
 

 
 

BMJ Open is committed to open peer review. As part of this commitment we make the peer review 
history of every article we publish publicly available.  
 
When an article is published we post the peer reviewers’ comments and the authors’ responses online. 
We also post the versions of the paper that were used during peer review. These are the versions that 
the peer review comments apply to.  
 
The versions of the paper that follow are the versions that were submitted during the peer review 
process. They are not the versions of record or the final published versions. They should not be cited or 
distributed as the published version of this manuscript.  
 
BMJ Open is an open access journal and the full, final, typeset and author-corrected version of record of 
the manuscript is available on our site with no access controls, subscription charges or pay-per-view fees 
(http://bmjopen.bmj.com).  
 
If you have any questions on BMJ Open’s open peer review process please email 

info.bmjopen@bmj.com 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-033758 on 31 O

ctober 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/
info.bmjopen@bmj.com
http://bmjopen.bmj.com/


For peer review only
Reference Architectures for Ambient Assisted Living: a 

scoping review protocol.

Journal: BMJ Open

Manuscript ID bmjopen-2019-033758

Article Type: Protocol

Date Submitted by the 
Author: 20-Aug-2019

Complete List of Authors: Bublitz, Frederico; State University of Paraiba, Computing Department; 
University of Waterloo,  School of Public Helth and Health Systems
Sahota, Naman; University of Waterloo, School of Public Health and 
Health Systems 
Oetomo, Arlene; University of Waterloo Faculty of Applied Health 
Sciences
Fadrique, Laura; University of Waterloo School of Public Health and 
Health Systems
Morita, Plinio; University of Waterloo Faculty of Applied Health Sciences

Keywords: Scoping Review, Ambient Assisted Living, AAL, Independent Living, Old 
Age Assistance, Reference Architecture

 

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open
 on M

ay 19, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2019-033758 on 31 O
ctober 2020. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only
I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined 
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors 
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance 
with the terms applicable for US Federal Government officers or employees acting as part of their official 
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its 
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the 
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to 
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate 
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open 
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and 
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative 
Commons licence – details of these licences and which Creative Commons licence will apply to this Work are set 
out in our licence referred to above. 

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, I confirm this Work has not been 
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate 
material already published. I confirm all authors consent to publication of this Work and authorise the granting 
of this licence. 

Page 1 of 8

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-033758 on 31 O

ctober 2020. D
ow

nloaded from
 

https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/


For peer review only

Reference Architectures for Ambient Assisted Living: a scoping 
review protocol.

Frederico M. Bublitz1,2 , Naman K. Sahota1, Arlene Oetomo1, Laura X. Fadrique1 and Plinio P. Morita1,*
1 University of Waterloo, School of Public Health and Health Systems - Faculty of Applied Health Sciences - Waterloo, ON, CA.

2 State University of Paraiba – Center for Strategic Tecnologies in Health (NUTES), Campina Grande, PB, Brazil.
*Corresponding Author: Plinio P. Morita, plinio.morita@uwaterloo.ca, +1 (519) 505-1377

Emails: fredbublitz@uwaterloo.ca, nk4sahota@edu.uwaterloo.ca, arlene.oetomo@uwaterloo.ca, lxavierfadrique@uwaterloo.ca

ABSTRACT
Introduction: For the first time in human history, the 
number of older people will be higher than the number 
of children. The prevalence of chronic diseases, such 
as hypertension, cardiovascular disease, diabetes, and 
mental disorders in older adults is high. Given that, it 
is essential to make usage of related technology to 
provide improved health conditions and reduce the 
costs for promoting the aging in place, and that is 
precisely the aim of Ambient Assisted Living 
technology. Considering that these systems provide 
significant benefit to a vast number of stakeholders, 
can be applied to functional diversity of application 
domains, and have high economic and social impacts, 
it is essential to create reusable and interoperable 
platforms and standards that are able to deal with the 
heterogeneity of applications and domains. In this 
sense, reference architectures have been proposed and 
evaluated. A comprehensive scoping review 
concerning the reference architectures must clarify 
specific aspects, such as what the main domains are 
and how the solutions effectively deal with them.

Methods: This scoping review will follow the 
methodology framework defined in “Scoping studies: 
advancing the methodology”. In this methodological 
framework, six stages are proposed for scoping review 
studies: identifying the research question; identifying 
relevant studies; study selection; charting the data; 
collating, summarizing, and reporting the results; and 
consultation. The research questions aim to investigate 
what are the motivations, stakeholders, benefits, 
domains, approaches, architectural components, and 
governance aspects of the proposed reference 
architectures and models. The team will focus on the 
Scopus Document Search, PubMed (Medline), IEEE 
Xplore Digital Library, ACM Digital Library, and 
Science Direct electronic research databases. The 
search query is a combination of terms related to 
Ambient Assisted Living AND Reference 
Architecture.
Ethics and Dissemination: The results from this 
scoping review will be published in a peer-reviewed 
journal and reported at scientific meetings. We intend 
to share the results with the International Standards 
and Conformity Assessment - SyC AAL from Canada 

to use the review as a basis for establishing an 
assessment model of reference architectures.
Keywords: scoping review; Ambient Assisted Living 
(AAL); Independent Living, Old Age Assistance, 
Reference Architecture, Computer Architecture, 
Information Services.
Word Count: 2777

ARTICLE SUMMARY
Strengths and Limitations of this study 
 will enable the identification of the main gaps in 

the analyzed studies;
 can serve as the basis for future works and the 

proposal of standards;
  opens up an opportunity to understand the needs 

of the stakeholders and the aspects of data 
governance involved to serve as the basis for 
establishing an assessment model of reference 
architectures;

 A weakness of this review was the need of 
excluding the term “architecture” (alone) due to 
the extensive amount of non-relevant papers 
found in the rounds for adjusting the search query.

INTRODUCTION
The world is facing a completely new situation: for the 
first time in human history, the number of older people 
will be higher than the number of children[1]. One of 
the explanations for this statistic is that the number of 
older people has grown and the prediction is that this 
number will reach 15% of the population by 2045[2]. 

The fact that we are living longer can be seen as 
fascinating, yet intimidating at the same time. Though 
longer lifespans are a clear demonstration of the 
advances made in science and technology, many 
questions arise about this unprecedented situation. 
These questions are related to important issues like 
will the aging population experience decreased quality 
of life as they age? or how will an aging population 
impact the social and economic aspects of society?[3].

Although these questions remain inadequately 
answered, some aspects of this demographic transition 
are already known. For instance, chronic diseases are 
prevalent (e.g., hypertension, cardiovascular disease, 
diabetes, and mental disorders) among the elderly[4]. 
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The prevalence of these chronic diseases alone is 
already reason enough to harm the economy and health 
care system at both individual- and societal-levels[5], 
which indicates the need to continue to evolve for 
providing improved quality of life in a sustainable 
way.

A key factor for mitigating the impacts associated 
with the aging population is to provide appropriate 
conditions for older adults to live at home, actively and 
independently. It should be noted that supporting these 
conditions for the aging population is beneficial to all. 
For the elderly and their family, supportive living at 
home will allow for better social engagement and 
fewer expenses related to caregivers and healthcare in 
general; for the government, assisted living has the 
potential to reduce costs associated with providing 
health services and infrastructure for this older 
population. 

Given this context, it is essential to make use of 
related technology for providing the best conditions 
and reducing the costs for promoting the aging in 
place, and that is precisely the aim of Ambient 
Assisted Living (AAL) technology[6]. According to 
Rodriguez et al.[7] “AAL refers to concepts, products, 
and services aiming at enhancing several aspects of 
people’s quality of life, including autonomy/ 
independence, comfort, safety, security, and health in 
all stages of their life”.

Due to the relevance of AAL systems to the context 
of the aging population, it is possible to find a vast 
amount of reasonable solutions which can benefit 
people requiring varied levels of assistance.  ``But 
many good ideas and promising pilot cases fail to scale 
because the adopted approaches have been excessively 
techno-centric''[8]. Additionally, there is a trend of 
these solutions being focused entirely on the 
development of a specific and isolated service, for 
example, the development of a system to monitor 
some specific health-related parameter, such as the 
usage of a (or a set of) sensor for fall detection[9].

In understanding that these systems are beneficial 
to a vast number of stakeholders, can be applied to a 
functional diversity of application domains, and 
provide positive economic and social impacts, it is 
essential to create reusable and interoperable platforms 
and standards that can counteract the heterogeneity of 
applications and domains of AAL systems. 

In this sense, some reference architectures have 
been proposed and evaluated.  For example, Rodriguez 
et al. [7] present “A Comparative Analysis of 
Reference Architectures for Healthcare in the Ambient 
Assisted Living Domain”, but at the time, only five 
reference architectures were evaluated and the newest 
date was from 2011; further, as the authors mention, 
there is still a lack of reference architectures for 
supporting some stakeholders such as caregivers and 

care organizations; and they did not contemplate 
issues associated with the security of health records. 
Moreover, as stated by Calvaresi et al. [1] in their 
work, “the solutions often consist of ad-hoc 
architectures” indicating that a solution is still missing 
and suggest that solutions should focus on the 
interaction among all actors instead of the creation of 
a single solution.  

During a recent search1using a generic query with 
the terms related to the matter AAL and architecture2 
in Scopus Document Search3, it returned with 609 
documents. This is indicative of the need to conduct a 
comprehensive scoping review concerning reference 
architectures to clarify specific aspects related to 
identifying the main domains and how the solutions 
deal with them, understanding who the main 
stakeholders are and how the solutions include/engage 
them, and the main architectural components of the 
solution.

METHODS AND ANALYSIS
This scoping review will follow the methodology 
framework defined by Levac et al. [10]. In this 
methodological framework, six stages are proposed 
for scoping review studies: 1) identifying the research 
question; 2) identifying relevant studies; 3) study 
selection; 4) charting the data; 5) collating, 
summarizing, and reporting the results; and 6) 
consultation (optional). 

Following this section, the stages of the 
methodological framework for conducting a scoping 
study are presented.
Identifying the research question
The primary objective in this review is to identify the 
main reference architectures or models and verify 
whether it is possible to select or establish a 
comprehensive reference architecture that addresses 
the most critical challenges of AAL. Due to the 
comprehensive aspect of this review, a set of related 
research questions were featured, as follows:
 Motivations: What are the primary purposes of the 

models/architecture presented by the papers? For 
this question, we aim to understand the main 
concerns that were motivating the authors to 
create/propose a reference architecture or model 
for AAL.

 Stakeholders: Who are the stakeholders, and how 
do the solutions support them? This question aims 
to identify those that may benefit from the 
proposed reference architecture. For instance, it is 

1 The search was executed on July 2nd, 2019.
2 ``TITLE-ABS-KEY (("AAL" OR "Ambient 

Assist*") AND ("Conceptual" OR "Reference 
Architecture" OR "Architecture"))

3 https://www.scopus.com
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possible that a specific model/architecture has a 
well-defined focus on the developers of 
applications for AAL, while others may focus on 
the people that can benefit from the applications 
developed using the reference model/architecture. 
The challenge here is to define a comprehensive 
definition of the stakeholders that can use or 
benefit from a reference architecture for AAL.

 Benefits: How do the systems support and deal 
with the different levels of assistance required by 
the users (i.e., the beneficiaries)? In AAL systems, 
the beneficiaries may require different levels of 
assistance [11]. For instance, they can be 
independent or require assistance for basic daily 
activities (ADLs), such as for walking or managing 
their medication.

 Domains: Is the proposed reference architecture 
or model able to deal with different application 
domains? Is it possible to specify which ones? 
Considering that a reference architecture must be 
able to deal with different application domains 
inside the AAL scope, such as Personal Care, 
Remote Patient Monitoring (RPM), and ADLs, it 
is important to verify if the architecture is able to 
deal with these different domains, or if there is 
some restriction (in this case, this architecture will 
not be considered for a qualitative analysis).

 Approach: What is the paradigm adopted for the 
development of the proposed reference 
architecture or model? A reference architecture 
can be created based on different approaches or 
paradigms; for instance, it can adopt a conceptual 
approach (e.g., Ontology), a Component-based 
approach, or a Software as a Service (SaaS) 
approach.

 Architectural Components:] What are the main 
layers or components of the proposed reference 
architecture? Even considering that the 
construction of the model or reference architecture 
can adopt different approaches, it is worthy of 
listing and correlating them, so that it is possible to 
find the most common elements, such as support to 
different Devices, Communications, and Clouds.  
Moreover, it is essential to identify what (and how) 
components deals with the requirements of 
heterogeneity, interoperability, and reusability.

 Governance: Is there a support mechanism for data 
governance? For dealing with personal 
information, a reference architecture should 
address the main concepts concerning data 
governance, providing the necessary support for 
data availability, data consistency, data integrity, 
and data security.

Identifying relevant studies
This review will be conducted entirely using electronic 
databases. The following databases were used: Scopus 

Document Search; PubMed (Medline)4; IEEE Xplore 
Digital Library5; ACM Digital Library6; and Science 
Direct7. These electronic databases were chosen 
because they cover a vast amount of areas with 
relevant works related to the scope of this review, such 
as technology and health. One important note about 
the choice of the data sources is that the Springer was 
initially considered to be included; however, most of 
the papers returned were not relevant as it was not 
possible to perform an advanced search. In addition to 
that, the papers returned by Scopus already 
contemplate papers from Springer.

The research team for this scoping review has 
extensive experience in the areas of computer science, 
information technology, pervasive environments, 
ambient intelligence, ambient assisted living and 
health sciences. For this review, the team has already 
performed some rounds for tuning the search string. 
The main terms related to the AAL and reference 
architecture. The terms used during this round were: 
AAL, “Ambient Intelligence”, “Assisted Living” 
(which includes all “Active Assisted Living” papers), 
“Ambient Assist*” (that includes all “Ambient 
Assisted Living”, “Ambient Assisted” or “Ambient 
Assistance” papers), “Assisted Environment”, 
“Assistive Environment” (for these latter two terms, 
the plural form does not impact the results), 
“Reference Model”, “Reference Implementation”, 
“Reference Architecture”, “Conceptual Model”, 
“Conceptual Architecture”. 

After five rounds of using different combination 
involving these previous mentioned, and other related, 
terms and evaluating the relevance of some of the 
returned papers. Actually, we get 20 papers as control 
papers, these control papers were articles that we pre-
classified as relevant, and that should appear in the 
search. The final search query is (“Ambient 
Intelligence” OR “AAL” OR “Assisted Living” OR 
“Ambient Assist*” OR “Assisted Environment” OR 
“Assistive Environment”) AND (“Reference Model” 
OR “Reference Architecture” OR “Conceptual 
Model” OR “Conceptual Architecture”).
Study selection
The focus of this review is to have a comprehensive 
understanding on how researchers are dealing with, 
and providing support for, the vast amount of IoT 
devices and services available for AAL, and whether 
the proposed reference architectures can deal with the 
main requirements for AAL, as discussed in the 
research questions.

4 https://www.ncbi.nlm.nih.gov/pubmed/
5 https://ieeexplore.ieee.org/Xplore/home.jsp
6 https://dl.acm.org/
7 https://www.sciencedirect.com/
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The team met to discuss the inclusion and 
exclusion criteria. From these meetings the team has 
decided that the main restriction with regard to domain 
is that the paper must either address a solution for 
solving an AAL problem and mention the software 
architecture for the solution, or the paper must present 
a reference architecture (or model) that can be applied 
in different AAL application domains. The other 
restrictions are more generic and take into account 
criteria like availability, language, and the type of 
publication (i.e., primary or secondary study). The 
following inclusion (INC) and exclusion (EXC) 
criteria were defined:
 INC.01. - Domain: The paper addresses a solution 

for solving an AAL problem and mentions that 
there is a software architecture for that;

 INC.02. - Domain: The paper presents a reference 
architecture (or model) that enables the solution be 
applied in various AAL application domains;

 INC.03. - Language: The paper must be written in 
English;

 INC.04. -  Time: There are no time restrictions. 
This option differs a little bit from traditional 
scoping reviews, which typically include papers 
from the last five years, but the team decided to 
include any solution despite the date of publication 
to perceive how the theme has evolved over time;

 INC.05. - Study Design: The paper presents a 
primary study. The team is looking for primary 
research papers. The team already performed a 
screening on secondary studies, and, although 
there are good reviews, there are still gaps that the 
team overcame by analyzing primary studies;

 INC.06. - Availability: The full paper is available. 
Although the team has access to a considerable 
amount of datasets, some search engines (e.g. 
Scopus Document Search) point to a third data 
source where some of the studies may not be 
available (or only accessible under purchase); 

 EXC.01. - Duplicated: The team is using a set of 
datasets for searching, which may increase the 
possibility of the paper appearing more than one 
time. In this case, the team will eliminate the 
duplicates;

 EXC.02. - not matching all the inclusion criteria: 
Any paper that does not match all the inclusion 
criteria will be excluded from the review. The only 
exception is regarding the domain inclusion 
criteria, in this case, the paper must fit at least one 
of them (if not all).

Given the presented inclusion and exclusion criteria, 
the team will start the screening and eligibility phases 
based on the flow diagram from PRISMA 
Statement[12]. For these phases each paper will be 
read by two members of the team, and in case of a 

conflicting decision another member will read the 
conflicting paper and discuss with the other members 
to solve the conflict. Hence, the team will adhere to the 
following steps for the review: i) looking for 
duplicates, maintaining only one version of them; ii) 
performing a fast reading on abstract, introduction and 
conclusion and exclude those studies that clearly fall 
on one of the exclusion criteria; and iii) the team will 
read the paper and exclude those studies that fall on 
one of the exclusion criteria, explaining the reasons for 
exclusion.
Charting the data
This stage consists of mapping the information that 
will be extracted from the primary studies being 
analyzed[13]. For this stage, the team is using a data 
chart form using the record information adapted from 
Crick et al. work[14], plus  information related to the 
scope of this review, as follows:
 Bibliographical information: title of the article, 

authors(s), country, and year; 
 Study information: aims of the study, 

methodology, outcome measures (if applicable), 
important results;

 AAL information: stakeholders, benefits for 
stakeholders, level of assistance supported, 
application domains supported, possibility to 
extend for other application domains, paradigm or 
approach used in the study, architectural layers, 
architectural components, supported elements of 
data governance and standards adopted;

 Team considerations: strengths of the study, 
limitations of the study, and conclusion.

For extracting the information, each paper will be read 
by two members of the team; each member will collect 
the data independently. After, the collected data for the 
two distinct members will be merged, and for the 
conflicting cases, a third member will be consulted to 
diminish the conflict.
Collating, summarizing, and reporting the results
Following the recommendations provided by Levac et 
al. [10] this stage will be broken into three steps, as 
follows:
 Analysis: for this step the team will provide both 

quantitative analyses based on the bibliographical 
information, AAL information and study 
information data chart criteria; and qualitative 
analysis by merging AAL information and the team 
considerations data; 

 Reporting: for this step the team intend to present 
a table of strengths and gaps in the evidence; 
moreover, the structured results combined with the 
analysis will serve as basis for the creation of a 
paper, and a tech report (more detailed);

 Implications for future research, practice and 
policy: we aim to discuss these results with the 
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International Standards and Conformity 
Assessment - SyC AAL from Canada focusing on 
the creation of a reference architecture for AAL 
systems.

DISCUSSION
This review will allow for the identification of 
currently used reference architecture and models for 
AAL, as well as the main aspects concerning their 
motivations, stakeholders, benefits, domains, 
approaches, architectural components, and governance 
aspects.

With that information, it will be possible to identify 
the main gaps in the analyzed studies that can serve as 
the basis for future works and the proposal of 
standards. It is also expected that this study opens up 
an opportunity to understand the needs of the 
stakeholders and the aspects of data governance 
involved to serve as the basis for establishing an 
assessment model of reference architectures. 
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1

Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for 
Scoping Reviews (PRISMA-ScR) Checklist

SECTION ITEM PRISMA-ScR CHECKLIST ITEM REPORTED 
ON PAGE #

TITLE
Title 1 Identify the report as a scoping review. 1

ABSTRACT

Structured 
summary 2

Provide a structured summary that includes (as 
applicable): background, objectives, eligibility criteria, 
sources of evidence, charting methods, results, and 
conclusions that relate to the review questions and 
objectives.

1

INTRODUCTION

Rationale 3

Describe the rationale for the review in the context of 
what is already known. Explain why the review 
questions/objectives lend themselves to a scoping 
review approach.

1,2

Objectives 4

Provide an explicit statement of the questions and 
objectives being addressed with reference to their key 
elements (e.g., population or participants, concepts, 
and context) or other relevant key elements used to 
conceptualize the review questions and/or objectives.

1,2

METHODS

Protocol and 
registration 5

Indicate whether a review protocol exists; state if and 
where it can be accessed (e.g., a Web address); and if 
available, provide registration information, including 
the registration number.

n/a

Eligibility criteria 6

Specify characteristics of the sources of evidence 
used as eligibility criteria (e.g., years considered, 
language, and publication status), and provide a 
rationale.

3,4

Information 
sources* 7

Describe all information sources in the search (e.g., 
databases with dates of coverage and contact with 
authors to identify additional sources), as well as the 
date the most recent search was executed.

3

Search 8
Present the full electronic search strategy for at least 1 
database, including any limits used, such that it could 
be repeated.

3

Selection of 
sources of 
evidence†

9
State the process for selecting sources of evidence 
(i.e., screening and eligibility) included in the scoping 
review.

3,4

Data charting 
process‡ 10

Describe the methods of charting data from the 
included sources of evidence (e.g., calibrated forms or 
forms that have been tested by the team before their 
use, and whether data charting was done 
independently or in duplicate) and any processes for 
obtaining and confirming data from investigators.

4

Data items 11 List and define all variables for which data were 
sought and any assumptions and simplifications made. 4

Critical appraisal of 
individual sources 
of evidence§

12

If done, provide a rationale for conducting a critical 
appraisal of included sources of evidence; describe 
the methods used and how this information was used 
in any data synthesis (if appropriate).

4
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2

SECTION ITEM PRISMA-ScR CHECKLIST ITEM REPORTED 
ON PAGE #

Synthesis of 
results 13 Describe the methods of handling and summarizing 

the data that were charted. 4

RESULTS

Selection of 
sources of 
evidence

14

Give numbers of sources of evidence screened, 
assessed for eligibility, and included in the review, with 
reasons for exclusions at each stage, ideally using a 
flow diagram.

#TBD

Characteristics of 
sources of 
evidence

15 For each source of evidence, present characteristics 
for which data were charted and provide the citations. #TBD

Critical appraisal 
within sources of 
evidence

16 If done, present data on critical appraisal of included 
sources of evidence (see item 12). #TBD

Results of 
individual sources 
of evidence

17
For each included source of evidence, present the 
relevant data that were charted that relate to the 
review questions and objectives.

#TBD

Synthesis of 
results 18 Summarize and/or present the charting results as they 

relate to the review questions and objectives. #TBD

DISCUSSION

Summary of 
evidence 19

Summarize the main results (including an overview of 
concepts, themes, and types of evidence available), 
link to the review questions and objectives, and 
consider the relevance to key groups.

#TBD

Limitations 20 Discuss the limitations of the scoping review process. #TBD

Conclusions 21
Provide a general interpretation of the results with 
respect to the review questions and objectives, as well 
as potential implications and/or next steps.

#TBD

FUNDING

Funding 22

Describe sources of funding for the included sources 
of evidence, as well as sources of funding for the 
scoping review. Describe the role of the funders of the 
scoping review.

n/a

JBI = Joanna Briggs Institute; PRISMA-ScR = Preferred Reporting Items for Systematic reviews and Meta-Analyses 
extension for Scoping Reviews.
* Where sources of evidence (see second footnote) are compiled from, such as bibliographic databases, social media 
platforms, and Web sites.
† A more inclusive/heterogeneous term used to account for the different types of evidence or data sources (e.g., 
quantitative and/or qualitative research, expert opinion, and policy documents) that may be eligible in a scoping 
review as opposed to only studies. This is not to be confused with information sources (see first footnote).
‡ The frameworks by Arksey and O’Malley (6) and Levac and colleagues (7) and the JBI guidance (4, 5) refer to the 
process of data extraction in a scoping review as data charting.
§ The process of systematically examining research evidence to assess its validity, results, and relevance before 
using it to inform a decision. This term is used for items 12 and 19 instead of "risk of bias" (which is more applicable 
to systematic reviews of interventions) to include and acknowledge the various sources of evidence that may be used 
in a scoping review (e.g., quantitative and/or qualitative research, expert opinion, and policy document).

From: Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for Scoping Reviews (PRISMA-
ScR): Checklist and Explanation. Ann Intern Med. ;169:467–473. doi: 10.7326/M18-0850

Page 9 of 8

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-033758 on 31 O

ctober 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only
Reference Architectures for Ambient Assisted Living: a 

scoping review protocol.

Journal: BMJ Open

Manuscript ID bmjopen-2019-033758.R1

Article Type: Protocol

Date Submitted by the 
Author: 23-Mar-2020

Complete List of Authors: Bublitz, Frederico; State University of Paraiba, Computing Department; 
University of Waterloo,  School of Public Helth and Health Systems
Sahota, Naman; University of Waterloo, School of Public Health and 
Health Systems 
Oetomo, Arlene; University of Waterloo Faculty of Applied Health 
Sciences
Fadrique, Laura; University of Waterloo School of Public Health and 
Health Systems
Morita, Plinio; University of Waterloo Faculty of Applied Health Sciences

<b>Primary Subject 
Heading</b>: Health informatics

Secondary Subject Heading: Research methods, General practice / Family practice, Geriatric 
medicine, Global health

Keywords: Scoping Review, Ambient Assisted Living, AAL, Independent Living, Old 
Age Assistance, Reference Architecture

 

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open
 on M

ay 19, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2019-033758 on 31 O
ctober 2020. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only
I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined 
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors 
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance 
with the terms applicable for US Federal Government officers or employees acting as part of their official 
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its 
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the 
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to 
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate 
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open 
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and 
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative 
Commons licence – details of these licences and which Creative Commons licence will apply to this Work are set 
out in our licence referred to above. 

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, I confirm this Work has not been 
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate 
material already published. I confirm all authors consent to publication of this Work and authorise the granting 
of this licence. 

Page 1 of 9

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-033758 on 31 O

ctober 2020. D
ow

nloaded from
 

https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/


For peer review only

Note from the Editors: Instructions for reviewers of study protocols

Since launching in 2011, BMJ Open has published study protocols for planned or ongoing research 
studies. If data collection is complete, we will not consider the manuscript.

Publishing study protocols enables researchers and funding bodies to stay up to date in their fields 
by providing exposure to research activity that may not otherwise be widely publicised. This can help 
prevent unnecessary duplication of work and will hopefully enable collaboration. Publishing 
protocols in full also makes available more information than is currently required by trial registries 
and increases transparency, making it easier for others (editors, reviewers and readers) to see and 
understand any deviations from the protocol that occur during the conduct of the study.

The scientific integrity and the credibility of the study data depend substantially on the study design 
and methodology, which is why the study protocol requires a thorough peer-review. 

BMJ Open will consider for publication protocols for any study design, including observational 
studies and systematic reviews.

Some things to keep in mind when reviewing the study protocol: 

 Protocol papers should report planned or ongoing studies. The dates of the study should be 
included in the manuscript. 

 Unfortunately we are unable to customize the reviewer report form for study protocols. As 
such, some of the items (i.e., those pertaining to results) on the form should be scores as 
Not Applicable (N/A).

 While some baseline data can be presented, there should be no results or conclusions 
present in the study protocol. 

 For studies that are ongoing, it is generally the case that very few changes can be made to 
the methodology. As such, requests for revisions are generally clarifications for the rationale 
or details relating to the methods. If there is a major flaw in the study that would prevent a 
sound interpretation of the data, we would expect the study protocol to be rejected. 
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ABSTRACT
Introduction: For the first time in human history, the 
number of older people will be higher than the number 
of children. The prevalence of chronic diseases, such 
as hypertension, cardiovascular disease, diabetes, and 
mental disorders in older adults is high. Given that, it 
is essential to make usage of related technology to 
provide improved health conditions and reduce the 
costs for promoting the aging in place, and that is 
precisely the aim of Ambient Assisted Living 
technology. Considering that these systems provide 
significant benefit to a vast number of stakeholders, 
can be applied to functional diversity of application 
domains, and have high economic and social impacts, 
it is essential to create reusable and interoperable 
platforms and standards that are able to deal with the 
heterogeneity of applications and domains. In this 
sense, reference architectures have been proposed and 
evaluated. A comprehensive scoping review 
concerning the reference architectures must clarify 
specific aspects, such as what the main domains are 
and how the solutions effectively deal with them.
Methods: This scoping review will follow the 
methodology framework defined in “Scoping studies: 
advancing the methodology”. In this methodological 
framework, six stages are proposed for scoping review 
studies: identifying the research question; identifying 
relevant studies; study selection; charting the data; 
collating, summarizing, and reporting the results; and 
consultation. The research questions aim to investigate 
what are the motivations, stakeholders, benefits, 
domains, approaches, architectural components, and 
governance aspects of the proposed reference 
architectures and models. The team will focus on the 
Scopus Document Search, PubMed (Medline), IEEE 
Xplore Digital Library, ACM Digital Library, and 
Science Direct electronic research databases. The 
search query is a combination of terms related to 
Ambient Assisted Living AND Reference 
Architecture.
Ethics and Dissemination: The results from this 
scoping review will be published in a peer-reviewed 
journal and reported at scientific meetings. We intend 
to share the results with the International Standards 
and Conformity Assessment - SyC AAL from Canada 

to use the review as a basis for establishing an 
assessment model of reference architectures.

Keywords: scoping review; Ambient Assisted Living 
(AAL); Independent Living, Old Age Assistance, 
Reference Architecture, Computer Architecture, 
Information Services.
Word Count: 2684

ARTICLE SUMMARY
Strengths and Limitations of this study 
 This protocol uses a comprehensive approach, 

relating seven research questions, that will enable 
the identification of the main gaps and 
opportunities in the area;

 Due to the comprehensiveness of this review 
protocol, it can serve as the basis for future works, 
with more specific scope, and the proposal of 
standards;

 The investigation of who are the stakeholdes 
associated with the arquitetural components will 
enable us to understand how the needs of the 
stakeholders are fulfilled;

 The inclusion of aspects of data governance in the 
protocol will serve as the basis for establishing an 
assessment model of reference architectures;

 One weakness of this review protocol was the 
need of excluding the term “architecture” (alone) 
due to the extensive amount of non-relevant 
papers found in the rounds for adjusting the search 
query.

INTRODUCTION
The world is facing a completely new situation: for the 
first time in human history, the number of older people 
will be higher than the number of children[1]. One of 
the explanations for this statistic is that the number of 
older people has grown and the prediction is that this 
number will reach 15% of the population by 2045[2]. 

The fact that we are living longer can be seen as 
fascinating, yet intimidating at the same time. Though 
longer lifespans are a clear demonstration of the 
advances made in science and technology, many 
questions arise about this unprecedented situation. 
These questions are related to important issues like 
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will the aging population experience decreased quality 
of life as they age? or how will an aging population 
impact the social and economic aspects of society?[3].

Although these questions remain inadequately 
answered, some aspects of this demographic transition 
are already known. For instance, chronic diseases are 
prevalent (e.g., hypertension, cardiovascular disease, 
diabetes, and mental disorders) among the elderly[4]. 
The prevalence of these chronic diseases alone is 
already reason enough to harm the economy and health 
care system at both individual- and societal-levels[5], 
which indicates the need to continue to evolve for 
providing improved quality of life in a sustainable 
way.

A key factor for mitigating the impacts associated 
with the aging population is to provide appropriate 
conditions for older adults to live at home, actively and 
independently. It should be noted that supporting these 
conditions for the aging population is beneficial to all. 
For the elderly and their family, supportive living at 
home will allow for better social engagement and 
fewer expenses related to caregivers and healthcare in 
general; for the government, assisted living has the 
potential to reduce costs associated with providing 
health services and infrastructure for this older 
population. 

Given this context, it is essential to make use of 
related technology for providing the best conditions 
and reducing the costs for promoting the aging in 
place, and that is precisely the aim of Ambient 
Assisted Living (AAL) technology[6]. According to 
Rodriguez et al.[7] “AAL refers to concepts, products, 
and services aiming at enhancing several aspects of 
people’s quality of life, including autonomy/ 
independence, comfort, safety, security, and health in 
all stages of their life”.

Due to the relevance of AAL systems to the context 
of the aging population, it is possible to find a vast 
amount of reasonable solutions which can benefit 
people requiring varied levels of assistance.  ``But 
many good ideas and promising pilot cases fail to scale 
because the adopted approaches have been excessively 
techno-centric''[8]. Additionally, there is a trend of 
these solutions being focused entirely on the 
development of a specific and isolated service, for 
example, the development of a system to monitor 
some specific health-related parameter, such as the 
usage of a (or a set of) sensor for fall detection[9].

In understanding that these systems are beneficial 
to a vast number of stakeholders, can be applied to a 
functional diversity of application domains, and 
provide positive economic and social impacts, it is 
essential to create reusable and interoperable platforms 
and standards that can counteract the heterogeneity of 
applications and domains of AAL systems. This will 
make development of new AAL systems and 

platforms, that fits the requirements and constraints of 
the area, easier and faster.

In this sense, some reference architectures have 
been proposed and evaluated.  A reference architecture 
is a “an architecture that encompasses the knowledge 
about how to design concrete architectures of systems 
of a given application domain” [10]. For example, 
Rodriguez et al. [7] present “A Comparative Analysis 
of Reference Architectures for Healthcare in the 
Ambient Assisted Living Domain”, but at the time, 
only five reference architectures were evaluated and 
the newest date was from 2011; further, as the authors 
mention, there is still a lack of reference architectures 
for supporting some stakeholders such as caregivers 
and care organizations; and they did not contemplate 
issues associated with the security of health records. 
Moreover, as stated by Calvaresi et al. [1] in their 
work, “the solutions often consist of ad-hoc 
architectures” indicating that a solution is still missing 
and suggest that solutions should focus on the 
interaction among all actors instead of the creation of 
a single solution.  

During a recent search1using a generic query with 
the terms related to the matter AAL and architecture2 
in Scopus Document Search3, it returned with 609 
documents. This is indicative of the need to conduct a 
comprehensive scoping review concerning reference 
architectures to clarify specific aspects related to 
identifying the main domains and how the solutions 
deal with them, understanding who the main 
stakeholders are and how the solutions include/engage 
them, and the main architectural components of the 
solution.

METHODS AND ANALYSIS
This scoping review will follow the methodology 
framework defined by Levac et al. [11]. In this 
methodological framework, six stages are proposed 
for scoping review studies: 1) identifying the research 
question; 2) identifying relevant studies; 3) study 
selection; 4) charting the data; 5) collating, 
summarizing, and reporting the results; and 6) 
consultation (optional). 

Following this section, the stages of the 
methodological framework for conducting a scoping 
study are presented.
Identifying the research question
The primary objective in this review is to identify the 
main reference architectures or models and verify 
whether it is possible to select or establish a 

1 The search was executed on July 2nd, 2019.
2 ``TITLE-ABS-KEY (("AAL" OR "Ambient 

Assist*") AND ("Conceptual" OR "Reference 
Architecture" OR "Architecture"))

3 https://www.scopus.com
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comprehensive reference architecture that addresses 
the most critical challenges of AAL. Due to the 
comprehensive aspect of this review, a set of related 
research questions were featured, as follows:
 Motivations: What are the primary purposes of the 

models/architecture presented by the papers? For 
this question, we aim to understand the main 
concerns that were motivating the authors to 
create/propose a reference architecture or model 
for AAL.

 Stakeholders: Who are the stakeholders, and how 
do the solutions support them? This question aims 
to identify those that may benefit from the 
proposed reference architecture. For instance, it is 
possible that a specific model/architecture has a 
well-defined focus on the developers of 
applications for AAL, while others may focus on 
the people that can benefit from the applications 
developed using the reference model/architecture. 
The challenge here is to define a comprehensive 
definition of the stakeholders that can use or 
benefit from a reference architecture for AAL.

 Benefits: How do the systems support and deal 
with the different levels of assistance required by 
the users (i.e., the beneficiaries)? In AAL systems, 
the beneficiaries may require different levels of 
assistance [12]. For instance, they can be 
independent or require assistance for basic daily 
activities (ADLs), such as for walking or managing 
their medication.

 Domains: Is the proposed reference architecture 
or model able to deal with different application 
domains? Is it possible to specify which ones? 
Considering that a reference architecture must be 
able to deal with different application domains 
inside the AAL scope, such as Personal Care, 
Remote Patient Monitoring (RPM), and ADLs, it 
is important to verify if the architecture is able to 
deal with these different domains, or if there is 
some restriction (in this case, this architecture will 
not be considered for a qualitative analysis).

 Approach: What is the paradigm adopted for the 
development of the proposed reference 
architecture or model? A reference architecture 
can be created based on different approaches or 
paradigms; for instance, it can adopt a conceptual 
approach (e.g., Ontology), a Component-based 
approach, or a Software as a Service (SaaS) 
approach.

 Architectural Components:] What are the main 
layers or components of the proposed reference 
architecture? Even considering that the 
construction of the model or reference architecture 
can adopt different approaches, it is worthy of 
listing and correlating them, so that it is possible to 

find the most common elements, such as support to 
different Devices, Communications, and Clouds.  
Moreover, it is essential to identify what (and how) 
components deals with the requirements of 
heterogeneity, interoperability, and reusability.

 Governance: Is there a support mechanism for data 
governance? For dealing with personal 
information, a reference architecture should 
address the main concepts concerning data 
governance, providing the necessary support for 
data availability, data consistency, data integrity, 
and data security.

Identifying relevant studies
This review will be conducted entirely using electronic 
databases. The following databases were used: Scopus 
Document Search; PubMed (Medline)4; IEEE Xplore 
Digital Library5; ACM Digital Library6; and Science 
Direct7. These electronic databases were chosen 
because they cover a vast amount of areas with 
relevant works related to the scope of this review, such 
as technology and health. One important note about 
the choice of the data sources is that the Springer was 
initially considered to be included; however, most of 
the papers returned were not relevant as it was not 
possible to perform an advanced search. In addition to 
that, the papers returned by Scopus already 
contemplate papers from Springer.

The research team for this scoping review has 
extensive experience in the areas of computer science, 
information technology, pervasive environments, 
ambient intelligence, ambient assisted living and 
health sciences. For this review, the team has already 
performed some rounds for tuning the search string. 
The main terms related to the AAL and reference 
architecture. The terms used during this round were: 
AAL, “Ambient Intelligence”, “Assisted Living” 
(which includes all “Active Assisted Living” papers), 
“Ambient Assist*” (that includes all “Ambient 
Assisted Living”, “Ambient Assisted” or “Ambient 
Assistance” papers), “Assisted Environment”, 
“Assistive Environment” (for these latter two terms, 
the plural form does not impact the results), 
“Reference Model”, “Reference Implementation”, 
“Reference Architecture”, “Conceptual Model”, 
“Conceptual Architecture”. 

After five rounds of using different combination 
involving these previous mentioned, and other related, 
terms and evaluating the relevance of some of the 
returned papers. Actually, we get 20 papers as control 
papers, these control papers were articles that we read 
during these rounds and pre-classified them as 

4 https://www.ncbi.nlm.nih.gov/pubmed/
5 https://ieeexplore.ieee.org/Xplore/home.jsp
6 https://dl.acm.org/
7 https://www.sciencedirect.com/
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relevant, and that should appear in the search. The final 
search query, used in the Scopus Document Search 
database as an example, is TITLE-ABS-KEY 
(“Ambient Intelligence” OR “AAL” OR “Assisted 
Living” OR “Ambient Assist*” OR “Assisted 
Environment” OR “Assistive Environment”) AND 
(“Reference Model” OR “Reference Architecture” 
OR “Conceptual Model” OR “Conceptual 
Architecture”).
Study selection
The focus of this review is to have a comprehensive 
understanding on how researchers are dealing with, 
and providing support for, the vast amount of IoT 
devices and services available for AAL, and whether 
the proposed reference architectures can deal with the 
main requirements for AAL, as discussed in the 
research questions.

The team met to discuss the inclusion and 
exclusion criteria. From these meetings the team has 
decided that the main restriction with regard to domain 
is that the paper must either address a solution for 
solving an AAL problem and mention the software 
architecture for the solution, or the paper must present 
a reference architecture (or model) that can be applied 
in different AAL application domains. The other 
restrictions are more generic and take into account 
criteria like availability, language, and the type of 
publication (i.e., primary or secondary study). The 
following inclusion (INC) and exclusion (EXC) 
criteria were defined:
 INC.01. - Domain: The paper addresses a solution 

for solving an AAL problem and mentions that 
there is a software architecture for that;

 INC.02. - Domain: The paper presents a reference 
architecture (or model) that enables the solution be 
applied in various AAL application domains;

 INC.03. - Language: The paper must be written in 
English;

 INC.04. -  Time: There are no time restrictions. 
This option differs a little bit from traditional 
scoping reviews, which typically include papers 
from the last five years, but the team decided to 
include any solution despite the date of publication 
to perceive how the theme has evolved over time;

 INC.05. - Study Design: The paper presents a 
primary study. The team is looking for primary 
research papers. The team already performed a 
screening on secondary studies, and, although 
there are good reviews, there are still gaps that the 
team overcame by analyzing primary studies;

 INC.06. - Availability: The full paper is available. 
Although the team has access to a considerable 
amount of datasets, some search engines (e.g. 
Scopus Document Search) point to a third data 

source where some of the studies may not be 
available (or only accessible under purchase); 

 EXC.01. - Duplicated: The team is using a set of 
datasets for searching, which may increase the 
possibility of the paper appearing more than one 
time. In this case, the team will eliminate the 
duplicates;

 EXC.02. - not matching all the inclusion criteria: 
Any paper that does not match all the inclusion 
criteria will be excluded from the review. The only 
exception is regarding the domain inclusion 
criteria, in this case, the paper must fit at least one 
of them (if not all).

Given the presented inclusion and exclusion criteria, 
the team will start the screening and eligibility phases 
based on the flow diagram from PRISMA 
Statement[13]. For these phases each paper will be 
read by two members of the team, and in case of a 
conflicting decision another member will read the 
conflicting paper and discuss with the other members 
to solve the conflict. Hence, the team will adhere to the 
following steps for the review: i) looking for 
duplicates, maintaining only one version of them; ii) 
performing a fast reading on abstract, introduction and 
conclusion and exclude those studies that clearly fall 
on one of the exclusion criteria; and iii) the team will 
read the paper and exclude those studies that fall on 
one of the exclusion criteria, explaining the reasons for 
exclusion.
Charting the data
This stage consists of mapping the information that 
will be extracted from the primary studies being 
analyzed[14]. For this stage, the team is using a data 
chart form using the record information adapted from 
Crick et al. work[15], plus  information related to the 
scope of this review, as follows:
 Bibliographical information: title of the article, 

authors(s), country, and year; 
 Study information: aims of the study, 

methodology, outcome measures (if applicable), 
important results;

 AAL information: stakeholders, benefits for 
stakeholders, level of assistance supported, 
application domains supported, possibility to 
extend for other application domains, paradigm or 
approach used in the study, architectural layers, 
architectural components, supported elements of 
data governance and standards adopted;

 Team considerations: strengths of the study, 
limitations of the study, and conclusion.

For extracting the information, each paper will be read 
by two members of the team; each member will collect 
the data independently. After, the collected data for the 
two distinct members will be merged, and for the 
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conflicting cases, a third member will be consulted to 
diminish the conflict.
Collating, summarizing, and reporting the results
Following the recommendations provided by Levac et 
al. [11] this stage will be broken into three steps, as 
follows:
 Analysis: for this step the team will provide both 

quantitative analyses based on the bibliographical 
information, AAL information and study 
information data chart criteria; and qualitative 
analysis by merging AAL information and the team 
considerations data; 

 Reporting: for this step the team intend to present 
a table of strengths and gaps in the evidence; 
moreover, the structured results combined with the 
analysis will serve as basis for the creation of a 
paper;

 Implications for future research, practice and 
policy: we aim to discuss these results with the 
International Standards and Conformity 
Assessment - SyC AAL from Canada focusing on 
the creation of a reference architecture for AAL 
systems.

Patient and Public Involvement
Patients and or public were not involved.

DISCUSSION
This review will allow for the identification of 
currently used reference architecture and models for 
AAL, as well as the main aspects concerning their 
motivations, stakeholders, benefits, domains, 
approaches, architectural components, and governance 
aspects.

With that information, it will be possible to identify 
the main gaps in the analyzed studies that can serve as 
the basis for future works and the proposal of 
standards. It is also expected that this study opens up 
an opportunity to understand the needs of the 
stakeholders and the aspects of data governance 
involved to serve as the basis for establishing an 
assessment model of reference architectures. 
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1

Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for 
Scoping Reviews (PRISMA-ScR) Checklist

SECTION ITEM PRISMA-ScR CHECKLIST ITEM REPORTED 
ON PAGE #

TITLE
Title 1 Identify the report as a scoping review. 1

ABSTRACT

Structured 
summary 2

Provide a structured summary that includes (as 
applicable): background, objectives, eligibility criteria, 
sources of evidence, charting methods, results, and 
conclusions that relate to the review questions and 
objectives.

1

INTRODUCTION

Rationale 3

Describe the rationale for the review in the context of 
what is already known. Explain why the review 
questions/objectives lend themselves to a scoping 
review approach.

1,2

Objectives 4

Provide an explicit statement of the questions and 
objectives being addressed with reference to their key 
elements (e.g., population or participants, concepts, 
and context) or other relevant key elements used to 
conceptualize the review questions and/or objectives.

1,2

METHODS

Protocol and 
registration 5

Indicate whether a review protocol exists; state if and 
where it can be accessed (e.g., a Web address); and if 
available, provide registration information, including 
the registration number.

n/a

Eligibility criteria 6

Specify characteristics of the sources of evidence 
used as eligibility criteria (e.g., years considered, 
language, and publication status), and provide a 
rationale.

3,4

Information 
sources* 7

Describe all information sources in the search (e.g., 
databases with dates of coverage and contact with 
authors to identify additional sources), as well as the 
date the most recent search was executed.

3

Search 8
Present the full electronic search strategy for at least 1 
database, including any limits used, such that it could 
be repeated.

3

Selection of 
sources of 
evidence†

9
State the process for selecting sources of evidence 
(i.e., screening and eligibility) included in the scoping 
review.

3,4

Data charting 
process‡ 10

Describe the methods of charting data from the 
included sources of evidence (e.g., calibrated forms or 
forms that have been tested by the team before their 
use, and whether data charting was done 
independently or in duplicate) and any processes for 
obtaining and confirming data from investigators.

4

Data items 11 List and define all variables for which data were 
sought and any assumptions and simplifications made. 4

Critical appraisal of 
individual sources 
of evidence§

12

If done, provide a rationale for conducting a critical 
appraisal of included sources of evidence; describe 
the methods used and how this information was used 
in any data synthesis (if appropriate).

4
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2

SECTION ITEM PRISMA-ScR CHECKLIST ITEM REPORTED 
ON PAGE #

Synthesis of 
results 13 Describe the methods of handling and summarizing 

the data that were charted. 4,5
RESULTS

Selection of 
sources of 
evidence

14

Give numbers of sources of evidence screened, 
assessed for eligibility, and included in the review, with 
reasons for exclusions at each stage, ideally using a 
flow diagram.

#TBD

Characteristics of 
sources of 
evidence

15 For each source of evidence, present characteristics 
for which data were charted and provide the citations. #TBD

Critical appraisal 
within sources of 
evidence

16 If done, present data on critical appraisal of included 
sources of evidence (see item 12). #TBD

Results of 
individual sources 
of evidence

17
For each included source of evidence, present the 
relevant data that were charted that relate to the 
review questions and objectives.

#TBD

Synthesis of 
results 18 Summarize and/or present the charting results as they 

relate to the review questions and objectives. #TBD

DISCUSSION

Summary of 
evidence 19

Summarize the main results (including an overview of 
concepts, themes, and types of evidence available), 
link to the review questions and objectives, and 
consider the relevance to key groups.

#TBD

Limitations 20 Discuss the limitations of the scoping review process. #TBD

Conclusions 21
Provide a general interpretation of the results with 
respect to the review questions and objectives, as well 
as potential implications and/or next steps.

#TBD

FUNDING

Funding 22

Describe sources of funding for the included sources 
of evidence, as well as sources of funding for the 
scoping review. Describe the role of the funders of the 
scoping review.

n/a

JBI = Joanna Briggs Institute; PRISMA-ScR = Preferred Reporting Items for Systematic reviews and Meta-Analyses 
extension for Scoping Reviews.
* Where sources of evidence (see second footnote) are compiled from, such as bibliographic databases, social media 
platforms, and Web sites.
† A more inclusive/heterogeneous term used to account for the different types of evidence or data sources (e.g., 
quantitative and/or qualitative research, expert opinion, and policy documents) that may be eligible in a scoping 
review as opposed to only studies. This is not to be confused with information sources (see first footnote).
‡ The frameworks by Arksey and O’Malley (6) and Levac and colleagues (7) and the JBI guidance (4, 5) refer to the 
process of data extraction in a scoping review as data charting.
§ The process of systematically examining research evidence to assess its validity, results, and relevance before 
using it to inform a decision. This term is used for items 12 and 19 instead of "risk of bias" (which is more applicable 
to systematic reviews of interventions) to include and acknowledge the various sources of evidence that may be used 
in a scoping review (e.g., quantitative and/or qualitative research, expert opinion, and policy document).

From: Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for Scoping Reviews (PRISMA-
ScR): Checklist and Explanation. Ann Intern Med. ;169:467–473. doi: 10.7326/M18-0850
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ABSTRACT
Introduction: For the first time in human history, the 
number of older people will be higher than the number 
of children. The prevalence of chronic diseases, such 
as hypertension, cardiovascular disease, diabetes, and 
mental disorders in older adults is high. Given that, it 
is essential to make usage of related technology to 
provide improved health conditions and reduce the 
costs for promoting the aging in place, and that is 
precisely the aim of Ambient Assisted Living 
technology. Considering that these systems provide 
significant benefit to a vast number of stakeholders, 
can be applied to functional diversity of application 
domains, and have high economic and social impacts, 
it is essential to create reusable and interoperable 
platforms and standards that are able to deal with the 
heterogeneity of applications and domains. In this 
sense, reference architectures have been proposed and 
evaluated. A comprehensive scoping review 
concerning the reference architectures must clarify 
specific aspects, such as what the main domains are 
and how the solutions effectively deal with them.
Methods: This scoping review will follow the 
methodology framework defined in “Scoping studies: 
advancing the methodology”. In this methodological 
framework, six stages are proposed for scoping review 
studies: identifying the research question; identifying 
relevant studies; study selection; charting the data; 
collating, summarizing, and reporting the results; and 
consultation. The research questions aim to investigate 
what are the motivations, stakeholders, benefits, 
domains, approaches, architectural components, and 
governance aspects of the proposed reference 
architectures and models. The team will focus on the 
Scopus Document Search, PubMed (Medline), IEEE 
Xplore Digital Library, ACM Digital Library, and 
Science Direct electronic research databases. The 
search query is a combination of terms related to 
Ambient Assisted Living AND Reference 
Architecture.
Ethics and Dissemination: The results from this 
scoping review will be published in a peer-reviewed 
journal and reported at scientific meetings. We intend 
to share the results with the International Standards 
and Conformity Assessment - SyC AAL from Canada 

to use the review as a basis for establishing an 
assessment model of reference architectures.

Keywords: scoping review; Ambient Assisted Living 
(AAL); Independent Living, Old Age Assistance, 
Reference Architecture, Computer Architecture, 
Information Services.
Word Count: 2684

ARTICLE SUMMARY
Strengths and Limitations of this study 
 This protocol uses a comprehensive approach, 

relating seven research questions, that will enable 
the identification of the main gaps and 
opportunities in the area;

 Due to the comprehensiveness of this review 
protocol, it can serve as the basis for future works, 
with more specific scope, and the proposal of 
standards;

 The investigation of who are the stakeholdes 
associated with the arquitetural components will 
enable us to understand how the needs of the 
stakeholders are fulfilled;

 The inclusion of aspects of data governance in the 
protocol will serve as the basis for establishing an 
assessment model of reference architectures;

 One weakness of this review protocol was the 
need of excluding the term “architecture” (alone) 
due to the extensive amount of non-relevant 
papers found in the rounds for adjusting the search 
query.

INTRODUCTION
The world is facing a completely new situation: for the 
first time in human history, the number of older people 
will be higher than the number of children[1]. One of 
the explanations for this statistic is that the number of 
older people has grown and the prediction is that this 
number will reach 15% of the population by 2045[2]. 

The fact that we are living longer can be seen as 
fascinating, yet intimidating at the same time. Though 
longer lifespans are a clear demonstration of the 
advances made in science and technology, many 
questions arise about this unprecedented situation. 
These questions are related to important issues like 
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will the aging population experience decreased quality 
of life as they age? or how will an aging population 
impact the social and economic aspects of society?[3].

Although these questions remain inadequately 
answered, some aspects of this demographic transition 
are already known. For instance, chronic diseases are 
prevalent (e.g., hypertension, cardiovascular disease, 
diabetes, and mental disorders) among the elderly[4]. 
The prevalence of these chronic diseases alone is 
already reason enough to harm the economy and health 
care system at both individual- and societal-levels[5], 
which indicates the need to continue to evolve for 
providing improved quality of life in a sustainable 
way.

A key factor for mitigating the impacts associated 
with the aging population is to provide appropriate 
conditions for older adults to live at home, actively and 
independently. It should be noted that supporting these 
conditions for the aging population is beneficial to all. 
For the elderly and their family, supportive living at 
home will allow for better social engagement and 
fewer expenses related to caregivers and healthcare in 
general; for the government, assisted living has the 
potential to reduce costs associated with providing 
health services and infrastructure for this older 
population. 

Given this context, it is essential to make use of 
related technology for providing the best conditions 
and reducing the costs for promoting the aging in 
place, and that is precisely the aim of Ambient 
Assisted Living (AAL) technology[6]. According to 
Rodriguez et al.[7] “AAL refers to concepts, products, 
and services aiming at enhancing several aspects of 
people’s quality of life, including autonomy/ 
independence, comfort, safety, security, and health in 
all stages of their life”.

Due to the relevance of AAL systems to the context 
of the aging population, it is possible to find a vast 
amount of reasonable solutions which can benefit 
people requiring varied levels of assistance.  ``But 
many good ideas and promising pilot cases fail to scale 
because the adopted approaches have been excessively 
techno-centric''[8]. Additionally, there is a trend of 
these solutions being focused entirely on the 
development of a specific and isolated service, for 
example, the development of a system to monitor 
some specific health-related parameter, such as the 
usage of a (or a set of) sensor for fall detection[9].

In understanding that these systems are beneficial 
to a vast number of stakeholders, can be applied to a 
functional diversity of application domains, and 
provide positive economic and social impacts, it is 
essential to create reusable and interoperable platforms 
and standards that can counteract the heterogeneity of 
applications and domains of AAL systems. This will 
make development of new AAL systems and 

platforms, that fits the requirements and constraints of 
the area, easier and faster.

In this sense, some reference architectures have 
been proposed and evaluated.  A reference architecture 
is a “an architecture that encompasses the knowledge 
about how to design concrete architectures of systems 
of a given application domain” [10]. For example, 
Rodriguez et al. [7] present “A Comparative Analysis 
of Reference Architectures for Healthcare in the 
Ambient Assisted Living Domain”, but at the time, 
only five reference architectures were evaluated and 
the newest date was from 2011; further, as the authors 
mention, there is still a lack of reference architectures 
for supporting some stakeholders such as caregivers 
and care organizations; and they did not contemplate 
issues associated with the security of health records. 
Moreover, as stated by Calvaresi et al. [1] in their 
work, “the solutions often consist of ad-hoc 
architectures” indicating that a solution is still missing 
and suggest that solutions should focus on the 
interaction among all actors instead of the creation of 
a single solution.  

During a recent search1using a generic query with 
the terms related to the matter AAL and architecture2 
in Scopus Document Search3, it returned with 609 
documents. This is indicative of the need to conduct a 
comprehensive scoping review concerning reference 
architectures to clarify specific aspects related to 
identifying the main domains and how the solutions 
deal with them, understanding who the main 
stakeholders are and how the solutions include/engage 
them, and the main architectural components of the 
solution.

METHODS AND ANALYSIS
This scoping review will follow the methodology 
framework defined by Levac et al. [11]. In this 
methodological framework, six stages are proposed 
for scoping review studies: 1) identifying the research 
question; 2) identifying relevant studies; 3) study 
selection; 4) charting the data; 5) collating, 
summarizing, and reporting the results; and 6) 
consultation (optional). 

Following this section, the stages of the 
methodological framework for conducting a scoping 
study are presented.
Identifying the research question
The primary objective in this review is to identify the 
main reference architectures or models and verify 
whether it is possible to select or establish a 

1 The search was executed on July 2nd, 2019.
2 ``TITLE-ABS-KEY (("AAL" OR "Ambient 

Assist*") AND ("Conceptual" OR "Reference 
Architecture" OR "Architecture"))

3 https://www.scopus.com
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comprehensive reference architecture that addresses 
the most critical challenges of AAL. Due to the 
comprehensive aspect of this review, a set of related 
research questions were featured, as follows:
 Motivations: What are the primary purposes of the 

models/architecture presented by the papers? For 
this question, we aim to understand the main 
concerns that were motivating the authors to 
create/propose a reference architecture or model 
for AAL.

 Stakeholders: Who are the stakeholders, and how 
do the solutions support them? This question aims 
to identify those that may benefit from the 
proposed reference architecture. For instance, it is 
possible that a specific model/architecture has a 
well-defined focus on the developers of 
applications for AAL, while others may focus on 
the people that can benefit from the applications 
developed using the reference model/architecture. 
The challenge here is to define a comprehensive 
definition of the stakeholders that can use or 
benefit from a reference architecture for AAL.

 Benefits: How do the systems support and deal 
with the different levels of assistance required by 
the users (i.e., the beneficiaries)? In AAL systems, 
the beneficiaries may require different levels of 
assistance [12]. For instance, they can be 
independent or require assistance for basic daily 
activities (ADLs), such as for walking or managing 
their medication.

 Domains: Is the proposed reference architecture 
or model able to deal with different application 
domains? Is it possible to specify which ones? 
Considering that a reference architecture must be 
able to deal with different application domains 
inside the AAL scope, such as Personal Care, 
Remote Patient Monitoring (RPM), and ADLs, it 
is important to verify if the architecture is able to 
deal with these different domains, or if there is 
some restriction (in this case, this architecture will 
not be considered for a qualitative analysis).

 Approach: What is the paradigm adopted for the 
development of the proposed reference 
architecture or model? A reference architecture 
can be created based on different approaches or 
paradigms; for instance, it can adopt a conceptual 
approach (e.g., Ontology), a Component-based 
approach, or a Software as a Service (SaaS) 
approach.

 Architectural Components:] What are the main 
layers or components of the proposed reference 
architecture? Even considering that the 
construction of the model or reference architecture 
can adopt different approaches, it is worthy of 
listing and correlating them, so that it is possible to 

find the most common elements, such as support to 
different Devices, Communications, and Clouds.  
Moreover, it is essential to identify what (and how) 
components deals with the requirements of 
heterogeneity, interoperability, and reusability.

 Governance: Is there a support mechanism for data 
governance? For dealing with personal 
information, a reference architecture should 
address the main concepts concerning data 
governance, providing the necessary support for 
data availability, data consistency, data integrity, 
and data security.

Identifying relevant studies
This review will be conducted entirely using electronic 
databases. The following databases were used: Scopus 
Document Search; PubMed (Medline)4; IEEE Xplore 
Digital Library5; ACM Digital Library6; and Science 
Direct7. These electronic databases were chosen 
because they cover a vast amount of areas with 
relevant works related to the scope of this review, such 
as technology and health. One important note about 
the choice of the data sources is that the Springer was 
initially considered to be included; however, most of 
the papers returned were not relevant as it was not 
possible to perform an advanced search. In addition to 
that, the papers returned by Scopus already 
contemplate papers from Springer.

The research team for this scoping review has 
extensive experience in the areas of computer science, 
information technology, pervasive environments, 
ambient intelligence, ambient assisted living and 
health sciences. For this review, the team has already 
performed some rounds for tuning the search string. 
The main terms related to the AAL and reference 
architecture. The terms used during this round were: 
AAL, “Ambient Intelligence”, “Assisted Living” 
(which includes all “Active Assisted Living” papers), 
“Ambient Assist*” (that includes all “Ambient 
Assisted Living”, “Ambient Assisted” or “Ambient 
Assistance” papers), “Assisted Environment”, 
“Assistive Environment” (for these latter two terms, 
the plural form does not impact the results), 
“Reference Model”, “Reference Implementation”, 
“Reference Architecture”, “Conceptual Model”, 
“Conceptual Architecture”. 

After five rounds of using different combination 
involving these previous mentioned, and other related, 
terms and evaluating the relevance of some of the 
returned papers. Actually, we get 20 papers as control 
papers, these control papers were articles that we read 
during these rounds and pre-classified them as 

4 https://www.ncbi.nlm.nih.gov/pubmed/
5 https://ieeexplore.ieee.org/Xplore/home.jsp
6 https://dl.acm.org/
7 https://www.sciencedirect.com/

Page 4 of 8

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-033758 on 31 O

ctober 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

relevant, and that should appear in the search. The final 
search query, used in the Scopus Document Search 
database as an example, is TITLE-ABS-KEY 
(“Ambient Intelligence” OR “AAL” OR “Assisted 
Living” OR “Ambient Assist*” OR “Assisted 
Environment” OR “Assistive Environment”) AND 
(“Reference Model” OR “Reference Architecture” 
OR “Conceptual Model” OR “Conceptual 
Architecture”).
Study selection
The focus of this review is to have a comprehensive 
understanding on how researchers are dealing with, 
and providing support for, the vast amount of IoT 
devices and services available for AAL, and whether 
the proposed reference architectures can deal with the 
main requirements for AAL, as discussed in the 
research questions.

The team met to discuss the inclusion and 
exclusion criteria. From these meetings the team has 
decided that the main restriction with regard to domain 
is that the paper must either address a solution for 
solving an AAL problem and mention the software 
architecture for the solution, or the paper must present 
a reference architecture (or model) that can be applied 
in different AAL application domains. The other 
restrictions are more generic and take into account 
criteria like availability, language, and the type of 
publication (i.e., primary or secondary study). The 
following inclusion (INC) and exclusion (EXC) 
criteria were defined:
 INC.01. - Domain: The paper addresses a solution 

for solving an AAL problem and mentions that 
there is a software architecture for that;

 INC.02. - Domain: The paper presents a reference 
architecture (or model) that enables the solution be 
applied in various AAL application domains;

 INC.03. - Language: The paper must be written in 
English;

 INC.04. -  Time: There are no time restrictions. 
This option differs a little bit from traditional 
scoping reviews, which typically include papers 
from the last five years, but the team decided to 
include any solution despite the date of publication 
to perceive how the theme has evolved over time;

 INC.05. - Study Design: The paper presents a 
primary study. The team is looking for primary 
research papers. The team already performed a 
screening on secondary studies, and, although 
there are good reviews, there are still gaps that the 
team overcame by analyzing primary studies;

 INC.06. - Availability: The full paper is available. 
Although the team has access to a considerable 
amount of datasets, some search engines (e.g. 
Scopus Document Search) point to a third data 

source where some of the studies may not be 
available (or only accessible under purchase); 

 EXC.01. - Duplicated: The team is using a set of 
datasets for searching, which may increase the 
possibility of the paper appearing more than one 
time. In this case, the team will eliminate the 
duplicates;

 EXC.02. - not matching all the inclusion criteria: 
Any paper that does not match all the inclusion 
criteria will be excluded from the review. The only 
exception is regarding the domain inclusion 
criteria, in this case, the paper must fit at least one 
of them (if not all).

Given the presented inclusion and exclusion criteria, 
the team will start the screening and eligibility phases 
based on the flow diagram from PRISMA 
Statement[13]. For these phases each paper will be 
read by two members of the team, and in case of a 
conflicting decision another member will read the 
conflicting paper and discuss with the other members 
to solve the conflict. Hence, the team will adhere to the 
following steps for the review: i) looking for 
duplicates, maintaining only one version of them; ii) 
performing a fast reading on abstract, introduction and 
conclusion and exclude those studies that clearly fall 
on one of the exclusion criteria; and iii) the team will 
read the paper and exclude those studies that fall on 
one of the exclusion criteria, explaining the reasons for 
exclusion.
Charting the data
This stage consists of mapping the information that 
will be extracted from the primary studies being 
analyzed[14]. For this stage, the team is using a data 
chart form using the record information adapted from 
Crick et al. work[15], plus  information related to the 
scope of this review, as follows:
 Bibliographical information: title of the article, 

authors(s), country, year, as well as the quality of 
the publication source and its impact; 

 Study information: aims of the study, 
methodology, outcome measures (if applicable), 
important results;

 AAL information: stakeholders, benefits for 
stakeholders, level of assistance supported, 
application domains supported, possibility to 
extend for other application domains, paradigm or 
approach used in the study, architectural layers, 
architectural components, supported elements of 
data governance and standards adopted;

 Team considerations: strengths of the study, 
limitations of the study, and conclusion.

For extracting the information, each paper will be read 
by two members of the team; each member will collect 
the data independently. After, the collected data for the 
two distinct members will be merged, and for the 
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conflicting cases, a third member will be consulted to 
diminish the conflict.
Collating, summarizing, and reporting the results
Following the recommendations provided by Levac et 
al. [11] this stage will be broken into three steps, as 
follows:
 Analysis: for this step the team will provide both 

quantitative analyses based on the bibliographical 
information, AAL information and study 
information data chart criteria; and qualitative 
analysis by merging AAL information and the team 
considerations data. For the quantitative analyses, 
the focus is on the classification of the studies, as a 
way to answers questions related to all the research 
questions of this study. The qualitative analysis 
will use the data from papers and team 
considerations to extract information that can give 
a better overview of subjective concepts and opens 
up new opportunities of studies, for example, we 
aim to have a deep understanding of how authors 
perceive the concept of data governance;

 Reporting: for this step the team intend to present 
a table of strengths and gaps in the evidence; 
moreover, the structured results combined with the 
analysis will serve as basis for the creation of a 
paper;

 Implications for future research, practice and 
policy: we aim to discuss these results with the 
International Standards and Conformity 
Assessment - SyC AAL from Canada focusing on 
the creation of a reference architecture for AAL 
systems.

Patient and Public Involvement
Patients and or public were not involved.

DISCUSSION
This review will allow for the identification of 
currently used reference architecture and models for 
AAL, as well as the main aspects concerning their 
motivations, stakeholders, benefits, domains, 
approaches, architectural components, and governance 
aspects.

With that information, it will be possible to identify 
the main gaps in the analyzed studies that can serve as 
the basis for future works and the proposal of 
standards. It is also expected that this study opens up 
an opportunity to understand the needs of the 
stakeholders and the aspects of data governance 
involved to serve as the basis for establishing an 
assessment model of reference architectures. 
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1

Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for 
Scoping Reviews (PRISMA-ScR) Checklist

SECTION ITEM PRISMA-ScR CHECKLIST ITEM REPORTED 
ON PAGE #

TITLE
Title 1 Identify the report as a scoping review. 1

ABSTRACT

Structured 
summary 2

Provide a structured summary that includes (as 
applicable): background, objectives, eligibility criteria, 
sources of evidence, charting methods, results, and 
conclusions that relate to the review questions and 
objectives.

1

INTRODUCTION

Rationale 3

Describe the rationale for the review in the context of 
what is already known. Explain why the review 
questions/objectives lend themselves to a scoping 
review approach.

1,2

Objectives 4

Provide an explicit statement of the questions and 
objectives being addressed with reference to their key 
elements (e.g., population or participants, concepts, 
and context) or other relevant key elements used to 
conceptualize the review questions and/or objectives.

1,2

METHODS

Protocol and 
registration 5

Indicate whether a review protocol exists; state if and 
where it can be accessed (e.g., a Web address); and if 
available, provide registration information, including 
the registration number.

n/a

Eligibility criteria 6

Specify characteristics of the sources of evidence 
used as eligibility criteria (e.g., years considered, 
language, and publication status), and provide a 
rationale.

3,4

Information 
sources* 7

Describe all information sources in the search (e.g., 
databases with dates of coverage and contact with 
authors to identify additional sources), as well as the 
date the most recent search was executed.

3

Search 8
Present the full electronic search strategy for at least 1 
database, including any limits used, such that it could 
be repeated.

3

Selection of 
sources of 
evidence†

9
State the process for selecting sources of evidence 
(i.e., screening and eligibility) included in the scoping 
review.

3,4

Data charting 
process‡ 10

Describe the methods of charting data from the 
included sources of evidence (e.g., calibrated forms or 
forms that have been tested by the team before their 
use, and whether data charting was done 
independently or in duplicate) and any processes for 
obtaining and confirming data from investigators.

4

Data items 11 List and define all variables for which data were 
sought and any assumptions and simplifications made. 4

Critical appraisal of 
individual sources 
of evidence§

12

If done, provide a rationale for conducting a critical 
appraisal of included sources of evidence; describe 
the methods used and how this information was used 
in any data synthesis (if appropriate).

4
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2

SECTION ITEM PRISMA-ScR CHECKLIST ITEM REPORTED 
ON PAGE #

Synthesis of 
results 13 Describe the methods of handling and summarizing 

the data that were charted. 4,5
RESULTS

Selection of 
sources of 
evidence

14

Give numbers of sources of evidence screened, 
assessed for eligibility, and included in the review, with 
reasons for exclusions at each stage, ideally using a 
flow diagram.

#TBD

Characteristics of 
sources of 
evidence

15 For each source of evidence, present characteristics 
for which data were charted and provide the citations. #TBD

Critical appraisal 
within sources of 
evidence

16 If done, present data on critical appraisal of included 
sources of evidence (see item 12). #TBD

Results of 
individual sources 
of evidence

17
For each included source of evidence, present the 
relevant data that were charted that relate to the 
review questions and objectives.

#TBD

Synthesis of 
results 18 Summarize and/or present the charting results as they 

relate to the review questions and objectives. #TBD

DISCUSSION

Summary of 
evidence 19

Summarize the main results (including an overview of 
concepts, themes, and types of evidence available), 
link to the review questions and objectives, and 
consider the relevance to key groups.

#TBD

Limitations 20 Discuss the limitations of the scoping review process. #TBD

Conclusions 21
Provide a general interpretation of the results with 
respect to the review questions and objectives, as well 
as potential implications and/or next steps.

#TBD

FUNDING

Funding 22

Describe sources of funding for the included sources 
of evidence, as well as sources of funding for the 
scoping review. Describe the role of the funders of the 
scoping review.

n/a

JBI = Joanna Briggs Institute; PRISMA-ScR = Preferred Reporting Items for Systematic reviews and Meta-Analyses 
extension for Scoping Reviews.
* Where sources of evidence (see second footnote) are compiled from, such as bibliographic databases, social media 
platforms, and Web sites.
† A more inclusive/heterogeneous term used to account for the different types of evidence or data sources (e.g., 
quantitative and/or qualitative research, expert opinion, and policy documents) that may be eligible in a scoping 
review as opposed to only studies. This is not to be confused with information sources (see first footnote).
‡ The frameworks by Arksey and O’Malley (6) and Levac and colleagues (7) and the JBI guidance (4, 5) refer to the 
process of data extraction in a scoping review as data charting.
§ The process of systematically examining research evidence to assess its validity, results, and relevance before 
using it to inform a decision. This term is used for items 12 and 19 instead of "risk of bias" (which is more applicable 
to systematic reviews of interventions) to include and acknowledge the various sources of evidence that may be used 
in a scoping review (e.g., quantitative and/or qualitative research, expert opinion, and policy document).

From: Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for Scoping Reviews (PRISMA-
ScR): Checklist and Explanation. Ann Intern Med. ;169:467–473. doi: 10.7326/M18-0850
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ABSTRACT
Introduction: For the first time in human history, the 
number of older people will be higher than the number 
of children. The prevalence of chronic diseases, such 
as hypertension, cardiovascular disease, diabetes, and 
mental disorders in older adults is high. Given that, it 
is essential to make usage of related technology to 
provide improved health conditions and reduce the 
costs for promoting aging in place, and that is precisely 
the aim of Ambient Assisted Living technology. 
Considering that these systems provide significant 
benefit to a vast number of stakeholders, can be 
applied to the functional diversity of application 
domains, and have high economic and social impacts, 
it is essential to create reusable and interoperable 
platforms and standards that are able to deal with the 
heterogeneity of applications and domains. In this 
sense, reference architectures have been proposed and 
evaluated. A comprehensive scoping review 
concerning the reference architectures must clarify 
specific aspects, such as what the main domains are 
and how the solutions effectively deal with them.
Methods: This scoping review will follow the 
methodology framework defined in “Scoping studies: 
advancing the methodology”. In this methodological 
framework, six stages are proposed for scoping review 
studies: identifying the research question; identifying 
relevant studies; study selection; charting the data; 
collating, summarizing, and reporting the results; and 
consultation. The research questions aim to investigate 
what are the motivations, stakeholders, benefits, 
domains, approaches, architectural components, and 
governance aspects of the proposed reference 
architectures and models. The team will focus on the 
Scopus Document Search, PubMed (Medline), IEEE 
Xplore Digital Library, ACM Digital Library, and 
Science Direct electronic research databases. The 
search query is a combination of terms related to 
Ambient Assisted Living AND Reference 
Architecture.
Ethics and Dissemination: This is a scoping review 
study and there is no requirement for ethical approval, 
as primary data will not be collected. The results from 
this scoping review will be published in a peer-
reviewed journal and reported at scientific meetings. 

We intend to share the results with the International 
Standards and Conformity Assessment - SyC AAL 
from Canada to use the review as a basis for 
establishing an assessment model of reference 
architectures.

Keywords: scoping review; Ambient Assisted Living 
(AAL); Independent Living, Old Age Assistance, 
Reference Architecture, Computer Architecture, 
Information Services.
Word Count: 2976

ARTICLE SUMMARY
Strengths and Limitations of this study 
 This protocol uses a comprehensive approach, 

relating seven research questions, that will enable 
the identification of the main gaps and 
opportunities in the area;

 Due to the comprehensiveness of this review 
protocol, it can serve as the basis for future works, 
with more specific scope, and the proposal of 
standards;

 The investigation of who are the stakeholdes 
associated with the architectural components will 
enable us to understand how the needs of the 
stakeholders are fulfilled;

 The inclusion of aspects of data governance in the 
protocol will serve as the basis for establishing an 
assessment model of reference architectures;

 One weakness of this review protocol was the 
need of excluding the term “architecture” (alone) 
due to the extensive amount of non-relevant 
papers found in the rounds for adjusting the search 
query.

INTRODUCTION
The world is facing a completely new situation: for the 
first time in human history, the number of older people 
will be higher than the number of children[1]. One of 
the explanations for this statistic is that the number of 
older people has grown and the prediction is that this 
number will reach 15% of the population by 2045[2]. 

The fact that we are living longer can be seen as 
fascinating, yet intimidating at the same time. Though 
longer lifespans are a clear demonstration of the 
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advances made in science and technology, many 
questions arise about this unprecedented situation. Are 
these questions related to important issues like will the 
aging population experience decreased quality of life 
as they age? or how will an aging population impact 
the social and economic aspects of society?[3].

Although these questions remain inadequately 
answered, some aspects of this demographic transition 
are already known. For instance, chronic diseases are 
prevalent (e.g., hypertension, cardiovascular disease, 
diabetes, and mental disorders) among the elderly[4]. 
The prevalence of these chronic diseases alone is 
already reason enough to harm the economy and health 
care system at both individual- and societal-levels[5], 
which indicates the need to continue to evolve for 
providing improved quality of life in a sustainable 
way.

A key factor for mitigating the impacts associated 
with the aging population is to provide appropriate 
conditions for older adults to live at home, actively and 
independently. It should be noted that supporting these 
conditions for the aging population is beneficial to all. 
For the elderly and their family, supportive living at 
home will allow for better social engagement and 
fewer expenses related to caregivers and healthcare in 
general; for the government, assisted living has the 
potential to reduce costs associated with providing 
health services and infrastructure for this older 
population. 

Given this context, it is essential to make use of 
related technology for providing the best conditions 
and reducing the costs for promoting the aging in 
place, and that is precisely the aim of Ambient 
Assisted Living (AAL) technology[6]. According to 
Rodriguez et al.[7] “AAL refers to concepts, products, 
and services aiming at enhancing several aspects of 
people’s quality of life, including autonomy/ 
independence, comfort, safety, security, and health in 
all stages of their life”.

Due to the relevance of AAL systems to the context 
of the aging population, it is possible to find a vast 
amount of reasonable solutions that can benefit people 
requiring varied levels of assistance.  ``But many good 
ideas and promising pilot cases fail to scale because 
the adopted approaches have been excessively techno-
centric''[8]. Additionally, there is a trend of these 
solutions being focused entirely on the development of 
a specific and isolated service, for example, the 
development of a system to monitor some specific 
health-related parameter, such as the usage of a (or a 
set of) sensor for fall detection[9].

In understanding that these systems are beneficial 
to a vast number of stakeholders, can be applied to 
functional diversity of application domains, and 
provide positive economic and social impacts, it is 
essential to create reusable and interoperable platforms 

and standards that can counteract the heterogeneity of 
applications and domains of AAL systems. This will 
make development of new AAL systems and 
platforms, that fits the requirements and constraints of 
the area, easier and faster.

In this sense, some reference architectures have 
been proposed and evaluated.  A reference architecture 
is a “an architecture that encompasses the knowledge 
about how to design concrete architectures of systems 
of a given application domain” [10]. For example, 
Rodriguez et al. [7] present “A Comparative Analysis 
of Reference Architectures for Healthcare in the 
Ambient Assisted Living Domain”, but at the time, 
only five reference architectures were evaluated and 
the newest date was from 2011; further, as the authors 
mention, there is still a lack of reference architectures 
for supporting some stakeholders such as caregivers 
and care organizations; and they did not contemplate 
issues associated with the security of health records. 
Moreover, as stated by Calvaresi et al. [1] in their 
work, “the solutions often consist of ad-hoc 
architectures” indicating that a solution is still missing 
and suggest that solutions should focus on the 
interaction among all actors instead of the creation of 
a single solution.  

During a recent search1using a generic query with 
the terms related to the matter AAL and architecture2 
in Scopus Document Search3, it returned with 609 
documents. This is indicative of the need to conduct a 
comprehensive scoping review concerning reference 
architectures to clarify specific aspects related to 
identifying the main domains and how the solutions 
deal with them, understanding who the main 
stakeholders are and how the solutions include/engage 
them, and the main architectural components of the 
solution.

METHODS AND ANALYSIS
This scoping review will follow the methodology 
framework defined by Levac et al. [10]. In this 
methodological framework, six stages are proposed 
for scoping review studies: 1) identifying the research 
question; 2) identifying relevant studies; 3) study 
selection; 4) charting the data; 5) collating, 
summarizing, and reporting the results; and 6) 
consultation (optional). 

Following this section, the stages of the 
methodological framework for conducting a scoping 
study are presented.
Identifying the research question

1 The search was executed on July 2nd, 2019.
2 ``TITLE-ABS-KEY (("AAL" OR "Ambient 

Assist*") AND ("Conceptual" OR "Reference 
Architecture" OR "Architecture"))

3 https://www.scopus.com
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The primary objective of this review is to identify the 
main reference architectures or models and verify 
whether it is possible to select or establish a 
comprehensive reference architecture that addresses 
the most critical challenges of AAL. Due to the 
comprehensive aspect of this review, a set of related 
research questions were featured, as follows:
 Motivations: What are the primary purposes of the 

models/architecture presented by the papers? For 
this question, we aim to understand the main 
concerns that were motivating the authors to 
create/propose a reference architecture or model 
for AAL.

 Stakeholders: Who are the stakeholders, and how 
do the solutions support them? This question aims 
to identify those that may benefit from the 
proposed reference architecture. For instance, it is 
possible that a specific model/architecture has a 
well-defined focus on the developers of 
applications for AAL, while others may focus on 
the people that can benefit from the applications 
developed using the reference model/architecture. 
The challenge here is to define a comprehensive 
definition of the stakeholders that can use or 
benefit from a reference architecture for AAL.

 Benefits: How do the systems support and deal 
with the different levels of assistance required by 
the users (i.e., the beneficiaries)? In AAL systems, 
the beneficiaries may require different levels of 
assistance [11]. For instance, they can be 
independent or require assistance for basic daily 
activities (ADLs), such as for walking or managing 
their medication.

 Domains: Is the proposed reference architecture 
or model able to deal with different application 
domains? Is it possible to specify which ones? 
Considering that a reference architecture must be 
able to deal with different application domains 
inside the AAL scope, such as Personal Care, 
Remote Patient Monitoring (RPM), and ADLs, it 
is important to verify if the architecture is able to 
deal with these different domains, or if there is 
some restriction (in this case, this architecture will 
not be considered for a qualitative analysis).

 Approach: What is the paradigm adopted for the 
development of the proposed reference 
architecture or model? A reference architecture 
can be created based on different approaches or 
paradigms; for instance, it can adopt a conceptual 
approach (e.g., Ontology), a Component-based 
approach, or a Software as a Service (SaaS) 
approach.

 Architectural Components:] What are the main 
layers or components of the proposed reference 
architecture? Even considering that the 

construction of the model or reference architecture 
can adopt different approaches, it is worthy of 
listing and correlating them, so that it is possible to 
find the most common elements, such as support to 
different Devices, Communications, and Clouds.  
Moreover, it is essential to identify what (and how) 
components deal with the requirements of 
heterogeneity, interoperability, and reusability.

 Governance: Is there a support mechanism for data 
governance? For dealing with personal 
information, a reference architecture should 
address the main concepts concerning data 
governance, providing the necessary support for 
data availability, data consistency, data integrity, 
and data security.

Identifying relevant studies
This review will be conducted entirely using electronic 
databases. The following databases were used: Scopus 
Document Search; PubMed (Medline)4; IEEE Xplore 
Digital Library5; ACM Digital Library6; and Science 
Direct7. These electronic databases were chosen 
because they cover a vast amount of areas with 
relevant works related to the scope of this review, such 
as technology and health. One important note about 
the choice of the data sources is that the Springer was 
initially considered to be included; however, most of 
the papers returned were not relevant as it was not 
possible to perform an advanced search. In addition to 
that, the papers returned by Scopus already 
contemplate papers from Springer.

The research team for this scoping review has 
extensive experience in the areas of computer science, 
information technology, pervasive environments, 
ambient intelligence, ambient assisted living, and 
health sciences. For this review, the team has already 
performed some rounds for tuning the search string. 
The main terms related to the AAL and reference 
architecture. The terms used during this round were: 
AAL, “Ambient Intelligence”, “Assisted Living” 
(which includes all “Active Assisted Living” papers), 
“Ambient Assist*” (that includes all “Ambient 
Assisted Living”, “Ambient Assisted” or “Ambient 
Assistance” papers), “Assisted Environment”, 
“Assistive Environment” (for these latter two terms, 
the plural form does not impact the results), 
“Reference Model”, “Reference Implementation”, 
“Reference Architecture”, “Conceptual Model”, 
“Conceptual Architecture”. 

After five rounds of using different combination 
involving these previous mentioned, and other related, 
terms and evaluating the relevance of some of the 

4 https://www.ncbi.nlm.nih.gov/pubmed/
5 https://ieeexplore.ieee.org/Xplore/home.jsp
6 https://dl.acm.org/
7 https://www.sciencedirect.com/
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returned papers. Actually, we get 20 papers as control 
papers, these control papers were articles that we read 
during these rounds and pre-classified them as 
relevant, and that should appear in the search. The final 
search query, used in the Scopus Document Search 
database as an example, is TITLE-ABS-KEY 
(“Ambient Intelligence” OR “AAL” OR “Assisted 
Living” OR “Ambient Assist*” OR “Assisted 
Environment” OR “Assistive Environment”) AND 
(“Reference Model” OR “Reference Architecture” 
OR “Conceptual Model” OR “Conceptual 
Architecture”).
Study selection
The focus of this review is to have a comprehensive 
understanding on how researchers are dealing with, 
and providing support for, the vast amount of IoT 
devices and services available for AAL, and whether 
the proposed reference architectures can deal with the 
main requirements for AAL, as discussed in the 
research questions.

The team met to discuss the inclusion and 
exclusion criteria. From these meetings the team has 
decided that the main restriction with regard to domain 
is that the paper must either address a solution for 
solving an AAL problem and mention the software 
architecture for the solution, or the paper must present 
a reference architecture (or model) that can be applied 
in different AAL application domains. The other 
restrictions are more generic and take into account 
criteria like availability, language, and the type of 
publication (i.e., primary or secondary study). The 
following inclusion (INC) and exclusion (EXC) 
criteria were defined:
 INC.01. - Domain: The paper addresses a solution 

for solving an AAL problem and mentions that 
there is a software architecture for that;

 INC.02. - Domain: The paper presents a reference 
architecture (or model) that enables the solution be 
applied in various AAL application domains;

 INC.03. - Language: The paper must be written in 
English;

 INC.04. -  Time: There are no time restrictions. 
This option differs a little bit from traditional 
scoping reviews, which typically include papers 
from the last five years, but the team decided to 
include any solution despite the date of publication 
to perceive how the theme has evolved over time;

 INC.05. - Study Design: The paper presents a 
primary study. The team is looking for primary 
research papers. The team already performed a 
screening on secondary studies, and, although 
there are good reviews, there are still gaps that the 
team overcame by analyzing primary studies;

 INC.06. - Availability: The full paper is available. 
Although the team has access to a considerable 

amount of datasets, some search engines (e.g. 
Scopus Document Search) point to a third data 
source where some of the studies may not be 
available (or only accessible under purchase); 

 EXC.01. - Duplicated: The team is using a set of 
datasets for searching, which may increase the 
possibility of the paper appearing more than one 
time. In this case, the team will eliminate the 
duplicates;

 EXC.02. - not matching all the inclusion criteria: 
Any paper that does not match all the inclusion 
criteria will be excluded from the review. The only 
exception is regarding the domain inclusion 
criteria, in this case, the paper must fit at least one 
of them (if not all).

Given the presented inclusion and exclusion criteria, 
the team will start the screening and eligibility phases 
based on the flow diagram from PRISMA 
Statement[12]. For these phases, each paper will be 
read by two members of the team, and in case of a 
conflicting decision another member will read the 
conflicting paper and discuss it with the other 
members to solve the conflict. Hence, the team will 
adhere to the following steps for the review: i) looking 
for duplicates, maintaining only one version of them; 
ii) performing a fast reading on abstract, introduction 
and conclusion and exclude those studies that clearly 
fall on one of the exclusion criteria; and iii) the team 
will read the paper and exclude those studies that fall 
on one of the exclusion criteria, explaining the reasons 
for exclusion.

Regarding the quality assessment of the 
publication source and its impact, despite that in a first 
moment, this information will not be used to exclude 
papers, it is very important to minimize some bias that 
publications could bring to the review. In this sense, 
we are going to base this evaluation with the adoption 
of the study design hierarchy for Software Engineering 
[13]

Charting the data
This stage consists of mapping the information that 
will be extracted from the primary studies being 
analyzed[14]. For this stage, the team is using a data 
chart form using the record information adapted from 
Crick et al. work[15], plus  information related to the 
scope of this review, as follows:
 Bibliographical information: title of the article, 

authors(s), country, year, as well as the quality of 
the publication source and its impact; 

 Study information: aims of the study, 
methodology, outcome measures (if applicable), 
important results;

 AAL information: stakeholders, benefits for 
stakeholders, level of assistance supported, 
application domains supported, possibility to 
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extend for other application domains, paradigm or 
approach used in the study, architectural layers, 
architectural components, supported elements of 
data governance and standards adopted;

 Team considerations: strengths of the study, 
limitations of the study, and conclusion.

For extracting the information, each paper will be read 
by two members of the team; each member will collect 
the data independently. After that, the collected data 
for the two distinct members will be merged, and for 
the conflicting cases, a third member will be consulted 
to diminish the conflict.
Collating, summarizing, and reporting the results
Following the recommendations provided by Levac et 
al. [10] this stage will be broken into three steps, as 
follows:
 Analysis: for this step, the team will provide both 

quantitative analyses based on the bibliographical 
information, AAL information and study 
information data chart criteria; and qualitative 
analysis by merging AAL information and the team 
considerations data. For the quantitative analyses, 
the focus is on the classification of the studies, as a 
way to answers questions related to all the research 
questions of this study. The qualitative analysis 
will use the data from papers and team 
considerations to extract information that can give 
a better overview of subjective concepts and opens 
up new opportunities of studies, for example, we 
aim to have a deep understanding of how authors 
perceive the concept of data governance;

 Reporting: for this step the team intend to present 
a table of strengths and gaps in the evidence; 
moreover, the structured results combined with the 
analysis will serve as basis for the creation of a 
paper;

 Implications for future research, practice and 
policy: we aim to discuss these results with the 
International Standards and Conformity 
Assessment - SyC AAL from Canada focusing on 
the creation of a reference architecture for AAL 
systems.

Patient and Public Involvement
Patients and or public were not involved.

DISCUSSION
This review will allow for the identification of 
currently used reference architecture and models for 
AAL, as well as the main aspects concerning their 
motivations, stakeholders, benefits, domains, 
approaches, architectural components, and governance 
aspects.

With that information, it will be possible to identify 
the main gaps in the analyzed studies that can serve as 
the basis for future works and the proposal of 
standards. It is also expected that this study opens up 

an opportunity to understand the needs of the 
stakeholders and the aspects of data governance 
involved to serve as the basis for establishing an 
assessment model of reference architectures. 

COMPETING INTERESTS STATEMENT.
The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS
For this article we had the following author 
contributions: conceptualization, methodology, and 
writing--original draft preparation, Frederico M. 
Bublitz; writing--review and editing Naman K. 
Sahota, Arlene Oetomo, Laura X. Fadrique and Plinio 
P. Morita.

FUNDING STATEMENT
This research received no specific grant from any 
funding agency in public, commercial or not-for-profit 
sectors.

ETHICS AND DISSEMINATION
This is a scoping review study and there is no 
requirement for ethical approval, as primary data will 
not be collected. The results from this scoping review 
will be published in a peer-reviewed journal and 
reported at scientific meetings. We intend to share the 
results with the International Standards and 
Conformity Assessment - SyC AAL from Canada to 
use the review as a basis for establishing an assessment 
model of reference architectures.

REFERENCES
1 Calvaresi D, Cesarini D, Sernani P, et al. 

Exploring the ambient assisted living domain: 
a systematic review. J Ambient Intell Humaniz 
Comput 2017;8:239–57. doi:10.1007/s12652-
016-0374-3

2 Nations TU. World Population Prospects - 
Population Division - United Nations. 
2019.https://population.un.org/wpp/DataQuer
y/ (accessed 8 Jul 2019).

3 World Health Organization. Global Health 
and Aging. 2011. 
https://www.who.int/ageing/publications/glob
al_health.pdf (accessed 8 Jul 2019).

4 Kleisiaris CF, Papathanasiou IV, Tsaras K, et 
al. Factors affecting the health status of elderly 
people receiving home care. Arch Hell Med 
2019;36:237--
244.https://www.scopus.com/sourceid/27568
?origin=recordpage

5 Ge L, Ong R, Yap CW, et al. Effects of 
chronic diseases on health‐related quality of 
life and self‐rated health among three adult age 
groups. Nurs Health Sci 2018;:nhs.12585. 

Page 6 of 8

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-033758 on 31 O

ctober 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

doi:10.1111/nhs.12585
6 Garcia NM, Sousa P, Felizardo V. Ambient 

Assisted Living—From Technology to 
Intervention. In: Ambient Assisted Living. 
2015. 1-- 4.

7 Rodriguez LMG, Ampatzoglou A, Avgeriou 
P, et al. A Comparative Analysis of Reference 
Architectures for Healthcare in the Ambient 
Assisted Living Domain. In: Traina C. Kane 
B. PRP de A-MPMMTAJ, ed. 2015 IEEE 28th 
International Symposium on Computer-Based 
Medical Systems. IEEE 2015. 270–5. 
doi:10.1109/CBMS.2015.29

8 Camarinha-Matos LM, Rosas J, Oliveira AI, 
et al. A Collaborative Services Ecosystem for 
Ambient Assisted Living. In: IFIP Advances 
in Information and Communication 
Technology. 2012. 117–27. doi:10.1007/978-
3-642-32775-9_12

9 Camarinha-Matos LM, Ferrada F, Oliveira AI, 
et al. Integrated care services in ambient 
assisted living. In: 2013 IEEE 15th 
International Conference on e-Health 
Networking, Applications and Services 
(Healthcom 2013). IEEE 2013. 197–201. 
doi:10.1109/HealthCom.2013.6720666

10 Levac D, Colquhoun H, O’Brien KK. Scoping 

studies: advancing the methodology. 
Implement Sci 2010;5:69. doi:10.1186/1748-
5908-5-69

11 Gambi E, Ricciuti M, Ciattaglia G, et al. A 
Technological Approach to Support the Care 
Process of Older in Residential Facilities. 
Published Online First: 2019. 
doi:10.1007/978-3-030-05921-7_6

12 Moher D, Liberati A, Tetzlaff J, et al. 
Preferred reporting items for systematic 
reviews and meta-analyses: the PRISMA 
statement. BMJ 2009;339:b2535–b2535. 
doi:10.1136/bmj.b2535

13 Kitchenham B. Procedures for Performing 
Systematic Reviews. 2004. 

14 Arksey H, O’Malley L. Scoping studies: 
towards a methodological framework. Int J 
Soc Res Methodol 2005;8:19–32. 
doi:10.1080/1364557032000119616

15 Crick M, Angus DE, Backman C. Exploring 
the role of regulation and the care of older 
people with depression living in long-term 
care? A systematic scoping review protocol. 
BMJ Open 2018;8:e021985. 
doi:10.1136/bmjopen-2018-021985

Page 7 of 8

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-033758 on 31 O

ctober 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

 
1

Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for 
Scoping Reviews (PRISMA-ScR) Checklist

SECTION ITEM PRISMA-ScR CHECKLIST ITEM REPORTED 
ON PAGE #

TITLE
Title 1 Identify the report as a scoping review. 1

ABSTRACT

Structured 
summary 2

Provide a structured summary that includes (as 
applicable): background, objectives, eligibility criteria, 
sources of evidence, charting methods, results, and 
conclusions that relate to the review questions and 
objectives.

1

INTRODUCTION

Rationale 3

Describe the rationale for the review in the context of 
what is already known. Explain why the review 
questions/objectives lend themselves to a scoping 
review approach.

1,2

Objectives 4

Provide an explicit statement of the questions and 
objectives being addressed with reference to their key 
elements (e.g., population or participants, concepts, 
and context) or other relevant key elements used to 
conceptualize the review questions and/or objectives.

1,2

METHODS

Protocol and 
registration 5

Indicate whether a review protocol exists; state if and 
where it can be accessed (e.g., a Web address); and if 
available, provide registration information, including 
the registration number.

n/a

Eligibility criteria 6

Specify characteristics of the sources of evidence 
used as eligibility criteria (e.g., years considered, 
language, and publication status), and provide a 
rationale.

3,4

Information 
sources* 7

Describe all information sources in the search (e.g., 
databases with dates of coverage and contact with 
authors to identify additional sources), as well as the 
date the most recent search was executed.

3

Search 8
Present the full electronic search strategy for at least 1 
database, including any limits used, such that it could 
be repeated.

3

Selection of 
sources of 
evidence†

9
State the process for selecting sources of evidence 
(i.e., screening and eligibility) included in the scoping 
review.

3,4

Data charting 
process‡ 10

Describe the methods of charting data from the 
included sources of evidence (e.g., calibrated forms or 
forms that have been tested by the team before their 
use, and whether data charting was done 
independently or in duplicate) and any processes for 
obtaining and confirming data from investigators.

4

Data items 11 List and define all variables for which data were 
sought and any assumptions and simplifications made. 4

Critical appraisal of 
individual sources 
of evidence§

12

If done, provide a rationale for conducting a critical 
appraisal of included sources of evidence; describe 
the methods used and how this information was used 
in any data synthesis (if appropriate).

4
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2

SECTION ITEM PRISMA-ScR CHECKLIST ITEM REPORTED 
ON PAGE #

Synthesis of 
results 13 Describe the methods of handling and summarizing 

the data that were charted. 4,5
RESULTS

Selection of 
sources of 
evidence

14

Give numbers of sources of evidence screened, 
assessed for eligibility, and included in the review, with 
reasons for exclusions at each stage, ideally using a 
flow diagram.

#TBD

Characteristics of 
sources of 
evidence

15 For each source of evidence, present characteristics 
for which data were charted and provide the citations. #TBD

Critical appraisal 
within sources of 
evidence

16 If done, present data on critical appraisal of included 
sources of evidence (see item 12). #TBD

Results of 
individual sources 
of evidence

17
For each included source of evidence, present the 
relevant data that were charted that relate to the 
review questions and objectives.

#TBD

Synthesis of 
results 18 Summarize and/or present the charting results as they 

relate to the review questions and objectives. #TBD

DISCUSSION

Summary of 
evidence 19

Summarize the main results (including an overview of 
concepts, themes, and types of evidence available), 
link to the review questions and objectives, and 
consider the relevance to key groups.

#TBD

Limitations 20 Discuss the limitations of the scoping review process. #TBD

Conclusions 21
Provide a general interpretation of the results with 
respect to the review questions and objectives, as well 
as potential implications and/or next steps.

#TBD

FUNDING

Funding 22

Describe sources of funding for the included sources 
of evidence, as well as sources of funding for the 
scoping review. Describe the role of the funders of the 
scoping review.

n/a

JBI = Joanna Briggs Institute; PRISMA-ScR = Preferred Reporting Items for Systematic reviews and Meta-Analyses 
extension for Scoping Reviews.
* Where sources of evidence (see second footnote) are compiled from, such as bibliographic databases, social media 
platforms, and Web sites.
† A more inclusive/heterogeneous term used to account for the different types of evidence or data sources (e.g., 
quantitative and/or qualitative research, expert opinion, and policy documents) that may be eligible in a scoping 
review as opposed to only studies. This is not to be confused with information sources (see first footnote).
‡ The frameworks by Arksey and O’Malley (6) and Levac and colleagues (7) and the JBI guidance (4, 5) refer to the 
process of data extraction in a scoping review as data charting.
§ The process of systematically examining research evidence to assess its validity, results, and relevance before 
using it to inform a decision. This term is used for items 12 and 19 instead of "risk of bias" (which is more applicable 
to systematic reviews of interventions) to include and acknowledge the various sources of evidence that may be used 
in a scoping review (e.g., quantitative and/or qualitative research, expert opinion, and policy document).

From: Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for Scoping Reviews (PRISMA-
ScR): Checklist and Explanation. Ann Intern Med. ;169:467–473. doi: 10.7326/M18-0850
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