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Telehealth, as an indispensable means of technical support in the Healthy China Strategy, currently has less than 20 percent
adoption rate in China despite a great deal of government policies and investments. In the current study, to analyse the inﬂuencing
factors behind doctors’ and patients’ adoption of telehealth, an asymmetric dynamic evolutionary game model of doctor-patient
behaviour selection was established. Based on the model solution, the evolutionarily stable strategies that emerge in diﬀerent
situations were analysed. The results show that it is diﬃcult for the adoption of telehealth in China to keep pace with coverage due
to the “dual low” nature of telehealth: both doctors’ utility from telehealth and patients’ telehealth cost threshold are too low to
incentivize adoption. The strategy to promote the adoption of telehealth in China should include providing adequate training for
doctors and patients on the use of telehealth technology, rewarding doctors who provide telehealth services and raising the
threshold cost of patient’s telehealth adoption.

1. Introduction
Telehealth is the provision of medical services remotely
through the internet via mobile phones, smartphones,
computers, tablets, or other wireless mobile devices
[1, 2]. Telehealth can overcome the limitations of geographical distance and allow the provision of professional technical guidance in situations characterized by a
shortage of doctors. It can be used to educate local
doctors with limited case exposure and reduce patients’
medical expenses by reducing their travel burden. At the
same time, internet technology can help link patient data
and examination results, thereby avoiding repeated examinations of patients and saving medical resources
[3–6].
According to a World Health Organization (WHO)
survey in 2015, with the development of information and
communication technologies (ICT) and the popularization
of mobile Internet technology, approximately 3/4 (n � 51;
73%) of countries that participated in the survey reported

including telehealth as a policy or strategic goal [7, 8]. The
United States government sees telehealth as an important
measure to promote low-cost, high-quality medical system
reform [2]. The British and Japanese governments have also
adopted telehealth (virtual visits) as part of their health care
reforms [9]. The Chinese government has included telehealth in its Healthy China Strategy and expects to achieve
win-win outcomes for hospitals and patients in both urban
and rural areas through telehealth [10, 11]. Although
countries are eagerly developing telehealth, the actual
adoption rate of this service is uneven. In 2016, 61 percent of
medical institutions and 40 to 50 percent of hospitals in the
United States used some form of telehealth [7]. A survey
across nine Latin American nations during the same period
found that the use of telehealth ranged from 25 percent of
hospitals in Colombia to 65 percent of hospitals in Chile
[12]. In China, the utilization rate of telehealth was still lower
than 20 percent in 2019 [13].
With shortages of doctors and unbalanced medical and
health resources in urban and rural areas, the health ﬁeld in
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China is facing new challenges, such as an ageing population
and changes in the disease spectrum [14–16]. As an essential
strategy to break the deadlock, the Chinese government has
fully deployed telehealth while completing the “leap-forward” development of the country’s communications infrastructure [17, 18]. At present, investment in telehealth in
China ranks second in the world, and telehealth has been
initiated in all ﬁrst-class hospitals, covering all poor counties
[9, 19]. By the end of 2020, all primary medical and health
institutions in the medical consortium should be covered
[20]. However, despite its inherent advantages, the adoption
of telehealth is still not high, although the Chinese government invests a great deal in telehealth policies and funds,
with the most obvious challenge being the inability or reluctance of doctors and patients to adopt telehealth.
The literature indicates that telehealth is a complex
system [12]. Whether telehealth can be used eﬀectively as an
information technology depends on the acceptance and use
of this technology by users [21, 22]. The factors inﬂuencing
the acceptability of telehealth to doctors and patients, primary users, and stakeholders of telehealth, have been widely
studied in developed countries and some developing
countries by using various theoretical models [23]. However,
in countries with a strong traditional medical culture, such
as China, the main barrier is the conﬂict between doctors’
and patients’ established habits and telehealth objectives
[5, 24]. The literature that considers the behaviour and
evolution of doctor and patient adoption of telehealth from a
habit and utility perspective is negligible. The underlying
reason doctors and patients have not adopted telehealth is
that their individual estimates of telehealth utility are lower
than their estimates of the utility of habitual in-person visits.
For individuals, due to constraints such as imperfect information, the choice of not adopting telehealth is superﬁcially rational but in fact irrational from the perspective of
collective rationality [25, 26]. Therefore, there is a dire need
to study the key factors that aﬀect the adoption of telehealth
among doctors and patients, speciﬁcally with reference to
modes of telehealth and in-person visits, the utility of these
visit modes, and how doctors and patients choose and evolve
between these modes. To this end, evolutionary game theory
provides a suitable approach, combining game theory and
dynamic evolution to study the stable structure of a game
system and the behavioural strategy selection process of a
subject in the process of evolution by introducing a dynamic
mechanism [27–29]. In this study, we constructed an evolutionary model of doctor-patient behaviour choice to
evaluate how to improve the utility of telehealth for doctors
and patients, making greater use of the telehealth mode
relative to the in-person mode so that doctors and patients
can break habits and become telehealth users.

2. Theoretical Background
The existing literature has explored the factors that inﬂuence
the adoption of telehealth by doctors and patients from
diﬀerent perspectives. Many scholars have approached this
question from the perspective of information technology
acceptance. Dünnebeil et al. and Liu et al. used the
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technology acceptance model (TAM) to study the acceptance of medical information systems by doctors or patients
in terms of both perceived ease of use and perceived usefulness [30, 31]. Some scholars have extended the TAM
model. Tsai integrated the TAM model, social capital theory,
and social cognition theory to develop a comprehensive
behavioural model for analysing the telehealth usage intention of elderly people [32]. Rho et al. developed the
Telemedicine Service Acceptance (TSA) model based on the
TAM model, emphasizing the importance of incentives, and
veriﬁed the eﬀectiveness of TSA in explaining doctors’ acceptance of telehealth services [33]. Based on the TAM
model and combined with contract theory, Wang studied
the inﬂuencing factors of patient telehealth service quality,
price, waiting time, transportation cost, and so on [34]. Zhou
et al. used an extended TAM model to verify that medical
aﬀordability, waiting time, and information quality are
decisive variables aﬀecting acceptance of telehealth among
elderly people [9].
In general, the TAM model focuses on extrinsic motivation, such as the user’s perceived ease of use, and involves
less consideration of intrinsic motivation [34]. For this
reason, Venkatesh et al. integrated eight user acceptance
models, including TAM, the motivational model (MM) and
the theory of reasoned action (TRA), etc., and constructed
their uniﬁed theory of acceptance and use of technology
(UTAUT) with strong explanatory power [35]. According to
the UTAUT, individuals’ behavioural intentions in using
technology are jointly determined by performance expectancy, eﬀort expectancy, social inﬂuence, and facilitating
conditions [36]. Diño et al. and Adenuga et al. used the
UTAUT model to determine the eﬀectiveness of behavioural
intention for telehealth use among elderly people and
doctors and revealed the importance of doctors’ motivation
[21, 23].
From the perspective of game theory, Rajan et al.
combined a nonatomic game with a queuing model and
studied the speed-quality trade-oﬀ of medical operations by
analysing the doctor’s utility (price, equilibrium arrival rate,
etc.) and the patient’s utility (reward from seeking treatment,
congestion cost, payment, etc.) [37]. After constructing an
evolutionary model of a game between hospitals and patients
and analysing factors such as medical expenses, reimbursement ratio of medical insurance, and hospital costs,
Wang et al. and Zhan et al. highlighted the importance of
improving the utility of patients’ telehealth services and the
reimbursement ratio of medical insurance [38, 39].
In light of this literature review and empirical observations, this study underscores that resistance to telehealth is
common. Doctors are accustomed to face-to-face visits, and
their refusal to use telehealth does not aﬀect their income.
Instead, adoption of telehealth consumes their energy and
resources, as they need to spend time and energy familiarizing themselves with the new system [5, 22, 40].
Therefore, many scholars have emphasized the importance
of motivating doctors to use telehealth [7, 23, 33]. Ordinary
patients, inﬂuenced by traditional Chinese medicine’s
concepts of “looking, smelling, questioning, and cutting,”
are used to in-person visits, as intangible telehealth appears
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less eﬀective than an in-person visit; moreover, the habitual
in-person model also has lower fees [5, 22, 40].
According to the literature, the factors inﬂuencing
doctors’ and patients’ adoption of telehealth are summarized
in Table 1.
As seen from Table 1, the reward from visits, travel
burden, payment, waiting cost, perceived ease of use, and
perceived usefulness are the main factors inﬂuencing patients’ adoption of telehealth. Remuneration, incentives,
perceived ease of use, and perceived usefulness are the main
factors inﬂuencing doctors’ adoption of telehealth. Some of
these factors, such as perceived ease of use and perceived
usefulness, relate to the user’s intention to use telehealth
systems rather than the utility from actual adoption [32]. To
convert intentionality into the utility of adopting telehealth,
the cost of patient’s telehealth learning and the ﬁxed cost of
related equipment are introduced to reﬂect perceived ease of
use and perceived usefulness, because patients are less likely
to learn to use telehealth if they are unwilling to avail
themselves of telehealth services. Once patients begin to
receive telehealth services, they will invest their eﬀorts in
learning to verify the ease of use and usefulness of telehealth;
this is patients’ learning cost of telehealth. When patients
ﬁnd telehealth easy to use and useful, they will take action to
pay for the network connection, cameras, or other facilities
required for the use of telehealth services, as well as the cost
of operation, and thus bear certain amortized costs. Similarly, since Chinese doctors must provide telehealth services
due to an administrative order, the usefulness of telehealth
has spread among doctors, whereas the government or the
hospital bears the cost of related equipment, and thus
doctors’ learning cost of telehealth is used to reﬂect the
perceived ease of use of the service [19]. Therefore, in this
article, the reward from visits, travel burden, payment,
telehealth learning cost, amortized costs, and waiting cost
are taken as the main inﬂuencing factors behind patients’
adoption of telehealth, and variables including remuneration, telehealth learning cost, and incentives are taken as the
main inﬂuencing factors behind doctors’ adoption of
telehealth.

3. Methods
3.1. Analysis Framework. The basic idea of evolutionary
game theory is that in a group of a certain size, both sides of
the game are driven by bounded rationality, and it is impossible to ﬁnd the optimal equilibrium point in every game.
Instead, through repeated games, that is, continually imitating the dominant strategies of themselves and others in
the past, all players will tend toward a particular stable
strategy through long-term improvement [27–29].
In this study, whether doctors and patients adopt telehealth in practice can be regarded as the result of a game
between doctors and patients, and the two sides of the game
do not beneﬁt symmetrically from the adoption, so it is an
asymmetric evolutionary game. In addition, due to this
information asymmetry and the bounded rationality of both
sides of the game, it is diﬃcult for doctors and patients to
know whether their decisions are in line with the
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requirements of proﬁt maximization when they make their
decisions. Instead, they continually improve by imitating
their own and others’ dominant strategies in the past.
Furthermore, strategy improvements are not adopted by all
players at the same time but by gradual adjustment based on
diﬀerences in the bounded rationality levels of the players.
The rate of strategy adjustment can be expressed by the
evolutionary dynamic equation of biological evolution—the
gene replication dynamic formula [41]. Therefore, the
analysis framework of the current study is an asymmetric
replication dynamic evolutionary game, that is, a game in
which a member is randomly selected from the two groups
of doctors and patients repeatedly to assess the behavioural
selection.
3.2. Strategy Combinations. Through long-term observation
of the behavioural choices of doctors and patients during visits,
we summarized four strategy combinations: (1) doctors and
patients did not use telehealth but used in-person visits; (2)
patients used telehealth, but doctors did not; thus although inperson visits were eventually used, patients paid the learning
cost of using telehealth; (3) doctors used telehealth, but patients
did not, and although in-person visits were ﬁnally used, doctors
paid the learning cost of using telehealth; (4) doctors and
patients all adopted telehealth, but not all diagnoses and
treatments, such as laboratory or in-person clinical examinations, could be performed through telehealth. Therefore, in
practice, a combination of both telehealth and in-person visits
was mostly adopted. At this point, doctors paid the learning
cost of using telehealth, and patients paid both the learning cost
and the amortized cost of using telehealth.
3.3. Payoﬀ Matrix of the Doctor-Patient Game. Let i represent
in-person visits and t telehealth visits.
In strategy one, when the government set the price per
visit based on the level of hospitals and doctors, the utility of
each doctor was related to the number of patients treated per
unit of time, that is, the doctor’s service rate and the
commission on each visit fee. The doctor’s utility function
can be expressed as
Ri � ci pi μ.

(1)

Each patient’s utility comprised a reward from the visit, a
travel burden, a payment, and a waiting cost. The most
signiﬁcant advantage of telehealth is that patients do not
need to travel. To simulate the travel burden of face-to-face
visits, we modelled the travel burden δB(d) as a function of
the distance d between patients and doctors. δ is a random
variable related to traﬃc congestion. The lower the amount
of traﬃc, the smaller is the value of δ, 0 < δ < 1. The patient’s
actual payment is related to the medical insurance rate and
the prices charged by the government. The patient’s utility
function can be expressed as
ψ i � mi − δB(d) − βi pi − Ei .

(2)

In strategy two, patients paid the learning cost of using
telehealth, and in strategy three, doctors paid the learning
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Table 1: Factors inﬂuencing the adoption of telehealth by doctors and patients.

Author(s) (year)
Dunnebeil et al. (2012) [30],
Liu et al. (2013) [31]

Inﬂuencing factors
Perceived ease of use, perceived usefulness

Perceived ease of use, perceived usefulness social capital theory,
social cognition theory
Perceived incentives, clinical factors, individual factors,
Rho et al. (2014) [33]
perceived ease of use, perceived usefulness
Wang (2016) [34]
Service quality, price, waiting time, transportation cost, etc.
Satisfaction with medical services (MSS) (aﬀordability, waiting
Zhou et al. (2019) [9]
time), perceived ease of use, information quality
Diño and de Guzman (2015) [21] Performance expectancy, eﬀort expectancy, social inﬂuence
Suitable incentives, performance expectancy, eﬀort expectancy,
Adenuga et al. (2017) [23]
facilitating condition
Wang et al. (2015) [38], Zhan
Utility of patients’ telehealth services, medical expenses,
et al. (2017) [39]
reimbursement ratio of medical insurance, hospital costs, etc.
Doctor’s utility (price, equilibrium arrival rate, etc.), patient’s
Rajan et al. (2019) [37]
utility (reward from seeking treatment, congestion cost,
payment, etc.)
Xue and Liang (2007) [22],
Doctor: face-to-face visit habits, extra cost of telehealth, etc.
Combi et al. (2016) [5]
Patient: cost of telehealth, reimbursement, etc.
U.S. Department of Health and
Payment, especially more comprehensive coverage by Medicare
Human Services (2016) [7, 22]
Technically challenged staﬀ, resistance to change, cost,
Scott Kruse et al. (2018) [40]
reimbursement, etc.
Tsai (2014) [32]

cost of using telehealth. Strategy four, as mentioned earlier,
involved the combination of telehealth and in-person visits
and was often used in practice. Assuming that the clinical
feasibility of telehealth is α, α ∈ (0, 1), the doctor’s utility is
the sum of the utility of telehealth and in-person visits. At
this time, the doctor’s utility function can be expressed as
Rt � αct pt μ +(1 − α)ci pi μ − Sq .

(3)

Similarly, the patient’s utility is the sum of the utility in
the two modes. As an advantage of telehealth, patients do not
have to travel, so their travel burden is zero. At the same
time, patients need to bear the learning cost and amortized
cost of using telehealth. The patient’s utility function can be
expressed as
ψ t � αmt +(1 − α)mi − δB(d)  − Sv − C

(4)

− αβt pt − (1 − α)βi pi − αEt − (1 − α)Ei .
To study whether to reward doctors for using telehealth,
we assumed that doctors would be rewarded for their use of
telehealth regardless of whether patients agreed or disagreed
to adopt the service. According to equations (1)–(4), we
constructed the beneﬁts of the four strategy combinations.
The payoﬀ matrix of the two players is shown in Table 2, and
the main parameters and their meanings are shown in
Table 3.

Object of study
Doctors/
patients

Model/theory
TAM

Elderly people
Doctors

Extended TAM

Patients
Elderly people
Elderly people
UTAUT

Doctors
Hospitals and
patients
Doctors and
patients

Game theory

Doctors and
patients
Policies

Literature review,
survey, report, etc.

Doctors and
patients

y(0 ≤ y ≤ 1), and there were 1 − y patients in the “no
adoption” game party. According to evolutionary game
theory, when the proﬁt of a strategy is higher than the
average proﬁt of a mixed strategy, this strategy will develop
in the group and be more likely to be adopted. The replication dynamic equation is a dynamic diﬀerential equation that describes the frequency at which a particular
strategy is adopted in a population [28]. Let U11 represent
the beneﬁts of doctors choosing to adopt the telehealth
strategy, U12 the beneﬁts of doctors choosing not to adopt
the telehealth strategy, and U1 the average beneﬁts of
doctors:
U11 � yαct pt μ +(1 − α)ci pi μ − Sq + w
+(1 − y)ci pi μ − Sq + w

(5)

� yαct pt μ − yαci pi μ + ci pi μ − Sq + w,
U12 � y ci pi μ +(1 − y) ci pi μ
� ci pi μ,

(6)

U1 � xU11 +(1 − x)U12
� xyαct pt μ − yαci pi μ + ci pi μ − Sq + w
+(1 − x) ci pi μ

(7)

� xyαct pt μ − xyαci pi μ − xSq + xw + ci pi μ.
3.4. Replication Dynamic Equation of the Doctor-Patient
Game. It is assumed that the proportion of doctors in the
“adoption” game party was x(0 ≤ x ≤ 1), and there were 1 −
x doctors in the “no adoption” game party. Similarly, the
proportion of patients in the “adoption” game party was

Let U21 represent the beneﬁts of patients choosing to
adopt the telehealth strategy, U22 the beneﬁts of patients
choosing not to adopt the telehealth strategy, and U2 the
average beneﬁts of patients:
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Table 2: Payoﬀ matrix of the doctor-patient game.

Game party II : patient
Adoption
No adoption
ci pi μ − Sq + w
αct pt μ + (1 − α)ci pi μ − Sq + w
Adoption
αmt + (1 − α)(mi − δB(d) ) − Sv − C − αβt pt − (1 − α)βi pi − αEt − (1 − α)Ei mi − δB(d) − βi pi − Ei
Game party I: doctor
ci pi μ
ci pi μ
No adoption
mi − δB(d) − Sv − βi pi − Ei
mi − δB(d) − βi pi − Ei

Table 3: Main parameters and their meanings.
Parameter
R
ψ
d
δB(d)
m
mi
mt
μ
p
pi
pt
β
βi
βt
c
ci
ct
E
Ei
Et
α
C
Sv
Sq
w

Meaning
Doctor’s utility
Patient’s utility
Distance of the patient from the doctor
Patient’s travel burden from distance d to the doctor (δ is a random variable, 0 < δ < 1)
Patient’s reward for each visit
Patient’s reward for each in-person visit
Patient’s reward for each telehealth visit
Doctor’s service rate, that is, the number of patients treated per unit of time
Price per visit charged by the government
Price per visit charged by the government for an in-person visit
Price per visit charged by the government for telehealth
Medical insurance rate, 0 ≤ β ≤ 1
Medical insurance rate for an in-person visit
Medical insurance rate for telehealth
Doctor’s commission rate on each visit fee
Doctor’s commission rate on each visit fee for an in-person visit
Doctor’s commission rate on each visit fee for telehealth
Patient’s waiting costs for each visit
Patient’s waiting costs for each in-person visit
Patient’s waiting costs for each telehealth visit
Clinical feasibility of telehealth
Patient’s amortized cost of telehealth adoption
Patient’s learning costs of telehealth adoption
Doctor’s learning cost of telehealth adoption
Doctor’s rewards from telehealth adoption

U21 � xαmt +(1 − α)mi − δB(d)  − Sv − C − αβt pt − (1 − α)βi pi − αEt − (1 − α)Ei 
+(1 − x)mi − δB(d) − Sv − βi pi − Ei 

(8)

� xαmt − mi + δB(d) − βt pt + βi pi − Et + Ei  − xC + mi − δB(d) − Sv − βi pi − Ei ,
U22 � xmi − δB(d) − βi pi − Ei  +(1 − x)mi − δB(d) − βi pi − Ei 
� mi − δB(d) − βi pi − Ei ,

(9)

U2 � yU21 +(1 − y)U22
� yxαmt − mi + δB(d) − βt pt + βi pi − Et + Ei  − xC + mi − δB(d) − Sv − βi pi − Ei 
+(1 − y)mi − δB(d) − βi pi − Ei 
� xyαmt − mi + δB(d) − βt pt + βi pi − Et + Ei  − xyC − ySv + mi − δB(d) − βi pi − Ei .

(10)
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The gene replication dynamic equation of the doctor
groups was

F(x) �

dx
� x U11 − U1 
dt

� xyαct pt μ − yαci pi μ + ci pi μ − Sq + w − xyαct pt μ − xyαci pi μ − xSq + xw + ci pi μ

(11)

� x(1 − x)yαct pt μ − yαci pi μ − Sq + w.
Similarly, the gene replication dynamic equation of
patient groups was

F(y) �

dy
� y U21 − U2 
dt

� yxαmt − mi + δB(d) − βt pt + βi pi − Et + Ei  − xC + mi − δB(d) − Sv − βi pi − Ei

(12)

− xyαmt − mi + δB(d) − βt pt + βi pi − Et + Ei  + xyC + ySv − mi − δB(d) − βi pi − Ei 
� y(1 − y)xαmt − mi + δB(d) − βt pt + βi pi − Et + Ei  − xC − Sv .

4. Stability Analysis of the Evolutionary Game
According to gene replication dynamic equations (11) and
(12), let F(x) � 0 and F(y) � 0; ﬁve equilibrium points in
the system could be obtained, named, in turn, O (0, 0), A (0,
1), B (1, 0), C (1, 1), and D(x∗ , y∗ ). Among them, x∗ �
(Sv /(α(mt − mi + δB(d) − βt pt + βi pi − Et + Ei ) − C)) and

J �
� ⎡⎢⎢⎣

J1 J2
J3 J4

y∗ � ((w − Sq )/(αμ(ci pi − ct pt ))). The equilibrium state is
not necessarily stable. According to Friedman’s stability
theory, the stability of equilibrium points in evolutionary
games can be analysed by constructing a Jacobian matrix
[42]. According to equations (11) and (12), the Jacobian
matrix J could be obtained:


(1 − 2x)yαct pt μ − yαci pi μ − Sq + w

x(1 − x) αct pt μ − αci pi μ

⎤⎥⎥⎦.

y(1 − y)αmt − mi + δB(d) − βt pt + βi pi − Et + Ei  − C (1 − 2y)xαmt − mi + δB(d) − βt pt + βi pi − Et + Ei  − xC − Sv 

(13)
According to equation (13), the Jacobian determinant
and its trace were obtained:

DetJ � J1 J4 − J2 J3
� (1 − 2x)yαct pt μ − yαci pi μ − Sq + w(1 − 2y)xαmt − mi + δB(d) − βt pt + βi pi − Et + Ei  − xC − Sv 

(14)

− x(1 − x) αct pt μ − αci pi μy(1 − y)αmt − mi + δB(d) − βt pt + βi pi − Et + Ei  − C,
Tr � J1 + J4
� (1 − 2x)yαct pt μ − yαci pi μ − Sq + w +(1 − 2y)xαmt − mi + δB(d) − βt pt + βi pi − Et + Ei  − xC − Sv .

(15)
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If and only if both conditions (16) and (17) are met at the
same time, it is the equilibrium point of the replicating
dynamic equation, and the the evolutionary stability strategy
(ESS) is given as follows:
detJ � J1 J4 − J2 J3 >0 (Jacobian determinant condition),
(16)
Tr � J1 + J4 <0 (trace condition).

(17)

According to the above-calculated data, Tr � 0 at the
local equilibrium point D(x∗ , y∗ ), which did not meet the
trace condition. Therefore, equilibrium point D(x∗ , y∗ ) was
certainly not an evolutionarily stable strategy of the system.
For the remaining four equilibrium points, the local stability
of the equilibrium points could be judged according to the
determinant and trace values of the Jacobian matrix. The
results of the local stability analysis are shown in Table 4.
From the local stability analysis, we found that there
were three ESSs at ﬁve equilibrium points in the following
three situations.
Scenario one: when w < Sq , O (0, 0) is an ESS. The dynamic phase diagram of the system evolution is illustrated in
Figure 1. In this case, from an initial state, the system will
converge to (0, 0); that is, neither the doctor nor the patient
will adopt telehealth. For doctors, the reward for adopting
telehealth is less than their learning cost. For reasons of
utility, the probability of doctors adopting telehealth will
gradually evolve from 1 to 0. Moreover, since A (0, 1) is not a
stable point, once the doctor does not use telehealth, the
probability of patients using telehealth will gradually evolve
from 1 to 0.
Scenario two: when w > Sq and α(mt − mi + δB(d) −
βt pt + βi pi − Et + Ei ) < C + Sv , B (1, 0) is an ESS. In this case,
from an initial state, the system will converge to (1, 0), and the
system evolution dynamic phase diagram is illustrated in
Figure 2. Because for doctors, the reward of adopting telehealth is greater than their learning cost; for the consideration
of utility, the probability of doctors adopting telehealth will
gradually evolve from 0 to 1. At the same time, for patients, if
their learning cost and the amortized cost are greater than
α[δB(d) + (mi − mt ) − (βt pt − βi pi ) − (Et − Ei )], for the sake
of utility, the probability of patients adopting telehealth will
gradually evolve from 1 to 0.
Scenario three: when w > Sq + αμ(ci pi − ct pt ) and
α(mt − mi + δB(d) − βt pt + βi pi − Et + Ei ) > C + Sv , C (1, 1)
is an ESS. In this case, from an initial state, the system will
converge to (1, 1), and its system evolution dynamic phase
diagram is illustrated in Figure 3. In this case, for doctors, the
reward from using telehealth is greater than
Sq + αμ(ci pi − ct pt ), and out of utility considerations, the
probability of doctors adopting telehealth will gradually
evolve from 0 to 1. In scenario two, because the patients do
not eventually adopt telehealth, even if the doctors are
willing to use it, the visits are ultimately done in face-to-face
mode, so α � 0, αμ(ci pi − ct pt ) � 0. At the same time, if
patients’ learning cost and amortized cost are less than c, for
the sake of utility, their probability using telehealth will
gradually evolve from 0 to 1.

5. Discussion
The study proposes an asymmetric replication dynamic
evolutionary game model of telehealth selection between
doctors and patients. By analysing the results of the evolutionary game, we obtained evolutionarily stable strategies
in diﬀerent situations. When w < Sq , the system is stable at O
(0, 0), meaning the utility of telehealth for doctors and
patients is lower than that of in-person visits and telehealth
projects are relatively diﬃcult to promote. When w > Sq and
C + Sv > α(mt − mi + δB(d) − βt pt + βi pi − Et + Ei ), the system is stable at B (1, 0); in this scenario, the utility of doctors
from telehealth use is high, while that of patients is low.
Although doctors will adopt telehealth, the utilization of
telehealth cannot be improved without the participation of
patients.
When
w > Sq + αμ(ci pi − ct pt )
and
C + Sv < α(mt − mi + δB(d) − βt pt + βi pi − Et + Ei ), the system is stable at c (1, 1). At this point, the utility of doctors and
patients from telehealth use is higher than that from face-toface visits; thus, telehealth is adopted by both parties, and the
ﬁnal utilization rate is improved. Here, we discuss how to
promote the adoption of telehealth by doctors and patients.
5.1. Provide Adequate Free Training for Doctors and Patients
in Telehealth Technology. The literature indicates that the
lack of training for doctors and patients is one of the barriers
to telehealth adoption [5, 22, 40, 43, 44]. As it is based on a
new information technology, telehealth adoption imposes a
certain learning cost. In particular, middle-aged and elderly
people aﬀected by the digital divide face higher learning
costs, regardless of whether they are doctors or patients [21].
The lack of training can increase the time and eﬀort required
for doctors and patients to learn, thus further increasing the
learning cost. Research shows that telehealth and face-toface visits are complements rather than substitutes [9]. Faced
with complex conditions, doctors and patients, especially
doctors, will pay a considerable learning cost to master and
apply their knowledge of the relevant technologies, such as
when and how to use telehealth. Our study shows that when
all else are equal, a high cost of learning can lead directly to
doctors or patients abandoning the use of telehealth. To
reduce the cost of learning for doctors and patients, adequate, free training on telehealth techniques, for example,
guiding doctors and patients in deciding when to use telehealth, is needed [22]. How do doctors and patients use
telehealth devices and familiarize themselves with general
ICT technologies, such as PC or mobile phone operations, in
the ﬁrst place? Inadequate training of doctors in the use of
telehealth may cause medical errors [5].
5.2. Reward Doctors. The current study shows that doctors’
use of telehealth is a prerequisite for patients’ use of telehealth. As Rho et al. point out, telehealth is a valuable
healthcare service only when doctors adopt it proactively
[33]. In China, doctors must provide telehealth due to an
administrative order, which is guided by a public welfare and
assistance motive, without additional remuneration [19]. In
the absence of extrinsic motivators, the objective of adopting
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1

telehealth can be achieved in the short term but may face
challenges in the long term. Doctors may eventually abandon
telehealth due to the lower utility they derive from it than
from in-person visits. Therefore, as the literature suggests,
doctors should be rewarded [5, 23, 45]. The current study is
pioneering in suggesting that doctors’ rewards for adopting
telehealth should be greater than Sq + αμ(ci pi − ct pt ). Further, observing the diﬀerence between doctors’ face-to-face
and telehealth remuneration, many scholars have suggested
that doctors who adopt telehealth should be paid the same as
those who conduct face-to-face visits [2, 33]. That is, the
rewards for doctors should be extended until doctors who use
telehealth are paid the same as those who use face-to-face
visits and, consequently, no new learning costs are incurred
after they receive telehealth training.
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Figure 1: Dynamic phase diagram of system evolution in scenario
one.
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Figure 2: Dynamic phase diagram of system evolution in scenario
two.
1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Figure 3: Dynamic phase diagram of system evolution in scenario
three.

5.3. Raise the Cost Threshold for Patient Adoption of
Telehealth. The cost of adopting telehealth for patients is
composed of a learning cost and an amortized cost, which
has a threshold value of α[δB(d) + (mi − mt ) −
(βt pt − βi pi ) − (Et − Ei )]. When the cost of adopting telehealth is above this threshold, patients will abandon it.
Therefore, if the threshold value is appropriately raised, the
proportion of patients adopting telehealth can be increased.
We analyse the threshold composition as follows: ﬁrst, mi − mt .
Research from the American Telemedicine Association has
consistently shown that the quality of telehealth is equal to that
provided by in-person visits [46]. However, patients inﬂuenced
by traditional Chinese medicine usually perceive the eﬀectiveness of telehealth to be lower than that of face-to-face
consultations, resulting in a lower threshold. Second, δB(d) .
The closer the patient is to the doctor and the lower the traﬃc
congestion, the smaller is the travel burden of the patient and
the lower the threshold. Third, βt pt − βi pi . Charges for telehealth vary from place to place but are greater than those for
face-to-face visits and in most areas not covered by medical
insurance [47–49]. In other words, the patient bears more of
the cost in the telehealth mode than in the face-to-face mode,
resulting in a lower threshold. Finally, Et − Ei . Since telehealth
services are still in their infancy, they are coordinated by parttime staﬀ assigned by participating hospitals. The low operating
eﬃciency leads to long waiting times and further lowers the
threshold [49, 50]. It is not diﬃcult to see that, by popularizing
telehealth knowledge, promoting telehealth in areas far from
doctors and with inconvenient transportation, implementing
the same fees and medical insurance beneﬁts as for face-to-face
services, and improving operational eﬃciency, the threshold
can be further simpliﬁed to αB(d) . That is, when the right
policies and measures are put in place and no new learning
costs are incurred after patient training, Sv � 0, patients will
eventually adopt telehealth if the patient’s amortized cost of
telehealth is less than the product of the telehealth feasibility
and travel burden values.

6. Conclusions
In the context of an intensive push to spread telehealth
coverage in China, the adoption rate of telehealth remains
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low due to the conﬂicts between the habits formed by
doctors and patients under the inﬂuence of the strong
traditional Chinese medicine culture and telehealth. The
current study analysed the factors inﬂuencing doctors’ and
patients’ adoption of telehealth, constructed an asymmetric
replication dynamic evolutionary game model, analysed
doctors’ and patients’ visit behaviours, and derived evolutionarily stable strategies in diﬀerent situations. The results
show that doctors’ utility from using telehealth is low and the
cost threshold of patients using telehealth is also low. This
“dual low” nature of telehealth directly leads doctors and
patients not to adopt it.
To promote the adoption of telehealth in China, key
options include providing adequate training for doctors and
patients in telehealth technology, rewarding doctors, and
raising patients’ cost threshold for adopting telehealth, such
that the utility of doctors and patients from adopting telehealth becomes higher than their utility from habitual inperson visits. In addition, doctors adopting telehealth is a
prerequisite for patients adopting telehealth. The rewards to
doctors should be extended until doctors can obtain the
same remuneration from telehealth consultations as from
face-to-face visits, and thus no new learning costs are incurred after they are trained in telehealth use. In regards to
patients, they will eventually adopt telehealth with the
implementation of appropriate policies and measures, such
as popularizing telehealth knowledge, promoting telehealth
in areas far from doctors and with inconvenient transportation, setting the same fees and medical insurance
beneﬁts as those for face-to-face treatment, improving operational eﬃciency, and ensuring that no additional learning
costs are incurred after patients receive telehealth training.
Moreover, the patient’s amortized cost of telehealth should
be less than the product of the telehealth feasibility and travel
burden values.
The study is likely to help developing countries solve the
problem of conﬂicts between telehealth and traditional
culture and habits in the process of telehealth promotion
campaigns by stressing that the failure to adopt telehealth
stems from doctors and patients obtaining less utility from
telehealth visits than from in-person visits. The study can
serve as a reference to help developing countries promote the
adoption of telehealth through careful analysis of the factors
hampering the promotion and adoption of telehealth.
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