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ARTICLE INFO ABSTRACT
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Our research analyzes how the fear related to the Coronavirus disease 2019 (COVID-19) epidemic reinforces the
engagement in the use of Internet of Things (IoT) devices for healthcare. While prior research has examined the
adoption of IoT for healthcare, there is a notable absence of exploration regarding the influence of COVID-19-
related factors, such as fear and desire for self-care, on user engagement with IoT devices and their deter-
mining factors. A quantitative study using the partial least squares algorithm was conducted to analyze this gap.
The mediating role of the desire for self-care between fear and social influences, on the one hand, and
engagement in using this technology, on the other, was confirmed by adopting the Macro Process on SPSS.! The
study results make it possible to put forward several interesting recommendations that facilitate the long-term
adoption of the Internet of Things for health. The mediating role of the desire for self-care in the relationship
between fear and user engagement explains that IoT users who are afraid of catching COVID-19 will be more

concerned about health monitoring, leading them to adopt this technology of IoT devices.

1. Introduction

In early December 2019, the first cases of pneumonia of unknown
origin were identified.

by the World Health Organization (WHO) in Wuhan, China. By
January 9, 2020, the genomic sequence of the virus was determined.
This virus named COVID-19 is a highly contagious disease’ causing
respiratory difficulties and fatal failure for some infected people. Due to
the rapid spread of COVID-19 around the world, it became a global
pandemic, disrupting different sectors like tourism. Several studies have
examined how the COVID-19 pandemic impacts our daily lives (Akpan,
Soopramanien, & Kwak, 2021; Akpan, Udoh, & Adebisi, 2022).

To address the challenges posed by the COVID-19 pandemic, the
integration of IoT technology seems to be important and provides a
multifaceted approach from early detection and monitoring to opti-
mizing healthcare resources and implementing effective health mea-
sures. IoT technology refers to the networking of items equipped with
sensors, software, and network connectivity that allow them to collect
and exchange data (Noor, Hina, Hayat, & Shah, 2023). In the context of

* Corresponding author.

telemedicine, the integration of IoT devices aims to facilitate remote
healthcare services by improving communication, data collection, and
monitoring for medical purposes conducted at a distance.

This revolution has led to the development of applications and ser-
vices, and empowering devices with intelligence through data (Lu,
Papagiannidis, & Alamanos, 2018). The study of Hanafizadeh, Hatami
Lankarani, and Nikou (2022) highlights the potential of IoT for various
industries, including the healthcare industry. It discusses how IoT can
facilitate knowledge sharing and predictive capabilities. The data and
information generated by IoT can provide knowledge that can be used to
monitor, make informed business decisions, and regulate business pro-
cesses. [oT technology is having a profound impact on several areas of
healthcare, including home care, mobile health (mHealth), e-health, and
hospital management (Akkas, Sokullu, & Cetin, 2020). According to
Otoom, Otoum, Alzubaidi, Etoom, and Banihani (2020), IoT technology
could potentially help to identify and isolate infected people at an early
stage, thereby reducing the spread of the virus. The use of digital solu-
tions that facilitate access to healthcare services were widely used in the
COVID-19 period (Bamel, Talwar, Pereira, Corazza, & Dhir, 2023).
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1 SPSS Statistics is a software developed by IBM for advanced statistical analysis.
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This research aims to make a valuable contribution to the literature
about IoT technology adoption by examining user engagement and how
the fear-ridden COVID-19 context leads people to seek out technologies
for careful health monitoring. We decided to prioritize IoT devices
because of their ability to enable remote access to healthcare services.
This capability serves to minimize the need for face-to-face interaction
between patients and health professionals, thereby reducing the spread
of infections.

Our study goes beyond simple IoT use and deals with user engage-
ment, leading to a long-term projection of the relationship with the
technology. We chose to work primarily on the relationship between
COVID-19 fear and engagement in the use of IoT devices for healthcare.
We operationalize these variables via the social influence, the satisfac-
tion of the desire for self-care, and the perceived autonomy and control
while using IoT devices. Even though the role of IoT for healthcare in
fighting COVID-19 has been treated in previous studies, the impact of
COVID-19 fear on IoT user engagement remains not explored. Given this
gap, the purpose of this paper is to analyze the impact of COVID-19 fear
on user engagement. This goal leads to the following question:

How well does fear of COVID-19 enhances engagement in the use of
IoT for healthcare?

To answer this question, a non-probability convenience sample of
251 IoT users was collected. The results were, then, processed with the
Partial Least Squares Structural Equation Modeling (PLS-SEM) method.
This approach is adopted because it does not require a large sample size
or normally distributed data and it is suited to the analysis of complex
models that contain several mediating and moderating variables
(Richter, Cepeda Carrion, Roldan, & Ringle, 2016).

The study results are presented as follows. First, we present the
theoretical background. Next, we discuss the hypotheses and present our
theoretical model, followed by a section reserved to detail the meth-
odology we have adopted. Moving forward, we present the findings of
our study. Subsequently, we engage in a comprehensive discussion of
these results, delving into their implications and significance within the
broader context. Finally, we conclude our research by summarizing our
contributions to the field, acknowledging our limitations, and suggest-
ing avenues for future research.

2. Theoretical background

During the COVID-19 pandemic, individuals find themselves navi-
gating a delicate balance between the fear of catching COVID-19 and a
deep desire for self-care. The first part looks at the complex dynamics
shaped by the pandemic, exploring the emotional component and
changing perspectives on individual well-being. As the world grapples
with the challenges posed by the pandemic, the second part explores the
defining role played by IoT devices in enhancing healthcare capabilities
during the current health crisis.

2.1. The COVID-19 context: Between the fear and the desire for self-care

In the peak period of the epidemic, people remain vulnerable to the
circulation of false information online and images diffused on social
media. This situation reinforces fear especially during the period of
containment when people stay at home and consume these sources
excessively. The influence of media on individual behavior has been
widely discussed and confirmed by several researchers, one study be-
lieves that excessive exposure to media sources leads to an unrealistic,
even surreal representation of the situation (Girandola, 2004). This
amplifies a sense of fear and leads to various symptoms such as eating or
sleeping difficulties.

As reported by the Brain and Mind Center at the University of Syd-
ney, the psychological stress and negative financial impact caused by
this pandemic could lead thousands of Australians to attempt suicide. In
addition to the average of 3000 suicides already recorded, the center
estimates that between 750 and 1500 are likely to occur annually and
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over the next five years due to the future impact of this health crisis.®
Another key element is the inability to visit isolated patients, which
amplifies the fear of those who are in these separate care units and their
families.

Containment measures, as highlighted by Brooks et al. (2020), led to
adverse psychological effects such as increased stress and fear. Isolated
individuals reported heightened stress due to uncertainty about
containment duration, infection fears, frustration, financial losses, and
lack of information (Presti, McHugh, Gloster, Karekla, & Hayes, 2020).
In China, where the epidemic originated, Wang et al. (2020) found that
half of the respondents rated the psychological impact as moderate or
severe, with 16.5% experiencing moderate to severe depressive symp-
toms and one-third facing significant anxiety issues. Healthcare workers
are also affected, with Liu et al. (2020) reporting psychological distress
symptoms in 15.9% of doctors and nurses, anxiety in 16%, and
depressive symptoms in 34.6%.

The negative consequences on the economy are also important. The
cessation of business in various sectors such as restaurants and coffee
shops amplify the fear among the owners of these projects. In these
conditions, fear is spreading more and more and constitutes a challenge
for the States to reassure citizens and enable them to overcome this
difficult ordeal. To summarize, people may have thoughts about fear of
the disease itself, the unknown future, economic disruption, and the risk
of unemployment.

2.2. IoT devices for healthcare during COVID-19 pandemic

The COVID-19 pandemic forces individuals to respect social
distancing and minimize physical contact. The IoT technology seems
useful in this sense and allows the monitoring and treatment of diseases
remotely. For patients, IoT devices encourage active participation in
monitoring their well-being, thus enhancing the overall user experience.

IoT devices can collect and transmit data in real-time, allowing
healthcare providers to monitor patients remotely and make timely in-
terventions. This technology empowers healthcare professionals to
analyze patients' data, enhance disease diagnosis, reduce healthcare
expenses, and promote patient-centered care practices (Arfi, Nasr,
Kondrateva, & Hikkerova, 2021). During the COVID-19 pandemic,
several studies have examined the role of IoT technology in the
healthcare industry. To better understand the context of our research,
we present below a summary table of some studies (Table 1).

3. Research model and hypotheses

Our research model focuses on the theoretical variables that signif-
icantly influence users' engagement with IoT for healthcare. On the one
hand, it takes into consideration the characteristics of the COVID-19
period, such as the rise of fear and a growing awareness of self-care.
On the other hand, our model examines the determinants of user
engagement, including social influence, perceived autonomy, and
perceived control over IoT use. This global approach will enable us to
better understand the complex dynamics underlying user engagement in
the context of digital healthcare.

3.1. Fear of COVID-19

Fear is an anxious emotion. It occurs in the presence of danger often
accompanied by emotional distress and behavioral avoidance (Presti
et al., 2020). Individuals respond to fear symbolically and arbitrarily
relating it to other events. As a result, it affects the way we are oriented
to the world around us and thus influences our behavioral patterns.

% https://www.20minutes.fr/monde/2773827-20200506-coronavirus-direct-
emmanuel-macron-attendu-aujourdhui-plan-urgence-culture, Accessed
December 8, 2022.
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Table 1

Summary of studies about IoT technology during the COVID-19 pandemic.
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IoT advantages Context of the study Theoretical model Results of IoT application Patient Prevention  Author, Year
care
The results of the IoT
. The model is an IoT-based system L
Identify symptoms . . application are not presented
. This study proposes an IoT- that collects real-time data on . R L
and provide s . in this study, as itis a
based framework for early users' symptoms via wearable
better treatment . P . conceptual paper that proposes (Otoom et al., 2020)
R identification of COVID-19 sensors and uses machine
for infected . . . . an IoT-based framework for
atients cases. learning algorithms to identify COVID-19 detection and
P potential cases of COVID-19. -
monitoring.
The study presents several . The IoT technology is useful in
. .y P . The model is an IoT-based model . &y .
applications of IoT devices, . . combating the pandemic and
. R that leverages machine learning . R .. )
including wearable sensors for R X . improving traditional (Kumar, Sood, &
. - . to identify and predict the
patient monitoring and sensing . healthcare systems to manage Rawat, 2023)
X . severity of COVID-19 based on P
. technologies for early detection the possibility of future
Controlling onset symptoms.
of COVID-19 cases. outbreaks better
COVID-19 . .
They include real-time and
Spread remote monitoring of COVID
impact of IoT on COVID-19 and  The model is the use of IoT R & X (Fagroud, Toumi,
. . R . L 19 patients and people in self- o . . )
its variants in the healthcare devices to reduce transmissions of sarantine. rapid intervention Talhaoui, Achtaich, &
sector COVID-19 and its variants q - P . El Filali, 2021)
in emergencies, and limiting
the spread of the virus.
. The model presented is a deep The developed models are
The study proposes a real-time . .
. X learning optimization system that  demonstrated to handle data .
Real-time detection system based on an s . . . (Mohammedgasim &
R . P can work with imbalanced bias and achieve high .
information IoT framework to aid in the . e L. Ata, 2022)
carly detection of COVID-19 datasets to improve the classification accuracy for
y classification of patients. patients with COVID-19.
The model includes elements for
The study presents a secure . .
o data acquiring, securing, and NP
remote health monitoring . X The proposed model is efficient . .
. storing, data preprocessing, and . . . (Akhbarifar, Javadi,
model that uses the benefits of L . in early disease detection and -
. data mining for the disease . L Rahmani, &
cloud and IoT technologies for . . diagnosis using IoT technology . .
X . L. diagnosis process through L. Hosseinzadeh, 2020)
early diagnosing critical . e and data mining methods.
o . different data classification
- conditions of patients.
Proper monitoring methods
. . This study describes the
The context of the study is the The model presented is based on Y
. . . proposed system as a cost-
development of an intelligent the IoT and fuzzy logic to . . .
o . effective and efficient way to
health monitoring and autonomously detect arrhythmia . . . X (Rahman et al., 2023)
. . . . provide timely diagnosis and
diagnosis system for COVID-19 and alert doctors in case of critical
N NPT treatment to COVID-19
patients. indications or thresholds. .
patients
The article presents an The model presented is a The results include improved
Vaccine supply intelligent system that utilizes framework of an intelligent visibility, real-time (Hu, Xu, Liu, & Lim
, & 5
chain blockchain, IoT, and machine vaccine supply chain monitoring, and timely X 20 2’3) !
management learning to address major issues ~ management system based on decision-making in the vaccine
in the vaccine supply chain. digital technologies supply chain
) . = They include the capability to
Quick and . . A process chart that identifies X
. Investigate different IoT . o reduce the risk of surgery
effective Lo . basic IoT applications for the . . e
R applications for healthcare in . . . during complicated cases and X (Javaid & Khan, 2021)
medical medical field during the COVID- ) oo
. . the face of COVID-19 R real-time monitoring of
intervention 19 Pandemic .
patients
This study highlights the
otential of IoT and artificial
P R . . . The proposed framework
intelligence techniques in The model presented is an IoT- . R .
. . R achieved high accuracy in (Ahmed, Ahmad, &
healthcare, specifically in the based deep learning framework detecting COVID-19 from chest X Jeon, 2020)
detection of COVID-19 using for early assessment of Covid-19 . 8 i
medical images and dee; X-ray images.
Workload X 8 P
X learning models.
reduction .
The model proposed is based on
K i The proposed model can
. Machine Learning and IoT to .
The context of the study is the diaenose COVID-19 patients. It improve the accuracy rate of (Abdulkareem et al
COVID-19 pandemic and its g P diagnosis and serve as a X ’

COVID-19 strains
screening

impact on the healthcare sector

The context of the study is the
COVID-19 pandemic and the
need for remote screening of
patients to reduce the
possibility of infection

can reduce the workload for
doctors and tackle the issue of
patient overcrowding.

The model presented is an IoT
framework that integrates
wearable sensors and a
smartphone app for real-time
communication between various
devices. It uses a custom
algorithm to evaluate the patient's
critical status.

clinical decision support
system

The use of wearable sensors
and IoT technology can help
quickly identify COVID-19
patients and allow doctors to
examine patients without the
need for physical contact.

2021)

(Mukhtar, Rubaiee,
Krichen, & Alroobaea,
2021)
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Fear is reinforced by arbitrarily applicable relational responses
(Dymond & Roche, 2009). Individuals can feel themselves in a situation
through their thoughts, without it being real. Thus, these thoughts can
evoke feelings that determine behavior (Presti et al., 2020). For
example, for someone healthy but worried about his health status, the
word “virus” may evoke the same feelings of fear as people who have the
virus (Hayes & Hofmann, 2018). Based on the above, we can make the
following hypotheses:

Hypothesis 1a. The feeling of fear enhances the desire for self-care.

Hypothesis 1b. Feeling fear of COVID-19 reinforces engagement in
using IoT for health.

3.2. Social influence

Humans need to live in a group and share ideas and social values.
Several researchers have confirmed that the community influences
members' behaviors persistently (Brown, Kozinets, & Sherry Jr, 2003;
Muniz Jr & Schau, 2005). The individual may make his decision to
comply with the ideas of his community and to satisfy his social group
expectations (Anne et al., 2012). Therefore, he may use a technology just
to comply with the community values.

Several researchers have confirmed that social influence determines
the decision to adopt new technologies (Chong, Chan, & Ooi, 2012; Hsu
& Lu, 2004; Venkatesh, Thong, & Xu, 2012). In the context of [oT de-
vices, some studies confirmed the positive impact of social influence on
the usage intention of this technology (Lingling & Xuesong, 2014;
Samhale & Ladwein, 2019). We therefore advance the following

hypotheses:
Hypothesis 2a. Social influence enhances perceived control.

Hypothesis 2b.
autonomy.

Social influence positively influences perceived

Hypothesis 2c.
for health.

Social influence reinforces engagement in using IoT

3.3. Perceived control

The impact of perceived control on the adoption of new technologies
is widely confirmed (Casalo, Flavian, & Guinaliu, 2010; Hajli & Lin,
2016; Lu, Zhou, & Wang, 2009). It is a major predictor of behavior,
emotions, motivation, and performance that determines the success or
otherwise of an action (Skinner & Zimmer-Gembeck, 2011). It describes
the user's perception of their ability to accomplish and master a situation
(Hidoussi, Dubois, Gandit, & El Methni, 2016). For Wang, Zhang, and
Liu (2015), the control over the purpose of personal data requested
determines the user's acceptance to provide it. In the context of IoT,
Beales and Muris (2019), explain that IoT users, who perceive their
ability to control the data provided, will be more ready to share their
data with IoT providers. According to Samhale and Ladwein (2019),
perceived control is a key determinant of intention to use these devices.
Regarding IoT for healthcare, Princi and Kramer (2020) explain that
giving people control over their data will increase the probability of
using IoT devices for healthcare.

Hypothesis 3a. Perceived control promotes perceived autonomy.

Hypothesis 3b. Perceived control reinforces engagement in the use of
IoT for health.

3.4. Perceived autonomy

Several researchers have suggested that perceived autonomy is a
predictor of acceptance (Liaw & Huang, 2011; Liaw, Huang, & Chen,
2007). Tasks perceived as autonomous trigger higher intrinsic motiva-
tion (Sgrebg, Halvari, Gulli, & Kristiansen, 2009; Standage, Duda, &
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Ntoumanis, 2006). Perceived autonomy promotes perceived usefulness
(Roca & Gagné, 2008).

Self-determination theory suggests that individuals seek to satisfy
three essential needs: the need to feel able to control the situation, to act
autonomously, and to belong to a community (Deci & Ryan, 2000;
Sheldon, Elliot, Kim, & Kasser, 2001). According to Nikou and Econo-
mides (2017), Autonomy refers to the ability to self-monitor. These
factors are crucial variables in our study as they strongly impact
engagement in the use of IoT for health. According to Samhale (2022),
the perceived autonomy reinforces engagement in the use of IoT for
healthcare. We therefore advance the following hypothesis:

Hypothesis 4. Perceived autonomy reinforces engagement in the use
of IoT for health.

4. Desire for self-care

Self-care is a reflexive practice that allows individuals to transform
themselves and achieve personal goals (Foucault, 2001). Traditional
models of self-care present this concept as a task rather than a way of life
(Alkema, Linton, & Davies, 2008; Hotchkiss & Cook-Cottone, 2019;
Norcross & Guy, 2007; Richard & Shea, 2011). Efforts have been made
to transform mindfulness-based interventions into evidence-based
techniques that individuals can use to achieve discrete outcomes, such
as improved mental and physical health (Gotink et al., 2015; Pickens,
2013). These mindfulness-based models have demonstrated numerous
benefits in self-care (Hotchkiss & Cook-Cottone, 2019). They are asso-
ciated with improved well-being (Burton, Burgess, Dean, Koutsopoulou,
& Hugh-Jones, 2017; Raab, 2014).

Some researchers have considered conscious self-care to be an iter-
ative process that involves, first, awareness and assessment of a person's
internal needs and external demands (Cook-Cottone & Guyker, 2018).
Second, it is an intentional engagement in specific self-care practices. It
serves to address needs and demands that enable improved well-being
and self-efficacy. Other authors have indicated that mindfulness-based
activities can serve to develop quality of life and improve mental and
physical health (McCusker et al., 2016; Riegel, Jaarsma, & Stromberg,
2012).

Individual data collection allows for “reflexivity, power over the self,
and Foucauldian self-care”. It is developed through the practice of
quantifying the self (Arruabarrena & Quettier, 2013). This favors the use
of IoT devices to collect data related to the state of health and satisfy the
need for self-care. All the above allow us to advance this hypothesis:

Hypothesis 5. The desire for self-care drives engagement in using IoT
for healthcare.

4.1. Engagement in the use of IoT devices for healthcare

Engagement is the psychological result of the interaction between
users and devices (Brodie, Hollebeek, Juric, & Ilic, 2011). It also refers to
the intensity of the connection between consumers and providers
(Vivek, Beatty, & Morgan, 2012). Some researchers have argued the
need to introduce cognitive, affective, and behavioral aspects in defining
this concept of engagement (Brodie, Ilic, Juric, & Hollebeek, 2013;
Dwivedi, 2015; Greve, 2014; Hollebeek, 2011; Hollebeek, Glynn, &
Brodie, 2014). Dessart, Veloutsou, and Morgan-Thomas (2015); Dessart,
Veloutsou, and Morgan-Thomas (2016) addressed three dimensions of
engagement namely the affective dimension which refers to the enthu-
siasm and pleasure felt when using the object. It motivates the user's
decision and allows the relationship to be maintained in the long term
(Mercier & Roux, 2017). Then, the behavioral dimension encompasses
the user's efforts to succeed in the relationship such as sharing and
searching product information. Finally, the cognitive dimension trans-
lates into the user's attention and immersion.

With regards to IoT devices, engagement is characterized as an
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interaction that incorporates four stages with discernable characteris-
tics: Long-term Engagement, Sustained Engagement, Entry Point of
Engagement, and Non-engagement (Xiao, Wu, Buruk, & Hamari, 2021).
In this research, we concentrate on the entry point of engagement, which
is the initialization of engagement and reflects user attention capture. It
will expand to frequent.

use and lead to long-term engagement if users do not abandon the
experience (Samhale, 2022; Xiao et al., 2021). Based on the above
literature and theoretical hypotheses, the research model is framed as
shown in the following figure (Fig. 1).

5. Research methodology

This study aims to analyze determinants of engagement in the use of
IoT for health in the context of COVID-19 characterized by fear and
uncertainty, which reinforces self-concern and motivates the desire for
health monitoring.

5.1. Target population and questionnaire administration

In the context of our study, we chose a quantitative approach while
collecting primary data through an online questionnaire. This mode of
administration meets the study requirement and available resources. We
distributed the questionnaire on Facebook by sharing it with groups
interested in health and wellness issues. This questionnaire includes an
introduction that explains the IoT technology for healthcare. Followed
by a question about the use of IoT devices for healthcare to retain
exclusively these device users. Table 2 presents a summary of the online
survey steps.

5.2. Instruments for measuring the model variables

To gather the data, a non-probability convenience sample was
collected. Our research was conducted in France and the questionnaire
was administered in French. Respondents answered in a way to notify
their choice according to the Likert scale with 5 modalities ranging from
1 in complete disagreement to 5 in complete agreement for social in-
fluence, fear, and user engagement variables. The self-care desire scale
was measured on a weekly frequency scale ranging from 1 for complete
absence to 5 for daily repetition. We translated the scales from English
into French and discussed them with researchers who specialized in
marketing and were fluent in English. Our questionnaire was then
checked on a test sample (95 responses) to ensure the items' reliability as
shown in Table 2.

We tested social influence and perceived control with a scale of 3
items established by Lingling and Xuesong (2014). For fear of COVID-19,
we adopted a measurement scale with seven items (Ahorsu et al., 2020).
Perceived autonomy was measured using the Nikou and Economides

H 1b

Fear
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Table 2
Summary of the online survey steps.

Periods Stages of the Survey

June-July 2022 Development of the research questionnaire (initial

version)

Testing the initial version of our study questionnaire

(sample of 95 responses)

September 2022 Development of the research questionnaire (final version)

October 2022-January Collection of 315 responses with the final version of the
2023 research questionnaire

February 2023 251 responses were retained (only users of the IoT devices

for healthcare)

August 2022

(2017) scale with 3 items. Then, the desire for self-care was measured
using a scale with 6 items (Hotchkiss & Cook-Cottone, 2019). Finally,
user engagement was measured by Islam and Rahman (2016) scale with
5 items.

5.3. Statistical tool for empirical analysis

To empirically analyze our theoretical model, we use the Partial
Least Square (PLS) algorithm, which is based on analysis of variance and
optimization of the explanatory power of manifest variables (Fernandes,
2012). This method is best suited for an exploratory approach (Hair,
Ringle, & Sarstedt, 2011). It helps to solve complex models that contain
mediating and moderating variables (Richter et al., 2016). Its algorithm
also offers a novel methodology for handling incomplete and missing
data.

6. Findings

This section aims to analyze the results that validate the hypotheses
put forward in the literature review. This analysis includes four steps,
the first one examines the demographic profile of respondents. The
second step presented the measurement model. The third one analyzed
the structural model using SmartPls and the last one verified mediator
effects by the macro process for SPSS recommended by Hayes (2017).

6.1. The model analysis results

Table 3 below presents the study characteristics. It shows that
women slightly outnumber men. They are mainly aged between 25 and
54 years (77%).

Using Harman's single factor test on SPSS, we found that the total
variance explained is confirmed, with a percentage variance of 49%
below the recommended value of 50%. The variable reliability is veri-
fied by measuring the internal consistency, Cronbach's alpha, and
composite reliability (Fornell & Larcker, 1981).

Hla

 ’ User engagement

Desire for self-care

| HS

H 2c

Social influence

»{ Perceived autonomy

H4

H2b

H2a

H3

Perceived control

Fig. 1. Framework model.
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Table 3 Table 5
Characteristics of the study sample. Results of the cross-loading technique.
Nb (%) AUT cP ENGAG INF SOC PR PS
Men 119 47% AUT1 0.917 0.601 0.621 0.661 0.532 0.506
Gender Women 132 53% AUT2 0.912 0.577 0.704 0.667 0.497 0.501
Total 251 100% AUT3 0.877 0.529 0.515 0.575 0.375 0.411
Under 25 years old 32 12% CP1 0.589 0.844 0.502 0.460 0.433 0.367
25-39 years 95 38% CP2 0.499 0.845 0.421 0.329 0.313 0.326
Age 40-54 years 97 39% CP3 0.497 0.842 0.428 0.356 0.362 0.341
55 years and older 27 11% ENGAG1 0.649 0.516 0.950 0.702 0.630 0.560
Total 251 100% ENGAG2 0.565 0.472 0.912 0.631 0.554 0.509
ENGAG3 0.607 0.473 0.923 0.663 0.603 0.467
ENGAG4 0.706 0.527 0.916 0.721 0.690 0.506
According to the results presented in Table 4. The values of the Inf Soc 1 0.648 0.426 0.712 0.921 0.621 0.516
composite reliability (CR), which represents the advantage of consid- Inf Soc 2 0.664 0.454 0.704 0.939 0.650 0.502
ing the measurement errors and Cronbach's Alpha are all above the Inf Soc 3 0638 0-385 0012 0-900 0-521 0430
erng ! . P ) PRI 0540 0456  0.636 0.638 0.899 0428
threshold of 0.7, which proves a high level of internal consistency PR2 0.502 0.438 0.631 0.604 0.939 0.420
(Fornell & Larcker, 1981). The convergent validity is also verified with PR3 0.499 0.407 0.646 0.625 0.927 0.444
all loadings above 0.6 and the average variance extracted (AVE) is PR4 0.349 0.299 0.529 0.497 0.891 0.279
confirmed with values above 0.5 (Chin, 1998; Fornell & Larcker, 1981). i:; 3.4213? géi? g'iii 8'222 gé;g g‘g;:
We used the cross-loading technique on SmartPLS to check that the PS3 0.539 0.415 0.571 0.526 0.491 0.909
loadings of each variable's items (highlighted with bold in Table 5) PS4 0.434 0.364 0.462 0.403 0.325 0.826
explain the respective variable more than the other variables of the
model. Table 5 presents the results obtained.
Discriminant validity of the variables requires that the square root of Table 6
the AVE (highlighted with bold in Table 6) be greater than the variation Square root of AVE and correlations between variables.
shared between each variable and other variables in the model (Bagozzi
. . . o . AUT cP ENGAG INF SOC PR PS
& Yi, 2012). According to the results in Table 6, discriminant validity is
verified. AUT 0.902
. . . . cP 0.632 0.843
The resulFs obtained show thaF the variables in our model explain ENGAG 0,636 0.539 0.925
engagement in the use of IoT devices for health. Based on our sample INF SOC 0.706 0.459 0.736 0.920
size, we can say that the R? value exceeds the minimum threshold of PR 0.524 0.444 0.672 0.652 0.914
PS 0.527 0.411 0.553 0.526 0.437 0.829

0.13, so our research model is significant (Wetzels, Odekerken-Schroder,
& Van Oppen, 2009).

To validate our research hypotheses, we adopted the bootstrap
analysis on SmartPls (n = 251, 5000 iterations) (Hair et al., 2011). The
analysis results are presented in Table 7.

> Hla: Fear of COVID-19 reinforces the desire for self-care.
The test conducted shows the impact of the fear of COVID-19 on the

desire for self-care, so hypothesis 1a is validated. A person who is afraid
of catching COVID-19 will pay more attention to his health condition.

> H1b: Fear of COVID-19 enhances engagement in the use of IoT
devices.

The test conducted shows that fear of COVID-19 promotes engage-
ment in the use of IoT devices for health. A person who fears getting
COVID-19 will be engaged in using this technology to track his health
condition.

> H2a: Social influence reinforces perceived control.

Table 4
Results of the model variables analysis.

Variables Scales Loadings Cronbach's Alpha AVE Composite Reliability R Scare
PR1 0,899
PR 2 0,939

Fear of COVID-19 PR 3 0.927 0,935 0,836 0,943
PR 4 0,891
CP1 0,844

Perceived Control (CP) CP2 0,845 0,799 0,711 0,807 0,208
CP3 0,842
AUT 1 0,917

Perceived Autonomy (AUT) AUT 2 0,912 0,886 0,813 0,929 0,616
AUT 3 0,877
INF_SOC 1 0,921

Social Influence (INF_SOC) INF_SOC 2 0,939 0,909 0,847 0,913
INF_SOC 3 0,900
PS1 0,678

. PS 2 0,885

Desire for self-care (PS) PS 3 0.909 0,850 0,688 0,909 0,187
PS4 0,826
ENGAG 1 0,950
ENGAG 2 0,912

User Engagement (ENGAG) ENGAG 3 0,923 0,944 0,856 0,948 0,656
ENGAG 4 0,916
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Table 7
Validation of research hypotheses.
T Statistic P value Verification

INF SOC - > AUT 8029 0.000 Validate
INF SOC - > CP 6988 0.000 Validate
INF SOC - > ENGAG 3536 0.000 Validate
CP - > AUT 5040 0.000 Validate
AUT - > ENGAG 3111 0.002 Validate
PR ->PS 8227 0.000 Validate
PR - > ENGAG 4412 0.000 Validate
PS - > ENGAG 1881 0.060 Validate*

* Validate with a risk of 6%

The test conducted validates the social influence on perceived con-
trol. If the person's relatives (family, friends, and referents) show the
ability to control the use of IoT devices, this person will be favorable
toward this technology and feels able to use it correctly.

> H2b: Social influence promotes perceived autonomy.

The test conducted validates the social influence on perceived au-
tonomy. If the person's relatives (family, friends, and referents) show
they are autonomous by using the IoT devices for health. The person will
also feel autonomous by using this technology.

> H2c: Social influence drives engagement in the use of IoT devices for
health.

The test conducted confirms the social influence on engagement in
the use of IoT devices for health. If the person's relatives (family, friends,
and referrers) recommend IoT technology, he will be more engaged in its
use.

> H3: Perceived control promotes perceived autonomy.

The test conducted validates the influence of perceived control on
perceived autonomy. If users feel able to use IoT devices for healthcare
correctly, their sense of autonomy will increase.

> H4: Perceived autonomy promotes user engagement.

The test conducted validates the influence of perceived autonomy on
user engagement. If users feel autonomous in using IoT devices for
healthcare, they will strongly engage in the use of this technology.

> HS5: The desire for self-care encourages user engagement.

The test conducted shows that the impact of the desire for self-care
promotes engagement in the use of IoT devices for healthcare. Hy-
pothesis 5 is therefore validated and indicates that if the person wants to
take care of their body, they will engage in the use of this technology,
which will facilitate the achievement of their goal.

6.2. The mediating effect of desire for self-care

We examined the mediating effect of the desire for self-care in the
relationship between fear and engagement in the use of IoT devices for
health. To test this effect, we used the macro process on SPSS recom-
mended by Hayes (2017). After running the bootstrap technique, we
confirmed the relationship with p = 0.0000 as shown in Table 8.
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Next, we calculated the confidence interval for the relationship be-
tween fear of COVID-19 and user engagement with self-care desire as a
mediator. Following Hayes (2017) instructions, both bounds of the
confidence interval are greater than zero. The results in Table 9 led us to
confirm that the desire for self-care mediates this relationship.

6.3. The mediating effect of perceived control

We examined the mediating role of perceived control in the rela-
tionship between social influence and perceived autonomy. As shown in
Table 10, the p-value is 0.0000, thus the indirect relationship between
social influence and perceived autonomy is validated.

We analyzed the mediating role of perceived control in this rela-
tionship. We calculated the confidence interval and found that both
bounds of the confidence interval are greater than zero (Hayes, 2017),
which means that the mediating effect is validated (Table 11).

6.4. The mediating effect of perceived autonomy

Finally, we examined the mediating role of perceived autonomy in
the relationship between social influence and user engagement. As the p-
value is 0.0000, the indirect relationship between social influence and
user engagement is validated (Table 12).

We analyzed the mediating role of perceived autonomy in this
relationship. We found that both bounds of the confidence interval are
greater than zero (Hayes, 2017). This result provides evidence that the
mediating effect is validated (Table 13).

7. Discussion and implications

According to the study results, the fear of COVID-19 promotes the
desire for self-care. This feeling of fear disrupts people's daily lives and
makes them take care of their bodies, follow hygiene rules, and monitor
their health status carefully. This is consistent with a survey of 1357
healthcare workers in 10 hospitals in China, where more than 85% of
respondents were afraid of being infected with the virus and 89.7% were
following correct practices to minimize the risk of COVID-19 infection
(Zhou et al., 2020).

The Social environment strongly influences the perception of au-
tonomy and control. The person's family and friends strongly influence
the feeling of autonomy and control while using IoT devices. The rec-
ommendations and opinions of others allow the user to monitor his
health condition correctly and autonomously without needing help.

The results of our research explain that the fear of COVID-19 re-
inforces engagement in the use of IoT devices for health. Indeed, the
person concerned about the risk of being infected by COVID-19 will pay
more attention to his health indicators. He will be engaged in the use of
this technology if he believes that it will allow him to carefully monitor
his health status. This finding is consistent with other researchers who
have confirmed that the need to track health status drives demand for
care and assistance devices (Van Hoof, Kort, Rutten, & Duijnstee, 2011;
Vines et al., 2013).

The present study also shows the social influence on engagement in
the use of [oT devices. This result confirms that the people around the
individual lead them to adopt IoT devices for health. The desire to stay
connected with family and friends, to share one's measurements, and to
get their advice and support encourages the adoption of this technology.
This social aspect of the technology allows the user to satisfy the need for
self-esteem and community membership.

Family and friends help persons to monitor their health status. This

Table 8 Table 9

The total effect of fear on engagement in the use of IoT for health. Results of the mediating effect of desire for self-care.
Effect Se P LLCI ULCI Effect Boot SE Boot LLCI Boot ULCI
0,5585 0,0390 0,0000 0,4816 0,6353 Desire for self-care 0,1062 0,0313 0,0509 0,1750
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Table 10
The total effect of social influence on perceived autonomy.
Effect Se P LLCI ULCI
0,5645 0,0360 0,0000 0,4935 0,6355
Table 11
Results of the mediating effect of perceived control.
Effect Boot SE Boot LLCI Boot ULCI
Perceived Control 0,1410 0,0408 0,0698 0,2253

Table 12

The total effect of social influence on engagement in the use of IoT for health.
Effect Se P LLCI ULCI
0,8097 0,0469 0,0000 0,7174 0,9020

Table 13

Results of the mediating effect of perceived autonomy.

Effect Boot SE Boot LLCI Boot ULCI

Perceived Autonomy 0,2485 0,0647 0,1278 0,3817

finding is consistent with the results of a study about heart failure. It
showed that patients without family and those who live alone and so-
cially isolated are very vulnerable to poor health management (Dunbar,
Clark, Quinn, Gary, & Kaslow, 2008). The role of the social environment
is therefore crucial in raising the individual's awareness about health
status, self-care, and treatment of illnesses. It helps the individual to
improve behaviors such as adopting a healthy diet and respecting the
frequency of taking medication (Dunbar et al., 2008).

The perception of control in the use of IoT devices for health re-
inforces user engagement. The favorable feeling of control will moderate
the fear related to the safety of use. The user will be able to use this
technology whenever he wants. He will tend to use it frequently and
continuously. In line with Brickell, Chatzisarantis, and Pretty (2006)
results, perceived control promotes a sense of autonomy. If the user feels
able to monitor the use of IoT devices for healthcare, he will feel
increasingly autonomous.

The mediating role of the desire for self-care is relevant. It means that
when the user perceives that the technology allows him to a better
health monitoring, he will be more engaged. Indeed, this period of
COVID-19 marked by fear and anxiety favors the need to monitor health
status, feel comforted by those around them, and receive advice to
minimize the pandemic infection risks.

In parallel, perceived control plays a mediating role in the relation-
ship between social environment influence and perceived autonomy.
This result shows that when the person's entourage recommends the use
of IoT devices. It minimizes the risks and allows the person to feel able to
control the use of these connected devices. This reinforces, thereafter,
his perception of autonomy.

Finally, perceived autonomy plays a mediating role and allows us to
better understand the relationship between the influence of the social
environment and engagement in the use of IoT devices for health. This
important role shows that when the social entourage recommends IoT
devices, the user will feel more autonomous and will be strongly
engaged in the use of this technology.

7.1. Theoretical implications
The main contribution of this study is to analyze the determinants of

IoT user engagement in the context of COVID-19, marked by growing
fear and concern for self-care. The analysis of this relationship makes
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this study unique and sets it apart from other studies that have dealt with
the use of IoT in the COVID-19 period, which has focused mainly on
aspects related to the benefits, risks, and use situations of IoT technology
(Abdulkareem et al., 2021; Nasajpour, Pouriyeh, Parizi, Zhao, & Li,
2022; Otoom et al., 2020).

Our research goes beyond the act of purchasing IoT devices influ-
enced by the wellness ideology that dominates our current society
(Cederstrom & Spicer, 2015). It is part of a long-term relational
approach. Several theoretical contributions have been put forward
through the consideration of health field specificities, the purposes of
use, and users' motivations. The desire for self-care mediates the rela-
tionship between fear and engagement in the use of IoT devices for
healthcare. The user who is afraid of catching COVID-19 will be more
concerned about health monitoring, leading him to adopt IoT technol-
ogy. Furthermore, perceived autonomy mediates the relationship be-
tween social influence and perceived control, on the one hand, and user
engagement on the other. The recommendation of the social environ-
ment and the perceived ability to control the use of IoT devices for
healthcare promote the feeling of autonomy, which reinforces user
engagement. These relationships were analyzed for the first time in this
study and provide valuable theoretical value.

7.2. Managerial implications

The present study allows us to identify several interesting managerial
implications in favor of IoT providers, doctors, and users. It highlights
the importance of taking into consideration the user's need to get a
technology for health monitoring, a tool that allows them to carefully
measure physical performances.

IoT devices for healthcare are relatively new on the market and
collect very sensitive personal data. They amplify perceived risks that
may slow down the use of this technology. Therefore, doctors have an
important role to play in this regard. They can both recommend the use
of this technology to their patients and give feedback to IoT providers to
better develop it.

It is important to note the favorable role of the French government
which has encouraged, since the beginning of this pandemic, the
adoption of telemedicine and the use of connected devices for health
monitoring. This facilitates disease treatment, promotes intervention
effectiveness, makes users more autonomous, and minimizes the risk of
contamination for both patients and health personnel. Providers of this
technology, for their part, must listen to the market, adapt their offerings
to users' needs, and communicate transparently useful tips and infor-
mation to get through this time of crisis. This positive role of commu-
nication and transparency in the success of IoT use has been confirmed
in previous studies (Samhale, 2022). They also need to make efforts
regarding the security of the data collected through the introduction of
blockchain technology (Yu et al., 2018).

7.3. Social implications

The present study provides us with several important social impli-
cations for IoT devices for healthcare. It confirms the social influence on
the use of IoT devices in line with previous studies results (Samhale &
Ladwein, 2019). As part of a community, individuals interact according
to their opinions, interests, and attitudes. They always try to conform to
what the majority of community members think.

According to our study and in line with the findings of Samhale (2022),
IoT technology has the potential to address social inequalities in health-
care. These inequalities appear in the systematic health disparities
observed within various social groups based on individuals' socioeconomic
status or geographical location. In this sense, [oT devices can play a pivotal
role in mitigating these disparities by enabling individuals to take control
of their health remotely. Especially in the COVID-19 context, Kumar et al.
(2023) explain that IoT technology increased access to healthcare services,
improved operational efficiency, and lowered costs.
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8. Conclusion

Our study aims to better understand the specifics of the COVID-19
epidemic and its impacts on engagement in the use of IoT devices.
Using the PLS-SEM approach, we addressed the initialization of user
engagement, which reflects the capture of his attention. The present
research also explains the mediating role of self-care desire and
perceived autonomy in the relationship between COVID-19 fear,
perceived control, and social influence, on the one hand, and user
engagement, on the other.

The objective of this work is to generate important recommendations
for IoT users and providers for healthcare. These responses reinforce and
facilitate a successful relationship between user and technology. We
recommend prioritizing more useful functionalities that allow users to
carefully monitor their health status, facilitate communication with
doctors to reassure themselves, and moderate the fear of COVID-19.

This research complements existing studies on the role and benefits
of IoT use in the context of COVID-19. It focuses on the long-term
relationship between the user and the technology and addresses the
determining factors of engagement in the use of IoT devices. It remains a
starting point for future research to better understand the behavior and
expectations of users of IoT devices.

Although many precautions were taken, this study is not without
limitations, which lead to new avenues of research. First, the impact of
sociodemographic dimensions was not analyzed in this work. Future
research is recommended to empirically validate these factors' influence
and further enrich the theoretical contributions.

A second limitation concerns the analysis of the individual percep-
tion of the respondents regardless of their health status, and patient's age
and gender, which prevents the verification of disease type, and body
performance impact on the engagement in the use of IoT devices for
healthcare. A possibility to test this theoretical model in another cultural
context also seems interesting to verify the influence of culture on the
mobilized variables.

Finally, other factors that influence user engagement such as pur-
chasing power, product price, data privacy, security, and reliability of
these devices have not been integrated into this theoretical model. These
factors strongly influence the use of technologies, but their integration
will make the model complicated to measure. This opens the door for
future research to analyze them.
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Appendix A. Measurements

Fear of COVID-19 (Ahorsu et al., 2020)

PR 1 - « ’am most afraid of COVID-19 »

PR 2 - « It makes me uncomfortable to think about COVID-19 »
PR 3 - « I’am afraid of losing my life because of COVID-19. »
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PR 4 - « When watching news about COVID-19 on social media, I
become nervous or anxious »

Social influence (Lingling & Xuesong, 2014)

IS 1 - « People who are important to me would recommend using IoT
devices for health care »

IS 2 - « People who are important to me would find using IoT devices
for health beneficial »

IS 3 - « People who are important to me would find using IoT devices
for health a good idea »

Perceived control (Lingling & Xuesong, 2014)

CP 1 - «Using IoT devices for health care is entirely within my control

CP 2 - « I have the resources, knowledge, and ability to use the IoT
devices »

CP 3 - « I can skillfully use IoT devices for health care »

Perceived autonomy (Nikou & Economides, 2017)

AUT 1 - « I feel a sense of choice and freedom while using IoT devices

AUT 2 - « IoT devices for health care provide me with interesting
options and choices »

AUT 3 - « There is much opportunity for me to decide for myself how
to use IoT devices for health care »

Desire for self-care (Hotchkiss & Cook-Cottone, 2019)

PS 1 - « I had a calm awareness of my thoughts »

PS 2 - « I had a calm awareness of feelings »

PS 3 - « I had a calm awareness of my body »

PS 4 - « I ate a variety of nutritious foods »

User engagement (Islam & Rahman, 2016)

ENGAG 1 - « Anything related to IoT grabs my attention»

ENGAG 2 - «I like to learn more about IoT for healthcare »

ENGAG 3 - « I pay a lot of attention to anything about IoT for
healthcare»

ENGAG 4 - « I spend a lot of my discretionary time on IoT for
healthcare»
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