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ABSTRACT
Background  Robots in healthcare are gaining increasing 
attention; however, their implementation is challenging 
due to the complexity of both interventions themselves 
and the contexts in which they are implemented. The 
objective of this integrative review is to identify barriers to 
and facilitators of the implementation of robotic systems 
in nursing.
Methods  Articles published from 2002 to 2019 
reporting on projects to implement robotic devices in 
nursing care were searched on Medline (via PubMed), 
CINAHL and databases on funded research projects 
(Community Research and Development Information 
Services and Technische Informationsbibliothek) and 
in journals for robotic research in November 2017 and 
July 2019 for an update. No restrictions regarding 
study designs were imposed. All included articles 
underwent quality assessments with design-specific 
critical appraisal tools. Barriers to and facilitators of 
implementation were classified using the Context and 
Implementation of Complex Interventions framework.
Results  After removing all duplicates, the search 
revealed 11 204 studies, of which 17 met the inclusion 
criteria and were included in the synthesis. The majority 
of the studies dealt with the implementation of robots 
designed to support individuals, either living at home or 
in nursing homes (n=11). The studies were conducted 
in Europe, the USA and New Zealand and were carried 
out in nursing homes, individual living environments, 
hospital units and laboratories. The quality of reporting 
and quality of evidence were low in most studies. The 
most frequently reported barriers were in socioeconomic 
and ethical domains and were within the implementation 
outcomes domain. The most frequently reported 
facilitators were related to the sociocultural context, 
implementation process and implementation strategies.
Discussion  This review identified barriers to and 
facilitators of the implementation of robotic devices in 
nursing within different dimensions. The results serve as 
a basis for the development of suitable implementation 
strategies to reduce potential barriers and promote the 
integration of elements to facilitate implementation.
PROSPERO registration number  CRD42018073486.

BACKGROUND
The development and application of robotics 
in healthcare has received much attention in 

recent years as a possible answer to the demo-
graphic, epidemiological and economic chal-
lenges to healthcare systems1–3 despite the lack 
of robust evidence on the topic.4–6 Robotics 
in healthcare can have many different mani-
festations. We refer to the classification based 
on the areas of use.3 Rehabilitation robots are 
training devices and tools for movement 
performance, mobility and independence 
that are used to support physical functioning 
of individuals. Robots to support (healthcare) 
professionals are developed to relieve staff in 
terms of time or physical burden or provide 
information. Robots to support individuals (at 
home) are developed to support older indi-
viduals in maintaining their independence 
in activities of daily living or seek to facili-
tate their participation in social life.3 6–8 The 
boundaries between the areas of application 
are somewhat fluid, and some robots have 
various functions.

Evidence regarding the fulfilment of users’ 
expectations is still scarce.5 9 10 One likely 
explanation of why robotic systems, which 
may work as expected in laboratory settings, 
have failed to show their feasibility, accep-
tance or effectiveness in practice might be 

Strengths and limitations of this study

►► This integrative review allows us to synthesise re-
sults from studies with different designs and meth-
odologies within the topic of robotics in nursing.

►► It demonstrates in a systematic manner which bar-
riers and facilitators have previously played roles 
in the implementation of robotics in nursing in 
research.

►► The results summarise the state of research and will 
help to inform the development of adequate imple-
mentation strategies of robotic systems in nursing.

►► Results have to be interpreted cautiously due to the 
quality assessment of included articles, which was 
rather low.

►► Comparisons between studies are hard to make due 
to the variety of research designs.
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that the complexity of their implementation has been 
underestimated, neglected or insufficiently addressed 
in research. The implementation of a robotic system in 
nursing care must be seen as a complex intervention 
due to the number of involved stakeholders and their 
behaviours, the variability and number of outcomes and 
various interacting components.11 Therefore, the process 
of development, evaluation and implementation should 
follow established frameworks, such as guidance from 
the Medical Research Council.11 The Medical Research 
Council framework was developed to provide method-
ological recommendations for researchers (to choose 
suitable methods), funders of research (to understand 
the limitations of evaluation design) and users of the 
framework to assess the available evidence with regard to 
practical and methodological restrictions.11

An important preparatory aspect of the process of 
developing complex interventions is the identification 
of barriers and facilitators for the translation or imple-
mentation of innovations into practice. This knowledge 
should be used to create appropriate implementation 
strategies and to rule out approaches that are likely to 
fail. This could ultimately increase the likelihood of 
developing interventions that effectively address patient-
relevant outcomes.12

Thus, the objective of this integrative review is to 
identify facilitators or barriers to the implementation of 
robotics in nursing care.

METHODS
An integrative review allows researchers to synthesise 
results from studies with different designs and methodolo-
gies (experimental and non-experimental). Empirical and 
theoretical work on a specific topic can be combined. To 
draw conclusions that allow for increased understanding 
of a phenomenon, the integrative review method can be 
used as a guide to summarise and analyse the literature. 
While this review focuses on studies translating research 
into practice, the review method enables the inclusion of 
reports on ongoing or prospective research.13–15

Search strategy
We carried out a systematic search in November 2017 
and an update in July 2019. We searched four databases: 
Medline (via PubMed), CINAHL, Community Research 
and Development Information Services (CORDIS) and 
Technische Informationsbibliothek (TIB). The TIB is 
the world’s largest library specialised in science and tech-
nology literature and offers access to a wide range of 
resources. CORDIS aims to optimise the use of research 
results of publicly funded projects and provides access 
to research reports that are difficult to obtain; it is main-
tained by the European Commission. To increase the 
chance of identifying relevant studies, four additional 
specific journals were searched: International Journal of 
Social Robotics, Journal of Robotics, International Journal of 
Robotics Research and Robotics and Autonomous Systems. A 

combination of two groups of keywords were used: (1) 
the broad term ‘nursing’ with all possible synonyms and 
(2) search terms to find robotic interventions that have 
been implemented in patient care. A combination of 
Medical Subject Headings terms with free text words was 
used. After an initial search in PubMed, the search string 
was adapted corresponding to all other databases and 
journals (see online supplemental material). In addition, 
backward citation tracking was conducted.

Inclusion and exclusion criteria
We included all types of study designs (qualitative, 
quantitative and mixed methods) as well as systematic 
reviews. The main inclusion criterion was the reported 
application and implementation of robotic technologies 
or similar technologies in inpatient or outpatient care 
settings for personal care or by nurses. Furthermore, we 
included research that investigated staff attitudes towards 
such systems, their motives and barriers to introduction. 
Studies in the German or English language published 
between 2002 and July 2019 were eligible for inclusion. 
We excluded studies that reported the use of robotics in 
surgical procedures or diagnostics that solely described 
clinical outcomes due to robotics or brain-computer 
interfaces.

Data extraction and quality assessment
All titles and abstracts of the identified articles were 
screened for eligibility by two independent researchers. 
For data extraction, a form with two sections was devel-
oped and piloted. The first section comprised general 
information, that is, study authors, year, country of 
origin, study design and detailed characteristics of the 
intervention (classification of the robot,3 summary of the 
description of implementation and reported barriers and 
facilitators). The second section contained intervention 
details, including the aim, underlying problem, setting, 
target group, intervention delivery methods and kinds 
of material used (based on the template for interven-
tion description and replication).16 Data on facilitators 
of and barriers to the implementation of robotic systems 
were categorised using the context, implementation and 
setting dimensions of the Context and Implementation 
of Complex Interventions framework. This framework 
facilitates ‘structured and comprehensive conceptualisa-
tion and assessment of context and implementation of 
complex health interventions’.17 The context and imple-
mentation dimensions include various subdomains. The 
context dimension comprises geographical, epidemiolog-
ical, sociocultural, socioeconomic, ethical, political and 
legal domains. Within the implementation dimension, 
barriers and facilitators are categorised into the domains 
of theory, process, strategies, agents and outcomes. All 
three dimensions can interact with each other.17 For 
greater clarity, only barriers and facilitators that were 
reported in at least two studies are reported; all others 
are available on request. The data were analysed and 
synthesised based on the integrative review methodology: 

https://dx.doi.org/10.1136/bmjopen-2020-038650
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data from primary sources were converted into themes, 
assigned to systematic categories based on the Context 
and Implementation of Complex Interventions frame-
work17 and, finally, summarised.15

For quality assessment, we used design-specific critical 
appraisal tools: mixed-method and quantitative studies 
were appraised using the Mixed Methods Appraisal 
Tool, which was developed for the critical appraisal of 
mixed study reviews (reviews that include different study 
designs).18 Qualitative studies and systematic reviews were 
screened using the respective Critical Appraisal Skills 
Programme.19 20 For the quality assessment of case reports, 
the Joanna Briggs Institute checklist for case reports was 
used.21 We decided to include any study irrespective of 
the results of the quality assessment because of the small 
amount of empirical information in this field. In addi-
tion, descriptive studies with methodological limitations 
may also provide useful information about barriers and 
facilitators. The results of the quality assessment are given 
for each study. We used Covidence22 to perform the study 
selection.

Patient and public involvement
There was no need to involve patients or members of the 
general public in the development and design of this inte-
grative review.

RESULTS
After deduplication, we identified 11 204 citations, and 
17 studies met the inclusion criteria. A detailed overview 
of the study selection is displayed in figure 1.

Characteristics of the included articles
We included six quantitative, five mixed-method and 
five qualitative studies and one systematic review. Seven 
studies were conducted in individual living environ-
ments, five were conducted in nursing homes, three were 
conducted in hospital units and two were conducted 
under laboratory conditions (living lab). The majority 
of the studies (71%) were conducted in European coun-
tries, the USA and New Zealand. Most of the studies inves-
tigated the implementation of robots primarily designed 
to support individuals, either living at home or at nursing 
homes,23–33 or healthcare personnel.26 34–38 Two robots 
had multiple functions to support both patients and 
healthcare personnel.26 38 Table 1 shows the characteris-
tics of the studies in detail.

Quality of the included articles
The quality appraisal revealed that all studies had clear 
research questions or objectives, and the collected data 
were appropriate to address the research question. The 
two case reports24 30 indicated sufficient quality. However, 
the reporting in the included studies often lacked trans-
parency, so many quality appraisal dimensions could not 
be assessed. Additionally, it was often unclear whether an 
ethics committee reviewed the study.24 25 28 34 37 39 Table 2 
summarises the quality appraisal results. Detailed results 
are available on request.

Factors influencing implementation
We categorised the barriers and facilitators that were 
reported in individual studies according to the dimen-
sions of the Context and Implementation of Complex 
Interventions framework. Barriers were most frequently 
assigned to the implementation outcomes (n=10), socio-
economic (n=8) and ethical (n=8) domains. Facilitators 
were most frequently related to the sociocultural domain 
(n=14), implementation process (n=9), implementa-
tion strategies (n=7) and epidemiological domain (n=6) 
(table 3).

Facilitators
Context
Adapting robot functions to the needs of users was 
reported as a facilitator in the epidemiology subdomain 
(eg, communication patterns could be adjusted to a 
senior user group or healthcare personnel).23 24 26 28 31 35 
Social-cultural facilitators included individuals’ overall 
positive attitudes towards technology,36 38 the acceptance 
of end users24 27 31 33 35 38 39 and positive feelings towards 
the device.27 30 32 33 35 36 In contrast to non-acceptance, 
which was identified as a barrier, acceptance was reported 
to facilitate implementation.24 28 31–35 39 Again, several 
factors had positive influences on acceptance: the design 
of the robot,33 the characteristics of the robot itself (eg, 
a machine with human traits),24 users’ higher levels of 
computer experience,29 31 training of healthcare staff 
users, understanding of the abilities and actions of the 
robot,24 perceived improvement of quality of care,34 

Figure 1  Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses flow chart. Adapted from Moher et al.52 
*Search update including articles from 21 November 2017 to 
5 July 2019. Search conducted on 5 July 2019.
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perceived usefulness of the robot, social influence from 
relatives, culturally specific attitudes towards robots, 
perceived increased independence28 and intentions to 
use the robot when becoming dependent.32 Positive feel-
ings towards the robotic device, including curiousness, 
satisfaction, enthusiasm and confidence, further facili-
tated the implementation process.30 32 33 35 36 Safe oper-
ation of the device was seen as an ethical facilitator.28 30

Implementation
One facilitator of the implementation process was the 
active involvement of healthcare personnel, who are 
intended users of the device, in the development.35 36 38 
Furthermore, studies of the use of robots in their inten-
dent environments instead of living lab situations and 
detailed training and information about the device, 
such as implementation strategies, were identified as S
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Table 2  Overview of the critical appraisal

Research 
paradigm Main issues References

Qualitative ►► Lack of description of the 
relationship between the 
researcher and participant

33 36 39

►► No consideration of ethical 
issues

33

Quantitative ►► Inadequate sampling strategy 
to address the research 
questions

31 38

►► Non-representative sample/
inadequate sampling

35 38

►► Low response rates (below 
60%)

34 35 38

►► Assessments not 
standardised or validated

34 37

Systematic 
review

►► Undifferentiated approach to 
study designs
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Mixed 
methods

►► No discussion of the 
limitations associated with 
research methods in a 
triangulation design
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Qualitative ►► No consideration of how 
findings related to the context
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►► Lack of description of the 
relationship between the 
researcher and participant
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Quantitative ►► Inadequate sampling strategy 
to address the research 
questions

25 32

►► Non-representative sample/
inadequate sampling

26 32

►► Assessments not 
standardised or validated

25

►► Low response rates (below 
60%)
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facilitators.24 25 27 31 35–37 39 A consideration of robot 
technology as a source of support for healthcare 
personnel26 34 36 and a clear identification of roles, respon-
sibilities and expectations35 36 were mentioned as facilita-
tors of implementation agents.

Barriers
Context
Different user groups (including older adults, healthcare 
staff and managing staff) were worried about the high 
acquisition and maintenance costs of the robotic device, 
especially when there were more inexpensive alternatives 
(socioeconomic).25 28 30 32 34 36 38 39 Additionally, unclear 
reimbursement situations were considered a barrier.34 39 
The most frequently reported sociocultural barrier was 
non-acceptance from end users, which was reported to 
be associated with several factors. Older persons did not 
consider themselves potential users of assistive robots due 
to their current remaining independence, concern that 
usage of an assistive robot could lead to dependence, 
unfamiliarity with technologies, views of robots as a local 
threat and concerns about loss of control.26 32 34 Age, 
high workload and qualification level of health profes-
sionals were described as additional factors relevant to 
acceptance.32 34 39 Ethical issues included the fear that 
personal human interaction would be replaced by action 
carried out by robots,30 33 the fear of decreased social 
contact,23 25 29 32 patients’ stigmatisation as being frail and 
dependent when using robotic devices,25 28 32 the fear of 
the dehumanisation of society,29 32 39 privacy issues (eg, 
invasion of privacy, risk of surveillance, feelings of being 
followed and watched and low data security)25 28 32 39 and 
the fear that the robots compromise capabilities and thus 
have negative effects on health.25 28 32

Implementation
Within the domain of implementation agents, the fear 
that robots would replace staff emerged.23 26 39 The main 
barriers to implementation outcomes were reports that 
actual abilities did not meet expectations24 28 38 and tech-
nical barriers that were experienced during implementa-
tion (eg, malfunctions and miscommunication between 
the machine and user).23 26 30 32 34 37 38

Setting
Barriers within the setting domain included sound issues 
(eg, fear of noise or loud sounds).24 30 The robotic device 
not being adapted to the intended environment (eg, it 
was too large, or movement pattern did not fit in the 
setting) and the technology failing in certain locations 
were seen as barriers as well.24 28 37

DISCUSSION
The overall aim of this review was to describe barriers 
to and facilitators of implementing robotic systems in 
nursing care to gain a better understanding of what is 

needed to successfully implement robotic systems in 
nursing.

Barriers
Barriers to implementation were most frequently asso-
ciated with implementation outcomes, socioeconomic 
and ethical domains, whereas facilitators were predomi-
nantly within the sociocultural, implementation process, 
implementation strategies and epidemiological domains. 
However, overall, study quality was low, and implemen-
tation during pretests, pilot or evaluation studies or in 
practice was not comprehensively reported. Therefore, 
the results must be interpreted with caution and in light 
of the quality of evidence.

An important barrier to implementing robotic systems 
is the high costs of most systems, which make them unaf-
fordable both for individuals and for institutions.3 It is 
still unclear and must be discussed at societal and polit-
ical levels whether these costs can be covered by health 
insurance or federal social care systems. However, a 
serious discussion about reimbursement policies needs 
more information, in particular about the clinical effec-
tiveness and cost-effectiveness of robotic systems based on 
high-quality systematic research that takes into account 
the complexity of interventions and follows established 
methodological guidelines, such as the Medical Research 
Council framework. None of the included studies used 
such frameworks.

The adoption of robotic systems in real-life scenarios 
crucially depends on their acceptance.40 41 Other 
researchers identified several variables that influence 
acceptance: age, gender, needs, previous experience 
with technology/robots, cognitive ability and education, 
culture and role of healthcare professionals. Negative atti-
tudes towards robots negatively affect uptake,42 43 which is 
in line with our findings.

Closely related to the topic of acceptance are ethical 
barriers towards implementation. The risk of isolation 
and reduction in social contact, a loss of control and 
privacy issues have been reported in the literature.44 45 
Additionally, the lack of reliability of technical devices has 
already been investigated.3 Those ethical barriers must 
be carefully considered during implementation in pilot 
studies as well as in effectiveness studies. There is already 
a demand for a standardised ethics code, which could 
play a major role in upcoming funding opportunities.46

The fear of healthcare professionals being replaced by 
robots is a major barrier for implementation. Although 
there is a broad societal understanding that robotic 
systems are not intended to replace personal interaction 
in health and social care, these fears have to be taken seri-
ously in any phase of research.47 48 The implementation of 
innovations is difficult when the actual outcomes do not 
meet users’ expectations. To overcome this barrier, discus-
sions about possible functions and limitations should start 
early and follow an iterative process to involve individual 
perceptions and to moderate expectations.49
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A lack of confidence in the safety of a device itself and 
the need for external experts for system setup or program-
ming and operation have been criticised by previous 
research. However, most studies reported on projects 
that were still in the development stage using systems that 
were not fully functional.3 Future studies must investigate 
whether these issues persist or whether further develop-
ments are able to adequately address user experience 
and safety perception. Further research must also be 
conducted on the identified environmental barriers, such 
as the overall noise level or spatial arrangement.

Facilitators
In health and social care, different stakeholders with 
very different requirements may interact with robotic 
systems.50 To address these different perspectives, a 
detailed, comprehensive and tailored needs assessment 
must be carried out, which might ensure meaningful 
implementation. The need for such assessment is effec-
tively paraphrased in guidelines for user integration in 
ambient assisted living projects: ‘Determining actual user 
needs instead of merely guessing or generalising can 
make the difference between a real innovation for users 
or simply an interesting technical development for the 
shelf’.51 Users should be more involved in the develop-
ment process and receive adequate training and informa-
tion prior to implementation.

Strengths and limitations
This review has some limitations. First, the quality of the 
included studies is rather low, and all results must there-
fore be interpreted cautiously. Second, the inclusion of 
all research designs makes comparisons between studies 
difficult. However, we aimed to comprehensively cover 
and summarise the state of research to inform the devel-
opment of appropriate strategies for the implementation 
of robotic systems in nursing. Thoroughly developed inte-
grative reviews are known to have the potential to facili-
tate the development of evidence-based practice.15

CONCLUSIONS
This review summarises potential barriers to and facilita-
tors of implementing robotic systems in nursing, which 
were identified in the dimensions of the Context and 
Implementation of Complex Interventions framework. 
Future research on robotics in nursing must account for 
the complexity of interventions and make use of rigorous 
research designs which are adequate for the actual devel-
opment stage. The findings of the current review may 
help to develop adequate implementation strategies. 
Such detailed implementation strategies are needed to 
allow the transparent and reproducible implementation 
of robotic systems in pilot and feasibility studies, which 
provide the basis for developing high-quality randomised 
controlled trials that can lead to a well-informed discus-
sion regarding the use of robotics in nursing among 

patients, healthcare practitioners, politicians and the 
public.
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