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Abstract The analysis of job tasks has become a field of
growing scientific activity in recent years. Information on
such tasks has been used to analyze various research ques-
tions, especially regarding changes in the overall structure
of the economy and their implications for persons and firms.
Arguably the most prominent of these research questions is
the analysis of the consequences of technological change for
job tasks, skill demand, and wage inequality.

Despite the growing importance of this field of research,
the range of actual task measures to be used in empirical
analyses is rather limited. Therefore, we considered it worth-
while to develop a survey instrument to measure job tasks by
asking the job holders directly. The resulting questionnaire
module was administered in the fourth panel wave of the
German National Educational Panel Study’s (NEPS) adult
stage.

In this paper, we provide an overview of our conceptual
background as well as the steps taken during the develop-
ment of the survey instrument. Furthermore, we present an
initial exploratory analysis of the data collected to validate
the instrument.
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Die Erfassung von Job-Tasks in personlichen
Befragungen. Ein neues Instrument zur Erhebung von
Anforderungen am Arbeitsplatz

Zusammenfassung Die Analyse von am Arbeitsplatz aus-
gefiihrten Titigkeiten (job tasks) hat in den vergangenen
Jahren zunehmend an Bedeutung gewonnen. Informationen
zu solchen Tétigkeiten wurden dabei im Rahmen der Un-
tersuchung unterschiedlichster Forschungsfragen verwen-
det, wie z.B. der Analyse von Verdnderungen in der Wirt-
schaftsstruktur und ihren Auswirkungen auf Personen und
Unternehmen. Die wahrscheinlich wichtigste dieser For-
schungsfragen ist dabei die Analyse der Konsequenzen des
technologischen Wandels fiir Tédtigkeiten am Arbeitsplatz,
fiir die Nachfrage nach bestimmten arbeitsplatzbezogenen
Fahigkeiten (skills), sowie fiir die Entwicklung der Lohnun-
gleichheit.

Die zunehmende Bedeutung dieses Forschungsfelds steht
dabei in deutlichem Gegensatz zum duflerst eingeschrinkten
Angebot von Instrumenten zur Operationalisierung solcher
job-tasks in empirischen Analysen. Aus diesem Grund ha-
ben wir uns entschlossen, ein neues Befragungsinstrument
zu entwickeln, in dem die Erwerbstétigen direkt nach ih-
ren Arbeitsanforderungen gefragt werden. Das resultierende
Fragebogenmodul wurde Teil des Erhebungsprogramms der
vierten Panelwelle der Erwachsenenerhebung des Nationa-
len Bildungspanels (NEPS).

Im Rahmen des vorliegenden Beitrags wollen wir einen
Uberblick iiber den konzeptionellen Hintergrund des Instru-
ments und die einzelnen Schritte im Rahmen der Instru-
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mentenentwicklung geben, sowie zur Validierung des In-
struments erste explorative Analysen der Daten prisentie-
ren.

1 Motivation for developing a new instrument for
collecting information on job tasks

In recent years, the analysis of job tasks has become a field
of growing scientific activity. Information on such tasks
has been used to analyze various research questions, espe-
cially regarding changes in the overall structure of the econ-
omy and their implications for persons and firms. The most
prominent examples include analyses of the potential im-
portance of technological change for wage development and
increasing wage inequality, the role of tasks for identifying
jobs that bear a high risk of being transferred abroad or the
importance of an occupation’s task composition for the job
mobility of its incumbents.

Despite the strong and still growing importance of the
task concept for various research questions in economics
and the social sciences, the conceptual basis for measur-
ing tasks (or more precisely, the task composition of jobs
or occupations) seems to be somewhat underdeveloped. In
general, two basic approaches for operationalizing job tasks
may be distinguished. First, tasks may be identified with the
help of expert judgments. This approach is used in the Dic-
tionary of Occupational Titles (DOT), which is often em-
ployed to capture tasks in empirical analyses (Yamaguchi
2012; Poletaev and Robinson 2008; Autor et al. 2003). The
downside of this approach is that the DOT only includes oc-
cupation level information. When merging this kind of in-
formation with micro-data, possible variations in job tasks
among incumbents of the same occupation may remain un-
detected (cf. Autor and Handel 2013). As a consequence,
it may not be possible to answer some specific types of re-
search questions (e.g., questions requiring information on
the homogeneity or heterogeneity of task profiles within oc-
cupations) when using this approach.

The second approach is, to measure different job tasks
directly as part of a representative population survey. This
is done by Handel (2008, 2007), for example. In our opin-
ion, this latter approach should be the most promising one,
because at least in principle it ought to provide task informa-
tion not only at the level of aggregate occupations but also
at the individual level. However, the survey approach is not
without potential weaknesses, as well. First and foremost,
asking respondents about a highly complex concept such as
their job’s task composition is far from trivial. As a result,
doing it properly will be very time-consuming. Nevertheless
we would argue that the conceptual advantages of the sur-
vey approach more than compensate for the effort involved.
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Since the only German-language instrument currently avail-
able (featured in the BIBB/IAB and BIBB/BAuA studies),!
did not meet all our requirements, in particular regarding its
conceptual foundation and the ad-hoc procedures commonly
used for assigning items to its “theoretical” dimensions,” we
decided to develop a new instrument to measure job tasks.
This instrument was included in the fourth panel wave of
the National Educational Panel Study’s (NEPS)? adult stage
(Adult Education and Lifelong Learning). Throughout this
paper we will describe the instrument’s development and
evaluate it using NEPS data.

In the following section, however, we begin by providing
a detailed discussion of potential applications for the above-
mentioned task data in order to underscore the theoretical
importance of the concept. In the third section, we outline
the conceptual considerations guiding our development ef-
forts. The fourth section features a detailed discussion of our
instrument and the steps taken during its development. In
section five, we evaluate the instrument using NEPS data
to demonstrate that it may indeed be used to generate mean-
ingful task profiles. We will show this comprehensively both
on a more aggregate level (major groups of the International
Standard Classification of Occupations) and for selected oc-
cupations. The final section provides a summary and a dis-
cussion of perspectives for future research using this instru-
ment. In addition, the article has a detailed appendix, which
includes all questionnaire items in their original German and
translated English versions, as well as some basic informa-
tion on distributions of item subscales from the NEPS sur-
vey, which—for reasons of brevity and readability—could
not be included in the main part of the paper.

IThe BIBB/IAB and BIBB/BAuA-studies are cross-sectional surveys
of gainfully employed persons in Germany, carried out in 1979,
1985/86, 1991/92, 1998/99, 2006 and 2012. Their instruments for cap-
turing job tasks conceptually draw on comparable instruments from
the German Microcensus (Henninges et al. 1977), which however only
refer to a respondent’s main job task (and hence are not a good data
source for analyses in the tradition of the Task-Based Approach). All
datasets have sample sizes between 20,000 and 30,000 respondents.
Data for the earlier studies until 1998/99 were collected jointly by
the Federal Institute for Vocational Education and Training (Bundesin-
stitut fiir Berufsbildung/BIBB) and the Institute for Employment Re-
search (Institut fiir Arbeitsmarkt- und Berufsforschung/IAB). Data for
the later studies were collected by the BIBB and the Federal Institute
for Occupational Safety and Health (Bundesanstalt fiir Arbeitsschutz
und Arbeitsmedizin/BAuA). For a recent overview compare Rohrbach-
Schmidt (2009); for details on individual studies compare Hall (2009)
who describes BIBB/BAuA 2005/06, Parmentier and Dostal (2002)
who describe BIBB/IAB 1998/99 and Jansen and Stoof3 (1993) who
describe results from BIBB/IAB 1991/92.

2For details compare the discussion in the third paragraph below.

3NEPS collects data on educational processes in Germany and is com-
prised of several surveys covering respondents from early age to the
general (adult) population (for more information on the NEPS in gen-
eral compare: https://www.neps-data.de or Blossfeld et al. (2011), for
detailed information on the adult stage in NEPS compare Allmendinger
etal. (2011)).


https://www.neps-data.de
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2 Applications for task-data

Arguably the most prominent research question that might
be answered using job task information is the one con-
nected to the discussion of wage development and the role
that technological change may have played in this process.
This line of research was inspired by an empirical obser-
vation: In many industrialized countries, most importantly
the United States, different educational groups have been
experiencing an unequal development of wages, which has
lead to increased wage inequality. There are, in fact, var-
ious approaches for explaining this development (for an
overview of different explanatory approaches, compare e.g.
Kierzenkowski and Koske 2012; Lemieux 2008).

One of the early explanations, the original version of
the skill biased technological change (henceforth SBTC)
hypothesis, attributed these changes to technological de-
velopment (e.g. Katz and Murphy 1992; Levy and Mur-
nane 1992). It was assumed that technological change will
increase the productivity of highly skilled workers more
strongly than that of their low skilled counterparts, thereby
increasing demand for workers with higher skills. Unless
this increasing demand is offset by a larger number of highly
skilled workers entering the labor market, this should result
in increasing wages for this group of employees. Acemoglu
and Autor (2011) call this the “canonical model” of SBTC.

However, soon it was argued that SBTC was not able
to explain some more recent developments. Among these
were: the diverging employment trends in different types of
occupations, with a substantial increase in jobs requiring ei-
ther a high level or a low level of education, accompanied
by a simultaneous decline in the share of jobs with interme-
diate educational requirements (Acemoglu and Autor 2011:
p- 1074). Moreover, the “U-shaped” development of wages,
with those at the top end of the distribution gaining most
strongly and especially those in the middle losing ground
(cf. Autor and Dorn 2013 for recent data), did not fit well
with SBTC. The same holds for the unequal development of
residual inequality, which rose substantially in the upper half
of the wage distribution (90-50 gap) while staying constant
or even declining in the lower half (10-50 gap) (Lemieux
2006).

An alternative version of the SBTC argument was de-
veloped by Autor et al. (2003, henceforth ALM) and more
recently expanded by Autor et al. (2008), Autor and Dorn
(2013), and Autor (2013). It shared the central idea of
the SBTC-approach—namely that technological progress
should be the driving force behind changes in the demand
for certain qualifications and, consequently, for the wages
paid to the holders of such qualifications. The distinctively
new aspect of this alternative approach was the notion that
technological change, first and foremost computerization,
had differing effects on different types of jobs. This is where

job-tasks come into play, since the nature of these effects
was assumed to depend on the specific tasks that incum-
bents of these jobs had to perform and on the degree to
which technical means might substitute for human labor in
the performance of these tasks (which is why the concept
is often referred to as the “Task-Based Approach” or “Task
Approach”, henceforth TBA).

Tasks were defined as routine if they could be performed
more or less easily by computers or new types of (comput-
erized) production technologies, and were considered non-
routine otherwise. Since routine tasks are disproportionally
located in the middle of the occupational hierarchy, the TBA
argued* that this mechanism should result in reduced em-
ployment and lower wages for this middle group, whereas
employment prospects and wages should improve (or re-
main stable, at least) in the higher and the lower qualified
groups.

Even though the TBA led to a considerable amount of
new research, for instance on the impact of technological
change on job tasks and skill demand (Lindley 2012; Black
and Spitz-Oener 2010; Ikenaga and Kambayashi 2010; An-
tonczyk et al. 2009; Dustmann et al. 2009; Goos and Man-
ning 2007; Autor et al. 2006; Spitz-Oener 2006), or on the
trends in task developments and their effects in different
labor markets or educational systems (Ferndndez-Macias
2012; Goos et al. 2009), it is not undisputed and there are al-
ternative approaches to explaining wage developments since
the 1990s.

Some authors argue that specific developments or one-
time events can explain or did at least substantially influ-
ence the observed development of wages. Thus Lee (1999),
for example, suggested that in the United States the falling
value of the minimum wage during the 1980s had a ma-
jor influence on the development of wage inequality in the
lower half of the income distribution. Although most authors
seem to agree that this should have had some influence, there
is disagreement regarding the consequences of this finding
for the ALM version of SBTC. Some claim that this posi-
tion cannot be reconciled with SBTC and thus constitutes a
competing explanation (e.g. Card and DiNardo 2002). Au-
tor et al. (2008), on the other hand, while agreeing that the
reduced value of the minimum wage played some role in the
development of wage inequality in the lower half of the in-
come distribution during the 1980s, nevertheless argue that

4 Autor et al. (2003), for example, make the point that service jobs such
as truck driving or haircutting, which usually require a rather low level
of qualification, cannot (yet) be substituted by computers, while tasks,
which require a medium level of education, such as e.g. bookkeeping
or clerical work, in fact can.

SResults for Germany are somewhat mixed. On the relevance of the
TBA in the German context compare e.g. Spitz-Oener (2006) or Dust-
mann et al. (2009) for a critical discussion of the relevance of the task
composition of jobs on wage inequality in Germany see for example
Antonczyk et al. (2009).
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it should not be considered a proper explanation for the en-
tire phenomenon, especially because it does not provide a
rationale for the continuously rising wage inequality in the
upper tail of the income distribution (90/50 wage gap).

A different perspective on the development of wage in-
equality is provided by Goldin and Katz (2008). They argue
that the increase in inequality observed since about the late
1970s in fact coincides with another fundamental change:
the slowing down of educational expansion (in contrast to
earlier decades of the 20th century, which were character-
ized by both educational expansion and declines in wage in-
equality). Therefore, according to Goldin and Katz, changes
on the supply side, namely a decreasing number of educated
workers available, should be considered more important for
the rising returns to higher education driving inequality than
should be demand-side changes, as implied by SBTC.

Another explanation that refers to a specific develop-
ment puts the focus of interest on the declining significance
of labor unions (DiNardo et al. 1996; Card et al. 2004).°
This argument is based on the earlier finding (e.g. Freeman
1980) that unions tend to have an inequality-reducing effect.
Showing that such an effect is found mainly among male
workers, Card et al. (2004) argue that it emerges because
the wages of union members with lower qualifications ben-
efit most strongly from unionization, whereas workers with
higher qualifications may even experience lower wages than
in non-unionized parts of the labor market. Thus unioniza-
tion has—at least for male workers—an equalizing effect on
wage dispersion, which obviously is reduced once unioniza-
tion goes down (thus increasing inequality).

Without arguing in favor or against any of these posi-
tions, we believe it is obvious that a proper assessment of
workplace tasks should be essential in order to test the plau-
sibility of the alternative explanations, particularly the alter-
native version of SBTC brought forward by ALM.

A related line of research that also depends heavily on
the availability of job task information focuses on the off-
shoreability of jobs, defining offshoreability as the likeli-
hood or the risk of a particular job to be transferred abroad
(Jensen and Kletzer 2010, Blinder 2009, 2006; Grossman
and Rossi-Hansberg 2008). Gathering proper information on
job tasks is crucial in this case as well, since at the core
of this concept is the notion that a job is considered “off-
shoreable” if the tasks performed as part of it should—in
principle—allow for it being moved abroad. This holds true
regardless of whether such a movement has or has not yet
occurred (Blinder and Krueger 2009). Therefore, just like

SWhile in the German context, the argument of a decreasing value of
the minimum wage should be more or less irrelevant, simply because
there is no general minimum wage in Germany (yet), there is evidence
that decreasing unionization has added to the growth of wage inequal-
ity in Germany, too (cf. Dustmann et al. 2009).

@ Springer

in the ALM-version of the SBTC argument, offshoreabil-
ity is not directly connected to qualification levels, but in-
stead should be considered a characteristic of a job’s task
composition: It is the specific composition of the so-called
“impersonal service jobs’” tasks, which is responsible for
the fact that they may be carried out abroad—even though
the qualification levels required to perform them may range
from rather low (e.g. in the case of manufacturing workers)
to rather high (e.g. scientists). In contrast, it is argued that it
is completely impossible to export (rather low-skilled) “per-
sonal service jobs” such as that of a taxi driver or day care
worker (Blinder 2006). More generally speaking, if a job re-
quires face-to-face interaction with customers or suppliers,
involves delivering or transporting products or materials that
cannot be transferred electronically (e.g. mail, foodstuffs, or
other kinds of tangible goods), or if there is a need for “cul-
tural sensitivity” (as e.g. for writers or newscasters), it is not
offshoreable. Yet up until now, there has not been any sys-
tematic investigation into what tasks will be most difficult
and which will be easiest to offshore (Pfliiger et al. 2010).

A third line of research for which gathering task infor-
mation is essential makes the task composition of jobs it-
self the center of research interests. This allows for some
completely new perspectives on job mobility by assuming
that the potential for mobility between jobs will largely
depend on how different they are (or more precisely, the
extent to which they do not differ) in terms of their task
profiles (Yamaguchi 2012; Fedorets and Spitz-Oener 2011;
Gathmann and Schonberg 2010; Jan3en and Backes-Gellner
2009). Moreover, one might compare the core task require-
ments of a job—that is, the main activities that workers must
accomplish in their work—and then consider the set of for-
mal and informal skills required to carry out these tasks.
This line of research has shown that tasks vary substantially
within and between occupations, are significantly related to
workers’ characteristics, and are robustly predictive of wage
differentials both between occupations and among workers
in the same occupation.

3 Conceptual considerations

There have been various attempts to adapt the TBA to the
German situation. Methodologically, one of the main differ-
ences between these attempts and ALM’s own approach is
that while the latter identified task characteristics of occu-
pations using expert-based job descriptions from the DOT,
the former approaches are mostly based on survey informa-
tion from the BIBB/IAB and BIBB/BAuA studies, which up
until recently have been the only major studies in Germany
to feature information on job tasks. These studies include a
variable number of items (e.g. 13 in the 1998/99 and 17 in
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the 2005/06 study).7 These items, for one, often do not refer
to individual tasks but to a number of tasks (e.g. “accommo-
dating, serving, or caring” or “advertising, public relations,
marketing, acquisitions” in 1998/99, or “securing, protect-
ing, guarding, monitoring, directing traffic” in 2005/06; for
details as to why this might be a problem, see the discussion
in the following paragraph). Moreover, they are not consis-
tent over time, since it is not necessarily the same set of tasks
that are bundled together in an item in different panel waves.

Even though BIBB-IAB/BIBB-BAUA data are the ones
most commonly employed to analyze job tasks, they are not
without shortcomings.8 First and foremost, since this dataset
was developed as early as in the late 1970s, it was not de-
signed to measure job tasks in the way they are conceptu-
alized in the theoretical framework of the TBA. Allocations
of survey items to the categories defined by ALM have been
usually more or less ad hoc, a fact which can be seen for ex-
ample from the different numbers of items assigned to mea-
sure these (see, for example, the overview in Spitz-Oener
2006: p. 243). In addition, items used to measure job tasks
are often not sufficiently general in nature but might fea-
ture tasks or combinations of tasks that are typical of some
(common or prevalent) occupations and as a result might do
a better job adequately capturing task content for these occu-
pations than they might do for others.’ Therefore, providing
a new instrument that has a stronger theoretical foundation
and is less tailored to capture occupations with only spe-
cific tasks or task-bundles would in our opinion be a project
worth undertaking.

There were several requirements and restrictions we had
to adhere to when developing our instrument, some of which
were of the conceptual kind and some of which were more
practical in nature.

The most important conceptual requirements were the
following. First, we wanted the questions to be sufficiently
abstract, meaning that the task content addressed should be
generally valid and not too close to any particular job pro-
file. Second, the instrument should be equally suitable for all
kinds of workplaces. Therefore, we concentrated on general
job tasks rather than occupation-specific tasks. And third,

7For a full overview of items available across different waves of the
BIBB/IAB and BIBB/BAuA studies and their assignment to task-
categories see e.g. Spitz-Oener (2006: 243).

8For a much more detailed critical discussion of the BIBB/IAB
and BIBB/BAuA task-data compare Rohrbach-Schmidt and Tiemann
(2013).

%0One example is the category “accommodating, serving, or caring”
from the 1998/99 survey. It is obvious that people in occupations such
as nursing or elderly care might in fact hold jobs that more or less fea-
ture all of these activities, whereas a waitress, for example, will serve
food to her customers but will not be involved in any accommodating
or caring activities. Thus it appears that the category is much more tai-
lored to capture the task-content of the former occupations than that of
the latter.

item formulations should not refer to competencies or skills
required to perform a job, nor to a subjective estimation of
one’s own competencies, but to objective aspects of job tasks
(see the discussion in the following paragraph for details).

The main practical restrictions were that we wanted the
questions to allow for administering interviews by telephone
(CATT), which meant that item formulations should not be
too complex, and that response scales should feature a some-
what restricted number of response categories. In addition,
since the instrument will be implemented in a multi-topic
survey, we could allow for only a limited number of items
(48 items maximum). Last but not least we wanted the items
to be arranged in subgroups so that the instrument would
allow for the calculation of subindices (e.g. for analytic or
interactive tasks), which in turn could be combined to repre-
sent an occupation’s task profile.

3.1 Tasks vs. skills

As a first step, we need to clarify the concept of tasks, espe-
cially distinguishing it from the concept of skills. Both are
closely connected but are by no means the same. Most gen-
erally speaking, a task is defined as “a unit of work activity
that produces output (goods and services)” whereas a skill is
“a worker’s endowment of capabilities for performing var-
ious tasks” (Acemoglu and Autor 2011: p. 1045). Tasks to
be performed, therefore, are a feature of actual jobs or work-
places and might change as the latter are changing, for ex-
ample (and most prominently) due to technological change
(as e.g. noted by ALM), whereas skills are held by individ-
uals performing such tasks. A job’s task profile and its in-
cumbent’s skills may coincide, but the incumbent may also
lack at least some of the skills necessary to perform the re-
quired tasks; likewise, he or she may have skills that are
not necessary to perform job tasks (resulting in under- or
overqualification, respectively). Throughout this paper, we
are interested in the tasks respondents are required to per-
form in their given job, and it is these tasks that shall be
captured by our survey instrument, not the skills or compe-
tencies respondents may or may not have in order to perform
these tasks.”

100n the other hand, both concepts are connected, because perform-
ing a task will help develop or train the skills necessary for properly
performing it, while having certain skills will give employees better
access to jobs where they have to perform tasks requiring these skills.
However, especially if one is interested in analyzing these interdepen-
dencies between tasks and skills, it is essential to properly distinguish
between both concepts. Not least because there are several measures
for broader skill concepts (e.g. detailed educational histories or tests
of basic competencies) already available in the NEPS data, while the
task perspective up until now has been somewhat of a blind spot, we
decided to concentrate on the task side in this paper.
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Table 1 Categories of workplace tasks according to Autor et al. (2003)

Routine tasks

Nonroutine tasks

Examples e Record-keeping

o Calculation

e Repetitive customer service (e.g., bank teller)

Computer impact Substantial substitution

Examples e Picking or sorting

e Repetitive assembly

Computer impact Substantial substitution

Analytic and interactive tasks

e Forming/testing hypotheses
e Medical diagnosis

e Legal writing

e Persuading/selling

e Managing others
Strong complementarities

Manual tasks
o Janitorial services

e Truck driving

Limited opportunities for substitution
or complementarity

Source: Autor et al. (2003: p. 1286)

3.2 Theoretical baseline

From a theoretical perspective, we will mainly draw on the
TBA developed by ALM, since this approach, as we have
seen above, is at the heart of their alternative version of the
SBTC argument. In the context of SBTC, the TBA was de-
veloped to categorize different types of workplaces in a way
that allows for predicting the impact of technological change
(in particular, computers and computer-controlled machines
and their increasing availability at constantly falling prices)
on these workplaces. In order to do so, ALM use two con-
ceptual dualisms. First, they distinguish routine from non-
routine tasks. In this distinction routine tasks are character-
ized by the fact that they follow precise, well-understood
procedures, which is why they can be (and increasingly
are) codified in computer software and performed by ma-
chines. It is important to note that this concept of routine
does not necessarily coincide with the colloquial meaning of
the word, which especially in the German literature seems to
have resulted in some conceptual ambiguities. Whereas the
colloquial meaning of routine implies that an activity has
become habitual as a result of repeating it over and over
again, the TBA basically uses “routine” as a synonym for
“might potentially be replaced by—more or less complex—
technological means” (for a more detailed discussion of this
problem, see Paragraph 3.3. below or, in a similar vein,
the short discussion in Autor and Handel 2009, especially
pp- 20ff.).

ALM’s second distinction is between cognitive tasks
(meaning analytic and interactive, at some points also called
“information processing” tasks) on the one hand and manual
tasks on the other. For building their categories, ALM first
combine these two distinctions (resulting in categories such
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as “routine manual”). In addition, for nonroutine cognitive
tasks they distinguish between analytic and interactive ones,
which finally results in five categories of workplace tasks:
(1) nonroutine analytic, (2) nonroutine interactive, (3) non-
routine manual, (4) routine cognitive, and (5) routine man-
ual. For each of these categories, they can identify quite
different impacts of technological change and, as a conse-
quence, different prospects for wage development (cf. Ta-
ble 1 for details).

Nonroutine analytic tasks are defined as tasks that re-
quire highly specialized knowledge and the ability to solve
problems using abstract thinking, whereas nonroutine inter-
active tasks contain complex interpersonal communication,
such as negotiation, management, and consulting activities.
Routine cognitive tasks, by contrast, include simple clerical
tasks that can be accomplished following explicit rules. The
main criterion for differentiating nonroutine from routine
manual tasks is whether they involve service tasks requir-
ing the worker visiting customers “in person” at their homes
(e.g. plumbers, painters or other craftsmen), or whether the
job consists of activities that require a flexible response to
particular situations (e.g. drivers).'!

3.3 Capturing routine

Routine, as defined by ALM, is a concept that in our opin-
ion is quite difficult to ask for in a survey. After all, you
cannot just go ahead and ask respondents whether their job
might just as well be done by a computer or some other ma-
chine. In addition, there are two further difficulties. First,

"10n the latter point see also the discussion in paragraph 3.3.
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the ALM concept of routine, as mentioned above, is at least
in part inconsistent with the everyday definition of routine.
A second difficulty is that the concept is not stable over time
in terms of content. Although the latter difficulty should, in
our opinion, be considered a core strength of the concept
theorywise, it constitutes a major difficulty for developing
a panel instrument—which by definition aims at asking the
same questions in repeated panel waves.

We will briefly elaborate on these points. We will do so
by referring to an example that has for quite some time been
a standard reference for a nonroutine job: the driver of a mo-
tor vehicle (see Polanyi 1966; Autor et al. 2003). Usually
this job is considered nonroutine because—even though it is
a commonplace, everyday task—the procedures, by which it
is actually accomplished, are not sufficiently understood in
order to write computer routines to replace it. Nevertheless,
we would argue that most people would consider such a task
“routine” simply because it is a commonplace and everyday
task. This would be particularly true when thinking of some-
body driving the same route every day, like the driver of a
bus or a delivery van might do. So what we want to argue is
that when being asked about routine tasks, most respondents
will classify jobs as routine according to their task repeti-
tiveness'Z and that “routine” in that sense is not the same as
“routine” in our theoretical definition, that is, potentially re-
placeable by technology (for a detailed discussion, see also
Levy and Murnane 2004: pp. 41).

The example of the car driver also allows for illustrating
the aforementioned instability of the concept. Even back in
2003, it went without saying that—given ALM’s definition
of routine—the driver’s job should be considered nonrou-
tine. Not even a decade later, however, as Brynjolfsson and
McAfee (2012: pp. 12 ff.) have discussed in detail, this has
changed fundamentally, as working prototypes for vehicles
operating without a driver hit the road. Thus even though
driving might not be considered a routine task quite yet, we
will most likely see it turned into one in the foreseeable fu-
ture, when these prototypes will have evolved into finished
products that are available for purchase.

It is indeed a strength of the “routine” concept that it may
easily account for such rather dramatic changes without re-
quiring revision. This flexibility comes, however, at the cost
of making the concept rather abstract. It is this high degree
of abstraction, which, in addition to the aforementioned con-
flict with the everyday meaning of the word, makes captur-
ing “routine” by means of survey items a challenging enter-
prise.

Instead of facing this problem head-on, we decided to
define routine ex negativo, that is, by asking respondents

12Empirical surveys often capture task repetitiveness by using items
such as whether one has to do short, repetitive tasks, or whether the
tasks one has to perform at work are the same every day.

whether their jobs were in some ways nonroutine. For that
purpose, we focused on two job aspects we assumed should
at least complicate their substitution by computers or ma-
chines. First, it should be more difficult to replace jobs
that involve rather complex tasks in the sense that they re-
quire incumbents to react to unforeseen situations, to learn
new things, or to deal with problems. A second dimension
that should make a job hard to replace by technological
means is autonomy. As Bresnahan et al. (2002) and oth-
ers have argued, SBTC should not simply be considered a
process in which firms invest in information technologies
but rather as one in which the growing use of IT, organi-
zational changes (resulting in higher discretion of workers
and requiring higher levels of cognitive skills, flexibility and
autonomy; ibid. pp. 345ff.), and changes in the companies’
products and services are intertwined.

What needs to be considered when discussing auton-
omy, however, is that there are two different perspectives
from which to engage in such a discussion. First, from
an organizational perspective, autonomy is a property of
a firm’s work organization. By this we mean that inter-
nal procedures need to be organized in ways that allow
employees to actually make autonomous decisions in the
first place. So even though technological developments (like
e.g. databases that grant easier and more comprehensive
access to information) and the potential they provide as
well as their requirements regarding incumbents’ abilities
might complement the development of job autonomy, orga-
nizational choices should be a core factor for its develop-
ment.!3 On the other hand, though, and independent of au-
tonomy’s origin, from the perspective of the individual em-
ployee, autonomy brings with it a whole new set of tasks,
such as defining goals, organizing the work necessary to
achieve these goals (and doing so effectively), and so on.
Dealing with these tasks requires a specific set of skills,
which are not identical to general problem-solving skills.
Moreover, and actually more important in the context of
our current discussion, defining goals (for oneself or prob-
ably for others, too) and developing strategies to achieve
these goals are tasks that should be particularly difficult to
be carried out by computers. Thus having to perform such
tasks should also be an important indicator of a nonroutine
job.

3.4 Summary: a survey based approach to capture job tasks
Throughout this section we discussed in detail the concep-

tual background of our instrument. The core decision we
made right at the start was to choose the TBA from among

13To what degree such technological developments might encourage
organizations to choose structures that require employee autonomy is
a question that is beyond the scope of this paper.
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Cognitive dimension

Interactive Analytic
Manual (physical
requirements)
Routine dimension
(Non-)Routine Autonomy

Fig. 1 Dimensions of job tasks captured by the survey module

all the different perspectives on job content as the most rel-
evant concept for our developing enterprise.

In addition, we made two decisions that had a strong in-
fluence on our concept. First, we decided to capture ana-
lytic and interactive tasks as separate dimensions (instead of
focusing on a single cognitive dimension). The second deci-
sion concerns the way we capture the routine dimension. We
argued that it might be easier to focus on specific job aspects
that make those jobs nonroutine, because the concept of rou-
tine as defined by ALM (i.e. tasks that can be replaced by
computers) is substantially different from everyday concepts
of routine (which mainly refer to repetitiveness) and difficult
to transfer directly into proper survey questions. Moreover,
we argued that it might in particular be jobs involving com-
plex tasks and jobs that are characterized by autonomy tasks
that cannot be easily replaced by computers or other means
of technology.

The resulting model of job contents to be measured in-
cludes five dimensions and is illustrated in Fig. 1. We in-
cluded separate item groups for interactive and analytic
tasks, as well as for (non-)routine tasks (task complexity)
and autonomy tasks. The fifth dimension is directed at man-
ual aspects of the job, which we operationalized by focusing
on physical requirements.

We hope that by adequately capturing these five task di-
mensions of jobs, we will have sufficient information to al-
low for detailed analyses of various research questions con-
cerning, for example, the changing task content of occupa-
tions in general and the impact of technological change on
job tasks in particular, or the relation between job tasks per-
formed and individual competencies or skills (and its devel-
opment over time).
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4 Operationalization and development of the
instrument

In this section, we will provide a detailed discussion of the
empirical implementation of the task dimensions identified
above. In many instances, we opted for adapting existing
items instead of developing all items from scratch. Thus
even though we can by no means take full credit for the
resulting instrument (though we surely bear full responsi-
bility), we would think that the major contribution on our
part lies in adapting and combining these items in such a
way that they can be considered a concise implementation
of our conceptual model as described above.

Among the major sources we drew on is the Survey of
Workplace Skills, Technology, and Management Practices
(STAMP, cf. Handel 2007, 2008), which we used in many in-
stances, but most importantly as a blueprint for operational-
izing analytic tasks.!'*

4.1 Instruments to measure analytic tasks

Analytic tasks are tasks which involve thinking or reasoning.
Examples are reading, writing, or calculating. In the the-
oretical conception by ALM, analytic tasks constitute one
sub-category of cognitive tasks (interactive tasks being the
other). In our approach, we tried to keep both aspects sepa-
rate and capture them by quite different sets of items.

This part of our survey instrument is by and large a
German-language adaptation of the corresponding items in
the STAMP survey. What is characteristic about this instru-
ment is that analytic tasks are measured by asking a se-
quence of simple yes/no questions capturing objective re-
quirements instead of asking respondents for a subjective
evaluation of task complexity. So people were asked first
whether they, as part of their job, read texts that are at least
one page long, followed, for those saying “yes”, by ques-
tions about reading 5 and (if answering “yes” again) 25
pages. Those answering “no” were asked whether they had
to read anything at all. As a result, a five-point scale for
reading requirements can be generated (none, <1 page, 1
to <5 pages, 5 to <25 pages, 25+ pages). Similarly struc-
tured item batteries were used for writing and mathematics.
Because simply using the categories “more” and “less” to
operationalize the latter did not seem feasible, another pro-
cedure was applied instead. Just like in the original STAMP
items, we used questions asking for the use of methods rep-
resenting an increasing degree of complexity (see the de-
tailed list of items in the appendix). We can build an overall
index value for analytic tasks by combining the results from
these subscales and by standardizing the result to a range
from O to 1.

14We want to thank Michael Handel for making detailed survey-
materials available to us.
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From our perspective, this strategy has the major advan-
tage of breaking down the complex and difficult judgments
required when evaluating such abstract constructs into rather
simple questions about facts (i.e. the respondent is not re-
quired to judge on a subjective basis whether he or she is
doing a lot of reading, for example). This makes answering
the questions rather easy and avoids potential distortions by
subjective judgment.

4.2 Instruments to measure interactive tasks

A key characteristic of interactive tasks is that they require
jobholders to communicate. Such requirements might range
from dealing with external persons such as customers or
clients, up to complex communication tasks like support-
ing, teaching, or dealing with candidates or applicants (cf.
Spitz-Oener 2006). Again, we adapted item formulations
(with some modifications) from the STAMP survey cited
above. However, since interactive activities can indeed take
up widely varying degrees of a person’s working time, we
decided to use 5-point Likert scales instead of the original
yes/no answers, asking respondents how often they had a
particular type of interaction and allowing them to answer
in five categories from “always/very often” to “very rarely
or never”. The overall score for the interactive dimension is
generated by first recoding items in such a way that high
values will correspond with a high occurrence of interac-
tive tasks and then averaging values and standardizing them
again to a scale from 0 to 1.

4.3 Instruments to measure manual tasks

In our opinion, the operationalization of manual and rou-
tine tasks by ALM is rather unclear. The major weakness of
their operationalization is that, in contrast to their theoretical
conception, they did not offer independent and uniform mea-
sures for manual and routine tasks, but merely used indica-
tors for particular combinations of these two dimensions. !
In contrast to that, we chose to operationalize all com-
ponents implied by the theoretical concept separately, but

15The reason seems to be that they could only rely on the somewhat
restricted information from the DOT, which did not allow for sep-
arate operationalization of both concepts, but instead only provided
items to operationalize specific combinations of the two (e.g. as rou-
tine manual). As a consequence, they came up with completely di-
verging operationalizations of the routine/nonroutine divide for manual
as well as nonmanual (analytic/interactive) tasks. In the former case,
they used DOT items for finger dexterity (routine manual) and eye-
hand-coordination (nonroutine manual), thus in fact also providing two
somewhat different definitions of manual. For non-manual tasks, on the
other hand, they used items for “direction, control, and planning activ-
ities” (nonroutine interactive), “quantitative reasoning requirements”
(nonroutine analytic), and “adaptability to work requiring Set limits,
Tolerances, or Standards” (routine cognitive; cf. Autor et al. 2003:
p- 1293 for details).

in an identical manner for all respondents. That meant that
in addition to introducing items to measure routine (cf. the
discussion in the following paragraph), we also needed to
add an additional dimension to (uniformly) capture manual
work. We did so by mainly operationalzing it as physical
strain. This was measured by including items asking how
often respondents, as a part of their job, were required to
stand, walk, or lift something, to do work while assuming
an uncomfortable body posture or while being exposed to
great heat or great cold. There were two items on this in the
STAMP survey we could use (walking, lifting), which were
supplemented by additional items adapted from the BIBB-
IAB study (cf. Parmentier and Dostal 2002).

4.4 Instruments to measure routine tasks

As discussed in the third section, our approach was to mea-
sure two dimensions characterizing nonroutine jobs rather
than trying to capture routine directly. To measure the first
of these dimensions, task complexity, we included questions
about requirements to learn new things, to solve difficult
problems, to react to unanticipated situations, or to work
on varying assignments. Item formulations are based on a
German-language instrument for the variety of job demands
(Ulich et al. 1973), using slightly changed wordings and
applying a modified response scale in order to make items
comparable to the ones used elsewhere in our instrument.

The second dimension is autonomy. Most instruments
to measure autonomy that we are aware of have been de-
veloped in the context of work psychology. Arguably the
most influential description of the concept, as well as one
of the first major attempts to capture it empirically, has
been brought forward by Hackman and Oldham (1975,
1976). In general, autonomy in one’s job is considered to
be of high importance for the development of positive af-
fective states such as job satisfaction, motivation, and affec-
tive commitment (see e.g. Breaugh 1985). It has also been
stressed that a high degree of autonomy is related to pos-
itive workplace behavior such as, first and foremost, high
job performance (e.g. Christen et al. 2006; Hall et al. 2006;
Langfred and Moye 2004; Parker et al. 2001). Authors in
this field usually distinguish between various aspects of au-
tonomy: that the order and pacing of job tasks is at the
incumbents’ discretion, that they are free to make their
own decisions or have a voice in decision-making pro-
cesses, and that they are free to decide on the procedures
and work methods they wish to apply (e.g. Breaugh 1985;
Morgeson and Humphrey 2006).

The items we used to measure autonomy were adapted
from a German instrument, the so-called “Questionnaire
for Capturing Aspects of Job Tasks Relevant for Learning
(Fragebogen zur Erfassung der lernrelevanten Merkmale der
Arbeitsaufgabe, FLMA, cf. Richter and Wardanjan 2000).
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The Items from the FLMA were supplemented by an addi-
tional item from the STAMP-questionnaire, covering the ex-
tent to which the respondent is participating in his/her firms
decision making processes, an aspect of autonomy not cov-
ered by the FLMA.

4.5 Development of the questionnaire

As described above, large parts of our survey instrument are
adaptations of STAMP items (Handel 2008, 2007). Since
STAMP is an English-language questionnaire, the first step
was translating it into German. For quality reasons, we used
a translation/retranslation approach, in which the German
translation was retranslated into English, and this retransla-
tion was compared to the original to detect potential transla-
tion errors.

In a second step, we developed a first draft version of
the instrument. This involved, first and foremost, narrowing
down the number of items, since the original STAMP instru-
ment featured considerably more items (166) than we had
available in our slot of the NEPS-questionnaire (48 items).
Moreover, it involved modifying some of the response scales
(as described in the discussion above). And last but not least,
it involved adding new items, where conceptually necessary.

Even though the original STAMP instrument was prop-
erly tested, comprehension problems might occur that do not
result from inaccurate translation but simply from transfer-
ring the instrument from the American to the German con-
text. In order to safeguard against such problems, we con-
ducted, in a third step, cognitive interviews with 34 per-
sons (stratified by gender, age, education) using a specifi-
cally developed cognitive questionnaire.'® As a result, we
had to drop some problematic items altogether and change
the wording of some others.

The next step was a larger development study, which fea-
tured paper-and-pencil interviews with a regular sample of
503 respondents. 348 of those were employed and hence
were administered our instrument. This type of development
study is carried out on a more or less regular basis in the
NEPS context and also featured other newly developed in-
struments to be tested. Based on the data from this study,
we did initial analyses to examine factor structures and the
distribution of items. This pre-test also resulted in a major
revision of the draft instrument.

After these revisions, the draft instrument was tested in
the regular pilot study of the third panel wave of the NEPS
adult stage. The main goal of this study is to test the correct-
ness of item succession and filters. As part of this study, the
final draft was tested with a pre-test panel population of 172

16For a detailed description of procedures, see Skok (2011); for a gen-
eral description of cognitive interviewing methods, see e.g. Priifer and
Rexroth (2005), Willis (2005) or Faulbaum et al. (2009).
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persons, featuring 138 employed respondents who actually
received the instrument. After this pilot study, only minor
adjustments in the instrument had to be made.

The finalized instrument was administered as part of
panel wave 4 of the NEPS adult stage. Task questions were
only presented to those currently holding a job and (if re-
spondents held more than one job) only referred to their
main activity.

5 Data and analyses

As a result of our development efforts, we came up with
an instrument in which all of the five task dimensions were
measured using between four and seven items. The only ex-
ception were analytic tasks, where the final scale included
three subscales, each constructed using several items. Since
all items (or subscales in case of the analytic dimension)
use 5-point scales, overall scores for the dimensions can be
calculated simply by taking the means. Table 2 provides an
overview of the items used and the internal consistency of
the scales for the five dimensions (for detailed item word-
ings, see the description in the appendix).

Cronbach’s Alphas for internal consistency of the scales
as well as the analyses presented below were calculated us-
ing preliminary data from the fourth wave of the NEPS adult
stage. Because the goal of this paper is a methodological
one, mainly evaluating the instrument and describing its de-
velopment, we had the chance to use the data in advance.!”

The preliminary character of the data mainly affects oc-
cupational coding.'® However, since occupation codes do
not constitute a core aspect of the instrument but were
merely used in the course of evaluating the resulting scale,
potential differences between the coding used for the anal-
yses presented here and the final occupation codes should
only have a minor effect, if any, on the results presented. The
analyses will be presented for major groups (i.e. for codes
aggregated to the first digit) as well as for a few selected
individual occupations (coded on the three-digit-level).

7Usually, NEPS data may be used only after the scientific use files
have been published. This restriction even applies to members of the
NEPS team. Exceptions might be granted for purposes of evaluating
newly developed survey instruments. On this basis, we were granted
permission to use the preliminary data by the NEPS scientific director
(then Prof. Blossfeld). This permission brings with it the restriction that
we may not present any substantive results but only analyses necessary
for evaluation purposes. Total case numbers for the preliminary dataset
are N = 8904. Of these, 7187 were employed and 7100 did also provide
job information that allowed for proper occupational coding.

18For occupational coding, we used the ISCO 08 coding scheme (ILO
2009).
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Table 2 Overview of items used to measure task dimensions and scores for internal consistency of the resulting scales (Cronbach’s Alpha)

Task dimension Analytic Interactive Manual (physical (Non-)routine (task ~ Autonomy
requirements) complexity)
Reading Customer contacts Standing (at least two Solving difficult Schedule work
hours) problems activities
Writing Provide general Walking / biking Learn new things Choose new task
information assignments
Mathematics Counseling (e.g. Lifting (at least 10 kg)  Get acquainted with  Choose pace of
financial, legal) tasks work
Assistance (personal Uncomfortable body Unanticipated Decision
issues) posture situations Involvement
Teaching / training Heat / cold Changing work
assignments
Deal with candidates / Perform new tasks
applicants
Alpha 0.7012 0.7398 0.8403 0.8122 0.6555
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Source: NEPS, adult stage, wave 4, preliminary unweighted data; displayed are smoothed curves for the percentages of respon-
dents of occupational groups holding a particular value (as e.g. 0.1) on the subscale for the task domain displayed (analytic).

Vertical lines indicate group means

Fig.2 Distribution of analytic tasks for selected groups of occupations

5.1 Task composition in ISCO major groups

In a first step, we analyzed the distribution of task constructs
over the major groups of ISCO 08. For the sake of clarity,
the graphs will only present results for four selected major
groups.”

19The major groups selected are: 1. “Managers” (code 1). This group
includes executives and managerial staff at different levels from var-
ious industries and the public sector. It also includes self-employed
persons owning mid-size or larger firms. 2. The “Professionals” group
(code 2) includes people working in the classic academic professions
(e.g. medical doctors or lawyers) as well as in other professions requir-
ing a tertiary degree, such as natural or social scientists, or teachers.
3. While the first two groups will usually include mostly highly qual-
ified employees, the third group, “Clerical support workers” (code 4),

Figure 2 displays the distribution of scale values as well
as group means of the analytic task scale for the four
occupational groups discussed above.?’ The figure quite

features typical office jobs at a medium level of qualification, such as
clerks or secretaries. 4. The last group we selected encompasses “El-
ementary occupations” (code 9). These include occupations requiring
only low levels of formal qualification or none at all, such as unskilled
workers/laborers in different industries, cleaning personnel, street ven-
dors, and the like.

20The x-axis of the graphs shows average values of the items/subscales
in the respective task domain that were normalized to a value range
from O to 1, zero representing “no task content” and one “very high
task content” of the respondent’s job (in the respective task domain).
Technically, this was achieved by recoding items/subscales to values
from O to 4, adding them up and dividing them by the (theoretical)
maximum item sum (e.g. 4 x 4 = 16 for four items), resulting in the

@ Springer



284

B. Matthes et al.

25%

0.57 0.57

20%

15%

10%

5%

0%

Professionals
(N=1771)

= Managers
(N=292)

Clerical support workers
(N=821)

0.5 0.6 0.7 0.8 0.9 1

=== Elementary occupations
(N=314)

Source: NEPS, adult stage, wave 4, preliminary unweighted data; displayed are smoothed curves for the percentages of respon-
dents of occupational groups holding a particular value (as e.g. 0.1) on the subscale for the task domain displayed (interactive).

Vertical lines indicate group means

Fig. 3 Distribution of interactive tasks for selected groups of occupations
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Fig. 4 Distribution of manual task requirements for selected groups of occupations

clearly shows the expected task requirements for the se-
lected groups of occupations. While managerial and pro-
fessional occupations for the most part have high analytic
requirements, requirements are at a medium level for cler-
ical support workers and low for elementary occupations.
All mean differences besides the (insignificant) difference

displayed scale values between 0 and 1 (for more information on pro-
cedures, see the detailed description in the Appendix).

In order to make the figure easier to read, we decided to use smoothed
lines instead of four vertical bars per data point on the x-axis, which
in fact would have been more appropriate, since due to our mode of
calculation (normalized means of values from ordinal scales) there is
actually only a limited number of data points on x.
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between “Managers” and “Professionals” are significant at
the 0.1 percent level.

As Fig. 3 shows, differences are not as pronounced for
interactive tasks. Nevertheless, we again see that managers
and professionals—while not differing significantly from
one another (all further mean differences are again signif-
icant at the 0.1 percent level)—have a rather high level of
interactive tasks to perform, compared to medium levels for
clerical support workers and mostly low levels for elemen-
tary occupations.

Concerning manual task requirements (Fig. 4), we can
see that all occupations except the elementary ones are char-
acterized by a rather low level of such requirements, with be-
tween 20 and just over 40 percent of all employees in these
occupations having no manual requirements at all.
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Fig. 5 Distribution of routine tasks for selected groups of occupations

In contrast, as one might have expected, elementary oc-
cupations are characterized by a strong emphasis on man-
ual tasks. The proportion of employees that have to perform
no or only few manual tasks is extremely small in these
occupations, while the majority of jobs in these fields fea-
ture medium or high manual requirements. Just as before,
all mean differences besides the insignificant one between
“Managers” and “Professionals™ are significant at the 0.1
percent level.

In order to analyze routine task content, we first had to
invert the item scales, since, as discussed above, in our in-
strument we asked for task complexity, that is, nonroutine
aspects of respondents* jobs. Inverting the scales, therefore,
allows us to interpret the scores as indicating routine (in
the sense of non-complex) tasks. Looking at the results dis-
played in Fig. 5, we again find a different picture. While
professionals’ and managers’ occupations, as before, do not
differ significantly (the remaining differences being again
significant at the 0.1 percent level) and could by and large be
defined as nonroutine jobs, clerical support workers seem to
face considerably stronger routine task requirements. This
fits quite well with the classification by ALM, where typi-
cal clerical jobs like record-keeping or working in teller ser-
vice are considered core examples of jobs characterized by
non-manual routine tasks. An even stronger focus on rou-
tine tasks is found in elementary occupations, which indeed
should to a large part feature exactly the type of routine-
manual tasks with low qualification requirements in produc-
tion or services that can be, and in fact often are, performed
by machines.

Finally, when looking at autonomy tasks (Fig. 0), it
is hardly surprising that management jobs in particular
are characterized by high autonomy levels. Nevertheless,
professionals and clerical support workers also display an

above-average amount of autonomy tasks. In contrast, high
autonomy levels are rarely found among elementary occupa-
tions. Most people in these jobs will have a medium or low
level of autonomy. Mean differences between all groups are
significant at the 0.1 percent level.

Summing up, we can conclude that our newly developed
instrument for job tasks seems to be able to capture core
differences in the task distributions of different occupational
groupings. The differences captured are clearly consistent
with what one would have expected of these occupational
groupings’ task composition based on previous knowledge
about these occupations as well as against the background
of theoretical conceptions like the TBA.

5.2 Generating task profiles for individual occupations

Another major application we intended for the data collected
using our task module is the identification of meaningful
task profiles. Since generating such a profile requires a min-
imum of cases in each occupation, case numbers in our data
were too small to use the detailed four-digit ISCO codes.
Therefore, we decided to use minor codes (three-digit-level)
instead. At this level, ISCO 08 distinguishes between 130
different occupational groups, which are still rather detailed,
meaning that task profiles of the individual occupations ag-
gregated should be close to each other. Instead of presenting
individual task profiles for all 130 minor groups, we decided
to illustrate the way these profiles are generated by using
only a few selected occupations. These occupations were
chosen by applying three criteria. First, we wanted examples
of jobs at different hierarchy levels, that is, some with rather
high requirements with respect to educational background
(panels on the left) as well as some with medium (panels in

@ Springer



286

B. Matthes et al.

25%
0.44

0.65 0.76

20%

VAN

15%

10%

T~

5% N\

— 7~
N

l T T T S 8 R '
0% -F= , . : ;

/

y y

0 0.1 0.2 0.3 0.4

=== Professionals
(N=1766)

e \lanagers
(N=291)

Clerical support workers
(N=820)

TR A I N T A S

0.5 0.6 0.7 0.8 0.9 1

== E|lementary occupations
(N=313)

Source: NEPS, adult stage, wave 4, preliminary unweighted data; displayed are smoothed curves for the percentages of respon-
dents of occupational groups holding a particular value (as e.g. 0.1) on the subscale for the task domain displayed (autonomy).

Vertical lines indicate group means

Fig. 6 Distribution of autonomy tasks for selected groups of occupations

the middle) and rather low educational requirements (pan-
els on the right). Second, within these groups we aimed for
two rather different examples, such as a typical office job
(secretaries) and a potentially less routine personal service
job (nurses/midwives). Third, case numbers in our data file
should be sufficiently large in order to allow for a calcula-
tion of meaningful averages. On this basis, we selected the
following six minor codes: “software and applications de-
velopers and analysts” (251) and “medical doctors” (221)
as examples of high education jobs, “secretaries, general”
(412) and “nursing and midwifery associate professionals”
(322) as typical mid-level jobs, and “building finishers and
related trade workers” (712) and “transport and storage la-
borers” (933) as examples of jobs usually not too demanding
with regard to education.

Since all subscores for the five task domains were scaled
to values ranging from O to 1, in order to generate task pro-
files we simply calculated occupation-specific mean scores
for the task domains. Results are shown in Fig. 7. Looking
at the profile for software and applications developers first
(upper left panel), we almost find a prototype of a job char-
acterized by performing analytic tasks with high autonomy
task and low routine task requirements. Manual tasks, by
contrast, are at a low level, whereas interactive tasks are at a
medium level. Although the task profile of medical doctors
is largely similar, what seems to be distinctive about them is
the much higher level of interactive requirements they have
to face in their job. This difference seems highly plausible,
considering that doctors have to communicate a lot with pa-
tients and other medical personnel.

At first glance, the secretaries’ profile does not seem to
be all too different from that of programmers, displaying
the same u-shaped form that we would consider character-
istic of office jobs (also drawing on other examples not dis-
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played here). When comparing the profiles more carefully,
however, it is obvious that the two jobs are situated at dif-
ferent hierarchical levels. Whereas the degree of autonomy
and analytic task content is much higher for software de-
velopers, the work of secretaries is to a much higher degree
characterized by routine tasks.

Nursing and midwifery associate professionals, by con-
trast, have a completely different task profile. Regarding
their interactive requirements, their profile is almost compa-
rable to that of medical doctors, but they have a much higher
manual task content, which is hardly surprising, considering
that it is these associate professionals who have to do much
of the physically challenging work in health care, such as
moving patients. On the other hand, analytic task content in
particular is considerably lower than it is for medical doc-
tors, again indicating a profession located further down in
the occupational hierarchy.

Building finishers appear to be a pretty good example of
what ALM termed a job dominated by nonroutine-manual
tasks. While manual task requirements are particularly high,
routine is somewhat lower than it is for a (routine) non-
manual occupation like secretaries.”! Finally, looking at
transport and storage laborers, we have an example of an oc-
cupation clearly characterized by manual and routine tasks,
with low analytic and interactive task components.

Summing up, we think we were able to show that we
can detect relevant differences between various types of
jobs (with regard to their educational requirements) by us-
ing profiles based on task data collected with our survey-
instrument. Moreover, we are able to identify variations in
task profiles within these types. Therefore, we are confident

2IThis difference is significant at the 0.1 percent level.
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Fig. 7 Task profiles for selected occupations (minor code)

that our new instrument will be quite useful in capturing core
aspects of occupational task profiles and thus will prove to
be a valuable tool for performing all types of analyses re-
quiring such information.

6 Summary and conclusion

Summing up, we first want to note that information about
job tasks can, as we have argued, be useful for answering a
diverse array of research questions. However, when looking
into the matter more closely, we found that none of the ex-
isting instruments for capturing such task information—and
especially those for surveys administered in German—did
fit our needs completely, a finding that eventually sparked
the decision to try to develop a new instrument.

In this paper, we presented an extensive discussion of
development procedures and analyses we performed. Our
aim was to demonstrate that our instrument will indeed pro-
duce valid information on job tasks. Of the many arguments
brought forward in the course of this discussion, we only
want to highlight the one point we believe to be the core ad-

vantage of our instrument: In contrast to other available al-
ternatives, which may have been designed with a somewhat
different purpose in mind, we tried to develop an instru-
ment that closely follows the major theoretical approaches
in the field. So instead of having some items available and
assigning them—more or less successfully—to theoretical
dimensions developed independently, we started out with
the theoretical concepts and were able to look for the best
items to operationalize these empirically. If we did succeed
in this enterprise, the resulting instrument should therefore
be theory-driven in the best sense of the word.
Nevertheless, there is one thing a newly developed in-
strument should definitely not be able to accomplish, quite
independent of its quality and that is monitoring past devel-
opments. So it will surely be more useful to e.g. analyze
the potential influence of SBTC on future wage develop-
ments than it will be for providing additional evidence for
or against its influence so far. Notwithstanding this restric-
tion, we would argue that the NEPS adult survey is, in our
opinion, a very fruitful environment for a task instrument
datawise, since it will allow for various types of analyses
that were not possible with the data currently available. One
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reason for this is the fact that NEPS is a panel survey, mean-
ing that it will provide genuine longitudinal data once we
will have been able to replicate our instrument. This type
of information is particularly rare for information on job
tasks—in fact we are not aware of any dataset replicating
task measures in a panel survey. Therefore our data might
in the long run allow some new perspectives on various re-
search topics for which knowledge of these tasks is relevant,
such as a detailed analysis of the influence of technological
development on the task content of individual occupations,
or the question to what extent task bundles will be altered or
stay comparable when changing jobs. Moreover, NEPS in-
cludes other variables of interest such as, in particular, regu-
lar competence tests. This means that we should also be able
to analyze topics such as the interrelations of competencies
and tasks performed, and probably the interdependencies of
this relationship over time.

Once the scientific use file of the fourth panel wave that
features the task instrument described here is available,?? we
hope that we will be able provide examples of such analyses.

Appendix: Detailed description of the instrument
A.1 Introduction of the task questions

The questions of the task instrument formed a separate seg-
ment of the wave 4 questionnaire of the NEPS adult stage.
The items were framed by a common introduction for the
task instrument. The wording of this introduction was:

“In the upcoming questions we will ask you about
things you have to do regularly as part of your job as
<Respondent’s job (insert based on prior information)>.
Please do not refer to things you have done or have been
trained for in the past but only to the things you are presently
doing.”

A.2 Analytic tasks
Reading

Items for reading had to be answered on a Yes/No-scale (1 =
Yes, 2 = No). Item wordings and English translations are
presented in Table 3.

Items were aggregated in the following way to form the
reading scale:

22The scientific use file of the fourth NEPS panel wave will pre-
sumably be available in mid 2014. Those interested in the data
will find more information on NEPS data and their availability at
https://www.neps-data.de.
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Value Label Aggregation instruction

1 No reading Item 1: “No” and Item 4:
“No”

2 Less than 1 page Item 1: “No” and Item 4:
“Yes”

3 1-4 pages Item 1: “Yes”; Item 2: “No”;
Item 3: “No”

4 5-24 pages Item 1: “Yes”; Item 2: “Yes”;
Item 3: “No”

5 25 pages or more Item 1: “Yes”; Item 2: “Yes”;
Item 3: “Yes”

The resulting distribution of reading tasks is displayed in
Fig. 8.

Writing

Items for writing had to be answered on a Yes/No-scale (1 =
Yes, 2 = No). Item wordings and English translations are
presented in Table 4.

Items were aggregated in the following way to form the
writing scale:

Value  Label Aggregation instruction

1 No writing Item 1: “No” and Item 4:
“No”

2 Less than 1 page Item 1: “No” and Item 4:
“Yes”

3 1-4 pages Item 1: “Yes”; Item 2: “No”;
Item 3: “No”

4 5-24 pages Item 1: “Yes”; Item 2: “Yes”;
Item 3: “No”

5 25 pages or more Item 1: “Yes”; Item 2: “Yes”;
Item 3: “Yes”

The resulting distribution of writing tasks is displayed in
Fig. 9.

Mathematics

Items for mathematics had to be answered on a Yes/No-scale
(1 = Yes, 2 = No). Item wordings and English translations
are presented in Table 5.

Items were aggregated in the following way to form the
mathematics scale:

Value Label Aggregation instruction

1 No numbers Item 1: “No”; Item 2: “No”;
Item 3: “No”

2 Some numbers or simple Item 1: “Yes” or Item 2:

calculations “Yes” or Item 3: “Yes” or

Item 4: “Yes” (Items 5-7:
“No” or “NA”)

3 Fractions/percentages Item 5: “Yes” (Items 6/7:
“No”)

4 Areas/volumes Item 6: “Yes” (Item 7: “No”)

5 Advanced math Item 7: “Yes”

The resulting distribution of mathematical tasks is dis-
played in Fig. 10.
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Table 3 Item wordings for reading

No Item German wording English translation
1 Read 1 page Lesen Sie im Rahmen Ihrer beruflichen Tétigkeit As part of your job, do you read texts that are at least
Texte, die jeweils mindestens eine Seite umfassen? one page long or longer
Yes => item 2
No/Ref./ DK => item 4
2 Read 5 pages Lesen Sie im Rahmen Ihrer beruflichen Tétigkeit As part of your job, do you read texts that are five
Texte, die jeweils mindestens 5 Seiten umfassen? pages or longer?
Yes => item 3
No/Ref./DK => exit
3 Read 25 pages Lesen Sie im Rahmen Ihrer beruflichen Tétigkeit As part of your job, do you read texts that are
Texte, die jeweils mindestens 25 Seiten umfassen? twenty-five pages or longer?
Yes/No/Ref./ DK => exit
4 Read anything Lesen Sie bei der Arbeit irgendetwas, auch wenn es Do you read anything at work, even if it is only very
sich nur um sehr kurze Notizen handelt, oder um short notes, or instructions that are merely a few
Anweisungen, die nur ein paar Sitze lang sind? sentences long?
Yes/No/Refuse/DK => exit
Fig. 8 Distribution of category 45%
values for reading tasks
40%
35%

Fig. 9 Distribution of category 45%

values for writing tasks
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Table 4 Item wordings for writing

No Item German wording English translation
1 Write 1 page Schreiben Sie im Rahmen Threr As part of your job, do you write
beruflichen Tétigkeit Texte, die texts that are at least one page
jeweils mindestens eine Seite long or longer?
umfassen? Yes => item 2
No/Ref./DK => item 4
2 Write 5 pages Schreiben Sie im Rahmen Ihrer As part of your job, do you write
beruflichen Tétigkeit Texte, die texts that are five pages or
jeweils mindestens 5 Seiten longer?
umfassen? Yes => item 3
No/Ref./DK => exit
3 Write 25 pages Schreiben Sie im Rahmen Threr As part of your job, do you write
beruflichen Tétigkeit Texte, die texts that are twenty-five pages
jeweils mindestens 25 Seiten or longer?
umfassen? Yes/No/Ref./DK => exit
4 Write anything Schreiben Sie bei der Arbeit Do you write anything at work,

irgendetwas, auch wenn es sich
nur um sehr kurze Notizen
handelt, oder um Anweisungen,
die nur ein paar Sitze lang sind?

even if it is only very short notes,
or instructions that are merely a
few sentences long?
Yes/No/Ref./DK => exit

Fig. 10 Distribution of
category values for
mathematical tasks
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T

calculating areas advanced math

Source: NEPS, adult stage, wave 4, preliminary unweighted data

Summary scale analytic tasks

The overall index for analytic tasks was calculated by aver-

aging the subscales described above and standardizing the

23

result to values between zero and one,”” zero representing

“no analytic task content” and one “very high analytic task

ZTechnically, subscales were recoded to values from 0 to 4. These
were added up for all four subscales and were divided by the theoretical
item sum (4 * 4 = 16), resulting in scale values between 0 and 1.
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content” of the respondent’s job. The resulting distribution
of scale values is displayed in Fig. 11.>4

A.3 Interactive tasks

Items for interactive tasks had to be answered on a 5-stage
response scale (1 = always/very often, 2 = often, 3 = some-
times, 4 = seldom, 5 = very seldom/never). Item wordings
and English translations are presented in Table 6.

24 As with Figs. 2 to 6 in the main part of the text, we decided to use
smoothed lines in order make the figure easier to comprehend. For a
detailed description, see footnote 20.
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Table S Item wordings for mathematics

No Item German wording English translation
1 Dealing with numbers Wenden Sie im Rahmen Ihrer As a part of your job, do you
beruflichen Tétigkeit apply any mathematical skills or
irgendwelche mathematischen do you have to deal with
Fihigkeiten an oder haben Sie numbers?
mit Zahlen zu tun? Yes => item 4
No/Ref./DK => item 2
2 Working with cash Arbeiten Sie an einer Kasse oder Do you work at a cash register or
arbeiten Sie anderweitig mit do you in any other way work
Bargeld? with cash?
Yes => exit
No/Ref./DK => item 3
3 Measuring/counting Miissen Sie irgendetwas Do you have to measure or count
ausmessen oder zédhlen? anything?
Yes/No/Refuse/Don’t know =>
exit
4 Simple calculations Miissen Sie im Rahmen Ihrer As a part of your job, do you
beruflichen Tétigkeit einfache have to perform any simple
Berechnungen vornehmen, also calculations such as adding
Dinge zusammenzihlen, things up or subtracting,
voneinander abziehen, multiplying or dividing them?
malnehmen oder teilen? Yes => item 5
No/Ref./DK => exit
5 Fractions or percentages Verwenden Sie im Rahmen Threr As a part of your job, do you use
beruflichen Tatigkeit fractions or percentages?
Bruchrechnung oder Yes/No/Ref./DK => item 6
Prozentrechnung?
6 Calculating areas Miissen Sie im Rahmen Threr As a part of your job, do you
beruflichen Tétigkeit Flachen, have to calculate areas, circles or
Kreise oder Volumen berechnen? volumes?
Yes/No/Ref./DK => item 7
7 Advanced mathematics Miissen Sie im Rahmen Ihrer As a part of your job, do you

beruflichen Tatigkeit hohere
Mathematik anwenden, wie z.B.

have to apply advanced
mathematics such as e.g.

Integralrechnung, calculus, inferential statistics or
Inferenzstatistik oder regression analysis?
Regressionsanalysen? Yes/No/Ref./DK => exit
Fig. 11 Distribution of the 20%
summary scale for analytic tasks 18%
16%
14%
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10%
8%
6%
4%
2%
0% T T T T T T T 1
0 0.1 0.2 0.3 0.4 0.7 0.8 0.9 1

Source: NEPS, adult stage, wave 4, preliminary unweighted data; displayed are smoothed
curves for the percentages of respondents holding a particular value (as e.g. 0.1) on the sub-
scale displayed (analytic); Cronbach’s alpha for the subscale is 0.70
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Table 6 Item wordings for interactive tasks

No Item German wording English translation

1 Dealing with customers Wie hiufig haben Sie bei Threr At your job, how often do you
Arbeit auch mit Menschen zu have to deal with people that are
tun, die nicht Ihre Kollegen sind, not your colleagues, e.g. with
also z.B. mit Kunden, Klienten, customers, clients, students or
Schiilern oder der Offentlichkeit? the general public?

2 Providing simple information Wie hiufig miissen Sie im At your job, how often do you
Rahmen Ihrer beruflichen have to provide other people with
Titigkeit anderen Menschen information or advice that is
einfache Auskiinfte erteilen? simple or general in nature?

3 Counseling Wie héufig miissen Sie im At your job, how often do you
Rahmen Ihrer beruflichen have to counsel other people, e.g.
Tatigkeit andere Menschen in financial or legal matters?
beraten, z.B. in Finanz- oder
Rechtsfragen?

4 Supporting Wie hiufig miissen Sie anderen At your job, how often do you
Menschen Beistand leisten oder have to provide assistance to
ihnen bei ihren personlichen other people or support them
Problemen helfen? when dealing with personal

issues?

5 Teaching Wie hiufig miissen Sie andere At your job, how often do you
Menschen unterrichten oder have to teach or train other
ausbilden? people?

6 Dealing with candidates Wie hiufig miissen Sie bei Threr At your job, how often do you

beruflichen Tétigkeit Gespriche
mit Antragstellern oder
Bewerbern fiihren, z.B. mit
Menschen, die einen Kredit
beantragen oder sich um
Sozialleistungen, um einen
Arbeitsplatz oder dhnliches
bewerben?

have to deal with candidates or
applicants, e.g. with people
applying for a loan, for social
security benefits, for a job, or for
similar things?

Fig. 12 Distribution of the
summary scale for interactive
tasks

The overall index for interactive tasks was calculated by
averaging the items described above and standardizing the
result to values between zero and one, zero representing “no
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Source: NEPS, adult stage, wave 4, preliminary unweighted data; displayed are smoothed
curves for the percentages of respondents holding a particular value (as e.g. 0.1) on the sub-
scale displayed (interactive); Cronbach’s alpha for the subscale is 0.74

interactive task content” and one “very high interactive task
content” of the respondent’s job. The resulting distribution
of scale values is displayed in Fig. 12.
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Table 7 Item wordings for manual tasks

German wording

English translation

No Item

1 Standing

2 Walking/biking

3 Lifting

4 Uncomfortable body posture
5 Heat/cold

Wie hiufig miissen Sie an einem
durchschnittlichen Arbeitstag
mindestens zwei Stunden am
Stiick stehen?

Wie hiufig miissen Sie an einem
durchschnittlichen Arbeitstag
langere Strecken laufen oder mit
dem Rad fahren?

Wie héufig miissen Sie an einem
durchschnittlichen Arbeitstag
eine Last von mindestens 10 kg
heben oder tragen?

Wie hiufig miissen Sie an einem
durchschnittlichen Arbeitstag
eine unangenehme
Korperhaltung einnehmen, wie
z.B. sich biicken, kriechen,
liegen, knien oder hocken?

Wie hiufig sind Sie an einem
durchschnittlichen Arbeitstag
grofer Hitze oder Kilte
ausgesetzt?

At your job, how often do you
have to stand continuously for at
least 2 hours on an average
working day?

How often do you have to cover
longer distances by foot or by
bike as a part of your job on an
average working day?

At your job, how often do you
have to lift or carry anything that
weights at least 10 kilograms on
an average working day?

How often do you work while
assuming an uncomfortable
(body) posture, like e.g. bending
down, crawling, lying or
kneeling on an average working
day?

At your job, how often are you
exposed to great heat or great
cold on an average working day?

Fig. 13 Distribution of the
summary scale for manual tasks
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Source: NEPS, adult stage, wave 4, preliminary unweighted data; displayed are smoothed
curves for the percentages of respondents holding a particular value (as e.g. 0.1) on the sub-
scale displayed (manual); Cronbach’s alpha for the subscale is 0.84

A.4 Manual tasks

Items for manual tasks had to be answered on a 5-stage re-
sponse scale (1 = always/very often, 2 = often, 3 = some-
times, 4 = seldom, 5 = very seldom/never). Item wordings
and English translations are presented in Table 7.

The overall index for manual tasks was calculated by av-
eraging the items described above and standardizing the re-
sult to values between zero and one, zero representing “no

manual task content” and one “very high manual task con-
tent” of the respondent’s job. The resulting distribution of
scale values is displayed in Fig. 13.

A.5 (Non-)Routine-tasks (complexity)

Items for routine tasks had to be answered on a 5-stage re-
sponse scale (1 = always/very often, 2 = often, 3 = some-
times, 4 = seldom, 5 = very seldom/never). Item wordings
and English translations are presented in Table 8.
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Table 8 Item wordings for routine tasks

No Item German wording English translation

1 Solving difficult problems Im Folgenden geht es um das The following question will be
Losen schwieriger Probleme. on solving difficult problems. A
Darunter verstehen wir difficult problem is one that
Probleme, die sich nicht einfach might not be solved easily right
sofort 16sen lassen. Wie héufig away. As part of your job, how
miissen Sie im Rahmen Threr often do you have to solve such
beruflichen Tétigkeit solche difficult problems?
schwierigen Probleme 16sen?

2 Learning new things Wie héufig miissen Sie bei Ihrer How often do you have to learn
Arbeit Neues dazulernen? new things at work?

3 Getting acquainted with assigned task Wie héufig kommt es vor, dass How often does it happen that
Sie bei Ihrer Arbeit Aufgaben you are assigned tasks at work
bekommen, in die Sie sich erst you do first have to get
einarbeiten miissen? acquainted with?

4 Unanticipated situations Wie hdufig miissen Sie bei Threr How often does it happen that
Arbeit auf Situationen reagieren, you have to react on situations at
die Sie nicht vorhersehen work, which could not be
konnten? anticipated?

5 Change of assignments Wie hdufig wechseln die How often do the
Aufgaben, die Sie bei Threr work-assignments at your job
Arbeit erledigen miissen? change?

6 Performing new tasks Wie héufig miissen Sie bei Threr How often do you have to
Arbeit Dinge tun, die Sie bisher perform tasks at work that you
nicht getan haben? did not do before?

Fig. 14 Distribution of the 20%
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Fig. 15 Distribution of the
summary scale for autonomy
tasks

@ Springer

Source: NEPS, adult stage, wave 4, preliminary unweighted data; displayed are smoothed
curves for the percentages of respondents holding a particular value (as e.g. 0.1) on the sub-
scale displayed (routine); Cronbach’s alpha for the subscale is 0.81
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Source: NEPS, adult stage, wave 4, preliminary unweighted data; displayed are smoothed
curves for the percentages of respondents holding a particular value (as e.g. 0.1) on the sub-
scale displayed (autonomy); Cronbach’s alpha for the subscale is 0.66
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Table 9 Item wordings for autonomy tasks

No Item German wording English translation

1 Scheduling own tasks Wie héufig konnen Sie sich Ihre How often does it happen that
Arbeit selbst einteilen? you may schedule your work

activities all by yourself?

2 Choosing new tasks Wie héufig haben Sie in Threr How often is it possible for you
Arbeit die Moglichkeit, sich to choose new task assignments
selbst immer wieder neue by yourself?

Aufgaben zu suchen?

3 Choosing work pace Wie hiufig konnen Sie Thr How often does it happen that
Arbeitstempo selbst bestimmen? you may choose your work pace

all by yourself?

4 Decisions involvement Wie hiufig sind Sie personlich an How often are you personally

wichtigen strategischen
Entscheidungen Threr Firma
beteiligt, z.B. hinsichtlich der
hergestellten Produkte und
Dienstleistungen, der
Beschiftigtenzahl oder der
Finanzen?

involved in important strategic
decisions of your company, like
e.g. decisions on the kinds of
products or services produced,
the number of employees, or
company finances?

The overall index for routine tasks was calculated by av-
eraging the items described above and standardizing the re-
sult to values between zero and one, zero representing “no
routine task content” and one “very high routine task con-
tent” of the respondent’s job. The resulting distribution of
scale values is displayed in Fig. 14.

A.6 Autonomy tasks

Items for autonomy tasks had to be answered on a 5-stage
response scale (1 = always/very often, 2 = often, 3 = some-
times, 4 = seldom, 5 = very seldom/never). Item wordings
and English translations are presented in Table 9.

The overall index for autonomy tasks was calculated by
averaging the items described above and standardizing the
result to values between zero and one, zero representing “no
autonomy task content” and one “very high autonomy task
content” of the respondent’s job. The resulting distribution
of scale values is displayed in Fig. 15.
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