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Abstract. New technologies with unprecedented agentic capabilities (i.e., action selection, protocol development) are now
introduced in organizations such as Big Data, 3D printing or artificial intelligence. Because they are endowed with novel
capabilities that might compete with human agency, they might disrupt the way employees work. Based on the work
design model, this study aims to examine their introduction in the daily work activities and the consequent perceptions of
the work characteristics. Building on Murray’s et al. (2020) proposal, we offer a classification of the digital technologies to
conceptualize their relationship with the work characteristics. To explore the changes induced by two digital technologies
(i.e., drones, robotic automation process), we interviewed 3 types of employees (i.e., experts, managers, users) from an
organization which has started a digitalization process andwe conducted a thematic analysis. Our analysis revealed three
main themes that are discussed:A technological theme (arresting, assisting), awork characteristic theme and a theme about
the human-technology relationship (agentic, non-agentic). Results showed that employee autonomy has not been reduced
when digital technologies executed repetitive and unmotivated tasks and that jobs in the digital work context may be
marked by a high level of knowledge characteristics. Moreover, technologies with agentic capabilities may be perceived as
a non-human agent. Theoretical contributions for the work design model are then examined.
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Work has an evolving and moving aspect (Howard,
1995; Zuboff, 1988), as evidenced by the diversification
of current forms of work (e.g., workers in gig economy)
and more flexible work methods (e.g., teleworking)
suggesting that the nature of work is changing. Many
factors may explain this change in the nature of work:
Technological advances, growth of international
exchanges in the context of globalization, new organi-
zational models such as “flat” organizations (Grant
et al., 2010). Among them, technological advancement
has raised a lot of interest as major breakthrough has
emerged like the test of a completely autonomous car by
Tesla or the development of a robotic hand with high
dexterity. These issues shifted fromwhether technology
is automating the activities or informing the worker
(Zuboff, 1988) to how far the automation will go
(Frey & Osborne, 2013) and how an efficient collabora-
tion between technology and humans can be conceived
(Shneiderman, 2020).

As it has been noted, new technologies can be a
double-edge sword for the employee (Ackerman &
Kanfer, 2020), thus it is necessary to think about the
consequences of their introduction in the workplace.
However, the scientific literature still has little knowl-
edge of how technologies are changing work systems
(Barley, 2015). Some research has focused on how
technologies are changing employee professional iden-
tity (e.g., Eriksson-Zetterquist et al., 2009), relation-
ships at work (e.g., Barley, 2015) or the work context
(e.g., McFarland & Ployhart, 2015). Nevertheless, these
studies focused on information and communication
technologies (ICT). As pointed out by some authors
(e.g., Brynjolfsson & McAfee, 2014; Schwab, 2017), we
have entered a new Industrial Revolution marked by
the digital age and characterized by new so-called
digital technologies (e.g., artificial intelligence, drones,
virtual reality). While the literature knows little
about the effect of technologies on work and organi-
zations, it knows even less about the effects of digital
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technologies with some exceptions (e.g., Plesner &
Raviola, 2016; Schwarzmüller et al., 2018).
While it may be difficult to study the effect of tech-

nologies in isolation from other drivers of change, the
field of work design (WD) as a measure of the micro-
context of work (Johns, 2010) allows to examine the
effects of technology introduction on work characteris-
tics (WC) (Parker & Grote, 2020) by capturing the moti-
vational, relational and contextual aspects of work. In
addition, some authors point out that changes in orga-
nizations make the study of WD even more relevant
(Richter et al., 2018; Schneider, 2018). By understanding
what is actually changing in employees' work, it will be
possible to optimize the introduction of digital technol-
ogies (Parker, Morgeson, et al., 2017; Parker & Grote,
2020).
The objective of this study is to understand the

changes that digital technologies can bring inWC using
a conceptual framework and to reveal them through
interviews. The research questions that motivated the
data collection are: 1) What are the changes that the
introduction of digital technologies brings in the WC,
2)what are the perceived consequences of these changes
on their work. Answering Schneider's (2018) call, we
used a qualitative methodology to better understand
the implications of the digitalization on one’s role.
We will first present digital technologies and the

conceptual framework we have chosen to study them.
Secondly, we will introduce theWDmodel and suggest
some modifications that digital technologies may bring
on WC. We will then present the qualitative method
followed and illustrate these proposalswith the analysis
of interviews. Finally, we will conclude by reflecting on
the way in which digital technologies influence
WD. The contribution of this article is first to display
which type of changes digital technologies can bring to
WC based on the employee perception of agency in
technologies, and second to propose suggestions to
the model of WD.

Theoretical Background

Digital Technologies

Technologies are drivers of change in organizations
(Zammuto et al., 2007). Today, new technologies are
introduced in organizations such as Big Data, drones
or artificial intelligence and are changing the way of
working (Cascio & Montealegre, 2016). Operators
with augmented reality devices which superimpose
digital elements on physical objects are appearing in
factories. In the maintenance sector, equipment with
sensors that send continuous data on their health
status allows the emergence of a new form of main-
tenance (i.e., predictive maintenance) based on the

analysis of past data and predictions (Lughofer &
Sayed-Mouchaweh, 2019). In the medical field, hos-
pital staff is confronted with new intelligent assis-
tants (i.e., artificial intelligence) helping them to
make diagnoses or propose treatments (Jiang et al.,
2017; Powles & Hodson, 2017).
According to some authors, these advances are part of

a new era, the digital era, activated by a 4th Industrial
Revolution (e.g., Schwab, 2017). After the steam engine,
electricity and ICT (Pozdnyakova et al., 2019), digital
technologies could bring radical changes in organiza-
tions due to their omnipresence (Cascio &Montealegre,
2016), complexity and increasing integration
(Battistelli & Odoardi, 2018). The topic of digitalization
is of interest to both practitioners (e.g., Schuh et al., 2017;
Yoo et al., 2010) and scientists (e.g., Brettel et al., 2014;
Waschull et al., 2019) and has received much attention
in the last decade (Kipper et al., 2020). The academic
community has tried, among other things, to highlight
the differences between this 4th Industrial Revolution
and the previous one (Parker & Grote, 2020; Schneider,
2018). In particular, digital technologies seem to be
endowed with novel capabilities such as artificial intel-
ligence that can solve problems and learn (Oh et al.,
2017). Moreover, while previous technologies can
repeat automated sequences according to the way they
have been programmed and produce information about
the process performed (Zuboff, 1988), digital technolo-
gies can introduce variability in the repetition of auto-
mated sequences by changing their scripts by
themselves (Murray et al., 2020). Finally, systems inte-
gration could be another property differentiating this
digital era (Kohler & Weisz, 2016; Schneider, 2018):
Whereas previously the different technological systems
were not able to connect to each other, digital technol-
ogies allow them to exchange information but also
ensure communication between people, machines and
objects (Hermann et al., 2016).
According to the authors, the technologies that can be

labelled as digital differ (e.g., Oztemel & Gursev, 2018;
Petrillo et al., 2018; Salkin et al., 2018). Some attempts to
classify them have been proposed (e.g., Inkermann
et al., 2019; Wilkesmann &Wilkesmann, 2018). Among
the classifications based on a theoretical framework, the
work of Murray et al. (2020) is distinguished by its
approach neither totally technology-center nor totally
human-center (Wang et al., 2020). Their classification is
based on the framework of routine (Feldman, 2000)
which is seen as both a source of stability and flexibility
because the automation of behaviors frees up cognitive
resources to find newways of doing things. The authors
examine in detail what constitutes routine (i.e., protocol
development, action selection), integrate the notion of
agency, and develop the concept of conjoined agency
that characterizes the shared capacity for humans and
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non-humans to exercise intentionality. By distinguish-
ing the locus of control for the two components (either
human or technological), four types of conjoined agency
are identified: With assisting technologies, augmenting
technologies, arresting technologies, and automating
technologies. The impact of each type of technology
on routine change, on the predictability of routine
change and on routine responsiveness is then examined.
This useful framework gives through examples indica-
tions of the digital technologies that can lead to a type of
conjoined agency but does not classify the different
technologies. Although this may be difficult because
the effects of technologies are dependent on the mana-
gerial choices associated with their introduction
(Parker, van den Broeck, et al., 2017), researchers have
noted however the need for a conceptual framework to
structure the discourse around digital technologies to
better understand their impacts (e.g., Hofmann &
Rüsch, 2017). Therefore, based on thiswork,we propose
a classification of digital technologies (some encoun-
tered in the course of our research, others that we have
not investigated) (Figure 1). A first step was to bolster
the definitions of the different categories developed by
the authors in order to classify the digital technologies.
The classification of these technologies is based not only
on what they allow (i.e., functionalities) but also on
what they enable the employee to achieve with them
(i.e., affordances) (Zammuto et al., 2007).
Assisting technologies. They can be defined as technol-

ogies that support the employees in carrying out tasks
and leave them freedom of decision. For Murray and
colleagues (2020), this type of technology is not agentic:
The employee has the expertise and controls the tech-
nologywhile the technologydoes not determinewhat to
do. Drones are technologies completely handled by
pilots. Pilots control with a tablet or a smartphone
the flying machine, the flight plan, the images and
videos taken. Drones help by allowing the pilot to
easily access hard-to-reach places (Irizarry et al., 2012).
Immersive virtual reality devices allow people to move

independently in a fully simulated reality (Suh &
Prophet, 2018). These devices are widely used for train-
ing. During a training activity, the learner can perform
the right gestures and learn organizational procedures
based on feedback. Finally, exoskeletons are a kind of
artificial prosthesis that supports and accompanies the
employee's gestures (Lupushor & Fradera, 2017) so that
the employee performs them in an appropriate posture,
thus limiting physical risks. Exoskeletons are not robots
and do not perform any movement without being initi-
ated by the employee.
Augmenting technologies. They do not reproduce

sequences of human action but can develop other
sequences which they submit to the human agent. They
offer active assistance bymaking recommendations and
thus possess a certain degree of agency but do not
establish what to do. They are called augmenting tech-
nologies probably because they increase one’s capacities
and senses. Analytical technologies (i.e., Big Data, struc-
tured artificial intelligence) that collect, process, analyze,
andmake inferences about large volumes of data can be
classified in this category (Salkin et al., 2018). They thus
complement human practices by detecting trends in
these data from numerous and complex computations
that are humanly difficult to perform, by proposing
recommendations based on these analyses, and by leav-
ing the finalword to the human agent.Augmented reality
devices add virtual elements to physical reality, and can
detect and scan objects present in the environment in
order to provide relevant information to guide action or
offer technical support (Jetter et al., 2018). It does not
determine what to do but executes vocal or gestural
commands given by the human agent.
Arresting technologies. These technologies select and

implement pre-planned actions when preset conditions
are met. They are limited by their program to specific
procedures and tasks and shall not deviate from them.A
human-technology collaboration can take place where
humans delegate the task to the technology and the
technology stopswhen the conditions for implementing

Figure 1. Technological Classification based on Murray’s et al. (2020).
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the program are not met and lets the management of
exceptions to humans. The authors of the classification
include the blockchain in this category. In particular,
blockchains are used for contract elaboration between
actors and are governed by rules, established by the
actors or creators of the blockchain (Mendling et al.,
2018). Some are based on “if-then-else” algorithms, as
is the case with robotic process automation (RPA). While
blockchains can be used for procedures at the inter-
organizational level, the application of RPA is at the
task level (Mendling et al., 2018). Contrary to its name,
RPA is not a physical robot but a program that uses the
same interfaces as the employee and reproduces the
sequences that the employee performs. Usually, the
program code tries to anticipate the most common sit-
uations encountered and the subsequent actions to be
taken. Thus, human action is only required when the
situation encountered has not been anticipated. Finally,
the 3D printer is a versatile production system that
involves neither tools nor moulds except the printer
and which can produce a physical object from a 3D
model (Weller et al., 2015). It is able to produce the object
from the 3D model and the preset sequence, but cannot
define autonomously the quantity to produce or the
actions that have to be taken to improve quality.
Automating technologies. Like arresting technologies,

this type of technology is able to select actions, but it is
programmed to perform a sequence of actions without
the need for human intervention. Moreover, like aug-
menting technologies, these technologies are able to
develop new ways of doing things by collecting and
analyzing a large amount of data. These technologies
are equipped with learning capabilities that enable
them to correct the analyses they perform and opti-
mize work processes. It is therefore possible that the
sequences of action they are able to perform may
change as they learn. For the authors, they substitute
the human agent insofar as they can manage routine
practices. Artificial intelligence based on unstructured
data (i.e., which can process other types of data than
data frames) can be classified in this category. It differs
from artificial intelligence based on structured data by
its independence in information retrieval, protocol for-
mulation and execution, and learning. This indepen-
dence has setbacks since it can lead to the
development of poorly performing protocols. Applica-
tions of this artificial intelligence can be seen in auton-
omous production systems or automated guided
vehicles (AVGs) operating in workshops or ware-
houses. In the latter example, the program learns the
shop floor plan and calculates the fastest way to get
from one point to another. In warehouses such as
Amazon's, the program can simultaneously manage
hundreds of autonomous vehicles carrying goods to
optimize each vehicle's way based on others.

It should be noted that this suggested technology
classification is not a fixed framework. The categoriza-
tion of technology depends on its purpose, the function-
alities that are integrated and its use. Moreover, digital
technologies are characterized by their increasing inter-
connection, so it is possible that the implementation of a
digital technology may be accompanied by the joint
introduction of other technologies. Therefore, onemight
consider their overall effect on work instead of their
separate effects.

Work Design Model

Any impacts that these technological changes may have
on work can be captured within the framework of WD
(Parker & Grote, 2020). Indeed, it captures “the content
and organization of one’s work tasks, activities, rela-
tionships and responsibilities” (Parker, 2014) and high-
lights WC that motivate employees. WD models
postulate that WC contribute to job satisfaction and
performance (Hackman & Oldham, 1975) which is sup-
ported by meta-analyses (Fried, 1991; Humphrey et al.,
2007). Although the original WD model only took into
account elements relating to individual tasks, the
models developed successively sought to answer the
limitations addressed and were enriched by multidisci-
plinary work (Campion, 1988). Thus, themost complete
model validated to date entails fourmain categories and
twenty-one sub-dimensions (Morgeson & Humphrey,
2006). Task characteristics refer to “how the work itself
is accomplished and the range and nature of tasks asso-
ciated with a particular job” (Morgeson & Humphrey,
2006, p. 1323). They include the dimensions developed
in the original model (Hackman & Oldham, 1975),
namely autonomy, task significance, task variety, task
identity and feedback from the job. Knowledge charac-
teristics refer to the cognitive processes, skills and abil-
ities involved in thework and include the dimensions of
complexity, specialization, problem solving, informa-
tion processing and variety of skills. Social characteris-
tics relate to the interpersonal dimensions of work such
as interdependence, feedback from others, social sup-
port and interactions outside the organization. Finally,
the work context characteristics relate to the elements
that make up the work environment and the physical
efforts that one has to make. They include physical
demands, working conditions, ergonomics and equip-
ment use. A meta-analysis showed that this enriched
model explains some of the variance in results beyond
traditional characteristics (Humphrey et al., 2007).
The WD literature has shown that technologies influ-

ence the way work is designed both directly and indi-
rectly through managerial decisions about their
introduction (Kemp & Clegg, 1987; Parker, van den
Broeck, et al., 2017). Technologies put significant
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constraints on WD and thus constitute contingency
factors (Morgeson & Campion, 2002). Different technol-
ogies have been studied by WD researchers. For
instance, Parker andWall (1998) studied the implemen-
tation of modernmanufacturing technologies (e.g., just-
in-time production, total quality management,
advanced manufacturing) and hypothesize that these
technologies enhance cognitive demands, accountabil-
ity and interdependence. They suggest that in uncertain
work contexts, decentralization of decision-making
should be favored in order to control variations at their
source.More recently,Wang et al., (2020) have reviewed
the effect of ICTs onWC and highlight mixed effects on
work demands, autonomy and social relations. Finally,
in the context of digitalization, Waschull et al., (2019)
made hypotheses regarding the modification of
WC. These studies provide insights into how digital
technologies could affect WC. Nonetheless, the scien-
tific literature highlights the need to update models to
reflect changes in the nature of work (McFarland &
Ployhart, 2015; Oldham & Hackman, 2010). Some
research has focused on the WC of workers in the gig
economy (e.g., Deng & Joshi, 2016; Schroeder et al.,
2021) while others have focused on how virtuality
affects WC (e.g., Gibson et al., 2011). These have led to
the identification of new context-specific WC, which is
why the aim of this study is to understand the modifi-
cations of digital technologies on the already-known
WC of work, but also to highlight new characteristics
specific to the digital work context. Based on the devel-
opment of the previous typology, we will suggest some
modifications induced by the different types of digital
technology on the WC established by the literature.
Table 1 represents a summary of our propositions. Then
we will try to highlight potential new features of the
work on the basis of the literature.
Task characteristics. Autonomy is a fundamental task

characteristic. Indeed, the different conceptual and
theoretical frameworks have always given a crucial
place to autonomy (i.e., the level at which the
employee has the freedom to decide in his work) as
it is a fundamental need of individuals ( i.e., self-
determination need, Deci & Ryan, 1985). It might
reduce the deleterious effects of organizational change
(Trist & Bamforth, 1951) and is seen as a resource for
preserving employee health (e.g., Demerouti et al.,
2001; Karasek, 1979). In the model, autonomy consists
of three sub-dimensions: Work method, work sched-
uling and decision-making autonomy (Morgeson &
Humphrey, 2006). Empirical work has shown that
technologies allow employees to decide when, where
and how they work (Xie et al., 2018), thus contributing
to the increasing perception of autonomy among
employees. However, these technologies may con-
strain the level of autonomy by allowing the

monitoring of employee actions through electronic
surveillance devices (e.g., Sewell et al., 2012).
The perceived autonomy can be directly influenced

by the sharing of action selection and protocol develop-
ment between human and technology. Indeed, action
selection can relate to autonomy in decision-making
and is the means through which intentionality is
expressed. Intentionality is a fundamental property of
agency; through action plans and strategies to achieve
them, people seek to influence their environment
(Bandura, 2008). Protocol development can relate to
work method autonomy. As with action selection, the
development of protocols is a means by which the
employees exercise control over andmodifies their envi-
ronment.When these capabilities are offered to technol-
ogy then humans can feel that they are not the origin of
actions since they don’t decide. Themore human agents
answer to the actions prescribed by the technology, the
more their sense of self-determination at work may
diminish. Inmany situations the employee is not always
agent and this has few consequences. However, when
employees work with technologies that appear to be
invested with human capabilities (i.e., decision sup-
port), biases may appear (Parasuraman & Manzey,
2010; Skitka et al., 2000). In particular, Skitka et al.,
(2000) highlighted that the employee canmakemistakes
by following incorrect procedures or recommendations
from technology and not checking them. In investing
the psychological mechanisms, they noted that this bias
can be explained by the belief in the superiority of
technological judgment over human judgment. This
mechanism could be reinforced by the belief that tech-
nologies are objective and therefore capable of making
decisions as fair and trustworthy as managers (Lee,
2018). These studies show the drawbacks of non-agency
in work situations: If the technology has the ability to
select actions and develop protocols, then the human
agents can rely on the actions taken or recommended by
the technology and reduce their involvement in tasks.
Based on these elements, it seems that technologies

that do not have these abilities have little influence on
the employee autonomy. When technologies are
endowed with agentic traits (i.e., protocol development
or action selection), autonomy can diminish because the
employees are likely to develop a bias that makes them
rely more on the technological judgments and sugges-
tions than on their own judgments. Technologies that
are equipped with both capabilities substitute the
human in the task, so employees working in the
substituted jobs can perceive a total replacement and
thus a strong decrease in their autonomy.

Proposition 1: Digital technologies with agency capa-
bilities (i.e., augmenting, arresting, automating)
will change the perception of autonomy.

Work Characteristics with Digital Technologies 5
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Knowledge characteristics. The level of knowledge
appears to be increasingly important in work due to
the growth of a knowledge-based industry and the
increasing complexity of jobs with more cognitive
demands (Grant et al., 2010). Indeed, work demands
in the post-industrial information age are more cogni-
tive than physical (Howard, 1995). Research has shown
that ICTs can induce more cognitive demands (e.g.,
information overload) but also new demands at work
(e.g., demand for continuous learning, multitasking)
(e.g., Saunders et al., 2017; Xie et al., 2018). The Euro-
found (2018) study showed the evolution of four indus-
trial jobs in which new technologies have been
implemented. The results showed, among other things,
an increase in intellectual tasks in these jobs. For exam-
ple, employeesmust nowdocument incidents andprob-
lems encountered or assess progress towards achieving
objectives.
While technologies can perform low complexity

tasks, they can increasingly handle complex tasks
(e.g., Battistelli & Odoardi, 2018; Parker & Grote,
2020). According to Waschull et al., (2019), they can
manage the functions of human information processing
(i.e., information acquisition, information analysis, deci-
sion selection, decision implementation) aswell as inno-
vation. They can therefore substitute humans for tasks
involving information processing and problem solving.
Technologieswith only the ability to select actions can

autonomously perform somedefinedprocedures. Tasks
difficult to program (e.g., with many exceptions) are
always performed by humans. This can result in a dis-
tribution of work where technology performs repetitive
and easily programmable tasks and humans are left
with the more complex tasks that are difficult to pro-
gram. If humans must manage exceptions, then they
must mobilize their knowledge and expertise and pro-
cess information about the problem to complete the
situation. At the same time, these repetitive tasks can
also be unattractive for the employee as they involve the
execution of a routine procedure and rarely lead to skill
development.
Technologies that can only develop protocols will not

increase the complexity of the tasks since they take care
of analyzing the data and provide the employee with
understandable information onwhich to base decisions.
They also help to solve problems by finding previously
unknown relationship patterns and thus finding possi-
ble solutions. They can therefore carry out some of the
characteristics of complexity, information processing
and problem solving, which might be detrimental for
the employee. Indeed, these characteristics can contrib-
ute to the development of self-efficacy, which is itself
essential to the development of agency: by placing
employees in increasingly complex situations adapted
to their skills, they gradually acquire the confidence of

being able to perform successfully in a given situation
(Bandura, 1997). This sharingmay reduce the situations
in which the employees are confronted with mastery
experiences that stimulate their self-efficacy. In addi-
tion, by discovering new relationships, these technolo-
gies can propose improvements to existing protocols
and thus be a source of innovation and change. None-
theless, by bringing some changes, individuals can
influence their environment and exercise their power
to act. Also, if these functions are taken over by tech-
nology, the employees may use their power to act less
often and in the long runmay feel unskilled because the
employees no longer use and reinforce them as often
and as extensively.
The impact of these technologies on knowledge char-

acteristics may also depend on the managerial choices
made. If managers legitimize technologies carry out
these characteristics by favoring the solutions or the
suggestions they provide to the detriment of human
suggestions, this will encourage less in the long-term
one to find solutions at work. Indeed, employees may
give up making efforts if they believe that no matter
how hard they will try, they will not produce results
(Bandura, 1982; Seligman, 1972).
When technologies are equipped with both capabili-

ties, they can reproduce all human information proces-
sing functions and thus totally substitute the human,
regardless of task complexity and program complexity.
Thus, they can perform simple, complex and routine
tasks by learning, adjusting and optimizing their ana-
lyses. Employees will then be assigned supervisory
tasks or tasks on which technologies have not yet been
trained. The same dilemma then arises as with modern
manufacturing as to whether this monitoring will
involve sustained attention and vigilance to anticipate
problems or whether it will involve a passive attitude in
that the technology itself can anticipate the occurrence
of problems (Parker & Wall, 1998). It is likely that with
their new analytical capabilities, the technologies are
able to predict and anticipate their occurrence. For
employees working in the jobs they have substituted,
this change may have a strong influence on the knowl-
edge characteristics of their work.

Proposition 2: Digital technologies with agency capa-
bilities (i.e., augmenting, arresting, automating) will
change the perception of knowledge characteristics.

Social characteristics. Social relationships correspond
to another fundamental need for individuals
(i.e., relatedness, Deci & Ryan, 1985). The interrelations
have been multiplied, facilitated and modified with
ICTs and social media which allow for synchronous or
asynchronous answers from any locationwhile keeping
track of these exchanges (McFarland & Ployhart, 2015).
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Digital technologiesmay continue to change these inter-
actions as one of the fundamental characteristics of
digitalization is the interconnection of systems
(Kohler & Weisz, 2016). Whereas previous systems
and equipment did not “communicate”with each other
and did not synchronize, they now have a high degree
of connection by constantly exchanging information
(Schneider, 2018). Interconnection between technolo-
gies could affect human systems, in particular by
increasing exchanges and interdependence between
members of different departments of the organization
or between organizations. Indeed, exchanges would be
less constrained by accounting issues, as systems inte-
grationwould create a bridge between two technologies
that do not necessarily belong to the same organiza-
tions.
The model recognizes two forms of interdependence:

initiated (i.e., the extent to which work moves from one
job to other jobs) and received (i.e., the extent to which a
job is affected by the work of other jobs) interdepen-
dence (Morgeson & Humphrey, 2006). While interde-
pendence and interactions outside the organization
relate to the opportunities for the employee to interact
and therefore the quantity of social interactions at work,
social support relates to the quality of these interactions
(Wall et al., 1990). Feedback from others can be studied
both in terms of quantity (i.e., frequency) and content
(Ashford et al., 2016).
Digital technologies could change the chains of

interdependence through the action selection of
actions and the development of protocols. If technol-
ogy is capable of performing a whole sequence of
actions by itself, humans will be able to use it for
defined tasks. When the task can be handled by the
technology, it is likely that employees will delegate it
to the technology and rely less on a human colleague
to perform it. The chain of interdependence may thus
change for programmable tasks: The initiated interde-
pendence may decrease because the work will pass
less from human to human. For tasks difficult to pro-
gram, the chain of interdependence is more likely to
remain the same as complex tasks require more
knowledge, skills and resources (Wood, 1986) and
interdependence helps to share and to combine them.
If the technology can develop protocols, it can provide
humans with new ideas and recommendations. The
received interdependence will be further impacted
because human work is likely to be impacted by the
input of technology. In addition, the employee may
develop a bias when interacting with technology as
the employee has more confidence in the suggestions
offered by the technology. This bias may lead the
employee to look less for solutions or new ways of
doing things and to interact less with others to
find them.

With both capacities, the influence on interdepen-
dence could be cumulative: The work input could
come from technology and a wider range of tasks
could be delegated to it. By replacing the human, there
would potentially be fewer employees working
around the technology and therefore fewer potential
contacts. Fewer potential contacts also reduce the pos-
sibility of being offered social support (Wall et al.,
1990).

Proposition 3: Digital technologies with agency capa-
bilities (i.e., augmenting, arresting, automating) will
change the perception of social characteristics.

Work context characteristics. Work context characteris-
tics have been less investigated by researchers
(Morgeson & Humphrey, 2006) but are presumed to
be more related to stress (Humphrey et al., 2007).
Regarding the evolution of work, their relevance to
more cognitive and virtual jobs, to less manual jobs,
and to more sedentary jobs is of interest. Moreover,
the ergonomics of jobs can be improved with lifting
robots or exoskeletons (Spada et al., 2017) and with
the directives related to hygiene, quality and safety that
are becoming standards in companies. It is then possible
that these contextual conditions of work may become
minimum work standards in the future.
Schroeder et al., (2021) proposed that new contextual

characteristics be developed to account for the working
conditions of digital platform workers. In particular,
they suggest taking into account the quality of the
equipment and technologies used. This characteristic
may also apply to work in organizations as this quality
may differ from one service to another in terms of the
quality of the internet connection (e.g., employeeswork-
ing on the field) or the quantity of equipment available
(e.g., an insufficient number of tablets for the team). All
of these aspects can impact employee performance. For
the moment, the model only takes into account equip-
ment use which can also be modified because of the
intensity of technological use at work.

Proposition 4: Digital technologies with agency capa-
bilities (i.e., augmenting, arresting, automating) will
change the perception of equipment use.

New work characteristics. Some authors have focused
on the impact of technologies on WD (Deng & Joshi,
2016; Xie et al., 2018). Xie et al., (2018) proposed new
characteristics called hybrid characteristics
(i.e., multitasking, demand for constant learning, non-
work-related interruptions, boundarylessness) because
they are assumed to be non-classified in a single main
category. Deng and Joshi (2016) tested whether WD
characteristics are still relevant for workers on digital
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platforms and highlighted motivational characteristics
specific to this context (e.g., digital work control, pay-
ment for micro-tasks). We draw inspiration from the
latter approach to ensure that already-known WC are
still as important to employees in the face of the digita-
lization of activities and to identify emerging character-
istics of this new work context.
In particular, we believe that digital technologies will

greatly bring some modifications on social characteris-
tics. Indeed, while ICTs can increase connections
between employees by enabling instantaneous and
asynchronous communication with people in different
locations (McFarland & Ployhart, 2015), digital technol-
ogies can enable new forms of interaction by also offer-
ing immersive experiences with tactile, auditory, visual
stimuli, etc. The increasing integration of systems could
also affect the relationship between technologies and
humans. Indeed, this leads employees to interact more
with technologies like collaborative or “social” robots
(Broadbent, 2017), telepresence robots (Koceski &
Koceska, 2016) or artificial intelligence (Brynjolfsson &
McAfee, 2014).Moreover, interactions between humans
and technologies are becomingmore complex: Technol-
ogies can answer voice commands, hold a conversation,
and can learn as they interact with humans (Brenon
et al., 2016; Rubin et al., 2010). The scientific literature
has shown that daily interactionswith robots contribute
to the development of emotional attachment and per-
ception of mind; this is more likely when the technolo-
gies are humanlike and can exhibit social cues (e.g.,
gaze, proxemic behaviors) (Broadbent, 2017; Fiore
et al., 2013). Based on these empirical facts, it can be

assumed that employees may attribute human traits to
technologies that can select actions and develop pro-
tocols because these technologies express features of
human agency, respectively intentionality and the pos-
sibility of influencing the work environment, and that
this will be more likely for technologies that have a
humanoid formor that can send social cues (e.g., having
a conversation). However, the literature knows little
about how these attributions may impact the related-
ness need of human beings and thus their perceptions of
quantity and quality of relationships at work.

Proposition 5: Digital technologies with agency capa-
bilities (i.e., augmenting, arresting, automating) will
bring modifications in social interactions at work.

Method

The aim of our study is to explore and get a preliminary
understanding of what is really changing in work activ-
ities. Therefore, qualitative method appears to be the
best option as it allows researchers to have a rich,
unstandardized and detailed data set (Howitt, 2016).
Qualitative methodology provides several objectives
from description to theoretical development with spe-
cific analysis better suited for each of them. Because our
study aims at describing a phenomenon and at devel-
oping new concepts, more complex analyses (e.g.,
grounded theory) suited for theorizing were not per-
formed. We used interviews to collect data as it permits
for the interviewer to ask for supplementary explana-
tions and clarifications. We investigated drones and

Table 1. Summary Table about the Potential Effect of Each Type of Technology on the WC

Types of
technology

Work Characteristics

Autonomy Knowledge characteristics Social characteristics
Work context
characteristics

Arresting
technology

Modification due to a
decrease of involvement
in tasks and a bias
favoring technological
judgment

Modification due to the
redistribution of tasks.
Human exception
handling may enhance
perception of these
characteristics

Modification due to less
human intermediates
for task execution Modification in

equipment use due to
the increasing
importance of quality
of equipment and
technology

Augmenting
technology

Modification due to a
reduction of
opportunities to develop
or reinforce self-efficacy

Modification in received
interdependence due
to technological input

Automating
technology

Modification due to total
replacement of humans

Modification due to either a
sustained attention or a
passive attitude

Modification due to
fewer opportunities
for interactions

Assisting
technology

Little influence No proposition No proposition
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RPA to explore technologies considered as not agentic
(drones) and agentic (RPA) and to highlight some dif-
ferences. Moreover, robots have been introduced in
industrial jobs for decades but today robots (i.e., RPA)
are introduced in the business which is relatively new.

Context and Sample

The organization is a large national Belgian company in
the transport sector. The company has initiated a digital
transformation process in 2018 by integrating digital in
its strategy. Since, the company has gradually digita-
lized its activities. Transports appear to be a great
research field as digitalization may bring many oppor-
tunities and challenge for this sector (Davidsson et al.,
2016). As, previous research has shown transport sector
is an industry characterized by safety climate (Isla
Dı́az & Díaz Cabrera, 1997; Flin et al., 2000), therefore
security represents an important outcome and some
technological changes have been implemented in the
past few years to maximize it. The company’s interests
in this study are to understand the human issues and to
have some directions in the digital transformation.
We identifiedwith the team project some digital tech-

nologies which were developed. Among these technol-
ogies, two had reached the implementation phase and
had some impacts on the employee activities: drones
and robotic automation process (RPA). Contrary to
drones, RPA’s implementation was limited to a single
service (i.e., accountability), thus the introduction of
these two technologies was quite different. Volunteers
of the accounting department were put as a team and
received from an external consultant a five-days train-
ing in programming (three days with an e-learning and
two days with an instructor). The training aimed at
offering employees coding basics to develop themselves
some of the RPA’s programs. The newly developers
from the accounting department worked on their own
program and met weekly to review what each was
doing and helped each other. They were accompanied
by some IT employees to support and supervise their
progress. At the time of this study, someof the programs
were launched whereas others were not. This technol-
ogy can be used by the entire department and thus will
change many aspects for the activities.
Drones were displayed in 2016 but this technology is

not deployed evenly. In some regions, drones are more
frequently used because of their geographic profile.
Another reason is because the implementation depends
on the employees. The utilization of drones is voluntary
and employees have to convince their superiors of their
benefits for the service, and then have to pass an exam to
become a pilot. The initial function of pilots can vary a
lot, and the impact on jobs may differ based on what
employees are used to do.

Procedure

We conducted 9 semi-structured interviewswhich com-
poses our data corpus. We interviewed 3 types of
employees: IT employees who have some knowledge
about it (here in after called experts), managers who
might have noticed some changes and employees
whose work changes with the technology (here in after
called users) (Table 2). First, we interviewed experts and
managers, and then users were identified by them. Each
interview lasts approximately between 45 and
80 minutes. Interviews were carried out either face-to-
face or remotely via videoconference or telephonic call.
The participants were asked about their work and their
activities to have a glimpse of their work tasks, then
about the technology and the changes it brought.
Finally, they were asked about the appraisal of these
changes (see Supplementary material). When a partici-
pant did not talk about an aspect identified through
literature as possibly being impacted (e.g., autonomy,
specialization, information processing), we asked them
about it.
Our data set has been identified “by a particular

analytic interest in some topic in the data, and [the] data
set then becomes all instances in the corpus where that
topic is referred to” (Braun & Clarke, 2006). Thus, we
identified in our data corpus all occurrences which deal
with the changes in work owing to digital technologies.
Each interview was recorded and transcribed. Then a
thematic analysis was proceeded through the software
QDA Miner1 as it represents a good approach to
describe a phenomenon (Howitt, 2016). It corresponds
to “a method for identifying, analyzing, and reporting
patterns (themes) within data” (Braun & Clarke, 2006).
It is depicted as a flexible research tool because it is
affiliated to particular theoretical orientation (Howitt,
2016). However, it requires the same rigor as other
qualitative methods in that steps are quite similar.
Scholars can be quite skeptical about this analysis
because it presents many drawbacks, especially the fact
that the researcher often gives little detail of how he or
she carried out the analysis and thus limiting the under-
standing of choicesmade and the discussion. Braun and
Clarke (2006) detailed the steps to conduct a good

Table 2. Distribution of interviewees

Technology Experts Managers Users Total

RPA 1 1 2 4
Drones 2 0 3 5

1Interested readersmay refer toO’Kane et al. (2019) to get an insight of
this software and others of its kind and how they can be used.
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thematic analysis and thus improve the quality of stud-
ies using it. Following their guidelines, we conducted a
theoretical thematic analysis based on Morgeson and
Humphrey’s (2006) framework. Based on realistic
assumption, we chose to focus on the semantic content
of the data.We decided to proceedwith a theory-driven
coding. Therefore, we approached our data set with our
research question inmind. As a reminder, the aim of the
study is to identify the common topics about WC when
employees are confronted by the introduction of digital
technologies in theirwork. For coding,we used the code
and comment functions of the software. After the initial
coding where codes can apply to different themes, we
combined them to sort potential themes by examining
how codes can be assembled and how they are part of a
bigger point. No quantitative method was used to sort
the themes. Then we reviewed, refined and labelled
them.As proposed by the authors a thematicmapmight
be helpful to clear up the analytic process (Figure 2). In
our analysis, we identified three themes: A descriptive
theme around technologies, a theme about the conse-
quences on work and a theme dealing with the human-
technology relationship. The first theme helps to build a
case to classify the two technologies into different cate-
gories. Finally, verbatimwere extracted by us regarding
their relevance and how well they illustrate the report.

Results

Classification of the Technologies

RPA as an Arresting Technology

RPA is not a physical robot but a program. It works like
a macro that is a program which executes commands

automatically and reduces the operations performed by
the user. In the company, the robot is limited in execu-
tion to one task at a time, is able tomanage priorities and
gives a report of its actions. It is easy to use and has
documentation to know how to use it. It also has the
ability to communicate with different systems:Whereas
previously humans had to manually encode informa-
tion from one system to another, the robot is now able to
do this automatically.
The technology can replace and perform what the

human does for routine and standardized tasks - those
well-defined step by step (e.g. logging into a system,
opening an email). It is unable to deviate from the
programmed procedures and steps. When the situation
varies from its program, the technology stops and sends
a message to the worker to indicate that the task has not
been completed. The technology therefore cannot han-
dle the exceptions that are left to humans. The program
of the technology is modifiable. As processes and pro-
cedures evolve, programs must evolve. The program
can also be modified to improve it when the results
produced are not satisfactory. Writing the program
and automating the task is therefore an iterative process.
“The robot cannot make choices or find its own way. You

have to tell it everything, it doesn't know anything in advance
so you really have to detail at the very beginning the process to
execute and it has to be quite standardized because when
there's something it doesn't know or doesn't recognize, it
stops”. (Participant 1, manager)2

Figure 2. Thematic Map

2The interviewswere all in French.We chose not to translate them into
proper English but to translate them literally to keep the meaning of the
participant’s discourse.
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RPA can perform the following tasks: cost search,
invoice creation or transfers. Cost search involves
extracting data, combining data from different systems
and synthesizing the extracted information. These oper-
ations are performed faster by technology than by
humans. Technology can also detect problems by
highlighting discrepancies between data from different
systems. For cost search, technology does the prepara-
tory work by providing relevant information that
allows the worker to identify problems more quickly
and to implement actions. The worker therefore carries
out the interpretation and verification of the informa-
tion. In the context of transfers and invoices, the tech-
nology automatically encodes the information into the
system instead of the worker.
RPA developers experience different changes in

their work that those experienced by users. It is a
whole new role for developers, that brings a task
conflict between the requirements of the two roles
(i.e., accounting, development team). For developers,
it was difficult to combine the schedules and meet
both expectations.

Drones as an Assisting Technology

Drone is a kind of remote-controlled and remotely
guided helicopter. It can be equipped with different
sensors (thermal cameras, shooting camera) that
change its functionalities. It allows to access difficult
places and to take videos and images. In the company,
it is used for different purposes: Realization of work
plans, photogrammetry, inspection or communication
reports. At the time of this study, drone is not auton-
omous in the company, although autonomous drones
are developing on the market. Drone comes with sev-
eral constraints. First, there are meteorological con-
straints because drones cannot be used when it rains
or winds.
The introduction of drones in the company is not

uniform. Indeed, there are pilots whose basic profession
is close to the drones’ use in the company (e.g., inspec-
tion) and others whose basic profession is more distant
(e.g., drafters). In the second case, this adds a new
function to the job and modifies the work more greatly.
In particular, the combination of the two functions can
lead to a task conflict like RPA, since it can sometimes be
difficult to meet both the requirements during a period
of high workload. Thus, in the first case the pilots use
drones for their daily activities, while in the second they
respond to requests from other teams and work for
them. This involves studying requests, meeting dead-
lines and managing the flow of requests to meet all
of them.
Drones differ from RPA by allowing pilots to take

decisions. Indeed, drones help pilots to consider a

variety of information during the flight that they can
exploit for selecting an action and adapting their behav-
iors. Conversely, RPA, as an arresting technology, does
not permit users to interfere, stop or circumvent the
automatic execution of its actions.

The Modifications Induced on Work

1. Task Characteristics

In the case of RPA, the technological performance of
tasks (e.g., cost search, invoice creation, transfers) has
changed the participants' perception of autonomy. In
particular, for cost research, the robot offers complete
information about the project. Before the robot, this
research and cost analysis was not carried out for all
projects due to a lack of time, which is why employees
had to rely on the information provided by the project
manager. Asking questions was quite limited but now
they can point out inconsistencies in the project.With all
the information, participants feelmore in control. There-
fore, arresting technology seems to be linked differently
as expected to the perception of autonomy.
Concerning drones, in the first case the pilots use the

drone to enhance their task performance. Using drones
will depend on several elements (i.e., type of asset,
accessibility of the asset, mission) but the pilot is
completely autonomous in the decision to use it. For
inspection purposes, the drone decreases the cumber-
some administrative procedures that employees had to
go through. The employees put certain lines out of
service less often in order to carry out the inspection
and are therefore freer to plan them. In the case of mis-
sions, pilots are very autonomous in work scheduling:
They decide their own schedule and this allows them to
manage emergencies or deadlines. They have a great
deal of freedom in that they do not have to justify their
actions to a supervisor, they only have an outcome
accountability where they are expected to deliver
results. In both cases, this increases autonomy and can
also be partly explained by the fact that few other orga-
nization members possess this skill.
“As a pilot, we have our own schedule, our own program, so
we organize ourselves a little bit as we want, so we don't have
a leader who says, "Look out, where are you at?” We have
deadlines to meet, now we organize our work as we want”.
(Participant 5, user).
“If now I am asked for amission... in threeweeks, I am free, I

plan my mission when I want as long as they receive the
results in three weeks”. (Participant 6, user).
“I'm much more autonomous for that part anyway. There

are only two of us out of the whole service to use it, and
therefore, since all the others might not have this skill, we
don't ask you any questions, you're free to program it as you
wish”. (Participant 7, user)
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On the other hand, the drone is modifying certain
tasks. Before the drone, inspection was done using bin-
oculars, cameras and manual measurements, whereas
now it digitizes the information collected. For example,
it can provide new data such as an aerial map by recon-
structing the area flown over at “perfect scale”. In the
second case, this leads to new and totally different tasks
for the pilots, such as image processing, mission prep-
aration, report creation or risk analysis. In both cases,
respondents report more task variety.
Finally, inspection is a rather divided job. Employees

inspect and then let others do the works or renovations
that need to be done. They never see the end result of
theirwork, just like drafterswhodonot see the results of
their drawings. Their work thus seems to have a weak
job identity. Here, in both cases respondents feel that
they are accomplishing the tasks a bit more in their
totality, enhancing the job identity.
“Yes, I feel more useful, because before ... you draw a plan,

you finish the plan, you don't really see. When we draw a
plan, we give it to our boss andwe get a next plan butwe never
see..., I never saw after the work site according to the plan I
drew” (Participant 6, user)
“It's not that we're not in the real world, but we don't see

the outcome of our work. We know what it's for, it's super
important, but we never see the result in fact” (Participant
7, user).
While RPA seems to solely modify the level of auton-

omy, the drone appears to alter other task characteristics
that transforms the perceived range of tasks.

2. Knowledge Characteristics

In regard to RPA, the technology has changed the way
of working: previously not all projects were analyzed,
and now this is done systematically by the robot. This
systematic analysis thus brings more information to the
workers and increases the information processing even if
workers who cannot process everything. Therefore, the
interviewees reported to still rely sometimes on the
project manager.
Hence, the division of tasks has also changed between

workers and technology. Routine tasks are performed
by the robot andmore complicated cases – because they
cannot be handled by technology – need to be handled
by the employees. Moreover, task completion by RPA
frees up time for employees that they can spend on
managing exceptions, difficult or complex situations,
or improving services. Exception management requires
the employee to make decisions and find solutions to
resolve problems. As the result, jobs in accounting which
used to be executive and mainly composed of manual
procedures are changing. Henceforth, this new distri-
bution of tasks requires more reflexive work (e.g., prob-
lem solving, exception handling) which enhances

knowledge characteristics of the job. For instance, when
the robot does not work the employee must try to
understand why. Specifically for developers, this new
role allowed them to acquire new skills. In particular, the
developers had to change their way of thinking. If pre-
viously their job required more execution, they had to
adopt a more abstract way of thinking, such as taking a
step back to question existing processes, having a global
vision of the process to cut it out or knowing how to
transcribe the information collected into code. They also
had to write of document for users which seems to have
been a less interesting activity for the developers. The
acquisition of these skills did not impact their level of
specialization. Indeed, programming demands a low
level of complexity, it requires basic computer skills.
These elements are in line with proposition 2 which

assumes that knowledge characteristics may be
strengthen by arresting technology. However, this
new requirement may not always be well perceived
by those who like to perform procedures while for
others it is welcomed.
“For me, my day goes faster if I don't have repetitive things

to do, if I really have small problems to solve and cases to
interpret. I understand that if there are peoplewho like to come
to work and like to do standardized stuff, not having too many
exceptions can be annoying for them”. (Participant 2, user)
Regarding knowledge characteristics, the dronemod-

ifies the image processing. This processing is facilitated
by software that automatically analyzes pictures and
information (e.g., angle, location, etc.). For example,
when a crack on an asset is detected, the software can
make a 3Dmodel of it and insert it on the plan, whereas
before it had to be redrawn by hand. In information
processing, this provides a chronology of inspections
which helps to see the evolution of the asset over time
and to compare it at different times. Also, the drone and
the software seem to reduce information processing.
However, piloting of drones brings greater cognitive
demands. For example, the flight requires a great deal
of mission preparation (e.g., flight authorization, risk
analysis), concentration during the flight to take into
account obstacles, photo quality or distance appraisal.
Nevertheless, over time, a habituation effect sets in as
employees often do the same types of missions. Simi-
larly, the complexity of the tasks depends on the mis-
sions they perform. Some are a little more complex than
others, but this complexity will undoubtedly decrease
with habituation. It is therefore likely that these cogni-
tive demands will decrease over time.
“It depends a little bit on the type of mission because in the

long run it becomes a bit of a routine as we start to know our
lines sincewe always do the same regions” (Participant 6, user).
Respondents state that drones bring a demand for

constant learning (Xie et al., 2018) as pilots must keep
up with new sensors, new drone applications, etc. They
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discuss among themselves the possible organizational
applications and need to keep flight skills and knowl-
edge up to date. Although the authors classify this
characteristic out of the other categories, we brought it
closer in our analysis of the work cognitive demands
and thus knowledge characteristics.
"[...] this technology, what they're coming out with as a

product today, is actually outdated because it's like PCs,
they've found something else, so you always have to keep
up with the times and see what's changing ..." (Participant
7, user).
The pilots have developed a lot of knowledge, both

technical (on the mastery of drones and software), the-
oretical (to pass the pilot's license) and business
(on assets). In particular, the drafters had to develop
knowledge on the different jobs and specialties of the
company in order to take goodphotos and videos and to
complete the missions. Today, they have a greater
knowledge of the jobs within the organization because
they are in contact with different teams (i.e., clients).
Finally, the drone also requires rigor because its use
involves some risks even if the piloting itself is not very
complicated. In both cases, piloting drones has enabled
employees to diversify their skills. The legislative aspects
(such as the pilot's license) and technical aspects
increase employee level of specialization, even if the final
decision always lies with the client teams who are the
experts in their field.
Even if no propositions have been made for drone,

this technology seems also to enhance knowledge char-
acteristics, especially for those who were not familiar
with inspection in the first place. When comparing
results for the two technologies, some specificities
appear: RPA augments the perception of problem solv-
ingwhile drone intensify the demand for constant learn-
ing. Furthermore, some effects can be the result of
implementation choices because the development of
skill and specialization is observed only for developers
(and not RPA users) and pilots who were not familiar
with inspection.

3. Social Characteristics

While no modifications have been observed for RPA
users, the programming activity has enabled developers
to create relationships outside and within the department.
Indeed, in the service there is little interdependence
between members and this project has helped to
develop a team dynamic. The robot’s implementation
required exchanges, meetings, coordination of actions
and thus created interdependence between members. On
the other hand, this project allowed them to be in contact
with people outside the department (e.g., IT depart-
ment) who helped them develop the robot, and this
required a mutual understanding of these different

teams for the success of the project. To conclude, this
development project has increased the social characteris-
tics at work for the developers. Yet, as our proposition
3 concerns users and not developers, the verbatim give
no clue about some perceived changes in social charac-
teristics.
For drones, at the relational level little change is

reported with colleagues except for jealousies. Some
colleagues see only the recreational aspect of the drone
and not the instrumental aspect.
“For people who don't pilot, when they see us leaving with

the drone for them it's "you're going to have fun". Yes, it's
fun, but it's work too, it's not fun” (Participant 7, user).
In the second case, drafters report that they have

developedmore relationships both outside the organization
(e.g., sales, authority, engineers) and within the organi-
zation by providing services to other teams. By being
more connected, they also get more feedback from others
(i.e., positive or negative). In addition, all pilots are part
of a community and exchange around their practices
and feedback. With the superior, pilots from the first
case note a little more interest in their work and for both
case they have managed to build a trust-based relation-
ship because they bring results. Thus, in the first case,
social characteristics are little modified with the intro-
duction of the drone (i.e., manager interest, jealousies)
whereas in the second case, social characteristics highly
increase (i.e., relationships outside the organization,
feedback from others, manager interest, jealousies).
Modifications of social characteristics may also

depend on implementation choices. For developers,
the social characteristics are enhanced because of the
development project and the effects for pilots seem to be
a consequence of working for other teams.

4. Work Context Characteristics

Whereas no verbatim concerning those elements have
been reported for RPA, it seems that somemodifications
have occurred for drone because it brings less con-
straints for the inspection tasks. Indeed, the inspection
can sometimes require the use of large resources when
areas are difficult to access (e.g., line deactivation,
bucket trucks) or when it is necessary to work at night
to not interfere with the transport flow during the day.
The drone allows easy access to these areas by flying
over them and thus requires less equipment to carry out
inspections. In addition, it provides information that
enables the pilot to assess the relevance of climbing on
the asset. The use of the drone therefore implies safer
work and for the employees, fewer risks and less physical
work. As well, drafters’ work is rather sedentary: They
work at their desk and are not required to go into the
field. Working with the drone allows them to get out
which has a positive impact for them.
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“As drafters, we are always in front of screens all day long.
So with the drone, we have a chance to get out of the office, to
not always be in front of the screens so we can get some fresh
air”. (Participant 5, user)
It seems that diminishing physical demands is a pos-

itive aspect of drones. However, when having a seden-
tary job, bringing some physical activities is also seen
positively.

Summary

RegardingRPA, the verbatimgive some evidence that its
modifications onWCdepend onwhether or not workers
have been involved in RPA development. Moreover, the
degree of routine in job can also be amoderating factor in
the modifications of arresting technology on work.
Indeed, when the degree of routine is high, tasks are
likely to be automatable and the more employees see
their tasks being automated, the more they can perceive
being replaced, thus reducing their perception of auton-
omy. At the time of study, employees decide whether to
use the robot or not in their tasks, so theyhave full control
over the impact of the robot on their work. It may reflect
anadaptationperiodwhere anold andanewoperational
mode coexist. When the routine is low, work is not very
automatable, so technology will only perform a small
part of the humanwork and itwill allowone to save time
on daily tasks.
To summarize, some tasks (e.g., information search)

are rather perceived as boring, so arresting technology
removes the routine, repetitive and non-motivating
nature of the task.
“It seems less of an effort to get into this task because you

feel that the preparatory work is already done so I just have to
interpret”. (Participant 2, user)
“Personally, I find it more enjoyable because there's a

whole aspect of doing exports, combining numbers in Excel
that I don't have to do anymore”. (Participant 2, user)
“So far we've only tackled repetitive tasks that aren't very

attractive, so I think it's a bit convenient for everyone that
there's a robot to do that”. (Participant 3, expert)
It also allows tasks (e.g., transfers) that were not done

systematically or postponed due to lack of time to be
performed automatically. These changes are not per-
ceived as profound because for participants the work
has not fundamentally changed.
“It doesn't change anything except that it will be done

directly without having to wait”. (Participant 3, expert)
“It's a help but I continue to do my work as I did before”.

(Participant 2, user)
For drones, the initial job seems to be a moderating

factor in the perception of work modifications. In the
first case, the job has not fundamentally changed for
inspection but only the form. For the second case, it is a
completely different job, so it represents a big change,

and while the drone implies no modifications on the
initial role it also makes it possible to get out of the
routine. Moreover, it seems that the way the drone is
used (i.e., work for other teams) further impacts theway
it changes the employee job by enhancing social rela-
tionships and task variety (in doing diverse missions).
In short, assisting technology makes it possible to
change the routine andmotivates employees to develop
their skills and knowledge.
“All these technologies allow you to reinvest and find other

goals and move forward, otherwise it would become routine”.
(Participant 7, user).

Relationship with the Technology

Agentic Relationship with RPA

According to the manager and some participants,
because the robot can perform some tasks, some
employees feel that they can be replaced by the robot.
Nevertheless, the technology is seen by the participants
as an aid tool since all tasks cannot be automated with
RPA. Participants generally see this conjoined agency
with arresting technology as useful. Technology saves
employees time in their work by its quick execution so
that they can concentrate on other tasks. Indeed, some
manual procedures are very time-consuming. They also
perceive a gain in terms of quality of work because they
have more accurate information. It thus helps workers
to achieve higher efficacy at work.
The participants' view of RPA is particularly interest-

ing. The robot is seen as “a virtual team member”, “a
virtual user”, “a colleague” or “a virtual person”. It uses
the same interfaces as employees, so it looks like a
remote human colleague working because they can
see its work progress. The communication with the
robot goes through different channels such as automatic
emails from the robot. The employee can also send an
email request to it or put afile in its folder. Therefore, the
interactions are close to those that one could havewith a
human (e.g., exchange of emails). In addition, the robot
has an avatar, a name and an email address. A contest
was held to choose its name. All of this participate for
the technology to be perceived differently from other
tools. This is an organizational choice in order not to
forget the robot and to update it. Regarding Proposition
5, it seems that the robot is talked not solely as a tool but
as a virtual agent and a team member.
“You tend to consider it a little more like a colleague than a

tool that is somewhere running on a server so in the end it's
the same thing but the way we positioned it from the begin-
ning because we gave it a name, yes...We also talk about it
jokingly that it's our colleague.” (Participant 2, user)
“The idea is also that the day the robot is busy twenty-four

hours a day, we'll buy a second license, then we'll have to
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launch a contest for another name, which we don't do at all
with other tools.” (Participant 2, user)

Non-agentic Relationship

Assisting technology is not seen as a threat. It will not
substitute humans because it requires human expertise
to be used. It is seen more as a helping tool: “They are my
eyes without me having to take any risks” (Participant 7).
There is no resistance to using it because it makes work
easier. Indeed, employees perceive a usefulness of the
technology in the workplace. It improves the accuracy
and quality of work and saves time, safety and money
for the company. In the case ofmissions, it helps to solve
the problems of other teams with innovative solutions.
Finally, an employee told us about new work experi-

ences thanks to the association of drones with virtual
reality glasses. In particular, the virtual reality glasses
bring new sensations and a feeling of immersion and
conviviality. This experience is closed to a concept that
emerged with digital tools that is user experience
(Turner, 2017).
“We even have virtual reality glasses when we pass the

drone, we look at it and start moving with it so it's like being a
bird, it's funny. We have Google glasses and it's great […]
It's even more friendly to use because the person who is going
to look at the defects, it's as if they were immersed, so it's as if
they were in a bucket truck and then they start looking for
those defects […] it's nice with the glasses too.” (Participant
7, user)
Other elements can be identified in other pilots’

speech.
“I thought it was a very beautiful machine, a beautiful tool

that could provide good help in terms of safety and punctu-
ality. So the fact that we will always have better performing
tools, that we will always be able to increase the precision and
the range of distances, it motivates us to learn more and more
and to evolve in it and somewhere to increase this performance
and try to satisfy as many people as possible”. (Participant
6, user).
“Me as a pilot, it's my hobby to do it at work with these

technologies because we don't have the same budgets, so we
fly with super machines, it's great”. (Participant 5, user)
First, the worker seems to have positive affect in the

use of the virtual reality glasses (“more friendly”, “it’s
nice”). Second, it appears that the technology has an
instrumental value as the virtual reality helps an expert
to look at the defects without being temporally with the
pilots, in addition drones have also instrumental value
(“providing good help with safety and punctuality [...]
increasing accuracy”). Third, drones and virtual reality
seem related to an aesthetic experience (“beautiful
machine”, “it's like being a bird”). Finally, there is some
evidence for hedonic aspects in the interaction with the
technologies (“it's my hobby”, “funny”). Further research

will be needed to determine if this finding is specific to
virtual reality or if this pattern is found with other
technologies or other combinations of technologies.
When comparing the two technologies, they both

have positive impacts on work (e.g., enhanced quality,
time efficiency) attesting of their instrumental value.
However, it also seems that technological equipment
use is different from non-technological equipment use
and that technologies are gaining significance at work.
Indeed, our technological use goes beyond the purely
instrumental value of equipment: Hedonic and conviv-
iality aspects emerge from the interactions with the
drone and RPA is considered not only as a tool but as
a virtual colleague. These results give some clues that
are consistent with proposition 4.

Discussion

The purpose of this study was to propose potential
modifications on WC after the introduction of digital
technologies in the workplace. By introducing a classi-
fication of digital technologies, we studied the modifi-
cations brought by two out of four types of technology
(i.e., arresting, assisting). Our analysis indicated that
contrary to our expectations arresting technology may
enhance employee autonomyby offeringmore informa-
tion to workers. Arresting technology does not seem to
curtail the level of autonomy because it accomplishes
less interesting tasks that are perceived as cumbersome.
With this new division of tasks, participants felt that
they were spending more time on tasks with added
value. Therefore, the agency of arresting technology
(i.e., action selection) may not be seen as a threat for
human agency as long as it executes tasks that require
low human control and expertise. The new distribution
of tasks raises the knowledge characteristics of jobs in
accounting asworkers carry outmore reflectivework to
handle expertise tasks. This is in line with the results of
the Eurofound (2018) study. Finally, despite the lack of
propositions for assisting technology, our analysis
about drones demonstrated that they have a positive
relation with the level of autonomy and knowledge
characteristics.
These findings might be interpreted in the light of

Shneiderman's (2020) framework which proposes that
human autonomy and technological automation are not
necessarily contradictory. Human autonomy and auto-
mation are beneficial in different situations but the com-
bination of a high level of human autonomy and a high
level of automation are better suited in some situations.
For tasks of great expertise, human autonomy should be
favored whereas automation is recommended for well-
understood predictable tasks such as simple situations
or situations which require quick reactions (e.g., air-
bags). The conjunction of human and technological
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control is suggested for complex and difficult tasks
where creative decisions are needed. As noted, assisting
technologies let the action selection and the protocol
development to humans and thus workers control
entirely the execution of tasks. Consequently, they
appear more appropriate for tasks of great expertise.
Arresting technologies automate standardized tasks
that can be broken down into steps thus they seem
appropriate for simple tasks that do not require a great
human control. This framework could explain why the
changes brought by the two digital technologies
(i.e., drones, RPA) on employee WC have not been
negatively perceived by the participants: first because
of the fit between tasks and the application of technol-
ogy and second because these technologies do not
threaten human control. This is presumablywhy a com-
mon theme appeared about technological aid and use-
fulness.
Our study may have some contributions for the WD

model. First, the dimension of equipment use should be
refined to distinguish non-technological equipment
from technological equipment. As our relationship with
technologies are constant and as our channels of com-
munication with technologies look like human interac-
tions, they might be considered apart from other tools
and machines. Like Parker and Grote (2020) noted, “the
relationship between humans and AI is fundamentally
different from the relationships of humans and technol-
ogy of the past as both humans and technology have
agency”. Technologies are endowed with agency capa-
bilities (Murray et al., 2020) which suggest that they
could be perceived as non-human agents that have
complex relationships with human agents. In the scien-
tific literature, this idea has already been developed
through the Computer as Social Actors paradigm
(Nass et al., 1994) and the Actor Network Theory
(Latour, 2005) which considers technology as a non-
human actor and suggests studying human and non-
human actors which are acting at the same level.
Besides, in some cases human-technology interactions
can be quite similar as human interactions (Broadbent,
2017). Therefore, we propose that as human relation-
ships are a main category of WC, human-technology
relationships should be considered as a main category
that to some extent might motivate workers. For
instance, gamification offers insights into the way tech-
nology can motivate employees. Gamification refers to
the insertion of principles and features of game into non-
playful environment such as work. It adopts the moti-
vational basis of games with cognitive, emotional and
social aspects (Domínguez et al., 2013). In addition, it
has been proposed that gamification allows people to
reach a state of flow (Brockmyer et al., 2009; Procci et al.,
2012) as it is the case with immersive technologies
(Suh & Prophet, 2018).

Besides, the combination of drones and virtual reality
devices (i.e., immersive technology) – two technologies
that we classified as assisting technologies – seems to
produce surprising results. Further research is needed
to understand if this new work experience that can be
labelled as a user experience (Turner, 2017) is observed
solelywith immersive technologies. Immersive technol-
ogies are designed tomaximize pleasure and enjoyment
which are usually identified as user experience’s com-
ponents. However, Turner (2017) advocates that user
experience encompasses a larger range of experience
(e.g., involvement, sense-making processes) and
emphasizes the necessity for psychological scholars to
extend our knowledge on the human-technology inter-
actions.
Second, given the growth of knowledge demands and

process in jobs, employees are likely to spendmore time
at their desks working with technological devices. The
WDmodel assess for seating arrangements and posture
that will be more relevant as work becomes sedentary.
However, as work will develop into more knowledge-
able jobs and shifts will occur as for RPA (i.e., decrease
ofmanual procedures), itwould bepertinent to take into
account the motivational factor of non-sedentary work.
Indeed, as a participant mentioned, this shift might not
be well received by all workers, especially manual
workers whose habits will be highly disrupted. For
manual workers, changes in work context characteris-
tics (e.g., less risk of accident, less physical demands)
may positively impact employee outcomes up to a cer-
tain pointwhere the impactmay be reversed as theywill
miss executing formal procedures.
Furthermore, our study may also contribute to the

classification ofMurray et al. (2020). First, we submitted
a technological classification to help future studies to
tackle the process by which digital technologies bring
changes in the work processes as advocated by Barley
(2015). Because the study of human and managerial
aspects has been neglected in the digitalization process
of organizations (Oesterreich&Teuteberg, 2016; Schnei-
der, 2018), this enhanced framework may support
future studies to hypothesize their effects for
employees. Second, we also offered insight into how
the human-nonhuman ensemble is perceived by
workers and, this perception differs depending on the
type of technology. For instance, it seems that working
with an arresting technology bolsters the perception of
the technology as a non-human agent as well as a threat
for human jobs while working with an assisting tech-
nology may generate a motivating collaboration.
Because of our small sample size and a single organi-

zational context, our findings should be taken with
caution. Other studies in different organizational con-
texts and with different methodologies are needed to
replicate these findings. This will help to counteract the
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effect of other factors that reflect managerial and orga-
nizational choices about the introduction of technolo-
gies (e.g., creation of a development team). The second
limit is related to our sample size and involves the fact
that some types of technologies (i.e., augmenting, auto-
mating) have not been analyzed. Therefore, the exami-
nation of our propositions is not complete. Our study
constitutes a first exploration of the link between digital
technologies and WC, so other research (qualitative or
quantitative) is necessary to improve our knowledge
about it.
A third limitation lies in one fundamental character-

istic of digitalization namely system integration. As
digital technologies are more integrative, it is more
likely that the introduction of one digital technology
will be followed by others. As a result, their modifica-
tions on WC may be combined like drones and virtual
reality ormay be greatly different, then our studymight
have only pointed out trends in future jobs (i.e., an
increase in knowledge characteristics).
Finally, researchers may have pointed out several

limits to the thematic analysis. Following some guide-
lines (Braun & Clarke, 2006), we strove to make our
choices and our assumptions explicit and to match our
epistemological assumptions with our methodology.
We sought to meet their criteria to conduct a good
thematic analysis. As a result, we put ourselves in an
active position to search themes because they do not just
appear, and we tried not to paraphrase what partici-
pants have reported. Then, we aimed at providing
coherence between our data set and our analysis as well
as between our analysis and the WD model.
Future research can investigate the new environment

created by digital technologies – that we called digital
work context. Becausework context is likely to influence
work situations and organizational behaviors in many
different ways (Johns, 2006), it is highly relevant to
study and detail it. Besides, characterizing the new
work context will help the scientific community to rec-
ognize how the theories and models need to adapt to
describe new situations at work. Observational studies
will be needed to bring together influences from several
digital technologies. These studies have illustrated that
technological changes bring opportunities for changes
at the relational level, especially in power relations
where cooperation or conflicts can emerge (e.g., Barrett
et al., 2012; Plesner &Raviola, 2016). The introduction of
new technologies may also come with modifications of
the physical space (e.g., Barrett et al., 2012). Such find-
ingswill be valuable to gather data about changes in the
omnibus context and its new features in order to grasp
its effect on organizational behaviors, attitudes and
cognitions.
Other studies can investigate the other types of tech-

nologies to gather knowledge about the modifications

they induce on the WC and maybe identify a common
pattern in the changes. These studies can be qualitative
or quantitative although conducting quantitative stud-
ies may confirm the results presented here. To expand
these findings, further quantitative studies may inte-
grate other factors that have an important role in orga-
nizational changes or WC such as manager behaviors
(Bareil, 2009; Parker, van den Broeck, et al., 2017).
Indeed, managers play a critical role in shaping one’s
perception of a change (e.g., introduction of a technol-
ogy) by the resources they offer (e.g., information, train-
ing), by their relationship with the employees or their
leadership. For instance, our findings seem to show that
new technologies may enhance both the level of auton-
omy and cognitive demands. According to the job
demands-resources model (Demerouti et al., 2001),
employee well-being may thus not be impaired. There-
fore, managerial choices taken regarding the introduc-
tion of new technologies are important to prevent
negative consequences such as stress or workload. As
the social information processing theory states
(Salancik & Pfeffer, 1978), it is possible that social cues
like the perceived transparency of the change, the rela-
tionship between the manager and the employee or the
leadership shape the perceived modifications on the
WC. Likewise, quantitative studies may develop mea-
sures to operationalize the concept highlighted here,
namely the perception of the technology as a non-
human agent. Further research unravelling themultiple
dimensions in the human-technology relationships are
also needed. These studies may adopt a mix design
(i.e., qualitative and quantitative) to explore and reveal
the important features nested in these relations and to
measure and validate them.
Longitudinal studies will also be helpful to capture

the perceptions of one’s WC before the technological
change and track these perceptions after the changes at
different times to compare them. Therefore, it will be
possible to untangle the persistent effects and the tran-
sient effects (e.g., habituation effect) onworkdesign and
employee outcomes (e.g., job satisfaction) but also to
distinguish primary and early effects from latter effects.
For example, Barley (1990) suggested that technology
may bring changes firstly into the nonrelational ele-
ments of work role (e.g., tasks, skills) and secondly into
the relational elements ofwork role.However, acknowl-
edging that today technological changes are constant
such design might be difficult to carry out.
Moreover, future research might be interested to fur-

ther extend our knowledge about the demand for con-
stant learning that is anewworkcharacteristic developed
byXie et al., (2018). Thedemand for constant learninghas
been investigated under the job demand-control frame-
work and mixed effects have been found on employee
attitudes (e.g., job satisfaction, occupational
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commitment). This dimension has the highest correla-
tions with motivational characteristics (comprising both
task-related and knowledge-related dimensions), hence
further studies are required to better understand the
empirical links between them. The authors have
acknowledged that demand for constant learning may
participate to the individual growth through knowledge
and skill acquisition, therefore according to Morgeson
and Humphrey (2006) definition this dimension might
be insert into knowledge characteristics.
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