrial work and have hardly been studied in the op-
erational application (Dey et al. 2018; Evers et al. 2018;
Niknejad et al. 2020).

2.2 Smart wearables in industrial work

Smart wearables are one example of smart technologies and
are a visible key element of the new quality of digitalization
in the industrial work (Evers et al. 2018). They are defined
as sensory electronic or mobile digital devices worn closely
to the body; e.g. smart glasses or smartwatches. They as-
sist employees in performing their jobs by presenting rel-
evant information (Fernandez 2014; Niehaus 2017). In in-
dustrial production and logistics, there are various use cases
for smart wearables, for example in assembly or logistics
as well as in training, maintenance and quality assurance
(Egger and Masood 2020). Although smart wearables are
very widespread in the leisure and consumer sectors, smart
glasses, for example, have hardly been used in the produc-
tion sector to date (Syberfeldt et al. 2017). It is therefore not
surprising that many studies have been conducted in labo-
ratory environments (Niknejad et al. 2020). Experimental
studies have found inconclusive results for workload (Funk
etal. 2016; Gross et al. 2018; Kim et al. 2019), task comple-
tion time (Funk et al. 2016; Kim et al. 2019), and error rate
(Funk et al. 2016; Kim et al. 2019) when using smart wear-
ables compared to other work supports (e.g., paper-based).
However, due to the experimental character of those previ-
ous studies, the impact of smart wearables on work design
is neglected.

As mentioned above, the concrete application and design
of technology can influence work design to varying degrees
(Bloom et al. 2014; Wang et al. 2020). Therefore, it is im-
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portant to distinguish different applications of smart wear-
ables. Facing this research gap, a recent interview study
(Blumberg and Kauffeld 2020) examined smart wearables
and mobile smart devices in industrial work and identified
nine different categories of their application: communica-
tion (application for communication within and outside the
team e.g. by voice, text or videos), identification (applica-
tion for identification or registration at workplaces), man-
agement (application for the collection, analysis and eval-
uation of process data), navigation (application for navi-
gation), occupational safety and health (application for the
protection of employees from harmful stresses and haz-
ards), coordination (application to support process and co-
ordinative activities), competence development (application
to support learning and teaching processes), quality assur-
ance (application to ensure the quality of products and pro-
cesses), and work task support (application to help employ-
ees in performing their work tasks). Although this classifi-
cation of applications gives a first impression of how smart
wearables can be used in industrial production, there is cur-
rently a lack of evidence on how work in production will
actually change with an increased use of smart wearables.
The question arises as to which development directions for
work design will occur with different applications of smart
wearables and how the work of production employees will
change as a result.

2.3 Research questions

To facilitate the process of the digitalization of work and
to actively shape changes due to digitalization in a way
that successfully unfold its potential, it is important to gain
deeper knowledge of future scenarios for industrial work
with increased use of smart wearables. These scenarios
and their evaluations help to make strategic decisions in
the introduction and use of wearables. Therefore, we apply
a three-stage Delphi-based survey to answer the following
research questions:

RQ1 Which dimensions should be used to describe scenar-
ios for the future of production work with increased use of
smart wearables?

RQ2 Based on these dimensions: What scenarios can be de-
rived for the future of production work with the increasing
use of smart wearables?

RQ3 How is the desirability and the estimated probability
of different scenarios for the future of production work with

increased use of smart wearables evaluated?

RQ4 What are the key criteria for assessing the scenarios?

@ Springer

3 Methodology

In the following section, we will first introduce the Delphi
method as an instrument for evaluating future developments
under conditions of incomplete or nonexistent knowledge
for a given issue (Hiader 2009; Ono and Wedemeyer 1994;
Profillidis and Botzoris 2019). We will then present the
research process and the sample.

3.1 Introduction to the Delphi method

The research process of Delphi studies can best be de-
scribed as an asynchronous group communication process
(Linstone and Turoff 2011) consisting of “a series of in-
tensive questionnaires interspersed with controlled opinion
feedback” (Dalkey and Helmer 1963, p. 458).

The four key characteristics of the Delphi method in-
clude anonymity, iteration, controlled feedback and statis-
tical aggregation of group response (von der Gracht 2012;
Rowe et al. 1991; Rowe and Wright 2001). Anonymity
of experts enables them to express their opinions freely
and at the same time prevents negative group processes,
such as peer pressure. Iteration describes that Delphi stud-
ies are conducted in a series of successive rounds (Rowe
and Wright 2001). Controlled feedback provides the ex-
perts with information about how other participants have
assessed and rated the items. This enables the participants
to question their own assessment and change their opinion if
necessary (Dalkey and Helmer 1963; Ono and Wedemeyer
1994). Typically, statistical summaries of the group re-
sponses (mean or median) are presented (Rowe and Wright
2001). Statistical aggregation of group response means that
the estimation of the statements is reported as a group judg-
ment. It allows a quantitative analysis of the judgements and
the interpretation of the data (von der Gracht 2012). The
Delphi procedure leads to a highly structured or controlled
communication process among the experts and is intended
to generate a more reliable assessment of future develop-
ments than can be achieved by individuals or interacting
groups (Rowe and Wright 1999).

3.2 Research process

After a preparation phase, we conducted a three-round Del-
phi study followed by an additional post-evaluation work-
shop (cf. Fig. 1).

In the preparation phase, we conducted a literature re-
view on the topics of work design, smart wearables and the
interaction of work and technology. The findings resulted
in the identification of relevant topics for the subsequent in-
terviews (1st Delphi-round), which included the following
topics:
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Preparation phase

Procedure

+ Literature review

+ Developing interview
questions

Outcome
+ Semi-structured interview
protocol

3 round Delphi-study

15t round (qualitative)
Procedure

face interviews
= Qualitative data analysis
(Steigleder, 2008)

Outcome

« Codes and categories

« Description dimensions
« Formulated scenarios

= 76 semi-structured face-to-

2" round (quantitative)

Procedure

* Online-survey (3 weeks;
08/2020 — 09/2020)

= 155 participants from a
manufacturing company

Qutcome

= First Assessment of the
scenarios regarding
desirability (7-point Likert
Scale) and probability
(percentage: 0-100%)

3 round (quantitative)

Procedure

+ Online-survey (3 weeks;
10/2020 — 11/2020) incl.
Feedback

+ 133 participants from a
manufacturing company

Outcome

+ Final Assessment of the
scenarios regarding
desirability (7-point Likert
Scale) and probability
(percentage: 0-100%)

Post-evaluation workshop

Procedure

« remote workshop
(03/2021)

+ 6 participants from a
manufacturing company

Qutcome

+ Review of the final
assessments and
discussion of the reasons
for each assessment

’
?
Time lag 5 weeks: interim analyses of 2" round

- mean values were presented in the 3" round

Fig.1 Research process
Abb. 1 Forschungsprozess

e Possible applications: How could smart wearables be ap-
plied in industrial work (focusing on assembly and logis-
tics)?

o Work tasks: How will tasks and job content change for
employees in assembly and logistics with increased use
of smart wearables?

o Cooperation and leadership: How will collaboration and
leadership change as smart wearables become increas-
ingly used in assembly and logistics?

o Competencies and qualification: Which competencies
are particularly important in assembly and logistics when
smart wearables are increasingly used? How are employ-
ees qualified?

® Opportunities and Risks: What opportunities and risks
arise for industrial work and employees when smart
wearables are increasingly used?

The aim of this 1st round was to create future scenarios
for industrial work in 2025 under the condition of an in-
creased use of smart wearables. Scenarios can be defined
as easily understandable, brief descriptions of a hypotheti-
cal but possible future state for a particular topic (Hirsch-
Kreinsen 2017). For the development of scenarios, different
characteristics of influencing or driving factors are com-
bined (Gausemeier et al. 1998; Naki¢enovié¢ et al. 2000).
Therefore, scenarios often include various issues and are
more complex than a single questionnaire item.

The aim of the 2nd Delphi-round was the quantitative
assessment of the created scenarios. For this purpose, an
online survey was conducted at a manufacturing company
which in the following is refered to as “the organization”.
In the online survey the 18 identified scenarios (see Fig. 3)
were evaluated in terms of desirability and probability. The
desirability (D) of each scenario was assessed on an ordinal
7-point scale with adjective-anchored ends and mid (1 =not

desired at all, 4 =neutral, 7= very desirable). The probabil-
ity (PE) was estimated in percentages from 0-100%. The
participants were asked to rate the current diffusion in the
industrial environment and the probability of each scenario
for the years 2025 and 2035. To reassess the scenarios in
the 3rd Delphi-round, we used the same questionnaire as in
the 2nd round (18 scenarios), but the participants received
additional information on how the different scenarios were
previously assessed. For this purpose, the mean value was
given as a measure of the central tendency.

Finally, a post-evaluation workshop was conducted to
understand which reasons were significant for the partici-
pants in assessing the scenarios in terms of their desirability
and assumed probability. For this purpose, scenarios were
selected based on the desirability ratings (highest and low-
est), the assumed probability for 2025 and 2035 (highest
and lowest) and the least consensus achieved. The partic-
ipants of the workshop had already taken part in the two
previous Delphi-rounds and were therefore familiar with
the scenarios. In the workshop, participants were asked to
describe and discuss with each other their reasons for as-
sessing the scenarios.

3.3 Samples

Considering that the design and application of technol-
ogy is shaped by social and communicational processes
with different actors (Rammert 2016; Waschull et al. 2020;
Williams and Edge 1996), we first identified relevant ex-
pert groups that influence the introduction and use of smart
wearables in an organizational context. Following the ex-
pert selection procedure described by Okoli and Pawlowski
(2004), we identified five expert groups: external to the
organization: (1) researchers, (2) political actors (e.g. Fed-
eral Ministry, Labor unions), internal to the organization:
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Table 1 Sample description for 1st Delphi-round
Tab. 1 Stichprobenbeschreibung fiir die 1. Delphi-Runde

Demographic vari- Researchers Political actors Planners and decision Workers coun- Industrial work- Total
ables (n=16) (n=14) makers cil ers (n=176)
(n=17) (n=14) (n=15)
Age 21-30 2 2 7 - 6 17
(in 31-40 2 4 5 1 7 19
years)
41-50 4 4 4 6 - 18
51-60 5 3 1 6 2 17
>60 3 1 - - - 4
Work 0-4 1 - 6 - - 7
expert- 5-9 - 3 2 1 4 10
ence
(in 10-14 3 3 2 - 3 11
years) 15-19 2 - 3 - 5 10
>19 10 8 4 12 3 37

One person did not provide information on age and work experience

(3) planners and decision makers, (4) workers council, and
(5) industrial workers who could use the devices in the fu-
ture. The influence of these expert groups on the design and
use of smart wearables in industrial production can be man-
ifold (see Blumberg and Kauffeld 2020). The identification
and acquisition of the participating experts was carried out,
for example, by reviewing publications and research re-
ports, lists of participants in internal company committees
and described responsibilities within the company.

In the Ist Delphi-round 76 semi-structured face-to-face
interviews with experts from the five expert groups were
conducted. The interviews in this round were conducted
with participants internal (working in the organization) as
well as external to the organization. Hereby, the 46 par-
ticipants of the three intra-company groups were from the
same organization in which the 2nd and 3rd Delphi-round
were conducted. The residual 30 interviews were conducted
with political actors and researchers external to the organi-
zation. The demographic variables recorded were age and
work experience (see Table 1).

To evaluate the future scenarios, we conducted two on-
line surveys at the organization. The organization is a large
international company in the automotive industry. In order
to identify relevant participants for the survey within the
company, we used the previously identified internal expert
groups (planner and decision makers, workers council, in-
dustrial workers). The inclusion of these different groups
should ensure heterogeneity in terms of demographic char-

Table2 Sample description for 2nd and 3rd Delphi-round
Tab.2 Stichprobenbeschreibung fiir die 2. und 3. Delphi-Runde

acteristics and professional experience. Participant diversity
is an important factor in conducting Delphi studies and con-
tributes to the variability of panelists’ perspectives (Forster
and von der Gracht 2014; Hussler et al. 2011). Experience
with smart wearables were low to medium and showed also
some variance indicating heterogeneity concerning experi-
ences (2nd Delphi-round: M=2.6, SD=1.15 and 3rd Del-
phi-round: M=2.5, SD=1.1, rated on a 5-point scale with
1=no experience at all and 5=a lot of experience). Due
to internal organizational requirements, it was not possible
to match participants’ responses from round 2 and round 3
and no demographic variables other than age distribution
could be collected (see Table 2). Participants (i.e., people
who started to fill out the survey) and final sample (i.e., peo-
ple fully assessed and rated all scenarios) for both Delphi-
rounds are presented in Table 2.

In the post-evaluation workshop, six people from the
manufacturing company participated. When selecting the
participants, care was taken to ensure a heterogeneous com-
position of the group. The group consisted of equal num-
bers of men (n=3) and women (n=3). All participants had
points of contact with production due to their occupation
or worked in production at least some of the time. Three
participants also had extensive experience in the field of
digitization (e.g. AR or VR applications in the production
environment or technology introduction process).

Delphi- Participants ~ Final Age distribution (absolute and percentage frequencies)

round sample <25 years 26-35 years 36-45 years 46-55 years 56-65 years
Round 2 155 121 7 (4%) 35 (23%) 46 (30%) 46 (30%) 18 (12%)
Round 3 133 107 2 (2%) 28 (22%) 33 (25%) 47 (36%) 20 (15%)

@ Springer
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4 Results
4.1 Description dimensions for future scenarios

To answer RQ1 we integrated insights from the literature
review as well as from the 76 interviews, which were
transcribed (Dresing and Pehl 2015) and content-analyzed
(Steigleder 2008). As a result, we identified six dimensions
which are relevant to describe future scenarios:

1. Application of smart wearables: The concrete application
of smart wearables in the production area is a relevant
starting point to describe possible changes for produc-
tion work. Building on Blumberg and Kauffeld’s (2020)
work, we use eight categories to describe possible ap-
plications of smart wearables: communication, identifi-
cation, management, occupational safety and health, co-
ordination, competence development, quality assurance
and work task support.

2. Work design implications: Adopted from the work de-
sign framework (Morgeson and Campion 2003) and the
work design questionnaire (Morgeson and Humphrey
2006; Stegmann et al. 2010), we distinguished between
task characteristics, knowledge characteristics, social
characteristics, and contextual characteristics to describe
implications for work design.

. Personalization: In the interviews, the respondents high-
lighted the possibilities of personalizing smart wearables,
which makes a decisive difference to previous technolo-
gies in production. For the description of this personal-
ization, we used Tossell et al.’s (2012) definition, which
states that personalization describes the adaptation of
a system to the requirements, needs and wishes of the
user. This adaptation can either be self-directed by the
user or adaptive web- or computer-based.

Non-critical

4. Flexibilization: Flexibilization describes the transition

of work that encompasses time, place, functions, roles,
competencies as well as social relationships and affects
both the employee and the entire organization (Widuckel
2015). Thus, flexibility refers to the way in which work
is organized (Kratzer et al. 2003).

. Data usage: During the interviews, the experts’ opinions
differed as to whether smart wearables only provide pre-
defined information or are also used as sensors to collect
and analyze data. The relevance of data and privacy in the
use of smart wearables has already been demonstrated in
other studies (Moore et al. 2018; Niknejad et al. 2020).
Therefore, the Data Use category describes different lev-
els of data provision (see Fig. 2). These levels summarize
existing considerations on different uses of data (Jeske
et al. 2018; Kramer 2017). The provision of data and the
collection of data were largely perceived by respondents
as rather non-critical. This was different for the analy-
sis of data and the transfer or further use of collected or
generated data, which was seen as rather critical.

. Organizational purpose: In the interviews, participants
described different purposes for which smart wearables
are introduced in companies. The purposes described
were broadly in line with Pfeiffer’s (2018b) distinction.
She summarizes the central functions of the mechaniza-
tion of work in three aspects: labor saving (e.g. reduction
of manual tasks, automation), increase effectiveness (e.g.
saving time) and process control (e.g. ensuring quality of
the work process).

Concerning RQ1 we were able to identify six dimen-

sions from the literature and the interviews conducted for
the development and description of future scenarios. These
dimensions and their characteristics are used in the follow-
ing to describe possible changes in production work when
using smart wearables from a work design perspective.

Critical

Data provision Data collection
Smart wearables collect
and document data from
the environment (e.g.
process data, vital data).

Smart wearables provide
relevant data for
employees

(e.g. learning nuggets,
information about the work
task).

Data analysis Data sharing
Smart wearables transmit
captured data to others
within the organization.
The data can be both
anonymous and person-
specific.

Smart wearables analyze
data and, on request,
provide evaluations (e.g.
statistics on production
quality). The analysis can
be both general and
individual.

Initiated human-machine interaction

Automated data aquistion and processing

Fig.2 Levels of data usage by smart wearables
Abb. 2 Ubersicht zu Level der Datennutzung durch Smart Wearables
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4.2 Scenarios for the future of production work
with the increasing use of smart wearables

RQ?2 dealt with the question what scenarios can be derived
for the future of production work with the increasing use
of smart wearables. To develop the scenarios, descriptions
from the interviews and the identified six dimensions were
used, resulting in 65 possible scenarios on the future of
production work. These initial scenarios were summarized

in several steps, revised and discussed with experts. Based
on the nominal frequency of individual scenarios in the
interviews, the novelty perceived by the experts, and the
focus on changes for production employees, 18 scenarios
(see Fig. 3) were developed, which can be described using
the six previously identified criteria. Table 3 shows which
characteristics of the six description dimensions identified
in RQI are relevant in each scenario. To facilitate the under-
standing of these information, Fig. 4 presents scenario #1

Fig. 3 Complete description of
the scenarios incl. descriptive
analysis of desirability and
probability of implementation.
(D Desirability, EP Estimated
Probability. IQR <20 indicates
consensus)

Abb. 3 Komplette Beschrei-
bung der Szenarien inklusive
der descriptiven Beschreibun-
gen zur Erwiinschtheit und
angenommenen Verbreitung
(D Erwiinschtheit, EP angenom-
mene Verbreitung. IQR < 20
indiziert einen Konsens bei der
Bewertung durch die Experten)
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Scenario and Desirability Estimated Probability
1. Flexible groups instead of fixed teams: smart EP2025  350% 1
wearables show employees the next work task and I0Rr2=35 [EEgo
personally required information. Employees work more in QR 3 =30
loose and t'erpporarily as;embled geams. F’grmanem EP2035 159
membership in a production team is becoming rarer. IOR 2 = 48
IORr3=25
Current — 10.6%
round2 464 —_—
IOR2=9
round 3 T ——— oResy HE— o
2 & 4 & & 7 0% 20% 40% 60% 80% 100%
2. Cross-departmental and cross-hierarchical EP 2025 3949 [
collaboration: smart wearables support communication ;gﬁ g B ;g
and teamwork in production. Employees work together N
with employees from other areas and other hierarchy Ep 2035 |BAG%
levels. Employees no longer work only within their own 1OR 12 = 48 __i
production team. 1OR 3 =22
Surrenit ——115.2%
round2 | 5.95 _ loR2=15 BMMM—  125%
round 3 (861 —— faR =t
4 - g i & o - 0% 20% 40% 60% 80% 100%
3. Independent learning for the future: employees EP 2025 3159, [ S—
learn independently with smart wearables, even in their "gg S = 4g
free time. Employees can play through current work steps f =
in virtual worlds of experience or learn work steps that will EP 2035
i 56.2% N
only become relevant in the future. QR 2 = 50 _—|
IOR3=45
round2  5.56 _ ; gl,g[e;l; — 9.4%
round s IS o210 - 109w
1 2 3 4 5 6 7
0% 20% 40% 60% 80% 100%
4. Learning 4.0 - digital and demand-oriented: EP2025 g4 40,
employees learn almost exclusively with smart wearables 1QR 2 =30 ;
(e.g., learning work steps, activities). Employees decide IoR 3 =15
for themselves when they want to call up information from
the digital worker assistance system. ’Qipﬁzi]gg 63.6% ' E—
iorr3=30 A —————
round2 564 — Current W s
round 3 [SI68I——— 1QR 12 = 14
Y T & 4 B i@ 7 10Rr3= 10 M 10.4%
0% 20% 40% 60% 80% 100%
5. Support for self-optimization: smart wearables are EP 2025 25.0%
self-learning systems. The procedures of the employees IQRr2 =26 :
during work are recorded and analyzed. Potential for i
improvement and optimization is automatically identified
and suggested to the employees. EP 2035 5189 [
1QR 12 =563
1orm-z0 NSSSEI——
round2 579 1
ound3 ISSTI——— arees | 5%
farz=> B— | 53%
1 2 3 4 5 6 T IORr3=4
0% 20% 40% 60% 80% 100%
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Fig.3 (continued)
Abb. 3 (Fortsetzung)

Scenario and Desirability Estimated Probability
6. Constant competition: smart wearables record EP 2025 L i 154%
employee performance (e.g. speed, error frequency). The QR 12 =20 -_‘ 15.5%
performance of different employees is compared with 10Rr3=13 ’
each other. There is also a comparison with one's own
performance. Individual performance fluctuations become mi"?zoi? 32.7% I I
P =
visible. 10R 3 = 35
Current 4 429
rond2 36 1QR2=5 3.1%
lepg S — CERES :
1 2 3 4 5 6 7 0% 20% 40% 60% 80% 100%
7. Vital data recording to optimize workforce
, i EP 2025 L ii55%
scheduling: smart wearables record the vital data of IOR 2 = 20 g u“
employees (e.g., exhaustion, stress, activation). orz-ro IE— 14.5%
Employees are assigned to specific work activities based
on this data and on their qualifications (e.g., work EP 2035
e 5 384% —
activities already learned, work experience) (change to QR 12 = 50 (5 —
another job within the shift). Employees also receive fQRr3 =30
individual recommendations for breaks.
Cument. | 5505
1QR12=0
round2  4.63 IOR3=2 l—' 1.8%
round 3 _—-
T % 8 & 5 B 7 0% 20% 40% 60% 80% 100%
8. Making working hours more flexible: smart EP2025  535% —_—
wearables make individual and flexible working time 1QR 2 =29
i ) - . IQRr3 =20
models possible in the direct area of production.
Employees receive step-by-step instructions for tasks. EP 2035
: _—
Therefore, tasks can be completed at any time and QR 2 = 60 20
without great effort by one employee and taken over and 10R 13 =30 . ———
continued by another.
Current —i 6.0%
IQR12=5
round2 557 ORI =5 .—l 4.3%
round 3 ISEENMI—
0% 20% 40% 60% 80% 100%
1 2 3 4 5 6 T
9. Individual protection against overload and physical EP 2025 55 g0,
missload: smart wearables record the movements and e <o
vital data of employees. Employees are notified if they (AR =
are about to overload themselves (e.g., ergonomics,
working speed, working time). The data can only be fQ:’:zz?gg 48.6% —_—
viewed by the employee. 10R 3 fiped
D round2 597 CUW_ent 2.7%
round 3 [ECANMII— .z b |
1 2 3 4 6 6 T
0% 20% 40% 60% 80% 100%
10. Smart wearables as silent quality managers: smart EP2025 g7,
wearables document the performance of all work IQRr2=33 .
activities and automatically carry out quality checks (e.g. QRr3=15
correct and complete shoring of parts). Workers only
receive feedback when an error occurs and are given a EP 2035  gq 49 3
hint to improve it. IQR 12 = 60
IQRr3=25
Current o
round2  6.22 — 91%
1OR 2 =10
round 3 G2 — sl E— e
1] 2 3 4 5 6 7
0% 20% 40% 60% 80% 100%

as an example. With these 18 scenarios, we have concisely
described possible developments in production work in the
use of smart wearables. In this way, the scenarios contribute
to a better understanding of what changes could be expected
for work organization and work design in operational prac-
tice if more smart wearables were to be used in the future.

4.3 Desirability and estimated probability of the
Delphi scenarios in 2025 and 2035

To obtain insights into the desirability and assumed prob-
ability of the changes in production work described in the
scenarios (RQ3), two quantitative Delphi-rounds were con-
ducted.
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Fig.3 (continued)
Abb. 3 (Fortsetzung)

Scenario and Desirability Estimated Probability
11. Data-driven prevention: smart wearables record the EP 2025 23.9%
body movements of employees. In the event of fQR 2 =25
ergonomically critical movements, e.g. incorrect lifting, IeRr3 =15
employees are shown suggestions for improvement and
preventive exercises. The company is provided with the EP 2035 51.5% I
data in aggregated, anonymized form in order to derive :gg 'g = gg EiE—
improvements for individual workplaces. lis
Current _ 3.7%
round2  6.02 — :gg g : g I—' 3.5%
round 3 SN
1 2 3 4 5 8 7 0% 20% 40% 60% 80% 100%
12. Personal smart wearables: employees can choose EP 2025 54 79 |
their own personal smart wearable and use it for work. I0R 2 = 30
Employees are responsible for the operational readiness IOk 18
of the smart wearable (e.g., charging the battery at the
end of the shift). The smart wearable recognizes different |Q§F:22?§g 53.5% —_—
workplaces and can log on there. 1OR 13 = 25 _—.
round2 | 586 TH— ot 5%
round 3 ISR oRre-s B asw
1 2 3 4 5 6 T
0% 20% 40% 60% 80% 100%
13. Individualized support: smart wearables adapt the EP2025 2g4% (S
type of support to the individual needs of each employee. IQR2=23
Employees with a lot of experience and a low error rate, IQR 3 =15
for example, only receive support when needed or on
demand. Employees who are new to the workplace ,QERFr'gmﬁg 57.4% N —
receive step-by-step guidance during the work process. jOf 3 =30
round2  6.21 —_ Current |, 35%
IQRr2=5
round 3 B4 —— araes I 27%
1 2 3 4 5 6 T
0% 20% 40% 60% 80% 100%
14. More variety for everyone: smart wearables support EP 2025 5g 99, —
employees with information on the work steps at all IQR 12 = 30
workplaces. As a result, much more rotation (change of loRe=10
tasks/activities within a shift) can take place. Employees
can take on completely different tasks without major EP2035 5799 —
aualffcaion efforts rs I
IQRr3 =25
Current 77%
D round2  6.14 — IQR2=10 o
round 3 BI04 —— ors=s [l— | 1%
1 2 3 4 5 6 i
0% 20% 40% 60% 80% 100%
15. Decision-making authority at employee level: EP 2025 22.4% I
smart wearables provide employees with a great deal of IQR 12 = 25
information and data (e.g., key figures, error evaluations, IQR13=10
statistics). This enables employees to make more
independent decisions. The company deliberately EP 2035 455% _—
transfers this decision-making authority to the employees IQR 12 =50 _—.
in production. B35
Current —1| 65%
round2 5.56 — I0R 2= 10 .
round 3 526 —— IR 13 = 4 e
1 2 3 4 5 6 T
0% 20% 40% 60% 80% 100%

Statistics for the scenarios with respect to expert assess-
ments of the desirability and probability of the scenarios
in 2025 and 2035, as well as an estimate of current diffu-
sion, are shown in Fig. 3. It also illustrates the interquartile
range (IQR), as an indicator for the level of agreement be-
tween the experts. The IQR is the absolute difference of
values between the third quartile and first quartile. Thus,
the IQR contains the middle 50% of the responses. Smaller

@ Springer

values of IQR indicate a higher level of consensus among
the experts (von der Gracht 2012; Rayens and Hahn 2000;
Scheibe et al. 2002). Consensus can be assumed if IQR is
no larger than 2 units on a 10-unit scale (Scheibe et al.
2002), i.e. on a 100-unit scale (0-100%) for all scenarios
with an IQR <20 (Bokrantz et al. 2017). In the following,
we first give an example for the interpretation of the results
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Flg. 3 (Commued) Scenario and Desirability Estimated Probability
Abb. 3 (Fortsetzung)
16. Smart wearables as advisors: smart wearables are EP 2025 g9 _
the first point of contact for employees when it comes to :gg fi zfg 25.3% S
solving problems (e.g., searching for solutions in the
company wiki). Managers are less relevant as advisors
and decision-makers and are only called in when ’Qeﬁpzngg 52.6% 1
employees are no longer able to make progress 1GR ;j ;30 54.6% EEEE—
themselves.
Current — L 83%
round2 588 — IQR2 =10
round3 | 556 —_— IQRr3 =7 I 2
T 2 8 4 & 86 7 0% 20% 40% 60% 80% 100%
.17. Shift in workload: wnrk‘with smart weargbles is EP 2025 57 g9
intensive, complex and requires a lot of attention. As a KR e =00 26.1%
result, the work is psychologically more strenuous, KR F =0 -
although employees are simultaneously relieved of many
unnecessary activities (e.g., manual entries in lists, EP 2035 5599, I
e IQR 12 = 55
thinking about work steps). arm-20 N —
round2 457 —_— Current — 1 83%
o B IQRr2=10
round3 4.5 JQR3 =7 ——1| 7.9%
1 2 3 4 5 6 Ti
0% 20% 40% 60% 80% 100%
18. Blueprint for the robots of the future: smart EP2025 5979 —
wearables record the movement sequences of ;SE g 5 gg Sl
employees. The recorded data is used to create motion
sequences for robots that can take over the work
activities in the future. ﬁQEﬁ'Pzzugg 46.1% _
2=
IQRr3 =25 L468%
round2  4.83 2 IR T
round 3 [4.6 o —— Current — | 53%
IQR2=8 g
i 2 @ 4 & 7 ora-: M 5.0%
0% 20% 40% 60% 80% 100%

for each scenario, followed by a summary of the results for
both Delphi-rounds.

4.3.1 Scenario #1 “Flexible groups instead of fixed teams”:
An example

To facilitate the scenario specific interpretation (see Fig. 3),
we introduce scenario #1 as an example: The desirability for
this scenario was evaluated with 4.64 in the 2nd and 4.77
in the 3rd round. Referring back to the 7-point response
scale, in which the value 4 was anchored with the adjective
“neutral”, the scenario is viewed rather neutrally to slightly
positive. The mean probability for year 2025 was evaluated
with 35% in the 2nd and 36% in the 3rd round, i.e. there is
only a slight mean change between the two rounds. Thus,
the implementation of the scenario by 2025 is assumed to
be rather unlikely (Baifiuls and Turoff 2011). For year 2035
the mean probability was evaluated with 62% in round two
and 66% in round three, showing that the implementation
in 2035 is assumed to be likely (Bafiuls and Turoff 2011).
For both years, the standard deviation (SD) decreased from
the 2nd to the 3rd round (2025: from 24 to 17; 2035: from
28 to 23). This could indicate that the experts adjusted their
assessments and moved closer to the group opinion as a re-

sult of the controlled feedback from the results of the 2nd
Delphi-round.

The IQR value, which indicates a consensus between
the experts’ assessments, decreases for scenario #1 from
the 2nd to the 3rd Delphi-round for the estimated degree of
dissemination of the scenario for the years 2025 and 2035
(2025: 2nd round: IQR=35; 3rd round: IQR=30; 2035:
2nd round: IQR =48; 3rd round: IQR =25). This shows that
the experts have become more similar in their assessments.
However, both values are above the cut-off value of 20,
which means that no consensus among the experts could be
reached in the assessment of the diffusion of the scenario.
Finally, the estimates for the future probabilities of this sce-
nario can be compared with the evaluated current estimates.
The mean value and the standard deviation of the current
state of diffusion slightly decreased (2nd round: M=11%,
SD=15; 3rd round: M= 10%, SD= 10). In both rounds IQR
was <20 (2nd round: IQR =9; 3rd round: IQR =5) indicat-
ing a high level of agreement among experts on the cur-
rent degree of diffusion. In summary, it can be stated for
scenario #1 that the scenario is considered as rather desir-
able and the current spread in operational practice as highly
improbable (Bafiuls and Turoff 2011). With regard to the
future spread of this scenario, experts assume that this sce-
nario will only be found in a few places in operational prac-
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Table 3 Assignment of the scenarios to the classification categories
Tab.3 Zuordnung der Szenarien zu den Klassifikationskriterien

No. Appl. Work design Pers. Flex. Data usage Purpose

1 WTS, SC: Social support X X Provision Effectiveness
MNG
CO SC: Social support 1 - - - Effectiveness
QUAL TC: Autonomy 1 - X Provision Effectiveness
QUAL TC: Autonomy 4, SC: Social sup- - - Provision Effectiveness

port |

5 MNG, TC: Autonomy |, - - Collection, analysis Effectiveness, process
WTS control

6 MNG, QA SC: Social support - - Collection, analysis, shar- Effectiveness

ing

7 OSH, CC: Ergonomics 1 X - Provision, collection, Effectiveness
ORG analysis

8 WTS, TC: Autonomy 1, Complexity |, - X Provision Process control
(ORG)

9 OSH CC: Ergonomics 1 X - Collection, analysis Process control

10 QA, WTS TC: Feedback 1 - - Collection, analysis Process control

11 OSH, CC: Ergonomics 1 - - Collection, analysis, shar- Process control
MNG ing

12 ID CC: Equipment use 1 X - Collection -

13 WTS TC: Feedback 1 - Provision, collection, Process control

analysis

14 WTS, TC: Task variety 1 - X Provision Effectiveness, process
QUAL control

15 MNG KC: Problem solving 1 - - Provision Effectiveness

16 ORG, KC: Problem solving 1, SC: Social - - Provision Effectiveness
WTS support

17 WTS KC: Job complexity 1, CC: Physi- - - Collection Process control

cal demands |,
18 MNG TC: Task significance - - Collection, analysis, shar- Labor saving

ing

Appl. Application, Pers Personalization, Flex Flexibilization

Application (cf. Blumberg and Kauffeld 2020): CO communication, /D identification, MNG (data) management, OSH occupational safety and
health, ORG coordination, QUAL competence development, QA quality assurance, WT'S work task support
Work design: SC Social characteristics, 7C Task characteristics, KC Knowledge characteristics, CC Contextual characteristics

tice in 2025. In 2035, the occurrence of such a situation is
assumed to be probable. It should be noted, however, that
the experts’ assessments vary and, as indicated by the high
IQR values, no agreement was reached on the diffusion rate
in 2025 and 2035.

4.3.2 Summary of quantitative results

In addition to the detailed interpretation of scenario #1, the
overall examination of the results of both Delphi-rounds (cf.
Fig. 3) revealed an average of the desirability of the sce-
narios of M=5.5 in the 2nd and M=5.3 in the 3rd round.
As a mean value of 4 would be neutral, the values indi-
cate rather desirable evaluations. Further, scenarios were
assessed similarly across rounds (i.e. evaluated as particu-
larly desirable or undesirable in both rounds). In terms of
desirability, scenario #10, which describes the use of smart
wearables for quality assurance, was considered the most

@ Springer

desirable (2nd round: M =6.2, 3rd round: M =6.3) and sce-
nario #6, which describes the use of smart wearables for
performance measurement and comparison, the most unde-
sirable (2nd round: M= 3.6, 3rd round: M=3.5).

The current state of the scenarios was evaluated as very
improbable with M=6.9% in the 2nd and M=6.1% in the
3rd round. This can be an indicator that the future scenarios
described here can hardly be found in operational practice
so far. The assumed probability for the year 2025 of the
scenarios was M=26.1% in the 2nd and M=24% in the
3rd round. This shows that overall the implementation of
the scenarios in operational practice by 2025 is considered
improbable. The highest prevalence in 2025 was assumed
in both rounds for scenario #2 (Cross-departmental and
cross-hierarchical collaboration; 2nd round: M =39.1%; 3rd
round: M=36%). The lowest prevalence for 2025 was as-
sumed in the 2nd round for scenario #6 (constant com-
petition; 2nd round: M=15.4%; 3rd round: M=15.5%)
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Fig.4 Detailed overview of

the assigned classification cate- Application
gories for scenario #1: Flexible

groups instead of fixed teams

Abb. 4 Detaillierter Uberblick Waork design

der zugeordneten Klassifikati- decrease.

onskriterien fiir Szenario #1:
Flexible Gruppen statt feste
Teams

Personalization

Flexibilization
become rarer.

Data usage

Purpose

and in the 3rd round for scenario #7 (Vital data recording
to optimize workforce scheduling 2nd round: M=15.5%;
3rd round: M=14.5%). The assumed probability for the
year 2035 of the scenarios was M=52.5% in the 2nd and
M=52.3% in the 3rd round. The highest prevalence in 2035
was assumed in the 2nd round for scenario #2 (Cross-de-
partmental and cross-hierarchical collaboration; 2nd round:
M=64.3%; 3rd round: M=64.4%) and in the 3rd round
for scenario #1 (Flexible groups instead of fixed teams;
2nd round: M=61.5%; 3rd round: M =66.4%). The results
show that the participants consider it likely that these two
scenarios will be implemented in operational practice by
2035. The lowest prevalence for 2035 was assumed in both
rounds for scenario #6 (constant competition; 2nd round:
M=32.7%; 3rd round: M=34.1%). The values show that
the implementation of this scenario in operational practice
in 2035 is considered unlikely.

With regard to RQ3, it was shown that 17 of the 18 sce-
narios developed were considered rather desirable. Further-
more, it was found that for the year 2025, a diffusion of 16
of the 18 scenarios in operational practice is estimated to
be highly unlikely to rather unlikely. For the year 2035, the
existence of the scenarios in operational practice is consid-
ered unknown to probable (Bafiuls and Turoff 2011) for 16
out of 18 scenarios.

4.4 Scatter plots of the evaluation of the scenarios
for 2025 and 2035

To deepen the understanding of the distribution of the 18
estimated scenarios, a scatter plot was created. Fig. Sa
presents the evaluated probabilities of scenarios for the year
2025 from the final Delphi-round as a function of indicated
desirability. It can be seen that for the year 2025 a rather
low degree of dissemination is assumed for all scenarios.
This is noticeable, as the scenarios were developed based

Displaying the work task as well as additional information is assigned to the application category "work task
support’ (WTS). Using smart wearables to assign the employee to a specific task corresponds to the
application category "management” (MNG).

Permanent membership in a production team is becoming rarer. This can be accompanied by negative
consequences for the social workplace characteristics, as the sense of belonging and social support could

Required information are presented, which means that the system adapts to the requirements of the user.

Loose and temporarily assembled teams: Through flexible assignments to tasks, fixed team structures

Smart wearables make the necessary data available, i.e., they display it. The display or provision of
information corresponds to non-critical data use (cf. Fig. 2).

The main purpose is to increase effectiveness.

on the changes in industrial work described in the inter-
views for the year 2025 (see 1st round: expert interviews).
Nevertheless, in the following rounds, the participants rated
the probability of occurrence in industrial practice for the
year 2025 as low. For the 16 scenarios within the dashed
lines, a high level of agreement on the estimated proba-
bility among the experts was reached (IQR <20). For the
two scenarios that were considered most likely in 2025,
no consensus could be reached between the participants’
assessments. This concerned scenario #1 (flexible groups
instead of fixed teams; 2nd round: IQR =35, 3rd round:
IQR=30) as well as scenario #2 (cross-departmental and
cross-hierarchical collaboration; 2nd round: IQR=40, 3rd
round: IQR =25).

Fig. 5b presents the estimated probabilities of the sce-
narios for the year 2035. The scenarios are predominantly
estimated to have a moderate degree of dissemination. The
highest probabilities were assumed for scenario #1, sce-
nario #2, and scenario #4 (learning 4.0—digital and de-
mand oriented). However, contrary to the results for 2025,
a high level of agreement in the expert assessments could
only be achieved for scenario #17 (shift in workload; 2nd
round: IQR =55, 3rd round: IQR=30), for which a preva-
lence of 49.8% was assumed. For all other scenarios, IQR
was >20, indicating no consensus among participants. Opin-
ions on the degree of diffusion of the scenario #3 (Inde-
pendent learning for the future; 2nd round: IQR =50, 3rd
round: IQR=45) and scenario #6 (constant competition;
2nd round: IQR =45, 3rd round: IQR =35) differed partic-
ularly strongly. As Schmalz et al. (2021) point out, it is
beneficial not only to focus on the scenarios for which con-
sensus has been reached, but also to take a closer look at the
scenarios where there is the greatest disagreement among
experts, i.e. the scenarios with the highest IQR. The high
IQR may reflect a high level of uncertainty (Schmalz et al.
2021).

@ Springer



518

Z. Arb. Wiss. (2021) 75:505-526

Fig.5 Desirability-probability T
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The graphical representation quickly shows that the par-
ticipants largely agree on their assessment of a rather low
level of diffusion for the scenarios in 2025, indicated by low
IQR-values. With regard to the dissemination of scenarios
in 2035, it becomes clear that a diffusion of the scenarios is
seen in a much more differentiated way and that a consen-
sus could only be reached for the evaluation of one scenario
(#17). This shows that participants are less in agreement on
a long-term assessment of the degree of diffusion.

4.5 Further analysis: data use and perceived privacy

To gain a further understanding of the scenario assessments,
we divided the scenarios into critical and non-critical in
terms of the type of data use (see Fig. 2). Previous stud-
ies were able to show that data usage as well as perceived
privacy impact the intention to use certain technology (Dha-
garra et al. 2020; Jacobs et al. 2019; Spagnolli et al. 2014).
We therefore assigned all scenarios in which the provision
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and collection of data were described to the non-critical
cluster (e.g. #1 flexible groups instead of fixed teams,
#3 independent learning for the future, #14 more variety
for everyone). Scenarios that described smart wearables
evaluating data or making further use of data were as-
signed to the critical cluster (e.g. #6 constant competition,
#10 smart wearables as silent quality managers, #11 data-
driven prevention). A paired-samples t-test was performed
to detect mean differences between the scenarios classified
as non-critical and critical. Results are shown in Table 4.
No significant mean differences were found at either time
point related to the desirability of the critical and non-crit-
ical scenarios (2nd round: t(120)=1.44, p=0.154; d=0.13;
3rd round: t(106)=-0.096, p=0.923; d=0.01). However,
significant differences were found between the critical and
non-critical scenarios in terms of their estimated probabil-
ity in 2025 (2nd round: t(120)=7.980, p<0.001; d=0.73;
3rd round: t(106)=9.516, p<0.001; d=0.92) and 2035
(2nd round: t(120)=5.582, p<0.001; d=0.51; 3rd round:
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Table 4 Mean comparisons of the critical and non-critical clustered scenarios
Tab.4 Mittelwertsvergleiche fiir kritisch und nicht-kritisch eingeschitzte Szenarien

Non-critical data usage Critical data usage t-test Cohen’s d
M SD M SD T p< d
2nd round (n=121)
D 5.52 0.88 5.41 1.06 1.435 0.154 0.13
EP2025 28.25 18.36 22.09 18.32 7.980 0.001 0.73
EP2035 54.85 21.83 48.44 23.94 5.582 0.001 0.51
3rd round (n=107)
D 5.31 0.88 5.33 0.98 -0.096 0.923 0.01
EP2025 26.43 10.32 21.19 10.27 9.516 0.001 0.92
EP2035 54.06 17.20 48.18 17.91 7.124 0.001 0.69

D Desirability, EP Estimated Probability

t(106)=7.124, p<0.001; d=0.69). The effect sizes for the
estimated probabilities indicate medium to large effects
(Cohen 1988). Thus, also there is no significant difference
in the assessment of desirability between critical and non-
critical scenarios, there is a significant difference in the
estimated probability, the way that non-critical scenarios
are considered more likely.

4.6 Key criteria for the evaluation of the scenarios

In order to answer RQ4 and identify key criteria that guided
the evaluation of the scenarios, a post-evaluation work-
shop was conducted. Seven scenarios (#3, #6, #10, #11,
#1, #2, #7) were selected based on high or low desirability
ratings, high or low assumed probability for 2025 and 2035
and the least consensus achieved, i.e. indicated by high
IQR-values (cf. Figs. 3 and 5). Due to time constraints,
four scenarios were prioritized and discussed in depth by
the participants. Table 5 presents the scenarios as well as
the identified key criteria for the evaluation of the scenarios.

The discussion in the post-evaluation workshop gives
first hints that different aspects were relevant for the par-
ticipants in the assessment of the scenarios in terms of de-
sirability and degree of realization. The implications of the
scenarios for work design were cited by the participants as
a significant factor for all four scenarios discussed. It can
be seen that the effects on work design can be assessed both
as conducive (e.g., more feedback, scenario #10) to the as-
sessment of the scenario and as a hindrance (e.g. reduced
autonomy and a blurring of work and leisure, scenario #3).
Economic aspects were also identified as a relevant key cri-
terion for the assessment of the scenarios for all four scenar-
ios discussed. The aspect of costs was critically discussed,
especially in terms of investment costs (scenario #3). At the
same time, the participants emphasized positive economic
expectations when using smart wearables, for example to
increase quality and efficiency (scenario #10, #6). The fit
to the corporate culture and strategy as well as the tech-
nical feasibility were named for three scenarios as deci-

sion-guiding aspects for their assessment. Furthermore, the
handling of data described in the scenario was considered
when assessing the scenarios. Based on the post-evaluation
workshop, we were able to identify five relevant key fac-
tors (work design, economic aspects, corporate culture and
strategy, technical feasibility and data handling) that were
particularly relevant for the participants when assessing the
scenarios.

5 Discussion

The aim of this Delphi-based study was to describe possi-
ble changes in production work with the increasing use of
smart wearables and to derive implications for work design.
We have therefore first identified description dimensions for
the development of future scenarios (RQ1), resulting in six
core dimensions (application, implications for work design,
personalization, flexibilization, data usage and purpose, see
Table 3). 18 Scenarios for the future of production work
were derived from expert interviews (RQ2, see Fig. 3).
They formed the starting point for a deeper examination
and analysis. In two quantitative Delphi-rounds the scenar-
ios were evaluated in terms of their desirability and the
estimated probability in 2025 and 2035 (RQ3, see Fig. 3).
With a post-evaluation workshop, key criteria, i.e. work de-
sign, economic aspects, corporate culture and strategy, data
handling, and technical feasibility could be identified that
were relevant for the participants in the evaluation of the
scenarios (RQ4, see Table 5).

In terms of the assessment of the scenarios, 17 out of
18 scenarios were considered rather desirable (see Fig. 5).
Scenarios describing the use of smart wearables to monitor
work quality (#10 Smart wearables as silent quality man-
agers) and improve ergonomics (#11 Data-driven preven-
tion, #9 Individual protection against overload and physical
missload) were rated as most desirable. This shows that
when using smart wearables, improvements for employees
and the quality of the product are considered desirable. Sce-
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Table 5 Identified key criteria for the assessment of selected scenarios in the post-evaluation workshop
Tab.5 Identifizierte Kernkriterien fiir die Einschitzung ausgewihlter Szenarien im Post-Evaluation-Workshop

Inclusion Identified key criteria

Criteria® Supporting the scenario

Contradicting the scenario

Scenario #3 Independent learning for the future
IQREp2035 1 Corporate culture and strategy: development and learning as corpo-
rate values

Importance of lifelong learning: continuing training is becoming
increasingly relevant and the trend towards lifelong learning is contin-
uing

Work design—Autonomy: flexibility regarding learning time and place
Scenario #6 Constant competition

EP 2035 |,
D

Economic aspects: increased effectiveness

Individual level characteristics/needs: satisfies the need for feedback,
self-optimization, and competitive demands

Scenario #10 Smart wearables as silent quality managers

D1 Technical feasibility: similar approaches already exist today (e.g.
pick-by-light, automated quality-check)
Data handling: data collection refers to quality/product not to the
employee
Economic aspects: e.g. training time reduction, increase in efficiency
Corporate culture and strategy: scenario fits with strategy and goals
Work design: direct and neutrally convoyed feedback

Economic aspects: device provision and availability
associated with acquisition costs

Technical feasibility: lack of data availability to
provide virtual experience worlds

Work design—Autonomy: increased merging of
work and private life

Corporate culture and strategy: scenario odds with
the values of the company
Work design: competition can be perceived as con-

trol that leads to more stress and performance pres-
sure

Scenario #11 Data-driven prevention

D1 Technical feasibility: some approaches already exist today
Work design: improvement of physically demanding workplaces

Data handling: a lot of data has to be collected,
evaluated and personalized

Economic aspects: avoidance of health-related staff shortages

Data handling: aggregation and anonymization of data before disclo-

sure

3Explanation on the inclusion criteria: QRgp2035 1 highest IQR-value in the assessment of the estimated probability in 2035 (3rd round
IQR =45), indicates a high disagreement between the participants in the assessment of the scenario, D | low desirability, D 1 high desirability,

EP 2035 | lowest estimated probability in 2035

nario #6 (constant competition) is the only scenario that was
considered rather undesirable. Already today, performance
in production is transparent, e.g., due to tracking of quanti-
ties and error rates, but usually only at team level. Continu-
ous individual tracking (e.g. Baethge et al. 2017) and a con-
scious comparison of performance could further intensify
the perceived performance and time pressure and reduce
well-being (e.g. Sonnentag et al. 2010) and was therefore
considered undesirable. This concern was also expressed in
the post-evaluation workshop (see Table 5). Time pressure
is particularly negative, if the time specifications are con-
sidered to be obstructive or unrealistic (Lepine et al. 2005).

The assumed prevalence of the scenarios in 2025 was es-
timated to be low. For 16 out of 18 scenarios, a consensus
was reached on this assessment, which is a strong indicator
that the described scenarios will hardly be found in indus-
trial practice by 2025. This result is surprising because the
interviews that formed the basis for the development of the
scenarios asked about changes in production work up to
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2025. One reason for the difference between the scenarios
derived from the interviews for 2025 and the final assess-
ment of implementation of the scenarios in practice in 2025
could be the t-focused bias of the experts surveyed in the
interview phase (Linstone and Turoff 2011). The t-focused
bias describes that engineers and scientists in particular tend
to overestimate the short-term implementation of existing
technological possibilities. Obstacles such as organizational
conditions or non-technical difficulties are overlooked (Lin-
stone and Turoff 2011). Scientists and political actors who
were involved in the interview phase may have had the
current state of development of the technologies and possi-
bilities for their application in mind when considering the
future scenarios. Operational practitioners may have based
their assessments of the scenarios in the 2nd and 3rd rounds
more strongly on their experiences with the implementation
process and feasibility within a company. This is also sug-
gested by the results of the post-evaluation workshop (see
Fig. 1). The participants indicated that the technical feasi-
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bility and corporate culture and strategy were key criteria
in assessing the scenarios (RQ4, see Table 5).

While the spread of the scenarios in 2025 was consid-
ered to be unlikely, the participants assumed a moderate
prevalence of 16 of the 18 scenarios for 2035. However,
it must be noted that a consensus on estimated probability
could only be reached among the experts for one single
scenario in 2035 (#17 shift in workload). This indicates
a huge uncertainty regarding the assessment of implemen-
tation probabilities.

The highest level of diffusion for the year 2025 was
assumed for scenario #2 (cross-departmental and cross-hi-
erarchical collaboration) and scenario #1 (flexible groups
instead of fixed teams). Both scenarios describe possible
changes in collaboration in the sense of an expansion (#2)
or dissolution (#1) of the team structures established in
industrial production today (Schlick et al. 2018). Neverthe-
less, it should be noted that there was no agreement in the
assessment of these two scenarios. The results show that the
use of smart wearables makes new forms of collaboration
and cooperation in production work possible, but that the
concrete implementation in operational practice is subject
to great uncertainty.

A subsequent analysis of the scenarios showed that the
assumed probability, but not the desirability, of scenarios
was related to the forms of data usage described in the sce-
narios (non-critical vs. critical, see Fig. 2). This supports
existing findings that have shown that the issue of data us-
age and privacy concerns are relevant to the dissemination
and use of these new technologies (Dhagarra et al. 2020; Ja-
cobs et al. 2019; Spagnolli et al. 2014). The fact that critical
scenarios and non-critical scenarios do not differ in terms of
desirability could be due to the fact that the more automatic
evaluation and use of data results in additional advantages
in use. For example, adaptation to user needs (cf. #13 indi-
vidualized support) is only possible if user-specific data is
collected, evaluated and combined with performance data
(e.g., error rates). In terms of probability, critical scenarios
are assumed to be less likely than non-critical scenarios. It
can be assumed that a critical use of data (see Fig. 2) and
the associated risks are recognized and due to applicable
legal regulations (e.g. GDPR) the dissemination is assumed
to be less likely. This is also supported by the results of the
post-evaluation workshop, in which the handling of data
was identified as a relevant key criterion for the evaluation
of the scenarios. When smart wearables are used, trans-
parency should be created about the collection and use of
data. Furthermore, data protection fears should be taken
very seriously. At the same time, however, it should also
be critically examined whether concerns about data protec-
tion violations are preventing the introduction of desired
technologies or making it unnecessarily difficult.

5.1 Implications

Our study contributes to research on technology implemen-
tation and work design in the increasing use of smart wear-
ables in operational practice. The scenarios developed are
a valuable contribution to research and practice and can
provide relevant insights into possible developments of pro-
duction work and work design as the use of smart wearables
increases. The specific consideration of a single technology
enables a comprehensive view of conceivable changes.

In work design frameworks (e.g. Morgeson and Cam-
pion 2003) and current work design studies (e.g. Parker and
Grote 2020), technologies are included as a relevant factor.
Our study results suggest that in addition to the technology
and its application, the topic of data use can also be a rele-
vant aspect to describe changes in work design (RQ1) and
to explain the degree of dissemination (RQ4, further analy-
sis) of new technologies in the work context. Future studies
should therefore include data usage in order to explore the
influence of different data uses on work design and relevant
outcomes. The distinction between critical and non-critical
data uses (see Fig. 2) can provide a starting point for this.

In addition, the scenarios, in the development of which
the perspectives of different relevant expert groups were
included, describe possible development directions for the
production work. In the following, we would like to show
which implications arise from the different scenarios for the
four core characteristics of work design as well as for data
use.

With regard to task characteristics it should be noted,
that in industrial production, both work methods autonomy
and work scheduling autonomy are often low due to the
standardized description of procedures, processes and work
steps of lean production (Lantz et al. 2015), as well as
due to a commitment to shift models (e.g. Parker 2003).
Smart wearables could increase the autonomy of production
workers when used to support employees’ decision-making
autonomy, e.g. over their learning (#3, #4) and working
time (#8). Another way to improve task characteristics is
to allow feedback on task performance to be displayed by
the smart wearable (#10, #13). This gives employees direct
and immediate feedback on their own work performance
and enables them to better assess their own performance. In
addition, employees can be supported in performing new or
unfamiliar tasks through the use of smart wearables (e.g. by
displaying necessary work steps, #14) and thus increase task
variety for employees. Care should be taken when smart
wearables are used to further optimize workflows (#18) and
contribute to the further standardization of workflows by
suggesting the most efficient processes (#5).

Today, knowledge characteristics are supported in the
context of production work through the use of group work,
in which employees assume responsibility for the distribu-
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tion of tasks in the team, problem solving and quality as-
surance, among other things (Schlick et al. 2018). From the
scenarios, further approaches for improving the knowledge
characteristics can be derived. In this way, the provision
of relevant data and evaluations on smart wearables can be
used to enable employees to make an even greater contri-
bution to problem solving (#15, #16). In order to design
these possibilities in industrial practice, companies should
consider how necessary process data can be collected, eval-
uated, visualized and made available in order to prepare
a subsequent problem solution in the team in the best pos-
sible way. On the other hand, companies must ensure that
the demands on employees do not lead to an excessive in-
crease in job complexity (#17) and should therefore support
the necessary competence development with suitable qual-
ification formats.

In terms of social characteristics, work teams form
a central anchor point. Fixed team membership is common
in the production sector today (Schlick et al. 2018). Two
scenarios describe possible changes in these stable team
relationships (#1, #2). Scenario #1 describes a temporary,
short-term composition of different employees in a group
with unstable membership. Studies on the importance of
social support in the work context showed that social
support by colleagues, e.g. by providing help or sharing
information, is a relevant job resource (Bakker and Demer-
outi 2007; Hobfoll 1989; Morgeson et al. 2013). In ad-hoc
teams, the lack of personal knowledge and mental models
could lead to a lower team cohesion (Bushe and Chu 2011).
On the other hand, by breaking down team boundaries (#1)
and strengthening cross-divisional and cross-hierarchical
cooperation (#2), new networks could be built up in com-
panies. Building on social network research, weak ties with
many people may even be seen as an advantage compared
to a permanent team membership, as they provide access
to new and important information or act as a bridge be-
tween different communities (Granovetter 1983, 1973). In
addition, Scenario #6 describes the use of smart wearables
for performance comparison in the team. This could have
negative effects such as less mutual support.

Smart wearables can also be used to enhance contex-
tual characteristics. Particularly in production work, which
is still physically demanding in many places today, oppor-
tunities to improve ergonomics should be consistently ex-
ploited. Scenarios #7, #11, and #9 provide some starting
points for improving ergonomics through the use of smart
wearables. From the description of the scenarios, it can
be seen that by recording vital data (#7, #9) and move-
ment data (#9, #11), smart wearables can provide informa-
tion to improve ergonomics. Furthermore, care should be
taken to ensure that the use of smart wearables does not
result in a shift or additional mental stress, as described
in scenario #17. Companies should therefore pay particu-
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lar attention to user-friendly design when introducing smart
wearables.

The mobile accessibility of data for all employees is
a central advantage in the use of smart wearables. Many of
the scenarios described can only be realized with this form
of data provision. With regard to data use, companies should
consciously weigh up which data needs to be collected,
evaluated or further used. Particularly in the production sec-
tor, where a great deal of data is already being collected by
machines, the use of smart wearables to collect additional
data is creating challenges for data protection. Companies
should consciously address these and create suitable so-
lutions to prevent employees from becoming “transparent
employees” through the use of smart wearables. The identi-
fied indications for the use of smart wearables in production
areas with regard to work design and data use are indepen-
dent of the size of the company and are therefore highly
relevant for both large companies and SME:s.

5.2 Limitations

There are some limitations in this study that we would like
to address below. First, methodologically, there are limita-
tions due to the predefined number of Delphi-rounds. In the
interview phase, experts from outside the company as well
as members of a production company were involved. The
subsequent quantitative survey took place within a com-
pany, so that a maximum of two rounds could be carried
out. Although a pre-determined number of Delphi-rounds
is reported in many Delphi studies (Diamond et al. 2014),
this procedure contradicts the principle that Delphi studies
are only completed when a high degree of stability in the
assessment of the scenarios has been achieved (Rowe and
Wright 2001). However, studies show that, repeated rounds
of questioning can lead to fatigue in respondents and there-
fore a higher number of rounds can lead to a higher drop-out
rate (Keeney et al. 2001; Rowe and Wright 2001). A second
limitation results from the fact that the participant data from
the 2nd and 3rd Delphi-rounds could not be matched and it
was not possible for the participants to use free text fields
to explain their scenario assessment. This limited certain
evaluations (e.g. with regard to changes in the opinion of
individual participants).

A third limitation arises with regard to the generalizabil-
ity of the results. Different experts and perspectives were
used to create the future scenarios both inside and out-
side the company. However, the subsequent assessment of
the scenarios in terms of desirability and degree of dis-
semination was carried out within one company. Therefore,
specifics of the company must be taken into account when
interpreting the data. For example, the size, the organiza-
tional structure and the innovativeness of a company can
have an impact on innovation adoption decisions (Dewett
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et al. 2007; Frambach and Schillewaert 2002). However, in
order to obtain the broadest possible assessment of future
developments and scenarios for a changed production work
with the increasing use of smart wearables, expert groups
inside and outside the company were included in the inter-
view phase, which was the basis for the development of the
scenarios. Furthermore, the information provided by the
participants of the two quantitative rounds on experience
with smart wearables showed that there is also a great deal
of heterogeneity within the same company when it comes to
exploring smart wearables. In addition, many different areas
and target groups within the company were addressed for
participation in the two quantitative Delphi-rounds, which
should also ensure a great diversity in terms of knowledge
and perspectives (Dougherty 1992; Tortoriello et al. 2012).
However, future studies should focus more on the extent to
which different companies and industries differ in the as-
sessment and, above all, in the implementation of these new
technologies in order to provide target group-specific start-
ing points for the implementation and use of smart wear-
ables.

5.3 Conclusion

This study shows how different application scenarios of
smart wearables can influence the work design in produc-
tion. The identified opportunities and risks make it clear
that “work design matters more than ever in a digital world”
(Parker and Grote 2020, p. 1). Companies should therefore
be aware of the impact on the key characteristics of work
design when introducing these technologies. In addition,
a human-centered design of the technologies and the asso-
ciated application scenarios should be carried out in order
to support the successful introduction and use of the tech-
nologies. The new possibilities of smart wearables offer the
opportunity not only to increase the efficiency of processes,
but also to improve the work design in industrial production
and shape it for the future.
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