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Abstract

The aging population in Europe and other developed regions is accelerating the demand
for adaptable domestic environments that support independent living and care at home. In
this context, ontologies offer a promising approach to represent and manage knowledge
about built environments, smart technologies, and user needs—especially within Ambi-
ent Assisted Living (AAL) systems. This paper presents a systematic literature review
examining the role of ontologies in the reconfiguration of domestic living spaces, with a
focus on their application in design processes and decision support systems. Following the
PRISMA methodology, 14 relevant works published between 2000 and 2025 were identified
and analyzed. The review explores key aspects such as ontology conceptualization, reuse,
engineering methodologies, integration with CAD systems, and validation practices. The
results show that research on this topic is fragmented yet growing, with the first contri-
bution dated 2005 and peaks in 2016, 2018, and 2024. Most works (11) were conference
papers, with Europe leading the contributions, particularly Italy. Half of the reviewed
ontologies were developed “from scratch”, while the rest relied on conceptualizations
such as BIM. Ontology reuse was inconsistent: only 50% of works reused existing models
(e.g., SAREEF, SOSA, BOT, ifcOWL), and few adopted Ontology Design Patterns. While
11 works followed ontology engineering methodologies—mostly custom or established
methods such as Methontology or NeOn—stakeholder collaboration was reported in less
than 36% of cases. Validation practices were weak: only six studies presented use cases or
demonstrators. Integration with CAD systems remains at a prototypical stage, primarily
through semantic enrichment and SWRL-based reasoning layers. Remaining gaps include
poor ontology accessibility (few provide URLs or W3IDs), limited FAIR compliance, and
scarce modeling of end-user needs, despite their relevance for AAL solutions. The review
highlights opportunities for collaborative, human-centered ontology development aligned
with architectural and medical standards to enable scalable, interoperable, and user-driven
reconfiguration of domestic environments.

Keywords: Ambient Assisted Living; built environment reconfiguration; ontology for AEC;
computer-aided design (CAD) integration; Ontology Engineering in AEC

1. Introduction

Europe and Western countries are facing a progressive aging of their population: in
2023, the World Health Organization (WHO) observed a worldwide life expectancy of up
to 73 years [1]. As a consequence of the general well-being that characterizes European
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countries, in the USA, and in some countries of the Far East, the percentage of older adults
(i.e., persons aged 65 or more) has increased considerably. In particular, Europe is affected
by both an increase in older adults and a decrease in birth rates. This condition, also
referred to as the “graying of Europe” phenomenon, is expected to be further exacerbated
by 2050, when the number of older adults will reach 45% of the total EU-27 population [2].

Older adults may suffer from chronic health issues, temporary conditions of impair-
ment affecting their mobility or perception functions, and cognitive decline—situations
that can ultimately culminate in a permanent disability [3]. Moreover, the worldwide aging
process forces national healthcare systems to pay a toll: the rise in older adults impacts the
national healthcare expenditure, which also needs to cover long-term care [4]. To counter
the effect of aging, during the last ten years, the WHO has promoted a holistic and multi-
dimensional approach to active aging, which encompasses physical exercise, mental and
social well-being, and ongoing economic, cultural, and social activities for older adults [5,6].
Active aging is expected to make older adults live longer and more independently, and in a
better psycho-physical shape.

Moreover, from a technological perspective, the aging of Western countries did not go
unnoticed: in the early 2000s, Ambient Assisted Living (AAL) [7,8] emerged as a paradigm
to support older adults in living autonomously longer. With the further development of
ubiquitous computing, Internet of Things, ambient intelligence, and artificial intelligence,
AAL was capable of developing several prototypical solutions, often resulting in residences
equipped with various assistive devices—smart homes [9].

However, it is worth observing that while active aging indications are mainly driven
by medical professionals, AAL is less structured, and the deployment of its solutions is
often contextual. AAL reconfiguration of the living environment requires the physical envi-
ronment to be redesigned, which forces architects and designers to take into consideration
several factors (ranging from occupants” health conditions to the selection and deployment
of sensors, the characteristics of the built environment, and the possibility of modifying it).
Therefore, AAL reconfiguration of spaces is far from trivial, and architects and designers
may not possess all the necessary competencies to fulfill such a task (which is characterized
by a clear multidisciplinary vocation) [10-12].

Among the technologies that can be adopted to support architects, engineers, and
designers in reconfiguration tasks, domain ontologies play a pivotal role. The management
of the built environment and spaces in an AAL context requires the semantic mapping of
the environment’s components, in particular when building information modeling (i.e., a
process involving the creation and management of digital representations of physical and
functional characteristics of a building, encompassing occupants’ needs, comfort, energy
consumption, etc. [13]) is pursued [14,15]. Furthermore, ontologies can support architects
and designers with computer-aided design (CAD) modeling of built environments by
providing semantic meaning capable of addressing data integration problems [16]. In
general, ontologies are known to be capable of supporting the architecture, engineering,
and construction (AEC) industry in different ways [17].

Considering the compelling aging situation and the critical situation of national health-
care systems after the COVID-19 pandemic [18], the possibility of making older adults live
longer in an autonomous way is a pressing matter. The aim of this review is to provide an
answer to the following research questions:
¢ RQ1: What ontologies are exploited for the reconfiguration of domestic environments?

B RQla: What relevant features are represented by the ontology, and what are the

conceptualizations underlying the ontological model of information?

B RQIb: What ontology engineering methodologies were adopted to model the
ontologies?
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B RQlc: What are the Ontology Design Patterns (ODPs) adopted to model informa-
tion in the ontology?

B RQ1d: Were the inferences generated via the ontology (and by the systems exploit-
ing them) validated with real case tests, or with the support of domain experts?

e RQ2: How are ontologies used to support architects and designers in adding semantic
context to their CAD models?

To provide the necessary answers, this paper systematically reviews the scientific liter-
ature, contributing to the research on knowledge-based systems for AAL reconfiguration
of built environments and ontology-based support tools for professionals.

This paper is organized as follows: Section 2 illustrates the review methodology
adopted and the databases searched. Section 3 presents the quantitative results of the review
process, while Section 4 discusses them in light of the RQs described above. Section 6 dis-
sects the implications and findings while drafting possible research directions for ontology-
based systems aimed at supporting AAL reconfiguration of domestic environments. Finally,
Section 7 summarizes the main outcomes of this work.

2. Materials and Methods

This review adopts the Preferred Reporting Items for Systematic Reviews (PRISMA)
guidelines [19] to systematically search the scientific literature pertaining to the aspects
entailed by the RQs. The PRISMA approach is capable of identifying and selecting relevant
papers through a step-by-step, reproducible, and transparent process.

This review considers conference proceedings papers, full journal articles, and book
chapters published between the years 2000 and 2025, limiting the search to works published
in English.

2.1. Databases and Queries

To provide an answer to the RQs, the ISI Web of Science, Scopus, and PubMed
databases were searched. All databases provide online access and the possibility to query
them using logical operators. Furthermore, all the selected databases allow for limiting
the research to specific types of articles (in this case: conference proceedings papers, full
journal articles, and book chapters) and time ranges (for this review, from 2000 to 2025).

Three queries were generated to search the scientific literature:

e (Ql: (TITLE-ABS-KEY(ontolog* OR "semantic model" OR "knowledge
representation" OR "semantic web"))
AND (TITLE-ABS-KEY(reconfiguration OR renovation OR retrofitting
OR remodelling OR adaptation OR "home modification" OR "building
transformation"))
AND (TITLE-ABS-KEY("home" OR "house" OR "housing"
OR "domestic" OR "living environment" OR "residential" OR "built
environment" OR "household" OR "dwelling"))

e Q2 (ontolog* OR "semantic model" OR "knowledge representation" OR
"semantic web")
AND (reconfiguration OR renovation OR retrofitting
OR remodelling OR adaptation OR "home modification" OR "building
transformation") AND ("computer aided" OR "CAD")

° Q3: (ontolog* OR "semantic model" OR "knowledge representation" OR
"semantic web") AND (architectx*) AND ("computer aided" OR "CAD")

Queries Q1 and Q2 intercept those ontology-based solutions aimed at reconfiguring
environments by exploiting synonyms, while Q3 focuses on the use of ontologies and
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derivative knowledge-based products specifically devoted to supporting architectural
computer-aided design modeling of an environment.

The queries’ results were filtered, focusing on those papers with publication years
between >1999 and <2026 (to include those works accepted for publication within 2025 but
expected to be published in 2026 issues, thus resulting as “in press”). No preprints were
included in the sample, since the review aims to include only works that have undergone a
formal peer review, thus focusing on the works’ quality. The publication year range was
selected considering that in the early 2000s, domain ontologies started to be developed in a
variety of fields adopting W3C-endorsed languages (i.e., Resource Description Framework
(RDF) [20], and Ontology Web language (OWL) [21]). The database search was conducted
in July 2025 and updated in August 2025.

2.2. Article Selection Process and Criteria

Following the PRISMA approach for systematic reviews, the process of identifying
and selecting works relevant to the RQs depicted in Section 1 consists of the following steps:

1. Retrieval of relevant articles by querying the databases. In this step, considering the
three queries, a total of 787 articles was retrieved. Works considered “in press” but
already indexed by the databases were included.

2. Screening of the retrieved articles. The screening process consisted of removing from
the retrieved list those works that were inaccessible (i.e., they could not be retrieved
in their complete form for full reading—5 articles) or duplicated works (i.e., those
works retrieved from more than one database—38 articles). A total of 43 articles were
removed according to this part of the screening process. The screening then proceeded
with the analysis of the remaining 744 works’ titles and abstracts. This analysis
was aimed at assessing whether the papers addressed the domain of ontologies (or
ontology-based systems) for the reconfiguration of the built environment. At the end
of this step, a total of 689 records were removed due to their titles and abstracts not
explicitly addressing the topics reported in the RQs.

3. Inclusion of the remaining 554 articles was based on full-text reading of the works.
The inclusion of these works was according to the paper meeting at least one of the
following criteria pertaining to the physical built environment (a V b):

a.  The article presents a system exploiting an ontology that is used to represent
knowledge of the built environment in a reconfiguration context; this includes
guiding the process of deploying smart objects (i.e., sensors, actuators, assistive
devices, aids, etc.) in the built environment.

b.  The article presents an ontology capable of interacting with CAD systems
in a way that it can potentially also be used to support professionals in the
reconfiguration process.

The inclusion criteria and the RQs focused on identifying those papers that exploit
ontological representations of the physical built environment to support the reconfiguration
(or the modification) of a living environment, thus providing help to those professionals
involved in such tasks. Therefore, articles focusing exclusively on smart environments’ sys-
tems management and their orchestration, tackling sensors and actuators’ interoperability
issues, data collection and organization, the service personalization description of smart
environments (without tackling the built environment), or not involving the physical built
environment were excluded.

At the end of the inclusion step, 41 papers were removed. Therefore, the number of
included works after the process was 14. Figure 1 details the article selection process as a
PRISMA flow diagram.
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‘ Step 1— Database search within title, abstract & article keywords fields
Retrieval | N =787
Removal of duplicated articles N Removed duplicated
N =749 records: 38
Step 2 — Removal of inaccessible articles L Removed inaccessible
Screening N =744 records: 5
Removal of inaccessible articles Removed non-
N =55 compliant records: 689
Step 3 — Full reading for qualitative assessment of the entire article, Removed non-
lncIZsion according to criteria => compliant full-reading
N =14 records: 41

Figure 1. A diagram illustrating the PRISMA process for article retrieval, screening, and inclusion.

3. Results

This section reports the quantitative results of the review, which are discussed in
Section 4. The presentation of the bibliometric results focuses on the included articles’
types and temporal distribution, while the geographical distribution of authors sheds
some light on the areas where these research topics are tackled. The content analysis and
its quantitative results are aimed at providing some answers to the RQs depicted in the
Introduction by quantitatively investigating and clustering the included works.

3.1. Bibliometric Results

The temporal distribution of the sample of included works is illustrated in Figure 2,
which shows that the first contribution pertaining to the RQs is dated 2005. It is interesting
to observe that the articles’” temporal distribution is discontinuous, with the years 2016,
2018, 2020, 2022, and 2024 marking the highest number of contributions per year (two).
Except for the years 2023 and 2024, eligible articles were found every two or three years
after 2013—while the gap between the first record (2005) and the second (2009) was 4 years.

Distribution and typology of the articles (by year)

2

0
2005 2009 2013 2016 2018 2020 2022 2023 2024

m Conference M Articles

Figure 2. The temporal distribution of articles by year, grouped by their type.

With regard to the types of articles retrieved, the majority of the works belong to
the conference proceeding article type (11), with the remaining works belonging to the
full-length journal article type (3). In particular, the years 2016, 2020, and 2024 registered
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the highest number of conference papers (two), while 2018 is the only year with two
journal articles.
No book chapters were found that were eligible for this review.

3.2. Geographical Distribution of the Authors

To investigate in which countries the topics of ontologies for the reconfiguration of
domestic environments and their adoption to support architects and designers have been
addressed, an analysis of the geographical distribution of the articles was performed.

Authors’ affiliations at the time of paper publication were considered, and each
author was considered only once (the same author, if contributing with two different
affiliations pertaining to different countries, was considered twice). Table 1 summarizes the
geographical distribution of the authors of the included articles.

The table shows a preponderance of European authors (36), of which Italian authors
are the most represented (20); among the other European countries appearing, the Czech
Republic, Germany, and Norway count 4 authors each. The only other continent retrieved
by this investigation is North America, with Canada leading (six authors), followed by the
USA (two).

Table 1. Number of unique authors by continent and country.

Continent Country Number of Unique Authors
Czech Republic 4
France 1
Germany 4
Europe Hungary 1
Italy 20
Norway 4
Switzerland 2
. Canada 6
North America USA 5

3.3. Content Analysis

The content analysis provides an answer to the RQs, identifying those ontologies
that were developed (or adopted) in reconfiguration processes and shedding light on how
these models have been used to support stakeholders. This subsection investigates the
applicative contexts in which such ontologies were deployed and then delves into the
descriptive analysis of the semantic models presented.

3.3.1. Applicative Contexts of the Included Works

To identify the applicative contexts for which the ontologies were developed, this
review relies on the IEEE Taxonomy [22]. This taxonomy is a hierarchical classification
system used to organize and categorize IEEE publications and resources. It is a subset of
the broader IEEE Thesaurus, focusing on the first three levels of each term family. Each
included article explicitly states the role played by the ontology in the presented systems;
therefore, it is possible to cluster each paper according to the taxonomy’s sub-levels.

In Table 2, each work is associated with a maximum of two detailed terms from the
IEEE Taxonomy (the first term indicating the family, while the second and third level terms
delve into a more specific description of the application context): the first term consists of
the main focus of the paper, which can be recognized by reading the full article, while the
second term (optional) allows one to specify a secondary applicative context that emerges
from the full reading.
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It is not surprising that the majority of the works included in this review provide an
application in the field of Computational and artificial intelligence — Knowledge engineering —
Knowledge representation, since 11 papers present (with more or less details) the TBox of the
ontology described (with [23-26] focusing mostly on the ontology description). The second
most represented taxonomical term is Engineering in medicine and biology — Medical services
— Ambient Assisted Living, which is the main topic of five works [11,12,27-29]; this finding
is in line with the RQs and their characteristics. A total of four papers address the problem
of using ontologies or semantic data to represent data for CAD in various specific appli-
cations, ranging from adding semantically enriched descriptions of ArchiCAD files [30]
to supporting the design phase of a building construction or reconfiguration in different
ways [11,12,23]. The Robotics and automation — Automation — Building automation term is
less investigated among the sample of included works [31,32], together with Computers and
information processing — Internet — Semantic web for data interoperablity [33] and Power
engineering and energy — Energy — Energy consumption [34].

This classification of the works is completed by a short description of the purpose
the ontology represented covers in each work. A good number of studies (four) adopt
the ontology as an interoperability enabler, developing frameworks for data exchange
among different applications and data schemas [24-26,29,32]. Also, the role of ontologies in
adding semantics to CAD models is explored primarily in four articles [11,12,23,30]; adding
semantics to CAD models enhances their meaning and interpretability, allowing for better
data exchange, reuse, and integration with other systems. Ontologies’ reasoning capabilities
and data representation can also be exploited in various decision support systems and
decision-making tools, as in the case of [31] (in the field of building automation diagnosis)
and in [11,12,28], which provide tools to support various professionals (designers, architects,
etc.) in the reconfiguration of (parts of) the domestic environments. Ontology development
for the representation of a domain of interest is reported in [23,33,34]; these focus on the
description and explanation of domain ontologies for various purposes.

3.3.2. Descriptive Analysis of the Ontologies

To answer RQ1’s sub-RQs, it is necessary to capture whether the ontologies presented
in the included works rely on existing conceptualizations or reuse existing ontologies (and
why) in order to correctly identify the features of interest modeled by each ontology (RQ1a).
Also, it is important to investigate the ontology engineering (OE) process to assess whether
the semantic model is a result of a collaborative process, reuses ODPs, or relies on any
shared OE methodology (RQ1b and RQ1c). Finally, the role that ontological reasoning plays
is also investigated, with a focus on the ontology’s validation in real scenarios or specific
use cases (with or without expert evaluation) (RQ1d). Table 3 provides a description of
each model from the included works.

Regarding the conceptualization of the built environment domain, half of the included
works (seven) opted for developing their ontologies without relying on existing concep-
tualizations (i.e., “from scratch”) [11,23,27-30,32]. The other half of the articles opted for
relying on an existing conceptual model, among which building information modeling
(BIM) stands out as the most adopted [12,24,25,31,33]. For two works it was not possible to
specify the underlying conceptualization: in [26] it is not detailed (although it is mentioned
that some conceptual model was followed for the development of the ontology), while
for [34] the information is missing since the article presents an extension of DogOnt [35], an
existing ontology—therefore, the conceptual model underlying this ontology is the same as
DogOnt. Interestingly, BIM is often accompanied by some other standards (as in [24,33]) or
data schema [12].
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Consistent with the applicative context, the features modeled within each ontology all
cover the definition of the built environment, although with different granularities: some
articles are more interested in defining domestic areas and what is inside of them (e.g.,
rooms, such as in [11,27-29,32,34]) while other works are more focused on the physical
components of the built environment [12,23,26,30,31]; finally, in line with their aim, a
few articles adopt a description of the environment’s functionality with regards to data
exchange and to solving interoperability issues [24,25,33].

By observing the ontologies described in the articles, it is possible to state whether
their development took advantage of any existing semantic model; ontology reuse is one of
the best practices of OE processes and, in general, the identification of reusable ontologies
is performed in dedicated tasks [36]. Reused ontologies can be either imported within the
target model (i.e., reused as they are completely or in some of their parts) to support the
description of a portion of a domain, or they can be modeled in the target domain ontology
by referencing the reused entities with their URIs (a practice named “soft reuse”) [37].
Half of the included works did not reuse any model [23,25-27,29-31], while the reuse
of existing ontologies is attested in the other half—with three articles making use of the
soft reuse choice [10,12,35], one article importing entire models [28], and three articles not
specifying the type of reuse selected [24,32,33]. Focusing solely on those ontologies that fall
in the domains of the RQs, the reused models pertain mostly to the area of appliances and
sensors: the Smart Appliances Reference (SAREF) ontologies [38], the Sensor, Observation,
Sample, and Actuator (SOSA) ontology [39], and the Semantic Sensor Network (SSN) [40]
ontology are those with the highest numbers of occurrences (respectively, two, two, and
one times). Nevertheless, well-known ontologies in the field of buildings are also reused:
the Building Topology Ontology (BOT) [41] and ifcOWL (which provides an ontological
representation of the Industry Foundation Classes (IFCs) [42]) are reused twice in three
different articles ([24], which uses both ontologies; [32], which adopts BOT; and [11], which
refers to ifcOWL). Other useful ontologies in the field of construction and built environment
industries pertain to the measurement of quantities; in this case, the QUDT ontologies [43]
are reused in two works [24,33].

Another best practice of OE is the adoption of ODPs (i.e., “micro-ontologies” reusable
for modeling solutions that address recurring problems in ontology development [44]),
which could facilitate the ontologies” alignment and shareability. Among the papers
included, only two reused an ODP—which is not designed for the built environment, but
rather for the definition of a person’s health condition.

In general, ontologies are developed following an ontology engineering methodology
(OEM), which may also provide some guidance in authoring the ontology’s code (for
instance, by suggesting including some ODPs). The vast majority of the selected papers
adopted an OEM. Among these works, six [23-25,32-34] opted for a custom methodol-
ogy, a set of steps and activities that is customized according to the ontology engineers’
needs [45], and that is usually sketched before describing the ontology; in [33], the custom
OEM is specified in another referenced work. Two works [11,12] refer to an agile OEM
(AgiSCOnt [46]), one [28] adopts the NeOn methodology [47], one adopts the Ontology 101
methodology by Noy and McGuinnes [48], and one adopts the Methontology [49]. Aside
from the use of an OEM, OE best practices underline that cooperation among different
stakeholders (ontology-based system end-users, domain experts, professionals, etc.) when
developing the knowledge base is pivotal for its shareability and to acquire an appropriate,
shared, and complete representation of a domain of knowledge. However, only a few
works among those included explicitly mention a collaborative approach when developing
the ontology [11,12,24,26,28].
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Table 2. The applicative contexts for the included works, according to the IEEE Thesaurus.

Applicative Context

Reference Description

Term 1 Term 2

Electronic design automation and Computational and artificial intelligence g(inells?ngln forltzlfrcalggzt[(;lﬁf Zl_lbassi
Kraft & Schneider [30] & — Knowledge engineering — bp

methodology - CADCAM

Knowledge representation

designers in conceptual design by adding
semantics to spaces and objects.

Kadouche et al. [27]

Engineering in medicine and biology —
Medical services — Ambient Assisted
Living

Computational and artificial intelligence
— Knowledge engineering —
Knowledge representation

A semantic framework for the
enhancement of indoor environments for
persons with disability in an AAL
context.

Loffreda et al. [23]

Computational and artificial intelligence
— Knowledge engineering —
Knowledge representation

Electronic design automation and
methodology — CADCAM

An SWRL rule layer applicable to
support design processes in CAD and
BIM projects.

Dibowski et al. [31]

Robotics and automation — Automation
— Building automation

An ontology-based framework for fault
detection and diagnostics in building
automation systems.

Niknam & Karshenas [33]

Computers and information processing
— Internet — Semantic web

Computational and artificial intelligence
— Knowledge engineering —
Knowledge representation

An ontology-based framework for
information interoperability among
different stakeholders in the architecture,
engineering, and construction domains.

Bonino & De Russis [34]

Power engineering and energy — Energy
— Energy consumption

Computational and artificial intelligence
— Knowledge engineering —
Knowledge representation

DogOnt adaptations for the energy
consumption and performance
assessment in smart environments.

Spoladore & Sacco [28]

Engineering in medicine and biology —
Medical services — Ambient Assisted
Living

Computational and artificial intelligence
— Knowledge engineering —
Knowledge representation

An ontology-based decision support
system to support designers and
architects in reconfiguring domestic
environments for people with disabilities.
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Table 2. Cont.

Reference

Applicative Context

Term 1

Term 2

Description

Mirarchi et al. [24]

Computational and artificial intelligence
— Knowledge engineering —
Knowledge representation

A semantic framework for data
interoperability among different
ontologies in the architecture,
engineering, construction, and operations
domains.

Cao & Hall [25]

Computational and artificial intelligence
— Knowledge engineering —
Knowledge representation

Ontology for the representation of
buildings, their structure and
composition, and their constraints
(customer requirements and regulations).

Amorocho et al. [26]

Computational and artificial intelligence
— Knowledge engineering —
Knowledge representation

An ontology-based decision support
system for decision making in the
renovation domain.

Ngankam et al. [29]

Engineering in medicine and biology —
Medical services — Ambient Assisted
Living

Computational and artificial intelligence
— Knowledge engineering —
Knowledge representation

An ontology for representing the
interactions among AAL, IoT, CA, and
smart homes (and their components) to
describe assistance solutions.

Kaldheim et al. [32]

Robotics and automation — Automation
— Building automation

Computational and artificial intelligence
— Knowledge engineering —
Knowledge representation

A knowledge-based system for building
knowledge representation and
integration.

Spoladore et al. [11]

Engineering in medicine and biology —
Medical services — Ambient Assisted
Living

Electronic design automation and
methodology — CADCAM

An ontology-based decision support
system for the reconfiguration of
domestic environments for older adults
or people with disabilities.

Spoladore et al. [12]

Engineering in medicine and biology —
Medical services — Ambient Assisted
Living

Electronic design automation and
methodology — CADCAM

An ontology-based decision support
system for the reconfiguration of
domestic environments for older adults
or people with disabilities.
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Table 3. The analysis of the domain ontologies from the selected works.
Reuse Maintenance Engineering
Ontological L
Reference Concept. Features Modeled Reused Type of ODPs Accessibili Alienment OEM Adopted Collab. Editor Languawe Validation
Ontologies Reuse ty & P Approach guag
Classes of buildings,
Kraft & functional entities of ip Not L
Schnei- From scratch buildi buildi d — — — — — Not specified ified Protégé OWL DL Use case
der [30] uildings, building an specifie
entities” attributes, rules
Domestic environment OWL DL;
IZ?EH) 1[15}7119 From scratch (rooms, furniture, bathroom — — — — — Not specified s i\i?ftie d s é\cl?fge d JENA 2 for Demonstrator
. fixtures), reasoning rules p p rules
Building design classes and .
Loffreda From scratch properties, rules, Revit — — — — Custom N.Ot. Protégé OWL DL; —
etal. [23] specified SWRL
shared parameters
Characteristics of the
. . building and its equipment .
Dibowski BIM (with status and properties), — — — — — Not specified Nf)t. N?? OWL DL; —
etal. [31] . specified specified SWRL
requirements, faults and
diagnosis, rules
. BIM, Selected BIM elements, .
Niknam & UNIFORMAT building elements, project QUDT gfor N.OF — — — Custom [50] N.OF Protégé OWL DL; Demonstrator
Karshenas [33] . . quantities) specified specified SPARQL
11 schedule information
Abstract representation of
the indoor environment
and buildings (building, SAEE(I):&SI?SA tllj (SIISJM’
Bonino & De storey, flat, etc.); physical otential ali mer’1ts Not Not
. — structures (ceiling, walls, SSN Soft — A pote aign Custom e e OWL DL —
Russis [34] with ThinkHome, specified specified
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Regarding the ontology editor adopted, only five works did not share any detail about
this field [24,27,31,32,34], while the rest of the articles explicitly mentioned (or showed)
Protégé [52] as the selected ontology editor. This can explain why all the articles adopted the
Ontology Web Language (OWL) with the Description Logic profile [21] as the ontological
language for the representation of knowledge; in this regard, some papers also detail the
use of rule languages (Semantic Web Rule Language (SWRL) [53] and JENA 2 [54]) and
query languages (SPARQL [55]).

Finally, testing the efficiency and efficacy of an ontology to understand whether it
covers all the purposes it was developed to cover is important. In the included articles,
only two methods for the validation of the ontological models were retrieved: the use
case and the demonstrator. The first depicts how the ontology should work, exemplifying
with some instances the results of the reasoning process, while the second consists of a
prototypical application (exploiting the ontology) that relies on the results provided by the
ontology. Out of the 14 included works, six presented some validation, with four using the
use case [11,12,28,30], and two using a demonstrator [27,33].

4. Discussion

The quantitative results gathered in the Section 3 are discussed here in the light of
recent findings in the literature. In particular, the results are discussed from the perspective
of recent trends in ontology engineering; moreover, the role of ontologies in the AEC indus-
try (with reference to built environment reconfiguration), the challenges in the adoption of
ontologies with CAD systems, and the opportunities ontologies can bring to supporting
architects and designers in reconfiguring built environments are addressed. In this process,
the included works are analyzed according to recent seminal works, and their content is
compared to the most recent and fitting findings.

4.1. Ontologies in AEC for Domestic Environment Reconfiguration: Perspectives on
Ontology Engineering

4.1.1. Strategies for Domain Conceptualization and Ontology Reuse

The results from Section 3 indicate that the ontologies represented in the included
works are developed either “from scratch” or by relying on an existing conceptualiza-
tion. The strategy of conducting a domain analysis using an existing conceptual model
as guidance is well attested in the OE literature [56], since it enables the possibility of
identifying the relevant concepts of a domain by leveraging thesauri, structured vocabu-
laries, taxonomies, or standards (as in the case of the six works relying on an underlying
conceptualization). The presence of an underlying conceptual model seems to foster the
reuse of existing ontologies, since three works [12,24,33] specified at least one semantic
model being imported or soft-reused.

Interestingly, the majority of the underlying conceptualization involves BIM; this
could be motivated by the fact that in the early 2000s BIM started to be studied, discussed,
and adopted in a more extensive way, and the first attempts to convert BIM schemas into
ontologies (which became popular at the same time, thanks to the release of the w3C
recommendation for OWL) date from the 2010s [57].

Nevertheless, the “from scratch” approach does not imply that the developed ontolo-
gies are simpler; rather, the conceptual models of the works adopting this approach are
more focused on specific conceptual items. For instance, in [28,29,32], starting without an
underlying conceptual framework enabled ontologists to identify those features relevant for
their work—also guided by an OEM. Moreover, two articles also reused existing ontologies
in their semantic models. In fact, ontology reuse in the included articles does not seem to
be affected by the underlying conceptualization adopted to model the target ontology. In
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particular, two “from scratch” papers [11,32] explicitly reused ontologies in the building
representation domain (respectively, BOT and ifcOWL), while among the papers relying on
conceptualizations, only one [24] explicitly reused a couple of building ontologies (BOT
and ifcOWL).

In general, the reuse of ontologies is only attested in 50% of the sample of included
works—including those papers reusing ontologies not directly pertaining to the AEC
domain. This finding is slightly higher than the one reported in [37], which indicates that
the reuse rate among ontologies formalizing the same domain is attested around 30%.
Nevertheless, it is not possible to draw any firm conclusion about the quality of the reuse:
almost half of the papers specifying that they reuse an existing ontology do not share any
detail about what the ontology was reused for. This phenomenon aligns with the findings
in [58], which highlights that identifying a model to be reused is easier than enacting its
reuse during an OE process. Interestingly, a good number of the included works relied
on an OEM, either documented or custom (11 articles): in 7 cases [11,12,24,28,32-34] the
ontologies generated following these OEMs consider the reuse of existing ontologies; on
the contrary, the 3 works not specifying any OEM [27,30,31] do not present any reused
ontological model.

It is also worth observing that among those articles that explicitly reused an ontology,
only three (from the same authors: [11,12,28]) reused some ontologies for the description of
the end-user of an AAL solution (the occupant); this phenomenon is not shared in other pa-
pers presenting works pertaining to disability (i.e., [27]) and is discussed also in Section 4.5.
Conversely, the reuse of ontologies that can support the quantification of measures in a BIM
context is well attested [24,33], as well as the reuse of ontologies pertaining to appliances,
sensors, and actuators (particularly, SOSA [24,28] and SAREF [12,24]).

Finally, it is worth observing that none of the included works mentioned any ODP
(either cataloged or not) pertinent to the AEC sector. Only those articles that reuse some
ontologies may have included patterns coming from the reused models (for example,
from SAREF).

4.1.2. Where Is Cooperation in OE?

It is striking to observe a marked lack of cooperation in the development of the
ontologies from the selected works. Only five papers described a cooperative approach
involving domain experts or other stakeholders during the OE process [11,12,24,26,28]. The
cooperative approach is nowadays foreseen in most OEMs [45,58]; however, cooperation in
the included articles is attested in less than 36% of cases.

The lack of a collaborative approach might be partially explained by the adoption of
rigid underlying conceptualizations. In the case that the ontologists are experts in BIM or
any other AEC standard adopted, they might have thought that a straightforward approach
(not including the involvement of domain experts or stakeholders) might have accelerated
the development and deployment of the ontology.

Nevertheless, the cooperation among ontologists, domain experts, end-users, and
various stakeholders placed along the ontology-based system’s life-cycle remains cen-
tral in OE, even in the more recent agile and decentralized OEMs (e.g., UPONLite [59],
RapidOWL [60], and other industry-related approaches [61]).

4.1.3. Language and Editor

All the included papers resorted to adopting OWL as their ontological language. The
expressiveness of the language is often imposed by the choice of the editor, which, in the
case of the selected article, is Protégé for 9 papers out of 14.
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In this regard, it is worth observing that Protégé provides the DL profile for OWL,
which offers a good trade-off between full-language expressiveness and computational
completeness [62]. Moreover, this editor can make use of a DL reasoner (Pellet [63]) capable
of processing SWRL rules—which are implemented in five ontologies [11,12,23,25,28].
The query language SPARQL can also be enabled (although with limited functionalities)
within the editor, via the plug-in snap-SPARQL [64]. SPARQL is the w3C-endorsed query
language for RDF-based graphs; therefore, it can be used to query and modify ontologies,
asin [26,29,33].

From an OE perspective, these conservative choices in the selection of ontological,
rule, and query languages can foster the shareability of an ontology and their immediate
reuse, since these languages are considered as “de facto standards”.

4.1.4. Ontology Accessibility and Maintenance

Less than one-third of the included papers presented a URL or W3id as permanent
identifiers for the described ontology. This fact confirms that maintenance is still a neglected
aspect of ontology engineering, often resulting in “lost ontologies”, i.e., models that are
destined not to be reused because ontologists cannot find them [58].

4.1.5. Validation of the Included Ontologies

As illustrated in Table 3, less than 50% of the ontologies (six papers) described some
validation [65] of the resulting outcome. However, the types of validation consist of use
cases illustrating how the ontology is expected to work or of demonstrations of ontology-
based systems (which cannot be experimentally replicated due to the lack of code).

In other words, the validation for this type of ontological solution in the AEC sector
is fairly poor, especially when compared to clinical knowledge-based systems, which
score higher percentages on validation and rely on domain experts to evaluate systems’
outcomes [66,67]. This marked difference can be in part explained by the fact that AAL is
not yet perceived as a research area in which humans (and their health conditions) are the
main focus.

4.2. Reconfiguring Domestic Environments in the AEC Digitalization Process

In a recent review article by Farghaly and colleagues [68], two decades of ontologies
developed for the AEC industry are surveyed. The authors conclude that the ontologies
can be classified according to their application in the AEC sector, proposing—among
others—applications such as operation and maintenance, health and safety, monitoring and
control, sustainability, and semantic interoperability.

All the included articles can be easily ascribed to one (or more) of the applications
foreseen by the authors, as depicted in Table 2. However, some interesting considerations
can be noted when comparing [68] with this review. Although the scope and the purpose
of the two reviews are different, some of Farghaly et al.’s conclusions can also be applied to
the findings of this review.

For instance, the topic of semantic interoperability as a means to achieve synergy
between two systems is documented in the sample of this review [24,33]. This topic is piv-
otal in the AEC sector, since there exist several different (ontological and non-ontological)
approaches to represent the built environment, what it contains, and what interacts with it.
Among the approaches, ifcOWL stands out as the ontological version of the Industry Foun-
dation Classes (IFCs), generated by re-elaborating the EXPRESS schema to an ontological
level [42]. However, it is evident from Table 3 that only a few articles reused ifcOWL.

This, as noted by Farghaly and colleagues, may be due to the complexity and size of
icfOWL, which hinders its reusability in a real context. As a result, many other ontologies
flourished in recent years to represent buildings and their components in a modular way—
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usually characterized by smaller sizes. Among them, in this review, it is possible to retrieve
BOT. However, there exist several other ontologies that could be reused, but they are not
mentioned among the selected papers (e.g., BRICK, Building Product Ontology—BPO,
Digital Construction Ontology—DIC, etc.). This phenomenon could be partially explained
by the fact that ontologists relied on an existing conceptualization (which, somehow,
involved an existing ontology).

In [68], the application named health and safety does not take into account the concepts
pertaining to AAL; rather, the review considers as part of this application any information
pertaining to job hazards and sharing safety data. The present paper, on the contrary,
extends the concept of health to the end-user of the smart and reconfigured solutions:
therefore, the inclusion of ontologies for the description of people (such as Friend Of A
Friend—FOAF) or medical vocabularies (such as ICF and ICD) could be perceived as a
step forward toward a human-centered approach to AEC in AAL. Nevertheless, Ref. [68]
mentions smart cities as one of the applications that have interested the AEC sector’s digital
shift in recent years. In this regard, in the present review, the included article [34] is
explicitly addressed to fostering the management and schema mapping among different
infrastructures operating in the same building (or groups of buildings). In fact, as noted
by Farghaly et al., DogOnt was initially developed for the home automation domain, then
expanded to cover energy modeling between devices and the environment from building-
towards city- and district-level mappings in smart cities.

4.3. Ontologies as a Vehicle for Data Interoperability Among Smart Objects

As seen in the included works, some works tackled the issue of fostering semantic
interoperability between different data schemas, leveraging ontologies’ capability of repre-
senting information [24,33]. To a lesser extent, other works provided domain ontologies’
descriptions that could be potentially reused for the same purpose [25,26,32].

However, the findings underline existing research issues in the field of semantic
interoperability among smart objects and built environments. First and foremost, there is
no single ontology that fully covers all aspects of smart environments; thus, cross-domain
interoperability remains a challenge [69,70]. In fact, the various ontologies present relevant
differences in their ontological commitments and underlying standards, thus hindering the
seamless integration and wide reuse among AEC stakeholders.

In addition to this semantic fragmentation issue, it is worth noting that balancing logi-
cal accuracy, usability, and computational efficiency is difficult, especially as environments
scale (e.g., smart objects’ configurations may change in different conditions, materials’
reaction should be accounted for, etc.) [71,72].

In conclusion, several challenges remain open in the effort of providing seamless
semantic interoperability among smart objects.

4.4. Combining Ontologies and CAD Systems

Among the RQs, this review investigates how ontologies are reused to support ar-
chitects and designers in adding semantic meaning to their CAD models. The rationale
behind this question is that CAD models often adopt different data schemas, which makes
it strenuous to achieve a consistent semantic mapping across different systems [68,73]. As a
consequence, the standard CAD data exchange often lacks in capturing architects’” design
intent, failing to report essential details such as constraints and construction history, leading
to ambiguity and information loss during data transfer between systems [74].

Ontologies, in this regard, can support a collaborative and seamless interoperability
among different CAD systems, even between commercial applications [75]. Also, ontology-
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enriched CAD models can support architects in tasks that may involve the end-users of a
smart solution (see, e.g., [76]).

However, the full integration of an ontology-enriched CAD workflow is far from
trivial. As pointed out in [68,73], the proliferation of domain-specific ontologies requires
manual schema alignment, which is time-consuming and error-prone. Automated ontology-
matching tools show promise but still need domain-specific benchmarks and improvements.
In fact, one of the challenges consists in integrating various ontologies to support the full
building lifecycle—from design to operation—which remains a challenge due to fragmented
data sources and evolving requirements [68,77].

Furthermore, traditional ontologies often focus on static geometric data, struggling to
represent dynamic behaviors (e.g., motion, temporal changes) and contextual relationships
essential for built environments [74,77].

Another relevant challenge in combining ontologies and CAD systems lies in ontolo-
gies’ extensibility and maintenance: semantic models must be flexible and extensible to
accommodate new domains, technologies, and evolving industry standards [68,77]. How-
ever, as seen in Section 4.1.4, ontology maintenance seems to be a goal that is difficult to
achieve in the AEC context.

Regarding the sample of included papers, these challenges are handled differently.
In [30], the an unspecified version of the ArchiCAD software is extended to allow architects
and designers to add semantics to building objects and spaces, with the possibility to
specify their functionality and constraints. In [23], reasoning capabilities are added over
CAD models by implementing an SWRL layer whose reasoning can affect the geometrical
aspects of the modeled entities in Revit. Similarly, in [11,12] middleware solutions are
devised to bridge Revit representations of a built environment with the semantics of smart
devices, aids, and physical modifications to the environment, leveraging BHoM and XML,
and reasoning exploiting SWRL rules.

Although promising, these solutions can only scratch the surface of the challenges
depicted above, since they consist of prototypical (and, in some cases, incomplete) solutions.

4.5. Selecting Smart Objects and Reconfiguring Spaces: Focus on the Occupants and Their Needs

Selecting smart objects for people with disabilities in built environments presents
unique challenges. The main issues are the need for personalization, accessibility, and
ongoing support, as well as addressing ethical, usability, and digital divide concerns. These
factors are critical to ensure that smart technologies truly enhance independence and quality
of life.

Smart objects must be adaptable to diverse disabilities and individual preferences.
One-size-fits-all solutions often fail to meet specific needs, making customization essential
for effective use [78,79]. Clearly, technologies seem to improve the independence of people
with disabilities or older adults facing functional and cognitive limitations, aiming at
increasing autonomous living, social participation, and fostering a better quality of life.
However, as highlighted in [79], personalization features, solutions’ flexibility, and ongoing
support to the person with a disability and their close others (e.g., immediate family,
caregivers, etc.) remain key challenges.

Despite the ethical issues concerning the deployment and use of smart objects, there
are at least two other major challenges to address. The first one is the problem of acces-
sibility, strictly connected to the research topic of universal design. Still, physical and
cognitive barriers persist, such as difficulty handling devices or understanding complex
interfaces. Universal design principles may help reduce these barriers, but are not always
implemented [78,80,81].
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Also, it must be considered that the end-users of AAL solutions deploying smart
objects are people with disabilities or individuals facing functional and/or cognitive im-
pairments. These end-users often face greater challenges in accessing and using smart
devices, which can widen the information divide if not addressed through inclusive strate-
gies [82]. Nam and Park [82] underlined how there exists an accessibility gap in both PC
use and smart device adoption for people with disabilities; moreover, this gap is greater in
the smart environment.

Within the included works, disability is under-represented. Only four works attempt
to model end-users with disabilities or impairments. However, while [27] does not rely
on any standard for representing disability (which, in the paper, is mostly represented as
“from scratch” classes in SWRL rules), Refs. [11,12,28] reuse international standards for
the definition of disabilities (ICF for an individual’s functioning and impairment; ICD for
indicating the diseases that can affect a person).

In other words, a focus on the end-users of the smart solutions seems to be neglected
in the included papers, even in the case of AAL solutions.

5. Limitations of This Study

This review presents some limitations, starting from the limited sample size resulting
from the PRISMA selection process (only 14 papers). Combined with the narrow scope
of the review (reconfiguration of the domestic environment), the results, insights, and
conclusions drawn from this sample might not be fully representative of all ontology-based
approaches for environment reconfiguration.

Regarding the composition of the sample, it is important to observe that the majority
of works were conference papers: this implies that fewer methodological and technical
details were retrieved. Moreover, the inclusion of only English-language work may pose a
bias, in that it excludes potentially relevant studies published in other languages.

Additionally, a geographical bias may emerge from the included works. Since the
majority of the included works come from Europe and North America, this review’s
results are difficult to generalize. In one way, the results reflect the current trends in
aging populations (which affect mostly Western countries), but may not provide enough
generalizable evidence for other countries—which may face aging population issues soon
(e.g., China, Japan, South Korea, etc.).

Finally, most papers did not adhere to any of the FAIR principles, making it difficult
to provide a quality assessment of the ontologies involved in the included studies.

6. Implications and Research Directions

In this section, the implications involved in the discussed works are presented, divided
between theoretical and practical implications. The possible research directions in the field
of ontology engineering for AEC and reconfiguration, including AAL systems for persons
with special needs, are also presented in this section.

6.1. Theoretical Implications for Ontology Engineering in the AEC Sector

The results and discussion presented in the previous Sections 3 and 4 sketch the
status of ontology engineering in the AEC domain when facing the task of reconfiguring a
domestic environment.

A significant conclusion emerging from the analysis of the literature is that the best
practice of reusing existing ontologies is in good shape. Probably because of the reliance on
BIM and other AEC standards, the ontologies from the included works opted for reusing
existing models; contrary to the findings of previous studies (e.g., [37]), the AEC sector
manages to catalyze researchers’ attention towards those OE activities pertaining to the
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identification of reusable resources. Nevertheless, more details about how ontologies are
reused should be shared, although this phenomenon may find a partial explanation in the
well-known issues related to ontology reuse in practice [58,83].

It is essential to underline that cooperation in OE has a pivotal role; however, in
the included papers, this is a sore topic. The active involvement of domain experts and
stakeholders, either at the beginning of the OE process (domain analysis) and at the end
(validation of the developed model), is fundamental in any recent major OEM [45,58,61]
and cannot be neglected. Ontologies developed without a shared vision from different
stakeholders often result in non-reusable semantic models [84-86] and cannot evolve
towards meeting stakeholders’ necessities.

On the same note, having the ontologies stored on repositories or universally identified
with W3IDs would improve maintenance activities, also fostering discussion and possible
reuse of the ontologies [87]. Ontology unavailability affects recent and “older” ontologies,
with many models dating from 2016 (or even more recently) not retrievable. Thus, it is
fundamental to “keep the ontologies alive”, also according to the FAIR (findable, accessible,
interoperable, and reusable) principles for ontologies and metadata, which can provide
solid guidance in this regard [88].

This result could be achieved more easily by relying on solid (and validated) OEMs,
which can support ontologists also in the AEC domain, and foster a collaborative approach
during the whole OE process.

6.2. Practical Implications for Ontology Engineering in the AEC Sector

As noted in the previous sections, ontologies” accessibility is a major issue. Moreover,
the lack of cooperation with stakeholders and domain experts makes it harder to develop
reusable and shareable models.

Once again, from a practical perspective, it is essential to note that ontologists should
make an effort to follow the FAIR principles, since they can make ontological models
universally accessible, interoperable, and thus reusable. Several guidelines and action-
able insights were provided in the past five years to make FAIR ontologies a reality [87].
Therefore, new ontologies should be focused on both an inclusive collaborative approach
(involving domain experts, stakeholders, dissemination, and validations) and the adoption
of FAIR principles.

The combination of a collaborative approach (often fostered by OEMs) with FAIR
principles should enable the development of accessible ontologies reusing existing models
(or excerpts of existing vocabularies), which can be more easily shared. In this way, the
path toward an ecosystem of AEC ontologies could be achieved in a matters of years.

6.3. Conceptualizing for the Reconfiguration of Domestic Environment: The Role of the End-Users

When developing knowledge-based solutions devoted to reshaping or reconfiguring a
domestic environment for persons with special needs, the ontologies should account for
what needs the systems should address. Therefore, the representation of the users and their
needs should not be overlooked.

This is particularly valid for those AAL solutions that revolve around the user, bearing
in mind that AAL is at the intersection between AEC, healthcare, and home automation.

Considering what emerged in the previous sections, it is clear that the difficulties
in focusing on the users and their needs emerge from the lack of cooperation between
ontologies and domain experts (and stakeholders, such as representatives of the end-
users) and the lack of maintenance in the developed ontologies (i.e., the ontologies are
not updated).
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Therefore, a collaborative approach should be pursued in the OE process for AEC
and AAL. In fact, a multi-stakeholder and FAIR-compliant approach could support
the following:

*  The accurate identification of conceptualizations and existing ontologies to be reused;

e The representation of all the actors (i.e., built environment, devices, end-users) actually
involved in the system;

* A careful schedule for ontology maintenance, which includes making the data perma-
nently and widely accessible;

e Fostering interoperability and alignment with existing (and reused) ontological
models.

Thus, ontologies in AAL should be considered far from a static representation of a
piece of knowledge; rather, they should be considered as a dynamic and evolving artifact,
capable of changing and updating to meet end-users’ needs—which may vary over the time.

7. Conclusions

This systematic literature review has provided a comprehensive overview of how
ontologies have been employed to support the reconfiguration of domestic living envi-
ronments, with particular attention to Ambient Assisted Living (AAL) applications and
architectural design contexts. The analysis of 14 selected works has revealed a steadily
growing interest in this domain, albeit with a fragmented and uneven temporal distribution.

Regarding RQ1, ontologies identified in the literature primarily represent built envi-
ronment features such as rooms, structural components, and smart devices, often extending
to include environmental attributes and, in a few cases, user-related aspects. About half of
the ontologies were developed “from scratch”, while the others leveraged conceptualiza-
tions such as BIM schemas. Most works followed some ontology engineering methodology,
but the use of Ontology Design Patterns was almost absent, and collaborative development
was explicitly mentioned in less than 36% of cases. Validation was limited, with only six
works providing use cases or demonstrators.

Concerning RQ2, the review found that integration between ontologies and CAD
systems remains at an early, experimental stage. Only four studies proposed approaches to
add semantic layers to CAD models or link them to reasoning capabilities (e.g., through
SWRL), highlighting potential for enriched design workflows but also underlining current
limitations in scalability and automation.

In general, ontologies have proven valuable for supporting semantic interoperability,
enhancing CAD-based design processes, and formalizing knowledge about both the built
environment and its occupants. However, several critical gaps remain. Reuse of existing
ontologies, while present in half of the sample, remains inconsistently applied, with limited
documentation on reuse strategies and alignment practices. Moreover, the lack of ontology
accessibility and persistent identifiers hampers the sustainability and reuse potential of
these models.

A significant limitation is the limited involvement of domain experts, end-users, and
stakeholders in the ontology engineering process. Despite the multidisciplinary nature of
reconfiguring domestic environments—especially when aimed at older adults or individ-
uals with disabilities—collaborative development approaches were explicitly adopted in
only a minority of the studies. Similarly, ontology validation practices were inconsistent,
with few papers demonstrating use cases or prototype systems to assess reasoning or appli-
cability in real-world scenarios. These shortcomings suggest a need for stronger adherence
to ontology engineering best practices, including cooperative development, transparency
in reuse, and FAIR principles to ensure ontologies are findable, accessible, interoperable,
and reusable.
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Future research should focus on developing human-centered ontologies that accurately
capture the needs and constraints of vulnerable populations, particularly in AAL contexts.
Greater emphasis should be placed on integrating medical and functional standards such
as ICF and ICD, while ensuring alignment with architectural and engineering schemas.
Moreover, the coupling of ontologies with CAD systems remains in an early stage, with
only a few attempts to enrich architectural models with semantic annotations. Addressing
these issues through collaborative, open, and sustainable development methodologies will
be essential for advancing intelligent, inclusive, and adaptable living environments capable
of supporting the challenges posed by population aging and increasing care needs.

Funding: This paper was developed within the project funded by Next Generation EU—"Age-
It—Ageing well in an ageing society” project (PE0000015), National Recovery and Resilience Plan
(NRRP)—PE8—Mission 4, C2, Intervention 1.3. The views and opinions expressed are only those of
the authors and do not necessarily reflect those of the European Union or the European Commission.
Neither the European Union nor the European Commission can be held responsible for them.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: The author declares no conflicts of interest.

References

1. World Health Organization. Progress Report on the United Nations Decade of Healthy Ageing, 2021-2023; World Health Organization:
Geneva, Switzerland, 2023.

2. European Union. Ageing Europe—Looking at the Lives of Older People in the EU; Technical Report; Eurostat: Luxembourg, 2020.

3.  Mbanefo, O,; Teaster, P. The intersection of older adults, disabilities, and mental health. Innov. Aging 2024, 8, 1219. [CrossRef]

4. De Meijer, C.; Wouterse, B.; Polder, J.; Koopmanschap, M. The effect of population aging on health expenditure growth: A critical
review. Eur. . Ageing 2013, 10, 353-361. [CrossRef]

5. Foster, L.; Walker, A. Active and successful aging: A European policy perspective. Gerontologist 2015, 55, 83-90. [CrossRef]

6. Dogra, S.; Dunstan, D.W.; Sugiyama, T.; Stathi, A.; Gardiner, P.A.; Owen, N. Active aging and public health: Evidence,
implications, and opportunities. Annu. Rev. Public Health 2022, 43, 439-459. [CrossRef] [PubMed]

7. Costa, R.; Carneiro, D.; Novais, P; Lima, L.; Machado, J.; Marques, A.; Neves, ]. Ambient Assisted Living. In Proceedings of
the 3rd Symposium of Ubiquitous Computing and Ambient Intelligence 2008, Salamanca, Spain, 22-24 October 2008; Springer:
Cham, Switzerland, 2009; pp. 86-94.

8.  Cicirelli, G.; Marani, R.; Petitti, A.; Milella, A.; D’orazio, T. Ambient Assisted Living: A review of technologies, methodologies
and future perspectives for healthy aging of population. Sensors 2021, 21, 3549. [CrossRef] [PubMed]

9. DeSilva, L.C.; Morikawa, C.; Petra, LM. State of the art of smart homes. Eng. Appl. Artif. Intell. 2012, 25, 1313-1321. [CrossRef]

10. Spoladore, D.; Romagnoli, F; Mahroo, A.; Villani, T.; Ferrante, T.; Sacco, M. Interdisciplinary Collaboration for Designing with
Intelligence: A qualitative study on the development of Al tools for home adaptation for older adults. In Proceedings of the 26th
IFIP /SOCOLNET Working Conference on Virtual Enterprises, Porto, Portugal, 27-29 October 2025; Springer: Cham, Switzerland, 2025.

11.  Spoladore, D.; Romagnoli, F; Ferrante, T.; Sacco, M.; Mondellini, M.; Mahroo, A.; Villani, T. Customizing Seniors’ Living Spaces:
A Design Support System for Reconfiguring Bedrooms Integrating Ambient Assisted Living Solutions. In Proceedings of the
International Conference on Computers Helping People with Special Needs, Linz, Austria, 8-12 July 2024; Springer: Cham,
Switzerland, 2024; pp. 373-381.

12.  Spoladore, D.; Mahroo, A.; Sacco, M.; Ferrante, T.; Romagnoli, F; Villani, T. Reconfiguring Domestic Environments: A Decision
Support System for Ambient Assisted Living. In Proceedings of the 2024 IEEE International Conference on Metrology for
eXtended Reality, Artificial Intelligence and Neural Engineering (MetroXRAINE), St Albans, UK, 21-23 October 2024; IEEE:
Piscataway, NJ, USA, 2024; pp. 89-94.

13.  Borrmann, A.; Konig, M.; Koch, C.; Beetz, J. Building information modeling: Why? What? How? In Building Information Modeling:
Technology Foundations and Industry Practice; Springer: Cham, Switzerland, 2018; pp. 1-24.

14. Esnaola-Gonzalez, I.; Bermudez, J.; Fernandez, I.; Arnaiz, A. Ontologies for observations and actuations in buildings: A survey.

Semant. Web 2020, 11, 593-621. [CrossRef]


http://doi.org/10.1093/geroni/igae098.3901
http://dx.doi.org/10.1007/s10433-013-0280-x
http://dx.doi.org/10.1093/geront/gnu028
http://dx.doi.org/10.1146/annurev-publhealth-052620-091107
http://www.ncbi.nlm.nih.gov/pubmed/34910580
http://dx.doi.org/10.3390/s21103549
http://www.ncbi.nlm.nih.gov/pubmed/34069727
http://dx.doi.org/10.1016/j.engappai.2012.05.002
http://dx.doi.org/10.3233/SW-200378

Information 2025, 16, 752 22 of 24

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

Pritoni, M.; Paine, D.; Fierro, G.; Mosiman, C.; Poplawski, M.; Saha, A.; Bender, J.; Granderson, J]. Metadata schemas and
ontologies for building energy applications: A critical review and use case analysis. Energies 2021, 14, 2024. [CrossRef]

Zhu, L.; Jayaram, U.; Jayaram, S.; Kim, O. Ontology-driven integration of CAD/CAE applications: Strategies and comparisons.
In Proceedings of the International Design Engineering Technical Conferences and Computers and Information in Engineering
Conference, San Diego, CA, USA, 30 August-2 September 2009; Volume 48999, pp. 1461-1472.

Elshani, D.; Wortmann, T.; Staab, S. Towards Better Co-Design with Disciplinary Ontologies: Review and Evaluation of Data
Interoperability in the AEC Industry. In Proceedings of the LDAC 2022: 10th Linked Data in Architecture and Construction
Workshop, Hersonissos, Greece, 29 May 2022; pp. 43-52.

Androutsou, L.; Latsou, D.; Geitona, M. Health systems’ challenges and responses for recovery in the pre and post COVID-19 era.
J. Serv. Sci. Manag. 2021, 14, 444-460. [CrossRef]

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BM]J 2021, 372, n71.
[CrossRef]

Pan, J.Z. Resource description framework. In Handbook on Ontologies; Springer: Cham, Switzerland, 2009; pp. 71-90.

Antoniou, G.; Harmelen, Fv. Web ontology language: Owl. In Handbook on Ontologies; Springer: Cham, Switzerland, 2009;
pp- 91-110.

IEEE. Taxonomy. Version 1.05. 2025. Available online: https://www.ieee.org/content/dam/ieee-org/ieee/web/org/pubs/ieee-
taxonomy.pdf (accessed on 2 August 2025).

Loffreda, G.; Fioravanti, A.; Avantaggiato, L. [Architectural] Reasoning over BIM/CAD Database. In eCAADe 2013: Com-
putation and Performance—Proceedings of the 31st International Conference on Education and research in Computer Aided Architec-
tural Design in Europe, Delft, The Netherlands, 18-20 September 2013; Faculty of Architecture, Delft University of Technology:
Delft, The Netherlands, 2013.

Mirarchi, C.; Lucky, M.; Ciuffreda, S.; Signorini, M.; Lupica Spagnolo, S.; Bolognesi, C.; Daniotti, B.; Pavan, A. An approach for
standardization of semantic models for building renovation processes. Int. Arch. Photogramm. Remote Sens. Spat. Inf. Sci. 2020,
43, 69-76. [CrossRef]

Cao, J.; Hall, D. Ontology-based product configuration for modular buildings. In Proceedings of the ISARC: Proceedings of
the International Symposium on Automation and Robotics in Construction, Kitakyushu, Japan, 27-28 October 2020; Volume 37,
pp- 171-176.

Amorocho, J.A.P,; Hartmann, T.; Ungureanu, L. Reno-DM: A Knowledge model to support the decision-making process in the
context of residential building renovation projects. IOP Conf. Ser. Earth Environ. Sci. 2022, 1078, 012018. [CrossRef]

Kadouche, R.; Abdulrazak, B.; Giroux, S.; Mokhtari, M. Disability centered approach in smart space management. Int. J. Smart
Home 2009, 3, 13-26.

Spoladore, D.; Sacco, M. Semantic and dweller-based decision support system for the reconfiguration of domestic environments:
RecAAL. Electronics 2018, 7, 179. [CrossRef]

Ngankam, H.K,; Pigot, H.; Giroux, S. OntoDomus: A semantic model for Ambient Assisted Living system based on smart homes.
Electronics 2022, 11, 1143. [CrossRef]

Kraft, B.; Schneider, G. Semantic roomobjects for conceptual design support: A knowledge-based approach. In Computer Aided
Architectural Design Futures 2005: Proceedings of the 11th International CAAD Futures Conference held at the Vienna University of
Technology, Vienna, Austria, 20-22 June 2005; Springer: Cham, Switzerland, 2005; pp. 207-216.

Dibowski, H.; Vass, J.; Holub, O.; Roji¢ek, . Automatic setup of fault detection algorithms in building and home automation. In
Proceedings of the 2016 IEEE 21st International Conference on Emerging Technologies and Factory Automation (ETFA), Berlin,
Germany, 6-9 September 2016; IEEE: Piscataway, NJ, USA, 2016; pp. 1-6.

Kaldheim, W.A.; Paaske, H.H.; Valvik, ].E.; Lobov, A. Building design automation: Knowledge Fusion-based KBE system. In
Proceedings of the 2023 IEEE 28th International Conference on Emerging Technologies and Factory Automation (ETFA), Sinaia,
Romania, 12-15 September 2023; IEEE: Piscataway, NJ, USA, 2023; pp. 1-8.

Niknam, M.; Karshenas, S. Integrating BIM and project schedule information using semantic web technology. In Proceedings of
the Construction Research Congress 2016, San Juan, Puerto Rico, 31 May-2 June 2016; pp. 689-697.

Bonino, D.; De Russis, L. DogOnt as a viable seed for semantic modeling of AEC/FM. Semant. Web 2018, 9, 763-780. [CrossRef]
Bonino, D.; Corno, F. Dogont-ontology modeling for intelligent domotic environments. In International Semantic Web Conference;
Springer: Berlin/Heidelberg, Germany, 2008; pp. 790-803.

Katsumi, M.; Griininger, M. What is ontology reuse? In Formal Ontology in Information Systems; 10S Press: Amsterdam,
The Netherlands, 2016; pp. 9-22.

Fernandez-Lépez, M.; Poveda-Villaloén, M.; Sudrez-Figueroa, M.C.; Gémez-Pérez, A. Why are ontologies not reused across the
same domain? J. Web Semant. 2019, 57, 100492. [CrossRef]


http://dx.doi.org/10.3390/en14072024
http://dx.doi.org/10.4236/jssm.2021.144028
http://dx.doi.org/10.1136/bmj.n71
https://www.ieee.org/content/dam/ieee-org/ieee/web/org/pubs/ieee-taxonomy.pdf
https://www.ieee.org/content/dam/ieee-org/ieee/web/org/pubs/ieee-taxonomy.pdf
http://dx.doi.org/10.5194/isprs-archives-XLIII-B4-2020-69-2020
http://dx.doi.org/10.1088/1755-1315/1078/1/012018
http://dx.doi.org/10.3390/electronics7090179
http://dx.doi.org/10.3390/electronics11071143
http://dx.doi.org/10.3233/SW-180295
http://dx.doi.org/10.1016/j.websem.2018.12.010

Information 2025, 16, 752 23 of 24

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.
53.

54.
55.
56.
57.

58.
59.

60.

61.

62.

63.

64.

65.

66.

Daniele, L.; den Hartog, F.; Roes, J. Created in close interaction with the industry: The smart appliances reference (SAREF)
ontology. In Proceedings of the International Workshop Formal Ontologies Meet Industries, Berlin, Germany, 5 August 2015;
Springer: Cham, Switzerland, 2015; pp. 100-112.

Janowicz, K.; Haller, A.; Cox, S.J.; Le Phuoc, D.; Lefrangois, M. SOSA: A lightweight ontology for sensors, observations, samples,
and actuators. |. Web Semant. 2019, 56, 1-10. [CrossRef]

Compton, M.; Barnaghi, P.; Bermudez, L.; Garcia-Castro, R.; Corcho, O.; Cox, S.; Graybeal, J.; Hauswirth, M.; Henson, C.; Herzog,
A.; et al. The SSN ontology of the W3C semantic sensor network incubator group. J. Web Semant. 2012, 17, 25-32. [CrossRef]
Rasmussen, M.H.; Lefrangois, M.; Schneider, G.E,; Pauwels, P. BOT: The building topology ontology of the W3C linked building
data group. Semant. Web 2020, 12, 143-161. [CrossRef]

Beetz, J.; Van Leeuwen, J.; De Vries, B. IfcOWL: A case of transforming EXPRESS schemas into ontologies. Ai Edam 2009,
23, 89-101. [CrossRef]

QUDT. Ontologies. Available online: https:/ /www.qudt.org/pages/HomePage.html (accessed on 2 August 2025).

Gangemi, A.; Presutti, V. Ontology design patterns. In Handbook on Ontologies; Springer: Cham, Switzerland, 2009; pp. 221-243.
Kotis, K.I.; Vouros, G.A.; Spiliotopoulos, D. Ontology engineering methodologies for the evolution of living and reused ontologies:
Status, trends, findings and recommendations. Knowl. Eng. Rev. 2020, 35, e4. [CrossRef]

Spoladore, D.; Pessot, E.; Trombetta, A. A novel agile ontology engineering methodology for supporting organizations in
collaborative ontology development. Comput. Ind. 2023, 151, 103979. [CrossRef]

Suérez-Figueroa, M.C.; Gémez-Pérez, A.; Fernandez-Lopez, M. The NeOn methodology for ontology engineering. In Ontology
Engineering in a Networked World; Springer: Cham, Switzerland, 2011; pp. 9-34.

Noy, N.E; McGuinness, D.L. Ontology Development 101: A Guide to Creating Your First Ontology. 2001. Available online:
https:/ /course.ccs.neu.edu/cs5100f11 /resources /noy01.pdf (accessed on 2 August 2025).

Fernandez Lépez, M.; Gémez-Pérez, A.; Juristo Juzgado, N. METHONTOLOGY: From Ontological Art Towards Ontological
Engineering. In Proceedings of the Ontological Engineering AAAI-97 Spring Symposium Series, American Asociation for
Artificial Intelligence, Stanford, CA, USA, 24-26 March 1997.

Karshenas, S.; Niknam, M. Ontology-based building information modeling. In Proceedings of the 2013 ASCE International
Workshop on Computing in Civil Engineering, Los Angeles, CA, USA, 23-25 June 2013; pp. 476—483.

Sojic, A.; Terkaj, W.; Contini, G.; Sacco, M. Modularising ontology and designing inference patterns to personalise health condition
assessment: The case of obesity. J. Biomed. Semant. 2016, 7, 12. [CrossRef]

Musen, M.A. The protégé project: A look back and a look forward. AI Matters 2015, 1, 4-12. [CrossRef]

Horrocks, I.; Patel-Schneider, PE; Boley, H.; Tabet, S.; Grosof, B.; Dean, M. SWRL: A semantic web rule language combining OWL
and RuleML. W3C Memb. Submiss. 2004, 21, 1-31.

Rattanasawad, T.; Buranarach, M.; Saikaew, K.R.; Supnithi, T. A comparative study of rule-based inference engines for the
semantic web. IEICE Trans. Inf. Syst. 2018, 101, 82-89. [CrossRef]

Hogan, A. SPARQL query language. In The Web of Data; Springer: Cham, Switzerland, 2020; pp. 323—448.

Simperl, E.; Luczak-Rosch, M. Collaborative ontology engineering: A survey. Knowl. Eng. Rev. 2014, 29, 101-131. [CrossRef]
Li, C,; Petzold, F. Ontology-driven mixture-of-domain documentation: A backbone approach enabling question answering for
additive construction. Buildings 2025, 15, 133. [CrossRef]

Tudorache, T. Ontology engineering: Current state, challenges, and future directions. Semant. Web 2020, 11, 125-138. [CrossRef]
De Nicola, A.; Missikoff, M. A lightweight methodology for rapid ontology engineering. Commun. ACM 2016, 59, 79-86.
[CrossRef]

Auer, S.; Herre, H. RapidOWL—An agile knowledge engineering methodology. In Proceedings of the International Andrei
Ershov Memorial Conference on Perspectives of System Informatics, Novosibirsk, Russia, 27-30 June 2006; Springer: Cham,
Switzerland, 2006; pp. 424-430.

Spoladore, D.; Pessot, E. An evaluation of agile ontology engineering methodologies for the digital transformation of companies.
Comput. Ind. 2022, 140, 103690. [CrossRef]

Krotzsch, M. OWL 2 profiles: An introduction to lightweight ontology languages. In Reasoning Web International Summer School;
Springer: Cham, Switzerland, 2012; pp. 112-183.

Sirin, E.; Parsia, B.; Grau, B.C.; Kalyanpur, A.; Katz, Y. Pellet: A practical owl-dl reasoner. . Web Semant. 2007, 5, 51-53. [CrossRef]
Horridge, M.; Musen, M. Snap-SPARQL: A java framework for working with SPARQL and OWL. In Proceedings of the
International Experiences and Directions Workshop on OWL, Bethlehem, PA, USA, 9-10 October 2015; Springer: Cham,
Switzerland, 2015; pp. 154-165.

Tartir, S.; Arpinar, I.B.; Sheth, A.P. Ontological evaluation and validation. In Theory and Applications of Ontology: Computer
Applications; Springer: Cham, Switzerland, 2010; pp. 115-130.

Tiwari, S.; Abraham, A. Semantic assessment of smart healthcare ontology. Int. J. Web Inf. Syst. 2020, 16, 475-491. [CrossRef]


http://dx.doi.org/10.1016/j.websem.2018.06.003
http://dx.doi.org/10.1016/j.websem.2012.05.003
http://dx.doi.org/10.3233/SW-200385
http://dx.doi.org/10.1017/S0890060409000122
https://www.qudt.org/pages/HomePage.html
http://dx.doi.org/10.1017/S0269888920000065
http://dx.doi.org/10.1016/j.compind.2023.103979
https://course.ccs.neu.edu/cs5100f11/resources/noy01.pdf
http://dx.doi.org/10.1186/s13326-016-0049-1
http://dx.doi.org/10.1145/2757001.2757003
http://dx.doi.org/10.1587/transinf.2017SWP0004
http://dx.doi.org/10.1017/S0269888913000192
http://dx.doi.org/10.3390/buildings15010133
http://dx.doi.org/10.3233/SW-190382
http://dx.doi.org/10.1145/2818359
http://dx.doi.org/10.1016/j.compind.2022.103690
http://dx.doi.org/10.1016/j.websem.2007.03.004
http://dx.doi.org/10.1108/IJWIS-05-2020-0027

Information 2025, 16, 752 24 of 24

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.
84.

85.

86.

87.

88.

Spoladore, D.; Tosi, M.; Lorenzini, E.C. Ontology-based decision support systems for diabetes nutrition therapy: A systematic
literature review. Artif. Intell. Med. 2024, 151, 102859. [CrossRef]

Farghaly, K.; Soman, R.K.; Zhou, S.A. The evolution of ontology in AEC: A two-decade synthesis, application domains, and
future directions. |. Ind. Inf. Integr. 2023, 36, 100519. [CrossRef]

Nagowah, S.D.; Ben Sta, H.; Gobin-Rahimbux, B. A systematic literature review on semantic models for IoT-enabled smart
campus. Appl. Ontol. 2021, 16, 27-53. [CrossRef]

Qiang, Z.; Hands, S.; Taylor, K.; Sethuvenkatraman, S.; Hugo, D.; Omran, P.G.; Perera, M.; Haller, A. A systematic comparison
and evaluation of building ontologies for deploying data-driven analytics in smart buildings. Energy Build. 2023, 292, 113054.
[CrossRef]

Howell, S.; Beach, T.; Rezgui, Y. Robust requirements gathering for ontologies in smart water systems. Requir. Eng. 2021,
26, 97-114. [CrossRef]

Schmidtke, H.R.; Leemhuis, M.; Mertens, ]J.; Courant, R.; Maas, J.; Ozcep, O.L. Bridging the Gap: Intelligent Environments with
Smart Materials. In Proceedings of the 2023 19th International Conference on Intelligent Environments (IE), Uniciti, Mauritius,
29-30 June 2023; IEEE: Piscataway, NJ, USA, 2023; pp. 1-8.

Schneider, G.F. Automated ontology matching in the architecture, engineering and construction domain-a case study. In
Proceedings of the LDAC, Lisbon, Portugal, 19-21 June 2019; pp. 35-49.

Khan, M.T.H.; Demoly, E; Kim, K.Y. Constructing assembly design model capable of capturing and sharing semantic dynamic
motion information in heterogeneous CAD systems. Int. J. Adv. Manuf. Technol. 2020, 111, 945-961. [CrossRef]

Dartigues, C.; Ghodous, P.; Gruninger, M.; Pallez, D.; Sriram, R. CAD/CAPP integration using feature ontology. Concurr. Eng.
2007, 15, 237-249. [CrossRef]

Spoladore, D.; Scremin A., R.F. User Manual: Script Dynamo “Spacevoxeling”—Technical Report, Version 1.0; Technical Report;
National Research Council of Italy (CNR), STIIMA Institute: Milano, Italy, 2025.

Kukkonen, V.; Kiiciikavci, A.; Seidenschnur, M.; Rasmussen, M.H.; Smith, K.M.; Hviid, C.A. An ontology to support flow system
descriptions from design to operation of buildings. Autom. Constr. 2022, 134, 104067. [CrossRef]

Layton, N.; Steel, E. The convergence and mainstreaming of integrated home technologies for people with disability. Societies
2019, 9, 69. [CrossRef]

Jamwal, R.; Jarman, H.K.; Roseingrave, E.; Douglas, ].; Winkler, D. Smart home and communication technology for people with
disability: A scoping review. Disabil. Rehabil. Assist. Technol. 2022, 17, 624-644. [CrossRef]

Kadouche, R.; Abdulrazak, B. Disability vs. Smart Environments. In Designing Solutions-Based Ubiquitous and Pervasive Computing:
New Issues and Trends; IGI Global Scientific Publishing: Hershey, PA, USA, 2010; pp. 190-213.

Dalton, C. Interaction design in the built environment: Designing for the ‘Universal User’. In Universal Design 2016: Learning
From the Past, Designing for the Future; 10S Press: Amsterdam, The Netherlands, 2016; pp. 314-323.

Nam, S.J.; Park, E.Y. The effects of the smart environment on the information divide experienced by people with disabilities.
Disabil. Health ]. 2017, 10, 257-263. [CrossRef]

Simperl, E. Reusing ontologies on the Semantic Web: A feasibility study. Data Knowl. Eng. 2009, 68, 905-925. [CrossRef]
Karapiperis, S.; Apostolou, D. Consensus building in collaborative ontology engineering processes. . Univers. Knowl. Manag.
2006, 1, 199-216.

Sure, Y.; Staab, S.; Studer, R. Ontology engineering methodology. In Handbook on Ontologies; Springer: Cham, Switzerland, 2009;
pp. 135-152.

Spoladore, D.; Pessot, E. Collaborative ontology engineering methodologies for the development of decision support systems:
Case studies in the healthcare domain. Electronics 2021, 10, 1060. [CrossRef]

Poveda-Villalén, M.; Espinoza-Arias, P.; Garijo, D.; Corcho, O. Coming to terms with FAIR ontologies. In Proceedings of
the International Conference on Knowledge Engineering and Knowledge Management, Bolzano, Italy, 1620 September 2020;
Springer: Cham, Switzerland, 2020; pp. 255-270.

Poveda-Villalon, M.; Garijo, D.; Gonzalez-Beltran, A.; Jonquet, C.; Le Franc, Y. Ontology Engineering and the FAIR principles: A
Gap Analysis toward a FAIR-by-design methodology. In Proceedings of the FAIR Principles for Ontologies and Metadata in
Knowledge Management (FOAM 2024), Enschede, The Netherlands, 15-19 July 2024.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://dx.doi.org/10.1016/j.artmed.2024.102859
http://dx.doi.org/10.1016/j.jii.2023.100519
http://dx.doi.org/10.3233/AO-200240
http://dx.doi.org/10.1016/j.enbuild.2023.113054
http://dx.doi.org/10.1007/s00766-020-00335-z
http://dx.doi.org/10.1007/s00170-020-06046-7
http://dx.doi.org/10.1177/1063293X07079312
http://dx.doi.org/10.1016/j.autcon.2021.104067
http://dx.doi.org/10.3390/soc9040069
http://dx.doi.org/10.1080/17483107.2020.1818138
http://dx.doi.org/10.1016/j.dhjo.2016.11.001
http://dx.doi.org/10.1016/j.datak.2009.02.002
http://dx.doi.org/10.3390/electronics10091060

	Introduction
	Materials and Methods
	Databases and Queries
	Article Selection Process and Criteria

	Results
	Bibliometric Results
	Geographical Distribution of the Authors
	Content Analysis
	Applicative Contexts of the Included Works
	Descriptive Analysis of the Ontologies


	Discussion
	Ontologies in AEC for Domestic Environment Reconfiguration: Perspectives on Ontology Engineering
	Strategies for Domain Conceptualization and Ontology Reuse
	Where Is Cooperation in OE?
	Language and Editor
	Ontology Accessibility and Maintenance
	Validation of the Included Ontologies

	Reconfiguring Domestic Environments in the AEC Digitalization Process
	Ontologies as a Vehicle for Data Interoperability Among Smart Objects
	Combining Ontologies and CAD Systems
	Selecting Smart Objects and Reconfiguring Spaces: Focus on the Occupants and Their Needs

	Limitations of This Study
	Implications and Research Directions
	Theoretical Implications for Ontology Engineering in the AEC Sector
	Practical Implications for Ontology Engineering in the AEC Sector
	Conceptualizing for the Reconfiguration of Domestic Environment: The Role of the End-Users

	Conclusions
	References

