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ABSTRACT ARTICLE HISTORY
Despite the lively discussion on the pros and cons of using gggewed 29 January
1

robots in health care, little is still known about how caregivers
are affected when robots are introduced in their work envi-
ronment. The present scoping review fills this research gap by
mapping previous studies about the relation between robots KEYWORDS

in care and caregivers’ working life. The paper is based on Robots;

searches in four databases for peer-reviewed articles about caregivers;

robots in care settings, published 2000 to 2020. The 27 included ~ working life;
papers were examined with the questions of 1) how robots ~ Work environment;
are used by caregivers, and 2) how robots affect caregivers’ scoping review
work environment. The analysis shows that the use of robots

can affect both the physical and the psychosocial work envi-

ronment, in positive as well as in negative ways. Robots are

used in care settings to reduce physical and mental demands

of the caregivers, but they can, in fact, increase caregivers’

workload. Thus, the review indicates that robots can improve

the quality of work, but that they seldom work as a shortcut

to increased efficiency or time effectiveness.
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Introduction

Research on robots in care settings has been criticized for being either
technophobic or technophilic (Gleason, 2014; Nerskov, 2014): overly opti-
mistic concerning the possibility of new technology, or pessimistic about
the risk that robotization of care will entail adehumanization of patients
(Lee, 2015). While some researchers (Sharkey, 2014; Vandemeulebroucke,
Dierckx de Casterlé, & Gastmans, 2018) raise ethical questions regarding
the risk that the introduction of robots in care settings may increase older
people’s social isolation, others (Lorenz, Freddolino, Comas-Herrera, Knapp,
& Damant, 2019; Moyle et al., 2017; Petersen, Houston, Qin, Tague, &
Studley, 2016) argue that robots can play social, assistive, or therapeutic
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roles by interacting with individuals who face difficulties in maintaining
social relationships. The sole focus on the patient-robot relation contributes
to this binary view on robots by excluding a key part of the relation: the
caregiver. By reviewing the current knowledge state about the implications
of robots for caregivers’ working life we offer knowledge about an under-
studied area and provide a fuller picture of robots in care situations. The
aim of this study is therefore to compile knowledge in previous research
on how robots in care settings a) are used by caregivers, and b) affect
caregivers’ work environment.

Several reviews of the literature on robots in care settings have been
published during the last decade, focused on patients’ use of robots in
connection to health and well-being (Bernabei et al., 2013; Kachouie,
Sedighadeli, Khosla, & Chu, 2014; Mordoch, Osterreicher, Guse, Roger, &
Thompson, 2013), patients’ physical activity (McArthur, 2019), and care-
givers’ attitudes toward technology and robotic devices (Krégeloh,
Bharatharaj, Sasthan Kutty, Nirmala, & Huang, 2019; Savela, Turja, &
Oksanen, 2018). Some reviews have a broad take on the use of technology
in elderly care (Frennert & Ostlund, 2018), while others have a niched
take on a specific type of robot, such as socially assistive humanoid or
animal-like robots in care settings (Papadopoulos, Koulouglioti, & Ali,
2018). The study most relevant to our focus (Kangasniemi, Karki, Colley,
& Voutilainen, 2019) provides a systematic review about nurses use of
robots and automated devices. However, the review focuses on findings
that promote good work routines and health outcomes for the patients.
By contrast, the current review offers a more nuanced understanding of
the implication of robots for caregivers’ work environment. The purpose
of the article is to contribute with knowledge that can promote a healthy
work environment and a sustainable working life. The qualitative scoping
method enables us to categorize findings from previous studies, thereby
offering a sound conceptual ground for research with an interest in the
influence of robots in working life.

Working life and robotic care

Research about people’s working life is a broad and interdisciplinary area,
involving sociology, psychology, medical science, economics, and engineer-
ing. The common denominator is the interest in changes in work condi-
tions and how these changes affect people and organizations, e.g., regarding
qualifications, health, occupation, innovation, identity, social orientation,
and culture (Hakansta, 2014; Karasek & Theorell, 1990). In this review,
we focus on changes in the employees’ work routines due to implemen-
tation of robotic devices, and potential consequences for the employees’
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work environment - both in relation to physical and psychosocial work
environment.

Nurses and care workers (including personal assistants and health care
assistants') are the most affected groups of healthcare professionals in
regard to health, comfort and safety (Ribeiro, Serranheira, & Loureiro,
2017; Yasobant & Rajkumar, 2014). Because of the specificity of their work
tasks and the long duration of tasks in care institutions, they are vulner-
able to various occupational risk factors (Sorour, El-Maksoud, & Abd,
2012). Due to the physically demanding work, nurses and care workers
are professions with the highest incidence of work-related back injuries
(Nelson, Fragala, & Menzel, 2003). Authors report frequent physical inju-
ries, for example neck, shoulder, arm, knee, and back injuries (Cameron,
Armstrong-Stassen, Kane, & Moro, 2008; Gabrielle, Jackson, &
Mannix, 2008).

Physical work-related risks often go hand in hand with psychosocial risks
such as stress, anxiety, depression, and mental disorders (AFA Insurance, 2020;
Woo, Ho, Tang, & Tam, 2020). Health care workers are consistently subjected
to emotionally draining stressors in the provision of complex care and treat-
ment to patients and are thereby exposed to the risk of occupational burnout
(Gémez-Urquiza et al., 2016). Burnout occurs when excessive workloads are
compounded by entrenched systemic issues such as working irregular hours,
excessive overtime, rotating shifts, and understaffing (Rezaei, Karami Matin,
Hajizadeh, Soroush, & Nouri, 2018). Such factors are also involved when
nurses decide to leave work (Chan, Tam, Lung, Wong, & Chau, 2013).
Furthermore, nurses and care workers encounter workplace violence and abuse
at higher rates than any other profession (Honarvar, Ghazanfari, Raeisi
Shahraki, Rostami, & Lankarani, 2019), which negatively influences their
physical and mental well-being, their experiences of job satisfaction, as well
as their professional development (Schuster & Dwyer, 2020; Zhao et al.,, 2018).

Reducing nurses’ and care workers’ workload may play an essential role
in providing a positive work environment and an effective quality of care.
In this regard, robots appear as a potentially promising tool in care work.
However, they may also pose new risks if, for example, they replace the
empathic relationships with patients that help to make the work mean-
ingful. Against this background, we want to contribute to a better under-
standing of the working life and work environment of nurses and care
workers when using robots.

Review method

The scoping review is a qualitative alternative to the quantitative systematic
review when the aim is to identify knowledge gaps, scope a body of
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literature, clarify concepts or to investigate research conduct (Munn et al,,
2018). Similar to systematic reviews, scoping reviews require comprehensive
and structured searches of the literature to maximize the capture of rel-
evant information, provide reproducible results, and decrease potential
bias from flawed implementations. However, while systematic reviews
usually have quite a specific research question, the research questions in
scoping reviews are usually broader (Grant & Booth, 2009). Scoping
reviews may also include existing literature and findings from a range of
different study designs and methods, which makes the use of formal
meta-analytic methods difficult (Sucharew & Macaluso, 2019). We draw
on a scoping review method to highlight an overlooked research field and
identify new insights and knowledge gaps.

As there are few studies with a working life research perspective on
health care robotics, a scoping review is needed to identify studies that
in one way or another connect to the working life theme. This means
that we ask two broad questions - how robots are used by caregivers and
how robots affect caregivers’ work environment — to explore insights from
various disciplines and approaches. Working life may sometimes be implicit
in care robotics research, and a scoping review can highlight this aspect
of previous research, thus laying the ground for future working life research
within this field.

Search strategy

The literature search was conducted from May to July 2020 using the
databases Scopus, Web of Science, PubMed, CINAHL. The first two were
chosen for their broad coverage, as our objective was to gather relevant
articles from a variety of research fields. PubMed and CINAHL was used
to gather articles related to medical and care science. Our search string
was robot* AND care* OR nurs* AND work*, and we searched in all
fields to capture studies that did not specifically focus on all of our
search terms.

Inclusion and exclusion criteria

A robot is normally defined as an actuated, programmable mechanism
that is autonomous. This means that a robot can perform tasks on the
basis of how it is programmed, without human intervention. There are
many types of robots: surgical robots (assisting in surgical operations),
pharmaceutical robots (for sorting drugs), service robots (for transporting
or mobile issues), care robots (for companionship), socially assistive robots
(SARs, for communicating and interacting), and others. Based on the aim
of the review - examining the knowledge state on caregivers’ use of
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robots and their effect on work environment - some robots are more
likely to be the object of study than others. The short and all-encom-
passing term “robots” is used throughout the review in order to refer to
all kind of robots that are used by the caregivers to assist them in their
work. Furthermore, we have only included articles that focused on the
use of robotic devices in care practice with patients and no other tech-
nological devices, such as tablets, mobile phones and other telemedical
devices. Nor have we included articles dealing with information and
communication technology programs, digital platforms, and other kinds
of software.

We only include peer-reviewed, scientific papers published in English
between 2000 and 2020. We include published literature that had been
through a process of peer-review to ensure a degree of permanence. We
only select original articles, excluding research reviews as well as papers
from sources of subjective quality like summaries or keynotes. No exclu-
sion is made based on academic discipline. During the 1990s society
underwent digital transformation and before the year 2000 robots were
quite scarce outside laboratory and industry environments. By starting
the literature search from 2000, our aim is to provide a comprehensive
review regarding the use of robots in care facilities. We include studies
that adopts both qualitative and quantitative methods, as well as
mixed-methods studies.

In the review we include all caregiving personnel, such as care workers
and nurses, but no other occupational groups, or patients, use of robots.
Due to the focus on work environment, we only include articles focusing
on caregivers working at care institutions, and not in the patients’ home.
Furthermore, we do not account for articles about attitudes toward robots,
or readiness to implement robots, since such studies are based on people’s
preconceptions and not on actual experiences.

Search outcomes

The searches resulted in 4652 titles. We scanned the list for relevant studies
based on keywords, abstracts, and synonyms in the title, this yielded 495
studies. One of the authors (MP) read the full text of these studies, and
with the help of the inclusion and exclusion criteria, as listed in the
flowchart (see Table 1), this process resulted in 59 studies. The selection
of the final set of articles were based on relevant criteria, such as key
results and research focus, in the full text articles. For instance, we excluded
articles with findings isolated from working life questions, such as findings
limited to technical outcomes. After the final step in the evaluation pro-
cess, 27 studies, which provided original information and creative ideas,
were included in the review. Because we seek to highlight an overlooked
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Table 1. The flowchart of the literature searches.

Search terms
(robot*) AND (care* OR nurs*) AND (work*)

l L ST TTTT e e e e e ~
"~ | Limiters: Published between 2000-2020; :
( I English; Scientific papers; Peer-reviewed !
Titles found (n=4652) : & pap !

1
Special limiters for Scopus by subject area: |
Web of Science =1521 P I m : : pusby sU3 ; :
1 Nursing, Social science, Health Profession,
Scopus =1739 ! s § aw 1
1 Decision science, Multidisciplinary, Artand
FUBRIEH S725 i Humanities, Psycholo d
. 1
CINAHL =667 ' » FSYchology -
\ ________________________________ e
. I T s

" 1 Excluded by title, ! Inclusion criteria
! key words, and i If the paper focused on
! abstract (n=4157) | care workers’:
~ A y i) Use of robots

1
1
1
1
1
|
1
( ! .. .
Included by title, key words, or I ii) Ways of working
abstract (n=495) | iii) Working environment
| iv) Care institutions
Web of Science =123 :
1
1
1
1
1
1

Scopus =152 Exclusion criteria
PubMed =106 If the paper focused on:
L CINAHL =114 ) i) Medical care (surgical,
IS S S i 1 :
» | Excluded by full text ! | .q|agnost|c) ;
| (n=330) ;! ii) Pharmaceutical care
. ) I 1 iii) Telemedicine
i Duplicates removed, | ' .
! (n=106) i ! iv) ICT-programs
Included by full text (n=59) .\ | ! V) Patient’s self-care
________________ “ 1 vi) Home care
= 1
PubMe.d 17_ 1 vii) Documentation
Web of Science =16 L .
Scopus =8 | Viii) Reviews
CINAHL=18 [  TTTTTmTmmmmmTemmees
g T Ty |
> 1 Excluded by final i
| evaluation (n=32) i
e N J
Final selected articles (N=27)
PubMed =8
Web of Science =6
Scopus =4
CINAHL =9
N\ J

research field and identify new insights and knowledge gaps, no studies
were excluded based on methodological quality or a minimum quality
threshold, such as minimum number of research participants. Disagreement
between the team members were resolved through discussion.
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Data analysis

After the final selection of articles was done, we used qualitative content
analysis (Graneheim & Lundman, 2004) to analyze the findings. The reason
for performing this analysis was to identify both explicit (manifest) and
implicit (latent) contents in the articles. Because of the general lack of an
interest in working life in the research about robots in health care, the
findings in previous research that may be of interest for our review is not
always highlighted in the articles as the main findings. In some articles
the caregivers’ ways of working and work environment are explicitly
expressed (manifest) and sometimes implicitly (latently) dealt with. By
carefully reading the full texts we have been able to identify (and thereby
include) a number of articles that deal with caregivers’ work in more
implicit ways. Thus, the purpose and strength of using content analysis
lies in the possibility of extracting minor, or secondary, findings from the
articles.

One of the authors (MP) began the coding process by creating subcat-
egories, which were based on both manifest and latent aspects in the
articles. In response to ways of working, the coding of subcategories was
conducted based on the identification of specific work tasks that involved
the robots, such as distracting or entertaining. In response to the work
environment, the coding process was in similar way conducted based on
the identification of specific aspects of work environment that was actu-
alized in relation to the caregivers’ way of using the robots, such as
reducing workload or responding to emotional demands. Thereafter, the
subcategories were compared and discussed among the three authors,
making sure that each subcategory was well-defined and did not overlap
with other subcategories. Through debate and discussion between the team
members, the initial set of subcategories were revised, which resulted in
a fewer number of subcategories that were mutually exclusive. As one
single article could describe several different aspects of robotized care
practice, most articles were represented in more than one subcategory.
The final stage of the coding process involved collecting subcategories
with similar meanings into main categories, e.g., social tasks versus physical
tasks, which correspond to the aim of the review.

Results

The following sections present the review findings based on our catego-
rization of previous research, in relation to our questions: How are robots
used by caregivers, and how do robots affect caregivers’ work environment?
The third section consists of a comparative analysis of the findings. An
overview of the included studies is displayed in Table 2.
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How are robots used by caregivers?

We identify two main categories — social and physical tasks - and eight
sub-categories of different ways in which caregivers have been observed
to utilize the robots in their practice. The following sections account for
the different aspects of these categories.

Social tasks

Included in the social task category are work tasks that are based on
reciprocal behavior, which means that the work tasks are based on inter-
actional performances between humans (caregivers and patients) using the
robots. This includes both verbal and embodied interaction. Sometimes a
robot may also transform a social task into a nonsocial task.

Robots used by caregivers to perform social tasks are often labeled
“companion robots” (i.e., pet robots that are design to evoke touching,
stroking, and communicative actions) or “social” or “socially assistive
robots” (i.e., humanoid, or anthropomorphic robots that are designed to
evoke playful and communicative actions). Although the included articles
involve different types of robots, they all have one or another technical
feature that enable caregivers to use them interactionally.

Distracting. When caregivers use the robots as a distraction, it may both
decrease and enhance the caregivers’ interaction with the patients. For
example, robots are successfully used to distract and divert the patient
from challenging behaviors, e.g., restlessness and sadness (Jung, van der
Leij, & Kelders, 2017), distress (Moyle, Bramble, Jones, & Murfield, 2018),
as well as in stressful and painful situations, such as before and during
nursing care, transfer, feeding, and hygiene care (Demange, Pino, Kerhervé,
Rigaud, & Cantegreil-Kallen, 2019). Both humanoid and pet robots are
in this way used as tools to reduce challenging behavior of patients and
to assist and ease the caregivers’ work routines (Bemelmans, Gelderblom,
Jonker, & de Witte, 2016; Melkas, Hennala, Pekkarinen, & Kyrki, 2020). We
also find that robots can be used as a distraction tool in more stimulating
and activating ways, e.g., as in therapeutic sessions, and other forms
of conversations, between caregivers and elderly patients with dementia
(Hebesberger, Koertner, Gisinger, & Pripfl, 2017). Used as a distraction
in an activating sense, caregivers may use robots as an interaction tool
to increase patients’ activity, communication, and mood (Wada, Shibata,
Saito, & Tanie, 2004).

Entertaining. Findings indicate that caregivers frequently use robots for
entertaining purposes in ways that reduce the presence of, or at least the
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14 M. PERSSON ET AL.

attention given by, the caregivers. As tools for entertainment, patients
and caregivers use robots to play music, listen to weather reports and
the like, as well as to play games. A variety of robots are used to create
entertainment and relaxation among the patients: Humanoid robots, such
as Zora, are used to give dance shows (Tuisku, Pekkarinen, Hennala, &
Melkas, 2019). Pepper is used to play games on its touch screen (Huisman
& Kort, 2019). Betty (PaPeRo) is a little robot used as a tool for playing
music and weather reports (Loi et al., 2018). Tangy facilitates recreational
group activities, such as bingo. The caregivers start by teaching the robot
how to play the chosen games, and then the robot takes over and leads
whatever games the caregivers have taught it.

Socializing. The findings suggest that caregivers may use robots as tools
to stimulate social interaction and communication with the patient, either
between the caregiver and the patient or between patients. Depending on
which type of interaction (i.e., patient-patient, or patient-caregiver) that
is promoted, the caregivers may experience both a lowered and increased
workload.

For example, Pfadenhauer and Dukat (2015) discuss preliminary findings
from a study of how the robot Paro is used in a nursing home for the
elderly and point out that caregivers’ may act either as “participant” or
“observer” in the interaction with patients when using the robot. In other
words, sometimes patients interact with the robot, and sometimes, the
robot enables conversations between patient and caregiver (Pfadenhauer
& Dukat, 2015). Several studies have found Paro to be used in this way
- as a tool to stimulate conversation between patient and caregiver and
facilitate therapeutic situations with patients (see e.g., Moyle et al., 2018).
As such, the robot may be used to help dementia care patients to remem-
ber their life story, human relationships, and previously owned pets. This
way of using the robot demands that the caregiver become a participant
in interaction by engaging in conversation with the patient. The other
way of using robots as social stimuli is for the caregivers to act as observ-
ers, i.e., to keep their distance and let patients communicate between
themselves with the help of the robot. This is done by introducing the
robot to the patients in group situations, such as in common rooms when
the patients are engaged in leisure or relaxing activities (Jung et al., 2017;
Melkas et al., 2020).

As social stimulus, robots are not only used by caregivers as a physical
medium but also a digital medium, i.e., they can facilitate digital com-
munication with not physically present others, e.g., through online video
calls (Broadbent et al., 2016). An example of such a robot is the Telenoid
R1, a robotic torso that is used to transfer people’s presence through
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the robot presence (similar to a mobile phone with a body) (Hasse
et al., 2018).

Physical tasks

The second main category found in the analyzed articles involves various
physical work tasks. Included are work tasks based on physical and bodily
activities, such as lifting and moving patients, helping the patients with
personal care, or assisting in meal situations. Robots designed to assist
caregivers in different physical tasks are often labeled “care or assistive
robots” (i.e., a broad category of robots that are used for various tasks in
care facilities), “autonomous robots” (i.e., robots that can move and per-
form certain actions on their own), or “cloud robotics” (i.e., monitoring
sensors with integrated digital programs to register patients’ health data).

Eating. Caregivers may use robots to assist in meal situations, so called
feeding assistive robots. By using robotic devices as tools to assist when
eating, the general idea is for the patient to become less dependent on the
help of caregivers and instead, with the robots’ help, eat for themselves
(Dag, Svaneldov, & Gustafsson, 2017; Nickelsen, 2019). The feeding robot
Bestic, for example, has an electric spoon that is adapted to the user (the
patient) and lifts the food up to the mouth. Dag et al. (2017) show in
an interview study with both patients and assistants that the robot helps
patients to become more independent in meal situations, and allows for
caregivers to take a more passive, observing, role.

Lifting. In contrast to eating robots, lifting robots do not so much replace a
human caregiver, as alleviating some of the work. In care facilities, caregivers
may use robots to lift patients in and out of beds and wheelchairs, to turn
them in their beds, or to support patients when they walk (Chen & Kemp,
2011; Turja, Taipale, Kaakinen, & Oksanen, 2020). Findings indicate that
lifting robots reduce the physical burdens of lifting and moving patients in
dependent situations many times a day. One example of a lifting robot is
Hug, which is a strong robot that can lift patients in different dependent
transfer situations (Wright, 2018; 2019). There are other examples of lifting
robots, such as Strong Arm, with various features and lifting techniques
(Greenhalgh et al., 2019).

Washing. Caregivers may use robots in washing situations to assist or
replace a human caregiver in situations involving personal hygiene. One
example is the robotic bathtub, an automated bathing machine with sensors
that enables a washing adjusted to the patients’ body. The bathtub gives a
tull body wash and is thus designed to replace caregivers’ labor regarding
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hygiene care of the patients, while increasing the integrity of the user
(Beedholm, Frederiksen, Frederiksen, & Lomborg, 2015). In an interview
study with managers, caregivers, and users, Beedholm et al. (2015) showed
that the bathtub became a complement for caregivers, and as the automated
bathtub works a bit like a Jacuzzi, it was experienced as a welcome pleasant
additional feature in the care given to patients.

Monitoring. Robots can be used as tools for automatic recording of vital
information of patients. In a study of a trial with two elderly persons in
nursing homes by Obayashi and Masuyama (2020), a robot automatically
recorded information such as the time the participants slept, or the reason
for waking up. Based on the collected data, the monitoring system also
involved a communicative robot that acted proactively by calling the
patients (e.g., to remind them to take their medicine) or by prompting a
verbal response if patients woke up at night (e.g., “what are you doing?”).
Thus, the robot was used to replace certain activities of human caregivers.

Robots may also be used as communication tools to connect human
caregivers to each other. In a study by Beane and Orlikowski (2015), a
mobile telepresence robot was used to coordinate distributed knowledge
work during night rounds, involving doctors, nurses, care workers, and
patients. The robot offered mobile videoconferencing controlled at a dis-
tance, allowing individuals to navigate distant locations while interacting
with remote workers or problems via two-way video and audio.

Training. Robots for entertainment are also often used to promote physical
exercise (Huisman & Kort, 2019; Tuisku et al., 2019). For example, robots
can demonstrate physical movements and dance performances to the
patients, which they mimic (Wright, 2019). Another type of robot that can
be used to promote exercise and rehabilitation training are exoskeletons.
These are wearable mobile machines that are powered by a combination
of technologies that allow for limb movement with increased strength and
endurance. An exoskeleton may help with the rehabilitation from stroke,
spinal cord injury or during aging. Such robots may be used by caregivers,
or physiotherapists, as a tool for contributing to the rehabilitation training
of patients by increasing their work capacity (Read, Woolsey, McGibbon,
& O’Connell, 2020).

How do robots affect caregivers’ work environment?

We identified two main categories related to work environment — psycho-
social and physical aspects - and six sub-categories consisting of ways
that robots have been observed to affect the work environment of caregivers.
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Each category may include various robots with different technical
features.

Psychosocial aspects

The first main category consists of various psychosocial work environ-
mental risks and possibilities. Psychosocial aspects of employees’ work
environment can be defined in different ways, depending on methodolog-
ical and theoretical perspectives. However, a definition widely used in
international research pertains to interpersonal and social interactions that
influence behavior and development in the workplace (Jacobs, Hellman,
Markowitz, & Wuest, 2013).

Emotional demands. Emotional demands refer to the process of managing
feelings, expressing, and suppressing emotions, to fulfill the emotional
requirements of a job. For caregivers, this means that they must express
certain positive emotions, and suppress negative emotions, to create a
constructive interaction with the patients (Lopez, 2006).

The findings indicate both positive and negative effects on emotional
demands when using robots for patients’ care. Reported negative aspects
involve technical or material tinkering and adjustments with the robotic
device, which may cause increased mental demands and frustration
(Greenhalgh et al., 2019; Loi et al., 2018; Read et al., 2020). One study
reported that caregivers experienced frustration regarding technical diffi-
culties, such as long start up times, low stability, and communication
problems (incomprehensible speech; Huisman & Kort, 2019). Similarly, a
study about the eating robot showed how it demands repeated tinkering
in order to make it work properly, i.e., the robotic device needs (un)
mounting, (re)adjusting, and dismantling (Nickelsen, 2019).

Contrary to this sort of tinkering with technology, research also indicates
possible signs of less stressful work situations when diverting patients’
challenging behaviors (Loi et al., 2018; Wada et al., 2004). Similarly, robots
that monitored patients during night could also create less stressful night
shifts (Obayashi & Masuyama, 2020). Reduced mental demands have also
been observed when caregivers use eating robots in meal situations and
thereby reduce their own presence and interaction with the patients
(Nickelsen, 2019).

Ethical issues. The experience of ethical issues is connected to the
identification of professional values. Professional values are standards
for action that are accepted by professional groups and individuals in a
certain area of work (Lai & Lim, 2012). Within medicine and care, central
professional values include human dignity, integrity, autonomy, altruism,
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and social justice. The caregivers integrate these values, hand in hand with
personal values, in clinical practice.

Several studies raised the most apparent ethical issue: that of the safety
of patients (e.g., Greenhalgh et al., 2019; Hebesberger et al., 2017). A
robot must be safe to use and cannot risk injuring the patient in any way.
For example, in an interview study with physiotherapists using a robotic
exoskeleton in physical therapy with patients (Read et al., 2020), the
physiotherapists underlined the need for proper training to ensure patient
safety. Patients who are new to the robotic device will experience diffi-
culties moving about without their wheelchair and may experience dis-
comfort if the skeleton is not adjusted correctly, and if patients are not
properly instructed.

Patients’ safety also involves a more psychological aspect, namely their
integrity. Wright’s (2018; 2019) ethnographic study in an elderly care home
in Japan showed that the lifting robot Hug posed a potential danger to
the patients’ integrity in two ways. Caregivers explained that they found
it to be of discomfort for some patients; at the same time the robot
replaced their physical touch and closeness with the patients. In this
example, the patients’ integrity is interpreted as something that is part of
— instead of apart from - the physical closeness with the human caregivers.
It has been suggested that robots are constructed as a response to a solu-
tion rather than as a response to a problem, e.g., the hygiene of patients
is constructed as a problem that could be offensive to their integrity. As
pointed out in the study by Beedholm, Frederiksen, and Lomborg (2016)
the caregivers started to conceive of the patients’ integrity as a problem
only after the robot was introduced.

Job satisfaction and work identity. Job satisfaction refers to a subjective
evaluation that the worker makes of her own job, either in its entirety or
with respect to its different attributes (Brief, 1998). Thus, job satisfaction
is also related to work identity.

The findings point to a mixed result regarding robots’ impact on job
satisfaction (Broadbent et al., 2016). In the beginning of an implementation
process, the robot may help to create a positive atmosphere and make the
staff smile, laugh, and become more talkative (Huisman & Kort, 2019).
However, the novelty may fade away after a while when the initial curi-
ousness is stilled (Hebesberger et al., 2017; Melkas et al., 2020; Tuisku
et al., 2019; Turja et al., 2020).

The literature includes reports of both positive and negative experiences
among caregivers regarding meaningfulness of work content, work identity,
and professional development (Hasse et al., 2018; Melkas et al., 2020). By
using robots, staff members may start to question their old ways of
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working and reflect upon what it means to be a professional caregiver
(Beedholm et al., 2015; Hasse, 2013). There are indications that the intro-
duction of robots serves to reconfigure care by deskilling aspects of care
labor and recalibrating the distance between the caregivers and care receiv-
ers when physical touch and closeness with the patients diminish (Wright,
2018, 2019). The findings also indicate that the demands and professional
roles can change for the caregivers when robots are used to organize the
work in new ways, for example when performing night rounds through
telepresence (Beane & Orlikowski, 2015).

Physical aspects

The second main category consists of physical work environmental risks
and possibilities. Physical work environment refers to bodily aspects of
the occupational tasks and hazards that the employees are subject to.
Regarding caregivers’ ways of working, commonly recognized physical
work environment problems involve musculoskeletal problems, threats and
violence, and an excessive workload.

Musculoskeletal problems. Musculoskeletal disorders within the health care
and social care sector are common. Heavy lifting is a major cause for
musculoskeletal problems, for example in relation to patient transfer in
bed as well as between bed and wheelchair, toilet visits, or showering of
patients.

The findings indicate that lifting robots may be used to reduce physical
demand, fatigue, and discomfort for caregivers when engaged in activities
that demand heavy lifting (Wright, 2018). For instance, in a study regarding
a robotic lifting arm that attaches to a power wheelchair, it was found
that the lifting arm was significantly less demanding compared to mechan-
ical lifting devices (Greenhalgh et al., 2019).

Threats and violence. Caregivers who work with people with dementia are a
vulnerable occupational group due to the syndrome’s impact on patients’
moods, emotions, and outspoken behavior, and are at great risk of being
affected by work accidents caused by threats and violence.

The reviewed literature indicates that social, or companion, robots may
be useful tools to distract and divert patients’ challenging behaviors (e.g.,
aggressions, shouting, spitting, fighting), and may thereby support care
providers in their work. Several studies have shown possible signs of a
less stressful work situation when diverting patients’ challenging behaviors.
For example, a study of patients’ acceptance of the socially assistive robot
Betty - a vaguely anthropomorphic robot that can respond to patients
and can provide patients with music, books, and games - suggest that the
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robot could be used to engage patients in a work environment that is
heavily task-focused (Loi et al,, 2018). In another study in which Paro
was tested with 23 dementia patients, the interventions reduced emotions
of fear, shouting, and repulsive behavior (Bemelmans et al.,, 2016). By
reducing the challenging behavior of patients, social robots can potentially
contribute to a safer work environment.

Workload. Introducing robots in working life is generally assumed to make
the ways of working more effective and less time consuming. However,
the findings indicate a more complex reality.

Positive aspects regarding the work environment may be achieved when
caregivers use robots as tools for monitoring patients. One example is
when robots are used to monitor patients during night shifts, which
reduces the amount of rounds the caregivers need to do (Obayashi &
Masuyama, 2020). In a study of healthcare providers using Paro in their
work. some of them reported that Paro could be successfully used as a
tool for companionship in order to reduce the need for supervision of
patients (Jung et al., 2017). In a similar fashion, robots have been noted
to be used as tools for taking charge and leading entertainment activities
such as Bingo (Louie & Nejat, 2020). In this regard, robots may be used
as replacement of human caregivers for the performance of certain activ-
ities, thus reducing the workload.

The findings also include examples of situations where caregivers did
not recognize the use of robots as labor saving, but rather as a tool that
adds more labor to the caring situation and their work tasks (Demange
et al., 2019; Huisman & Kort, 2019; Melkas et al., 2020; Nickelsen, 2019;
Read et al., 2020; Wright, 2018). For example, the purpose of the robotic
bathtub is supposed to be labor saving since it replaces human activity
(i.e., washing) with robotic activity. However, the findings in the study by
Beedholm et al. (2015) point not to a reduction of the workload, but to
a transformation of work tasks. Instead of performing the cleaning activity,
the caregivers needed to be present and supervise the washing and be
ready to assist the patients and to support them if they experience problems
with the robot in any way. Caregivers reported similar issues when using
the eating robot Bestic: although the patients were eating by themselves
with support of the robot, the caregivers had to be present and observe
the situation and be of assistance during the whole meal (Nickelsen, 2019).

Discussion

Our results demonstrate an intricate relationship between caregivers’ ways
of working with robots and work environment. We have shown examples
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Table 3. Comparing caregivers’ ways of working and work environment using robots.

Ways of Working Distracting, Entertaining, Socializing, Lifting, Eating, Monitoring,
Washing, Training

Observer Participant
Work Psychosocial - Ethical Issues -
Environment -/+ Emotional -/+

Demands

-/+ Job Satisfaction & -/+
Work Identity

Physical + Threats & Violence +

+ Work Load -

+ Musculoskeletal +
Problems

of how caregivers use robots in ways that create active situations with the
patients, as well as situations in which the caregivers act as passive observ-
ers of the patients when using the robots. Depending on how caregivers
use robots in relation to their patients, it affects their role and presence
in the caring situation. Some robots may be more adapted to either par-
ticipation or observation; however, most robots can be used in both ways.
Thus, the relationship between the type of robot and caregivers’ ways of
working does not simply depend on the robot, but rather depends on the
caregivers’ preferences and actions in any given situation involving the
patients (Pfadenhauer & Dukat, 2015). Furthermore, the findings suggest
that the use of robots may have both positive and negative effects on the
caregivers’ work environment, much depending on how they are used. To
conceptualize the relationship between the use of the robots and the work
environment, we propose an analytical model, as illustrated in Table 3.

The role of observer in caregiving situations raises ethical issues regard-
ing the risk of reducing social encounters and empathic connection with
the patients. On the other hand, the observer role, with its limited involve-
ment, reduces harmful aspects of social and physical contact, such as
mental demands, stress, threats, and violence as well as the risk of mus-
culoskeletal problems and overall workload. However, the working time
is not simply reduced; rather, the work is transformed, and sometimes
new elements are added to the workflow. Accordingly, the observer role
actualizes questions of professional values and work identity due to changes
in workflow and decision making.

The role of participant means that caregivers’ involvement in interactions
with patients are transformed rather than limited as the robot is intro-
duced. Risks such as musculoskeletal problems and violence are reduced
as caregivers use robots to distract or calm patients. This changed involve-
ment in caregiving situations raises ethical issues related to the safety and
integrity of the patient. Furthermore, participating actively in the interac-
tion with the patient using the robot is likely to increase the workload.
For example, the use of Paro, a social robot, may reduce patients’ distress
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and provide more positive interactions between caregiver and patient, but
it may also require the caregiver to monitor patients so that they do not
break the robot.

Accordingly, our review points out the existence of intertwined effects.
i.e., certain ways of working using robots may affect more than one envi-
ronmental aspect. More knowledge is needed about the transformation of
routines when robots are introduced in care work. Furthermore, we found
that little is known about the longitudinal effects of robots on the working
life and work environment of caregivers. The research we have reviewed
is often performed in an initial phase when introducing or implementing
robots in care facilities. Thus, we know little about robots’ long-term
effects on working life. Questions regarding workplace learning are com-
pletely absent in the existing literature. Missing is also research about legal
and ethical aspects of using robots - not just in regard to patients’ and
clients’ integrity and safety but also to employees. In addition, the quality
varies between the studies we have reviewed. While some studies (e.g.,
Broadbent et al.,, 2016, and Huisman & Kort, 2019) included a robust
sample to investigate robots’ effect on caregivers’ work environment, other
studies (Louie & Nejat, 2020, and Read et al., 2020) were based on few
cases and can therefore be seen as raising important questions about
robotic use, rather than answering them. Thus, the research points to the
fruitfulness of examining the relation between the intended use of robots
and their actual role in care work. Existing studies have approach import-
ant topics, but it is clear that the work environmental effects of caregivers’
use of robots needs further examination.

With this review we hope to contribute with a better understanding of
the working life and work environment of caregivers who use robots in
their work. We also hope to engage working life researchers to investigate
the use of robots in care facilities and other institutions where robots are
currently implemented. Based on our findings, it is clear that a critical
perspective is needed. Introducing innovative robotics in organizations
with a human work force that deal primarily with patients will create
unintended consequences. Depending on human action, robots become
entangled in interactions and social orders that will challenge their protocol
and purpose, creating unforeseen problems and consequences for robots
as well as humans. Such challenges point to the need of a research field
that can identify problems and inform decision-making.

Note

1. The actual titles for the occupational groups who work in care settings may vary in
different countries.
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