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Abstract: Digitalization and automation have increased substantially in recent years
and are reshaping the working world. These fundamental changes alter employee
training needs and training programs. They create new employment opportunities,
may cause excessive demands or raise fears of job loss. The extent of the societal
transitions induced by the ongoing digitalization call for high-quality research data.
In this paper, we introduce a new multi-dimensional survey module on digitaliza-
tion and its consequences for the working world, which has recently been imple-
mented in the adult cohorts of the German National Educational Panel Study
(NEPS). We show how well and for which employee groups the newly developed
survey questions capture experiences with digital technologies at the workplace. We
test for the applicability of the instrument with regard to gender, age, education,
and job tasks and show that it predicts employee’s actual participation in further
training. Moreover, we show the potential that results from the combination of the
new survey module with further key strengths of the NEPS data such as its life-
course or competence measures.
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Die Erfassung von Digitalisierung in der Arbeitswelt
Ein Beispiel aus dem Nationalen Bildungspanel

Zusammenfassung: Digitalisierung, der Einsatz vernetzter digitaler Technologien
und Automatisierung haben in den letzten Jahren stark zugenommen. Sie prigen
die heutige Arbeitswelt. Dieser tiefgreifende Wandel fithrt zu verinderten Weiterbil-
dungsbediirfnissen und schafft neue Beschiftigungsmoglichkeiten. Aber er fithre
auch zu Uberforderung oder der Angst vor Arbeitsplatzverlust. Das Ausmaf} der
durch die fortschreitende Digitalisierung induzierten gesellschaftlichen Verinderun-
gen erfordert qualitativ hochwertige Forschungsdaten. In diesem Beitrag stellen wir
ein neues mehrdimensionales Messinstrument zur Digitalisierung der Arbeitswelt
vor, das in den Erwachsenenkohorten des Nationalen Bildungspanels (NEPS)
implementiert wurde. Wir zeigen, wie gut und fiir welche Beschiftigtengruppen die
neu entwickelten Items die Alltagsrealitit am Arbeitsplatz abbilden. Wir priifen die
Anwendbarkeit des Instruments im Hinblick auf Geschlecht, Alter, Ausbildung und
Aufgaben im Beruf und zeigen, dass es die tatsichliche Weiterbildungsbeteiligung
von Beschiftigten vorhersagt. Dariiber hinaus zeigen wir das Potenzial auf, das sich
aus der Kombination der neu implementierten Items mit weiteren zentralen Stir-
ken der NEPS-Daten — wie der Lebensverlaufserfassung und Kompetenzmessung —
ergibt.

Stichworte: Digitalisierung; Job Tasks; Weiterbildung; Instrumentenentwicklung; NEPS

1 Introduction

Alongside many societies worldwide, Germany is experiencing an accelerating and
far-reaching technological change in form of increasing digitalization and automa-
tion. The so-called fourth industrial revolution is not only enhancing highly auto-
mated and networked production processes and modifying our communication and
information channels; it is also transforming our educational system and the world
of work (BMBF 2017). In many areas, we can clearly observe the rise of digitaliza-
tion, automation, and mobile robotics, for example, in production plants that were
converted into “smart factories” with fully digitally networked manufacturing pro-
cesses (Acemoglu/Restrepo 2019; Arntz et al. 2016; Arntz et al. 2017). For the
society as a whole, however, the consequences of this transformation are rather diffi-
cult to assess. Effects on labor demand, occupations, worker’s wages, qualification,
and training needs are hard to predict and have triggered a debate about both the
transformation’s economic and individual opportunities and risks (Arntz et al.
2017, 2020 b; Chiacchio et al. 2018; Damioli et al. 2021 a; Damioli et al. 2021 b;
Dengler/Matthes 2018; Genz et al. 2019; Kristal 2020).
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However, grasping the amount, the perpetuation and the consequences of digita-
lization in the working world is a complex task. Qualitative studies shed light on
specific sectors, innovations, and companies (e.g., Briken et al. 2017; Pfeiffer 2019).
Monothematic quantitative studies provide data on the dynamic of digitalization
and selected implications for individuals and companies (Arntz et al. 2020 a; Nedel-
koska/Quintini 2018; Pouliakas 2018). Ideally, aspects of digitalization should be
addressed in data sources that focus on qualifications, skills, and returns to educa-
tion in a longitudinal perspective. The setup of the German National Educational
Panel Study (NEPS) already offers a wealth of data on qualification and labor mar-
ket aspects. With the newly developed survey questions on digitalization in the
working world, the NEPS data now have the potential to become a prime source
for quantitative research on the opportunities and risks arising from digitalization
and automation, on the likely winners and losers of these technological changes,
and on how that transformation will affect lifelong learning, further education and
training but also other dimensions such as health, family, and subjective well-being.

In this paper, we introduce the new survey questions on digitalization in the
working world. Monitoring the structural and societal transformation and its conse-
quences is essential for the social sciences to be able to produce high-quality
research data and to provide evidence-based policy advice on fundamental social
issues. Yet, it is hard to measure the technological change meaningfully in a popula-
tion survey as the term digitalization is used and understood very differently across
individuals, occupations, and industries. For example, in machine construction,
ongoing digitalization fosters increasingly digitally networked and autonomous
control of entire production processes. In service sector occupations, such as the
judiciary, by contrast, digitalization occurs as artificial intelligence, automated text
analysis and decision-making algorithms (Wirtz et al. 2018). In both areas, compu-
ters are substituting some tasks while supplementing others, which leads to very dif-
ferent consequences for the employees’ working in the respective occupation

(Damioli et al. 2021 b).

These examples highlight two central challenges when developing survey questions
to record the digitalization of the working world for a representative population
survey: The first challenge lies in the heterogeneity of the digitalization in the
working world. It is necessary to provide a definition of digitalization that is both,
broad enough to capture multiple pathways of digitalization, and precisely enough
to distinguish digitalization from other technological transformations, such as auto-
mation. At the same time, for a population survey, the operationalization of digita-
lization must be comprehensible to employees across different occupations, indus-
tries, and qualification levels. Second, the digitalization in the working world conti-
nues to develop steadily, albeit at different speeds. To use the survey questions in a

2 Throughout this paper, we use the terms ‘employee’ or ‘worker’ to refer to all active persons in
the labor market, regardless of whether they are self-employed or employed.
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panel questionnaire, they should be valid independent of time, but they must also
be flexible enough to reflect the different speeds of development. Only if the survey
questions address these features, they are suitable to capture the ongoing digitaliza-
tion across occupations, industries, and qualification levels — and to provide a sound
basis for analyzing its manifold social consequences.

In this paper, we show how well and for which employee groups the newly develo-
ped survey module adequately reveals workers’ everyday reality in more or less digi-
talized and automated working environments. These survey questions were applied
for the first time in the 2019/2020 waves of two adult surveys of the NEPS. We
introduce this survey module and assess to what extent it is able to address the first
challenge of capturing heterogeneity in the ongoing digitalization in the working
world. Therefore, we test if the questions reliably reflect the answers of respondents
of different gender, age, qualification levels, and job task types. Whether these sur-
vey questions also meet the second challenge will only become evident over time as
new technological developments induce the need to revise or supplement specific
items. In conclusion, we highlight the research opportunities made available with
these new survey questions.

2 Theoretical Background

Digitalization and automation are expected to perpetuate the world of work. These
processes are fundamentally transforming contents of jobs, skill requirements, and
the systems of labor markets as a whole (Acemoglu/Restrepo 2019; Autor 2015;
Bessen 2016; Brynjolfsson et al. 2017; Gregory et al. 2016; Pouliakas 2018). Com-
puters continue to take over routine-based tasks, but they are also increasingly able
to substitute non-routine, complex job tasks or to create completely new jobs
(Damioli et al. 2021 b). As the contents of jobs are changing, and the skill require-
ments for the new world of work pose new demands and challenges on employees
and employers, ICT skills, problem-solving skills and creativity are expected to
become ever more important (Brynjolfsson/McAfee 2014; Mayer 2020). Educatio-
nal systems and companies need to provide training and qualification programs to
train individuals for tomorrow’s labor markets and its life-long learning require-
ments (Fregin et al. 2020).

The degree to which digitalization and automation perpetuate the world of work,
the degree to which they substitute routine and non-routine jobs, and the degree of
cross-national variation in this transformation are open-ended issues. In contrast to
predictions made by Frey and Osborne (2017), computers do not substitute entire
occupations neither in the U.S., nor in Europe or Germany (Arntz et al. 2017;
Dauth et al. 2018; Dengler/Matthes 2018; Graetz/Michaels 2018; Nedelkoska/
Quintini 2018; Pouliakas 2018). On the contrary, while computers may replace
certain tasks in some occupations, they supplement other tasks in other occupations
(examples for Germany: Bonin et al. 2015; Dengler/Matthes 2015). In the inter-
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play between machines and humans, routine tasks are those most likely substituted
by machines, while humans have a competitive advantage in problem-solving,
adaptability, and creativity and can leverage this advantage in non-routine tasks
(Autor 2015; Dengler/Matthes 2018). Thereby, a shift in the importance of social
and cognitive skills that goes along with the digitalization of certain non-routine
tasks becomes evident and can be observed in the high returns to such skills
(Deming 2017).

Commonly the task-based approach of Autor et al. (2003) serves as the theoretical
framing for explaining the employment and wage development effects of digitaliza-
tion and automation. In recent decades, medium-skilled workers performing rather
routine tasks experienced a lower development of employment and wages compared
to high- and low-skilled workers, since routine tasks have the highest potential for
substitution. While employment and wage polarization has been observed in many
industrialized countries (e.g., Goos et al. 2014), evidence has only been found for
polarization of employment (Spitz-Oener 2006), but not for wages in Germany
(Antonczyk et al. 2009).

In line with the various manifestations of digitalization and automation in the
working world, different theoretical concepts and definitions have been developed.
Most of them conceive digitalization in the larger context of technological change
that captures the fast and broad adaptation of new information and communication
technologies. These changes, in turn, have the potential to fundamentally alter eco-
nomic and work processes (BMAS 2020; Damioli et al. 2021 b), as they affect both,
the organization of work in many industries and the qualification requirements of
many workers. Focusing on the consequences of the ongoing digitalization on
worker’s skill requirements, working conditions, and working modes is particularly
widespread in debates on the digital divide (Korupp/Szydlik 2005), inclu-
ding “future forms of cooperation between humans and machines, working hours,
work organization, occupational health, safety and social security” (BIBB 2017:
11).

2.1 Definition

Various sub-fields of sociology, related disciplines, and stakeholders have difficulties
agreeing on a definition of digitalization or digital transformation. Some focus on
the technically-induced changes in specific applications, while others elaborate a
more holistic approach viewing digitalization as a societal transformation that
affects almost all areas of human life. Thus, in order to serve the manifold purposes
of researchers who use population surveys like the National Educational Panel
Study, we decided to develop a concept of digitalization that captures both, a nar-
row understanding of digitalization focusing on networked digital innovations, and
a broad understanding including (societal) consequences of the use of networked
digital innovations.
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Digitalization shall be defined as a socio-technical process that is characterized by
three elements: first, the introduction of networked digital technologies; second, the
introduction of application systems that build upon these networked digital techno-
logies; and third, the connection of these systems to a networked infrastructure that
runs more or less autonomously based on the data generated by the application sys-
tems (cf. Hirsch-Kreinsen 2015). The technical part of this socio-technical process
is represented by the introduction and the increasing use of networked digital tech-
nologies. The social part covers structural transformations with respect to skill
requirements, job tasks, tenure, quality of work, and social inclusion into the
working world. In contrast, we understand auzomation as the increased use of self-
controlling, largely autonomously deciding and acting computer-controlled machi-
nes (Friedrich et al. 2022).

With these definitions of digitalization and automation, we seek to relate to a broad
range of the working population in different occupations, industries, and qualifica-
tion levels to meet the challenge of capturing the heterogeneity in digitalization.
Such a broad definition allows us to focus on the large variety of consequences for
different subgroups of the workforce. For example, in occupations where increasing
automation mainly replaces manual routine tasks, blue-collar workers are more
strongly affected than others (Acemoglu/Restrepo 2020; Dauth et al. 2018). In con-
trast, the increasing use of networked digital information and communication tech-
nologies substitutes manual and cognitive routine tasks but supplements complex
analytical and interactive non-routine tasks, thereby mostly affecting white-collar
workers (Autor et al. 2003).

The speed of these changes is largely driven by companies’ investment decisions
(Arntz et al. 2016; Damioli et al. 2021 b). As the target unit of population surveys
(like NEPS) are individuals, we cannot quantify the speed of digitalization or auto-
mation of workplaces or their consequences on companies performance and
employment strategies. Thus, by design of the NEPS study, the supply side remains
inaccessible. Instead, we focus on the employees” subjective perception of changes in
the digitalization of workplaces, as well as resulting consequences for individual
qualification needs and future employment prospects such as perceived risks of
losing a current job or perceived chances of finding a new one. As some scientific
and public debates focus on potential negative labor market consequences of digita-
lization fueling job and employment insecurities of employees (Hipp 2019), measu-
ring future labor market prospects was an important part of the newly developed
survey module for providing evidence-based policy advice.

2.2 Hypotheses

Although the digitalization in the working world gains momentum across industries
and occupations, differences in its forms, consequences, and pace remain. Drawing
on the literature and theoretical considerations, we provide corresponding hypothe-
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ses on inter-group differences indicating how the digitalization in the working
world and its consequences should vary with regard to i) gender, ii) age, iii) qualifi-
cation levels, and iv) job task types. If the newly developed survey module on digi-
talization validly reflects the perpetuation and consequences of digitalization, the
survey questions should reveal these inter-group differences in perceptions and
expected consequences for qualification needs, feelings of excessive demands and
job risks.

First, regarding gender-related differences, women benefitted more than men from
the first wave of computerization as of the 1980ies, as physical strength became less
important (Black/Spitz-Oener 2010; Weinberg 2000). Furthermore, additional
technological changes started to replace routine tasks and thus mostly affected tradi-
tionally male-dominated jobs (Autor et al. 2003; Brynin 2006; Goos et al. 2014).
However, fewer women chose ICT-related fields of study (Hill et al. 2010) while
men tended to prefer programming-intensive jobs (Cheng et al. 2019; England et
al. 2020). Considering that women are more often employed in the less automated
and digitalized service sector, combined with gendered labor market segments
(Achatz 2018), we assume that women show lower levels of digitalization of their
workplaces than men, resulting in fewer qualification needs and fewer perceived conse-
quences (hypothesis 1 on gender differences).

Second, age is seen as a challenge to worker’s ability to engage with new technolo-
gies, although the concept of ‘digital natives is discussed quite controversially in the
literature (Helsper/Eynon 2010). In general, aging implies certain losses in cogni-
tive abilities (Czaja et al. 2001) and older generations may have been used to a slo-
wer working pace with less need for intense learning and continuous updating
(Mauno et al. 2019). In addition to the age and cohort argument of decreasing
adaptability, older individuals use new technologies less frequently in the private
sphere, thereby losing opportunities to train digital capabilities (Neves/Mead 2020).
We therefore assume that due to both employer-based selection and employee-based
self-selection processes, older workers report lower levels of digitalization of their work-
places than younger ones, which is also reflected in lower qualification needs and percei-
ved consequences (hypothesis 2 on age differences).

Third, the use of digitally-networked and further new technologies is differently
distributed across qualification levels: lower qualified individuals, compared to
highly qualified ones, use computers and the internet less frequently and for diffe-
rent purposes (Korupp et al. 2006). The daily workload resulting from networked
digital technologies also increases more with rising qualification levels. Thus, higher
qualified workers experience increasing cognitive and social demands combined
with a large amount of information to be processed, both of which reach levels
which may become difficult to handle (Arnold et al. 2017). In contrast, low quali-
fied workers report physical relief provided by new technologies in routine tasks and
face higher levels of automation at their workplaces. In our hypothesis 3 a we accor-
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dingly assume that higher qualified workers face higher levels of networked digital tech-
nologies at their workplaces than employees with lower formal qualification. Thus, we
expect that higher qualified workers have stronger qualification needs. At the same
time, for lower qualified workers, we expect to find higher workplace automation than
Jfor those with higher qualifications (hypothesis 3 b on differences with regard to qualifi-

cation levels).

Fourth, we expect that new technologies substitute manual and cognitive routine
tasks while they may supplement complex analytical and interactive non-routine
tasks (Autor 2013, 2015). Accordingly, depending on the main task type, some
occupations are subject to more pervasive consequences of workplace digitalization
concerning the organization of work or training needs than others (Dengler/
Matthes 2018). For occupations where analytic and interactive tasks as well as an
autonomic way of working dominates, we assume to find a higher level of work-
place digitalization, more qualification needs, and positive assessments of future
labor market chances (hypothesis 4 on inter-group differences w.r.t. job tasks). In con-
trast, when an occupation’s manual and routine tasks prevail, we assume a subjec-
tively perceived higher risk of job loss (hypothesis 5 on inter-group differences w.r..
manual/routine tasks) and a lower level of reported workplace digitalization, fewer
qualification needs, and a negative assessment of future labor market chances (hypo-
thesis 6 on inter-group differences w.r.t. task types).

3 Data and Methods
3.1 Data

The German National Educational Panel Study (NEPS)? is an excellent data source
to study competence development, educational participation and returns to educa-
tion over the life course (Allmendinger et al. 2019; Blossfeld et al. 2011). We use
darta from the Adult Starting Cohort (SC6) of the NEPS (SC6:12.0.0; doi:10.5157/
NEPS:SC6:12.0.0), wave 12 from the years 2019/2020. We combine the data of
the scientific use file (SUF) with consortium data that provide additional informa-
tion needed for our validation analyses. The NEPS-SC6 is a representative sample
of the population in Germany in 2009 and covers respondents born between 1944
and 1986. Given our focus on digitalization in the working world, we restrict our
analysis sample to employed persons only. A total of N = 4,694 individuals reported
valid answers for the digitalization items and provided information on gender, age,
education, and job tasks. The respondents of this analysis sample are on average

3 From 2008 to 2013, the NEPS data was collected as part of the Framework Program for the
Promotion of Empirical Educational Research funded by the German Federal Ministry of Edu-
cation and Research (BMBF). As of 2014, NEPS is carried out by the Leibniz Institute for
Educational Trajectories (LIfBi) at the University of Bamberg in cooperation with a nationwide
consortium.
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52.5 years old, 47.7% are female and 15.6% have a migration background.4 Fur-
thermore, 4.7% have no school leaving certificate or vocational training qualifica-
tion, 11.9% have a lower secondary school leaving certificate (“Hauptschulab-
schluss”) with vocational training, 29.6% have an intermediate secondary school
leaving certificate (“Mittlere Reife”) with vocational training and 19.2% have a hig-
her secondary school leaving certificate (“Abitur”) with vocational training, while
34.6% have a university degree.

3.2 Measurements on Digitalization and its Consequences

We developed a new questionnaire module to assess the permeability of digital tech-
nologies and its consequences in the working world of adults.> According to our
broad definition of digitalization, networked digital technologies refer to, for
example, the use of online forums, e-mails, tablets, clouds, and self-controlled or
self-learning computer systems. Complementarily, we ask about the permeability of
the workplace’s automation. The respondents are invited to assess how strongly
their workplace is shaped by networked digital technologies and automation, what
kind of networked digital technologies they use at work, and how they subjectively
assess the consequences of the spread of networked digital technologies for their
personal job prospects. In more detail, the survey questions distinguish five dimen-
sions of digitalization and its consequences (see Table 1).¢ First, three questions
refer to the perpetuation of digitalization and automation in the respondent’s parti-
cular job and work place and how the respondent’s job changed due to networked
digital technologies. Second, two questions capture needs for further training and
qualification arising due to networked digital technologies. Third, an affective com-
ponent regarding a respondent’s heteronomy and information overload is assessed
by two questions. Fourth, a battery of items captures the extent of digitalization at a
job by inquiring about the use of certain technologies with an increasing difficulty
level ranging from using the internet to search for information to programming
algorithms. Fifth, we ask about the respondent’s labor market prospects concerning
the risks of losing the current job and the general future employability resulting
from digitalization.

4 The respondent was not born in Germany or has at least one parent who was not born in Ger-
many.

5 The questionnaire module was fielded in the sample of adults (NEPS SC6) as well as in a
sample of former adolescents (NEPS SC4). However, in the present paper we analyze only the
SC6, as the share of fully employed individuals in SC4 is still relatively small and the sample is
restrictive with regard to educational qualifications. Nevertheless, SC4 also will be a promising
database for analyzing digitalization in the world of work in the future.

6 See Table Al in Appendix for SUF variable names, the wording of the questionnaire module
and its rationale. Refer to Friedrich et al. (2022) for more details on the intentions of imple-
menting each item and how the item maps to our theoretical considerations.
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Table 1: Dimension and content

Dimension Iltem

D1: Perpetuation of networked digital techno- | m Job characterized by networked digital tech-
logies and automation nologies (NDT) (D1 a)

= Changes in usage of NDT at the workplace
over time

= Job characterized by automation (D1b)

D2: Qualification needs = Constant development of skills needed due
to NDT

m Preparedness for NDT

D3: Affective impact of digitalization m Feeling controlled by NDT

= Information overload by NDT

D4: Use of networked digital technologies For each technology, first the use (yes/no) and if
yes frequency of use is surveyed:

= Searching for information via the internet/
intranet

m Creating or editing digital files
m Exchanging digital files

= Maintaining websites

m Creating websites

m Programming algorithms for intelligent sys-
tems

D5: Labor market prospects m Risk of losing current job due to NDT
m  Chances of finding new job changed by NDT

The survey questions underwent a complex and rigorous development process to
ensure functionality in our target population of working adults. First, we developed
the concept for the specific questions based on literature research, on comparisons
with monothematic digitalization surveys, and with the help of experts on digita-
lization. Second, we went through two rounds of cognitive pretesting with stepwise
improvements to make sure the questions work as expected across various groups.
All cognitive pretests included additional probing questions addressing the respon-
dent’s understanding of our questions and asking how they arrived at their answers.
We thereby assured our questions’ comprehensibility and eliminated problems ari-
sing due to a different understanding of digitalization across respondents. As it was
particularly important to achieve a similar understanding of the term digitalization
without offering respondents a specific definition that would have limited their per-
sonal perspective, we started with heterogencous examples for networked digital
technologies and narrowed them down through cognitive pretesting. For the use of
networked digital technologies, we strongly relied on the European reference frame-
work for the assessment of digital competencies (Carretero et al. 2017) and tested
these items in cognitive pretests as well. Finally, we fielded a quantitative pretest
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conducted by the Zentrum fiir empirische Sozialforschung at Humboldt University
Berlin interviewing 222 respondents based on a random sample quoted by educa-
tion in computer-assisted telephone interviews. Further information on the deve-
lopment process, the samples of pretesting groups and results are provided in Fried-
rich et al. (2022).

3.3 Main Variables

The key variables for our analyses are the newly developed items on digitalization.
For the analyses, we recoded the items so that high values indicate high agreement
with the statements. In addition, the NEPS data offer the unique opportunity to
link our measures of digitalization to measures of job tasks. The five job task types
(analytic, interactive, manual, routine, and autonomy) were assessed in the
2019/2020-wave of NEPS-SC6 by a questionnaire developed and described by
Matthes et al. (2014). The analytic task type consists of the three subscales reading
(4 dichotomous items), writing (4 dichotomous items), and mathematics (7 dicho-
tomous items). The three subscales are combined into a total scale, which is stan-
dardized to a 0—1 range. The items of the remaining task types were each answered
on a 5-point answering scale (1 = always/very often, 2 = often, 3 = sometimes, 4 =
seldom, 5 = very seldom/never) and combined into one scale each for the interac-
tive (6 items), manual (5 items), routine (6 items), and autonomy (4 items) task
types. These scales are also recoded and standardized to a range from 0-1, with 0
indicating low values and 1 indicating high values on the task types.”

For the analyses of the aspects of digitalization and its correlations with socio-demo-
graphic characteristics, we include gender, age, and five educational groups: (1)
respondents without any vocational training, (2) respondents with lower secondary
education (“Hauptschulabschluss”) plus vocational training, (3) respondents with
intermediate secondary education (“Mittlere Reife”) plus vocational training, (4)
respondents with higher secondary education (“Abitur”) plus vocational training,
and (5) respondents with any kind of university degree. Further, we use information
on whether participants provided an e-mail address for contacting them and infor-
mation from an ICT competence measure. The ICT-test is based on a framework
that includes several process components (access, create, manage, evaluate) and soft-
ware applications (word processing, spreadsheet/presentation software, e-mail/
communication software and internet/search engines) that individuals need for
handling information and communication technologies in a modern world. For
further details, see Senkbeil and Thme (2015). Lastly, we use information on whe-

7 In our analyses, we refer to job task types and not to occupational groups. We chose this
approach for two reasons: first, in exploring the fit of our digitalization items for different sub-
groups, we follow the task-based approach, which focuses on job tasks rather than occupations.
Second, different tasks can also be used within an occupation, so that occupational groups
have a high task diversity (Dengler et al. 2016). Therefore, we do not control for occupational
groups at the same time so as to not over-specify our models.
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ther respondents participated in non-formal adult education since the last interview
(i.e., about 12 months ago).

3.4 Statistical Analyses

To test our hypotheses, we conduct several descriptive analyses as well as multiple
regression analyses. Gender, age, education, and job task types are the key indepen-
dent variables in most analyses.

First, to gain a better impression of how well different groups of participants under-
stood the items, we analyze the time participants needed to answer the items. The
time is automatically measured after every dimension with a timestamp. In order to
investigate whether certain groups processed the dimensions particularly quickly or
slowly — and thus infer information about the respondent’s process of understan-
ding of the questions — we calculate t-tests and analyses of variance with gender,
age, education, and job task types. For the task types, we split the sample at the
median of each job task type and then compare the two resulting groups. For the
timestamps, we only investigate dimensions 1, 2, 3, and 5 because in dimension 4
(use of networked digital technologies), participants had to answer different num-
bers of items and therefore timestamps are not comparable.?

Second, we calculate Pearson’s correlations between the digitalization items and gen-
der, age, education (Spearman’s correlation), and job task types. In addition, to
assess the validity of our survey questions, we calculate correlations between the
digitalization items and an ICT competence test and the information whether par-
ticipants in the NEPS-SC6 study provided an e-mail address. We regard this addi-
tional information for several reasons: We expect that respondents with high ICT
skills are also likely to be more affected by digitalization and the use of networked
digital technologies. Furthermore, we assume that these respondents also state that
they are more strongly influenced by digitalization and use digital technologies to a
greater extent. Additionally, participants who are more affected by digitalization
should also more likely have an e-mail address and should be — on average — more
willing to provide it for the NEPS study. Respondents who are more affected by
digitalization may also prefer to communicate by e-mail and are therefore also more
likely to provide their e-mail address.

Third, we investigate whether group differences exist using multiple OLS regressi-
ons on each digitalization item as dependent variable. For dimension four, we
refrained from running a model on each item separately and instead used an aggre-
gated index. We created this index by summing up all items asking for the use of
specific digital technologies. This aggregation is substantiated by the conceptualiza-
tion of these items as a scale measuring the level of digitalization of the respondent’s

8 If respondents did not use any of the first three networked digital technologies, they were filte-
red to the next dimension in the questionnaire.
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occupation according to Carretero et al. (2017). Accordingly, the higher a respon-
dent’s value on the index, the more complex is the respondent’s use of networked
digital technologies. In each of the OLS models, we investigate the effect of age,’
gender, and education on the respondents’ assessment of each item. Then, we
explore whether job tasks influence the assessment of the digitalization items. The-
refore, we also estimate multiple linear regression models on each digitalization item
as dependent variable but include all job task types as explanatory variable while
controlling for age, education, and gender.

Fourth, we investigate the relationship between further training participation since
the last interview and digitalization. For these analyses, we estimate linear regression
models using the number of further training courses reported since the last inter-
view as the dependent variable. We run several models with each digitalization item
as the key explanatory variable while controlling for age, age2, education, and gen-
der. All results are displayed as coefficient plots.!?

4 Results

First, we calculated descriptive statistics (min, max, mean, standard deviation, skew-
ness, number of observations, share of missings) for both the analysis sample and
the total sample to check how the items are distributed in the samples, respectively.
These statistics are reported in Table A2 and A3 in the Appendix and they display

no noticeable result.

Second, we analyzed timestamps to investigate whether certain groups processed the
questionnaire particularly quickly or slowly (Table A4 in the Appendix). Especially
in dimension 5 (future prospects), there are significant differences with respect to
gender, age, education, and type of job task. Although the differences in response
time are statistically significant, they are very small — thus, these differences hardly
seem substantially important. In the other dimensions, significant differences are
only occasionally observed. Taken together with the small differences in dimension
5, the timestamp analysis suggests an overall satisfying understanding of the survey
questions, and no indication of substantial differences across groups.

Third, we calculate correlations between all digitalization items and gender, age,
education, the five job task types, ICT competence, and the information whether
respondents provided their e-mail address as shown in Table 2.

9 We also estimated models including higher polynomials of age. Though we found significant
effects for age?, the effect size did not substantially alter the linear relationship. Therefore,
age? was dropped from all models using the digitalization items as dependent variables.

10 The respective regression tables are included in the Appendix.
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Opverall, the digitalization items mostly correlate negatively with gender (female =
1) and age as well as positively with education, the test score in ICT competence,
and the information whether participants provided an e-mail address. This is in line
with our gender hyporhesis (H1: women show lower levels of digitalization of their
workplaces than men), age hypothesis (H2: older workers report lower levels of digi-
talization of their workplaces than younger ones) and our higher qualification hypo-
thesis (H3 a: higher qualified workers face higher levels of networked digital techno-
logies at their workplaces than workers with lower formal qualification). Further,
the digitalization items mostly correlate positively with analytic, interactive, and
autonomy tasks and negatively with manual and routine tasks. This is in line with
our zask hypothesis (H4: for workers dominantly performing analytic and interactive
tasks as well as an autonomic way of working, we assumed a higher level of work-
place digitalization) and our manual-routine hypothesis (H6: when manual and rou-
tine tasks prevail in a job, we assumed a lower level of workplace digitalization). Of
particular interest are the correlations with the sum index in dimension 4 (Index
use (D4)) that reflects the number of networked digital technologies used at the
workplace. In dimension 4, participants are first asked whether they use several net-
worked digital technologies and if they use a particular technology, they are asked
how often they use this technology. Thus, on the one hand, the correlation results
show which individuals tend to use a high number of networked digital technolo-
gies. On the other hand, the results show indirectly which individuals answered the
frequency of use questions in particular. Male, younger, and more educated
respondents as well as respondents working in jobs with high levels of analytic,
interactive, and autonomy tasks and a low level of manual and routine tasks stated
that they use more networked digital technologies. And as a consequence, these
individuals also answered the questions on frequency of use. Thus, the frequency of
use items in dimension 4 only include a reduced number of participants.

We now turn to discussing our results of the regression models with each digitaliza-
tion item as a dependent variable in more detail. We observe statistically significant
associations for gender, age, and education when including these explanatory varia-
bles together in each of the models. Figure 1 depicts the first set of models inclu-
ding gender, age, and education. Most of the empirical findings of these models are
in line with our expectations, specifically with our gender (H1), age (H2) and higher
qualification hypotheses (H3 a) and partially with our lower qualification hypothesis
(H3b: we expected to find higher workplace automation for lower qualified
workers than for those with higher qualifications). However, we also find differen-
ces across the digitalization items in terms of the associations with gender, age, and
education. For example, we find no significant association between the independent
variables and respondents’ assessments of their risk of job loss (M9), whereas every
explanatory variable is statistically significantly associated with networked digital
technologies (M1).
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Figure 1: Coefficient plots of multiple OLS models using each digitalization item as
dependent variable
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Note: Each plot represents one model using a different digitalization item as the dependent varia-
ble. In each case, higher values of the dependent variable indicate higher agreement or frequency.
The reference category for each education variable is lower secondary school leaving certificate
with vocational training. Appendix Table A5 presents the full models.

Source: Authors’ own calculations based on the NEPS-SC6 wave 12.

For most items we find that respondents’ agreement or frequency is lower among
women than among men (gender hypothesis HI) and higher among the higher quali-
fied than among those having lower formal qualifications (higher qualification hypo-
thesis H3a). Our model predicting the fourth dimension of our digitalization
module, the usage index (Figure 1, M8), can best verify the qualification assump-
tion. Here, we observe that the higher education levels seem to be strongly associa-
ted with the use of more complex networked digital technologies. Our findings for
automation suggest that a higher level of differentiation is needed. Although we
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assumed higher workplace automation at jobs with lower qualifications compared
to jobs with higher qualifications (lower qualification hypothesis H3 b), we only find
a statistically significant difference, that is in line with our hypothesis, between uni-
versity degree versus lower secondary school leaving certificate with vocational trai-
ning (Figure 1, M2). All other qualification levels, except the university degree,
seem to be equally strongly associated with workplace automation. Moreover, alt-
hough the effect of age seems rather small in all Figures, it should be noted that the
effect for someone of average age in our sample is similar to the effect of having
higher education as compared to the reference group (age hypothesis H2). For a clo-
ser look on the age effects see Appendix Table A5.!!

To test hypotheses 4 to 6 addressing the role of job tasks, we estimate further linear
regression models including all job task types as key explanatory variables. We
included gender, age, and education in all models as control variables.

The results shown in Figure 2 support our zask hypothesis (H4) and our manual-rou-
tine hypothesis (H5), while the automation hypothesis (H5: when manual and routine
job tasks outweigh, we assume both a higher level of automation and a subjectively
perceived higher risk of job loss) finds no support according to the regression
models on automation (Figure 2, M2) and job loss (Figure 2, M9). We find that if
analytic tasks are predominant, workers assess their workplace to be more strongly
characterized by networked digital technologies and they report having more quali-
fication needs. At the same time, those respondents are more prepared for working
with digital technologies, use more complex networked digital technologies and
have a positive assessment of their future labor market chances. We observe a simi-
lar relationship for interactive as well as autonomy task types. However, the effect
size is considerably smaller than for analytic tasks and we do not find statistically
significant associations. This means that although our task hypothesis (H4) holds
true in general, the story differs between analytic, interactive, and autonomy tasks.

11 A further notable finding concerning age is that it mostly follows a linear trend. However,
when including age? we find that the relationship between age and most digitalization items
is almost zero or somewhat increases up to a certain age and then sharply declines. For
dimension D3, we find the opposite relationship. These findings might substantiate the
cohort argument.
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Figure 2: Coefficient plots of job task types (derived from OLS models)
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Note: Each plot represents an extract from a model using a different digitalization item as the
dependent variable. Higher values of the dependent variable indicate higher agreement or fre-
quency. Age, gender, and education are included as control variables in each model. Appendix
Table A6 presents the full models.

Source: Authors’ own calculations based on the NEPS-SC6 wave 12.

In contrast, as assumed by our manual-routine hypothesis (HG), performing mainly
manual or routine tasks is statistically significantly associated with having a lower
level of workplace digitalization, less qualification needs, and a negative assessment
of future labor market chances. The findings also suggest that, although workers
mainly performing routine or manual tasks have fewer qualification needs, they feel
less prepared for actually working with networked digital technologies. We expected
that manual and routine tasks are also associated with a higher level of automation
(automation hypothesis H5). Instead, we find a negative association of manual tasks
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with the perceived risk of job loss and no statistically significant relationship for
routine tasks.

On an interesting side note, when including job tasks as explanatory variables, we
find that our sociodemographic variables remain largely statistically significant and
substantively relevant (compare Appendix Table A6 and A7). For example, even
when we account for different job tasks, gender still has the same statistically signi-
ficant associations with most digitalization items. Overall, the effect sizes of socio-
demographic variables remain meaningful despite including job tasks, which fur-
ther substantiates Ayporheses I to 3 a and improves our estimation for hyporhesis 3 b.
Nonetheless, job tasks are stronger in predicting response differences than the socio-
demographic variables.

Figure 3: Coefficient plots of the number of further training courses (OLS models)
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Note: Each line represents an extract from a model using a different digitalization item as the key
explanatory variable. Higher values on the digitalization item indicate higher agreement or fre-
quency. Appendix Table A7 shows the full models.

Source: Authors’ own calculations based on the NEPS-SC6 wave 12.

Lastly, complementing and assessing the robustness of the empirical evaluations of
our hypotheses regarding the relationship between digitalization and perceived quali-
fication needs, we conduct further regression models exploring how our digitaliza-
tion items are associated with actual participation in further training. We operatio-
nalize the latter by the number of further training courses respondents participated
in the past twelve months before the interview, which is measured yearly in the
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NEPS-SC6 life course measurement. Of the various dimensions covered by our
questionnaire module, we investigate the associations between the level of networ-
ked digital technologies at the workplace (D1 a), perceived workplace automation
(D1b), qualification needs (D2), feelings of loss of control and information over-
loads (D3), expected labor market prospects (D5), and the actual level of new tech-
nology usage (D4) on the one hand and actual further training participation on the
other. In each case, we include all sociodemographic control variables and run sepa-
rate models for each dimension as the key explanatory variable. Figure 3 presents
the main results.

We find that almost all dimensions are associated with higher rates of further trai-
ning participation since the last interview. Most of these relationships are rather
intuitive. For example, the models predict that respondents who perceive more fur-
ther training needs due to networked digital technologies report having attended at
least one further training course. Similarly, reporting an information overload by
increasing digitalization or feeling controlled by networked digital technologies is
associated with a higher number of reported further training courses. The same pat-
tern becomes apparent for the fourth dimension of our survey questions on digita-
lization, i.c. the actual use of networked digital technologies at the workplace.
Finally, we want to highlight the relationship between preparedness and course
attendance. Since our models show associations and not causal effects, we assume
that respondents attended courses prior to being interviewed and that they feel
more prepared due to this previous course attendance. We also find a notable diffe-
rence in the relationships between networked digital technology and automation
with further training participation respectively. While we find the expected positive
association for respondents who report having jobs that are characterized by net-
worked digital technologies, we do not find that association for those who report
having a job characterized by automation.

5 Conclusion

Digital technologies permeate everyday life. In particular, the process of digitaliza-
tion reshapes the world of work in industrialized societies like Germany. Several —
mostly qualitative — studies offer narratives on how this process of digitalization is
implemented and which implications it has for individuals, companies, and labor
market sectors (Briken et al. 2017; Pfeiffer 2018, 2019). Likewise, a few quantita-
tive monothematic studies try to assess the state of digitalization and potential rami-
fications of this process (Arntz et al. 2020 a; Nedelkoska/Quintini 2018; Pouliakas
2018). Being designed as a longitudinal population panel, the National Educational
Panel Study is an excellent setup to monitor the process of digitalization in indivi-
duals’ everyday life, especially with respect to changes in the working world. With
its detailed measures on job tasks, with additional information on job characteristics
and job satisfaction, its sophisticated measures on cognitive and non-cognitive com-
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petencies (including ICT skills), and with its fine-grained measures of educational
degrees and participation in further training, the NEPS data offer a very rich set of
dimensions and variables.

In this paper, we introduced newly developed, comprehensive survey questions on
various aspects of digitalization at the workplace. Differentiating five dimensions —
permeation of the workplace by networked digital technologies and automation, use
of networked digital technologies, induced qualification needs, affective consequen-
ces, and labor market consequences — the new survey questions in the NEPS data
offer ample opportunities to address research questions on the process of digitaliza-
tion and its consequences for individuals. In addition to the demonstrated potentials
in analysing the relationships between digitalization and participation in further trai-
ning, the new items can also be used to investigate relationships between digitaliza-
tion and job characteristics like opportunity for promotion, job security, appropriate
wages, fit between qualifications and job requirements or work-family balance. Thus,
the research opportunities on work and employment quality with the NEPS daca is
now supplemented by digitalization and automation. Combining questions on risk
tolerance or on the importance of on-the-job learning can, for example, reveal how
individuals assess the increased need for further training as a result of digitalization in
order to cope with technological change. Other, non-economic factors of everyday
life can also be linked to the digitalization and automation of work processes with the
NEPS data, such as social and political attitudes, health, and satisfaction in general or
with work. Most of these questions are collected as panel items. Thus, the newly
developed questions offer ample potential for exploring various issues of social ine-
quality and their development through technological change in workplaces.

In line with our hypotheses, our analyses have shown that men and women, older
and younger respondents as well as more educated compared to less educated indi-
viduals are exposed differently to workplace digitalization. Women, older, and less
educated respondents are generally less affected by the introduction of networked
digital technologies, addressing questions of technologically induced or perpetuated
social inequalities. However, these inequalities largely mirror existing labor market
inequalities. Women, older, and less educated employees find themselves in jobs
that are less favorable in terms of income, prestige, and job security, often also in
terms of the actual tasks they perform on the job. We have shown that job tasks
indeed correlate with different dimensions and degrees of digitalization and with
the consequences for the increasing digitalization.

As we identified the heterogeneity of digitalization and its continuous development
as two main challenges for the sound measurement of digitalization in the working
world in representative panel surveys, the purpose of our analyses has been twofold:
First, we have shown that the new measures on digitalization and its consequences
capture key aspects of the process of digitalization. The correlations with sociode-
mographic characteristics and with specific job tasks largely follow the theoretical
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expectations and earlier findings. Hence, the new module can be considered to be a
robust measure for the description and the analysis of the process of digitalization at
the workplace applicable across various population subgroups. Second, our analyses
provide insights into the enormous potential of the NEPS data, now becoming
even bigger with a new and robust measure of digitalization and its consequences.

Yet, we want to point out three limitations and open questions of the new questi-
onnaire module in the NEPS data. First, NEPS surveys individuals, thus we have
little information on the permeation of digitalization in a given company. As com-
panies are main drivers of technological change, additional company surveys are
needed to complement the analysis potential we provide on the individual level. For
the time being, we need to assume that digitalization is a process happening outside
of the respondent, i.e. at the workplace and in a company, to which the respondent
has to adapt. Second, we developed the items for the context of the working world
and employed individuals. Therefore, we cannot provide analyses on the opportu-
nities for the population of the unemployed or for the private sphere.

Third, we distinguish the two sub-dimensions of networked digital technologies
and automation in the perpetuation dimension of our questionnaire module
because each of them matters to a varying degree in different industries, occupati-
ons, and tasks. Yet, the overall picture is that our data is currently less-well suited
for analyzing automation processes than it is for studying the spread of networked
digital technologies at the workplace. Like in many long-running panels, there are
meanwhile just too few (“blue-collar”) respondents left working in branches or
occupations that are subject to wide-spread automation, which is also reflected in
large standard errors of the automation variable in our regression analyses. Similarly,
while our respondents report few automated processes at their workplaces, they per-
ceive their workplaces as strongly characterized by networked digital technologies.
We also found only small associations between automation and age, qualification
levels and task types and no association with actual participation in further training.
For now, it remains an open question whether the differentiation of networked
digital technologies and automation is worthwhile, especially with regard to study-
ing its consequences on individual competence development, employment careers,
job satisfaction, and further training needs, as intended. Despite these limitations,
our new survey instrument provides ample opportunities for future research. We
invite researchers to exploit this rich set of opportunities for their own analyses on
digitalization, its origins, and consequences.
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Appendix

Table Al: Dimensions, items, and their intentions

Dimension

Item

Intention

D1: Perpetuation
of networked
digital technolo-
gies and auto-
mation

The topic "digitalization of the working world" is
much discussed today. But not the entire working
world is equally affected by digitalization. Many
jobs remain unchanged. It is important for us to
find out how!lyou!! experience digitalization. An
important aspect of this is the use of networked
digital technologies!!at work!!.

Some examples are online platforms, e-mails,
tablets, cloud services and self-controlling or self-
learning computer systems.

Introduces topic and gives
definition.

Networked/SUF: th60001

We are interested in your assessment of your
occupation. How strongly is your job as <pre-
load_job> characterized by the use of networked
digital technologies?

1: very strongly
2: strongly

3: partly strongly
4: barely

5:not at all

Captures the dimension “net-
worked digital technologies”
(in contrast to “automation”).

Two questions are needed as
networked digital technolo-
gies and automation are two
different dimensions.

Subjective assessment of
extent of digitalization at job.

Activity change/SUF: th60002

If you compare your job as < preload_job > today
and two years ago, you are using networked digital
technologies today...

1: much more frequently

2: more frequently

3: slightly more frequently

4: bout equally frequently

5: less frequently

6: not employed two years ago

Do not read aloud: If the respondent has changed
his/her job in the last two years, compare the posi-
tion two years ago with the current one. If the
respondent was not employed two years ago,
please select "not employed two years ago".

Subjective perception of chan-
ges in the use of networked
digital technologies.
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Dimension

Item

Intention

Automation/SUF: th60007

So far, our questions about digitalization have
mainly concerned the use of networked digital
technologies. But we are also interested in another
aspect:!lthe automation of work processes!! By this
we mean the use of computer systems that deter-
mine, evaluate or optimize work processes mostly
independently by making their own decisions.
What about your work? To what extent are the
work processes at!!your workplace!! automatized?

1: very strongly
2: strongly

3: partly strongly
4: barely

5:not at all

Captures the dimension “auto-
mation” (in contrast to “net-
worked digital technologies”).

D2:

Qualification
needs

Further training needs/SUF: th60003

In the following, | will read some statements to
you. To what extent do these statements apply to
your job as < preload_job >? In my job, networked
digital technologies require a constant develop-
ment of my skills. Does the statement apply to you
completely, rather apply, partly apply, rather not
apply or not apply at all?

1: does apply completely
2: does rather apply

3: does partly apply

4: does rather not apply
5:does not apply at all

6: no use of networked digital technologies

Requirements for lifelong
learning resulting from net-
worked digital technologies.

Prepared/SUF: th60004

Thanks to my skills, | feel well prepared for working
with networked digital technologies. Does the
statement apply to you completely, rather apply,
partly apply, rather not apply or not apply at all?

1: does apply completely
2:does rather apply

3: does partly apply

4: does rather not apply
5:does not apply at all

6: no use of networked digital technologies

Ability to use networked digi-
tal technologies.

[@)er |


https://doi.org/10.5771/0038-6073-2021-4-415
http://www.nomos-elibrary.de/agb

Grasping Digitalization in the Working World

443

Dimension

Item

Intention

D3:
Affective impact
of digitalization

Feeling controlled/SUF: th60005

In my job, | feel increasingly controlled by networ-
ked digital technologies. Does the statement apply
to you completely, rather apply, partly apply, rather
not apply or not apply at all?

1: does apply completely
2: does rather apply

3: does partly apply

4: does rather not apply
5: does not apply at all

6: no use of networked digital technologies

Feeling of heteronomy can
have two sources: Technology
and humans (in terms of
monitoring). Both sources are
valid for question.

Information quantity/SUF: th60006

In my job, | often receive too much information at
once through networked digital technologies. Does
the statement apply to you completely, rather
apply, partly apply, rather not apply or not apply at
all?

1: does apply completely
2: does rather apply

3: does partly apply

4: does rather not apply
5:does not apply at all

6: no use of networked digital technologies

Feeling of mental overload due
to information overload.

[@)er |


https://doi.org/10.5771/0038-6073-2021-4-415
http://www.nomos-elibrary.de/agb

444 Friedrich/Laible/Pollak/Schongen/Schulz/Vicari
Dimension Item Intention
D4: Information search_1/SUF: th6011a Dimension 4 captures the

Use of networ-
ked digital tech-
nologies

Now we are interested in what you do in your job
as < preload_job > exactly. Do you use the internet
or intranet to search for information?

1:yes

2:no

objective extent of digitaliza-
tion at a job. Note that the
questions in D4 come in pairs.
The second question in the
pair is only asked if the
respondent answered yes to
the first question. A stopping
criteria filters to the next
dimension when respondents
answered no three times.
Following Carretero et al.
(2017), the complexity of the
use of specific technologies
increases with each question
pair

Information search_2/SUF: th6011b

How often do you use the internet or intranet to
search for information in a typical working week?

1: several times a day
2: daily

3: several times a week
4: once a week

5: less frequently

Complexity: Simple tasks.

File modification_1/SUF: th6012a

Do you create or edit digital files in your job?
1:yes

2:no

'Digital files' are, for example, text or image files
that can only be edited using computers, tablets,
etc.

File modification_2/SUF: th6012 b

How often do you create or edit digital filesin a
typical working week?

1: several times a day
2: daily

3: several times a week
4:once a week

5: less frequently

If a file is edited throughout the day, select several
times a day.

Complexity: Well-defined and
routine tasks, and straightfor-
ward problems.
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Dimension

Item

Intention

Exchange_1/SUF:th6013a

Do you exchange files with other people using net-
worked digital technologies? (An example of file
sharing via networked digital technologies is the
use of e-mail, internal data servers or cloud sys-
tems).

1:yes

2:no

Exchange_2/SUF:th6013 b

How often do you exchange files with other people
in a typical working week?

1: several times a day
2: daily

3:several times a week
4: once a week

5: less frequently

Complexity: Tasks, and well-
defined and non-routine pro-
blems.

Internet presence_1/SUF: th6014a

Do you maintain websites in your job? (An example
of maintaining websites is the updating of social
media content, or the technical modification of
websites, for example via content management
systems.)

1:yes

2:no

Internet presence_2/SUF: th6014 b

How often do you maintain websites in a typical
working week?

1: several times a day
2: daily

3: several times a week
4: once a week

5: less frequently

Complexity: Different tasks
and problems.

Websites_1/SUF: th6015a

Do you create new websites in your job?
1:yes

2:no

The creation of websites includes the technical
redesign and initial programming of websites, not
just the maintenance.

Complexity: Different tasks
and problems
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Dimension Item Intention

Websites_2/SUF: th6015 b

How often do you create new websites in a typical

working week?

1: several times a day

2: daily

3: several times a week

4: once a week

5: less frequently

Algorithms_1/SUF: th6016a Complexity: Resolve complex

Do you program algorithms for intelligent systems E:]ob::en;s with many interac-

in your job? gactors

1:yes

2:no

Algorithms_2/SUF: th6016 b

How often do you program algorithms for intelli-

gent systems in a typical working week?

1: several times a day

2: daily

3: several times a week

4: once a week

5: less frequently
D5: Job loss/SUF: th60008 Subjective risk to loose current
Labor Market We are now interested in your assessment of the job due to digital technologies
Prospects consequences of digitalization. How much has this and automation.

development changed the risk of losing your cur-
rent job? Does the risk increase strongly, increase
slightly, stay about the same, decrease slightly or

decrease strongly?

1: does increase strongly

2: does increase slightly

3: does stay about the same
4: does decrease slightly

5: does decrease strongly
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Dimension Item Intention

Labor market chances/SUF: th60009 Subjective assessment of

. . . chances due to respondents’
And if you don't think of your current job, but of!! I - P ;
. ? : ability and skills and their
your!! skills and chances in the labor market in . P
- match with a digitalized work-

general: How do you assess your chances of finding lace

anew job in a labor market changed by digitaliza- place.

tion? Would your chances improve strongly,

improve, stay the same, worsen or worsen stron-

gly?

1: improve strongly

2:improve

3: stay the same

4: worsen

5: worsen strongly
Table A2: Descriptive statistics with the total sample

min  max mean sd skew- N -20 (sys- -97 -98 (do not
ness tem) (refuse) know)

Networked 1 5 2.63 122 0.30 5.103 0.00% 0.00% 0.04%
Activity change 1 5 310 114 -0.22 5.017 1.12% 0.06% 0.55%
Further training 1 5 2.82 117 0.17 4994 2.08% 0.00% 0.10%
needs
Prepared 1 5 279 1.09 0.24 4979 2.39% 0.00% 0.08%
Feeling controlled 1 5 3.71 1.04 -0.55 4.968 2.59% 0.00% 0.10%
Information quan- 1 5 340 115 -031 4959 2.80% 0.02% 0.04%
tity
Information 0 1 083 038 -1.73 5105 0.00% 0.00% 0.00%
search_1
Information 1 5 1.85 112 118 4219 17.32% 0.00% 0.04%
search_2
File modification_1 0 1 062 048 -0.51 5103 0.00% 0.00% 0.04%
File modification_2 1 5 1.97 1.20 1.01 3.187 37.57% 0.00% 0.00%
Exchange_1 0 1 0.74 044 -110 5.104 0.00% 0.00% 0.02%
Exchange_2 1 5 199 124 1.01 3.785 25.86% 0.00% 0.00%
Internet presence_1 0 1 0.17 0.38 176 4422 13.38% 0.00% 0.00%
Internet presence_2 1 5 3.80 128 -0.79 749 85.33% 0.00% 0.00%
Websites_1 0 1 0.04 020 456 4421 1338% 0.00% 0.02%
Websites_2 1 5 4.40 1.03 -1.89 186 96.36% 0.00% 0.00%
Algorithms_1 0 1 0.03 017 537 4422 13.38% 0.00% 0.00%
Algorithms_2 1 5 3.18 150 -0.23 139 97.28% 0.00% 0.00%
Automation 1 5 3.96 1.05 -0.81 5.097 0.00% 0.02% 0.14%
Job loss 1 5 3.24 0.87 0.63 5.003 0.00% 0.22% 1.78%
Labor market chan- 1 5 3.16 0.83 0.21 5.013 0.00% 0.29% 1.51%

ces

Source: Authors’ own calculations based on the NEPS-SC6 wave 12.
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Table A3: Descriptive statistics with the analysis sample

min max mean sd skewness N
Networked 1 5 2.55 1.15 0.30 4694
Activity change 1 5 3.04 112 -0.20 4694
Further training needs 1 5 2.77 114 0.18 4694
Prepared 1 5 2.77 1.07 0.24 4694
Feeling controlled 1 5 3.69 1.04 -0.53 4694
Information quantity 1 5 3.37 115 -0.29 4694
Information search_1 0 1 0.85 0.35 -1.99 4694
Information search_2 1 5 1.82 1.09 1.22 4001
File modification_1 0 1 0.65 0.48 -0.63 4694
File modification_2 1 5 1.95 1.18 1.04 3050
Exchange 1 0 1 0.77 0.42 -1.28 4694
Exchange_2 1 5 1.96 1.22 1.05 3612
Internet presence_1 0 1 0.17 0.38 1.74 4187
Internet presence_2 1 5 3.81 1.27 -0.79 720
Websites_1 0 1 0.04 0.20 4.54 4187
Websites 2 1 5 4.41 1.03 -1.96 178
Algorithms_1 0 1 0.03 0.18 5.34 4187
Algorithms_2 1 5 3.20 1.49 -0.24 133
Automation 1 5 3.92 1.05 -0.76 4694
Job loss 1 5 3.23 0.87 0.62 4694
Labor market chances 1 5 3.15 0.82 0.19 4694

Source: Authors’ own calculations based on the NEPS-SC6 wave 12.
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