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Abstract: In the past decade, Internet of Things (IoT) technologies have become more and more
pervasive, allowing the development of Ambient Intelligence and Context Awareness applications.
While the smart home is the chosen scenario for such technologies, a variety of environments could
potentially benefit from the synergies between IoT and digital applications. Among them, the clinical
waiting rooms is an environment facing several challenges, particularly after the COVID-19 pandemic.
Clinical waiting rooms are crowded places associated with stress and anxiety, often linked to patients’
idling time. Nonetheless, the rise of IoT-enabled telehealth has focused attention on the possibility of
changing the functions of clinical waiting rooms. In this work, we conducted a systematic literature
review to identify the existing solutions for “smart waiting rooms”. The review process started with
278 works, and it identified 16 papers relevant to the topic of smart clinical waiting rooms. Moreover,
the results of this review underlined that waiting rooms are a neglected research area that could
take advantage of IoT and Artificial Intelligence (AI) technologies to enhance patients’ experience
and support the diagnostic process. Leveraging the research directions identified in the review
process, this work proposes a “Smart Waiting Room” that exploits virtual reality (VR), AI, and IoT
technologies to support the diagnostic process (via a cognitive assessment) and the personalization of
the patient’s context—taking into account the features of the physical environment. The prototypical
smart waiting room constitutes an example of the potentialities of novel technologies applied to
healthcare and can contribute to shaping the future of clinical waiting rooms.

Keywords: smart waiting room; ontology-based system; ambient intelligence; internet of things;
electronic health records; mild cognitive impairment (MCI); cognitive assessment

1. Introduction

The diffusion of Internet of Things (IoT) technologies greatly enhanced the possibility
for smart homes to deliver personalized solutions according to users’ preferences and
needs [1]. IoT-enabled smart homes can support dwellers in the management of energy
consumption and the adoption of energy-saving behaviors; they can support indoor comfort
settings (also tailored to user’s preferences); and they can also monitor and provide for
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those users who are not completely independent and are characterized by special needs.
To date, IoT-enabled smart homes can enhance dwellers’ quality of life, foster older adults’
independent living, and anticipate users’ needs.

Although smart homes have to face a significant number of challenges to get to
market (e.g., social challenges related to individual monitoring and privacy; technological
challenges concerning data management between the smart home, healthcare providers,
and third-party applications; challenges related to personal data security, leakage, and
external attacks) [1], disciplines such as Ambient Intelligence, Artificial Intelligence (AI),
and Context Awareness—fueled by advancements in IoT technologies—further evolved
the paradigm of smart homes into the “smart environment”, i.e., a physical space in
which smart devices continuously work for occupants’ comfort and well-being [2]. In
such a context, any human-built environment could be enhanced by physical and digital
technologies devoted to occupants’ monitoring and comfort.

However, while the scientific literature on smart homes has thrived in the past two
decades (see, for instance, the meta-reviews dedicated to different smart-home-related
functions [3–5]), far fewer studies have been devoted to smart environments outside the
domestic walls. Among them, waiting rooms are particular environments characterized
by the co-presence of several individuals “forced” to occupy a room while waiting for a
service or information. In particular, clinical waiting rooms—i.e., waiting rooms designed
to accommodate patients or their caregivers in the General Practice (GP) medical office,
hospitals, and Emergency Rooms (ERs)—exist in all countries and are characterized by the
same issues and challenges.

The most known and common issue in waiting rooms is the patients’ perceived
inactivity during the waiting time. Waiting times are strongly related to patients’ overall
satisfaction [6], to the point that increased waits negatively impact patients’ willingness to
return to a structure for a service [7]. They also impact the perceived level of care (i.e., longer
waits are associated with a lower quality of the received care) [8]; moreover, longer waiting
times are also associated in some cases with patients’ clinical deterioration [9]. Finally,
studies conducted in the 1990s illustrate that the waiting room’s physical environment can
play a pivotal role in both customer satisfaction [10] and perceived quality of care [11]. To
these issues, each patient’s specific needs and peculiarities may somehow impact his/her
perception of waits and care.

For several years, researchers have investigated how to reduce waiting times from
several perspectives and also how to intervene to make waiting times more productive [12].
However, several countries’ national health systems are currently stressed as a conse-
quence of the recent COVID-19 pandemic, which resulted in clinicians having to visit
more patients [13] and in care pathways being revisited to include primary, short-term,
and long-term care [14]. While healthcare systems are undergoing significant changes,
patients may have to face longer waits due to overloads to clinics, hospitals, and General
Practices—due to delayed essential clinical care [15] and backlogs [16].

Nevertheless, the COVID-19 pandemic acted as an eye-opener for the adoption of
telehealth and digital technologies in healthcare, proving that IoT and smart technologies
can significantly support diagnosis and visit delivery in some cases [17]. Hence, considering
the current advancements in smart environments and the IoT, it is plausible to assume that
patients’ waits in clinical waiting rooms could be somehow “enhanced” or tailored. In
particular, it is known that there are a few intervention areas that can be tackled in waiting,
e.g., reducing the amount of unoccupied time during the waiting [10], reducing anxiety
during wait times [18], and reducing the uncertainty in waiting (try to motivate the amount
of time spent waiting by patients) [10].

Therefore, this work aims to investigate the role of smart technologies in clinical
waiting rooms. By adopting a systematic literature review approach, this article tries to
answer the following Research Questions (RQs):

• RQ1: what is the purpose of the proposed smart waiting room?
• RQ2: what category (or categories) of patients does the identified solution address?
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• RQ3: what technologies do the identified solutions adopt?
• RQ4: in which clinical contexts (ER, hospital, GP office, etc.) are the identified solu-

tions adopted?

The literature review contributes to the research on smart waiting rooms, an under-
explored topic, while identifying the main trends adopted or investigated by researchers.

The remainder of this paper is organized as follows: Section 2 presents the methodol-
ogy adopted for the literature review. Section 3 illustrates the quantitative results of the
review process, while Section 4 discusses them in light of the RQs identified above and
attempts to draft some possible research directions. Section 5 describes a proposal for a
smart waiting room and its components. Section 7 summarizes the main outcomes of this
paper and illustrates future works to be conducted on the proposed smart waiting room.

2. Review Methodology

To answer the four RQs presented in the Introduction, this article adopts the systematic
literature review using the Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) approach [19]. This approach enables the identification of relevant
scientific works in the domains of interest following a transparent step-by-step method. This
article reviews scientific papers limited to conference proceedings, book chapters, and journal
articles published between 2000 and 2024, focusing solely on English-language publications.

2.1. Database and Queries

The databases queried for this review were Clarivate ISI Web of Science, PubMed,
Scopus, and ProQuest. Since all databases enable queries using logical operators and are
accessible online, they were selected as eligible for the scope of this review. In particular,
the queries performed were:

• Q1: “smart” AND “waiting room”;
• Q2: “techn*” AND “waiting room”;
• Q3: “virtual” AND “waiting room”;
• Q4: “smart” AND “foyer”.

Such strings were searched in the title, abstract, and authors’ keywords of the records,
limiting the search to conference proceedings papers, journal articles, and book chapters
published between 2000 and 2024 (to include those works accepted for publication in
2023 but expected to be published in the following year). The range of publication years
selected corresponds to the years when researchers started to investigate smart environ-
ments that enabled (or combined) Ambient Intelligence, Context Awareness, or Artificial
Intelligence techniques. The database search was conducted in July 2023 and updated in
November 2023.

2.2. Article Retrieval and Selection Process

Following the PRISMA methodology, the works pertaining to the RQs were identified
by selecting relevant articles from the records retrieved after the database search. The
process is represented in Figure 1 in detail.

1. Retrieval of the works: In this step, the search retrieved 278 works. Taking into
account the specific RQs, the search was limited to subject areas: computer science,
engineering, medicine, social sciences, and decision sciences.

2. Screening: The retrieved works’ abstracts, titles, and authors’ keywords were scruti-
nized to provide a preliminary qualitative evaluation, assessing whether or not the
retrieved works addressed the domain underlying the four RQs. In this step, duplicate
works were also identified and removed. A total of 213 papers were found not to
meet the criteria (i.e., they did not address clinical waiting rooms, or they did not rely
on any technology). In comparison, 21 papers were duplicated among the different
databases. The number of papers identified as relevant was 44. Finally, the 44 works
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were accessed in their complete form, resulting in 2 papers being removed due to
their inaccessibility.

3. Inclusion: The 42 papers identified in the previous step were carefully read by three
of the authors of this review to assess their adherence to the RQs identified in the
Introduction. At the end of this step, 26 papers were found unsuitable to answer any
of the RQs.

4. Identified records: the number of papers included in this review was 16.
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Figure 1. The PRISMA flow diagram adopted in this review to retrieve, screen, include, and identify
the relevant articles.

3. Results

This section presents the results of the review process illustrated in Section 2. The
presentation of bibliometric results is devoted to presenting the temporal and geographical
distribution of articles and the type of articles. The presentation of results related to the
articles’ content (content analysis) aims to answer the RQs raised in the Introduction. The
results are discussed and commented on in Section 4.

3.1. Biliometric Results
3.1.1. Temporal Distribution and Type of Articles by Year

The temporal distribution of the 16 identified works and their type are presented in
Figure 2. This figure indicates the relevance of the works retrieved only from 2009, with
peaks in 2019, 2022, and 2023 (three works per year). The list of identified works consists
of four conference proceedings papers (CP) and 12 journal articles (JA). No book chapters
were found within the identified works.
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journal article).

3.1.2. Geographical Distribution of the Authors

An analysis of the geographical distribution of the works was performed to observe in
which countries the topic of smart waiting rooms has been investigated. In particular, the
author(s)’ affiliation(s) at the time of paper publication was considered (the same author
appearing with the same affiliation in two different works was considered once; the same
authors with different affiliations contributing to two different papers were considered
twice). Table 1 reports the geographical distribution of authors by country (grouped
by continent).

Table 1. Geographical distributions of the authors of the identified records.

Continent Country Number of Unique Authors

AFRICA
Rwanda 3
Malawi 1

ASIA
India 1
Syria 6

EUROPE

Denmark 6
Germany 3

Switzerland 6
The Netherlands 8

UK 1

NORTH AMERICA
Canada 5

USA 47

OCEANIA Australia 7

The United States of America registered the highest number of authors (47), making
North America the continent with the highest number of unique authors (52). Europe ac-
counted for 24 authors, while Asia and Oceania registered 7 authors. Finally, contributions
from Africa amounted to four. It is interesting to observe that there is no contribution from
South American countries and that only two works are written by authors from different
countries: the study of [20] is authored by African and Asian authors, while [21] sees
authors from two different European countries.

3.2. Content Analysis

Following the RQs identified in Section 1, it is possible to cluster the retrieved articles
to identify their aim(s) towards the waiting activity (RQ1), the type(s) of patients that
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could benefit from such a smart solution (RQ2), in which type(s) of clinical waiting room
they are deployed (RQ3), and the set of technologies required to operate them (RQ4). The
quantitative results gathered in this subsection are discussed in the following section.

3.2.1. Purposes of the Smart Waiting Rooms

To provide an answer to RQ1, it is necessary to cluster the included papers according to
the type(s) of aims the smart waiting rooms are developed to tackle. Taking into account the
issues related to waiting depicted in the Introduction, three clusters have been identified:

(A) Waiting enhancement: the solutions address the problem of shortening or optimizing
the waiting times or produce some effects on the waiting patients (e.g., reduce anxiety,
provide them with more information about the medical procedures they are going to
experience, inform them of some particular aspects of a disease);

(B) Pre-visit data acquisition: the solutions are devoted to exploiting the waiting time
in the waiting rooms to acquire physiological or psychological measurements from
patients; the acquired data are necessary for the subsequent visit;

(C) Assessment and diagnosis: waiting times are exploited to perform an assessment of
some clinical aspects of the patients and are not necessarily related to the visit they
are undergoing.

The results of grouping the 16 articles according to the clusters identified above are
reported in Table 2.

Table 2. The purposes of smart waiting rooms addressed in the analyzed works. In this table, papers
are ordered by cluster and by year.

Cluster Reference Brief Description

A

[22]
To increase patient satisfaction and processes’ efficiency in an outpatient surgery clinic, RFID tags worn by
patients and clinical staff are adopted to map real-time location data; collected data aim to reduce patients’
waiting time while optimizing care delivery processes.

[23] To increase women’s knowledge about long-acting reversible contraceptive methods, an app is developed
to enhance clinic counseling during waiting times.

[24] Using discrete event simulation, the bottlenecks of a campus healthcare outpatient clinic are identified and
addressed with the aim of reducing patients’ waiting time.

[20]
To control overcrowding and long waiting times in health centers, a machine learning prediction model is
developed to forecast patient loads; demand excess is transferred to other clinics via an IoT smart bus
system

[25] Patients waiting for chemotherapy were provided with instructional videos related to acupressure and
meditation or an integrative oncology lecture to reduce their levels of anxiety before the therapy.

[26] Virtual reality (VR) eyeglasses are adopted to alleviate preoperative anxiety levels in pediatric patients in a
dental waiting room.

[27]
Patients with low-severity conditions can wait outside an emergency department waiting room and
monitor the progression of their waiting with a smart system, which eventually warns them of their visit
via SMS.

[28] This solution aims at reducing preoperative anxiety using an informative 360-degree VR video for women
visiting a one-stop clinic for abnormal uterine bleeding.

[29] A multisensory VR game is developed to reduce anxiety and stress levels in hospital waiting rooms,
leveraging a full-immersion environment.

B

[30] A system for measuring women’s blood pressure in an obstetric waiting room; the data acquired are sent
to the clinical personnel for the subsequent visit via a web-based clinical decision support system.

[31]
Patient-reported outcomes (PROs) in rheumatic patients are self-assessed via mobile technology; the
results of the self-assessment are sent to the rheumatologist as an Electronic Medical Record (EMR) as part
of the clinical assessment for the visit.
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Table 2. Cont.

Cluster Reference Brief Description

C

[32]
Taking into account the increase in waiting time in any clinical setting, this solution proposes a
non-invasive system aimed at assessing vital signs (oxygen saturation, blood pressure, heart rate, breath
rate, temperature, resting potential, or retina) that may be of possible use for a diagnostic process.

[33] Considering the limited time during visits, a digital tool to be used during the waiting time is presented to
support patients in the identification of their top priorities for their visit.

[21] An AI-based system to support patients in assessing their symptoms during waiting times based on their
basic health information and most troubling current symptoms.

[34] A smart atrial fibrillation station is to be deployed in medical waiting rooms to support the self-screening
of strokes in patients older than 64.

[35]
A smart waiting room for Parkinson’s disease patients aimed at assessing their motor and non-motor
function (manual dexterity, walking speed, information processing, visual memory, quality of life);
acquired data are stored in the patient’s Electronic Health Record (EHR).

Quantitatively, the majority of the works address solutions devoted to enhancing
the quality of the time spent waiting in the waiting room (cluster A, nine papers). The
enhancement is achieved by leveraging a wide range of technologies and is tackled from
different perspectives, e.g., optimization of the waiting times and redistribution of patients,
stress and anxiety reduction, and patient education. The second-most populated cluster (C,
five papers) is related to exploiting waiting times to assess some of the patient’s vital signs
or functions and symptoms related to their conditions, with the aim of acquiring more data
regarding the patient—which can be delivered to the clinician leveraging the EHR. Finally,
the last cluster (B, two papers) presents solutions for acquiring clinical measurements or
outcomes necessary for the following visit with clinical personnel, combining waiting time
exploitation with clinical needs.

3.2.2. Types of Patients Addressed by Smart Waiting Rooms

The full reading steps of the review process enabled the identification of the target
patients for which the smart waiting room solutions were considered. To investigate this
aspect, the patients addressed in the papers were clustered based on their “type” (gender-
or age-specific limitation) and their “condition” (the disease or impairment characterizing
them). Table 3 summarizes the types of patients addressed by the solutions.

Table 3. The patients addressed by each solution, ordered by year of publication.

Reference Year Patient Type Health Condition

[32] 2009 General -
[22] 2013 General -
[23] 2014 Women Fertility
[30] 2014 Women Diabetes and pregnancy
[24] 2017 General -
[20] 2019 General -
[25] 2019 General Chemotherapy
[33] 2019 General Chronic conditions
[31] 2020 General Rheumatoid arthritis
[21] 2020 General -
[26] 2020 Pediatric Dental surgery
[27] 2022 General -
[28] 2022 Women Abnormal uterine bleeding
[34] 2023 65+ aged patients -
[35] 2023 General Parkinson disease
[29] 2023 General -

Most of the papers addressed a general type of patient, i.e., the solutions described in
such works are not dedicated to a specific portion of the population (11 papers). However,
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even if these solutions address a general patient, some of them tackle a specific health
condition, impairment, or disability (four works). A total of 3 works are dedicated to
women, for which a specific health condition is also detailed, while 1 paper is devoted to
pediatric patients undergoing dental surgery, and 1 article addresses older adults.

3.2.3. Technologies Involved in the Surveyed Smart Waiting Rooms

To identify the technologies involved for each of the solutions portrayed in the in-
cluded articles, we relied on the IEEE Thesaurus, which consists of a controlled vocabulary
of engineering, scientific, and technical terms based on standards [36]. For each paper, the
main technologies described to make a solution “smart” or “innovative” were identified
and matched with the IEEE Thesaurus.

The results of the survey related to technologies are reported in Table 4.

Table 4. The set of technologies adopted in each included work, presented according to the IEEE
Thesaurus (with the boarder term/preceding the narrower term).

Reference Year Technology (Broad Term/Narrow Term)

[32] 2009 Biomedical measure-
ment/Photoplethysmography

CMOS
technology/Microcontroller

Electrooculography/Electro-
oculography Algorithms/Software

[22] 2013 RFID tags/Active RFID tags Digital simulation/Discrete
event simulation - -

[23] 2014
Computer

applications/Mobile
application

- - -

[30] 2014 Knowledge
representation/Ontologies

Biomedical equipment/Pulse
oximeter

Activity recognition/sensor
systems 3G mobile communication

[24] 2017 Digital simulation/Discrete
event simulation - - -

[20] 2019 Algorithms/Machine
learning

Cloud computing/Internet of
Things

Algorithms/Prediction
algorithms -

[25] 2019
Computer

applications/Mobile
application

- - -

[33] 2019
Computer

applications/Mobile
application

Artificial
intelligence/Decision

support systems
- -

[31] 2020
Computer

applications/Mobile
application

Electronic medical
records/Electronic health

records
- -

[21] 2020
Computer

applications/Mobile
application

Artificial
intelligence/Decision

support systems
- -

[26] 2020 Virtual reality/Immersive
experience - - -

[27] 2022 Cellular technology/GSM
Artificial

intelligence/Decision
support systems

- -

[28] 2022 Virtual reality/Immersive
experience - - -

[34] 2023
Computer

applications/Mobile
application

Biomedical equip-
ment/Electrocardiography

Electronic medical
records/Electronic health

records
-

[35] 2023
Computer

applications/Mobile
application

Electronic medical
records/Electronic health

records

Virtual reality/Immersive
experience -

[29] 2023 Virtual reality/Immersive
experience Ventilation/Fans - -
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Interestingly, 7 papers relied on mobile applications for different purposes [21,23,25,31,33–35],
while 3 works provided some sort of recommendation or decision process supported by
AI [21,27,33], 3 works foresaw the adoption of patients’ EHRs [31,34,35], 3 papers relied on
virtual reality applications in different ways [26,28,29,35], and a total of 3 articles adopted
technologies to conduct biomedical measurements on patients [30,32,34]. It is also worth
observing that IoT technologies are the core of only one work [20].

3.2.4. Clinically Applicative Contexts

To answer RQ4—the clinically applicative contexts for which the smart waiting rooms
were developed—all included papers were thoroughly scrutinized to identify in which type
of clinical facility (ER, hospital, primary care—such as general medic practice—specific
clinical practice) they were deployed.

Table 5 summarizes the results of this screening.

Table 5. The applicative contexts addressed by each solution, ordered by year of publication.

Reference Year Applicative Context

[32] 2009 Unspecified waiting room
[22] 2013 Primary care waiting room
[23] 2014 Specific clinical practice waiting room (family planning)
[30] 2014 Specific clinical practice waiting room (obstetric)
[24] 2017 Primary care waiting room
[20] 2019 Laboratory waiting room (blood testing)
[25] 2019 Specific clinical practice waiting room (cancer treatment)
[33] 2019 Primary care waiting room
[31] 2020 Specific clinical practice waiting room (rheumatic)
[21] 2020 Primary care waiting room
[26] 2020 Specific clinical practice waiting room (dental)
[27] 2022 Emergency room
[28] 2022 Specific clinical practice waiting room (gynecological)
[34] 2023 Primary care waiting room
[35] 2023 Specific clinical practice waiting room (neurologic)
[29] 2023 Hospital waiting room

The majority of the smart waiting rooms are developed for specific clinical practices (7),
followed by primary care practices (5). Outpatient hospital waiting rooms, laboratory
waiting rooms, and ER waiting rooms are represented only in one work. Finally, one article
does not address any specific applicative context [32].

4. Discussion

This section discusses the results presented in Section 3, taking into account the
quantitative results and the contents investigated.

4.1. Late Attention towards Waiting Rooms

The works included in this systematic review are dated 2009 and later; although the
starting year for the databases’ search was set at 2000—corresponding to the strengthening
of research in the fields of IoT and Ambient Intelligence, with a focus also on smart homes—
it is interesting to observe that the first relevant contribution is set almost a decade after the
lower extreme of the time span. While a motivation could be identified in smart homes
“driving” the application contexts for such technologies between 2009 and 2016 [37], other
motivations could be that in the same period, the attention devoted to waiting rooms was
mostly focused on psychological (e.g., effects of music on waiting patients [38], the role
of educational materials [39], the relationship between perceived level of care and wait
time [40]) and architectural aspects (e.g., how a waiting room should be designed [41], how
to elicit design requirements based on emotions [42]). The fact that a limited number of
articles was included may be indicative of the inherent difficulty of making a waiting room
“smart”; generally, waiting rooms are environments used by different types of occupants
(patients, family, caregivers, clinical personnel, etc.)—each characterized by their own
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needs. However, the results summarized in Figure 2 show that the number of significant
papers increased between 2019 and 2023. Due to the recent COVID-19 pandemic and
its consequences, the stress that healthcare facilities are subjected to underline the role
(and potential) that waiting rooms could have in the clinical journey. It is no coincidence
that the majority of the authors registered among review papers are from North America
and Europe (Table 1), the continents presenting the most advanced healthcare systems;
as highlighted in the Introduction, Western countries’ healthcare systems are facing the
post-pandemic fallout [13,14,16].

4.2. Acting on the Waiting

Probably as a consequence of clogs to the Western countries’ healthcare systems, it
is no surprise that the majority of the studies surveyed describe solutions devoted to
enhancing one (or more) of the aspects related to waiting—whether it is reducing stress
and anxiety, optimizing wait times, or providing educational materials (Table 2). More
than half of the articles (56%) address cluster A, with stress-reduction systems [25,26,28,29],
solutions somehow devoted to the optimization of patients’ flow within the healthcare
structures [20,22,24,27], and patients’ education during the waiting [23,25]. Therefore, it
would seem that the attention of researchers is focused on making the waiting time shorter
or more productive from a patient’s perspective.

4.3. The Role of Smart Technologies in the Surveyed Solutions

In those solutions devoted to enhancing the waiting time, two technologies are identi-
fied (with the sole exception of [20]) (Table 4): all of the occurrences of simulation technolo-
gies and virtual reality technologies are registered for Cluster A solutions. While the first
technologies are evidently dedicated to the reorganization of the waiting time and patient
flow, extended reality technologies are used to soothe patients through their entertainment
(as in [26,29]) or to enhance their knowledge of the healthcare facility and services [28]. As
already noted in Section 3.2.3, there is a significant paucity of IoT technologies; only [20]
explicitly refers to the adoption of IoT buses that patients can track to estimate their transfer
to other clinics or hospitals. Other works may entail the adoption of an IoT framework; for
instance, [30] leverages context data to assess whether or not a patient adhered to the in-
structions for blood pressure self-measurement, relying on sensors; in [22], the adoption of
RFID active tags combined with EHRs could also imply the adoption of an IoT framework
for tracking patients, personnel, and objects in a facility.

The absence of the IoT could be explained by the “simplicity” characterizing most of
the solutions retrieved; very few authors became involved in the development of structured
solutions requiring the data acquisition of patients or contexts via smart objects. The
majority of the smart waiting rooms primarily relied on mobile applications to be used
by patients via tablets and virtual technologies. This phenomenon could be motivated by
the fact that these technologies have already undergone several technology acceptance
studies [43–46]; thus, both users and researchers are more familiar with them.

For similar reasons, the scarcity of solutions relying on AI is evident: less than one
third of the investigated articles rely on data-driven techniques. It is also interesting to
observe that those works adopting AI [21,27,33] provide some sort of decision support
via the assessment of PROs, taking into account their symptoms. However, none of these
smart waiting rooms taps into the potential of EHRs, as this technology is used only as
the “destination” for data acquired by the smart solutions [31,34,35]; instead of exploiting
patients’ health condition summarized in EHRs to provide personalized solutions, EHRs
are perceived as the virtual place to store data acquired via tablet applications or sensors.

Considering those works addressing clusters B and C (pre-visit data acquisition and
patient’s diagnosis or assessment, respectively), the number of technology types involved
presents two peaks—[32] for cluster C and [30] for cluster B. Doyle and colleagues [32]
introduce a preliminary (not tested and not fully developed) general non-invasive way to
acquire patient data that could potentially be used by clinicians, leveraging software and
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biomedical equipment for different tests and exams; by contrast, Wagner et al. [30] present
a more solid framework enabling reliable blood pressure self-measurement (validated
by target users). However, with the exceptions of these two peaks, the smart waiting
room presented in the remaining articles mostly rely on tablet applications [21,31,33–35],
in three cases combined with EHRs [31,34,35] and in just as many cases combined with
biomedical equipment [30,32,34]. Again, the solutions are characterized by simplicity, i.e.,
they are devoted to performing—in most of the investigated cases—one single task without
providing any personalization or tailored recommendation.

4.4. Smart Waiting Rooms Designed Not for All

By looking at the data reported in Tables 3 and 5, it is clear that the smart waiting
rooms retrieved are mostly devoted to specific patients (i.e., to patients belonging to a
specific gender or characterized by a certain health condition) and designed for specific
healthcare facilities. It could be argued that the smart environment paradigm—a physical
space in which smart devices continuously work for occupants’ interests [2]—is overturned
in that a patient can benefit from smart waiting room services if he/she presents some
characteristics. While this phenomenon can be easily explained by research interests
pertaining to the retrieved works, it is worth observing that in more than half of the selected
works (nine articles), the patient can access the smart service only if he/she falls into a
specific gender [23,28,30] or specific age [26,34] or if he/she is affected by a particular
condition [25,31,33,35].

Therefore, the retrieved smart waiting rooms are hardly generalizable, in contrast
with the efforts of “universal” smart homes capable of providing services to all types of
users [47–49]. It might be concluded that smart waiting rooms are designed to answer
specific patients’ needs and, thus, are not generalizable. However, it was underlined how
the adoption of EHRs combined with IoT technologies can provide tailored services in
smart environments [50–52]—so it is plausible that this could also be applied to smart
waiting rooms.

4.5. Challenges and Research Directions for Smart Waiting Room

A few challenges and research directions can be identified in light of the findings
elicited in this systematic literature review.

1. The review results underlined the lack of generalizability of the smart waiting rooms
surveyed; the majority of the solutions were designed for specific types of patients,
thus hindering the adoption of such solutions on a larger scale. However, a few
works also tackled exploiting EHRs; these data can be adopted to understand patients’
needs and provide them with tailored solutions—similar to what occurs in smart
homes and environments [53–55]. Smart waiting rooms should, thus, be able to
provide layered services—i.e., smart services for every waiter with the possibility of
personalizing each of them in some regard according to the user’s specific needs. For
example, the self-assessment of blood pressure relying on biomedical equipment and
mobile applications should take into account the patient’s age and health condition
(sight, cognitive abilities, and other information entailed by patient’s EHR) and their
familiarity with technologies; for older patients or non-tech-savvy patients, the smart
waiting room system should adapt the interface and provide a detailed tutorial
regarding how to conduct a self-assessment using the equipment at hand. Similarly
to [30], such a system should also be able to assess whether or not the patient was
able to perform the required measurement in an appropriate way.

2. Virtual reality is a powerful technology for stress relief in waiting rooms; however,
this technology can also be exploited for diagnostic purposes and to acquire relevant
insights regarding patients’ conditions. Virtual technologies are indeed known for the
possibility of supporting the diagnosis and assessment of both cognitive and neuro-
logical conditions [56,57]. Smart waiting rooms should provide virtual technologies
with the dual aim of reducing pre-intervention anxiety and stress while acquiring di-
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agnostic data. This, combined with the possibility of leveraging EHRs, could enhance
diagnostic processes and make wait times both more bearable and fruitful.

3. It is striking that AI adoption in smart waiting rooms is limited to patients’ flow
prediction or simulation, with only three works addressing decision support; wearable
IoT technologies combined with AI can support the early diagnosis of several diseases
and conditions (see, for example, [58–60]). The integration of non-invasive wearable
monitoring technologies into smart waiting rooms is more than plausible, supporting
the prompt identification of conditions that should be monitored and, ultimately,
reducing the burden on healthcare structures.

4. There is a relevant absence in the solutions reviewed; none of the works analyzed
referred to the physical and built environment of the waiting room. However, re-
searchers have spent a large amount of effort to identify the interactions and effects
between the waiting room environment and waiters [38,42,61]. On the other hand, the
design of waiting spaces (physical and environmental features) can completely change
the healthcare experience. A significant challenge could be the integration between
physical and digital IoT-enabled environments to meet one or more of the purposes
identified by the three clusters (Section 3.2.1). Patients’ physical interactions with one
or more components of the environment could be used for diagnostic and monitoring
purposes, as well as for entertainment and relaxation purposes by stimulating the
senses, enhancing psychological comfort, and physical activities.

5. Emerging from the discussions in Section 4, smart waiting rooms should be char-
acterized by a variety of technologies. Although the adoption of “safe and sound”
technologies such as mobile applications makes the whole smart solution more ac-
ceptable, it hinders the “smartness” of the solution itself and its generalizability. More
studies on adopting IoT technologies within smart waiting room environments should
be conducted to investigate the acceptance of such technologies from both the patients’
and clinical personnel’s perspectives.

5. A proposal for a Smart Waiting Room

Considering the research directions described above, we propose a prototypical wait-
ing room incorporating smart aspects (digital layer) and environmental features (physical
layer). This smart waiting room aims to integrate the environment’s characteristics with
digital services to enhance patients’ waiting while supporting the non-invasive diagnosis
of specific conditions. This prototype leverages EHRs to identify patients and a novel
AI- and VR-based system as a means to diagnose Mild Cognitive Impairment (MCI). The
smart waiting room prototype is currently being developed within the framework of the
research project “A novel public-private alliance to generate socioeconomic, biomedical and
technological solutions for an inclusive Italian ageing society” (Age-IT), and its architecture
is represented in Figure 3.
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The following details each component participating in the prototypical Age-IT smart
waiting room.

5.1. Physical Layer

Many studies have investigated the impact of the environment on people’s healthcare
experience. Healthcare design can promote patients’ and outpatients’ satisfaction and
decrease staff stress and burnout (e.g., Urlich, 2019).

“Humanized environments” are defined as environments that respond to patients’
necessities and promote their well-being [62]. Older people are more likely to be suffering
from chronic conditions and multi-morbidities, and their functional capacity is frequently
limited. Environments should be customized to fit the specific and diverse needs of people,
such as older people, people with cognitive diseases, and people with reduced mobility, to
ensure that suitable access and facilities are provided for all users regardless of physical
and mental condition. According to older people’s vulnerability, it is necessary to consider
the presence of caregivers, who add up to the number of people who use the waiting spaces
and represent another user typology with different characteristics.

For the outpatient journey, the waiting room experience is critical to forming a per-
ception of quality of care and satisfaction [63]. In this context, the physical environment
could be used to counteract the negative effects of waiting, which can be very challenging.
The waiting room is often viewed as a space where people passively wait. On the contrary,
studies have shown that individuals prefer being engaged in alternative activities instead
of persevering and waiting. The experience of engaged time is entirely different from the
time spent passively waiting [64]. The lack of activity while waiting allows an individual to
pay more attention to the passage of time and increase one’s awareness of oneself [65]. In
the outpatient department, people spend a great amount of time in waiting areas, affecting
their stress, well-being, satisfaction, and perception of the quality of care. The physical
environment affects both the processes of stress and coping [66], generated by the relation
of the person with the environment. In other words, a positive environment represents a
salutogenic source and can improve coping strategies. According to this idea, the physical
environment has an impact on people’s health [67]. Enhancing the physical environment
can be a successful strategy to improve the waiting experience for outpatients, caregivers,
and, consequently, the staff. For this reason, waiting spaces should be considered in the
healthcare design process as spaces with health-specific functions.

The user experience is not only related to anxiety and comfort; it is a holistic phe-
nomenon influenced by ergonomic and affective dimensions [68] related to physical settings.
It is well known that the physical environment affects human behaviors. In the outpatient
department, the waiting experience influences behavioral responses and intentions, such
as the willingness to recommend and return [68].

Evans and McCoy [67] define some architectural features which have a specific role in
stress and, consequently, in people’s health:

• It is important to maintain a good balance in sensory stimulation, to not be over-
whelmed with too many stimuli, and, on the contrary, to not cause boredom and
sensory deprivation. As an example, noise and strong lights, such as crowded envi-
ronments, activate people’s sensory stimulation and can produce stress.

• The coherence and the comprehension of spaces reduce the level of stress in people
(both outpatients and staff).

• The affordances of spaces and components improve the user experience, affecting
people’s behaviors.

• One of the most important elements affecting stress is the possibility of controlling
aspects of the physical and social environment and customizing spaces (acting on
light, indoor temperature, etc.). Privacy is another example of perception control, as it
affects the ability to control social interactions.
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These aspects are more related to psychological stress. Other features have a spe-
cific role in physical stress, such as microclimatic conditions, temperature, ventilation,
and humidity.

According to these theories, many aspects can be considered in the design process to
provide adequate and enhanced waiting spaces [69]:

Privacy/social interaction: Waiting spaces can be an opportunity to share experiences
and emotions to promote relations between outpatients and caregivers. On the other hand,
it will be important to use strategies to ensure privacy, such as not listening to private
conversations (e.g., playing soft music or providing a TV).

Large spaces are perceived as crowded. On the contrary, small spaces are perceived as
intimate. Large waiting areas should be broken down into smaller groups of seats to make
the space less daunting and institutional and to enable patients to sit close to the suite to
which they will be called [70]. Comfortable and grouped seats can promote spontaneous
relations. On the other hand, seats should not be too close (to ensure privacy and to reduce
infection diffusion), and possibly not along the corridors, to be adequate to the standard of
privacy and comfort. At the same time, the provision of separate waiting areas may help to
reduce cross-infection (especially after the COVID pandemic). Moreover, intimate spaces
support both privacy and social interaction. For example, using circular-shaped furniture
with high backs can create different and smaller seating areas with different orientations in
a large waiting area, and the curves can promote free movement. Using perforated walls as
filters between small waiting areas and the medical rooms can promote privacy but also
reduce stress by providing a constant view of the access.

Safety and usability: According to the previous point, good visual contact is funda-
mental to not being stressed during the waiting time. Both for outpatients and caregivers, it
is important to look at the staff to feel reassured and to call them if they need information or
assistance. It is also necessary to support orientation, wayfinding, and navigation to ensure
the autonomy to move freely and safely in the spaces, especially for vulnerable people.

Welcoming and familiar environment: The quality of the space (e.g., natural light,
comfortable furniture, pleasant finishes) promotes a welcoming environment and can
increase satisfaction and confidence in the healthcare facility. A familiar space can promote
a sense of identity and belonging. As an example, the use of local and domestic furniture
can enhance familiarity.

Well-being and distress: Environmental conditions (e.g., light, temperature) affect
people’s wellbeing. Visual well-being is provided by natural light, by the quality and
the difference in artificial lighting, and by avoiding glare effects, such as using flooring
materials that reflect the light [71]. Acoustic well-being can be promoted by noise reduction,
such as using soft floor coverings, curtains, and the acoustic treatment of walls and ceilings.
Then, some features in the environment can promote positive distractions and the restora-
tion process [72] to promote positive feelings and reduce the sense of isolation, anxiety, and
depression, such as the use of nature (outdoor views, interior gardens or plants, representa-
tion of nature in pictures or paintings), the use of music or nature sounds (e.g., [73]), and
the use of aromas, which can cover the smell of medicines and disinfectants [74]. As an
example, there are studies on the benefit of the use of live music for people with stroke [75],
cardiovascular disease [76], and insomnia [77], but there are no studies to understand the
role of live music in the waiting rooms for outpatients [78]. Collins et al. [78] showed that
both live and recorded music interventions in waiting rooms promote the reduction in
outpatients’ perception of stress, anxiety, and pain and improve the waiting time.

Enriching the sensory input in an environment, such as through the therapeutic use of
multisensory environments, has been found to achieve health and well-being outcomes in
clinical settings [79]. The benefits of sensory spaces have been shown for mental health,
psychiatric wards, people with dementia, people with autism spectrum disorder, people
with traumatic brain injuries, the birthing environment, children, emergency departments,
etc. In a waiting room, sensory stimulations can be provided by a dedicated sensory
environment and sensory equipment in the main waiting area. For example, a sensory
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alcove can equilibrate the senses by controlled and customized sensory stimulation without
completely abstracting from the waiting area.

Distractions such as playing can have an important role in enhancing waiting time.
There are many examples of integrating playing activities in the design of the space in
waiting areas for children, such as sensory and engaging installations, and immersive and
interactive projections. These elements can also make people move and be engaged in
physical activity, which is one of the most important strategies for health promotion.

Health promotion strategies for older adults generally focus on maintaining and
increasing functional capacity, maintaining or improving self-care, and stimulating one’s
social network [80].

Introducing media and technologies to promote movement, sensory experiences, and
positive distractions can generate social interactions and facilitate relations, increase health
information and education, and promote active and healthy aging in a proactive environment.

5.2. Digital Layer

The digital layer constitutes two sub-components: the first is devoted to the repre-
sentation of a patient’s EHR and conditions in the form of domain ontologies, while the
second is a set of virtual environments aimed at (a) reducing a patient’s stress during the
waiting time and (b) assessing a patient’s cognitive status.

5.2.1. Ontologies for EHR and Personalization

Ontologies are shared and formal conceptualizations of a domain of knowledge [81].
They provide computable and Description Logic-based [82] representations of concepts
and their relationships, enabling monotonic reasoning to infer new knowledge from the
one modeled [83]. While ontologies are widely adopted in different domains (ranging
from IoT devices to clinical applications), their reasoning capabilities are appreciated in
decision-support systems—including clinical decision making [84,85]. Therefore, they are
also adopted in the representation of a patient’s EHR [86,87]. The Age-IT digital layer
relies on an EHR representation that comprises the patient’s information included in the
Electronic Health File—which tracks down the clinical history of a patient [88]—with
the addition of clinical information pertaining to the patient’s health condition modeled
with the World Health Organization standards, International Classification of Functioning,
Disability and Health (ICF) [89] and International Classification of Diseases (ICD) [90]. This
approach has already been adopted in several knowledge-based systems [91], including
some works related to the personalization of smart environments according to occupants’
desires and characteristics [48,92,93].

The result of such modeling consists of an ontology network capable of representing
the patient’s clinical history, the set of diseases and conditions characterizing him/her, and
the impairments and functional limitations that the patient may have acquired in his/her
life. Moreover, the ontological layer is capable of storing data acquired from the cognitive
test virtual environment (see Section 5.2.2) so that, in the case of a deterioration in the
monitored cognitive functions, clinicians can update the patient’s health condition (in the
EHR as well as adopting ICD- or ICF-related codes).

The ontologies are developed using the W3C-endorsed languages Resource Descrip-
tion Framework (RDF) [94] and Ontology Web Language (OWL) [95], while rules for
the personalization of VR environments are formalized by adopting the Semantic Web
Rule Language (SWRL) [96]. Data exchange between the ontological layer and the VR
environments is performed via middleware (detailed in [97,98]).

This middleware is introduced to the system to enable the VR environment to commu-
nicate with the ontological layer, retrieve the user’s data from the ontology, and insert the
results of the VR interactions back into the semantic layer. Considering the Open-World
Assumption (OWA) of the monotonic nature of Description Logic (DL) [82], inserting new
pieces of data into the ontology is not a trivial task. As a result, this work relies on a simple
middleware program that allows the exchange of information between the VR environment
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and the ontology by generating and executing the proper SPARQL Protocol and RDF Query
Language (SPARQL) [99].

For the VR environment to understand the user’s health condition and the proper
game scenario, the middleware generates an SPARQL query SELECT to retrieve the user’s
data from the ontology. The SPARQL query will then be executed on the DL reasoner
to fetch the inferred data regarding the suitable VR game scenario based on the user’s
health condition.

5.2.2. Virtual Environment for Cognitive Assessment

In line with the previously described challenges, the proposed smart waiting room
can integrate smart technologies to support the assessment of cognitive functions. Through
different tasks that can span from designed games to other activities, these smart waiting
rooms can assess a range of cognitive functions, including memory, attention, visuospatial
abilities, problem-solving, and decision-making skills. For instance, a memory assessment
might involve pattern recognition games or recalling sequences of numbers or objects. At
the same time, attention assessments could employ tasks that measure sustained attention,
such as tracking moving objects amidst distractions.

Furthermore, collecting and processing patients’ digital biomarkers can enhance smart
waiting rooms. Digital biomarkers can be defined as quantitative objective physiological
and behavioral data obtained from a VR scenario that serve as indicators of normal biologi-
cal processes, pathological processes, or responses to an exposure [100–102]. In the context
of VR, digital biomarkers are predominantly addressed to head, hand, and gait movements
in predictive AI models via machine learning (ML) techniques for earlier diagnosis in a
variety of clinical conditions [103–107].

Specifically, the proposed smart waiting room aims to adopt AI as a predictive tool for
assessing cognitive decline in Mild Cognitive Impairment (MCI). MCI represents a transi-
tional stage between normal aging and more severe cognitive decline, such as Alzheimer’s
disease or other forms of dementia. Preliminary studies on the kinematic analysis of elders
showed the feasibility of tracking the head, hand, and gait during the performance, as
indicators of MCI [108]. Hence, the integration of digital biomarker assessment within
smart virtual waiting rooms can provide an effective approach to identifying and predicting
cognitive changes, particularly in individuals with MCI [109].

Starting from this, the proposal plans to develop a smart virtual waiting room that
can be used in hospitals or rehabilitative facilities with older adults to measure and assess
several core cognitive functions that are compromised in elderly populations suffering
from MCI. The smart waiting room is able to collect digital biomarkers connected to bodily
movements (e.g., head, hands, and body), and these digital biomarkers are used to test
different supervised ML models (i.e., support vector machines, decision tree, random
forest, gradient boosting, logistic regression, k-nearest neighbors) to identify the best model
to predict alterations in the core cognitive functions that are usually compromised in
MCI [110]. Therefore, the proposed smart virtual waiting room collects digital biomarkers
connected to three primary core dimensions that can effectively be deployed in a virtual
reality environment: spatial orientation, attention, and memory [111]. The smart virtual
waiting room is considered for a head-mounted display (HMD), and its architecture is
similar to a real waiting room, including typical furniture and objects: chairs, windows,
plants, waste bins, tables, desks, etc. [102].

The cognitive assessment task consists of four phases:

1. Familiarization: In this phase, the user familiarizes her/himself with the VR scenario
(e.g., looking around and observing all the objects) and VR equipment use (e.g.,
use of the controllers, movements in the virtual environment, selecting the items).
Simultaneously, users receive straightforward instructions on the key actions they
must perform in subsequent phases and are prompted to rehearse them. For example,
to select objects in the scenario, the user physically approaches the object, and when
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the hand is in proximity to the object, the object lights up. To select it, the user must
click the button in the controller.

2. Encoding: In this phase, the user must memorize the location of four objects. The
objects are presented one at a time, and each is presented four times for 12 searches.
The user is asked to search for each object within the waiting room by physically
reaching for it. Once the subject’s hands are near the object, the object will light up,
and the user can pick it up by clicking on the controller button. The four objects
are randomized in the four presentations, and the objects always appear in the same
position (e.g., object 1 is always on the coffee table, object 2 is always next to the plant).

3. Forgetting: in this phase, the user spends 10 min outside the virtual waiting room
with the aim of generating oblivion.

4. Recall: In this phase, the user, adhering to the instructions, must reposition the objects
they found during the encoding phase to their original positions, exactly as they
were initially discovered. The user starts the task in the middle of the room, and
an object appears in front of him/her. Therefore, the user is instructed to bring the
object to the original location when presented during the encoding phase. Once
positioned, a second object appears in front of him/her, which must be positioned
like the previous one. The total duration of the cognitive assessment in the virtual
waiting room, including the four phases, is approximately 30–35 min.

During the four phases, a large amount of data will be gathered, including cognitive
performance information (position of correct and incorrect objects, total and latency times,
and the distance from the correct original position) and digital biomarker information,
including head, hand, and body movements. These large amounts of data will subsequently
be elaborated by AI tools, and specifically, machine learning (ML) techniques will be used
to discriminate healthy elderly subjects and MCI subjects and to identify the best and the
most optimal features for an earlier MCI detection [105–107].

5.3. Use Cases

Two use cases are introduced to exemplify the features characterizing the proposed
smart waiting room. Two different personas, identified following the methodology de-
scribed in [112], are introduced to illustrate the services provided within the smart wait-
ing room.

Patient with cardiovascular and anxiety condition: Vincent is a 68-year-old man who
lives autonomously and suffers from coronary heart disease (ICD-10 code I2510), which
is characterized by heart arrhythmia and hypertension. In the past two months, he has
started suffering from panic disorders (with symptoms such as hot flashes, rapid heart rate,
shortness of breath, and dizziness). He is currently under medication for his heart-related
conditions, and he is visiting a cardiologist for a check-up. Vincent’s health condition
is described in his EHR using the ICF codes related to the Comprehensive ICF Core Set
for Chronic Ischemic Heart Disease [113] (e.g., b410 “Heart function”, b4200—“Increased
blood pressure”, and b460 “Sensations associated with cardiovascular and respiratory
functions”) with the addition of ICF codes to represent his anxiety-related conditions (e.g.,
b152 “Emotional functions”, b440 “Respiratory functions”, and d2401 “Handling stress”).
At the time of his reservation, Vincent was indicated to show up in the waiting room
30 min before the time of his appointment to check in and to wear the HMD set available
in the waiting room; in this case, the patient has a dedicated lodge separated from other
waiters. The smart waiting room system, acknowledging Vincent’s presence after the
check-in, assesses his health conditions and infers the VR features to load. Therefore, taking
into account that the patient is characterized by anxiety and panic disorders (which can
ultimately impact his cardiovascular condition), the inferred features of the VR environment
are aimed at reducing his anxiety while waiting for his visit. The inferred features of the VR
environment consist in reproducing a multisensory environment with customized scenarios
through Vincent’s interaction with the technological system. In the scenarios, different
sensory stimulations are integrated, such as colors and controlled lights, a video and sounds
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of nature, tactile vibration, and aromas, which can promote a state of calm and positive
distraction during the waiting time. Moreover, considering Vincent’s specific health issues
and his waiting inside a private lodge, indoor comfort metrics (humidity rate, temperature,
and CO2 concentration) are monitored—since these metrics are known to affect people
with respiratory and cardiovascular issues. Therefore, in the ontological layer, the proper
thresholds for each comfort metric are modeled (indoor temperature between 19 and 22
during winter and between 23 and 26 in summer; humidity rate set at 50% [114–116]), while
inside the waiting room lodge, a thermohygrometric sensor captures data every 5 min.
Each time one of the comfort metrics exceeds the thresholds, the ontological layer triggers
the proper actuation (activating the HVAC system).

In this way, after 30 min, Vincent is ready to be visited by the cardiologist.
Patient with MCI: Sandra is a 71-year-old woman who, in the past 18 months, reported

to her family doctor suffering from short-term memory loss, difficulties in spatial abilities
(orientation), and attention difficulties, causing, for example, difficulty in following a
conversation. Sandra was diagnosed with MCI, and her doctor noted these changes in her
EHR. The patient is visiting a neuropsychologist for a check-up on her memory-related
impairments. Sandra is chaperoned by her daughter; in the waiting room, Sandra has been
instructed to wear an HMD (with the help of her daughter if necessary). Acknowledging
her health condition via Sandra’s EHR, the smart waiting room system administers the
VR environment for cognitive assessment, with the aim of acquiring further data to be
ultimately delivered to the neuropsychologist. Since this is the third time Sandra visits her
neuropsychologist, the clinician can leverage historical data regarding patient interactions
with the smart waiting room system. Data acquired via the smart waiting room are assessed
by the neuropsychologist, who can use them to evaluate whether Sandra’s short-term
memory is deteriorating any further or not.

6. Relevance of the Use Cases

The two personas were selected because they represent significant examples of the
Italian and European populations.

Cardiovascular diseases are responsible for 44% of deaths in Italy [117] and for 32.7%
of deaths in the European Union [118]. Moreover, patients surviving a cardiovascular
disease become chronic patients, requiring continuous care—constituting a relevant outlay
in healthcare costs; in 2019, the European Society of Cardiology calculated that the overall
expenditure for cardiovascular diseases in the European Union was EUR 210 billion per
year [119]. Medications for these conditions account for 23% of Italy’s pharmaceutical
expenditure.

While no data are available for the economic impact of MCI, there are several estima-
tions of the costs related to this disease’s evolution. Cimler et al. [120] estimated that the
EU will spend up to EUR 222 billion in 2030 to treat Alzheimer’s disease in its mildest form.
This condition affects more than 10 million people in Europe, which is expected to increase
in the following decades.

Both chronic cardiovascular diseases and cognitive decline have become more and
more prevalent with the population’s ageing; Western countries are characterized by longer
life expectancies, which translates into older citizens [121]. This ageing process brings
challenges, among which the increasing amount of chronic health conditions is one of the
most relevant and impactful on the national healthcare systems.

For these reasons, as mentioned above, smart systems are perceived as promising
solutions to tackle some of the age-related issues, and the prompt identification and man-
agement of chronic conditions can contribute to enhancing older adults’ quality of life and
limiting healthcare expenditure.

7. Challenges and Limitations of the Age-IT Smart Waiting Room

The proposed Age-IT smart waiting room revolves around a set of technologies that,
although widely discussed in the scientific literature, is still settling from market and
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legislative perspectives. Therefore, as with many IoT-based solutions, the prototype has
some implementation challenges and limitations.

From a digital point of view, the solution relies on semantic representations to per-
sonalize VR environment content and—prospectively—indoor comfort metrics. The rep-
resentations include the EHR, a well-known way to report patients’ clinical information.
However, the implementation of this framework in hospitals is far from complete; some
“classic” barriers still persist (e.g., appropriate training for both clinical and administrative
personnel; the lack of a standardized way to represent EHRs in Europe, which ultimately
results in limited interoperability; technical, logistic, manufacturing challenges related
to the adoption and use of an EHR technology) [122] and are inherited by Age-IT. How-
ever, it is worth observing that the Italian Electronic Health File already encompasses all
the necessary information related to the Patient Summary and Electronic Prescriptions—
recommended by the European Committee in 2008—and, therefore, Age-IT’s EHR already
complies with the European norm [123].

Nonetheless, Age-IT deals with patients’ data and leverages personal and sensitive
information. Therefore, the proposed smart waiting room is subject to data security issues
for IoT and digital solutions [124]. The inherent interconnection between devices and the
adoption of health-related data poses a security concern, as sensitive information may
be hijacked from weak nodes or other types of attacks [125]. As a consequence, privacy
concerns may arise at different levels (patients, caregivers, and clinical levels). Some
patients may only want some nodes of the smart waiting room to be aware of their personal
information and health condition rather than granting free access to all intelligent or smart
devices deployed in a waiting room.

These IoT challenges are being actively addressed by several researchers worldwide,
with international laws and standards being issued every year since 2019. In particular, the
European Union is developing the ePrivacy Regulation, focusing on data protection and
enabling the secure electronic communication of information in IoT systems [126].

Another set of challenges characterizing IoT (and, more in general, monitoring) devices
is related to personal privacy. Researchers have already underlined the concerns afflicting
dwellers in smart homes; intimacy and privacy are perceived as essential in AAL domestic
solutions [127,128], independently from a person’s age and gender [47]. Although Age-IT
does not actively monitor the patient, it acquires—and, possibly, modifies—her/his EHR
when necessary, raising similar concerns of loss of control. Age-IT adopts a “less-invasive”
approach [92] when adapting its solutions to specific patients, allowing the monitoring of
the environment surrounding the patient and intervening in that.

Nevertheless, any smart waiting room requires a rethink of the role of personal data
in the context of digital health, and it also needs to take into account elderlies and those
citizens who do not want to share their personal and health data in a digital form. Protecting
the confidentiality of data, granting patients’ anonymity when necessary, allowing them
to withdraw access to their data, and ensuring data security throughout the healthcare
systems are fundamental (and well-known) ethical issues permeating the adoption of IoT
in healthcare, including AAL solutions [129].

To conclude, it is necessary to note that novel (potentially disruptive) smart technolo-
gies require significant investments. Even for Age-IT, the costs play a pivotal role. As
underlined in different studies, national health systems are currently re-targeting their
activities to face the long-term consequences of the pandemic. After the COVID-19 pan-
demic, public healthcare systems are now facing a two-year backlog in delayed essential
care and are also having to cope with fewer clinicians available [16,130]. It is plausible to
assume that, in the next few years, financial resources will be mostly dedicated to putting
national healthcare systems “back on track” before investing in disruptive technology on
national levels.
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8. Conclusions and Future Works

This paper introduces a novel smart waiting room framework integrating the physical
environment’s features and digital aspects into a novel prototype. Considering the limited
adoption of IoT, AI-based, and virtual technologies in this type of environment, the smart
waiting room can help to effectively tackle some of the issues characterizing patients’
waiting time, the patient burdens of hospitals and practices, and the necessity of acquiring
more data regarding patients’ health conditions.

To this aim, this work investigates existing solutions in Ambient Intelligence and
smart environments, identifying some possible research challenges. These challenges drive
the development of the proposed smart waiting room prototype, capable of adapting
some of its features to patients’ needs, and considering their needs and health conditions
while leveraging contextual (physical and virtual) features to administer anxiety relief or
diagnostic actions. The Age-IT prototype uses AI-based solutions—for both diagnostic
and personalization activities—and leverages a set of novel technologies (VR, IoT sensors,
etc.) to modify a patient’s context, thus modifying his/her waiting room experience.
Moreover, since the prototypical smart waiting room leverages knowledge bases and
semantic reasoning to manage facts about the patients and the environment, the framework
can be extended to all types of patients (and health conditions), thus making it generalizable.

As an IoT and digital prototype of a smart waiting room, Age-IT needs to tackle
the implementation issues discussed in this paper and the ethical concerns. Therefore,
future works foresee the investigation of the most suitable solutions to tackle data security
and privacy concerns, taking into account the European framework and initiatives as a
reference. The next steps in the development of Age-IT include deploying the solution
in a real environment to simulate a real waiting room. This will pave the way for tests
with people to acquire users’ feedback (in terms of the solution’s usability, willingness
to adopt Age-IT, and perceived usefulness, as well as investigating the modifications in
the perceived waiting time). Moreover, an on-site deployment will also accelerate the
identification of technical solutions for some implementation challenges, enabling a phase
of fine-tuning of the digital layer. Finally, the interactions between the physical and the
digital layers (and patients experiencing the two waiting conditions) will be investigated.

In conclusion, the proposed smart waiting room represents a first step towards a
paradigm shift in healthcare, transforming mundane waiting times into purposeful diag-
nostic and therapeutic activities. Beyond mere entertainment, these rooms harness the
power of technology to evaluate cognitive functions accurately, offering a proactive ap-
proach to healthcare by detecting potential cognitive issues early and enabling personalized
interventions. Moreover, the IoT and AI are adopted to ensure the patient’s best comfort
while reducing monitoring discomfort. As technology evolves, these smart waiting rooms
will undoubtedly play an increasingly integral role in healthcare, revolutionizing how
patient care is approached.
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