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Active and Assisted Living (AAL) technologies stand as a promising mean to respond to the big societal challenges related 

to health and social care. Nevertheless, despite their great potential and the recent boost ensured by the advances in 

Artificial Intelligence for data processing, the uptake in real-life settings of AAL technologies is still in its infancy. Several 

concerns seem to hinder the willingness of the targeted beneficiaries to integrate such technologies in their routines and 

living settings. Some studies and surveys have tried so far to identify and analyze these concerns and the factors that affect 

the immediate acceptance and long-term usage of AAL technologies, thus identifying accessibility, usability, privacy, 

safety, security and reliability as the core ones. Nevertheless, no attempts have been done yet to verify the reception of 

these analyses from a technological and implementation standpoint. This paper fills this gap by reporting the preliminary 

results of a scoping review of the AAL literature. The review investigates the solutions developed in the last five years that 

address various groups of beneficiaries and their concerns with respect to technology adoption. The results obtained aim 

to aid researchers, social and health care professionals, end users and technology providers understand the state of play of 
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technological solutions, evaluation studies and the overall discussions that are appearing in the literature to address and 

respond to the end-users’ concerns. 
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1 Introduction 
The demographic change and the critical economic context, further exacerbated by the recent COVID-19 pandemic, are 

making more and more urgent the call for more effective and sustainable health and social care services.  

Active and Assisted Living (AAL) technologies stand as promising instruments to respond to this call, thanks to the 

high potential they hold in enabling remote care and assistance, via supportive and inclusive environments and applications 

empowering people in need [1]. AAL capitalizes on the growing pervasiveness and effectiveness of sensing and computing 

facilities to supply the assisted persons with smart support, thus responding to their needs of health and wellbeing, 

autonomy, independence, comfort, security and safety [2]. In this respect, a plethora of AAL applications has appeared in 

the last decades to address heterogeneous scenarios and the demands of diverse beneficiary end users. Some examples 

include [3]: 

• enabling the sustained wellbeing, quality of life and safety of ageing, frail or impaired people  

• alleviating the burden of chronic diseases, via continuous and remote monitoring of psycho-physical signs of 

chronic patients 

• supporting at-home physical and cognitive rehabilitation 

• preventing the ageing and impaired community from social isolation 

• supporting and relieving the burden of formal and informal caregivers 

• promoting better and healthier lifestyles for at-risk subjects 

• enacting disease prevention strategies based on personalized risk assessment and continuous observation.  

The ultimate effect of all the above scenarios is empowering more sustainable health, care and social services, by 

reducing the pressure on formal health and care infrastructures thanks to remote monitoring, tele-assistance and smart 

environment facilities. AAL addresses the care and assistance needs of diverse beneficiaries. Usually, the main target users 

are frail or impaired individuals, chronic and multi-morbidity patients, and ageing healthy subjects. Nevertheless, 

beneficiaries also include formal and informal caregivers, as the assistive applications can alleviate their work and burden, 

as well as clinicians and General Practitioners, with the provision of information and analyses of physical, cognitive and 

behavioral information of chronic patients recorded remotely. 

Notwithstanding the diverse application scenarios and beneficiaries, AAL technologies share some common 

characteristics, as they aim to provide support in daily life in a transparent, unobtrusive and user-friendly manner. 

Moreover, they feature intelligent functionalities to learn and adapt to the requirements of the assisted people, by 

synchronizing with their specific needs [4]. Despite their expected smart capabilities and the recent technological boost 

ensured by the advances in Artificial Intelligence (AI), the uptake in real-life settings of these technologies is still in its 

infancy and several factors seem to hinder the willingness of the targeted recipients to integrate them in their living settings 

[5]. In this respect, a multidisciplinary debate among experts and stakeholders has started to better focalize the hindrances 

to their adoption [6, 7, 8]. The classical usability analyses have demonstrated to fall short when considering the eventual 

acceptance and adoption of AAL technologies by the diverse beneficiary users. The need to take into account other 
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individual concerns, such as trust in technology, data security and privacy, has lately become evident [9]. Moreover, the 

scientific community, policy makers and funding bodies have started discussing the ethical implications of their use, 

heading towards the release of guidelines for AAL based on ethical excellence, as those promoted by the European AAL 

Program [10]. New research endeavors have started to focus on the design and delivery of AAL technological solutions 

able to address a wide range of end-users’ concerns, such as ergonomics, usability, reliability, acceptability and privacy 

preservation. The European AAL Programme DIANA1 and PAAL2 projects, the H2020 Marie Skłodowska-Curie action 

VisuAAL3 and the Cost Action GoodBrother4 are some examples of this emerging trend in AAL research.  

Starting from the above considerations, the goal of this study is to investigate the AAL solutions developed in the last five 

years to address various groups of beneficiaries and their concerns with respect to the adoption of AAL technologies. The 

idea is to identify, from a scoping review perspective, the state of play of the technological solutions, the evaluation studies 

and the overall discussions that are appearing in the literature to address and respond to the end-users’ concerns. 

1.1 Scope of the study 

Although some studies and surveys have tried to identify and analyze the factors that affect the immediate acceptance and 

long-term usage of AAL technologies, especially for the older-adults [11, 12, 13] and caregivers [14] target groups, no 

attempts have been done yet to verify the reception of these analyses from a technological and implementation standpoint. 

This paper investigates the AAL-related literature to identify the emergent solutions and debates to address target-users’ 

concerns. In this respect, the scoped analysis focuses on the following research question (RQ): 

RQ: What are the significant concerns that have been taken into account when designing, developing and presenting AAL 

applications or systems? Starting from the analyses of ethical, social and technological issues identified as critical factors 

for the uptake of AAL technology [9, 12, 15], we analyze the concerns considered in the retrieved studies as well as the 

target groups that are therein addressed and assisted. 

The time frame considered is the period 2016-2021, to better understand the emerging trends and because previous to 

2016 the appearance of papers considering beneficiaries’ concerns was very low and sporadic. The findings are intended 

for researchers, social and health care professionals, end users and technology providers when developing, deploying and 

evaluating AAL applications. The work aims to identify positive sides of the current technological advances, but also 

existing gaps in research and practice to provide implications for future AAL applications. 

The reminder of the paper is structured as follows: Section 2 describes the methodology of the scoped literature review; 

Section 3 introduces the results of the analysis of the n=63 finally selected papers and briefly overviews them with respect 

to the RQ; Section 4 outlines the conclusions, limitations and future development of the survey work. 

2 Methods 
The paper has been organized as a scoping review, thus including the analysis and synthesis of the existing literature 

towards a conceptual framework that systematizes and clarifies the phenomenon under analysis, which is, in this case, the 

consideration of end-users’ concerns in AAL technologies. We conducted a systematic literature search, by using an NLP 

toolkit developed by some of the authors for automated literature search, screening and analysis [16]. The digital libraries 

queried included the IEEE, PubMed, Springer, Elsevier and MDPI research-article databases. The study implemented the 

PRISMA workflow for systematic reviews [17], as illustrated in Figure 1. As planned in such a framework, additional 

sources were added as the result of a manual search done on the ACM digital library, as this could not be included in the 

automatic NLP-based search due to technical problems. The relevant papers retrieved this way were added to the original 

group of retrieved papers. 

During the paper identification phase, the titles, abstracts and keywords of the papers included in the digital libraries 

were queried with the search terms reported in Table 1. All the keywords were mandatory, which means that at least one 

entry of the various groups should have been matched by the results. The NLP-based toolkit used for the automated search 

 
1 http://www.diana-project.eu/ accessed May 2022 
2 https://paal-project.eu/ accessed May 2022 
3 https://www.visuaal-itn.eu/ accessed May 2022 
4 https://goodbrother.eu/ accessed May 2022 

http://www.diana-project.eu/
https://paal-project.eu/
https://www.visuaal-itn.eu/
https://goodbrother.eu/
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accepts a collection of keywords as an input to retrieve potentially relevant papers, combined with the set of properties (or 

categories) and property groups (as sub-categories) to be satisfied by them. The input can be expanded with keywords and 

properties’ synonyms to fine-tune the search and screening process. Further details on the tool can be found in [16]. 

The literature search was accomplished in-between January and March 2022, and it included research papers published 

between 2016 and 2021. The idea was to cover the most recent results, given the rapid advancements in this field. 

Afterwards, in the screening phase, the retrieved articles were evaluated to assess their relevance to the RQ. Therefore, the 

independent inclusion criteria mainly consisted in including papers describing: (a) AAL applications, methods and 

approaches, and (b) end-users’ concerns regarding the described AAL application and the potential solution. As exclusion 

criteria, the out-of-scope condition with respect to the RQ was applied. 

 

 

Figure 1: The PRISMA flow of the review process, which encompasses the identification, screening, eligibility and 

inclusion phases 

The first three authors manually screened the content of each paper independently and indicated its relevance with 

respect to the inclusion criteria. The papers included were then crosschecked, resolved and confirmed during regular 

discussions among the authors. Finally, a manual thematic analysis of the extracted information was carried out as the last 

step to categorize the solutions considering the various concerns and their beneficiaries. The goal of the analysis was to 

identify and elaborate whether and how the various concerns and end-users categories are addressed in the most recent 

AAL applications. 

3 Results 
The following sections describe the resulting figures of the survey and illustrate the analyses done, herein reported as 

overall statistics and systematization of methodological approaches. 

3.1 Screening process and number of articles 

The NLP search toolkit initially retrieved 28,161 potentially relevant papers (Figure 1), which were reduced to 19,914 once 

duplicates were discarded. The automated screening process further removed 7,179 articles published before 2016 or due 

to parsing errors in the title and/or abstract, or due to other reasons. Afterwards, the NLP toolkit’s advanced functions 
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assessed the eligibility of the remaining 12,735 papers and kept 257 articles (12,478 were excluded with reasons). Fifteen 

papers resulting from the manual search on the ACM digital library were added to these. This set of papers was then 

analyzed in detail during the inclusion phase, according to the inclusion and exclusion criteria. As a result, 63 articles were 

deemed eligible and included in the in-depth manual investigation. This aimed to identify and articulate the research results 

and trends with respect to end-users’ concerns. The results of this analysis are reported in the following sections as a 

preliminary discussion on statistic and methodological aspects. Due to the page-limit, we cannot go in detail to describe 

each paper, but a more comprehensive and throughout analyses is being prepared for a more extensive publication. 

Table 1: Key terms used for the scoping review’s NLP search toolkit and the manual search 

Category Criteria Keywords 

AAL Mandatory “Ambient assisted living”, “ambient-assisted living”, “assisted living”, AAL 

Beneficiaries Mandatory “Older adult”, elderly, “Older user”, “Older person”, “Older people”, Ageing, Aging, “Senior citizen”, 

“Senior people” 

“Frail person”, “Frail individual”, Frail, Impaired, Impairment, “Disabled people”, “Disabled persons”, 

“People with disability”, Frailty, Vulnerable, Disadvantaged 

Patient, “Medical patients”, Disease, “Medical condition” 

“Healthcare staff”, Doctor, Clinicians, Physicians, Therapists, “General practitioner, GP , “Medical 

worker”, Nurse 

Caregiver, “Care giver” 

Family, Families, Relative 

Concerns Mandatory Acceptance, Acceptability 

Adoption  

Accessibility, Accessible 

Availability, Available 

Privacy  

Reliability, Safety, Security 

Trust, Trustworthy, Trustworthiness 

Usability, Usable, Ergonomics, Ergonomic, “Ease of use”, “Easy to use” 

3.2 Concerns in AAL applications 

The distribution of papers taking into account the possible beneficiaries’ concerns is shown in Figure 2 per year and per 

concern. Each concern exhibits an irregular appearance throughout the considered period. The total number of papers 

published has a slight fluctuation, but it may be considered almost steady, with a peak in 2018, as shown in Figure 3 (a). 

Acceptance is the top considered users’ concern (i.e., 17 papers) [6, 8, 14, 18- 31], with Privacy following very close (i.e., 

16 papers) [6, 13, 22, 26, 30 - 41]. Reliability [24, 32, 33, 41 - 49], Accessibility [39, 50, 51- 59] and Usability [18, 20, 21, 

23, 25, 28, 51, 60 - 62] are considered in 10 or more papers each (Figure 3 (b)). Availability [52, 61, 63 - 69] and Security 

[19, 39, 40, 46, 70 - 72] are slightly under 10, while the others, Adoption [12, 13, 58, 65, 73, Safety [18, 23, 65, 72, 74] 

and Trust [12, 13, 39, 46, 49, 75], appear in around five papers in the considered period. Overall, Acceptance, Reliability 

and Usability appear each year, whilst the appearance of the others is more jeopardized. Though the number of papers and 

the time frame is limited, it is worth noting that the papers considering Usability has experienced a drop in the latest years, 

while those considering Trust appear to have a positive trend (Figure 2-bottom). 

As anticipated, Acceptance emerged as the most considered users’ concern by the papers retrieved, thus evidencing the 

increased awareness of the research community that, only by putting enough attention on the acceptability of the delivered 

AAL solutions, developers can expect their uptake and long-term use [14]. Acceptance was often considered with respect 

to the use of assistive robots [18, 19, 24, 25], to the different types of interaction modalities [23] and the notifications 

provided by the AAL solution [29]. Acceptance was most commonly addressed with other concerns, namely Usability [20, 

21, 23, 25, 28] and Privacy [6, 22, 26, 30, 31], thus evidencing the importance of these other concerns with respect to 

technology acceptability. Notably, Privacy also received a considerable attention in the selected period, which is likely due 

to the entering into force of the European General Data Protection Regulation (GDPR) in this period. GDPR mandates to 

meet data protection principles by design and by default, thus requiring that AAL solutions adopt appropriate 

methodologies for protecting beneficiaries’ data and identity during collection, analysis and use [13]. Privacy protection 

was considered not only with respect to data transmission and exchange [39], but also with respect to the identification of 
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the assisted and care individuals in the sensory data [6], especially in the visual ones. In this respect, privacy-preserving 

sensors, such as real time direction-sensitive accelerometers [33], radar-based sensors [22], state-change sensors [34] or 

depth cameras [32, 36, 38, 41], were adopted by some of the papers. Other approaches tried to retain all the informative 

richness of visual data acquired with RGB cameras, by working on visual data anonymization methods after acquisition 

[6, 30, 31]. One of the works addressed the Privacy issue by adopting an edge computing approach [40]. In this case, 

Security is another important question to be considered, as it was actually done by the authors. Overall, the security of the 

AAL applications and their data was less considered in the retrieved papers. Approaches based on user authentication, and 

data encryption and isolation were the most common ones adopted [40, 46, 70, 71]. Security was sometime misinterpreted 

with Safety, as done in [19, 72]. Safety is actually defined and usually considered as the mandate to prevent any harm to 

the users from using the AAL system [18]. This concern was particularly considered with respect to human-robot 

interaction [19, 72] and to specific assisted beneficiaries, such as older and frail subjects [19, 23, 65]. An interesting 

solution to ensure safety made use of a simulator for testing the delivered AAL application [73]. 

 

Figure 2: Top: the number and annual distribution of the papers concerning beneficiaries’ concerns plotted per 

each year and per each concern from January 2016 to December 2021. Bottom: the number of papers plotted per 

each concern distributed per year 

Reliability was considered in several papers and usually targeted with respect to the accuracy and robustness of the 

AAL application delivered, especially when based on AI models [42 - 45, 47, 48]. The attention, in this case, was more on 

the technical capabilities of the applications as an indirect mean to ensure the acceptability by the end users and the 

beneficiaries, as evidenced by the fact that it is often considered along with acceptance, privacy and trust [32, 33, 41, 46, 

49]. Accessibility corresponds to the convenience of reaching an AAL application. It was considered with respect to socio-

demographic factors [59], based on race [50], economic aspects [54] or type of impairment [53, 58]. It was considered also 

coupled to Usability [51], which is another of the most addressed concerns. Usability is meant as the ease of use of an AAL 

application or system and is one of the necessary requirements of any computerized or electronic application. Usability 

was tackled in validation studies of the considered AAL application [18, 28, 61], especially with respect to cumbersome 

systems such as exoskeletons [62] or to the communication interfaces [23], as well as for presenting novel dedicated 

methods and scales for measuring it [21]. Availability was considered mainly in relation to a particular technology, as the 
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possibility to use off-the-shelf technologies, such as mobile devices, in terms of services offered and cost [64, 65, 67, 69], 

or to have a continuously available service [63]. Adoption was considered as a more sustained and stable use and integration 

of the introduced technology into the beneficiaries’ routine. Adoption was mainly addressed in surveys [12, 13] or 

technology-comparison studies [58, 73], as it is the final expected outcome of AAL solutions addressing the other 

beneficiaries concerns. Similar to Adoption, Trust is a complex construct and an emerging ethical concern that is receiving 

increasing interest in the AAL literature. The most recent European debate on the need to steer a beneficial development 

of AI solutions based on trustworthiness [76] has raised such an awareness also within the AAL community. Among the 

retrieved works, Trust was considered in policy-related papers [12, 13, 39] and pursued with respect to human-robot 

interaction [75] and home-care facilities, mainly in terms of reliability of the data processing methods [46] or the 

infrastructure [49]. 

 

 

Figure 3: (a) The numbers of total papers per year that consider at least a concern; (b) the total number of papers 

per concern 

3.3 Beneficiaries and scopes of the retrieved AAL applications 

Older adults represent the largest beneficiary group of the retrieved AAL papers (39 papers) and they appear coupled to 

all the considered concerns. The target activities that the technology supports include activity recognition, mobility support 

and vital sign monitoring. For example, the research in [38] uses a set of RGB-D sensors to recognize at-home activities 

of daily living such as standing, sitting and walking. The study described in 24 employed a companion robot to help 

navigate older people at their homes, whereas work from [70] described devices for collecting and analyzing users’ speech 

patterns to detect early stages of Alzheimer’s disease. Frail persons (17) commonly referred to older adults at a higher risk 

of fall, or with a natural decline in functioning. The major role of AAL technologies was a support in various activities. 

The examples include a voice assistant to control home appliances for users with motor and cognitive impairments [58], 

or the Kinect device for pose recognition to early discover critical/emergent situations of people in need [37]. All concerns 

are considered also for frail end users. Patients (13) experiencing health decline were considered in different AAL-

supported medical therapy, regardless of their age, for instance, for the actuation system of the T-FLEX ankle exoskeleton 

to support mobility of stroke patients [62] or augmented reality system that assists Alzheimer’s patients in a tea-making 

task [28]. All concerns but Adoption and Safety were considered for patient end users. 

Caregivers (12), healthcare staff (7) and family (3) were mentioned as supportive actors assisting in technology 

deployment. This way, they were mainly facilitators of target users’ technology use. Accordingly, a mobile app was used 

to support informal caregivers for people with dementia [60] coupled with Usability, a multi-agent system that recommends 

user actions outdoors based on obstacles observed in real time [53] coupled with Accessibility, and a feature-engineering 

tool for estimating physical activity levels and critical changes in users’ medical conditions [46], coupled with Reliability, 

Security and Trust. 
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4 Discussion and Conclusions 
For fully implementing the AAL potential, the underlying acceptance, adoption and ethical concerns should be addressed 

along with all the legal issues. The survey presented in this paper shows that the first solutions in this direction are starting 

to appear in the literature. Several papers are indeed considering not only technology-related issues, such as usability, 

reliability and security, but also other socio-ethical demands such as accessibility, privacy, trust and overall acceptance.  

It should be acknowledged that the survey presented has some limitations, as, due to the digital libraries considered, for 

instance, some venues related to social and legal sciences may have been missed in the results or some categories might 

have been enlarged with more synonyms. Nonetheless, the goal of the paper was to understand whether and how 

technological measures are being taken to address the AAL beneficiaries’ concerns. A more extensive analysis of the 

retrieved articles will be the subject of future work. The results hereby presented are encouraging and suggest that a new 

generation of ethical- and social-aware AAL has started, although each of the work analyzed focus mainly on one or a few 

of the beneficiaries’ concerns. A comprehensive and throughout perspective is still missing, though it will be the only key 

towards the effective adoption and sustained usage of AAL technologies. 
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