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Abstract
Intelligent assistance systems (IAS) are designed to counteract rising cognitive demands caused by increasingly individualized
manufacturing processes in assembly. How IAS affect work characteristics which are crucial for promoting work motivation
of employees is yet unclear. Based on the cyber-physical systems transformation framework, the model of routine-biased
technological change, and a comprehensive model of work design, we expected in- and decreases in motivational work
characteristics (MWC) when working with IAS. Furthermore, we posited a buffering effect of the option of voluntary use
on decreasing knowledge characteristics. Applying an online case study with experimental vignette methodology (EVM)
allowed us to identify effects of the IAS on MWC before it is widely implemented. 203 German and British blue-collar
workers evaluated an assembly workplace according to three experimental conditions (work without IAS, work with IAS,
work with voluntary use of IAS). We identified enhanced feedback from the job and information processing in work with IAS
in contrast to a traditional assembly workplace but found no restrictions (or elevations) in terms of other task (i.e., autonomy)
or knowledge characteristics (i.e., job complexity, problem solving, specialization, skill variety). Thus, our results indicate
that the IAS improves some motivational work characteristics of the assembly workplace, although it misses the primary goal
of cognitive relief. Our study highlights the need for work design theories that specify the effect of IAS on motivational work
characteristics and the potential benefit of IAS in assembly of the future.

Keywords Intelligent assistance systems ·Work design ·Motivational work characteristics · Voluntary use · Assembly

Despite technological advancements in today’s workplaces
like additivemanufacturing (Zhang et al., 2017) or collabora-
tive robots (Faccio et al., 2023), assembly processes carried
out by humanswill remain indispensable in the digital factory
of the future (Pfeiffer, 2016). Assembly work even becomes
increasingly complex due to highly variable, individualized
manufacturing processes (Egger-Lampl et al., 2019; Faccio
et al., 2023). Various intelligent assistance systems (IAS)
have been developed to effectively support assembly work-
ers in theirmostlymonotonous but concentration-demanding
jobs with the intention to reduce cognitive workload, and
increase quality (Egger-Lampl et al., 2019; Kang et al., 2016;
Stockinger et al., 2021). Although the (cognitive) support of
assemblyworkers by such systems is intended (Berkers et al.,
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2022), the research field lacks specific theories and causal
evidence on how IAS shape motivational work character-
istics (MWC) (Baethge-Kinsky, 2020; Egger-Lampl et al.,
2019). These are crucial for promoting work motivation,
job satisfaction, and performance (Parker et al., 2017). Such
insights are needed, given that the distribution of IAS is
accelerated by the Covid-19 pandemic (Krzywdzinski et al.,
2022), and several scholars have outlined potential risks of
the implementation of IAS, such as restricted autonomy, or
systematic de-skilling of employees (e.g., Blumberg&Kauf-
feld, 2020; Dostert & Müller, 2020).

Therefore, the aim of the current case study is twofold.
First, using experimental vignette methodology (EVM)
(Aguinis & Bradley, 2014), we are – to our knowledge – the
first to systematically examine the causal effects of an exem-
plary projection-based, cognitive-assistive IAS on MWC to
identify positive and negative effects before the IAS is imple-
mented in practice. Second, we investigate whether potential
negative effects can bemitigated by the voluntary use of IAS.
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By this, our study provides important contributions to theory
and practice. On the one hand, our study aims to contribute
to theory development with regard to the role of technology
for work design models by shedding light on motivational
effects of IAS. Furthermore, by focusingon the consequences
of IAS for employees, we stress the importance of the still
neglected, subjective human factors (Faccio et al., 2023) in
the implementation of IAS in assembly. By examining sub-
jective factors, we essentially extend current research on
IAS which mainly focuses on objective evaluation indica-
tors (Keller et al., 2019; Lampen et al., 2019). On the other
hand, with regard to practice, our EVM study design pro-
vides a valuable tool to test the effect of specific (future)
technologies on MWC. Overall, our case study offers valu-
able practical recommendations for human-centered design
and implementation of IAS to create motivating workplaces
in assembly of the future.

To make our expectations and contribution clear, we
first introduce intelligent assistance systems (IAS) and their
intended function in supporting assembly workers. In detail,
we then definemotivational work characteristics (MWC) and
review the existing literature and theoretical models how
IAS might affect MWC. Subsequently, we postulate and
explain our expectations on the effect of a projection-based,
cognitive-assistive IAS on nine different MWC. Then, we
present the used methods, in particular outlining the imple-
mented experimental vignette methodology (EVM).We then
present the results of our hypothesis testing, and finally dis-
cuss the implications of our findings for theory and practice.

Theoretical background

Intelligent assistance systems at work

Technical systems that support people in carrying out activ-
ities by taking in and processing information from the
environment or by inputting information are defined as intel-
ligent assistance systems (IAS) (Hinrichsen, 2020). IAS
represents an umbrella term covering a wide range of tech-
nical systems from wearables, including smart watches or
data glasses (Blumberg & Kauffeld, 2020), to exoskeletons.
Accordingly, IAS can be differentiated in their level of sup-
port or demand (low,medium, high, variable), type of support
(physical, sensory, cognitive), and objective (compensatory,
maintenance, enhancement) (see Apt et al., 2018 for a com-
prehensive overview of types of IAS).

In the current study, we focus on stationary, cognitive-
assistive IAS with a low level of assistive performance,
whichwill play an increasingly crucial role inmodern assem-
bly in tomorrow’s smart factory (Apt et al., 2018). Such
IAS are supposed to support workers cognitively by, for
example, providing context-sensitive in-situ projection, or

presenting work instructions and assembly information to
reduce training times, workers’ uncertainties, avoid incorrect
assembly steps, and consequently increase work productiv-
ity (Apt et al., 2018). They should also support the inclusion
of non-native speakers to the workforce, low-skilled people,
and those with other deficits through visual, language-
independent instructional materials (Apt et al., 2018; Mark
et al., 2019).

The IAS in our study (see Jung et al., 2022 for further
technical characteristics of the IAS) consists of a 3D camera
and a projector mounted overhead above the assembly work-
station and an industrial PC. Furthermore, eye-trackers are
integrated that allow tracking eye movements of employees
during task execution. The system architecture consists of
an information systemwith a semantically structured knowl-
edge database and a control system. The 3D camera captures
image and depth data and thus the hand movements of the
assembly workers.With the help of algorithms, the hands are
recognized in different levels of detail, and videos are con-
verted into time series of position data. Activities are derived
from further analysis of the time series. Machine learning
principles enable work processes to be autonomously taught
to the system by having the system repeatedly record a previ-
ously unknown assembly process. Automatically generated
instructional material is projected onto the work surface in-
situ as augmented reality via the projector. Thus, the IAS
intends to support and cognitively relieve assembly work-
ers by instructing each assembly step. A picture of the
investigated intelligent assistance system as well as a text
description of the presented job, assembly workplace, and
functions of the system can be found in the ESM on the
Open Science Framework (OSF). We used this information
to introduce participants to the hypothetical assembly work-
place in our empirical study.

Although such systems are not only developed but already
used in practice, current research on IAS largely neglects
the effects of these systems on human factors (Egger-Lampl
et al., 2019; Faccio et al., 2023). Comprehensive models of
how IAS shape the work design in assembly are still miss-
ing. Suggestions about the impact of IAS on work outcomes
stem from the relatedfieldof informationandcommunication
technology (ICT). For example, researchers have reported
contradictory impacts of ICT at work, for example, on moti-
vation (Baethge-Kinsky, 2020; Day et al., 2019; Parker &
Grote, 2022; Wang et al., 2020; Waschull et al., 2020). On
the one hand, ICTs have the potential to replace dull rou-
tine work with algorithms and automation, giving workers
more time to complete creative and cognitively demanding
tasks, thereby increasing skill variety and motivation (Parker
& Grote, 2022). On the other hand, ICTs could lead to a
systematic de-skilling of employees by increasing automa-
tion of cognitively demanding work (Blumberg & Kauffeld,
2020; Parker & Grote, 2022). In turn, these reductions in
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skills can lead to lower motivation and learning-related out-
comes (Parker & Grote, 2022). Still, current research on IAS
largely neglects the effects of these systems on human factors
despite its growing importance (Egger-Lampl et al., 2019;
Faccio et al., 2023).

Motivational work characteristics

Work design is defined as “the study, creation, and modifica-
tion of the composition, content, structure, and environment
within which jobs and roles are enacted” (Morgeson &
Humphrey, 2008, p. 47), and has been shown to have a
substantial impact on important outcome variables at work,
such as work motivation, job satisfaction, or performance
(Morgeson & Humphrey, 2006; Parker et al., 2017). Numer-
ous theories andmodels have been suggested and tested in the
last decades, to specify which work characteristics are linked
to which work-related outcomes. For example, the job char-
acteristicsmodel (JCM) is one of themost influential theories
in work design and motivation literature (Hackman & Old-
ham, 1976; Parker et al., 2017). It distinguishes five core
job characteristics (job variety, job autonomy, job feedback,
job significance, and job identity) which trigger three critical
psychological states (experiencing meaning, feeling respon-
sible for outcomes, and understanding the results of their
efforts) which in turn have a positive impact on motivation
(Hackman & Oldham, 1976; Parker, 2014).

Resulting froma reviewof different theories and empirical
studies investigating work and job design, the work design
questionnaire (WDQ) (Morgeson & Humphrey, 2006) is the
most comprehensive and integrative instrument to capture
work characteristics (Parker et al., 2017). Identifying key,
yet distinct work characteristics, it includes aspects from
established models such as the JCM (Hackman & Oldham,
1976), as well as further relevant identified work charac-
teristics (Parker et al., 2017). The 21 work characteristics
encompassed in the instrument have been shown to fall into
four categories, namely task, knowledge, social, and contex-
tual work characteristics (Morgeson & Humphrey, 2006).
First, task characteristics capture the five JCM characteris-
tics (Parker, 2014), which mainly refer to the execution of
work and the “range and nature of tasks associated with a
particular job” (Morgeson & Humphrey, 2006, p. 1323). In
total, three facets of autonomy are separated (work schedul-
ing, decision-making, and work methods autonomy). Further
relevant task characteristics identified are task variety, task
significance, task identity, and feedback from the job. Sec-
ond, knowledge characteristics comprise knowledge, skills,
and abilities needed for the execution of a job, and include job
complexity, problem solving, information processing, skill
variety, and specialization (Morgeson & Humphrey, 2006).
Because of their positive relation with motivation, task and

knowledge characteristics are also referred to as motiva-
tional work characteristics (Morgeson & Humphrey, 2006;
Parker, 2014; Stegmann et al., 2010). Providing evidence
for their relevance, Humphrey et al. (2007) showed in their
meta-analysis that thesemotivational characteristics together
can explain up to 34% of the variance in job performance,
job satisfaction, internal work motivation, or organizational
commitment. Third, the WDQ also covers social and con-
textual characteristics, which refer to the social environment
in which the work is embedded and the physical nature of
thework environment, respectively (Morgeson&Humphrey,
2006). In our current study, we focus on the motivational
work characteristics because of their importance for work
motivation, and their fundamental changes due to technolog-
ical changes at work (Parker & Grote, 2022; Wang et al.,
2020).

Altered work design characteristics due
to the implementation of IAS

Although the WDQ provides an organizing framework of
work characteristics and has stimulated research about the
effects of motivational, social, and context characteristics
at work, specific theories and empirical evidence on how
work characteristics are altered by the introduction of tech-
nology in the workplace are missing. This could be because
the effect of technology on work characteristics depends,
among other things, on the specific type and design of tech-
nology (Parker & Grote, 2022). Gagné et al. (2022) state that
digital technologies have the potential to in- and decrease
motivational work characteristics, as “there is no determinis-
tic relationship between technology andwork design; instead
the effect of new technology on work design, and hence
motivation, depends on various moderating factors” (p. 6),
such as the employees’ skills or organizational implementa-
tion factors. Therefore, the existing literature on the effects
on work design appears to be too general for a generaliza-
tion to stationary IAS in assembly. For example, wearables
enable time- and location-flexible working and thus increase
an employee’s autonomy (Parker & Grote, 2022). However,
in contrast, such effects seem not easily transferable to sta-
tionary IAS, as they do not support such work arrangements.
This highlights the importance of technology-specific stud-
ies; in our case, this is a stationary, cognitive-assistive IAS.

On a general level, different theoretical models or frame-
works stemming from various fields (i.,e. industrial engi-
neering, or economics) might help to explain some of the
motivational effects on task and knowledge characteristics
when introducing IAS at work. First, the CPS transforma-
tion framework by Waschull et al. (2020) is based on the
WDQ (Morgeson & Humphrey, 2006). It postulates that job
autonomy, job complexity, and skill variety in industrial pro-
duction are affected by the introduction of cyber-physical
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systems, for example, IAS (Drossel et al., 2018). In detail,
the authors expect an increase in job complexity as simple
taskswill be eliminated by increasing automated information
collection and analysis, whereas complex tasks will continue
to exist. This framework also postulates significant increases
in skill variety, especially in occupations that require high
levels of information processing. For low-skilled andmiddle-
skilled jobs like jobs in assembly (Maxwell, 2006), the
authors suggest reductions in autonomy, as technologies
might limit decision-making freedom, clock and standard-
ize work (Waschull et al., 2020). Although this framework
allows postulating specific effects of the introduction of IAS
on task and knowledge characteristics, so far empirical evi-
dence for these postulations in a comprehensive work design
model is—to our knowledge—still missing.

Second, Autor et al. (2003) developed the model of
routine-biased technological change, which postulates a
polarization of jobs in the form of an increasing number of
low-skilled and high-skilled jobs as the number of middle-
skilled jobs decreases due to the introduction of digital
technologies. It differentiates between manual and cognitive
as well as routine tasks—tasks that “can be performed by
machines according to explicitly programmed rules” (Autor
et al., 2003, p. 1283)—and non-routine tasks. While increas-
ing automation through new digital technologies is expected
for manual and cognitive routine tasks, the model posits
strong complementarities for non-routine cognitive tasks as
well as limited opportunities for substitution or complemen-
tarities for non-routine manual tasks (Autor et al., 2003).
Based on this model, Mlekus (2021) empirically showed that
the relationship between digitization level in the workplace
and competency requirements is indeed moderated by the
context (stronger focus on nonroutine manual vs. nonroutine
cognitive tasks). Whereas she found a positive correlation
between digitalization level and competence requirements
in the domain of production (stronger focus on nonroutine
cognitive tasks), a negative correlation between digitiza-
tion level and competence requirements in the domain of
logistics was evident (stronger focus on nonroutine manual
tasks) (Mlekus, 2021). Modern assembly is characterized
by nonroutine cognitive and nonroutine manual tasks due
to the highly frequent switching of assembly processes due
to highly variable, individualized manufacturing processes
(Egger-Lampl et al., 2019; Faccio et al., 2023). The imple-
mentation of IAS in assembly should therefore not only
increase the digitalization level in the workplace but also
shift the focus to nonroutine manual tasks since employees
are cognitively supported by the use of IAS so that nonrou-
tine cognitive tasks play a subordinate role. Consequently,
the model of routine-biased technological change suggests a
reduction of knowledge characteristics while working with
IAS, while it is unclear yet which particular aspects are
indeed positively or negatively affected.

Overview of present research and hypotheses

In sum, in the context of IAS at work, there are mainly
theoretical considerations about the extent to which moti-
vational work characteristics will be transformed instead of
empirical evidence. Existing findings regarding IAS apply
to wearables such as smart watches or smart glasses (Blum-
berg & Kauffeld, 2020; Paruzel et al., 2020). Hence, we aim
to provide the first systematic investigation of the effects of
stationary IAS on motivational work characteristics within a
comprehensive framework ofwork design. Based on the CPS
transformation framework and the model of routine-biased
technological change framework, we suggest that IAS not
only affect motivational work characteristics positively but
also carry the risk of detrimental effects (see Table 1 for an
overview of the closely related empirical work on IAS and
motivational work characteristics). Furthermore, we propose
that the voluntary use of IAS can mitigate negative effects on
knowledge characteristics.

First, with regard to the task characteristics included in
the WDQ, we expected distinct effects of the introduction of
IAS on autonomy and feedback. Taking a closer look at the
three facets of autonomy, work scheduling autonomy refers
to “the extent to which a job allows freedom, independence,
and discretion to schedule work” (Morgeson & Humphrey,
2006, p. 1323), whereas decision-making autonomy reflects
the degree to which a job allows incumbents to make deci-
sions on their own. The facet of work methods autonomy
is defined as the extent to which a job allows workers to
choose methods to perform their tasks themselves (Morge-
son & Humphrey, 2006). IAS are introduced with the overall
goal to standardize work by specifying and providing infor-
mation about subsequent work steps, detailed sequences of
individual assembly steps, instruments or tools to be used for
specific tasks, as well as solutions to problems at each point
in the execution of activities (Blumberg & Kauffeld, 2020;
Dostert & Müller, 2020; Waschull et al., 2020). Therefore,
their introduction at the workplace suggests reductions in all
three autonomy facets. Such an expectation is supported by
the qualitative studies (cf. Table 1) byBlumberg andKauffeld
(2020) and Berkers et al. (2022). Several interview partici-
pants highlighted the decline of autonomy as a central risk
of the implementation of data glasses and tablets as IAS at
work (Blumberg & Kauffeld, 2020), and the implementa-
tion of robots in logistics (Berkers et al., 2022). However,
causal evidence for such an effect for IAS in assembly is so
far missing. Furthermore, specifying the effects of the imple-
mentationof IASonall three different autonomy facets seems
necessary, as these facets are differently related to work out-
comes (Humphrey et al., 2007).
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Table 1 Closely related empirical work on intelligent assistance sys-
tems (IAS) and motivational work characteristics (MWC)

Authors (Year) Method and sample Relevant findings
with regard to
MWC

Blumberg &
Kauffeld (2020)

Interview study with
76 German experts
from science,
politics, and
industrial practice

Experts indicate
risks of
restricted
autonomy and
systematic
de-skilling of
employees
when using
smart watches
or data glasses
in industrial
practice

Berkers et al. (2022) Interview study with
24 Dutch employees
and managers from
six logistic
organizations

Warehouse
workers cite the
fear of
restricted
autonomy by
implementation
of robots in
logistic
warehouses

Lampen et al. (2019) Experiment with 24
German students
and research
engineers realizing
a within-subject
design (3
instructions:
Pictorial
paper-based, 3D
in-situ-visual cues,
human simulation
approach)

Cognitive
workload in
learning new
tasks is
significantly
reduced by
using the 3D
in-situ-visual
cues instruction
compared to
the pictorial
paper-based
instruction

Paruzel et al. (2020) Cross-sectional
survey with 14
German employees
in manufacturing
company on
expectations and
fears of the
implementation of
smart glasses

The employees
expect potential
positive and
negative effects
of smart glasses
on work
characteristics
(e.g., increased
and decreased
job complexity)

Hypothesis 1 (a) Work scheduling autonomy (b) Decision-
making autonomy (c) Work methods autonomy is signifi-
cantly lower in work with IAS than in work without IAS.

With regard to feedback from the job, defined as “the
degree to which the job provides direct and clear informa-
tion about the effectiveness of task performance” (Morgeson
& Humphrey, 2006, p. 1323), significant increases can be
expected through the implementation of IAS, as they provide

feedback on every assembly step and can be used specifically
for learning a specific task or job (Apt et al., 2018).

Hypothesis 2 Feedback from job is significantly higher in
work with IAS than in work without IAS.

Concerning further task characteristics included in the
WDQ, we expect neither positive nor negative effects of IAS
on task variety, task significance, and task identity, since
the individual work steps and thus the work as a whole
remain largely unchanged. The individual work steps are
merely assisted by the IAS. This is supported by findings
based onqualitative interviewswith productionworkers from
Baethge-Kinsky (2020), who reported that work with IAS
still has the same features (high monotony, routine tasks, and
few opportunities for technically demanding activities) as
work without IAS unless the work is extended through work
design interventions.

Second, we expected all five knowledge characteristics to
be affected by the introduction of IAS. First, job complexity
describes how complex and difficult the tasks that the job
holder has to perform are (Morgeson & Humphrey, 2006).
The two general frameworks do not convey in this regard:
While the CPS transformation framework (Waschull et al.,
2020) postulates significant increases, reductions can be
expected based on the routine-biased technological change
model (Autor et al., 2003). However, as the IAS intends to
support employees cognitively, it can be expected that job
complexity decreases as it provides precise instructions for
each assembly step (Apt et al., 2018). Furthermore, such
systems have been associated with the risk of long-term sys-
tematic de-skilling of employees by taking over the mental
work (Baethge-Kinsky, 2020; Blumberg & Kauffeld, 2020;
Parker & Grote, 2022). Also, Lampen et al. (2019) showed
that the cognitive workload learning a new task can be signif-
icantly reduced by an IAS compared to a paper instruction.
Therefore, we expected that job complexity will be reduced
while working with an IAS.

Hypothesis 3 Job complexity is significantly lower in work
with IAS than in work without IAS.

Second, problem solving describes “the degree to which
a job requires unique ideas or solutions and reflects the more
active cognitive processing requirements of a job” (Morgeson
& Humphrey, 2006, p. 1323). Since IAS uses, for exam-
ple, context-sensitive in-situ projections to instruct workers
on subsequent assembly steps and identify incorrect activ-
ities as mistakes, problem solving is taken over by IAS so
that workers no longer have to solve problems on their own
(Dostert & Müller, 2020). Due to this, knowledge, skills,
and abilities regarding problem solving can decrease in the
long term, potentially leading to a systematic de-skilling of
workers (Autor et al., 2003), a potential risk that was also
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mentioned by some interview participants in the study by
Blumberg and Kauffeld (2020).

Hypothesis 4 Problem solving is significantly lower inwork
with IAS than in work without IAS.

Third, information processing refers to “the degree to
which a job requires attending to and processing data or other
information” (Morgeson & Humphrey, 2006, p. 1323). On
the one hand, the IAS as another source of information in
addition to the traditional workplace provides information
that has to be monitored and processed by the employees,
so the demands on information processing could increase
through the introduction of IAS. On the other hand, there
is also the possibility of a decrease in information pro-
cessing because IAS aim to support the job incumbents
cognitively and could take over the cognitive work entirely
( Baethge-Kinsky, 2020; Blumberg & Kauffeld, 2020). This
also seems plausible considering the strong intercorrelation
of information processing with other knowledge characteris-
tics, in terms of problem solving and complexity (Morgeson
&Humphrey, 2006; Stegmann et al., 2010).Due to the plausi-
bility of the two directions and the lack of empirical research
regarding changes in information processing through the
implementation of IAS, we suggest competing hypotheses
for this work characteristic.

Hypothesis 5 Information processing is significantly (a)
lower (b) higher in work with IAS than in work without IAS.

Fourth, skill variety reflects the necessary amount of skills
that are required for the completion of the work (Morgeson
& Humphrey, 2006). Similar to information processing, sig-
nificant reductions or significant increases in the skill variety
through the introduction of IAS seem plausible. On the one
hand, IAS are specifically used to train non-native speakers
and low-skilled persons and integrate them into the labor
market (Apt et al., 2018; Mark et al., 2019), so that the
skill variety could decrease significantly by taking over the
cognitive work. This would again result in the risk of sys-
tematic de-skilling or general downgrading (Autor et al.,
2003; Baethge-Kinsky, 2020; Blumberg & Kauffeld, 2020).
On the other hand, in addition to the traditionally needed
requirements, digital competencies are required for success-
ful interaction with the IAS (Waschull et al., 2020), which
will play an ever-increasing role in the context of digitaliza-
tion, smart factory, and Industry 4.0 (Oberländer et al., 2020).
This may even result in general upskilling (Baethge-Kinsky,
2020).

Hypothesis 6 Skill variety is significantly (a) lower (b)
higher in work with IAS than in work without IAS.

Fifth, specialization refers to “the extent to which a job
involves performing specialized tasks or possessing special-
ized knowledge and skill” (Morgeson & Humphrey, 2006,

p. 1324). In terms of specialization, the introduction of IAS
can be expected to lead to a deterioration, as, for example, the
context-sensitive in-situ instructions allow non-native speak-
ers and low-skilled individuals to be trained more quickly,
thus requiring fewer specific skills and abilities (Apt et al.,
2018), which could result in a systematic de-skilling of
employees (Autor et al., 2003; Baethge-Kinsky, 2020; Blum-
berg & Kauffeld, 2020).

Hypothesis 7 Specialization is significantly lower in work
with IAS than in work without IAS.

Besides investigating the effects of the introduction of IAS
in assembly on core work characteristics, we were interested
if the potential negative effects of using such a system (cf.
our expected effects in terms of lowered knowledge charac-
teristics outlined above), can be buffered in practice. Using
the system voluntarily-allowing employees to use the system
or not-could counteract systematic de-skilling of workers
based on the model of routine-biased technology change
(Autor et al., 2003). By preventing over-support and exces-
sive takeover of cognitive work, modern assembly continues
to include not only nonroutine manual but also nonroutine
cognitive tasks for which the model expects strong com-
plementarities in skills (Autor et al., 2003) which has been
empirically supported (Mlekus, 2021). Therefore, we sug-
gest, that using the system voluntarily could buffer potential
negative effects of IAS on knowledge characteristics by pre-
venting a shift in focus to nonroutine tasks.

Hypothesis 8 (a) Job complexity (b) problem solving (c)
information processing (d) skill variety (e) specialization is
significantly higher in work with voluntary use of IAS than
in work with IAS.

Method

In our experiment, we investigated the causal impact of a
stationary, cognitive-assistive IAS on task and knowledge
characteristics and the role of the voluntary use of IAS con-
cerning knowledge characteristics. For this, we manipulated
an assembly workstation using EVM in an online experi-
ment realizing three experimental conditions (work without
IAS vs. work with IAS vs. work with voluntary use of IAS).

Open science

We pre-registered all procedures and hypotheses
before data collection (https://osf.io/352zd/?view_only=
5ff4cf3e692d44edbb0843418bb9bc26). The electronic
supplementary material (ESM) including the presented
hypothetical assembly workstation, information on the
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presented IAS, and additional analyses can be found in the
OSF.

Experimental design and procedure

Wemanipulated the assembly workstation in an online study
using abetween-subjects designbasedonvignetteswith three
experimental conditions: work without IAS vs. work with
IAS vs. workwith voluntary use of IAS. Since the implemen-
tation of IAS in assembly is still in its infancy (Bortolini et al.,
2021) which complicates the experimental investigation of
the effect of such systems with samples in organizational
practice, we chose anEVMstudy design. Such a study design
is associated with several advantages. First, it allows the
investigation of causal effects (high internal validity) using
realistic (future) scenarios, maximizing the generalizability
of experimental results (high external validity) (Aguinis &
Bradley, 2014). Hence, our study enables the much-needed
identification of potential opportunities and risks of such sys-
tems before they are implemented. Second, and in contrast to,
for example, an investigation of the changes in work charac-
teristics before and after the implementation of an IAS in one
organization, the EVM allowed us to investigate employees
from diverse organizations, thus increasing generalizability
of our results. And implementing the exact same system
in various organizations and investigating that across them
seems not feasible, as different organizations would need to
adapt the IAS to the specific needs of their particular assem-
bly processes, which would systematically bias the results.
In this way, the EVM study counteracts assembly process-
and organization-specific effects, such as an organization’s
technology-averse tendency. Third, the EVM study design
allows the pure investigation of the effect of the IAS on
MWC without the impact of additional interferences, such
as time delays or incorrect modeling which could occur in
occupational practice (Tao et al., 2022; Xu et al., 2021).

In our realization of the EVM in an online study, we fol-
lowed the best practice recommendations for designing and
implementing such studies by Aguinis and Bradley (2014)
and used baseline information, and combined text, picture
and video material to maximize the level of immersion.
Figure 1 includes a flow chart depicting procedure of the
experiment. In the beginning, we asked all participants who
agreed to participate to imagine a hypothetical work situ-
ation as an assembly worker in a medium-sized assembly
company. Therefore, all participants read a three-sentence
long baseline information on the situational context. After-
ward, participants were randomly assigned to one of the three
experimental conditions.

In the first condition, work without IAS, participants were
given a page of text description of a traditional assembly
workstation (including a picture of the workspace) without

IAS as well as an approximately 1-min long video of an
exemplary assembly process without the support of the IAS.

In the second condition, work with IAS, and the third
condition, work with voluntary use of IAS, participants were
given a page of text description of an assembly worksta-
tion with IAS (again including a picture of the workspace)
and additional information about the functions of the IAS.
Also, the participants watched an approximately 1-min long
video of the exemplary assembly process with the support
of the IAS. Conditions 2 and 3 differed only in that the par-
ticipants in Condition 3 received the information that they
could turn the IAS off and on at any time on a separate
page. The IAS presented in the vignette is a projection-based,
cognitive-assistive system that guides workers through each
assembly step using short instructional videos projected onto
the work surface. If the work steps are performed correctly,
the projected video will light up green; if they are performed
incorrectly, the video will light up red. The progress of work
processes is displayed in the form of a progress bar above the
videos with the assembly steps on the work surface. Alter-
native workflows and assembly sequences can be observed
and taught automatically using machine learning. The basis
of these functions lies in the recording of the hand and eye
movements of the employees with the help of a 3D cam-
era and three eye trackers (Jung et al., 2022). A translation
of the description of the hypothetical workplace with IAS
can be found in ESM (Online Appendix A). The video of
the presented assembly process with(out) the support of the
IAS can be found in the pre-registration in the Open Science
Framework.

To ensure careful reading of the text description and obser-
vation of the assembly process, we included a time lag of 1
min each before one could continue with the study in all
conditions. Subsequently, participants rated the workplace
according to their condition regarding task and knowledge
characteristics in randomized order and finally answered
some demographic information (age, sex, and prior expe-
riences with IAS) about themselves.

Participants

For recruiting participants,we realized two approaches. First,
we invited German blue-collar workers from our personal
and professional networks from diverse fields via email and
social media to participate in an online experiment. Blue-
collar workers perform jobs relatively similar to assembly
work, so they are able to adequately assess the work sit-
uation presented. The prerequisite for participation was a
current job or prior work-related experience in the areas of
manufacturing, assembly, or craftsmanship.We offered them
a summary of the study results and an opportunity to enter a
drawing for vouchers (5× 20 Euro) for every 50 participants
as incentives for participating. Within the collection period
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Fig. 1 Flow chart of the study with three experimental groups (Group 1:Work without IAS, Group 2:Work with IAS, Group 3:Work with voluntary
use of IAS). IAS Intelligent assistance system

fromOctober 2021 toApril 2022, 1,041 people clicked on the
link to the online experiment. 135 participants completed the
survey (response rate of approximately 13%). We excluded
six participants who failed the attention check (“Please tick
answer option 1 ‘do not agree at all’ in this row”), five par-
ticipants who had technical problems, and another 23 who
classified their job as an office job and had no prior experi-
ence working in manufacturing, assembly, or craftsmanship
from the analysis. This led to 101 German participants.

Second, we collected additional data from British blue-
collar workers with an English version of our experiment
in April 2022 using Prolific. We paid 2.20 GBP for partic-
ipating. Of the 147 people who clicked on the link to the
study, 127 participants completed the experiment (response
rate of approximately 86%). We excluded two participants
who failed one of two built-in attention checks. We further
excluded 23 participants who reported that they were cur-
rently working in an office job or were students and did not
have any prior work experiences inmanufacturing, assembly,
or crafting, resulting in 102 British participants.

Given the two different data collection efforts, we checked
for potential differences in demographic variables. We did
not find significant differences in age, t(201) = − .826, p =
.410, d =− .116, sex, χ2(2)= 0.334, p= .846, ϕ = .041, or

prior experience with working with IAS, χ2(1)= 1.012, p=
.314, ϕ = − .071, between the German and British partici-
pants (ESM, Table 2). Furthermore, a chi-square difference
test revealed no disproportionate allocation of the German or
English subsample to one of the three experimental condi-
tions, χ2(1) = 1.159, p = .560, Cramér’s V = 0.076 (ESM,
Table 2).

Therefore, we based our analysis on the combined data,
resulting in a sample of N = 203. Ages ranged from 19 to 75
(M = 37.54, SD = 12.01). The majority of the participants
were male (70.4%) and had no prior experience with IAS
(87%). Among those 13% of participants with prior experi-
ence with IAS, virtual reality (n = 10), pick-by-light (n =
6), and augmented reality (n = 3) were the most common.
The low number of participants with prior experience with
working with IAS in our sample reflects the low use and
distribution of IAS in German and British production com-
panies, highlighting the importance of EVM study designs.

Manipulation checks

First, to ensure the successful manipulation of the assembly
workstation, we asked participants in all three experimental
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conditions to rate equipment use in the hypothetical work-
place immediately after reading the text description and
watching the short video of an exemplary assembly process.
For this, we used three items of a validated German version
(Stegmann et al., 2010) (α = .76) or the validated English
version of the WDQ (Morgeson & Humphrey, 2006), with a
five-point Likert scale ranging from strongly disagree (1) to
strongly agree (5). We conducted a Helmert contrast to test
whether the work without IAS differs significantly from the
other two conditions (work with IAS and work with volun-
tary use of IAS). Equipment usewas rated significantly lower
in the condition of work without IAS (M = 2.00, SD= 0.92)
than in the other two conditions (work with IAS: M = 2.29,
SD= 0.97; work with voluntary use of IAS:M = 2.26, SD=
0.86), F(2, 199) = 3.29, p = .039, ηp

2 = .032, C = − .314,
p = .014, indicating that our experimental manipulation of
the assembly workstation was successful.

Second, to ensure the successful manipulation of vol-
untary use of the IAS, we asked participants to rate work
methods autonomy (α = .91) from the WDQ (Morgeson &
Humphrey, 2006) to check our experimental manipulation
of the voluntary use of IAS between conditions work with
IAS and work with voluntary use of IAS. We used three val-
idated items of the German version (Stegmann et al., 2010)
or the English version (Morgeson & Humphrey, 2006) with
the same five-point Likert scale as equipment use. A t-test
indicated that the work with voluntary use of IAS condition
(M = 1.92, SD = 0.97) did not differ significantly from the
work with IAS condition (M = 1.62, SD = 0.87) in terms
of work methods autonomy, t(135) = − 1.468, p = .144,
d = − .251, resulting in a failed manipulation of voluntary
use. Hence, we combined the work with IAS and work with
voluntary use of IAS into the work with IAS condition (see
ESM, Table 4 for ANOVA results of all three experimental
conditions). This precluded us from testing H8.

Measures

Task and knowledge characteristics

We measured the four task characteristics and the five
knowledge characteristics based on the original English ver-
sion of the WDQ (Morgeson & Humphrey, 2006) and its
validated German version (Stegmann et al., 2010). In total,
participants rated 32 items on a five-point Likert scale with
the range from strongly disagree (1) to strongly agree (5).
To cover the hypothetical job situation (and not the current
job participants hold), we slightly altered the itemwording of
someGerman items (items including “my job”were changed
to “the job”). This was not necessary for the English version
by Morgeson and Humphrey (2006) where “the job” was
already used. In detail, we measured work scheduling auton-
omy (“The job allows me to plan how I do my work”, α

= .86), decision-making autonomy (“The job allows me to
make a lot of decisions on my own”, α = .89), work meth-
ods autonomy (“The job allows me to make decisions about
what methods I use to complete my work”, α = .91), and
feedback from job (“The job itself provides feedback on my
performance”, α= .86) with three items each. To capture the
knowledge characteristics job complexity (“The tasks on the
job are simple and uncomplicated”, α = .86), problem solv-
ing (“The job requires to be creative”, α = .84), information
processing (“The job requires me to monitor a great deal of
information”, α= .91), skill variety (“The job requires a vari-
ety of skills”, α = .92), and specialization (“The job requires
a depth of knowledge and expertise”, α = .91), we used four
items each. The internal consistency reliabilities (Cronbach’s
α) ranged from .79 to .92. Table 3 in the ESM also contains
reliabilities of the German and English versions separately.1

Results

Table 2 shows the descriptive statistics of the two experi-
mental conditions work without IAS and work with IAS.
The ratings of all motivational work characteristics are low
across all conditions. A one-wayMANOVA showed a signif-
icant difference between the two working conditions without
and with IAS for all nine motivational work characteristics
under investigation,2 F(9, 193) = 6.441, p < .001, ηp

2 =
.231, Wilk’s � = .769. Subsequently, we conducted t-tests
for every motivational work characteristic separately accord-
ing to our hypotheses (Table 2 and Fig. 2). We did not find
a significant difference between work without IAS and work
with IAS in work scheduling autonomy, t(201) = 1.909, p
= .058, d = .286, decision-making autonomy, t(201) = −
0.149, p = .882, d = − .022, and work methods autonomy,
t(201) = 0.330, p = .742, d = .049, thereby rejecting H1a-
c. Feedback from job was significantly higher in work with
IAS than in work without IAS, t(201) = − 5.701, p < .001,
d = − .854, supporting H2. There was no significant differ-
ence between work without IAS and work with IAS in job
complexity, t(201) = − 0.790, p = .430, d = − .118, and
problem solving, t(201) = − 0.728, p = .467, d = − .109.
Thus, we rejected H3 and H4. Information processing was
significantly higher in work with IAS than in work without
IAS, t(201) = − 2.205, p = .029, d = − .330, supporting
H5b. Finally, the two working conditions did not differ in

1 Only in the German sample specialization showed rather low relia-
bility (Cronbach’s α = .61).
2 A one-way MANCOVA with sample origin as a covariate revealed
identical results, F(2, 192) = 5.530, p < .001, ηp

2 = .206, Wilk’s � =
.794.
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Table 2 Cell means and standard deviation of motivational work characteristics in work without IAS and work with IAS

Work without IAS Work with IAS t-test Hypothesis

n = 66 n = 137

M SD M SD

Work scheduling autonomy 2.13 0.99 1.85 0.96 t(201) = 1.909, p = .058, d = .286 1a

Decision-making autonomy 1.70 0.96 1.73 0.91 t(201) = − 0.149, p = .882, d = − .022 1b

Work methods autonomy 1.80 0.96 1.76 0.92 t(201) = 0.330, p = .742, d = .049 1c

Feedback from job 2.87 1.14 3.76 0.99 t(201) = − 5.701, p < .001, d = − .854*** 2

Job complexity 1.60 0.87 1.69 0.72 t(201) = − 0.790, p = .430, d = − .118 3

Problem solving 1.55 0.69 1.62 0.73 t(201) = -0.728, p = .467, d = − .109 4

Information processing 1.75 0.91 2.06 0.94 t(201) = − 2.205, p = .029, d = − .330* 5a/b

Skill variety 1.94 0.94 1.89 0.86 t(201) = 0.369, p = .713, d = .055 6a/b

Specialization 2.02 0.87 2.16 0.83 t(201) = − 1.077, p = .283, d = − .161 7

IAS Intelligent assistance system
*p < .05. ***p < .001
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Fig. 2 Ratings of motivational work characteristics in work without IAS and work with IAS. IAS Intelligent assistance system. MWCMotivational
work characteristics. *p < .05. ***p < .001

skill variety, t(201) = 0.369, p = .713, d = .055, and spe-
cialization, t(201)=− 1.077, p= .283, d =− .161. Hence,
we rejected H6a, H6b, and H7.

Discussion

As prior research on IAS largely neglected human factors
(Egger-Lampl et al., 2019; Faccio et al., 2023), our case
study contributes to a human-centered design and integra-
tion of advanced technologies in assembly in two important

ways. First, we were able to provide causal evidence for an
increase in MWC feedback from job and information pro-
cessing due to the implementation of a cognitive-assistive
IAS in assembly. Whereas the effect of the IAS on informa-
tion processing was rather weak, we found a strong effect
on feedback from the job. As our results are based on a
rather big sample stemming from two European countries
highlights that such effects might not be bound to specific
countries. Second, unfortunately, we were not able to pro-
vide insights into a potential buffering effect of voluntary
use, as our manipulation of voluntary use failed. However,
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the results of our case study in this regard are also promis-
ing, since we were not able to identify any essential decrease
in knowledge characteristics, indicating no negative conse-
quences of working with IAS that should alarm practice. In
sum, our results provide important insights into the work
design and IAS literature as well as practical implications
for the potential benefits of IAS in assembly.

Theoretical implications

Although the CPS transformation framework (Waschull
et al., 2020) postulates restrictions in autonomy in low-
and middle-skilled jobs by clocking and standardizing work,
we did not find reduced autonomy due to the IAS as sug-
gested in qualitative studies (Berkers et al., 2022; Blumberg
& Kauffeld, 2020). This applies to the three autonomy
facets distinguished in the WDQ, extending the current
state of limited research in which autonomy is considered
a global construct without considering relevant autonomy
facets (Blumberg & Kauffeld, 2020). The fact that the IAS
does not seem to decrease perceived autonomy is proba-
bly attributable to the already highly standardized traditional
assembly work. Additionally, in our description of the sys-
tem,we also indicated that the system can adapt to alternative
work processes using machine learning. For example, in the
case of work scheduling autonomy, this could mean that
alternative sequences in the assembly process preferred by
employees may counteract decreases. It is not surprising that
IAS can be used to foster immediate feedback from the job
whichhighlights their importance in phases inwhich frequent
and immediate feedback is needed. The model of routine-
biased technological change (Autor et al., 2003) posits a
reduction in knowledge characteristics due to new technolo-
gies, resulting in a de-skilling of employees in assembly by
automatingmanual and cognitive routine tasks.However, our
results indicate that the IASwill not establish a lower level of
requirements on the assembly workers, since problem solv-
ing, skill variety, and specialization seem to be unaffected
by the implementation of the IAS. The results also do not
indicate a higher skill variety, for example, with an associ-
ated need for digital competencies (Oberländer et al., 2020)
when working with IAS. These knowledge characteristics
appear to be more dependent on the underlying assembly
process than on the IAS. Given that job complexity is not
lowered by the IAS investigated here either, it appears that
the system is failing to achieve its primary goal of cognitive
relief of employees (Egger-Lampl et al., 2019). The introduc-
tion of IAS even requires assembly workers to pay attention
to an additional source of information and thus to process
more information which is generally associated with posi-
tive work outcomes (Stegmann et al., 2010). Therefore, our
results suggest an improvement regarding work motivation
in the digitized assembly workplace, although the IAS does

not provide the cognitive relief for which such systems were
primarily developed. Overall, our results stress the impor-
tance of subjective human factors (Faccio et al., 2023) when
implementing IAS in assembly.

The fact that the majority of our hypotheses had to be
rejected highlights the need for theories targeting the spe-
cific impact of innovative technologies, such as IAS, onwork
characteristics. The CPS transformation framework and the
model of routine-biased technological change did not pro-
vide either a suitable basis for predicting the influence of
cognitive-assistive IAS on work design, as they do not take
into account the specific technical design features (Gagné
et al., 2022). However, by applying a case study on an exem-
plary IAS and its effect on motivational work characteristics,
we contribute to the development of such theories.

Practical implications

Although prior qualitative studies (e.g., Berkers et al., 2022;
Blumberg & Kauffeld, 2020) mainly emphasized the neg-
ative sides of IAS, namely the risks of reduced autonomy
and de-skilling of employees, our results indicate no such
effects and even an improvement of certain aspects of the
digitized assembly workplace. This could prove beneficial
for reducing employees’ resistance to change and support the
introduction of such systems in practice. Assembly workers
can benefit in terms of work-related outcomes, like motiva-
tion and job satisfaction, by using an IAS primarily through
these two work design aspects. First, they profit from the
strongly enhanced feedback from the job which is positively
associated with motivation (Humphrey et al., 2007). The
enhanced feedback implies that especially in the learning
and training phases, assembly workers can benefit from the
use of IAS (Doolani et al., 2020). Providing immediate feed-
back from the job by using IAS will also help in the long
term if the work processes are characterized by individual-
ized customer requests and the associated frequent product
changes as in modern assembly. Second, assembly work-
ers can benefit from increased information processing when
working with the IAS compared to the traditional work-
place which is positively associated with job satisfaction
(Humphrey et al., 2007). Nevertheless, managers must be
aware that the increased information processing may rep-
resent a double-edged sword. Since IAS also aim at the
inclusion of low-skilled workers and workers with cogni-
tive deficits (Apt et al., 2018; Mark et al., 2019), enhanced
information processing could potentially lead to information
overload. However, as we found a rather weak effect in terms
of effect size, thus the additional source of information should
not pose a great risk for employees without cognitive deficits.

On a more general level, the overall rather low ratings
in MWC for both, the traditional and digitized workplace
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in our vignette emphasize the need for work design inter-
ventions in assembly, such as task or job rotation (Mlekus &
Maier, 2021). Task rotation “refers to the alternation between
tasks within a job that can require different skills and respon-
sibilities but is not associated with a change to a different
function or department” (Mlekus&Maier, 2021, p. 2), in this
case, the alternation between assembly products. This task
rotation is already an essential consequence of the individu-
alized customer requests that characterize the digital factory
of the future. Job rotation is defined as “a lateral transfer of
employees within an organization without a change in salary
or hierarchy” (Mlekus, 2021, p. 2) and can include rotations
not only in departments but whole units (Mlekus & Maier,
2021). Applying job rotation on a larger scale will be more
challenging than using task rotation in this assembly context.
The implementation of our exemplary IAS as an innovative
advanced technology could represent a first step in improving
MWC of assembly workplaces.

Limitations and future research

Although our case study provides first causal insights into
alterations in MWC by the implementation of a stationary,
cognitive-assistive IAS in assembly, some limitations need
to be acknowledged. First, our results might be limited due
to the rather low ratings in the MWC across all experimen-
tal conditions. That we did not find any negative effects of
the IAS on MWC might therefore also be due to potential
floor effects in the ratings, as the presented assembly process
was highly simplified. The investigation of the effect of IAS
with more demanding assembly processes could counteract
such effects, particularly for expected effects on knowledge
characteristics.

Second, our manipulation of the voluntary use of IAS
failed. Participants in the work with IAS condition may have
implicitly assumed that they could turn the system off and
on at any time. However, we did not include explicit coer-
cion in this condition to avoid artificially biasing the study
results, as some studies show that coercion elicits nega-
tive responses from employees (Hausman & Johnston, 2010;
Yılmaz & Kılıçoğlu, 2013). Again, the investigated exem-
plary assembly process may also have contributed to this
missing effect, as cognitive relief from the IAS is not essential
for a highly simplified assembly process. This is also evi-
dent from technology acceptance models (Feng et al., 2021),
where the perceived usefulness of a system is a key predictor
of the intention to use it. Consequently, individuals may have
thought that they could simply ignore the system if it did not
fulfill the desired goal of cognitive relief. This may also be a
potential reason why we found no negative consequences of
the system on MWC. If employees assume over-simplified
work processes with restricted autonomywhenworking with
IAS, they will not use the system.

Third, the use of an EVM study design allowed causal
investigation of the effect of the IAS on MWC, taking into
account specific design features, such as autonomous teach-
ing of the system through machine learning, even before the
system is implemented in practice. Nonetheless, participants
were not asked to work with the presented IAS, thus results
may be biased by their expectations of such systems. How-
ever, given the experimental design of our study, the random
assignment to one of the three conditions prevented at least
systematic distortions of particular expectations. Future stud-
ies should assess MWC before and after implementing IAS
on the work floor to investigate the specific effect of the
system under more realistic conditions, over a longer time
period. In addition, the EVM study design prevented us from
collecting other (objective) assessment factors, such as the
task completion time, or error count, which have already
been investigated in other studies (Keller et al., 2019; Lam-
pen et al., 2019). In future studies, subjective factors, as in
our study, should be supplemented with objective factors to
provide an even more comprehensive picture of the effect of
IAS on motivational and performance-related outcomes in
terms of quality and quantity.

Fourth,we explicitly omitted sources of interference in the
representations of the assemblyworkplacewith IAS to inves-
tigate its pure effect on MWC. However, interferences, such
as time delays or modeling errors (Tao et al., 2022; Xu et al.,
2021), can be expected to occur in operational practice in
assembly process planning (Qian et al., 2023) when working
with IAS, which could alter the experiences of workers with
such systems. Depending onwhether assemblyworkers need
to fix certain malfunctions on their own, knowledge charac-
teristics could increase by using IAS, for example, because
programming skills are needed to fix interferences but are not
necessary for themajority of daily assembly processes. Thus,
the role of such additional factors needs to be investigated in
future studies.

Fifth, since the effects of advanced technologies on work
design depend on its specific design features (Gagné et al.,
2022), the generalizability of the results to other stationary,
cognitive-assistive IAS needs to be investigated. Neverthe-
less, due to similar instructional materials for assembly
processes, our results appear to be transferable, for exam-
ple, to pick-to-light systems, augmented reality-based, and
other projection-based IAS. Future studies should examine
the role of specific design features and the generalizability
of our study results.

Conclusion

Our study contributes to the development of theories on the
effect of innovative advanced technologies on work design
by considering specific design features of an exemplary
cognitive-assistive IAS in assembly (Gagné et al., 2022).
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We demonstrated the benefit of IAS for modern assembly
workplaces in terms of enhanced feedback from the job and
information processing. Particularly, our study emphasizes
the benefit of IAS in employees’ daily work contrary to
qualitative studies in which employees mentioned risks of
restricted autonomy or systematic de-skilling when using
IAS (Baethge-Kinsky, 2020; Blumberg & Kauffeld, 2020).
Future studies should test if our results are transferable to
other cognitive-assistive IAS.
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