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Abstract


Hospital environments are facing new challenges this century. One of the most important is the quality of services to patients. Social robots are gaining prominence due to the advantages they offer; in particular, several of their main uses have proven beneficial during the pandemic. This study aims to shed light on the current status of the design of social robots and their interaction with patients. To this end, a systematic review was conducted using WoS and MEDLINE, and the results were exhaustive analyzed. The authors found that most of the initiatives and projects serve the elderly and children, and specifically, that they helped these groups fight diseases such as dementia, autism spectrum disorder (ASD), cancer, and diabetes.
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1. Introduction


In recent times, the academic community has taken a growing interest in human–robot interaction (HRI), particularly with social robots [1]. This field is dedicated to identifying, creating, and assessing robots and their interactions with people [2]. HRI includes computer science, engineering, psychology, and other areas of study involving these systems and social behaviors [1].



Social robots can help with long-term healthcare services, such as rehabilitation [3] or school attendance [4]; however, access to this technology requires a regulatory and ethical framework in the area of robotics research [3]. Assistive Ambient Living (AAL) supports healthcare services at home with e-tools and projects like ULISSE or ENRICHME, although the use of an interactive robot raises privacy and ethical concerns [5].



During the COVID-19 pandemic, society saw social robots being implemented in real settings and different applications [6]. The lockdown and the various measures adopted in countries, such as physical distancing and isolation, provided an opportunity to apply social robots as assistive tools during the pandemic, specifically in healthcare services [7].



As a result, social robots were crucial in reducing the spread of COVID-19 by performing certain functions like monitoring and supporting patients and healthcare professionals [8]. Furthermore, research has provided evidence that isolation and lockdowns have negatively impacted mental health and wellbeing [9], meaning social robots might be effective in helping and promoting wellbeing during a pandemic [10].



However, there are many unanswered questions involving the design of social robots as concerns their safety and the ethical principles involved in using them in healthcare settings. The research into their main uses and applications in hospitals is also lacking. For these reasons, in this paper, we will try to answer the following questions:



RQ1: How are social robots designed? Are they ethically designed?



RQ2: What are the main uses and applications of social robots in healthcare?



Our first research question involves three perspectives: design, interaction, and ethical issues. It is essential to determine what studies exist on the design of the software and hardware of social robots, so RQ1 seeks to shed light on this issue. Additionally, interaction is an essential ingredient in the development of social robots because they communicate and interact with human beings. RQ2 analyzes only that, while RQ1 addresses concerns involving social robots, with interaction and intelligence aspects being critical [11].



Thus, in this paper, we conduct a systematic review to answer these questions, focusing on the design of social robots and their applications in hospitals. We also provide the context and use of social robots in healthcare, answering the questions of what is being done and how they are being used. In addition, we analyze the ethical component in the design of social robots.



The paper is organized into several sections. Section 2 presents the methodology employed, and the results are presented in Section 3. Section 4 discusses the results in terms of the research questions. Finally, the conclusions are presented to provide a roadmap for designers of social robots for healthcare services.




2. Materials and Methods


2.1. Design


This article focuses on peer-reviewed journal articles and systematic reviews involving social robots and hospitals published between 1 January 1960 and 31 March 2021.




2.2. Databases and Search Strategy


The Web of Sciences WoS and MEDLINE were searched on 11 March 2021. This search was refined in terms of the document type (article or early access or meeting or clinical trial or case report or review), language (English), and research areas (computer science or robotics or automation control systems or engineering or health care sciences services or psychology or social sciences, other topics or geriatrics gerontology or behavioral sciences or medical informatics or oncology or communication or telecommunications or information science, library science or education, educational research or pediatrics or social issues or neurosciences, neurology, or experimental medicine or urology, nephrology). An advanced search was conducted using these terms: (Social Robot * AND hospital *). The flow diagram was created as per the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [12] (see Figure 1).




2.3. Inclusion/Exclusion Criteria for Selecting the Studies


Two filters were used to identify eligible studies and ensure the reliability of the systematic review in the first screening. In the first filter, the three authors, using the consensus agreement [13], applied the first filter by screening eligible articles based on their titles and abstracts. With the resulting articles, each author independently applied the second filter and completed an inclusion/exclusion checklist while screening the titles, keywords, and abstracts resulting from the primary search. A qualitative analysis was conducted using consensus agreement to settle a disagreement in one session [13].



The articles reviewed were screened by title, keyword, and abstract and then classified into three categories: (a) articles or systematic reviews excluded for meeting exclusion criteria; (b) articles or systematic reviews excluded for meeting exclusion criteria but related to the subject; or (c) articles included because they satisfy all the inclusion criteria (Table 1). The full texts of the latter group were analyzed to answer two research questions.





3. Results


This search yielded 329 articles in two databases. After refinement involving document type, language, and research areas (Table 2), 112 articles passed the first screening. Based on the inclusion/exclusion criteria, we excluded 34 documents (23 empirical articles and 11 systematic reviews) with the second filter. Out of a total of 78 documents that were eligible to be read in full, 17 documents (16 empirical articles and 1 systematic review) were excluded after reading the full text for various reasons (13 studies could not be retrieved, 1 was written in a language other than English, 1 chapter, 1 collection of short, popular articles, 1 repeated). The total number of documents included in our review for analysis was 61 (57 empirical articles and 4 systematic reviews) (see Figure 1). Of all the papers analyzed, 22 were indexed in JCR (Q1 = 5; Q2 = 5; Q3 = 8; Q4 =4), one in SJR (Q3), and 32 were published in proceedings.



A bibliometric analysis performed using Bibliometrix (an R-tool) and VOSViewer [14] was carried out on the 112 eligible documents after the first screening, that considered the importance of: 1. The annual occurrences vs. years, 2. Evolution in time of titles and abstract terms, 3. Details of the child cluster, 4. Details of clusters for older people, 5. Healthcare connections, and 6. Factorial analysis corresponding to Multiple Correspondence Analysis (MCA), which yielded four stable factors.



An analysis of the 3198 terms (titles + abstracts) revealed the evolution in time using full counting, with the restriction of a minimum of 10 occurrences per term. Sixty-nine met the threshold. The 60% most relevant terms are shown in Figure 2, a total of 41 terms. For instance, social robotic, information and healthcare appear as terms used more since 2018, Figure 3. A detailed view of the Children cluster allows us to identify specific social robots (i.e., Pleo) and applications in some diseases (i.e., cancer and depression). The same process was used to find another user profile (older adult) (Figure 4). In Figure 5, a binary count was carried out with a total of 323 links and 3 main clusters, one of them being healthcare context. This figure shows the main connections (social robot with study, human robot interaction and assistive robot) as different ways to address healthcare environments from an engineering perspective. Figure 6 also reveals that design and interaction are key topics in defining the areas of expertise of social robots and that the selection of papers can help us answer our research questions.



Two tables are presented below. Table 3 includes the articles identified that address the first research question, while Table 4 contains the articles that address the second research question. Later in the paper, reference is made to how these articles, in some cases, can answer both questions.




4. Discussion


We have found in the literature numerous terms related to social robots such as (1) chatbot, (2) bot, (3) virtual assistant, (4) robot companion, (5) artificial social, intelligent machine, (6) social assistive robots, (7) telepresence robot, (8) remotely operated robot, (9) personal assistant, and (10) autonomous robot. In a way, all of them fall within our scope; the difference among them comes from the fact that some of them combine software and hardware (4–10), while others are usually only software (1–3). [43,60] offer exhaustive and historical reviews of robots. Specifically, in a healthcare context, we found that the most accurate definition is related to the central care concept. Thus, a social robot aims to serve a person in a caring interaction rather than perform a mechanical task [16], and it usually has hardware and software components.



As if this were not enough, there are also other associated terms that are commonly used that range from small, handheld devices like smartphones, to thermostats and pet-like robots, such as Paro or MiRo, all the way to life-sized humanoid robots, such as Nadine or Moxie. This suggests that this undertaking represents a highly variable space [15]. This article provides a technology classification: objects (i.e., a chair), tools (i.e., hammer), machines (i.e., coffee machines), artificially intelligent machines (i.e., smartphone), and artificially socially intelligent machines (i.e., Paro). Our target is the last of these, and sometimes semantics are involved, as we saw in the first paragraph. A series of dimensions is proposed in [15] to describe all of them in more detail: Prior experience/expectations, Automated functionality, Functional Repertoire, Form-function mapping, Size, Human-like form or motion, Socialness, and Intelligence.



When technology is a means to an end, some adaptations involving Lego are used [74] in the robotics program. Cloud computing technology is present too; Google and Microsoft have released chatbot health-platform services that are usable in everyday life [75].



The control of one’s actions and their consequences, or the sense of control, is called a sense of agency (SoA). Cozmo robots and Cozmo cubes reduce it, and in return, show that reduced SoA is not observed in the presence of a passive non-agent device [76].



In this work, we focused on the healthcare context. However, there are other reviews in other contexts, such as urban spaces and in artificially socially intelligent machines called social robots [47]. Next, we are going to discuss designing and interacting with social robots in healthcare contexts.



RQ1. How are social robots designed? Are they ethically designed?



The development of social robots includes several algorithms as well as different implementations, such as face recognition, speech recognition, cognitive and decision-making modules [29,39,40,42,44,60,61,66], emotional modules [47,50], and ergonomics [43], which must also be considered fundamental. Achieving new levels of conversational modeling and knowledge and providing intelligent interactive platforms that can interact with users is a promising field [75].



We found that 75% of HRI studies are laboratory-based [15], mainly intended to study certain aspects, such as prior experience/expectations, automated functionality, functional repertoire, form-function mapping, size, human-like form or motion, socialness, intelligence, and other bases for the development of robotic technology [34]. However, long-term interaction is a challenge for socially assistive and educational robots [23], and HRI research can be improved by studying the contexts [25].



Considerable research is being conducted in this regard to improve the navigation of social robots [27,28,30,48,61] in spaces where they must coexist with humans in accordance with subtle cultural rules [17] and taking into account certain disabilities, such as hearing impairment [77]. In [17], a model is proposed for the motion of a robot inside a hospital environment. Moreover, as a result of the COVID-19 pandemic, social interaction is restricted, and a minimum distance between robots and humans should be respected.



Regarding the appearance of robots or the features of robots intended for use by children or the elderly, pet-like SAR, like dinosaurs or animals (Pleo, Paro, Parrot, Aibo, Huggable, or iCat) are preferred [18,21,26,34,38]. People can also interpret affective non-verbal behavior in robots [21]. A stress-reducing effect on people who are ill in childhood and old age has been identified [24,62]. As concerns human-like robots, NAO is one of the most accepted robots in healthcare [65]. In [16] found the main concern with social robots to be their cultural acceptance and skills. Additionally, feminine robots are preferred by users. Another concern found in this study was to understand what the human is doing; however, the robot’s appearance depends on its application, the user’s age, and several other factors [33,60,61].



As a method for designing and implementing AAL facilities, the person-centered process has been found to be the best design methodology, as it allows for conversations between participants and healthcare professionals [78]. However, [19] found that highly developed algorithms were needed to integrate more general cognitive aspects in the robot to enable it to diagnose certain illnesses, such as ASD. Another methodology that is useful in healthcare contexts (children with diabetes) is Socio-Cognitive Engineering (SCE) [25], as it enables the integration of different theories, models, and visions of patients and caregivers. More ingredients can be added to the interaction, such as prediction and feedback. Such is the case when using NAO in heart disease settings, which offers users a new way to understand the meaning of their vital signs through human–robot interaction [79].



Although social robots can promote fundamental values of care (i.e., patient safety, dignity, and wellbeing [22,32]), some researchers believe that doing experiments to test social robots with child patients is not ethical [80]. Besides, care services are highly regulated, and special legislation is required for care-work robotics [22].



According to the International Federation of Robotics (IFR), there is a framework of components of ethical importance, the CCVSD (Care-Centered Value-Sensitive Design) approach [46]. It consists of a framework of components of ethical importance that provides a list of components to take into consideration when evaluating a care robot: the use context, the care practice, the actors involved, the type of care robot (its capabilities, appearance, etc.) and the list of values involved for the practice in question in the stated context (i.e., the interpretation and prioritization of care values) [46].



We found some ethical principles applied to the design of social robot applications in healthcare, such as autonomy, beneficence, non-maleficence, fidelity, justice, utility, and independence [78]. The same authors noted certain ethical requirements in artificial intelligence algorithms for AAL and social robots, like (1) human agency, (2) robustness, (3) privacy, (4) transparency, (5) non-discrimination, (6) wellbeing, and (7) accountability to account for the negative impacts of the systems. Some social robots must comply with the three fundamental guidelines of the Policy Department for Economic, Scientific, and Quality of Life Policies (IPOL) (i) Hospitality and inclusiveness, (ii) Comprehension of individual needs, and (iii) Non-intrusiveness [65]. The ethical dilemma must reconcile the technical problems with patients’ needs and rights, with health care services and hospital facilities, in keeping with the ethics in robotics used in medicine [11]. Ethical concerns in the design and use of social robots have been raised involving privacy, restraint, deception, accountability, and psychological damage [45].



Safety—both physical safety and psychological safety [16,17,43]—is another principle considered when designing social robots for healthcare. Security issues such as privacy violations and privacy protection for individuals have been considered in the design [47,65,81].



RQ2. What are the main uses and applications of social robots in healthcare?



Social robots can help with the global problem of the shortage of specialized medical personnel by doing several tasks [82], but their implementation in hospitals must be carried out conscientiously [23]. Robots have been used to quantify significant harm levels in autistic children, by professional caregivers of the elderly, to accompany the elderly while walking, to help persons with motor impairment (i.e., quadriplegia), to monitor and correct during rehabilitation for head, neck, and back pain [16,36], and as a mediator in the interaction with the physician or nurse who performed the treatment [18]. Additionally, social robots can be rehabilitation therapists at home [20] or do administrative tasks, such as reception [29,51] in hospitals [22,60]. They have also been used for edutainment purposes [30,70,80]. Moreover, robots can remind people to take medications, they offer entertainment and memory games, and can be used for videoconferencing [63]. They can be used remotely, connecting the hospital and a patient’s home [28,69,70]. Moreover, robots have been used to administer automatic questionnaires [52].



During the pandemic, social robots were employed for various purposes, such as the use of drones to enforce quarantine restrictions, alerting individuals to return to their homes, delivering medicine to patients with Covid-19 in Wuhan, and transferring test samples or helping with hospital admissions [6,8,10]. Additionally, mobile robots have been used for hospital logistics by sterilizing surfaces with UV light. Robots have been used to take temperature automatically using a thermal sensor. Social robots have reduced the loneliness of people and improved their mental health [8,83].



In healthcare specifically, care workers reject the use of social robots due to their perceptions of their applications, which poses a challenge to the effective implementation of social robots in hospitals [22].



There are two groups where applications that rely on social robots are more widespread within the healthcare environment, namely the elderly and children.




	(a)

	
Elderly









The elderly can benefit from these assistive technologies. In [84], the researchers classify them as ICT (Information and Communication Technologies), Robotics, Telemedicine, Sensor Technology, Video games, and medication dispensing devices. They found that the studies targeted eight problems involving older adults: (1) dependent living (R), (2) fall risk, (3) chronic disease, (4) dementia, (5) social isolation (R), (6) depression (R), (7) poor wellbeing, and (8) poor medication management. (1), (5), and (6) were managed with help from social robots. Social robots have also been used for dementia rehabilitation in hospitals [37,41,44]. Robots have been used to improve quality of life and mood in the elderly, while reducing their loneliness [66].



Emotions are connected to social interactions [55]; this is the case for the elderly and (4) dementia patients [53,56]. It is a promising field for the PARO robot [68] and exhibits both benefits and barriers [71]. PARO can support the psychosocial needs of the elderly related to inclusion, identity, attachment, occupation, and comfort [68]. When it comes to expressing emotion and inducing empathy, ARI employs a few body cues simultaneously, mainly: facial displays, body movement, posture, and vocal cues [21]. AIBO, PARO, AIBO, and iCat are considered SAR (Social Assistive Robot and Companion). Six thousand, four hundred assisting robots were sold worldwide in health care contexts in 2017. The challenge is to clarify the role of robots in health care and regulate the services they provide through norms and codes of ethics [22].



Hospital personnel must take on arduous tasks that are often repetitive and burdensome, for which they do not have enough time. Here, social robots like Pepper also seem to have a chance to prove their usefulness with questionnaires [67].



Conditioning our home environments influences our wellbeing. They are a critical characteristic in the most vulnerable groups, as in the elderly, who routinely need health care assistance. For example, a virtual assistant and empathic coaches assisted older adults living independently at their homes [78].



For the elderly, robots are not just machines; they offer emotional support, much like a friend and companion who communicates and coexists [81].




	(b)

	
Children









Children are the other vulnerable group where social robots are most applied, specifically with children suffering from diseases such as cancer [54,64]. Such is the case of ARASH [60]. Project MOnarCH (MOnarCH (Multi-Robot Cognitive Systems Operating in Hospitals) is a well-documented European FP7 project for edutainment activities in the pediatric ward of an oncological hospital [30,43,45,61]. Robots can improve the quality of life of children by interacting with them in hospitals through social and play dynamics, and as school teaching assistants [18,45,50].



In long periods of isolation, telepresence is a practical tool, as we saw in the first section [69], to treat pediatric cancers [31]. Additionally, for long-term relationships and bonding, PLEO is used in the caring system [62], where the child’s wellbeing is a priority. Because of its appearance, reminiscent of dinosaurs or an electronic toy, children found PLEO appealing [18]. Stress is a characteristic that is unfortunately also present during long periods of convalescence; interactive stuffed animals can positively influence a child’s mood and improve their quality of life during hospitalization. They also provide support when confronting a disease and can serve as a distraction during a medical procedure [24]. Moreover, pain and isolation, along with stress, can be addressed with a table-based avatar and its interactive social robot teddy bear [26]. Positive effects in children were noted using social robots, such as positive mood, engagement, trust, less stress or pain, more relaxation, smiling and openness, better communication, or emotional bonds with users [24,38,85].



The topic of automatic diagnoses can be found in the literature. It is applied in ASD (Autism Spectrum Disorder), where predicting the outcome of actions remains a challenge [16,27]. Understanding internal mental states is not the same as observing kinematics [19]. Observable actions include completing a puzzle or finding a given number of balls hidden around a room [27].



The “in the wild” concept is normally used to describe real conditions. Many activities are performed in laboratory conditions or controlled environments, which are not realistic at all. Some works, such as those involving children with diabetes, address it with a methodology for a human–robot partnership framework for prolonged care [25]. For example, the Pleo robot, a baby dinosaur robotic pet, works differently to assist children during hospitalization [38].



Other social robots were used for storing therapy treatments in the database, observing and evaluating therapy processes, or testing urine in children with cancer [54,64,86].



Future work needs to address the problems identified in the current research on the use of social robots by carrying out studies with larger sample sizes, with different populations in different contexts and situations, and with different physical and cognitive skills [66].




5. Conclusions


This paper analyzed the state-of-the-art concerning social robots in hospitals, focusing on healthcare contexts, and using WoS and PUBMED as the principal sources of data. As the principal outcomes of this systematic study, we note the following:




	
The interest in the use and real application of social robots in hospitals are relatively new: we observed that publications about this topic have increased from 2011. Although the review began in previous years, it was in 2011 when articles that met the inclusion criteria for this review began to appear with more frequency. Therefore, a growing interest in the use of assistive robots in the hospital setting can be observed from that year onwards.



	
There is still no academic consensus around the term “social robots”.



	
There are two central populations where social robots have been applied: children and the elderly.



	
Despite the principal potential users (children and elderly) of social robots, some applications for diseases appear in the literature: dementia, cancer, diabetes, and ASD.



	
The bibliometric study shows no consolidated research community around social robots in hospitals or for healthcare. Establishing a consolidated discipline around these topics would require an extensive collaboration network.



	
There are many benefits to using social robots in healthcare contexts, such as in mental health, where robots promote a positive mood, engagement, trust, less stress or pain, more relaxation, smiling and openness, better communication, and other emotional positive effects. Some patients felt deep emotions towards the social robots. Negative experiences appeared only in children on rare occasions.



	
Social robots are beneficial during long periods of isolation and were of help during the pandemic. Moreover, in different environments such as school or home, telepresence provided a good quality of service.



	
Although there are several ethical approaches to use robots in medicine, there is a challenge in accepting their use with children and as care workers. Differences were found depending on the context (workplace or home).



	
The main ethical concerns are privacy, restraint, deception, accountability, personal space, and psychological damage. Many researchers agree that more information and data must be gathered to improve their design and interaction to overcome ethical issues.



	
There are several initiatives involving ethics in technology that should be taken into account in the design of social robots for healthcare.








Regarding the design of the robot, the influence of the media factor, such as films or series, has been identified; the cultural imaginary creates expectations and prejudices towards social robots. This influence should not be taken into account in the initial phases of the design prototypes.



As we have seen, the uses of social robots are diverse, and focus on two groups (children and elderly), and very specific contexts usually associated with diseases or disabilities. However, due to the positive influence that in most cases they have on patients, and to the growing amount of literature on the subject, we predict that robot interactions will increase (i.e., expansion of emotional accompaniment, forms of communication, the performance of more types of routines), as will use contexts in hospitals (i.e., expanding contact with more types of patients and new ways of receiving patients).



Still, a question remains that should be explored: why have social robots not been widely used already in hospitals? Some reasons can be attributed to the maturity of the field of social robots, but not others. For instance, many reasons not related directly to engineering can act as barrier to the adoption of technology, including the use of robots in healthcare: for example, economic aspects, the medical staff’s lack of technical knowledge, or the staff’s behavioral intention [87,88]. Thus, the effective adoption of social robots in healthcare provides an interesting area of research to expand in the future.
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Figure 1. Flow diagram of the study selection process. 
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Figure 2. Evolution in time of titles and abstract terms. 
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Figure 3. Details of the child cluster. 
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Figure 4. Details of the older adult cluster. 
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Figure 5. Healthcare cluster. 
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Figure 6. Factorial analysis corresponding to Multiple Correspondence Analysis (MCA). Four stable factors were found. 
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Table 1. Inclusion and Exclusion Criteria.
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	Inclusion Criteria
	Exclusion Criteria





	1. Type of publication: Empirical research and peer-reviewed articles and systematic reviews.

2. Study population: Participants of all ages. Participants with healthcare needs.

3. Keyword: hospitals.

4. Period: Published from 1 January 1960 to 31 March 2021.

5. Publication criterion: Written in English, any country.
	1. Type of publication: No original data, such as reports, opinion studies, essays, or comments and no research.

2. No abstract available (first screening).

3. Study could not be retrieved (second screening).










 





Table 2. Search results by research area.
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	Research Area
	Articles





	Computer science
	174



	Robotics
	134



	Automation control system
	127



	Engineering
	124



	Health care sciences services
	122



	Psychology
	51



	Social sciences other topics
	44



	Geriatrics gerontology
	30



	Behavioral sciences
	29



	Medical informatics
	25



	Oncology
	24



	Communication
	23



	Telecommunication
	23



	Information science library science
	22



	Education educational research
	18



	Pediatrics
	18



	Social issues
	18



	Neurosciences, neurology
	17



	Research experimental medicine
	17



	Urology nephrology
	17










 





Table 3. Research question 1 (RQ1) on design approaches and main outcomes.
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	Authors
	Goals
	Population
	Concept Origin
	Main Outcomes





	Cross, Emily S.; Ramsey,) Richard (2021) [15]
	To provide a framework to classify all kinds of artificial systems.
	Not applicable (technical paper)
	Study/Survey.
	A classification for artificial systems based on parameters and dimensions. Some factors can influence the design, such as expectations, cultural biases, and changing perceptions.



	Sheridan, Thomas B. (2020) [16]
	To categorize research into areas related to psychological aspects, engineering, assistance, and services.
	Not applicable (technical paper)
	Review to enhance psychology.
	Psychology appears as the critical area for creating socially acceptable robots that are resourceful to human beings.



	Ngo, Ha Quang Thinh; Le, Van Nghia; Thien, Vu Dao Nguyen; Nguyen, Thanh Phuong; Nguyen, Hung (2020) [17]
	To contribute to children’s wellbeing through interacting with the PLEO robot, connecting with parents or tutors in the interaction process, evolution of the interaction, and the child’s psychological point of view.
	Children (hospitalized)
	Contribution of PLEO to the children’s wellbeing.
	PLEO’s interaction came with some behaviors (hugging, caring or technical exploration, calmness, activation, and/or making contact). Interaction with PLEO elicited positive emotions, like joy and curiosity. Negative outcomes when children did not observe the behavior they expected.



	Moerman, Clara J.; Jansens, Rianne M. L. (2020) [18]
	To address ethical issues coming to healthcare providers’ attention involving AAL technologies in the elderly population.
	Not applicable (addressed to elderly)
	Assistive Ambient Living (AAL) in aging.
	Factors that affect the elderly: the robot’s role in caregiving, the interaction, the robot’s physical appearance, ethics related to care, what the robot can or cannot do, and control over switching it off.



	Bartlett, Madeleine E.; Costescu, Cristina; Baxter, Paul; Thill, Serge (2020) [19]
	To characterize the questions that a social robot in the physical world must deal with to automate Autism Spectrum Disorder (ASD) diagnoses.
	Children (ASD)
	Social robot in the physical world.
	Reliability and objectivity test of these definitions via Inter-Rater Agreement Information (IRA) using ADI-R and ADOS tools.



	De Benedictis, Riccardo; Umbrico, Alessandro; Fracasso, Francesca; Cortellessa, Gabriella; Orlandini, Andrea; Cesta, Amedeo (2020) [20]
	To create an expert structure able to provide a variety of assistive graphs evolving over time.
	Adult patients (rehabilitation)
	AI technologies: Automated Planning (AP), Knowledge Representation and Reasoning (KR), and Reinforcement Learning (RL).
	The integration of model-based and model-free AItechnologies can contextualize the robot’s assistive behaviors and decide what to do and how, as well as the characteristics and needs of the people assisted.



	Cooper, Sara; Di Fava, Alessandro; Vivas, Carlos; Marchionni, Luca; Ferro, Francesco (2020) [21]
	To review how robots can assist older adults, people with mobility problems, hospital patients, and users who need healthcare.
	Aging population and users with multiple chronic diseases (Review)
	Socially Assistive Robots.
	Research has shown that robots can lower the degree of stress and anxiety among older people with dementia, and that they can be adapted to be telepresence robots.



	Turja, Tuuli; Parviainen, Jaana (2020) [22]
	To expose and bring attention to our knowledge of robot acceptance and, concretely, to workers’ concerns.
	Nurses, Physiotherapists, Instructors, other professions
	PARO and NAO.
	There is a difference in the acceptance of robots in hospitals and homes, with this technology being more accepted in the workplace.



	Beane, Matthew, I. (2020) [23]
	To note that robots have not only a functional and instrumental value. The hospital services are enhanced.
	Healthcare Professionals
	RP-7 robotic telepresence system.
	There are three outcomes: robots can add value, such as quality, status, or enhanced access to services; a collateral effect of using robots in hospitals was an increase in their revenue; marketing, fundraising, and business development activities can benefit from employing robots.



	Moerman, Clara J.; van der Heide, Loek; Heerink, Marcel (2019) [24]
	To provide a review to inventory the use of SAR in hospitals.
	Children (Review)
	SAR review.
	The findings show that SAR have a positive impact on a child’s emotional state.



	Neerincx, Mark A.; van Vught, Willeke; Henkemans, Olivier Blanson; Oleari, Elettra; Broekens, Joost; Peters, Rifca; Kaptein, Frank; Demiris, Yiannis; Kiefer, Bernd; Fumagalli, Diego; Bierman, Bert (2019) [25]
	To provide a socio-cognitive engineering (SCE) methodology. It conducts research and development for HRI.
	Children
	Socio-cognitive engineering (SCE) methodology.
	Four outcomes appeared (joint objectives, agreements, experience sharing, and feedback and explanation) plus an information layer base and interaction design to consider the long-term regulation of children’s diseases.



	Logan, Deirdre E.; Breazeal, Cynthia; Goodwin, Matthew S.; Jeong, Sooyeon; O’Connell, Brianna; Smith-Freedman, Duncan; Heathers, James; Weinstock, Peter (2019) [26]
	To introduce SR technology to pediatric patients.
	Children
	Introduction of SR technology to pediatric patients.
	Joy and agreeable states achieved high levels, better than with other interventions.



	Melo, Francisco S.; Sardinha, Alberto; Belo, David; Couto, Marta; Faria, Miguel; Farias, Anabela; Gamboa, Hugo; Jesus, Cada; Kinarullathil, Mithun; Lima, Pedro; Luz, Luis; Mateus, Andre; Melo, Isabel; Moreno, Plinio; Osorio, Daniel; Paiva, Ana; Pimentel, Jhielson; Rodrigues, Joao; Sequeira, Pedro; Solera-Urena, Ruben; Vasco, Miguel; Veloso, Manuela; Ventura, Rodrigo (2019) [27]
	To illustrate the INSIDE system, where mobile robots are present during therapy for ASD.
	Children (ASD)
	INSIDE system.
	Wizard of Oz helped to improve the perception and behavior modules in social interaction. The robot was able to be autonomous in the end.



	Nguyen Dao Xuan Hai; Luong Huu Thanh Nam; Nguyen Truong Thinh) (2019) [28]
	To design and implement a telepresence robot to allow communication and interaction in different environments.
	Elderly
	Telepresent robot design and development.
	Telemedicine provided benefits, such as communication and interaction assistance, to elders.



	Ahn, Ho Seok; Yep, Wesley; Lim, Jongyoon; Ahn, Byeong Kyu; Johanson, Deborah L.; Hwang, Eui Jun; Lee, Min Ho; Broadbent, Elizabeth; MacDonald, Bruce A. (2019) [29]
	To update the receptionist system robot in a healthcare setting. HealthBots are divided into a receptionist robot, a nurse assistant robot system, and a server.
	University students (Healthcare)
	EveR4, Nao and ReceptionBot.
	They developed different types of modules (perception, decision-making, and reaction modules) and organized two case studies to look for basic social features for receptionist robots in the hospital.



	Sequeira, Joao S. (2019) [30]
	Development of a social robot.
	Children
	Child interaction with an mbot.
	Implement humanistic knowledge.



	Meghdari, Ali; Shariati, Azadeh; Alemi, Minoo; Nobaveh, Ali Amoozandeh; Khamooshi, Mobin; Mozaffari, Behrad (2018) [31]
	To design and develop a mobile social robot companion for use by children with cancer during healthcare.
	Hospitalized Children (cancer)
	Design of social robots
	Design and construction phases of a social robot and its specifications (mechanical, electronics, and control aspects of the robot).



	Valles-Peris, Nuria; Angulo, Cecilio; Domenech, Miquel (2018) [32]
	To analyze children’s thoughts of Human–Robots Interaction in social robot environments in hospitals, taking into account ethical and social values when designing a SAR.
	Hospitalized children
	HRI- Child-Robot Interactions.
	Potential of studying the imaginaries of HRI, and it concludes that their integration in the final design of robots provides a way to incorporate ethical values.



	Burns, Rachael; Jeon, Myounghoon; Park, Chung Hyuk (2018) [33]
	To provide a framework to improve human–robot interaction through robotic imitation of users’ gestures.
	University Students (addressed to children with autism)
	Imitation in Robots.
	A humanoid robotic agent fraternizes with and plays games with a user. Subjects exhibited positive emotional states, better mood contagion instances towards the robot, and improved autonomy.



	Chen, Chaona; Garrod, Oliver G. B.; Zhan, Jiayu; Beskow, Jonas; Schyns, Philippe G.; Jack, Rachael E. (2018) [34]
	To reverse engineer psychologically valid facial expressions of emotion into SAR.
	Not applicable (technical paper)
	Reverse engineering.
	Reverse engineer methodologies updated for flexible facial expressions into a social robot head. Benefits of taking into account human users to derive facial expressions for SARs. Psychology is a relevant discipline in designing social robots.



	Papadopoulos, Irena; Koulouglioti, Christina; Ali, Sheila (2018) [35]
	To observe hospital staff’s uses of SARs in the health and social care sector.
	Nurses, Healthcare, Professionals, Social Care workers (Review)
	Assistive humanoid utilizations and animal-like robots in the health and social care sector.
	Hospital staff expressed mixed views regarding the use of robots in a healthcare context. They mainly thought of the challenge that robots may pose to patients and not to themselves. They included a tasks list for the robots; they bore in mind ethical values, such as safety or privacy.



	Um, Dugan; Park, Jangwoon; Shin, Jeongsik; Lee, Woo Ho (2018) [36]
	To capture people’s images and social media content for social activities and/or health monitoring use. Image capturing processes were optimized using a visual servo.
	Elderly
	Social robotics—Navigation.
	Autonomously capture users’ images and feed pictures and live-motion clips to social media or hospitals for health monitoring purposes.



	Dodds, Penny; Martyn, Katharine; Brown, Mary (2018) [37]
	To prevent and avoid infection, prevention control standards.
	Elderly (Dementia)
	Therapeutic robot.
	This paper presents an intelligent function to inform people around the elderly, like family or a care manager, of the dementia diagnosis results.



	Larriba, Ferran; Raya, Cristobal; Angulo, Cecilio; Albo-Canals, Jordi; Diaz, Marta; Boldu, Roger (2016) [38]
	To encourage PLEO uses in children with families.
	Children, Families
	PLEO is a robot that imitates a Camarasaurus dinosaur. It exhibits an appealing expressiveness and consists of a list of different behaviors and moods.
	This paper describes how this technological point of view is being developed and tested. This technical improvement in Pleo involves maintaining the child’s attention and engagement and recording the child’s evolution for clinical purposes. Some improvements have been revealed involving the operation of the platform.



	Shayan, Amir Mehdi; Sarmadi, Alireza; Pirastehzad, Armin; Moradi, Hadi; Soleiman, Pegah (2016) [39]
	To address the development of RoboParrot 2.0 and discuss the potential values of deploying RoboParrot in different environments.
	Not applicable (technical paper—involves autism, screening, elderly, children)
	Portable and semi-autonomous SAR.
	The RoboParrot 2.0 prototype is ready to be used in clinical centers for assisted ASD therapy, nursing homes, and in homes of autonomous older adults for companionship and entertainment.



	Banthia, Vikram; Maddahi, Yaser; May, Morgan; Blakley, David; Chang, Zixin; Gbur, Amanda; Tu, Chi; Sepehri, Nariman (2016) [40]
	To present the development of a GUI for a commercially available humanoid robot to explore its interaction with children.
	Children
	Humanoid Robot.
	Results indicated that children and parents/staff expressed great interest in using the system developed and believed that such a robot could be a helpful therapy tool for child with ASD.



	Yu, Ruby; Hui, Elsie; Lee, Jenny; Poon, Dawn; Ng, Ashley; Sit, Kitty; Ip, Kenny; Yeung, Fannie; Wong, Martin; Shibata, Takanori; Woo, Jean (2015) [41]
	To investigate the use of PARO with people with dementia as a therapeutic SAR pet for improving mood and stimulating social interaction and communication.
	Older adults (mild to moderate dementia)
	Therapeutic treatment of dementia.
	This study showcases a novel activity to improve mood and stimulate social interaction and communication in community care of older people with dementia, and provides an evidence base for using said SARs. Further research is warranted to examine the use of PARO to manage the behavioral and psychological symptoms of dementia using customized approaches.



	Ono, Saika; Obo, Takenori; Kiong, Loo Chu; Kubota, Naoyuki (2015) [42]
	To provide a functional structure for improving the daily lives of older adults to ensure their wellbeing, and to examine the effectiveness of relational trust for robot communication.
	Elderly
	Humanoid Robot: Robot Communication based on Relational Trust Model.
	The article proposes a method of relational trust modeling based on reinforcement learning.



	Goncalves, David; Arsenio, Artur (2015) [43]
	This paper describes the construction, design, and early development process of an external structure for several MoNARCH mobile robots used in a healthcare context.
	Children (specific needs).
	YDR for conceiving the Monarch fleet of mobile, cognitive robots.
	1. What to do and what to avoid in robot design 2. Multidisciplinary approach using functional and aesthetic features and economic factors combined with human factors.



	Nergui, Myagmarbayar; Komekine, Keisuke; Nagai, Hiroki; Otake, Mihoko (2015) [44]
	To ascertain correct motions in the laughter of robots based on human motions. To have a robot recognize a face, facial expression, speech (synthesis and some contents) to assist and influence older people in dialogues.
	Young people (addressed to older people)
	Conversational robot to support the rehabilitation of patients with dementia.
	The sounds “fu-fu-fu” and “ha-ha-ha” coming from the robot were achieved using hand movements just in front of the mouth; meanwhile, another sound, “wa-ha-ha-ha”, was produced when the hand’s robots were moved.



	Ferreira, Isabel; Sequeira, Joao (2014) [45]
	To provide the MOnarCH Project with a fleet of networked robots (NRS) with cognitive skills to define the interaction context.
	Children
	Interactions between robots with children to improve quality of life.
	The MOnarCH mission project’s explanatory conclusions reveal an improvement in the quality of life of hospitalized children. The robots, by interacting with children in a hospital, keep them involved in socially exciting activities, play with them, and play the role of assisting schoolteachers.



	Van Wynsberghe, Aimee (2013) [46]
	To integrate ethics into robot development in healthcare, and illustrate it using an example.
	Children (cancer)
	CCVSD (Care-Centered Value-Sensitive Design) approach.
	A “wee-bot” robot was used in urine tests with pediatric oncology patients following CCVSD. The requirements that need ethical consideration and the protocol to follow were integrated into this approach using different prototypes.



	Lewis, Matthew; Canamero, Lola (2013) [47]
	To develop an interacting SAR in order to help hospitalized children.
	Professional dancer, actor Coached (by a director)
	Social expressive human–robot interaction.
	The clarity of interpretation is considered an advantage; however, believability and engagement can be negatively affected by continuous repetitions. Micro-expressions that are so rich in real life are not achieved by the robot and affect the children’s interaction.



	Elara, Mohan Rajesh; Rojas, Nicolas; Seah, Sue; Sosa, Ricardo (2013) [48]
	To provide an approach to design social spaces for assistant robots with easy actions that enable robots to trespass their boundaries and achieve their planned missions.
	Singapore hospital community
	Robot for service and human–robot interaction.
	A different approach from the classical bottom-up characterization. Five guidelines are suggested: observability, accessibility, manipulability, activity, and safety to assist the outstanding autonomous robotic systems in indoor and outdoor places.



	Beer, Jenay M.; Takayama, Leila (2011) [49]
	To obtain opinions from older adults on a mobile remote presence system; older adults’ perceived benefits and concerns about the system, and their criteria to participate.
	Older adults
	Mobile remote presence (MRP) system.
	Acceptance, Benefits, and Concerns are discussed: Social norms influence the design (it is difficult to refuse a call if you can see the interlocutor). Older adults prefer the mouse over a graphical user interface.



	Rogozea, Liliana; Leasu, Florin; Repanovici, Angela; Baritz, Mihaela (2010) [11]
	To diagnose the ethical scope used in medicine and enhance intelligence in robots.
	Medicine context
	Ethical approach.
	Robo-Ethics is a guide for involving robots in medicine. Even for the university curriculum and bio-engineering fields.



	Goris, Kristof; Saldien, Jelle; Vanderniepen, Innes; Lefeber, Dirk (2009) [50]
	To provide background information on the Probo robot and present experimental results for a robot head prototype that exhibits facial expressions.
	Children
	The huggable robot Probo.
	A robot with an actuated head that can be hugged and characterized by an animal shows expressions. It provides engagement using an interface.










 





Table 4. Research question 2 (RQ2) on the uses and applications of social robots.
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	Authors
	Goals
	Population
	Concept Origin
	Main Outcomes





	Sutherland, Craig J.; Ahn, Byeong Kyu; Brown, Bianca; Lim, Jongyoon; Johanson, Deborah L.; Broadbent, Elizabeth; MacDonald, Bruce A.; Ahn, Ho Seok (2019) [51]
	To study people’s perception of a medical receptionist robot.
	University
	Friendliness of robots.
	A robot can be a friendly receptionist.



	van der Putte, Daisy; Boumans, Roel; Neerincx, Mark; Rikkert, Marcel Olde; de Mul, Marleen (2019) [52]
	Investigate the ability of a social robot to autonomously take over the administration of a questionnaire.
	Adult patientsNurses
	Autonomous administration of questionnaires.
	One could imagine scenarios in which the robot saves time on routine tasks with automatic storage in the patients’ electronic medical records.There is a concern about using the robot at the expense of direct personal patient care.



	Sarabia, Miguel; Young, Noel; Canavan, Kelly; Edginton, Trudi; Demiris, Yiannis; Vizcaychipi, Marcela P. (2018) [53]
	To verify whether adult patients are happy interacting with social robots while hospitalized.
	Adult patients (some with dementia)
	Combating social isolation in hospitals with assistive robots.
	Patients in the hospital enjoy socializing with robots.



	Meghdari, Ali; Shariati, Azadeh; Alemi, Minoo; Vossoughi, Gholamreza R.; Eydi, Abdollah; Ahmadi, Ehsan; Mozafari, Behrad; Nobaveh, Ali Amoozandeh; Tahami, Reza (2018) [54]
	To assess children’s acceptance, feelings, and involvement with the robot and determine how much the robot resembled the sketch.
	Child patients (cancer)
	Designing social robots as a companion.
	Pediatric patients with cancer engage with and are interested in this robot.



	Eriksson, Yvonne (2018) [55]
	To understand how the design (from appearance and socio-cultural aspects) of the robots influence older people, their relatives, caregivers, and decision-makers.
	Elderly
	Robot perception.
	The influences of current and historical culture and media on both the perceptions and experiences of aging.The relations of the perceptions and experiences to the acceptance (or not) of robots as tools for nursing older adults.



	Rouaix, Natacha; Retru-Chavastel, Laure; Rigaud, Anne-Sophie; Monnet, Clotilde; Lenoir, Hermine; Pino, Maribel (2017) [56]
	To investigate the use of a humanoid robot in psychomotor therapy.
	Elderly (dementia)
	Assistive humanoid and animal-like robots.
	Health and social care workers reported mixed views regarding the use of robots in a healthcare setting.The impact that robots have on patients related to safety and privacy.



	Hebesberger, Denise; Koertner, Tobias; Gisinger, Christoph; Pripfl, Juergen (2017) [57]
	To assess a long-term autonomous robot deployed in a real-world context in a care center for older adults.
	Older adults/Elderly (Severe multimorbidity and dementia)
	Robot-assisted therapy and care facility.
	The interaction must meet the needs of specific end-user groups.The perceived utility of a robot is very much tied to its tasks and proper functioning.The social acceptance was ambivalent.



	Shukla, Jainendra; Barreda-Angeles, Miguel; Oliver, Joan; Puig, Domenec (2017) [58]
	To assess the effects of using robots during cognitive stimulation tasks during caregiver workloads.
	Caregivers (Nursing home)
	(SAR) Socially Assistive Robotics.
	There was a significant reduction in caregiver burden.A concern was raised about the need for specific training of caregivers.



	Jeong, Sooyeon; Breazeal, Cynthia; Logan, Deirdre; Weinstock, Peter (2018) [59]
	To investigate how different interventions affect physical activity and social engagement in child patients.
	Child patients
	Interventions for pediatric care in child life program.
	The children interacted longer and talked more when given a social robot than when given a virtual character or a plush toy. The family members, co-present but not directly engaged in the interaction during an intervention, were more likely to interact. A social robot could have a significant socio-emotional impact on children’s hospitalization engagement, wellbeing, and general hospital experience.



	Meghdari, Ali; Alemi, Minoo; Khamooshi, Mobin; Amoozandeh, Ali; Shariati, Azadeh; Mozafari, Behrad (2016) [60]
	To demonstrate the conceptual design features of a mobile social robot (“Dr. Arash”) for edutainment and therapeutic interventions in hospitalized children.
	Children (cancer)Psychologists
	Quality of life during the treatment process.
	The design of robots (mobile social robot) intended to meet the needs of the population in question needs to consider: 1/ design factors, dimensions, and degrees of freedom, movement system, actuators and sensors, the physical appearance of the robot, design of the head, design of the face, communication modules.



	Sequeira, Joao Silva; Ferreira, Isabel Aldinhas (2016) [61]
	To assess the relationships that are established between humans and MOnarCH robots in a social environment.
	ChildrenAdults (team members, parents, and visitors, Staff)
	Integration of the robot in a specific social environment.
	MOnarCH social robots may play a highly positive role in socially difficult environments.



	Diaz-Boladeras, Marta; Angulo, Cecilio; Domenech, Miquel; Albo-Canals, Jordi; Serrallonga, Nria; Raya, Cristobal; Barco, Alex (2016) [62]
	To provide smart company to alleviate feelings of anxiety, loneliness, and stress in children patients and their companions.
	Children
	Design and deploy a robotic pet for pediatric care in the Child Life program.
	Robotic pets had the effect of mediating and facilitating interaction and relationships between the different agents involved in the care process.The robot took on different roles: as a distractor, as a featured toy, as a companion.



	Orejana, Josephine R.; MacDonald, Bruce A.; Ahn, Ho Seok; Peri, Kathryn; Broadbent, Elizabeth (2015) [63]
	To test the feasibility and usefulness of robots in managing the medication of older patients living alone.
	Older adults/Elderly (Chronic health conditions)
	Medical care, utilization, quality of life, adherence, and robot acceptance.
	The patients were primarily positive and accepting of the robot, acknowledging its benefits as a companion: reduced medical care utilization, increased quality of life, increased adherence, and companionship.More familiar games may be more accessible for older people to relate to and increase user confidence.It is feasible to use assistive healthcare robots in homes in this population.



	Alemi, Minoo; Meghdari, Ali; Ghanbarzadeh, Ashkan; Moghadam, Leila Jafari; Ghanbarzadeh, Anooshe (2014) [64]
	To propose a new approach that considers the effect of a humanoid robot as a therapy assistant in treating pediatric distress.
	Children (Cancer)
	Humanoid robot with different communication abilities.
	A humanoid robot can be beneficial: by elevating the efficacy of interventions, encouraging kids to be more interactive, and it can be significantly helpful in teaching them their afflictions, instructing them on methods to confront their distress themselves and take control of their situation.



	Alemi, Minoo; Meghdari, Ali; Ghanbarzadeh, Ashkan; Moghadam, Leila Jafari; Ghanbarzadeh, Anooshe (2014) [65]
	To explore the impact of humanoid robots as a therapy assistant to deal with distress in child patients.
	Children
	Humanoid Robot as a Therapy-Assistant.
	Feasibility of using social robots in psychological interventions for anger, anxiety, and depression in pediatric cancer.



	Robinson, Hayley; MacDonald, Bruce; Kerse, Ngaire; Broadbent, Elizabeth (2013) [66]
	To investigate the psychosocial effects of the companion robot to improve the quality of life, mood, and loneliness in elderly residents.
	Older adults/Elderly (nursing home patients)
	Robot to improve care (psychosocial effects).
	The use of the seal robot was effective, with users exhibiting lower loneliness scores from baseline to follow-up compared to a control group.



	Bartlett, Madeleine E.; Costescu, Cristina; Baxter, Paul; Thill, Serge (2020) [19]
	To characterize the problems that a social robot faces in the real world when automating an Autism Spectrum Disorder (ASD) diagnosis.
	Children (ASD)
	Social robot in the real world.
	1. It is feasible to incorporate technology-based means into the ASD diagnostic process. 2. Social robotics is explored in relation to technological issues (mostly solved) and understanding human–robot interactions from the Wizard of Oz studies (yet to be solved).



	Boumans, Roel; van Meulen, Fokke; Hindriks, Koen; Neerincx, Mark; Rikkert, Marcel Olde (2020) [67]
	To design a multimodal dialogue for a social robot to acquire PROMs for older patients.
	Elderly
	Pepper robot from Softbank Robotics.
	The effectiveness, efficiency, and usability perceived by older adults of acquiring PROMs from a social robot was positive, favorable, and appreciated.



	Hung, Lillian; Gregorio, Mario; Mann, Jim; Wallsworth, Christine; Horne, Neil; Berndt, Annette; Liu, Cindy (2019) [68]
	To analyze perceptions of experiences with PARO robots in a hospital setting.
	Older people/Elderly (Dementia)
	Human–robot and human–human interactions in a hospital.
	The robot helps people with dementia maintain a sense of self in the world (friend), the baby seal facilitates social connection (conversation), and the robot transforms and humanizes the clinical environment (happiness).



	Henry, Julie; Leprince, Tanguy; Robles, Sandra Garcia; Famery, Alexandra; Boyle, Helen; Gilis, Lila; Witz, Christine; Barland, Jean-Christophe; Blay, Jean-Yves; Marec-Berard, Perrine (2020) [69]
	To evaluate the perceived benefits and difficulties encountered by users and their families (family dynamics).
	Children, (Diabetes)Families (parents, siblings)Nursing staff
	Benefits of telepresence robots.
	Patients saw a benefit in maintaining a connection with their siblings and the retention of their role in the family. The contact with their child reassured parents. The nursing staff’s professional relationship with the children was enhanced and they interacted with the children’s extended family.



	Jurdi, Sandra; Montaner, Jorge; Garcia-Sanjuan, Fernando; Jaen, Javier; Nacher, Vicente (2018) [70]
	To analyze existing approaches in order to identify gaps for future research.
	Child patients (Review)
	Game Technologies.
	Social robots as game technologies present physical and psychological benefits to hospitalized children. They motivate children in physical rehabilitation and different medical procedures.



	Ali, Sara; Samad, Mohammad; Mehmood, Faisal; Ayaz, Yasar; Qazi, Wajahat Mehmood; Khan, Muhammad Jawad; Asgher, Umer (2020) [71]
	To control NAO robot with an interface developed using the MyoArmband sensor.
	Adults
	NAO and MyoArmband targeted for patients with severe medical conditions
	Interface in progress and as a future framework for robots targeted for users with severe medical conditions who cannot communicate using normal communication channels with the robot.



	Hung, Lillian; Liu, Cindy; Woldum, Evan; Au-Yeung, Andy; Berndt, Annette; Wallsworth, Christine; Horne, Neil; Gregorio, Mario; Mann, Jim; Chaudhury, Habib (2019) [72]
	To find key benefits and barriers using PARO.
	Older people with dementia
	Benefits and barriers in PARO use.
	The key benefits identified were: decreased negative emotions and behavioral symptoms, as well as enhanced social engagement. Thus, mood and quality of experience augmented. The same happened with patients with anxiety and depression.



	Kobayashi, Toru; Sameshima, Naohiro; Imai, Tetsuo; Arai, Kenichi; Watanabe, Tomoki; Miyazaki, Teiichiro; Tsujino, Akira (2019) [73]
	To have a complete operational robot for the elderly with dementia, an artificial intelligence diagnosis tool was added, which provides a conversational diagnosis method.
	Elderly (dementia)
	Conversational diagnosis method integrated in a robot for the elderly with dementia.
	Messages can be sent using the LINE app that the robot can execute.
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