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Abstract
mHealth or wearables can be beneficial in actively managing various health conditions and mental health disorders. Despite theimportance, the adoption in clinical use has not materialized in India as envisaged. This study aims to determine and classify thefactors preventing Indian healthcare providers from embracing mHealth devices. Thirty-six elements concerning mHealth devicesadoption were identified from extant literature and later grouped into factors based on expert review. The healthcare providersranked the factors using the fuzzy analytic hierarchy process (FAHP). The priority order of the seven factors is scientific evidenceof device utility, healthcare delivery, device owning cost for patients, behavioural and social aspects, policy environment andoperational support, technical characteristics, and patient empowerment & independent decision-making. The study contributesto identifying and understanding the factors concerning adopting mHealth devices or wearables in clinical use in India. It isamong the first studies to rank them using a rigorous mathematical approach. Additionally, it guides stakeholders in designingappropriate interventions to facilitate the integration of mHealth devices in clinic practice.
Keywords: mHealth, healthcare provider adoption, fuzzy AHP, MCDM methods, consistency algorithm .

1 Introduction

The United Nations (UN) Sustainable Development Health Goal (SDG 3) has been christened to “ensure healthy lives andpromote well-being for all at all ages” (United Nations General, 2015). This vision can only be realized when conventionalhealthcare reorients itself into patient-centred models (Pai and Alathur, 2021). However, the healthcare system is heavilyburdened in most developing countries (Kashyap et al., 2019), and thus distribution and access to quality medical resourcesare constrained. Therefore, the ever-growing medical demand needs dissemination through other healthcare deliverychannels (Bavafa et al., 2021). Innovative technology platforms such as infomediaries, telemedicine, mobile applications,and mobilized medical devices can reduce healthcare costs and increase access (Gangopadhyay et al., 2022; Pai and Alathur,2021). Mobile health can also increase the reach of healthcare access by providing individualized services even amonghitherto underserved people (Arya, 2019). Robert Istepanian defined the term’ mobile health’ as “emerging mobile
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communications and network technologies for healthcare systems” (Istepanian et al., 2007; Pai and Alathur, 2021). Mobilehealth (mHealth) is defined as "medical and public health practice supported by mobile devices, such as mobile phones,patient monitoring devices, personal digital assistants (PDAs), and other wireless devices" (World Health Organization,2011). Through mHealth, various health conditions can be proactively addressed and managed (Hamberger et al., 2022).However, the adoption ecosystem of mHealth is highly complex because of the involvement of multiple stakeholders. Theeffective delivery of healthcare involves multiple healthcare providers (HCPs): physicians, clinicians, nurses and midwives,specialists, dentists, cardiologists, surgeons, gynaecologists etc. (Zakerabasali et al., 2021). With HCPs being essential inthe patient’s care pathway, their role is crucial in integrating the mHealth devices or wearables in clinical use (Della Vecchiaet al., 2022; Hamberger et al., 2022).The objectives pursued in the study are as follows:
• To determine the relevant factors concerning the adoption of mHealth devices or wearables in clinical use among IndianHCPs• To rank the identified factors using the triangular fuzzy preference relations (TFPR) approach of the fuzzy AnalyticalHierarchy Process (FAHP)• To provide practical and theoretical implications concerning adopting mHealth devices or wearables in clinical use.

The following research questions are addressed in this study:
Q1. What factors influence the adoption of mHealth devices or wearables among Indian HCPs?
Q2. How are these factors classified?
Q3. In what order are these factors ranked in terms of their importance for adopting mHealth devices or wearables inclinical use among Indian healthcare providers?Though studies have investigated the practitioners’ perceptions in the USA, Europe, and other emerging countries(Zakerabasali et al., 2021), the authors didn’t come across any studies in the Indian sub-continent except for a surveystudy in North India (Ganapathy et al., 2016) with limited coverage. Another study by (Das and Sengar, 2022) makes asimilar attempt. However, it is broader in scope as HCPs’ perception in their article appears as a category only, and thestudy focuses on “eHealth”. Moreover, they have failed to address two significant challenges concerning the FAHP analysis.Firstly, the study uses Chang’s (1996) extent analysis method, which has been criticized for incorrect weights or prioritiescalculation (Liu et al., 2020) and secondly, the study has not performed a consistency check of pair-wise comparisonOther Indian studies have focused extensively on the technical aspects (Pai and Alathur, 2021). Thus, limited studieshave attempted to understand the adoption challenges for mHealth devices or wearables exclusively for HCPs through acomplex analytical approach. This study is an innovative effort to fill the gap in identifying the crucial factors and thenranking them using the TFPR of FAHP. The study further ensures that all expert TFPRs are consistent; otherwise, the lineargoal programming model proposed by (Tang and Meng, 2017) is used to derive consistent TFPR. No similar studies havebeen conducted elsewhere using the FAHP technique with rigorous mathematical modelling to achieve factor rankings.This study employed a method that involved a literature review to determine elements that are pertinent to India. Theseelements were then grouped into related sub-factors and consolidated into factors through a thorough examination andvalidation by two healthcare providers, HCP-1 and HCP-2, who were not participants in the survey. The factors then wererephrased into easily comprehendible statements for the survey instrument in concurrence with HCP-1 and HCP-2 (notrespondents of the survey instrument). The finalized survey instrument was used to collect HCP responses anonymouslyin online mode. The individual responses were then checked for consistency or modified otherwise. The final result wasobtained through the defuzzification method. Through this study, we identified and ranked the factors impeding theclinical adoption of mHealth devices or wearables among Indian HCPs. These factors thus can be addressed in order ofpriority by the policymakers, device manufacturers, scientific community, academicians, and researchers to drive theadoption of mHealth devices or wearables in clinical settings. The analysis can also help the hospital ecosystem in itsstrategic planning to ensure compliance with the National Digital Health Mission (NDHM) of the Indian government inalignment with UN SDG 3.
2 Review of literature

Dai and Tayur (2020) has described the emerging healthcare landscape of healthcare operations as comprising four majorbroad heads: delivery, financing, policymaking, and innovation. Over the years, progress has been made in deliveringhealthcare through innovative technologies such as wearables, mHealth, or smart devices (Dai and Tayur, 2020). India hasa vast population of 1210.8 million (Census 2011). Over the years, there has been a remarkable improvement in the multiplehealth indicators due to increased coverage of healthcare services (Arya, 2019). Moreover, the disease burden has shiftedfrom mortality and morbidity to non-communicable diseases (NCD) (Bassi et al., 2018). So, mobile health, or mHealth, isincreasingly being used in Indian healthcare delivery (Bassi et al., 2018). However, achieving effective outcomes requireswidespread acceptance and use (Ganapathy et al., 2016) and its adoption by HCPs (Volpato et al., 2021; Zakerabasali et al.,2021). Thus, it is important to study and understand the attitude of HCPs toward mHealth (Ganapathy et al., 2016). Globally,studies have assessed the practitioners’ attitudes with pre-defined topics, interviews, surveys, or group discussions. Mostphysicians acknowledge the utility of apps in patient care yet they may not adopt them in their practices (Jezrawi et al.,2022). Physicians also report that increased consultation timings and processing of digital information are obstacles to
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their practice (Della Vecchia et al., 2022). Sarradon-Eck et al. (2021) used grounded theory to identify cultural and socialfactors driving French physicians’ attitudes. Philip et al. (2021) observed that issues such as performance, functionalstability, interoperability, etc., inhibit the use of remote monitoring technology in hospitals. Some identified barriers arelack of familiarity, lack of time to review the evidence, data security, insufficient evidence, medical-legal liability, andelderly patients are not technologically savvy (Jezrawi et al., 2022). Medical professionals are rarely involved in designingmHealth apps (Jezrawi et al., 2022). However, the results are inconclusive every time, as observed by Volpato et al. (2021) ata Swiss medical conference.
2.1 Research Methodology

Designing research instrument: The survey instrument for the study was created using information from the literaturereview, as no standard research instrument existed for the novel attempt and scope of the study. The authors then analyzedthe information to identify patterns and grouped them into related themes. These elements, sub-factors, and factorswere discussed with HCPs to reach a final consensus on seven broad themes and 36 condensed statements that define thecharacteristics of mHealth (summarized in Table 1). Later, the factor description was rephrased in consultation with HCP-1and HCP-2 for ease of understanding. The instrument was then validated with non-participant HCPs before administeringit to the participants. Thus, the instrument was developed and then distributed to the participant HCPs for responsecollection as part of the study. The survey instrument also collected information on HCP profiles (summarized in Table 5).
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3 Research method and data collection

The study is limited to healthcare professionals in India and utilizes a mixed sampling method, combining convenienceand snowball techniques. The study employs the FAHP technique of multi-criteria decision-making (MCDM) method foranalysis, given that the participants are highly skilled experts. Also, the study’s scope is limited to healthcare providers inIndia. Though the AHP has been criticized for incorporating a subjective decision-making process, it has been proved thatbiases can be decreased by validating judgments through consistency checks (Darko et al., 2019; Saaty, 1980). Moreover,multi-criteria decision-making is frequently being used for decision-making in healthcare (Hansen and Devlin, 2019).So, AHP can help achieve consistent judgments from multiple HCPs with different experiences and understanding of thedecision criteria. As the study uses expert-based data evaluation through FAHP, statistically robust results can be obtainedeven with small samples (Darko et al., 2019; Mehta et al., 2022). Even a single qualified expert’s judgment is considered anacceptable representation and studies have been conducted with expert count ranging from four to nine (Darko et al., 2019)and five to fifteen (Mehta et al., 2022). Therefore, AHP or FAHP yields accurate decision results when executed with a smallsample size. In contrast, a large sample size may sometimes lead to inconsistent judgments due to the arbitrary answers of“cold-called” experts (Darko et al., 2019). Therefore, the sample size of six healthcare professionals in the current study isdeemed appropriate. For data collection, all the HCPs were contacted in person and provided the link to the online surveyinstrument (created using Qualtrics, https://www.qualtrics.com)
3.1 Fuzzy analytic hierarchy process

Real-life situations require dealing with complex problems involving the selection of alternatives, such as the best project,technology among the options, or identifying and evaluating the indicators (de FSM Russo and Camanho, 2015). Theproblem can be efficiently dealt with single criteria but is complicated by the presence of multiple criteria (Liu et al., 2020).Structured techniques such as the Analytic Hierarchy Process (AHP) are utilized to navigate such complex scenarios. AHP,proposed by Saaty (1980), has outperformed others because of the systematic problem structuring and computation of bothcriteria and alternative weights. However, practically, experts find it difficult to assign exact crisp values in the pair-wisecomparison matrix (Liu et al., 2020). So, (Buckley, 1985) designed fuzzy AHP or FAHP to handle the imprecision of Zadeh(1965) and the resulting method is widely applied (Liu et al., 2020). FAHP uses fuzzy numbers representing linguisticexpressions instead of exact numbers. But, the introduction of the fuzzy sets to AHP makes associated computationscomplex because different fuzzy sets exist, such as Type-1 fuzzy set (triangular fuzzy number (TFN), trapezoidal fuzzynumber (TraFN), Type-2 fuzzy set and intuitionistic fuzzy set (Liu et al., 2020). The use of complex fuzzy numbers canalso create difficulties in data computation as new sets of arithmetic operations need to be defined. Hence, researchersuse simplistic TFN fuzzy numbers, as Liu et al. (2020) observed in 91% of their reviewed articles. All these fuzzy setsare mapped with linguistic expressions conforming to a fuzzy scale. The fuzzy scales can be of different levels (Liu et al.,2020) and in this study, a 9-level scale (Table 2) that corresponds to TFNs 1, 2, 3, 4, 5, 6, 7, 8 and 9 is used (Abdullah andNajib, 2014; Büyüközkan and Güleryüz, 2016). However, slight differences can also exist in defining TFNs for example 9has been interpreted as (7,9,11), (8,9,10), (9,9,9), and (9,9,10) (Liu et al., 2020). Once the pair-wise comparison matrix isobtained from an expert, aggregation is performed using the geometric mean method as it generates weights equivalentto Saaty’s eigenvector method and is more efficient in handling consistent matrices (Liu et al., 2020). The current studyhas applied a similar technique to achieve the objective: to determine the factors critical to adopting mHealth devices orwearables in clinical use by the Indian HCPs. The vital factors of adopting mHealth devices or wearables were obtainedthrough a literature review and then validated through two HCPs (survey non-participants) for the suitability of the factorsto the Indian context. The non-relevant factors were removed, and a list of 36 elements was finalized. The elements werethen clubbed into 16 sub-factors again in consultation with the HCPs. However, to serve consistency and redundancy, thepair-wise comparison is limited to seven plus or minus two factors (de FSM Russo and Camanho, 2015; Saaty and Ozdemir,2003). So, another iteration was performed to identify the common attributes among the sub-factors further to achieveseven main factors (Table 1). Also, Fig 1 depicts the schema of the method employed in this study. A brief of the differentsteps of FAHP is described below,
Step 1- Definition of fuzzy numbers: Van Laarhoven & Pedrycz (1983) gave the TFN, having the following features.
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Fig 1. Schematic diagram of the approach used in the study

A fuzzy number A on R to be TFN if its membership function µÃ (x) : R → [0, 1] are equal to:

µÃ (x) =


x–l
m–l , l ≤ x ≤ m;
u–x

u–m , m ≤ x ≤ u;0, otherwise.

Fig 2. Triangular fuzzy number
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Where l and u represent the lower and upper bounds of the fuzzy numbers Ã, respectively and m is the median value. TheTFN is denoted by Ã = (l, m, u).

As per (Chen and Hwang, 1992), two operations laws of TFN Ã = (l, m, u) are Ã = (l1, m1 , u1) and Ã = (l2, m2, u2).Different equations of TFNs are: (a) Addition of fuzzy numbers:
Ã1 + Ã2 = (l1, m1, u1) + (l2, m2, u2)

= (l1 + l2, m1 + m2, u1 + u2)
(b) Subtraction of fuzzy numbers:

Ã1 – Ã2 = (l1, m1, u1)– (l2, m2, u2)
= (l1 – l2, m1 – m2, u1 – u2)

(c) Multiplication of fuzzy numbers:
Ã1 ⊗ Ã2 = (l1, m1, u1)⊗ (l2, m2, u2)

= (l1l2, m1m2, u1u2) for l1 > 0, m1 > 0, u1 > 0
(d) Division of fuzzy numbers:

Ã1 ÷ Ã2 = (l1, m1, u1)÷ (l2, m2, u2)
= (l1/l2, m1/m2, u1/u2)

(e) Reciprocal of a fuzzy number:
(

Ã1
)–1 = (l1, m1, u1)–1

= (1/u1, 1/m1, 1/l1) for l1 > 0, m1 > 0, u1 > 0

Step 2- Linguistic variables: Zadeh (1975) suggested that it is difficult to reasonably express complex and intricatesituations; thus, the linguistic variable is essential. Such variables have words or sentences in natural language. The currentstudy has used nine linguistic terms (Abdullah and Najib, 2014; Büyüközkan and Güleryüz, 2016; Liu et al., 2019) as shownin Table 2 and a brief description is presented in Fig 2. In these figures, each membership function is defined by specified
Table 2: Scales for assessing relative importance and performanceSource:Abdullah and Najib (2014); Ahmetović et al. (2022); Büyüközkan and Güleryüz (2016); Liu et al. (2019)

Preference for pair-wise comparison AHP preference number Scale of fuzzy no.Equally important 1 (1,1,1)Intermediate value 2 (1,2,3)Moderately more important 3 (2,3,4)Intermediate value 4 (3,4,5)Strongly more important 5 (4,5,6)Intermediate value 6 (5,6,7)Very strong more important 7 (6,7,8)Intermediate value 8 (7,8,9)Extremely more important 9 (8,9,9)

three parameters of the symmetric TFN known as lower value, median value, and upper value over which the function isdefined.

Step 3: Fuzzy analytic hierarchy process The method for determining the fuzzy weights can be explained as follows. Firstly,a pair-wise comparison matrix along all the factors in the system is prepared, and a linguistic term is assigned to it, such
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as:

downright =


1 ã12 · · · ã1n
ã21 1 . . . ã2n... ... . . . ...
ãn1 ãn2 . . . 1



downright =


1 ã12 . . . ã1n1/ã21 1 . . . ã2n... ... . . . ...1/ã1n 1/ãn2 . . . 1


Here,

ãij =


1̃, 3̃, 5̃, 7̃, 9̃,criterion i is relative importance to criterion j1̃, i = j1̃–1, 3̃–1, 5–1, 7–1, 9–1,criterion i is relative less importance to criterion j

After the above steps, the geometric technique calculates each factor’s fuzzy geometric mean and fuzzy weights (Buckley,1985). The following formula is used for this:

r̃i = (ãi1 ⊗ ãi2 ⊗ ãin
) 1

n

wi = (r̃i ⊗
(̃

ri + · · · + r̃n
)–1

3.2 Deriving the factor weights by fuzzy AHP

Fuzzy scales in Table 2 are applied for the pair-wise comparison by the HCPs. Liu et al. (2019) suggest the followingsub-steps for deriving the weights:
i). Establish the n × n fuzzy pair-wise comparison matrix A = ∣∣∣̃fji

∣∣∣ for n factors. f̃ij = (lij, mij, uij
) is a TFN representing

the relative importance of factor i over j.
ii). Check the consistency by translating the fuzzy matrix to a crisp representative matrix (centroid method for the

type-1 fuzzy set). The consistency ratio of its corresponding crisp matrix Aα=1 = [mij
] is calculated as

CR = CI
RI

CI = λmax – n
n – 1

CI is the consistency index and λmax is the max eigenvalue of the comparison matrix. RI is the random index whose valuedepends on the size of the matrix. Saaty (1980) suggested that the preference matrix is consistent if CR < 0.1.
iii). Synthesize the judgments of multiple HCPs. f̃ t

ij = (lt
ij, mt

ij, ut
ij
) is the relative importance of factor i over j judged

by the decision maker t. According to AHP, the relative importance of factor j over i, is 1/̃f t
ij. The judgments of q HCPs are

synthesized as,

f̃ij = (lij, mij, uij
) =


 q∏

t=1
lt
ij


1
q ,
 q∏

t=1
mt

ij


1
q ,
 q∏

t=1
ut

ij


1
q
 .

iv). Calculate the fuzzy weights of the factor from the synthesized judgments. The fuzzy weight w̃i of factor i is computed
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as follows,

w̃i = (li, mi, ui
) =


 n∏

j=1
{

lij
)

1
n ,

 n∏
t=1
{

mij
)

1
n ,
 n∏

t=1
{

uij
)

1
n
 .

v). Obtain the crisp weights by de-fuzzifying the fuzzy weights. The weight of the factor i, wi is calculated below
A
(

w̃i
) =

(
li + mi + ui

)
3

wi = A
(

w̃i
)∑n

j=1 A
(

w̃j
)

But, practically it is difficult to obtain a consistent preference matrix, especially with higher orders, because of thelimited ability of human thinking (Xu and Da, 2003). And the consistency in the preference relations directly impacts thefinal decision’s ranking results and may be misleading or have illogical ranking orders (Ma et al., 2006; Tang and Meng,2017). In most cases, a decision-maker fails to offer a consistent TFPR (Liu et al., 2014, 2020; Tang and Meng, 2017; Zeshuiand Cuiping, 1999). A more feasible approach is to adjust the preference relations while preserving the initial preferenceinformation as much as possible and simultaneously satisfying the consistency requirement (Ma et al., 2006). This study,thus, uses the linear goal programming model to derive acceptably consistent comparison matrices (Tang and Meng, 2017).Algorithm to derive acceptably consistent comparison matrices.
Start

Step 1: When triangular fuzzy preference relation (TFPR) Ã = (
ãij
)

nxn
is complete and inconsistent, then obtain

Ã∗ = (ã∗ij
)

nxn
which has the smallest total inconsistent deviation for the TFPR Ã. To obtain Ã∗ the following linear goal

programming model is used, the D
(

Ã∗
) = mini,j=1,2,...,n,i<j

∑n–1
i=1 ∑n–1

k=i+1 ∑n
j=k+1

(
γ+

ij + γ–
ij + η+

ij + η–
ij
)

s.t.


δik ln lik + (1 – δik
) ln uik + δkj ln lkj + (1 – δkj

) ln ukj – δij ln lij – (1 – δij
) ln uij – γ+

ij + γ–
ij = 0

δik ln uik + (1 – δik
) ln lik + δkj ln ukj + (1 – δkj

) ln lkj – δij ln uij – (1 – δij
) ln lij – η+

ij + η–
ij = 0

δ+
ij = 0 or 1, i, j = 1, 2, . . . , n, i < j
γ+

ij,γ–
ij ,η+

ij,η–
ij ≥ 0, i, j = 1, 2, . . . , n, i < j

Solving the above model, the value of the indicator variables δ∗ij can be obtained for all i, j = 1, 2, . . . , n with i < j.

Now, Ã∗ = (
ã∗ij
)

nxn
= ((

l∗ij, m∗ij, u∗ij
))

nxn
can then be obtained from ã∗ij = ã

◦δ∗ij
ij ⊗ ã

(1–δ∗ij
)

ij where, ã◦ij = (l, m, n) as
"imaginary" triangular fuzzy number with the membership function as

uã◦(x) =


x–l
m–l , l ≥ x ≥ m
u–x

u–m , m ≥ x ≥ u
0, otherwise

and, imaginary triangular fuzzy preference relation (ITFPR) from Definition 8 as
Ã′ = (ã′ij

)
nxn

=
{

ã′ij = ãij
ã′ji = ã◦ji

or
{

ã′ij = ã◦ij
ã′ji = ãji

for all i, j = 1, 2, . . . . . . , n

Step 2: Obtain ITFPR C̃ = (c̃ij
)

nxn
= ((µij, vij, τij

))
nxn

, where
(
µij, vij, τij

) =
 n

√√√√ n∏
k=1

l∗ikl∗kj, n

√√√√ n∏
k=1

m∗ikm∗kj, n

√√√√ n∏
k=1

u∗iku∗kj


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for all i, j = 1, 2, . . . .n with i < j, and c̃ji = c̃◦ij. And judge the consistency index (CI) of ITFPR Ã∗ = (ã∗ij
)

nxn
as follows,

value log CI(Ã) = 1 – 29(n – 1)(n – 2)
n∑

i,j=1,i<j

(∣∣∣logs l∗ij – logs µij
∣∣∣+

∣∣∣logs m∗ij – logs vij
∣∣∣ + ∣∣∣logs u∗ij – logs τij

∣∣∣)
where [1/S, S] is the given scale (S = 9, in this study) and 0 ≤ CI(Ã) ≤ 1 from Proposition 7.

For ϑ = 0.98 (consistent threshold) and if CI
(

Ã∗
) > ϑ, go to Step 4; otherwise, go to the next step.

Step 3: Using the consistency adjustment method in Proposition 8 with α = 0.8, improve the consistency of ITFPR
Ã∗ = (ãij

)
nxn

as follows,
ãij = (ã∗ij

)α
⊗
(

c̃ij
)1–α

and obtain ITFPR ˙̃A such that CI( ˙̃A) > ϑ.
Step 4: With respect to the ITFPR ˙̃A, acceptably consistent TFPR Ã◦ is obtained.
End

Priority of different factors: The factors identified through a comprehensive literature review were presented tothe HCPs, and they were asked to compare the factors using the linguistic scale outlined in Table 2. The profile of theparticipating HCPs is shown in Table 5.
3.3 Analysis and results

The matrix of the seven factors with calculated factors’ fuzzy weights and the resulting ranking is presented in Table 3. Asmentioned in the last column of Table 3, scientific evidence of device utility (F5) has shown the highest weight (0.203)among all the seven factors, followed by healthcare delivery (F4) (0.182). Further, device owning cost for patients (F6)(0.155) and behavioural and social aspects (F2) (0.133) are found of more relevant. Policy environment and operationalsupport (F3) (0.132), technical characteristics (F1) (0.109), and patient empowerment and independent decision-making(F7) (0.086).
Table 3: Fuzzy weights and ranking of factors obtained through FAHP analysisSource: Author compilation

Sl. No. Factor Fuzzy weights Defuzzyfied-weights Normalized weights Rank1 Technical characteristics (0.086, 0.109, 0.138) 0.111 0.109 6
2 Behavioural andsocial aspects (0.104, 0.133, 0.170) 0.136 0.133 4
3 Policy environment andoperational support (0.107, 0.133, 0.163) 0.134 0.132 5
4 Healthcare delivery (0.144, 0.176, 0.235) 0.185 0.182 2
5 Scientific evidence ofdevice utility (0.155, 0.205, 0.262) 0.207 0.203 1
6 Device owning costfor patients (0.123, 0.157, 0.196) 0.158 0.155 3
7 Patient empowerment andindependent decision-making (0.068, 0.086, 0.108) 0.087 0.086 7
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Table 5: Profile of respondent HCPsSource: Author compilation
Classification of HCPs involved in the study FrequencySpecializationAnesthesiologist 2General Physician 1Operation Theatre 1Orthopedic physiotherapist 1Microbiologist 1Experience (in years)Less than 10 years 3Between 10-25 years 2More than 25 years 1Care levelPrimary# 3Secondary# 2Tertiary# 2Type of associationSelf-owned clinic/hospital 1Corporate hospital* 4Public hospital* 3* HCPs have a concurrent association
# HCPs concurrently manage different care levels

4 Sensitivity analysis

The overall ranking of the factors may change with the scale of the fuzzy number. Thus, we conduct a sensitivity analysisto reveal how rankings change with variation in the fuzzy scale. As shown in Table 6, and Fig 2, the scale is adjustedby varying the fuzzification factor-alpha from 0 to 1 and determining the ranks using the earlier steps. If the TFPR isinconsistent, the (Tang and Meng, 2017) algorithm obtains consistent TFPR before determining the factor ranking.
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As shown in Fig 2, the factor rankings are very robust across the different values of the fuzzification factor except forbehavioural and social aspects (F2) and policy environment and operational support (F3). In all other scenarios, scientificevidence of device utility (F1) is ranked first, followed by healthcare delivery (F4) at second and device owning costfor patients (F6) at third positions, respectively. Policy environment and operational support (F3) is ranked fourth for
α = 0,α = 0.2, and α = 0.6. For other α values, F3 is ranked fifth. Accordingly, behavioural and social aspects (F2) are rankedfifth for α = 0,α = 0.2, and α = 0.6 and at the fourth rank for othalpha values.

5 Discussions

The answer to the first two research questions, outlined and categorized in Table 1, aims to classify and identify the keyfactors for implementing mHealth or wearable technology in clinical settings. Later, Table 3 obtained the rankings of thesefactors based on the fuzzy weights.
Scientific evidence of device utility (SE): The factor integrates the elements concerned with determining the efficacy orimproved therapeutic benefits in medical outcomes when the HCP uses mHealth or wearable devices in clinical use. Unlessthe HCP is confident of the benefits accrued to the patient in terms of better disease management, they may not use thewearables in their regular practice. Accordingly, the factor was the most important in the study, with a normalized weightof 0.203 (Table 3).
Healthcare delivery (HD): The factor captures the characteristics of virtual interactions as promoted by using devices inclinical settings. It is noted that direct interaction with healthcare professionals (HCPs) provides a sense of comfort andpersonalized care for patients, which cannot be achieved through mHealth or wearable devices. Not every demographyor ailment of patients can be addressed effectively with wearables. Also, enhancing access to care is the basic premise ofincreasing the adoption of mHealth devices. Thus, in the overall ranking, it is ranked second with a normalized weight of0.182 (Table 3).
Device owning cost for patients (DC): India is a middle-income nation, and the device’s ownership cost is critical forpatients when making out-of-pocket expenses. Thus, support measures such as adequate reimbursements may be neededto increase usage and motivate the HCPs to advance usage. As such, the factor is ranked third overall in Table 3.
Behavioural and social aspects (BS): The role of the multi-faceted human factors is incorporated in this factor forHCPs. The willingness to use and modification in the existing nature of the task due to device adoption, the influence ofpeer perception, and concerns of reputational risk are such features. A more detailed analysis of this factor can uncover
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interesting insights and add to the knowledge of behavioural operations.
Policy environment and operational support (PS): The use of devices does concern the HCPs as the legal liability due tofaulty diagnosis, or lack of standardized guidelines for medical usage can have detrimental consequences. Moreover, withthe increase in adoption, large volumes of data will be generated, requiring diligent and secure storage, management, andretrieval. The factor, though, is ranked low in the overall and different category rankings, but the factor correlates greatlywith scientific evidence of device utility (F1). The factor F1, ranked as most important when addressed, automatically allaysthe critical concern of PS. However, a further study can indeed be taken to determine the in-group ranking of the elementswithin the factor
Technical characteristics (TC): Technical characteristics capture the idea of the safety and sturdiness of the device,along with the ability to extend usage by adding newer functionalities. It also includes integrating with existing systems toensure seamless operation.
Patient empowerment and independent decision-making (PE): The factor tries to understand the HCPs’ perception ofpatient empowerment or their enhanced role in decision-making on administering treatments when the devices are used.However, the factor seemed very relevant and critical at the onset as the device usage does induce a shifting power balanceamong the patients and doctors. However, the ranking results show otherwise, and this may be because Indian patientsregard HCPs’ advice as the final authority in decision-making concerning treatment modes or choices. Thus, HCPs do notfind the factor critical in their adoption process.

Conclusion and implications

Despite India’s increasing emphasis on digital health, integrating mHealth or wearable devices in clinical settings has beenslow in the Indian healthcare system. The study aimed to identify the factors critical to adopting mHealth or wearabledevices in clinical use. Through an extensive literature review, 36 elements were identified (Table 1), which were thencondensed into sub-factors and factors with the assistance of HCPs. The study identified seven main factors and rankedthe factors using the FAHP technique. HCP responses to the online instrument were analyzed for calculating factor weights,and TFN was employed to incorporate the degree of uncertainty among the respondents. The ranking of the factors in theorder of priority is scientific evidence of device utility (F1), healthcare delivery (F4), device owning cost for patients (F6),behavioural and social aspects (F2), policy environment and operational support (F3), technical characteristics (F1) andlastly patient empowerment and independent decision making (F7).Access to healthcare and outcomes is crucial for a developing society that faces structural barriers, such as economic,geographical, or resource limitations that restrict access. mHealth devices or wearables are proposed to bridge this gap, yetadoption has been limited due to resistance from healthcare professionals. Therefore, valuable insights can be obtainedin this under-explored area to gain an understanding of the factors that influence healthcare professionals’ adoption ofmHealth. The current study could be helpful for policymakers in improving the outcomes of the National Digital HealthMission.The study is additionally valuable for device manufacturers as it acknowledges that active adoption of mHealth devicesor wearables depends on the scientific evidence of device utility (F5) as the most critical overall factor. The manufacturerscan focus on enhancing the device’s reliability with a concurrent reduction in the device cost.In the end, academicians and researchers can pursue more detailed studies to understand the in-group ranking of thevarious sub-factors or elements within a factor. And to understand the reasons for varying raking of factors or sub-factorsor elements for different categories.
Limitations of the study and scope for future research

All the decision-makers have been given equal weights, but there can be differentiated treatment based on profile, expe-rience, or contextual relevance. The process has not considered the hesitancy aspect and thus requires more advancedresearch methods. The study has not tried to understand the differences between ‘in’ and ‘out-patient’ or has consideredany other differential characteristics. The study aims to comprehend the perception of healthcare professionals (HCPs)towards adopting mHealth devices or wearables in clinical use in India and ways to overcome any obstacles. The study’sresults may not be fully representative as it only included a limited number of HCP categories. Therefore, further researchmay consist of a broader range of HCP specializations.
Declaration of Conflicting Interests: The author(s) declare that there is no conflict of interest.
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