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Abstract

:

As a result of a rapidly aging population and the increasing prevalence of dementia among older adults, technological solutions are increasingly being considered to facilitate caregiving. This research investigates the perspectives of 20 caregiving dyads on VGo, a telepresence social robot with features designed to support caregiving. Care recipients (CRs), aged 65 and older, diagnosed with Alzheimer’s disease and related dementias, along with their primary caregivers (CGs), evaluated the robot through an online interview study. The interviews integrated informative videos showcasing VGo’s features and functions. Insights from the interviews revealed diverse expectations, interests, and reservations. The majority of CGs and their CRs perceived the robot’s features as beneficial. In particular, the voice command capability was appreciated as an alternative to using smartphones and as a way to manage home appliances. The community feature, however, did not align well with many participants’ lifestyles, and participants had a number of suggestions to enhance the robot’s notification function. Based on the interview results, the study offers a set of design recommendations for telepresence social robots in home caregiving contexts. This investigation highlights the promise of social robots in caregiving contexts and underscores the need for further improvements to ensure they fit users’ needs.
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1. Aging Population


The world’s population is aging and undergoing a significant demographic transition. It is forecasted that the global population of people aged 65 years and older will grow significantly in the coming years, increasing from about 771 million in 2022 (9.7% of the world’s population) to a projected 1.6 billion by the year 2050 (16.4% of the world’s population) [1]. Yet this growth in the population of older adults will not be matched by corresponding increases among younger age groups, which will grow more slowly: “By 2050 there will be more than twice as many persons aged 65 or older than children under [age] 5 globally, whereas the number of persons aged 65 years or over globally will be almost the same as the number of children under age 12” [1]. These population aging trends are amplified in the developed world, which is at a more advanced stage of demographic transition [2]. The shifts in population demographics have yielded new demands that need to be met but also new opportunities for innovation. Expected outcomes of an increasingly older population include the following:




	
Escalated demand for healthcare services: With the aging of the population, there will be an upsurge in the requirement for healthcare services, including medical appointments, hospitalizations, and prescription medications [3,4]. This could potentially strain healthcare systems’ financial resources as well as the ability of these systems to find the labor needed to provide these services [5];



	
Heightened necessity for long-term care: Many older adults will require extended care, including assistance with activities of daily living such as bathing, dressing, and eating. The cost and availability of such care can pose challenges for individuals, families, and governments [6];



	
Increased prevalence of social isolation: As people grow older, they often experience greater levels of isolation from their social circles and feelings of loneliness and depression, all of which have been linked to declines in physical health [7,8,9];



	
Increased demand for family caregiving: AARP [10] estimates that there are currently about 48 million family CGs in the United States, with about 42 million of these providing care to an adult aged 50 or older. The need for CGs is expected to continue to grow along with increases in the U.S. older adult population. Currently, there are seven potential family CGs per older adult. By 2050, with changes in the population structure, it is estimated there will be fewer than three potential family CGs per older adult [11].








One additional consequence of the growth of an aging population is an expected increase in the incidence of Alzheimer’s disease and related dementias (ADRD). Alzheimer’s disease is the most common form of dementia, and 6.7 million people in the U.S. have an Alzheimer’s dementia diagnosis [12]. As people grow older, their likelihood of developing Alzheimer’s dementia escalates. In the U.S., 10.8% of all people over age 65 have Alzheimer’s disease, and “the percentage of people with Alzheimer’s dementia increases with age. Around 5.0% of people aged 65 to 74, 13.1% of people aged 75 to 84, and 33.3% of people aged 85 and older have Alzheimer’s dementia” [12] (p. 20). The number of people who have mild cognitive impairment (MCI) due to Alzheimer’s disease or another form of dementia is even greater. The Alzheimer’s Association [12] (p. 21) estimated that “roughly 8 to 11% of the 62 million Americans who are aged 65 and older in 2023—or approximately 5 to 7 million older Americans—may have MCI due to Alzheimer’s disease”. The growth of the older population is correlated with a projected increase in dementia: Matthews et al. [13] projected that 13.9 million people aged 65 or older in the U.S. will have a diagnosis of Alzheimer’s disease or related dementia (ADRD) by 2060.




2. Dementia and Caregiving


The World Health Organization [14] describes dementia as a chronic or progressive syndrome that causes deterioration in cognitive function (i.e., the ability to process thoughts) beyond what would be expected from typical biological aging. Dementia affects a range of functions including memory, thinking, orientation, comprehension, calculation, learning capacity, language, and judgment. Further, changes in mood, emotional control, behavior, or motivation usually co-occur with damage to cognitive function [14].



Due to the progressive nature of Alzheimer’s disease, and the severity of its impacts, those diagnosed with the disease almost always require some degree of caregiving at some point. As the disease itself progresses, the degree of care typically increases as well. Much of the care for individuals living with ADRD is provided by informal, unpaid family CGs. American Association of Retired Persons (AARP) and the National Alliance for Caregiving [10] estimate that there are currently about 48 million family CGs in the United States, with about 42 million of these providing care to adults aged 50 or older. Alzheimer’s Association in 2023 [12] estimated that about half of CGs provide care to someone with ADRD. According to AARP (2020) [10], caregiving is defined as offering unpaid assistance to a family member or friend aged 18 or older to help with their self-care. Caregiving responsibilities can encompass a wide range of tasks, including healthcare, transportation, meal preparation, housework, home maintenance, coordinating services, personal hygiene, managing finances, and keeping company.



CGs experience a range of different demands related to their caregiving. Financially, AARP [10] estimates that in the U.S. individual families typically spend over $7000 per year out of pocket on caregiving expenses [15]. In 2022 alone, CGs of someone with ADRD “provided an estimated 18 billion hours of informal (that is, unpaid) assistance”—“an average of 30 h of care per CG per week, or 1565 h of care per CG” [12] (pp. 41, 44). This labor is “valued at $339.5 billion” [12] (p. 41). Further, CGs of individuals living with ADRD report greater levels of physical, financial, and social stress and burden associated with the care they provide, compared with CGs of people without dementia [12]. Due to the increased projected demands for CGs—combined with the expected increase in ADRD and the relatively smaller number of available CGs—there is an urgent need for support and solutions for CGs.




3. Current Technological Solutions to Support Caregiving


With the rapid development of technology, numerous potential tools have been proposed and developed for diagnosing, treating, and providing support to individuals with dementia and/or their CGs. Drawing from the research by Shu and Woo (2021) [16], the primary functions that technologies commonly provide assistance with are:




	
Maintenance of daily function: Technology can play a role in assisting individuals to sustain their daily activities. These technologies are designed to simulate and offer guidance for routine tasks to support individuals with cognitive challenges in managing their daily lives more effectively and independently;



	
Leisure and activity: Numerous technological interventions are directed toward enhancing the leisure experiences of individuals living with dementia. Various programs are focused on making music and art more accessible and enjoyable and offering opportunities to engage with virtual environments;



	
Sensors and safety: Locator devices can help to find misplaced items, sound security alerts for falls or unexpected wanderings, and detect environmental issues, such as water leaks or fire. These sensors can also notify CGs and prevent safety issues;



	
Caregiving and management: Technology also offers robotics-based applications to replace human CGs, such as using social robots with remote monitoring via sensors and videoconferencing or general robotic aid in daily activities like food preparation and eating. In terms of care management, IoT systems and medication aids, such as alarms, reminders, and dispensers, can simplify and organize life for caregivers.








Social Robots: A Potential Solution


In the past decades, there have been some efforts to use social (or sociable) robots to support people living with dementia. Social robotics is distinguished from other domains of robotics due to its socially interactive focus with applications in domains such as education, aging support, or entertainment, rather than a focus on carrying out physical and mechanical tasks. Social robots are designed to interact with people in a natural, interpersonal manner [17]. They need to be able to communicate naturally with people using both verbal and non-verbal signals. They need to engage users not only on a cognitive level, but on an emotional level as well, to provide effective social and task-related support [18].



Several research studies have indicated the value of social robots in assisting in the care of older adults, including people with dementia. For example, a metanalysis conducted by Pu, Moyle, Jones, and Todorovic (2019) [19] based on 13 qualified articles (from an initial sample of 2204 articles) that contained well-designed randomized controlled experiments indicated that social robots positively impacted older users’ agitation, anxiety and loneliness, medication adherence, and quality of life. The review suggested a need for further research, however, due to potential clinical heterogeneity due to the large variation in intervention types in the limited sample. In another study which was based on observations and interviews of users’ experience, social robots were found to spark positive short-term effects and improve the quality of life for people with dementia [20].



Among older adults generally and among people with ADRD or MCI, the acceptability of social robots could be improved if they: (1) were easy and enjoyable to use (e.g., used human-like communication); and (2) could enhance the people’s function (e.g., meet users’ emotional, psychological, social and environmental needs) [21]. Previous studies have also found that the physical design of social robots is crucial to their successful adoption (e.g., Hameed et al. [22]). Older adults generally preferred being able to personalize the robot (e.g., appearance, voice, interaction modalities) [23]. In research involving older adults, the robot ‘Brian’ was utilized in two different studies. One study revealed that older adults were drawn to the robot’s human-like voice and supportive behaviors [24]. In the other study, participants favored human-like communication over human-like appearance [25]. Another study evaluating 10 social robots with different shapes and functions [23] identified four preferred forms of support from social robots: (1) cognitive support (e.g., locating lost items, task reminders); (2) communication support (e.g., video calls); (3) risk prevention and healthcare applications (e.g., fall detection); and (4) daily task support (e.g., online shopping).



The UC San Diego team [26] conducted a study that included both older adults and their caregivers to co-design robots with dementia caregivers. Through interviews and workshops, they identified key challenges faced by caregivers, such as repetitive questioning and emotional stress. Based on these insights, caregivers designed robots to provide support in areas like emotional regulation, task reminders, and physical therapy. The researchers found that caregivers envisioned robots as not only practical tools but also companions that could enhance positive interactions and alleviate emotional strain. The study emphasizes the importance of community-focused design in developing assistive technologies that meet the specific needs of dementia caregivers.



This particular research uses VGo, a telepresence robot that enables remote communication and interaction and allows users to virtually attend and participate in events or locations from a distance. Several prior studies with VGo have indicated its effectiveness in dementia care. For example, in one study [27], telepresence robots, including VGo, were considered as a potential tool that can provide encouragement around social connection. They support remote monitoring and long-distance control and facilitate interactions between older adults with dementia and their CGs [28]. Another study placed VGo robot in the homes of older adults who are independent and exhibit intact cognitive functioning [29]. They had generally positive feedback about the robot and found that it enhanced their physical health, well-being, social connectedness, and ability to live independently.



Despite these positive findings, other studies indicate that interventions involving social robots do not yield a positive effect on the well-being of individuals with dementia [30]. Some research has also uncovered apprehension regarding the utilization of social robots in the dementia care of older adults, related to, for example, financial considerations and ethical dilemmas, such as emotional deception and emotional attachment [31]. Emotional deception happens when users over-trust the robots, so they might have unrealistic expectations or over-rely on the robots rather than using their own critical judgment [32], while emotional attachment could trigger negative emotions among users if the robots are broken or taken away [33]. Another ethical issue is users’ potential loss of freedom and privacy due to social robots’ monitoring and recording of their activities [28].



The potential diverse impacts of social robots highlight the need for additional research to gain a deeper understanding of how these technologies should be designed and will affect users across different use cases. In this study, we investigated the attitudes and opinions toward VGo in the context of home care of two key groups: CRs with dementia and their CGs, both of whom represent potential future social robot users. The goals were to better understand how social robots could be utilized in home care settings. The key research questions were as follows:




	
What are CGs’ and CRs’ initial reactions to VGo’s appearance and shape upon being introduced to it?



	
Under what conditions will remote and in-person CGs be more likely to accept VGo in the home care setting and for which particular caregiving activities? Are there individual factors or features of the caregiving situation that affect participants’ attitudes toward VGo?



	
What are participants’ reactions to the various functions and features of VGo they are shown? Which functions do participants believe they would use most and least frequently for their caregiving activities? Which functions would they expect to find most—or least—useful?



	
What new or additional functions and features do CGs and CRs believe should be incorporated into VGo—or social robots more generally—to support caregiving?



	
How do CGs expect the presence and use of VGo to affect their caregiving experiences, including their levels of stress or strain? How do CRs think it might affect their experience of care, as well as feelings of social isolation and loneliness? What kinds of effects, if any, do they think VGo would have on their relationships with each other?










4. Method


4.1. Procedure


Caregivers interested in the study completed a series of screening questions to determine the dyad’s eligibility for the study. Potentially eligible dyads were then invited to schedule a 10 to 15 min introductory Zoom call to discuss the study procedures, confirm the CRs’ eligibility and interest in participating, answer any questions either CG or CR had about the study, and ensure that the CR would be capable of participating in the interview. Once eligibility was confirmed, each participant dyad was scheduled to participate together in an online interview that was audio and video recorded via Zoom, based on their availability. Participants completed online consent forms prior to the study interview through DocuSign.



During the Zoom interview, which typically lasted between 60 and 90 min, both members of the dyad were shown several brief videos of VGo. The videos (Figure 1) explained VGo’s general functionality as well as its key features (e.g., mobility, calls, group calls, and reminders). The videos provided both explanations of how the robot works as well as visual examples of members of the research team utilizing the robot. After each video, CRs were first asked about their reactions to the robot; CGs were subsequently asked the same questions.



Following the questions about the VGo videos, CRs only were asked to answer a few follow-up questions about themselves (e.g., technology experience and demographics). Once the interview was complete, CGs were sent a separate online questionnaire via email that took about 10–15 min to complete. Following completion of the study, CGs and CRs were each compensated with a $100 Amazon.com gift card.




4.2. Participants


Participants were recruited for the study through a variety of different means, including via emails to the research lab’s participant volunteer databases and to a database of Councils on Aging, and publishing advertisements on Facebook. To be eligible for the study, CRs had to be age 65 or older and have had a diagnosis of ADRD. Because CRs needed to participate in the online interviews, the disease could not be so advanced that they lacked the capacity to take part in the interview conversation. Participants also needed to be able to access Zoom to participate in the study.



In total, 20 CRs (7 female, 13 male), aged between 65 and 92 (M = 79.15, SD = 8.75), were recruited for this study, along with their CGs (see Table 1). CG study participants (16 female, 4 male) ranged in age from 42 to 84 (M = 65.37, SD = 12.54), with a median age of 67. Fifteen CRs lived with their CGs and five lived separately. Thirteen of the CG-CR dyads were spouses, and seven were parent-adult children pairs. Among the CRs, according to their CGs, ten were in an early stage of dementia and nine were in a moderate stage. One CG did not know which stage her CR was in. The caregivers and care recipients in this study are mainly retired, highly educated, predominantly white, and exhibit a wide range of household incomes.




4.3. VGo: Features and Characteristics


The VGo robot includes two batteries, a charging dock and a power cord, and a handheld remote control. In addition to functions that are similar to traditional videoconferencing, which enable CGs to see, talk, and interact remotely with CRs, the VGo system also enables CGs to control the robot remotely to move or navigate around the CR’s home to provide better supervision of and assistance to CRs. An assembled VGo is shown in Figure 2.



For the purposes of this interview study, four features and functions of VGo were presented to study participants, each accompanied by explanations from a narrator speaking over the video. The four functions and features highlighted in this study were the robot’s mobility, calling function, community feature, and reminder function. Here are the explanations from the narrator:



Mobility: The robot moves around various areas using a pre-built map of the user’s home created during the initial setup. Users can define all of the areas where the robot can go and any areas that are private or where they would not want the robot to enter can be excluded from the map and made off-limits for the robot. The robot can move to where the user wants it to go. For example, users can call the robot’s name and ask it to come to them or to go to the kitchen or living room. Loved ones to whom users give access to the robot can also use their web interface to move the robot remotely and check in on someone. For example, if they want the robot to find grandma, they can request it to do that, and then the robot will move around the home to find her.



Calling: The robot also allows users to make voice and video calls through the touchscreen. Users can place or receive calls at any time, choosing whether to accept or reject incoming calls. Additionally, users can multitask during calls—for instance, they can instruct the robot to follow them, allowing them to continue the conversation while on the move. Loved ones with permission can make a call remotely from the web interface to check in on someone. When they are in a call, they can navigate through the space by choosing places on the map. It is also possible to schedule calls on the robot—for example, if a user would like to schedule calls with a loved one for every Monday at 12 p.m.



Community: In addition to making individual video calls, the robot also provides users the option to create or join a group call with their community. The community feature offers the ability to create different groups of family, friends, CGs, or even healthcare providers. This feature allows multiple individuals to join a video call simultaneously, so that they can have a group discussion or meeting. Users can either start a group call or join an existing one.



Reminders: One of the features of the robot is the ability to create reminders for various tasks or events. This can be useful in managing different aspects of daily life. By setting reminders, the user can ensure that important tasks are not forgotten. For example, the robot can be programmed to remind the user to take their medication at a specific time each day, or to remind them to complete their daily exercise routine.




4.4. Data and Measures


The study focuses on several key areas: initially, participants shared their reactions and expectations regarding their impressions of VGo. Their attitudes toward VGo’s features and functions, as presented in a video, were also explored. To assess the emotional impact, CRs’ feelings of loneliness and social isolation were measured using Version 3 of the University of California, Los Angeles (UCLA) Loneliness Scale [34]. Additionally, CRs’ ability to complete various Instrumental Activities of Daily Living (IADL) was evaluated using the IADL scale [35]. The research also considered CRs’ experience with technology and gathered demographic information, including age, gender, race, employment status, living arrangement, and educational background.



After the interview, CGs were asked to complete an online questionnaire on Qualtrics. This questionnaire assessed various aspects, such as CG stress and strain levels, caregiver guilt [36], CG technology experience, and demographic information.




4.5. Data Analysis


Interview recordings were transcribed for data analysis, and participants’ answers to a series of questions were systematically categorized by key interview questions and coded; CRs and CGs were analyzed separately and jointly. Quantitative data from the interviews and questionnaires were analyzed with SPSS v.28.





5. Results


5.1. Initial Impressions of the Robot


Participants were prompted to share their first impressions of viewing the robot, any resemblances they saw to similar devices, and their guesses about its capabilities and functions. Table 2 displays the mixed impressions of the robot’s design, size, and perceived resemblance to other familiar devices. Positive feedback about its appearance and shape often reflected people’s perceptions of the robot’s practicality and attractiveness, while concerns involved the robot’s size and lack of human-like features. Participants also drew parallels between the robot and other devices they have encountered in various contexts, notably vacuum cleaners and tablet/voice assistants.




5.2. Attitudes Regarding the Robot’s Functionalities and Features


Figure 3 illustrates the extent of interest and disinterest among CGs and CRs toward all four of the robot’s functionalities and features highlighted in the study.



First, a t-test was conducted to compare the attitudes toward robot features between the CGs and the CRs based on the total number of their acceptance of the four features and functions presented. Results indicated that there was a statistically significant difference in the attitudes toward robot features between CGs and CRs, t(18) = 2.18, p = 0.036, with the CGs showing more positive attitudes toward robot features (M = 2.5, SD = 0.6) than the CRs (M = 1.9, SD = 1.02).



5.2.1. Mobility


Caregivers: The majority of CGs (n = 17) expressed a positive opinion about VGo’s mobility feature by addressing its capability for remote check-ins, especially when they are not physically present in the CRs’ homes. They shared scenarios in which being able to remotely locate and check on a loved one would be invaluable, such as when the CR does not respond to phone calls or might be in need of assistance. As one CG noted, “Because I travel and if he is not responding, I want to be able to have the robot take a look around for him. That would allow me not to have somebody here to always be with him when I’m away. That would be excellent”.



Conversely, a minority of CGs expressed reservations about incorporating a mobile robot into their homes. Three CGs cited reasons like the constant presence required to manage potential technical issues, like mapping errors or the robot getting stuck, as well as concerns related to space, privacy, the redundancy of technology, and a general preference to avoid new technological solutions.



Care recipients: A majority of CRs (n = 16) also liked VGo’s mobility and considered it a valuable feature in emergencies. This capability was particularly noted for its advantage over fixed cameras, which cannot cover all areas of a home, thus enhancing the safety and accessibility of the CR. As one CR said: “It would be beneficial if, in the event of a fall or when receiving a call, the robot could locate me, providing valuable information to my CG about my whereabouts and condition”.



The four CRs who declined to have a mobile robot in their homes cited various reasons, including limited space, discomfort with a device following them, redundancy of cellphone capabilities, concerns about noise, a preference for avoiding new technology, or the belief that they might require it later.




5.2.2. Call


Caregivers: Of 20 CGs, 18 appreciated the call feature because it allows them to use voice commands. They also valued the robot’s ability to enhance accessibility to CRs, especially when a traditional phone might be out of reach or uncharged. The video call capability, hands-free operation, and the larger screen size were among the other benefits noted by CGs. In contrast, two CGs did not see the necessity for the feature for themselves at the present time, but they did not rule out future use.



Care recipients: Among care recipients, 12 out of 20 rated the call feature positively. These participants mentioned that easy access to phone calls—especially important if they were immobile—and the convenience of hands-free operation significantly improved accessibility to their caregivers. The simplicity of initiating calls was also considered a major advantage. However, due to their unfamiliarity with this new robotic technology and the belief that similar features are already available on cell phones, eight care recipients were hesitant to use VGo for calls. Concerns about Wi-Fi signal strength and the need for continuous internet access were also expressed.




5.2.3. Community


The community feature of the robot, which allows for video calls with multiple participants, was positively received by a majority of both CGs (n = 14) and CRs (n = 14). They valued the ability to connect with healthcare providers and loved ones through the voice command capability. They explained that the advantage of hands-free operation is a significant improvement over the less user-friendly existing platform. Conversely, a subset of participants showed reluctance toward adopting this community feature. They believed that virtual contact with healthcare providers was unnecessary, lacked family routines involving group calls, and expressed concerns about the potential challenges others might face in learning to use the new system.




5.2.4. Reminder


Caregivers: The reminder feature of the robot which supports medication management and the organization of daily activities, received a generally positive response from the majority of CGs. In total, 15 out of 20 appreciated its potential to assist with various tasks, such as reminding CRs about exercises, daily routines, appointments, and pet care. Six CGs, however, showed some concerns about privacy, data security, and the redundancy of the feature given the existing capabilities in the cellphones. They also noted the need for a more robust solution to ensure medication adherence, such as visual evidence of a CR taking their medication.



Care recipients: Among CRs, about half (11 out of 20) favored using the robot’s reminder feature for a variety of tasks, such as medication management, appointments, chores, and social reminders. They currently used a range of methods for managing their medication, and the addition of the robot’s reminders was seen as potentially beneficial. On the other hand, nine CRs were hesitant, with their concerns centering around a need to learn to use a new technology, perceived overlap with functions already performed by their smartphones, a higher degree of trust in CGs relative to the robot, and practical issues with power and Wi-Fi reliance. Additionally, lifestyle factors, such as spending time outdoors or living in multi-story homes where the robot’s utility might be limited, also contributed to their reluctance.





5.3. Ease or Difficulty of Use


Based on the video they watched, half of the CGs (n = 10) and some CRs (n = 6) found the robot seemingly easy to operate, but they acknowledged a range of potential challenges. Common concerns included the complexity of the initial setup process, integration with other accounts, a steep learning curve, and the burden of tech support potentially adding to strain for CGs. Other specific challenges mentioned as potentially making the robot more difficult to use were the robot’s speech comprehension for voice commands, the small display size, the fixed screen height, and issues with touch screen sensitivity.



A preference for voice control over touch screens also emerged, particularly among CGs, who believed voice commands would be more accessible for their CRs. Five CRs also mentioned the potential for touchscreen challenges, with some indicating a preference for larger fonts and as well as a more robust voice interface. One CG highlighted the need for adjustable screen height for seated users.




5.4. Caregiving Requirements and Circumstances


As part of the exploratory analysis, which does not aim to confirm any hypothesis, especially given the relatively low number of participants typical for a correlation test, the experiences and backgrounds of both CGs and CRs were examined using correlation tests to provide additional insights into why certain participants are more or less likely to accept a system. No correction was made for multiple comparisons.



First, to examine the relationships between CGs’ attitudes toward robot features and their experiences and caregiving conditions, we created an overall score that summed the number of accepted features and functions for each CG and CR. Then, we ran several correlations between those scores and the participants’ age, interest, comfort, and trust in technology; satisfaction in communication with CRs; CRs’ strain level, and guilt; and CRs’ levels of dependency and feelings of loneliness.



A moderate positive correlation was found between CGs’ attitudes toward robot features and the sum of scores on CRs’ IADLs (r = 0.339, p = 0.01). Results suggest that CGs’ positive attitudes towards robot assistance increased with the CRs’ level of dependency in performing IADLs. CGs’ satisfaction with their communication with CRs was negatively correlated (r = −0.503, p = 0.02) with CGs’ positive attitudes toward robot features. This shows effective communication channels with CRs were associated with greater openness to robot features. Conversely, no significant correlations were observed between CGs’ attitudes toward robot features and their general attitude (interest, trust, and comfort) regarding technology, as well as their satisfaction with communication with CRs (r = 0.410, p = 0.005), CGs’ age (r = −0.106, p = 0.66), CGs’ Guilt Scores (r = 0.049, p = 0.83), and their experiences of strain from caregiving tasks (r = −0.029, p = 0.9).



A set of parallel correlations was also run between CRs’ attitudes toward robot features and various aspects of their experiences and backgrounds. Results indicated a moderate positive correlation between CRs’ attitudes toward the robot’s features and their level of dependency (IADLs) (r = 0.393, p = 0.08), but no significant correlation with their feelings of loneliness (r = 0.045, p = 0.85). A moderate negative correlation was observed between CRs’ attitudes toward robot features and CRs’ age (r = −0.434, p = 0.056). With the p-value approaching but not reaching conventional levels of significance, the correlation shows that older CRs tended to have less positive attitudes toward the robot features. A summary of correlation results has been displayed in Table 3.





6. Broader Implications for the Design of Social Robots


The interviews also included questions to explore CGs’ and CRs’ perspectives on how a robot could assist with their tasks, the functionalities they desired, and which existing tools or devices failed to meet their needs, leading them to seek alternatives. Initially, all responses, whether unique or popular, were listed verbatim. Suggestions that directly proposed new functionalities were transferred to the design implication sections. The feedback that highlighted pain points or unmet needs was reformulated into statements guiding future stakeholders on which functionalities to prioritize.



CGs have provided specific design recommendations for social robots to enhance their functionality and user experience. Some of the CGs suggest integrating the social robot with wearable health devices would be helpful. This would allow the robot to monitor the vital signs and activities of CRs. Additionally, they recommend developing an algorithm that allows the social robot to suggest books, movies, and news tailored to the CRs’ interests for personalized content curation. Another feature proposed is multimedia access, which includes integrating the ability to access platforms such as YouTube and to perform web searches through voice commands. Moreover, they recommend that the robot support CGs with medication reminders and provide the functionality to monitor CRs (e.g., via video) during medication intake to ensure adherence.



CRs have offered specific design recommendations to enhance the functionality of social robots tailored to their needs. They suggested implementing a multimodal reminder system that includes visual signals, like LED notifications, along with auditory feedback, to ensure reminders are effectively communicated. Additionally, they proposed the creation of scenario-based reminders, such as bedtime checklists, to help with daily routines and guarantee the completion of necessary tasks. Another recommendation was the capability to integrate the robot with their smartphones to manage tasks like shopping lists and music playback. Safety enhancements were also recommended, with connections to smoke and carbon monoxide detectors to increase home safety. Moreover, CRs would like the robot to facilitate interaction with AI assistants like Siri and Google to provide answers and information, thereby extending the robot’s capabilities as an information resource.



This feedback was crucial in generating a comprehensive set of design considerations for social robots in caregiving, incorporating both widely supported ideas and more novel concepts. From these data, the following refined design guidelines and insights for the development of social robots, such as VGo, were derived:



General Design Recommendations for Social Robots in Caregiving Settings







	
Emergency services connectivity: ensure the robot can connect to 911 services and has an easily accessible emergency feature (button and voice command) for urgent situations. One of the CGs who highlighted this need mentioned the following:




	
“Would it be connected to 911? A robot like this, you would want to have a command for an emergency call the emergency security or emergency medicine have the sensitivity to know that somebody has fallen. And ask, do you need help? Like when you need new drugs, if you have to contact either the pharmacy, that sort of thing.”








	
Home navigation integration: facilitate the robot’s interaction with the home layout by connecting it to door locks to be able to navigate within the home. As one CG mentioned the following:




	
“… I think that’s a good feature, you know. You’ve been calling on the phones. They don’t answer, and so you could send the robot to go find them. it doesn’t open doors. So that’s a blockage, you know. they have a lot of doors in their house, and so it wouldn’t be really accessible because of the door issue or the different levels.”








	
Item locator integration: to enhance the robot’s role in daily convenience and practicality incorporate Bluetooth tracking technology into the robot to help users locate misplaced items. One of the CRs who noted this need stated the following:




	
“…finding things like glasses. I don’t know how that would work. How does the robot find something? But it would pair with another device like the watch.”








	
Smart home system compatibility: incorporate synchronization with existing home automation systems to enable users to control things like their television, lighting, and robotic vacuums through the robot. Here is one of the CR’s suggestions:




	
“Could the robot be made or built to open doors? If you change the locks and have the door would automatically open when the robot got so close to it.” Another CG suggested the following:



	
“…as long as it’s seamless between like platforms, you know, if it’s Google or if it’s Apple, because I think it would be good to have like routines and reminders set up. You know, not just a reminder that you ignore… if it was integrated with Apple Watch, or you know, another like, because then you can, like have the summary of it on your phone….It would be useful if it could turn off the lights, you know, like, if it integrated with like, the Google IoT that we already have to do that, then it’s not like, oh, having to use multiple devices to do the same thing. I think the more can do like, oh, you know, things like the television or the lights or something like that or that’s useful like even if it vacuum the floor, that would be awesome.”








	
Storage features: for physical assistance in carrying items, consider adding a storage place like a tray or shelf to the robot for storing medications and personal items, as one CR suggested the following: “I think it would have been ideal to have a shelf on it, doesn’t have to be big, of course, because it’s not big, the robot itself, but medication could be laid out on it…”



	
Therapeutic and entertainment apps: allow for the installation of therapy, audiobook, and music apps to the robot. One CG mentioned the following:




	
“It’d be cool if it could also access to YouTube. Because my mom does yoga, I’ve set up a playlist on YouTube for her to do yoga class and if it would say, do you want to do yoga? Now I’ll play it for you. So, it would be awesome if it could navigate the web for my mother.”








	
Transcription features: include voice-to-text capabilities to aid communications with those who have hearing impairments or prefer visual interaction. One CG suggested the following:




	
“I realized that there might be a transcription of my voice to typed notes on the screen. And likewise, what the robot might be saying back to me might also be on screen. So, you have the dialogue there.”















7. Discussion


This study explores the perceptions of CGs and CRs around a social robot called VGo, an upright telepresence robot with features intended to support and facilitate caregiving. The objective of this research was to explore the potential of social robots to ease caregiving tasks through specific features and functions in an ADRD care context and to assess the general willingness of CGs and CRs to accept and use such a device in the CRs’ homes.



The analysis indicated that participants highlighted the significance of the robot’s physical design by addressing how its appearance could be one of the determining factors in integrating it into the home environment. Overall, participants suggested that the robot’s height should be around eye level, its size should be compact and not occupy too much space, and its appearance should not resemble that of typical hospital devices that should be studied based on user background and cultural themes [37].



Regarding the presented features and functions of the robot, most CGs and CRs responded positively to the robot’s four main functions: calling, community support, mobility, and reminders. CGs generally showed greater acceptance of these features than CRs. The majority of CGs appreciated using a robot for remote monitoring of a CR and connecting them with medical staff or family. Both CGs and CRs showed the highest interest in the robot’s mobility feature. CRs favored the mobility feature the most, while CGs preferred the calling function. However, CRs showed less interest in the calling and reminder functions. CRs’ low interest in the reminder feature might be due to existing routines for managing daily tasks. Some CRs found transitioning to new technologies stressful, raising concerns about the robot’s reliability on WiFi and potential issues if the internet is down or they are not home.



Prior research highlights that the acceptance of technology and social robots varies according to the perspectives and roles of different stakeholders (e.g., CG, CR, nursing staff) [38,39] Similarly, in our study, CGs showed more interest in using the social robot when their CRs’ dependency in managing IADL was lower. Furthermore, CGs’ satisfaction with their current communication with CRs was a significant factor in their openness to the social robot features. However, factors like CGs’ age, experience of caregiving strain, guilt scores, and general attitudes toward technology did not correlate with their openness to the robot’s features. Similarly, for CRs, factors such as age and feelings of loneliness were not predictive of their willingness to adopt a social robot. These findings show the potential user groups for these technologies. Although previous studies indicate that demographics can influence technology acceptance [40,41,42], the complex relationship between these factors suggests that further research is needed to understand their impact. Future studies should investigate other elements that might influence prospective users’ decisions regarding the adoption of these technologies.



Despite participants’ only exposure to the robot being through the video, they provided useful feedback that can inform the future design of social robots for caregiving. Participants raised issues regarding small text size and potential difficulties with the use of a touch screen—challenges that are widespread across different technologies and about which there has been considerable research [43,44,45]. They also noted concerns about VGo’s ability to navigate obstacles within the home. Voice commands emerged as participants’ preferred interaction modality; voice command use was associated with ease of use and was the primary reason why CGs and CRs considered transitioning from their phones or tablets to using a robot like VGo for certain tasks, such as making calls. Participants’ preferences for voice commands also align with the growing popularity of voice assistants and their association with ease of use, particularly for older adults or those with dexterity limitations [37]. Additionally, several participants wanted the robot to integrate with external services like AI home assistants, YouTube, automatic doors, and smoke alarms.



In addition, CGs and CRs expressed interest in new features and capabilities, such as having the robot find lost items, offer emergency connectivity, integrate with home systems, and carry medications. They also wanted VGo to allow users to download other applications that provide well-being services and entertainment. CGs specifically desired VGo to integrate with wearables and to offer voice-to-text transcription; personalization; interactive voice communication; assistance with medication reminders; and guidance for individuals with cognitive issues. Most of the CGs favored the robot’s ability to provide remote access to their CR when they were not physically present with the CR. This need was particularly valued by those who lived at a distance from their CRs (i.e., remote CGs) or who spent extended periods away from home during the day. On the other hand, CRs expressed interest in new features, such as light-based alerts and reminders, nuanced voice recognition for voice commands, scenario-based reminders, phone integration for music apps, an ability to make shopping lists, smoke, and carbon monoxide detection, and the ability to ask questions of VGo, similar to how they might with voice assistants such as Siri or Google.



Overall, the study presents several new research findings that highlight the need to address specific, practical challenges. The results emphasize the significance of the robot’s physical design, with considerations such as height, size, and appearance playing a key role. Additionally, CGs demonstrated greater acceptance of the robot’s functions compared to CRs, who expressed concerns about the robot’s dependence on WiFi and its reliability in case of connectivity issues. Voice commands emerged as an important feature, particularly for ease of use, and the study underscores the need for interoperability between the robot and other in-home devices. Interestingly, some demographic variables, such as age and caregiving strain, did not predict openness to adopting the robot.



Future research should aim to identify which lifestyle or demographic characteristics in CGs and CRs may predict greater acceptance and adoption of social robots in caregiving settings. Participant feedback highlighted avenues for further investigation, such as developing more effective solutions for verifying medication adherence, potentially through visual confirmation. One limitation of this study is that participants only experienced VGo via video; they did not have the opportunity physically to see and interact with VGo, even in a prototype form. Future studies should ideally involve both CG and CR participants interacting with the device in the home caregiving environment. This approach can help highlight benefits and identify opportunities for new or enhanced features that the robot could offer to support caregiving.







Author Contributions


Conceptualization, S.F., L.D. and J.C.; methodology, S.F., L.D. and L.C.; formal analysis, S.F., L.C. and L.B.; investigation, S.F., L.C., L.B., L.D. and C.L.; writing—original draft preparation, S.F., L.C. and M.W.; writing—review and editing, S.F., L.C., L.B., L.D., M.W. and C.L.; visualization, L.C.; supervision, J.C. and L.D.; funding acquisition, J.C. All authors have read and agreed to the published version of the manuscript.




Funding


This research funded by Vecna Healthcare company. The APC was funded by MIT AgeLab.




Data Availability Statement


Data supporting the reported results are available upon reasonable request. Interested parties may contact the corresponding authors for access to the datasets, subject to privacy or ethical restrictions.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



United Nations Department of Economic and Social Affairs, Population Division. World Population Prospects 2022: Summary of Results. UN DESA/POP/2022/TR/NO; United Nations Department of Economic and Social Affairs, Population Division: New York City, NY, USA, 2022; p. 3. [Google Scholar]

	



Vespa, J.; Medina, L.; Armstrong, D.M. Demographic Turning Points for the United States: Population Projections for 2020 to 2060. In Current Population Reports; U.S. Census Bureau: Washington, DC, USA, 2020; pp. 25–1144. [Google Scholar]

	



Cristea, M.; Noja, G.G.; Stefea, P.; Sala, A.L. The impact of population aging and public health support on EU labor markets. Int. J. Environ. Res. Public Health 2020, 17, 1439. [Google Scholar] [CrossRef] [PubMed]

	



Sawyer, B.; Claxton, G. How Do Health Expenditures Vary Across the Population; Peterson-KFF Health System Tracker: New York, NY, USA, 2019; p. 16. [Google Scholar]

	



Zhang, X.; Lin, D.; Pforsich, H.; Lin, V.W. Physician workforce in the United States of America: Forecasting nationwide shortages. Hum. Resour. Health 2020, 18, 8. [Google Scholar] [CrossRef] [PubMed]

	



Guo, J.; Konetzka, R.T.; Magett, E.; Dale, W. Quantifying long-term care preferences. Med. Decis. Making 2015, 35, 106–113. [Google Scholar] [CrossRef] [PubMed]

	



Holt-Lunstad, J.; Smith, T.B.; Layton, J.B. Social relationships and mortality risk: A meta-analytic review. PLoS Med. 2010, 7, e1000316. [Google Scholar] [CrossRef] [PubMed]

	



Douglas, H.; Georgiou, A.; Westbrook, J. Social participation as an indicator of successful aging: An overview of concepts and their associations with health. Aust. Health Rev. 2016, 41, 455–462. [Google Scholar] [CrossRef] [PubMed]

	



Proctor, A.S.; Barth, A.; Holt-Lunstad, J. A healthy lifestyle is a social lifestyle: The vital link between social connection and health outcomes. Lifestyle Med. 2023, 4, e91. [Google Scholar] [CrossRef]

	



AARP; National Alliance for Caregiving. Caregiving in the U.S.; AARP; National Alliance for Caregiving: Washington, DC, USA, 2020. [Google Scholar]

	



Redfoot, D.; Redfoot, L.; Houser, A. The Aging of the Baby Boom and the Growing Care Gap: A Look at Future Declines in the Availability of Family Caregivers; AARP Public Policy Institute: Washington, DC, USA, 2013. [Google Scholar]

	



Alzheimer’s Association. 2023 Alzheimer’s Disease Facts and Figures; Alzheimer’s Association: Chicago, IL, USA, 2023. [Google Scholar]

	



Matthews, K.A.; Xu, W.; Gaglioti, A.H.; Holt, J.B.; Croft, J.B.; Mack, D.; McGuire, L.C. Racial and ethnic estimates of Alzheimer’s disease and related dementias in the United States (2015–2060) in adults aged ≥65 years. Alzheimer’s Dement. 2019, 15, 17–24. [Google Scholar] [CrossRef]

	



World Health Organization. Dementia. Available online: https://www.who.int/news-room/fact-sheets/detail/dementia (accessed on 15 March 2023).

	



Skufca, L.; Rainville, C. Caregiving Out-of-Pocket Costs Study; AARP Research: Washington, DC, USA, 2021. [Google Scholar]

	



Shu, S.; Woo, B.K. Use of technology and social media in dementia care: Current and future directions. World J. Psychiatry 2021, 11, 109. [Google Scholar] [CrossRef]

	



Lugrin, B.; Pelachaud, C.; Traum, D. (Eds.) The Handbook on Socially Interactive Agents: 20 years of Research on Embodied Conversational Agents, Intelligent Virtual Agents, and Social Robotics Volume 2: Interactivity, Platforms, Application; ACM: New York, NY, USA, 2022. [Google Scholar]

	



Breazeal, C.; Dautenhahn, K.; Kanda, T. Social robotics. In Springer Handbook of Robotics; Springer: Cham, Switzerland, 2016; pp. 1935–1972. [Google Scholar]

	



Pu, L.; Moyle, W.; Jones, C.; Todorovic, M. The effectiveness of social robots for older adults: A systematic review and meta-analysis of randomized controlled studies. Gerontologist 2019, 59, e37–e51. [Google Scholar] [CrossRef]

	



Cruz-Sandoval, D.; Morales-Tellez, A.; Sandoval, E.B.; Favela, J. A social robot as therapy facilitator in interventions to deal with dementia-related behavioral symptoms. In Proceedings of the 2020 ACM/IEEE International Conference on Human-Robot Interaction, Cambridge, UK, 23–26 March 2020. [Google Scholar] [CrossRef]

	



Whelan, S.; Murphy, K.; Barrett, E.; Krusche, C.; Santorelli, A.; Casey, D. Factors affecting the acceptability of social robots by older adults including people with dementia or cognitive impairment: A literature review. Int. J. Soc. Robot. 2018, 10, 643–668. [Google Scholar] [CrossRef]

	



Hameed, I.A.; Tan, Z.H.; Thomsen, N.B.; Duan, X. User acceptance of social robots. In Proceedings of the Ninth International Conference on Advances in Computer-Human Interactions (ACHI 2016), Venice, Italy, 24–28 April 2016; pp. 274–279. [Google Scholar]

	



Pino, M.; Boulay, M.; Jouen, F.; Rigaud, A.-S. “Are we ready for robots that care for us?” attitudes and opinions of older adults toward socially assistive robots. Front. Aging Neurosci. 2015, 7, 141. [Google Scholar] [CrossRef] [PubMed]

	



McColl, D.; Nejat, G. Meal-time with a socially assistive robot and older adults at a long-term care facility. J. Hum.-Robot. Interact. 2013, 2, 152–171. [Google Scholar] [CrossRef]

	



Louie, W.-Y.G.; McColl, D.; Nejat, G. Acceptance and attitudes toward a human-like socially assistive robot by older adults. Assist. Technol. 2014, 26, 140–150. [Google Scholar] [CrossRef] [PubMed]

	



Moharana, S.; Panduro, A.E.; Lee, H.R.; Riek, L.D. Robots for joy, robots for sorrow: Community-based robot design for dementia caregivers. In Proceedings of the 2019 14th ACM/IEEE International Conference on Human-Robot Interaction (HRI), Daegu, Republic of Korea, 11–14 March 2019; pp. 458–467. [Google Scholar]

	



Moyle, W.; Jones, C.; Sung, B. Telepresence robots: Encouraging interactive communication between family carers and people with dementia. Australas. J. Ageing 2019, 39, 12713. [Google Scholar] [CrossRef] [PubMed]

	



Ienca, M.; Jotterand, F.; Vică, C.; Elger, B. Social and assistive robotics in dementia care: Ethical recommendations for research and practice. Int. J. Soc. Robot. 2016, 8, 565–573. [Google Scholar] [CrossRef]

	



Seelye, A.M.; Wild, K.V.; Larimer, N.; Maxwell, S.; Kearns, P.; Kaye, J.A. Reactions to a remote-controlled video-communication robot in seniors’ homes: A pilot study of feasibility and acceptance. Telemed. e-Health 2012, 18, 755–759. [Google Scholar] [CrossRef]

	



Hirt, J.; Beer, T. Use and impact of virtual reality simulation in dementia care education: A scoping review. Nurse Educ. Today 2020, 84, 104207. [Google Scholar] [CrossRef]

	



Sharkey, A.; Sharkey, N. Children, the elderly, and interactive robots. IEEE Robot. Autom. Mag. 2011, 18, 32–38. [Google Scholar] [CrossRef]

	



Fulmer, I.S.; Barry, B.; Long, D.A. Lying and smiling: Informational and emotional deception in negotiation. J. Bus. Ethics 2009, 88, 691–709. [Google Scholar] [CrossRef]

	



Sullins, J.P. Robots, love, and sex: The ethics of building a love machine. IEEE Trans. Affect. Comput. 2012, 3, 398–409. [Google Scholar] [CrossRef]

	



Russell, D.W. UCLA Loneliness Scale (Version 3): Reliability, validity, and factor structure. J. Pers. Assess. 1996, 66, 20–40. [Google Scholar] [CrossRef] [PubMed]

	



Graf, C. The Lawton instrumental activities of daily living scale. Am. J. Nurs. 2008, 108, 52–63. [Google Scholar] [CrossRef] [PubMed]

	



Losada, A.; Márquez-González, M.; Peñacoba, C.; Romero-Moreno, R. Development and validation of the Caregiver Guilt Questionnaire. Int. Psychogeriatr. 2010, 22, 650–660. [Google Scholar] [CrossRef] [PubMed]

	



Robinson, F.; Nejat, G. An analysis of design recommendations for socially assistive robot helpers for effective human-robot interactions in senior care. J. Rehabil. Assist. Technol. Eng. 2022, 9, 20556683221101389. [Google Scholar] [CrossRef] [PubMed]

	



Thordardottir, B.; Malmgren Fänge, A.; Lethin, C.; Rodriguez Gatta, D.; Chiatti, C. Acceptance and use of innovative assistive technologies among people with cognitive impairment and their caregivers: A systematic review. Biomed. Res. Int. 2019, 2019, 9196729. [Google Scholar] [CrossRef]

	



Yamato, N.; Sumioka, H.; Ishiguro, H.; Shiomi, M.; Kohda, Y. Technology acceptance models from different viewpoints of caregiver, receiver, and care facility administrator: Lessons from long-term implementation using baby-like interactive robot for nursing home residents with dementia. J. Technol. Hum. Serv. 2023, 41, 296–321. [Google Scholar] [CrossRef]

	



Arning, K.; Ziefle, M. Different perspectives on technology acceptance: The role of technology type and age. In HCI and Usability for e-Inclusion, Proceedings of the 5th Symposium of the Workgroup Human-Computer Interaction and Usability Engineering of the Austrian Computer Society, USAB 2009, Linz, Austria, 9–10 November 2009; Proceedings 5; Springer: Cham, Switzerland, 2009; pp. 20–41. [Google Scholar]

	



Wójcik, D.; Szczechowiak, K.; Konopka, P.; Owczarek, M.; Kuzia, A.; Rydlewska-Liszkowska, I.; Pikala, M. Informal dementia caregivers: Current technology use and acceptance of technology in care. Int. J. Environ. Res. Public Health 2021, 18, 3167. [Google Scholar] [CrossRef]

	



Ha, J.; Park, H.K. Factors affecting the acceptability of technology in health care among older Korean adults with multiple chronic conditions: A cross-sectional study adopting the senior technology acceptance model. Clin. Interv. Aging 2020, 15, 1873–1881. [Google Scholar] [CrossRef]

	



Hou, G.; Anicetus, U.; He, J. How to design font size for older adults: A systematic literature review with a mobile device. Front. Psychol. 2022, 13, 931646. [Google Scholar] [CrossRef]

	



Yeh, P.C. Impact of button position and touchscreen font size on healthcare device operation by older adults. Heliyon 2020, 6, e04147. [Google Scholar] [CrossRef]

	



Zhou, J.; Rau, P.L.P.; Salvendy, G. Older adults’ text entry on smartphones and tablets: Investigating effects of display size and input method on acceptance and performance. Int. J. Hum.-Comput. Interact. 2014, 30, 727–739. [Google Scholar] [CrossRef]








[image: Robotics 13 00160 g001] 





Figure 1. A screenshot of the recorded video used in the online interviews. 
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Figure 2. VGo. 
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Figure 3. Caregivers and CRs’ interest in different functionalities and features of the robot. 
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Table 1. A summary of participants’ demographic information.
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	ID
	CR’s Stage of Disease
	CR’s Diagnosis
	CR’s Relationship to CG
	Dyad Living Situation
	Gender

(CG/CR)
	CR’s Age





	1
	Moderate
	Mild cognitive impairment (MCI)
	Parent
	Together
	F/F
	83



	2
	Moderate
	MCI
	Parent
	Separate
	F/M
	73



	3
	Moderate
	MCI
	Spouse
	Together
	M/F
	84



	4
	Early
	MCI
	Spouse
	Together
	M/F
	75



	5
	Moderate
	MCI, Alzheimer’s disease, Vascular dementia
	Parent
	Together
	F/F
	90



	6
	Early
	MCI
	Spouse
	Together
	F/M
	79



	7
	Early
	Alzheimer’s disease
	Spouse
	Together
	M/F
	89



	8
	Moderate
	MCI
	Parent
	Separate
	F/F
	67



	9
	Unknown
	MCI
	Spouse
	Together
	F/M
	77



	10
	Moderate
	MCI, Vascular dementia
	Parent
	Separate
	F/M
	86



	11
	Moderate
	Alzheimer’s disease
	Spouse
	Together
	F/M
	70



	12
	Early
	Vascular dementia
	Parent
	Separate
	F/F
	85



	13
	Moderate
	Mixed dementia
	Spouse
	Together
	F/M
	87



	14
	Early
	MCI
	Parent
	Separate
	M/M
	92



	15
	Early
	Other—“Parkinson’s Disease with mild cognitive impairment”
	Spouse
	Together
	F/M
	75



	16
	Moderate
	Alzheimer’s disease
	Spouse
	Together
	F/M
	77



	17
	Early
	Alzheimer’s disease
	Spouse
	Together
	F/M
	86



	18
	Early
	MCI
	Spouse
	Together
	F/M
	84



	19
	Early
	MCI, Alzheimer’s Disease, Vascular Dementia
	Spouse
	Together
	F/M
	67



	20
	Early
	Frontotemporal dementia
	Spouse
	Together
	F/M
	65










 





Table 2. Overview of initial reactions and comments from participants upon viewing VGo’s video. Numerical values indicate the number of individuals from each group aligning with each remark.
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Category

	
Count of Positive Feedback

	
Count of Negative Feedback






	
Robot appearance

	
Fine, Sleek, Nice, Interesting, and Attractive (CGs = 5 and CRs = 7)

	
Sterile and hospital looking, Mobility scooter, Lack of humanoid features (CGs = 6 and CRs = 2)




	
Size and shape

	
Ideal height for eye-level tablet use, Ideal size to fit against a wall (CGs = 5, CRs = 5)

	
Too large and Concerns about stability (CGs = 3 and CRs = 1)

