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Abstract

Background: Intelligent physical robots based on artificial intelligence have been argued to bring about dramatic changesin
health care services. Previous research has examined the use of intelligent physical robotsin the health care context from different
perspectives,; however, an overview of the antecedents and consequences of intelligent physical robot usein health careislacking
in the literature.

Objective: In this paper, we aimed to provide an overview of the antecedents and conseguences of intelligent physical robot
use in health care and to propose potential agendas for future research through a systematic literature review.

Methods: We conducted a systematic literature review on intelligent physical robots in the health care field following the
guidelinesof PRISMA (Preferred Reporting Itemsfor Systematic Reviewsand Meta-Analyses). Literature searcheswere conducted
in 5 databases (PubMed, Scopus, PsycINFO, Embase, and CINAHL) in May 2021, focusing on studies using intelligent physical
robotsfor health care purposes. Subsequently, the quality of theincluded studieswas assessed using the Mixed Methods A ppraisal
Tool. We performed an exploratory content analysis and synthesized the findings extracted from the included articles.

Results: A total of 94 research articles were included in the review. Intelligent physical robots, including mechanoid, humanoid,
android, and animalistic robots, have been used in hospitals, nursing homes, mental health care centers, laboratories, and patients
homes by both end customers and health care professionals. The antecedents for intelligent physical robot use are categorized
into individual-, organization-, and robot-related factors. Intelligent physical robot use in the health care context leads to both
non-health-related consequences (emotional outcomes, attitude and evaluation outcomes, and behavioral outcomes) and
consequences for (physical, mental, and social) health promotion for individual users. Accordingly, an integrative framework
was proposed to obtain an overview of the antecedents and consequences of intelligent physical robot use in the health care
context.

Conclusions: Thisstudy contributesto the literature by summarizing current knowledge in thefield of intelligent physical robot

usein health care, by identifying the antecedents and the consequences of intelligent physical robot use, and by proposing potential
future research agendas in the specific area based on the research findings in the literature and the identified knowledge gaps.

(J Med I nternet Res 2023;25:€39786) doi: 10.2196/39786
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Introduction

Background

With the development of artificia intelligence (Al), physical
robots with intelligent capabilities based on Al (hereinafter
intelligent physical robots) have been applied in the health care
context to expand the digitization of health care work processes
and increase the use, fairness, and cost-effectiveness of health
care services, such as in smart health care services [1,2],
including telemedicine [3], ambient-assisted living [4],
intelligent health management [5], psychotherapy [6], and
companionship [7].

Theuse of intelligent physical robots has attracted the attention
of scholars, and various studies have examined the use of
intelligent physical robotsin health care from different angles.
For instance, some studies have investigated the use of
intelligent physical robots from the perspective of
anthropomorphic design and features[8], socia interaction[9],
personality [10], and intelligence function [11] in various health
care contexts, such as nursing homes [12], hospitals [13],
psychiatric clinics [14], and patients homes [15,16]. Another
research stream has mainly investigated how robot use affects
individuals, such as users mood and behavior [17], user
attitudes toward robots [18], and health promotion [19,20].
Although prior studies provide an understanding of intelligent
physical robot usein health care, each study only examinesthe
topic from a specific point of view. A couple of studies have
attempted to provide an overview of robots in the health care
context, but these studies have focused on either specific health
care contexts or specific robot devices[21]. For instance, Sarker
et a [21] reviewed the literature to identify how intelligent
robots can help health care professionals fight the COVID-19
pandemic, whereas Vélez-Guerrero et al [22] focused on
Al-based wearable robotic exoskeletons for rehabilitation by
reviewing relevant articles. These studies failed to provide an
overview of the use of intelligent physical robotsin the general
health care context.

In addition, prior literature has stated that it is important to
understand the antecedents and consequences of innovative IT
useto improve both user acceptanceand I T performance[23,24].
Thus, it isimperative to obtain an overview of the antecedents
and consequences of intelligent physical robot use in health
care based on a literature review, which will provide
state-of-the-art knowledge for both scholars and practitioners.

To fill this research gap, we aimed to provide an overview of
the research on the use of intelligent physical robots in health
carethrough asystematic literature review, especially to identify
its antecedents and consequences. In addition, we aimed to
identify the potential future research agendas in the field to
guide scholars' future research in the field.

Related Work

A widely used definition of arobot is provided by Nejat et a
[25]: autonomous or semiautonomous artificial objects and
devices programmed to act and perform tasks in their
environment. Depending on the nature of the embodiment,
robots can be divided into physical robots with visually
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observable bodies (eg, the humanoid robot Pepper and the
animal-like robot Paro) and internet-based robots generated
through computer algorithms that respond to users in natural
language (eg, chatbots and animation robots). Many studies
have shown that physical robots are more expressive than
internet-based robots in terms of interactive functions and
physical embodiment [26,27]. From afunctional point of view,
theintelligent capabilities of physical robotsare mainly reflected
in three aspects: (1) perceiving surrounding informational and
environmental changes, (2) thinking and learning, and (3)
handling various complex tasks autonomously and proactively
[28].

Some research has focused on the use of intelligent physical
robotsat theindividual level, such asamong patients and health
care professionals. Fasola and Matari¢ [29] investigated the
intrinsic motivations for older adults to engage in physical
exercise using socially assistive physical robots and found that
users perceptions of the enjoyment, usefulness, helpfulness,
social attraction, and socia presence in robot use motivated
their use. Kuo et a [30] identified gender differencesin patients
attitudes and reactions toward intelligent physical robots in
home care centers. Chang et a [31] examined how intelligent
physical robots can reduce nurses workloads and turnover
intentions in hospitals. Mettler et a [32] found that different
professionals' acceptance of and resistance to physical service
robots are determined by their shared beliefs and concerns as
well as their perceived affordance of physical service robots.
Some studies have al so found that robot designisclosely linked
to individuals use of robots in health care, such as
anthropomorphism, social capabilities, and intellectual
capabilities[33,34]. Meanwhile, some studies haveinvestigated
the use of intelligent physical robots from an organizational
point of view. For example, Lee et a [35] found that
management support facilitated the adoption of intelligent
physical robots in an organization. Intelligent physical robots
have also been found to be an effective means for hospitals to
improve cost-effectiveness and health care service delivery
[36,37].

Although prior studies offer important insights into intelligent
physical robot use in health care, these studies have mainly
provided knowledge of its antecedents and consequences from
different perspectives and cannot yet provide an overview of
itsusein health care, which givesriseto the need for this study.

Methods

Overview

We conducted a systematic literature review following the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines. The details of the PRISMA
guidelines are presented in Multimedia Appendix 1 [38]. The
literature review comprised the following steps: (1) database
search; (2) eligibility criteria; (3) study selection and screening;
(4) quality appraisal of studies; and (5) dataextraction, analysis,
and synthesis.

JMed Internet Res 2023 | vol. 25 | €39786 | p. 2
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Database Search

We conducted database searches in the PubMed, Scopus,
PsycINFO, Embase, and CINAHL electronic databasesin May
2021. These 5 electronic databases in health, nursing,
biomedicine, and psychology were selected to search for eligible
studies aswidely as possible. The following search termswere
used to search titles and abstracts of articles and to find

Textbox 1. Databases and search terms.
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subject-specific articles for the literature review: “healthcare,”
“health care,” “nursing, robot*,” and “bot.” The search string
had wide coverage to avoid missing any research of interest. In
our search, there were no restrictions on publication time or
study design. Studies published in languages other than English
were excluded. The search strategy for each database is shown
in Textbox 1, and the detailed explanation of these search
strategies is provided in Multimedia Appendix 2.

[bot(Title/Abstract)])

[*bot])

. PubMed: ([(healthcareTitle/Abstract]) OR (“hedlth care’[Title/Abstract])] OR [nursing(Title/Abstract)]) AND ([robot* (Title/Abstract)] OR

. Scopus: (TITLE-ABS [hedthcare] OR TITLE-ABS [“hedlth care’] OR TITLE-ABS [nursing]) AND (TITLE-ABS [robot*] OR TITLE-ABS

o PsycINFO: (abstract [health care] OR abstract [“health care’] OR abstract [nursing]) AND (abstract [robot*] OR abstract [* bot])
.  Embase: robot*:ab,ti OR (bot:ab,ti AND healthcare:ab,ti OR “health care”:ab,ti OR nursing:ab,ti
o  CINAHL: (AB [hedlthcare] OR AB [“health care’] OR AB [nursing]) AND (ABS[robot*] OR AB [*bot])

Eligibility Criteria

Studies were selected for this literature review according to the
following inclusion criteria: (1) studies examining at least 1
physical robot with intelligent capabilities to assist users in
completing tasks; (2) studies examining robots for health care
purposes, which means they aim to use robots to promote or
monitor health, to assist in tasks that are difficult to perform
because of health problems, or to prevent further health decline
[39]; (3) peer-reviewed, full-length articles published in journals,
conferences, and books; and (4) studies published in English.

Some studieswere excluded from thisliterature review because
of the following reasons. (1) studies were not published in
English; (2) studieswereincomplete or non—peer-reviewed; (3)
studies examining robots without embodied physical appearance
(eg, conversational agents, robotic process automation, and
robotic software); (4) studies examining robots without
intelligent capabilities, including robots mainly for automation
that allow users to choose from predefined options or robots
that cannot adapt to dynamic and uncertain environments; (5)
studies examining the design and development of robotswithout
the actual use implementation and eval uation of robots; and (6)
studies in which robots were not implemented for the purpose
of health care (such as using robots to promote or monitor
health, to assist in tasks that are difficult to perform owing to
health problems or to prevent further health decline).

Study Selection and Screening

All relevant studies identified by database searches were
downloaded and stored in the reference management software
EndNote (version X9; Clarivate), which automatically
eliminated duplicates. Initial selection of the studies was
performed independently by the first and second authors by
screening the titles and abstracts of the identified articles. All
disagreements were resolved through discussion. In a second
screening step, the full texts of the relevant articles were
independently examined by the first and second authors
according to the inclusion and exclusion criteria. All
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disagreements were resolved with joint discussion and final
agreement between the 2 authors.

Quality Appraisal of Studies

To evaluate the methodological quality of the studies, the first
and second authors appraised the quality of the selected articles
independently according to the Mixed Methods Appraisal Tool
(MMAT; version 2018) [40], which can be applied to evaluate
empirical studiesusing 5 different research methods: qualitative
methods, quantitative randomized controlled tria's, quantitative
nonrandomized trias, quantitative descriptive methods, and
mixed methods. Each category isassessed by 5 different quality
parameters, with final scoresof 1to 2=low quality, 3=moderate
quality, or 4to 5=high quality. All disagreementswere resolved
through discussions between the first and second authors.

Data Extraction, Analysis, and Synthesis

Thefollowing information was extracted for each eligible article
by thefirst and second authors: publication type, titles, authors,
publication year, research method, theoretical base, robotic
platform, context, and main findings. Any disagreement was
resolved through a discussion with the entire research team.

We aimed to provide an overview of the antecedents and
consequences of intelligent physical robot use in health care.
Asthere was no existing theory to serve as aframework for our
study, we performed an exploratory conventional content
analysis[41] to analyzetheincluded articles. We captured alist
of terms or phrases regarding the antecedents or the
consequences of intelligent physical robot use based on our
reading of the included articles and coded them. We first
conducted the coding based on our reading of 15 articles and
set up the preliminary codes. Next, we coded the remaining
articles using these codes. We added new codes when wefound
new antecedents or consequences that were not in the existing
codes.

The codes of the antecedents and the consequences of intelligent
physical robot use were sorted into categories based on their
characteristics, and a hierarchical structure of the antecedents
and the consequences was established to guide the synthesis of
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the findings from the included articles. Specificaly, the
antecedents were categorized into individual-, organization-,
and robot-related factors, and the consequences consisted of
both non-health-related consequences and consequences for
health promotion. The non-health-related consequencesinclude
emotional outcomes, attitude and evaluation outcomes, and
behavioral outcomes of technology use, whereas the
consequences for health promotion include physical health
promotion, mental health promotion, and social health
promotion. Finally, we discussed and finalized the results of
the data synthesis.

Results

Overview

This section includes a description of the articles included in
this study, the quality assessment of these included articles, the
publication year, and the publication sources of these included
studies. We have summarized the applied research methods and
theories, research contexts, robotic devices, and target usersin

Huang et a

these studies. Finadly, we synthesized the antecedents and
consequences of intelligent physical robot use in health care
based on the included studies and proposed an integrative
framework for the antecedents and consequences of physical
robot use in health care to provide an overview of physical
intelligent robot use in health care based on the findings of the
included studies.

ArticlesIncluded in the Review

Figure 1 shows the PRISMA flowchart for the study selection
process. Initialy, the database search identified 8059 articles.
Some articles were duplicated in different databases. After
removing the duplicate articles retrieved from different
databases, 5365 entrieswereleft. Of the remaining 5365 articles,
5224 (97.37%) articleswere excluded from theliterature review
after title and abstract screening as they did not meet the
eligibility criteria to be included in this study. After full-text
screening of the 141 remaining articles, 47 more were excluded.
Thus, 94 articles were included in this systematic review. The
details of the 94 selected articles are provided in Multimedia
Appendix 3 [3-6,10-18,20,30-37,42-113].

Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) flowchart.

5 Records identified through the 5 databases
§ N=8059 (in total)
= Scopus: 4361, PubMed: 1342, PsycINFO 275, Embase: 1551, and
- CINAHL: 530
) Records after duplicates
_%" removed n=5365
@
P -
3 Records (title and abstract) N Records excluded n=5224
__J screened n=5365
g ™ l
- Records excluded with reasons
% Full-text articles assessed for N n=47
) eligibility n=141 (1) Robot without intelligent
e capability n=17
h g l (2) Not health care purpose n=8
(3) No implementation or
= evaluation of robots n=12
3 Articles included in the (4) No full text available n=7
2 review n=94 (5) Duplicate n=3

We performed a methodological quality assessment of the 94
included studies using the MMAT. Among these 94 studies, 62
(66%) wererated as high quality, 24 (26%) as moderate quality,
and 8 (8%) as low quality. Although these 8 studies have
methodological limitations, they provided some new insights
in some specific research contexts regarding intelligent physical
robot use, such as in cognitive interventions and physical
rehabilitation, which have been rarely covered by other studies.
Thus, weincluded the 8 articleswith low methodological quality
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in this systematic literature review. The details of the quality
assessment are provided in Multimedia Appendix 4
[3-6,10-18,20,30-37,42-113].

The 94 articlesincluded in the literature review were published
between 2009 and May 2021 (Table 1). Morethan half of these
articles were published after 2017. Among them, 66% (64/94)
were published in journals and the rest in proceedings of
international conferences.
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Table 1. Distribution of articles by publishing year (to May 2021; n=94).

Huang et a

Publication year Publications, n (%)
2009 2(2)
2010 3(3)
2011 3(3)
2012 2(2
2013 9(10)
2014 10 (1)
2015 6 (6)
2016 3(3)
2017 11 (12)
2018 10 (12)
2019 10 (11)
2020 18 (19)
2021 7(7)

Resear ch M ethods, Theories, and Contexts Applied in
the Included Studies

With regard to the methods used in the included studies, the
experiment was the dominant research method; 55% (52/94) of
studies opted for an experimental approach. Surveys (16/94,
17%), interviews (10/94, 11%), and mixed methods (10/94,
11%) were also used to gauge the representativeness of
individual views and experiences, accounting for 38% (36/94)
of the included studies. Among the studies that applied mixed
methods, 30% (3/10) used focus groups and questionnaires,
60% (6/10) used interviews and questionnaires, and 10% (1/10)
used Q-methodology, which combines qualitative and
guantitative data analysis methods. Some studies applied case
studies (3/94, 3%), observational studies (2/94, 2%), and
ethnographic methods (1/94, 1%).

Different theories have been applied in these included studies
to investigate robot use in the health care context. Two popular
technology use models, the technology acceptance model and
the unified theory of acceptance and use of technology, have
been widely applied in some studies to investigate the use of
robots in the health care context [15,42-45]. In addition, other
theories regarding user behavior, such as applied behavior
analysis [46], the theory of planned behavior [47,48], IT
affordance[32], and activity engagement theory [49], have been
used to explain user behavior regarding robot use. In mental
health contexts, some psychology-related theories have been
applied to understand robot use from apsychological viewpoint,
such as the theory of mind [44,45], emotional well-being [50],
emotional appraisal [51], and the capability approach [52].
Moreover, some studies have applied nursing-related theories
to investigate the use of robots from a health care professional
perspective, such asthe transactive rel ationship theory of nursing
[53], professional task engagement [31], job satisfaction [31],
and person-centered care [14].

Robots have been widely studied in care facilities, including
older carefacilities[12,54,55], long-term carefacilities[13,50],
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and mental care facilities [56,57]. The use of robots in
professional medical contexts has also been studied, such asin
hospitals[31], outpatient clinics[58], and simulation laboratories
[49]. Health care robots serving residents and their caregivers
in retirement villages [20] and communities [59] are popular
contexts in the included studies. Several studies have
investigated the use of health carerobotsin participants homes
[30,60] and universities [61]. Multimedia Appendix 5
[3-6,10-18,20,30-37,42-95,97-113] describes the contexts of
theincluded studies.

Robaotic Devicesand Target Users

As shown in Multimedia Appendix 6 [3,5,6,10,12,
14,16,17,20,30,33,34,36,37,42,45,46,49-54,56-59,61-64,66- 71,73,
74,77,78,83,85-88,90-101,103,105-107,109,111], atotal of 33
different robotic platforms were investigated in the included
studies. Among them, the most popular robotic platforms are
Pepper, Paro, Nao, iRobiQ, and Healthbot. These robots are
usualy equipped with a variety of sensors to support their
performance of different functions, such assight, sound, balance,
and touch [65,66,114,115]. In terms of their physical
characteristics, these robotic devices can be divided into
mechanoid, humanoid, android, and animalistic.

Twelve of the robotic devices mentioned in 18% (17/94) of the
included studies were mechanoid robots, which were described
as having a mechanical appearance and no overtly human-like
features, such asakiosk with a screen [116]. For example, Lio
looks like arobotic arm placed on top of amobile platform and
can provide humanswith daily life assistance such as navigation,
grasping, and monitoring [88].

In addition, 21% (20/94) of studies investigated the use of
animalistic robots. These animal-like robots have a cute
appearance and are mainly used for psychological and emotional
interventions for older patients with mental illnesses. For
example, arobotic baby seal named Paro has been widely used
to accompany and help older people with cognitive and
psychological impairments [56,57].
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Among theincluded studies, 28% (26/94) of studiesinvestigated
humanoid robots, which usually have physical structures and
movement patterns similar to those of humans [62,63].
Furthermore, 4% (4/94) of studies examined the use of android
robots, which have amore realistic human-like appearance than
humanoid robots[10,16,51,64].

Thetarget users studied in theincluded articles can be classified
into 2 types: end customers and professionals. Specifically,
regarding end customers, 40% (38/94) of studies investigated
robot use among older adults, such as the impact of robots on
their physical health [12], cognitive health [55], and quality of
life[3]. In addition, 21% (20/94) of studies emphasized patients
as end customers, such as hospitalized patients (4/94, 4%)
[10,13,34,36], people with cognitive impairment (10/94, 11%)
[54], children with chronic diseases (4/94, 4%) [46,59,65,105],
and peoplewith limited arm or leg mobility (2/94, 2%) [66,100].
Furthermore, 14% (13/94) of studies investigated the general
public's awareness of heath care rabots, including healthy
adults (5/94, 5%) [5,12,16,30,49,80] and university students
and employees (8/94, 9%) [10,48,51,61,64,68,71,104]. Overall,
4% (4/94) of studies focused on patients relatives
[75,97,105,111]. Hedlth care professionalsinclude nurses (20/94,
21%) [31], personal care and home care workers (16/94, 17%)
[43], medical doctors (5/94, 5%) [6,15,18,32,44], management
personnel (11/94, 12%) [32], and other staff (8/94, 9%)
[11,15,18,44,67,70,72,76].  Multimedia  Appendix 7
[3-6,10-18,30-37,42-59,61-87,89-113] presents details of the
target usersin the included studies.

Antecedents of the Use of Robotsin Health Care

Overview

Of the 94 included studies, 37 (39%) investigated the factors
of end customers and hedth care professionals from an
individual perspective, which were listed as individual-related
antecedents. In total, 13% (12/94) of studies investigated the
internal characteristics or resources of health care organizations
from an organizational perspective, and these were listed as
organization-related antecedents;, 21% (20/94) of studies
investigated the design and technical characteristics of robotics
applications from a technology developer perspective, which
werelisted asrobot-related antecedents (M ultimedia A ppendix
8[3-6,10,11,14,16,17,20,30,32-36,42-45,48,51-53,56,61,63,64,
66-68,71-76,80-89,92,102-104,112]).

Individual-Related Factors

In the health care context, the use of robots is influenced by
demographic, psychological, and experience-related factors of
individual users, including both end customers and health care
professionals [68-76].

Overall, 10% (9/94) of studies investigated the influence of
demographic factors, including age, gender, nationality, and
education, on robot wuse in health care
[30,43,44,68,71,72,75,76,85]. Specificaly, 4% (4/94) of studies
reported that male and highly educated end customers are more
likely to accept intelligent physical robots in health care
[30,68,71,85], whereas 3% (3/94) of studies found that female
health care personnel tend to have more concerns about the
technology and safety issues surrounding robot use [44,72,76].

https://www.jmir.org/2023/1/e39786
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The findings of 3% (3/94) of other studies have shown that
young end customers have amore positive attitude toward health
care robots [30,44,68]. Furthermore, nationality was found to
have a significant impact on end customers and health care
professionals opinions and preferences regarding the design,
function, and roles of intelligent physical robots in health care
in 2% (2/94) of studies[43,75].

In total, 31% (29/94) of studies examined the impact of
psychological factorson robot use. Fifteen studiesreported that
end customers' psychological states (eg, preinteraction emotions,
motivations, and attitudes) could affect their willingnessto use
intelligent physical robots in health care [17,45,73,74]. End
customers perceptions, such as perceived intelligence,
anthropomorphism, safety, usefulness, and ease of use, were
found to lead to human-robot interaction in 6% (6/94) of studies
[5,6,20,45,68,77]. Thefindings of 13% (12/94) of studies have
shown that health care professionals emotions, attitudes, and
ethical perceptions are associated with their use of robotsinthe
workplace [44,53,78-81].

Overal, 9% (8/94) of studies examined the impact of
experience-related factors on the use of robots
[20,35,44,45,72,76,82,83]. Specifically, 3% (3/94) of studies
found that end customers experiences of using intelligent
physical robots or of exposure to intelligent physical robots
influencetheir acceptance of intelligent physical robotsin health
contexts[20,45,82], whereas the findings of other 5% (5/94) of
studies showed that hedth care professionals working
experience with innovative technologies or robotics and their
managerial experience are positively associated with their
acceptance of intelligent physical robots at work
[35,44,72,76,83].

Organization-Related Factors

In addition to individual factors, 13% (12/94) of studies have
analyzed the environment- and resource-rel ated antecedents of
robot use at the organizational level to examine physical
intelligent robot use in various health care organizations.

In total, 5% (5/94) of studies examined the impact of
environment-related factors on physical intelligent robot use
among end customers and hedth care professionas
[14,32,33,84,102]. For instance, 3% (3/94) of studiesfound that
building structure, layout, and decoration with regard to robot
use are associated with health care professionals’ acceptance
of intelligent physical robotsin hospitalsand older carefacilities
[32,33,84]. Overall, 2% (2/94) of studies reported that the
atmosphere (such as lower noise levels, comfortable room
temperature, and balanced lighting) in which intelligent physical
robots are used in mental carefacilities and hospitals can affect
both nurses’ and patients' emotionsin robot use aswell astheir
use experience [14,84].

Moreover, 14% (13/94) of studies highlighted the role of
resource-related factorsin explaining intelligent physical robot
use among health care professionalsin health care organizations.
Specifically, 4% (4/94) of studies found that top management
support could create a positive environment for intelligent
physica robot use among hedth care professionals
[44,72,83,112]. In total, 6% (6/94) of studies reported that
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personnel readiness factors, such as training and upskilling of
personnel, could affect intelligent physical robot use among
health care professionas [14,35,44,67,83,104]. Overal, 3%
(3/94) of studiesdiscussed that I T infrastructure (eg, Bluetooth,
helpdesk availability, and Wi-Fi connection) could be an
important factor affecting health care professional s’ willingness
to accept and use robots in work, thus facilitating the optimal
operation of health care services [32,83,84].

Robot-Related Factors

Among the included studies, 21% (20/94) of studies have
examined physical intelligent robot use in various health care
organizations from the perspective of robots, mainly from the
characteristics of the design and functions of intelligent physical
robots, such as anthropomorphism, appearance, intelligence,
and voice.

In total, 18% (17/94) of studies examined the effects of robot
design on intelligent physical robot use among end customers
and health care professionals. Specificaly, 7% (7/94) of studies
discussed how the appearance (such as anthropomorphism, body
size, gender, and ethnicity) of intelligent physical robots affects
the acceptance of intelligent physical robots in various health
care services among end customers [16,34,48,61,85,86,112].
Overall, 10% (9/94) of studiesreported that arobot’sempathetic
voice, humor, or extroverted personality could positively
influence its use among end customers and personal care
workers[6,10,48,61,63,64,67,87,88].

In total, 10% (9/94) of studies investigated how the functions
of intelligent physical robots affect their use among end
customersand health care professionals. Specifically, 6% (6/94)
of studies found that the cognitive, navigation, interactive
capabilities, and automatic response of intelligent physical
robots could lead to end customers and heath care
professionals' satisfaction with the robots [10,33,74,83,87,88].
Overall, 3% (3/94) of studies discussed the negative impact of
software failures (such as technical language issues, operating
noise, and sensor failure) on hedth care professionas
experience of intelligent physical robot use [56,84,89].

Consequences of Robot Usein Health Care

Overview

Intelligent physical robots in health care could lead to both
non-health-related (emotional outcomes, attitude and evaluation
outcomes, and behavioral outcomes) consequences and
consequences for (physical, mental, and social) health
promotion. Of the 94 included studies, 72 (77%) examined
users emotional outcomes, attitude and evaluation outcomes,
and behavioral outcomes in intelligent physical robot use
(non-hedlth-related consequences) and 39 (41%) studies
investigated how intelligent physical robots can promote end
users physical, mental, and social health (consequences for
health promotion; Multimedia Appendix 9 [3-6,10-17,
20,30-37,43,46,48-50,52-63,65-76,82,83,85-105,107-113]).

Non—Health-Related Consegquences

The emotional outcomes investigated in 9% (8/94) of studies
have shown that end customers and health care professionals
could have positive emations when interacting with intelligent
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physical robots, such as pleasure [90], satisfaction [13,31],
likeahility [5], and enjoyment [71,91]. Meanwhile, 2% (2/94)
of studies mentioned patients' wariness when encountering the
humanoid features of intelligent physical robots [34,61].

Furthermore, 46% (43/94) of studies examined end customers
and health care professionals' attitudes and eval uation outcomes
regarding intelligent physical robot usein health care, showing
mixed findings [87,89]. Specifically, 27% (25/94) of studies
reported positive attitudes [48,89] and acceptance [4,58] of
intelligent physical robotsin health care. Some negative opinions
and concerns about robots’ appearance, limited capability, and
social and ethical implications have also been reported among
end customers and health care professionalsin 17% (16/94) of
studies [74,75,83,86]. Moreover, 18% (17/94) of studies have
reported user preferencesfor particular robot functions (eg, fall
detection, cleaning, and medication reminders) and design (eg,
humanoid appearance and socia capability) [12,35].

In total, 48% (45/94) of studies examined the behaviora
outcomes of intelligent physical robot use, including willingness
to use, willingness to interact, frequency and duration of use,
task performance, and response and engagement with robots.
Specifically, 14% (13/94) of studiesinvestigated the willingness
to use or interact with intelligent physical robots among end
customers and health care professionals[89,95], 10% (9/94) of
studies examined the frequency and duration of robot use among
end customers[36,55,58,67,71,92,96,109,111], and 10% (9/94)
of studies have explained how intelligent physical robot use
could help end customers and health care professionalsimprove
their performance regarding different health care tasks, such as
health data collection, rehabilitation exercise, and cognitive
games[12,13,46,62,66,82,91,101,109]. In addition, 21% (20/94)
of studies have examined end customers and health care
professionals' responses and engagement with robots from a
multifaceted view [83,98].

Consequences for Health Promotion

Intotal, 41% (39/94) of studiesreported that intelligent physical
robot use could promote end customers’ health and well-being
from the perspectives of physical, mental, and social health.
Furthermore, 13% (12/94) of studies reported physical health
promotion with intelligent physical robot use among end
customers, including improvement of physical health medication
adherence, rehabilitation prompts, and independent life among
patients [3,20,92]. For instance, 3% (3/94) of studies
investigated how intelligent physical robot use could help with
patients use of medication (eg, anodynes or adazines)
[3,20,99]. Another 3% (3/94) of studies examined how older
adults can successfully engage in and complete rehabilitation
exercises under the guidance of intelligent physical health care
robots[12,53,92]. Moreover, 6% (6/94) of studies reported that
intelligent physical robots could perform somedaily living tasks
for older patients (such as heavy lifting, logistics, and safety
detection) and some basic nursing tasks (such as measuring
vital signs and medication delivery), which could improve the
ability and quality of independent living for peoplewith chronic
diseases or mobility impairments [6,68,82,93,105,109].

In total, 21% (20/94) of studies reported mental health
promotion with intelligent physical robot use among end
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customers from different perspectives. Of these, 6% (6/94) of
studies examined mental health promotion from the perspective
of improving medication adherence [3,20,54,56,99,100] and
5% (5/94) of studies from the perspective of monitoring and
improving mood changes in adult patients with mental health
problems [10,17,57,59,107]. In addition, 5% (5/94) of studies
investigated how intelligent physical robots can enhance the
cognitive capabilities of children with autism [46,49,57,98,101].
Furthermore, 13% (12/94) of studies examined how intelligent
physical robots could be applied in interventions to alleviate
the behavioral and psychological symptoms of dementia, such
as improving anxiety, agitation, and depression [20,100,102],
as well as providing distractions and interrupting problematic
behaviors [74]. However, 1% (1/94) of studies also indicated
that the therapeutic effects of robotic intervention cannot be
maintained over time [55].

Furthermore, 16% (15/94) of studies examined how intelligent
physical robot use in health care can promote social health. For
instance, 4% (4/94) of studiesfound that older patientsimproved
their engagement in group activities guided by intelligent
physical health carerobotsin an older carefacility [6,50,92,109)].
Health care robots have also been found to facilitate social
connections between patients and their families, neighbors, and

Huang et a

caregivers in the form of physical contact, eye contact, and
verbal communication in the findings of 7% (7/94) of studies
[55,56,74,94,103,106,107]. Overall, 6% (6/94) of studies
reported that intelligent physical robots can serve as
conversational partnersin daily life, providing end customers
with opportunities to communicate and confide, thereby
alleviating theloneliness of some end customerswho livealone
[6,66,85,94,104,110].

A Framework to Under stand I ntelligent Physical Robot
Usein Health Care

Various antecedents and consequences related to intelligent
physical robot use in health care were identified based on
reviewing the included articles. The factors related to
individuals, organizations, and robots provide a
multidimensional understanding of the factors determining
intelligent physical robot use in health care, and the use of
intelligent physical robots in heath care can lead to both
non-health-related (emotional, attitude and evaluation, and
behavioral) outcomes and consequences for (physical, mental,
and social) health promotion. A theoretical framework to present
a holistic view of these factors is developed (Figure 2), which
could guide future research in the field.

Figure2. Anintegrative framework for understanding intelligent physical robot usein health care.
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homes). The target users of intelligent physical robots in the
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psychologica factors), organizational level (environment and
resources), and robot level (eg, robot design and functions). We
also synthesized the consequences of intelligent physical robot
use for individuas into non-heath-related consequences
(emotiona outcomes, attitude and evaluation outcomes, and
behavioral outcomes regarding technology use) and
consequences (physical, mental, and socia) for hedth
promotion. We proposed an integrative framework of these
antecedents and consequences to obtain a holistic overview of
theintelligent physical robot use in the health care field.

In the health care context, social and psychological factors affect
the use of intelligent physical robots at the individua level,
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including end customersand health care professionals[106,107].
Thesefindings are consistent with prior research findings, which
also found that social and psychological factors affect nurses
and other health care and social care workers' use of physical
robots and internet-based robots [27,117]. Although only 2%
(2/94) of studies examined cultural differences, these studies
do provide evidence of cultural differences in user perception
[43,75]. In addition to user characteristics, the design and
functions of intelligent physical robots are a so important factors
affecting their usein the health care context, which is consistent
with the findings on intelligent physical robot use in other
contexts. For example, the anthropomorphic featuresand designs
of intelligent physical robots have been argued to play important
rolesin explaining robot use among end customersin the context
of hospitality and education [19]. Some organizational factors,
such as the physical environment and relevant resources of
health care organizations, have also been found to beimportant
in intelligent physical robot use [44,83]. Among the included
94 studies, there are fewer studies examining the use of
intelligent physical robots at the organizational level compared
with the number of studiesfocusing on individual users[35,67].

Various norn-health-related consegquences of intelligent physical
robot use in health care were identified in this study, including
emotional, attitudinal, and behavioral outcomes. These findings
provide a rich understanding of the non-health-related
consequences of intelligent physical robot use in health care
among different user groups with various robot use purposes
across different contexts in health care [108,114,118]. The use
of intelligent physical robots in health care could, to some
degree, improve the physical, mental, and social health of
individual users [3,74,90]. These findings are consistent with
theresultsof aliterature review focusing onintelligent physical
robots in care delivery during the COVID-19 pandemic from
an organizational perspective. This review aso found that the
use of intelligent physical robots could promote health during
the COVID-19 pandemic, such as diagnosis, risk assessment,
monitoring, tel ehealth care, disinfection, and service automation
[21]. The findings of this study complement prior research by
providing a view on the potential physical, mental, and social
consequences of intelligent physical robot use among various
groups across different health care scenarios, such asolder care,
emotional health care, cognitive improvement, social
participation, quality of life, and well-being [88,110].

Some studies have mentioned the following challenges and
barriersinintelligent physical robot usein health care: perceived
fear, distrust, and uncomfortable feelings caused by robots
anthropomorphic design, technical barriers, and limited
intelligence capabilities [111]. As Vélez-Guerrero et a [22]
proposed, thereisaneed to improve the weight, operation mode,
and control systems of robotic exoskeletons from the view of
robot design to address certain challenges and barriers related
to robot design. Clearly, more research is needed to address
different challenges and barriers in intelligent physical robot
usein health care and to make intelligent physical robots serve
society in a health care setting.
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Future Research Agenda

Overview

On the basis of our analysis of the included studies, we found
that the literature on intelligent physical robots in the health
care context is still in its nascent stage. Thereis great potential
for the development of research on the conceptualization of
intelligent physical robots and the breadth and depth of
intelligent physical robot usein health care by applying different
research methodology and theoretical bases to explore the
applicationsof intelligent physical robotswith variousfunctions
across different health care contexts. We propose some future
agendasfor research on intelligent physical robotsin the health
care context from conceptual, thematic, methodological, and
technological perspectives.

Conceptual Agenda

Infutureresearch, itisvital to have abroad and comprehensive
conceptual understanding of what an intelligent physical robot
is. Asthe field is till in a nascent state, different terms have
been used to describe similar concepts. With the integration and
development of robots and Al technologies, robots have begun
to be endowed with varying degrees of intelligence, and they
have been called intelligent robots, socia robots, and chatbots
[119]. Thedifferent functions of robots and the diversity of their
use contexts also makeit difficult to have aunified classification
of robots. Therefore, moreresearch isneeded to clearly identify
the distinctions and boundaries between different robots and to
build a clear and consistent conceptual framework to define
them.

Thematic Agenda

Our findings have shown that individual-related,
organization-related, and robot-related factors can affect
individuals acceptance of intelligent physical robots in the
health care context. Previous research has focused more on
exploring the individual-related factors in intelligent physical
robot usein health care, and few existing studies have explored
the organization-related and robot-related antecedents of
intelligent physical robot use in the health care context. In
addition, most studies have focused on the motivations for
intelligent physical robot use, and few have attempted to
examine the barriers to intelligent physical robot use.
Furthermore, previous studies have examined the outcomes of
non—health-related outcomes and health promotion, but there
isalack of studies explaining how humans should interact or
cooperate with robotsin various health care contextsto achieve
these outcomes identified in this study. On the basis of these
findings, we proposed the following thematic agenda.

First, user acceptance of intelligent physical robots in health
care is important for their successful application in the health
care context [109,112,113]. Previous research has focused on
the demographic and socia characteristics of individual users.
Future research needsto consider the barriersto robot use, such
as users privacy, ethics, and risk concerns, and their negative
emotions, which can provide an understanding of robot use by
examining both motivators and barriers.
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Second, future research should consider intelligent physical
robot implementation in health care organizations from the
viewpoint of digital transformation at the organizational level.
Previous research has highlighted the effectiveness and
efficiency of robots in health care services [31,58,62] but has
ignored the digital transformation brought about by intelligent
physical robot implementation in health care organizations. It
is necessary to evauate intelligent physica robot
implementation in health care organizations from a wide
perspective, such asfrom the view of digital transformation, to
evaluate its value in health care.

Third, future research should further investigate the effects of
different anthropomorphic features of intelligent physical robots
on usersin different health care contexts. Previous studies have
examined various aspects of robot design, but thereisalack of
understanding of the relationship between anthropomorphism
and user perceptions, attitudes, and behaviorsin the health care
context. More research is needed to provide knowledge on the
effects of intelligent physical robot design in the health care
context and on how robot use can meet different needs of
different user groups.

Fourth, in the included studies, few have considered how
humans should cooperate with robots to realize their benefits.
Thus, future research should explore human-robot interaction
in intelligent physical robot use to provide knowledge on how
humans could benefit from interacting with these robots. With
thetrend toward robots and humansworking together, we should
consider how to collaborate with intelligent physical robots to
find the right way for humans and robotsto interact in harmony.

Methodological Agenda

To gain a deep understanding of the use of intelligent physical
robots in health care, a variety of research methods should be
applied in future research. For example, big dataanalysis, focus
group interviews, and action research should be considered as
complementary research methods when researching the use of
intelligent physical robotsin the health care context. In addition,
in the dominant quantitative research methods, such as
experimentation and surveys, the sample group should be
expanded to different user groups and should not be limited to
older adults and female caregivers. Furthermore, comparative
and longitudinal studies could be considered in future research
toimprovethediversity and effectiveness of the research design.

Technological Agenda

Futureresearch onintelligent physical robot design in the health
care context should consider the interactive capabilities of robots
in creating anatural and realistic service experience. One of the
important characteristics of intelligent robots is their capacity
for interaction. However, many participants in the included
studies raised concerns regarding the limited interactive
capabilities of robots [5,74]. This not only requires intelligent
robots to improve their perception of humans but also needs
humans to be provided with arich interactive experience. We
suggest exploring how to improve the technological design of
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robots. In addition, future research needs to consider technical
security and data privacy in robot design.

Limitations

It is important to acknowledge the limitations of this study.
First, we searched the articles from 5 databases using some
keywords, which may have limited the selection of articlesand
excluded somerelevant articlesthat did not contain these applied
keywordsin their abstracts and titles or were published in other
databases. Future work could expand the scope of the database
and search terms to include more relevant articlesin literature
reviewsinthefield. Second, 8 studieswith low-quality research
methodologies according to the MMAT were included in the
review. Thus, there might be a potential risk of bias in our
findings based on the literature review. Future research could
consider including only articles with high quality in research
methodologies in literature reviews in the field. Third, some
studies had asmall sample size or included research participants
from a specific geographical area, which may have potentially
affected the data representativeness in our findings. Future
research could consider including articles with a broader
geographical and population diversity. Fourth, this study focuses
on identifying the antecedents and consequences of intelligent
physical robot use in the health care context, and other aspects
related to intelligent physical robots, such as human-robot
interaction and collaboration, are worthy of further research.

Conclusions

Thisstudy has made several contributionsto theliterature. First,
it provides an overview of the antecedents and consequences
of intelligent physical robot use in the health care context by
synthesizing and analyzing the current literature on intelligent
physical robots in the health care context. Specifically, this
study contributes to the literature by identifying
individual-related factors (eg, socia and psychological factors),
organization-related factors (environment and resource view),
and robot-related factors (eg, robot design and function) as
antecedents of intelligent physical robot use and
non-health-related consequences (emotional outcomes, attitude
and evaluation outcomes, and behavioral outcomes regarding
technology use), and conseguences for (physical, mental, and
social) health promotion. Second, this study proposed an
integrative framework to synthesize the antecedents and
conseguences of intelligent physical robot usein the health care
context, which provides scholars with an integrated overview
of the antecedents and consequences of intelligent physical
robot usein the health care context. Finally, theliterature review
helpsidentify some gapsin the research on intelligent physical
robots in the health care context and provides scholars with
some future research directions from the perspectives of
concepts, methodologies, research themes, and robot
technologies. Thus, this study also provides guidanceto scholars
for identifying future research topics regarding intelligent
physical robot use in the health care context, which could
potentially address existing research gaps and improve research
inthefield.
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