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Abstract: The Salop model was used to simulate competition
after investment and development in internet hospitals (IHs)
were made due to patients’ selection in the medical service
market. The optimal investment level and value of IHs were
then derived from the total welfare decision. Results of the
numerical simulation demonstrated that the investment value of
the IH in the online/offline direct-to-patient mode required
multi-stage and multi-investment optimization decisions and
can be increased by improving patients’
acceptance. Strategic insight to achieve the balance between
cost payments and dynamic value is needed to decide the
investment value of the IH, especially in the early stage. From
the perspective of welfare, the IH should serve more patients
in remote areas. The capability and maturity of creating value
on investment ( VOI) need to improve with the applications
proportionally increasing. Furthermore, investment by a
public-private partnership will mean that the IH will start up
with less capital, and create higher
welfare.
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cognition and

an inclusive strategy,

I nternet hospitals (IHs) are a new approach to medical

U531 which have been devel-

service suppliers in China
oped actively by the Internet Plus Healthcare policy from
2018'"', and attracted the attention of patients, medical
practitioners, and investors"' .
has three categories: telemedicine, internet diagnosis and
treatment ( IDT), and IH.
and IDT, or telemedicine and IDT can be regarded as the
fundamental basis for IH.

IHs are essentially business-to-customer ( B2C) internet
medical services. They work with approved hospitals to
provide services directly to patients. It is a patient-centric
approach in which the medical supplies required are pre-

Internet Plus Healthcare

IHs can cover telemedicine

pared, packaged, labeled, and then shipped directly to
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the patient’s or caregiver’s home.
can be shared on the specialized platform and make it
possible to deliver medicines directly to offline pa-

Online prescriptions

tients''.

Building an IH involves investment and operation
costs. Three years after the policy, only 1 600 IHs from
30 000 entity hospitals were built in China'”.
that hospitals are very cautious or even hesitant to invest
in the construction of an IH. On the other hand, IDT
brings financial returns and increases health value and so-
cial welfare'™, and a good customer experience online
can improve medical quality offline'’ .

The Salop model was chosen based on previous stud-
ies. It was developed to research the spatial competition-
based circle coverage market, like the scenario of this pa-
per that two hospitals compete in a circle coverage. Han
et al.""” investigated the quality provision behavior of
competing hospitals before and after a merger based on a
Salop model with regulated prices. Moscone et al. """ cre-
ated a Salop framework adapted from Brekke et al. "' to
model a hospital market with both public and private pro-
viders. Li et al. """ developed a Salop model to analyze
the strategic behavior of patient welfare and hospital utili-
ty maximizations in a hospital association comprised of
three hospitals in different income regions.

The Salop model started to be used to study spatial on-
line/offline competition as the internet expanded. Shi et

It shows

al. " elucidated the competitive equilibrium of online
and offline spatial competition based on a Salop model
under consumer heterogeneity. Zhang et al. ''”! extended a
Salop model by incorporating an extra e-tailer and hetero-
geneous consumer preferences to investigate strategies and
decisions in online or offline channels. Ford et al. """ re-
searched price competition problems between online and
offline stores by allowing consumers’ preferences to be
more favorable toward online shopping.

The reasons for choosing the Salop model for this paper
can be highlighted as follows: 1) The distribution charac-
teristic of the hospital market is the hospital-centered an-
nular coverage, which has been proven in the literature
research that was conducted to be suitable for the applica-
bility of the Salop model. 2) The Salop model has also
been proven to be suitable for online and offline integrat-
ed competition research with circular distribution charac-
teristics. 3) As an upgrade and expansion of telemedi-
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cine, IHs in online/offline direct-to-patient mode can be
studied with a Salop-type model combined with new sce-
narios of the emerging era.

Compared with previous studies, our work adds
patients’ utility based on previous research on telemedi-
cine used by a Salop model. VOI is optimized instead of
return on investment. Total welfare provides a basis for
multi-agent investment decision making. Moreover, nu-
merical experimentation is used to provide a reference for
investment decisions on IHs.

1 Problem Statement

Assuming that in the medical services market, there are
two hospitals: A (having an IH) and B (no IH). Hospi-
tals A and B provide the same quality of medical serv-
ices, so the utility is the same. Hospital A needs to deter-
mine the level of TH investment and the price of IH serv-
ices to maximize overall welfare. This will depend on
factors that affect the patient’s choice of IH services,
where the overall welfare means the VOI will be added to
the patient surplus.

There are three options for patients to decide whether to
go to a hospital or not, according to their medical utility
and health needs. If they decide to seek medical care,
they can choose hospital A or B. If they select hospital
A, they can choose A’s in-person visit or an IH consulta-
tion. The patient$ value and medical costs will determine
their utility as assessed by Hospital A. If the patient with
mild symptoms chooses not to seek medical treatment,
the utility is less than zero. When the patient chooses a
hospital to seek medical treatment and the mode of medi-
cal services, the utility is greater than zero.

The model is based on the following assumptions:

1) All patients have the same perceived value of medi-
cal treatment in the circle market, although the cost is
different owing to their physical condition and location.

2) Patients will choose medical treatment if their utility
from medical treatment is higher than the costs.

3) Before the IH application, if the patients for hospital
B turn to hospital A for treatment, hospital A is not capa-
ble of accepting all these patients.

4) After the IH application, hospital A has sufficient
capacity to accept IH-preferred patients switching from
hospital B.

2  Model
2.1 Impact of the TH on the market share of hospital A

Since the patient will choose the nearest hospital for
medical services at any one time (in this case, hospital
A), hospital B will split the market. Fig. 1 shows the
market of hospital A, where both sides of the line are sol-
id. The market of hospital B is on both sides of the dotted
line. All the patients in the circle market are covered.
The impact of quality on patients’ utility is not considered

in this paper because quality and accessibility are the main
factors influencing the patient’s choice of hospital, and
the quality of medical services provided by A and B is the
same.

~_ o —

Fig.1 Market share of hospitals A and B before A introduces
an IH

Patients’ medical utility in hospital A is
U'=V-P -tx (D

where V is the perceived value of treatment (a patient’s
highest level of willingness to pay for medical treat-
ment) ; P, is personal medical expenses after deduction of
medical insurance associated with every in-person hospital
visit; ¢ is the perceived travel costs of an in-person visit
per unit distance (including the inconvenience and dis-
comfort to the chronically ill patient, along with time and
cost of travel to hospitals); x is the distance between
patients’ location and the hospital.
Patients’ medical utility in hospital B is

1
U?:V—Pl—t(?—x) (2)
when x = %; U; =0; the range of perceived value of

treatment V is
1
V=P, + Z (3)

According to regulations, the patients who choose an
IH (after it is put to use) should receive service in hospi-
tal A for the first time, establish the initial doctor-patient
relationship, and then contact hospital A’s doctor for an
IH consultation. In the subsequent treatment process, the
patient must also go to the hospital for a physical exami-
nation according to their physical condition. The propor-
tion of patients who conduct a remote consultation with
hospital A’s doctor at home in the IH setting is w, and
the number of patients in the market is normalized to 1;
therefore, we [0, 1].

When the patient chooses an IH service for treatment in
hospital A, the cost of transportation will be reduced.
There is no difference in the quality of diagnostic accura-
cy between online and offline because all patients served
by an IH who have common and chronic diseases will be
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subsequent visitors to hospital A. Therefore, it is as-
sumed that the perceived value is the same whether in TH
mode or in-person mode.

For patients whose location is x from hospital A, the

utility of the IH is given by the following:
Up=V+ym-wP,—(1 =w)(P, +tx) =S  (4)

where vy is the influence coefficient of IH investment on
patient utility; m is the IH investment level; P. is person-
al medical expenses after deducting medical insurance as-
sociated with every IH visit; S is the set-up cost incurred
in the TH service model ( including initial preparation
costs, such as hardware and software equipment costs,
and patients’ unwillingness to move to an IH visit) .

Taking derivatives of the above functions about x, the
following formula is produced:

Uy
0x

= —(1-w)t (5)

Obviously, as x increases, the patient’s treatment utili-
ty in hospital A through an IH consultation is diminish-
ing. Therefore, when U? =0, the farthest distance where
patients are willing to choose hospital A’s IH services is

xA_V+7m_S_P1_WPT+WP1
T (1 -—w)

(6)

where ym is expressed as the utility of the patient’s medi-
cal experience in an IH consultation and is related to the
investment level in the IH. According to Grube et al. on
although IHs require initial cost investment, when a
patient’s access to medical care increases, the waiting
time for medical treatment reduces. Here, ym shows
patients’ increasing medical utility compared with an in-
person visit, while ym also reflects the current recognition
level of an IH. When IHs have higher acceptance, pa-

tients will have more utility.

In hospital A, when patients are indifferent to an in-
person visit and an IH consultation, that is Uf = UTA, the
location x}y is given by the following:

) L—xAB _ -2ym +2wP, -2wP, + (1 —w)t+2S§
(2 IT)_ (2-w)t
(7

The location of neutral patients is

x WPL—WP —ym+S

Xir = Wi (8)

when patients are indifferent to an in-person visit to hos-

pital B and an IH consultation with hospital A, which is

U} = Uy, the location xjy is given by

v_p —t(%—x) =V 4ym—wP, (1 -w)(P, +1x) —S
(9)

AB .
then x;; can be written as

ym—wPT+wPI+L—S
AB 2

Y = (2 -w)t

(10)

When %Sxff s% is satisfied, introducing an IH by

hospital A can bring additional market share, and the
constraint condition can be obtained as follows:

1 1 1
0<ym—-S—-wP,+wP, +?wt<7t—zwt (11)

After entering formula (3), it satisfies xfT < %
Therefore, hospital A’s market share after IH services
can be achieved, as shown in Fig. 2 below.

A

~—0—

B

Fig.2 Market share map of hospitals A and B after the intro-
duction of an IH by hospital A

Following this, the market share of an in-person visit
to hospital A is Zx?r, as shown below:

s 2WP. =2wP, -2ym +2S
2xpp =

o (12)

The market share of hospital A’s TH services is 2(xjy —
xi) as follows:

4gm +wt —4wP, +4wP, -4S
w(2 —w)

AB A
2(‘xIT _XIT) =

(13)

The total market share of hospital A is foTB, and hos-

pital B’s market share is 2(L —-xpy

> ) as demonstrated in

this formula:

> 1 _ ) =2ym +2wP; =2wP + (1 -w)t +2§
(2 IT) (2-w)t

(14)

2.2 Formulation of IH’s investment decision-making
model in hospital A

Assuming that the total number of patients on the circle
market is n, d is used to express the value created by the
IH. It is similar to incremental revenue created by in-
creased patient satisfaction and care plan adherence. This
is additional to a return by service charge directly, and d
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= (Bnw)’, which underlyingly means that those visits on-
line have a proportion switching to offline when necessa-
ry. I is used to express the investment cost for an IH, and

I= %5mz. The patients’ surplus in hospital A is

U, = 2nf"(v—P, — tx)dx +
0

znf"(v-wPT — (1 =w)(P, +1x) +ym —S)dx
(15)
The VOI of hospital A is

m, =n[2x5 (P, = C)) +2(xp —xp) (WP —wCy) +
(I-w)(P,-C))]-1-d (16)

The total welfare W is expressed as the patients’ surplus
in hospital A and the sum of the profits of hospital A:

W, =m,+U, (17)

The first-order partial derivative of the IH investment m
and the IH cost P, in Eq. (9), can be obtained as fol-
lows:

oW 1
P, ZmnW(SCT +8Pl —SPT +2S+t-4V +

2C,(w=-2) —w(4C, +6P, —6P, +t-2V) —2my)
(18)
According to the first-order partial derivative of the TH

investment, m, and the IH cost, the Hessian matrix is as
follows:

AU aU 7 T =2n(w-4)y 2wy
am*  om t(w=2w  t(w=2)
H(m,P,) = =
(mPo=\"sy au _Dnwy nw(6w —8)
P omoPy: t(=2+w)’ t(w=2)"
(19)
2
The first order of the main formula M -6
t(w=2)"w

<0 is established.

When the second-order determinant is greater than ze-
ro, the Hessian matrix is negative, and there is a unique
restraint that needs to be satisfied:

8ny” + twd(3w —4) <0 (20)

Let W be the first-order partial derivative of the IH in-
vestment level m, and the IH cost P, equals zero. The
formula is constructed as follows:

. n(885-(4C, -8C, +t+4V)w)y
m =

21
811)/2 +wd(3w —4) 2

7 =%n(PI - C,) =105 000

1
T T 16my” +2tw8(3w —4)
(2ny*( —=4C, +8C, +8P, +1-4V) +
tw(4C, —8C, —8P, -28 —1 +4V +
(=2C,+4C, +6P, +t-2V)w)9)

(22)

Constraints on the IH’s impact on hospital A’s market
share are shown as Eq. (5); substituting into m" and
t

P;, while V=P, + i

then it obtains the following con-
straint:

t
VBPI +Z

211')/2 +l‘W5(%W - 1) <2n)/2 + (23)

w(=2S-1t+(C, -2C; +t+V)w)5<0

Restricted by these conditions, considering m” and
P, the total welfare W" is
W = > ! (n( -2n(8C, +t-8V)y’ +
4(8ny” +twd(3w -4))
(168" +4S(4C, -8C, +t+4V)w +
w(t(8C, +1—-8V) — (4C; +16CT’ +(t-2V)’ +
8C(V-2C;+1) —4C,(t+4V))w))d)) (24)

The market share of hospital A M, is

- dny’ +w(4S +1(w=2) =2(C, =2C; + V)W) 9)
- 8ny’ + twy(3w —4)

A

(25)

3 Numerical Simulation

Based on a representative example'", it is assumed
that the number of patients in the circle is 3 000, i.e., n
=3 000. Before the IH services are available in hospital
A, service costs P, is 150 yuan, and the unit cost of treat-
ment C, is 80 yuan. The cost C, is also 80 yuan after the
IH is operational.

3.1 The impact of the IH’s use

Let $=200, t=1000, §=25, B=1/3, and y =0.5,
and to discuss the effect of the IH use ratio w respectively
on the total welfare, the total surplus of patients radiated
by hospital A, the profit of hospital A, and the optimal
decision m”, P, .

In this case, the range of V is V=400, assuming V is
450, and the range of w satisfying the optimal solution is
w > 0. 06 according to the previous constraint. At this
time, the two-dimensional image is used to describe the
effect of the IH uses ratio w in the interval [0, 1] on the
total benefit of the total welfare, patients’ surplus, the
profit of hospital A, and the optimal decision, as shown
in Fig. 3.
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200 The first four graphs in Fig. 3 show the range of w of
100 L the optimal solution for the decision variable, i.e., w >

0.06. According to constraint (5), the ranges that can
- 0 make a difference to hospital A’s market share when A in-
~100 troduces an IH are 0.645 <w <0.977.
It can be seen from Fig. 3 that, IH expenses are gradu-
200 ally reduced while the level of IH investment and w in-
-300 crease, which means that the proportion of online consul-
tations at home increases during the entire process of
treatment. Patients choosing an IH can bring greater utili-
200 ty to them and reduce medical expenses. It means that in-
150 creasing IH investment can serve more remote patients
100 and also improve the accessibility of medical care, there-
_ by increasing the utility of the patients.
a0 When w =0. 8, before hospital A introduces an IH, the
0 utility of patients in the range of (0, 0.324) and (0. 676,
-50 1) in the circle market can be seen in the following for-
~100 mula:
174
U =2n(j (V =P, - tx)dx +
16 - 0.324 ’ 1
| (Vv-P -1 —x))dx) =301 013 (26)
L 1/4 2
o 8t And VOI of hospital A is
N 1
4t 7'r:7n(PI - C,) =105 000
o Patients’ surplus added to the hospital’s profit is
0 02 04 06 08 10 W=U +p =406 013
(o) " It can be seen from Tab. 1 that the market share of A
10 - has been improved, and the total utility of patients who
choose to use the IH has increased, which combines to
0.8 bring about the increase of the aggregate welfare with the
0.6 VOI of hospital A also increasing.
S 04f Tab.1 Data comparison before and after the introduction of
02+ IH when w =0.8
ok Item M, Uy, TA Wy
—02 | | 1 | | Before TH 0.5 301 013 105 000 406 013
0 0.2 04 0.6 0.8 1.0 After IH 0.6 350 093 683 992 1 034 085
w
Therefore, the hospital can choose to reduce the price
1.0 - of IH usage to attract patients, especially those with chro-
06 - nic diseases, as the new medical service offers online/of-
2 fline mode in order to obtain patients’ recognition by im-
% 02 proving patients’ utilization. IHs can monitor these pa-
” 02k tients (especially the elderly) at home all day, remind
B S . . . them to take medication on time, provide other health
—0.6} — Surplus of patients in hospital A ] L ) ) o
! --- VOI of hospital A guidance to help them stabilize their physical conditions,
-Lobd 0_'2 01 2 0{ 5 O.IS 1'_0 and reduce their travel to the hospital. By increasing IH
w investment, hospitals can bring new care access to more
(e) patients and increase their medical utility. At the same
Fig.3 Impact of the IH use ratio w. (a) The level of IH invest-  time, the hospital needs to set lower IH prices to attract

ment m; (b) The price of IH Pp; (c) Total welfare W; (d) Hospital
A’s market share M,; (e) Hospital A’s patients’ surplus U, and VOI

patients, which results in lower profitability for a while,
but more profit in a longer term due to attracting more pa-
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tients. Meanwhile, the value created by IHs will grow
consistently until the service proportion capability is limit-
ed by the maturity of creating VOI.

3.2 Influence coefficient of IH investment on patient
utility

Let t=1200, w=0.5, S=150, 6 =80 to discuss the
effect of coefficient y of IH investment on patient utility
on total welfare, the total utility of patients served by
hospital A, hospital A’s VOI, and the optimal decision

m*, P;.

Assume that the value of V is 500 while the range of V
is V=450, and the range of vy satisfying the optimal solu-
tion is 0 <y < 2. 145, according to the previous con-
straint. At this time, the influence coefficient of IH in-
vestment on the utility of the patient is described by the
two-dimensional image in the interval [0, 4] for the total
benefit, the total utility of the patient served by hospital
A, the VOI of the hospital A, and the optimal decision.
This is shown in Fig. 4.

100
200
50 -
150
g 0 .
100 [
-50 +
50 -
_100 1 1 1 1 J 1 I 1 1 J
0 1 2 3 4 5 0 1 2 3 4 5
b 14
(a) (b)
-.. Hospital A’s patients’surplus U,
0.8 — Hospital A’s VOI
46 8r .
44 0.7 a 6F ':-
1 < 06 oLl SN
= 40 0.5 > 2f
ﬁ 0.4 S oF F_’
38
0.3 —o
1 1 1 1 J 1 1 1 1 J 1 1! 1 ]
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4
14 y4 14
(¢) (d (e)

Fig. 4

Influence coefficient of IH investment on patient utility. (a) Level of IH investment m; (b) Price of IH Py; (c) Total welfare w;

(d) Hospital A’s market share M,; (e) Hospital A’s patients’ surplus and VOI

According to constraint (5), the range of y that can af-
fect hospital A’s market share is 0 <y < 2. 236, which
corresponds to the vertical line shown in the first four fig-
ures of Fig.4. Considering the range of y when the opti-
mal value of the decision variable exists, it can be seen in
Fig. 4 that the dependent variables represented by the y-
axis are not infinitely increased (or reduced), and their
maximum (or minimum) is limited to y =2. 145.

Fig. 4 also demonstrates that the IH cost is gradually
decreasing, and the level of IH investment is increasing,
with the increase of vy in the range of 0 <y <2.236. The
impact of IH investment on patients can be seen from two
aspects. At the social level, the patient’s acceptance of
the IH generally improves, so the investment in the TH
can increase the patient’s medical utility effectively. On
this basis, the patients feel that the investment of the IH
simplifies the medical process and reduces the waiting
time and cost of medical treatment. The greater the value
of y, the greater added utility for the patients. As shown
in Fig.4 (a), the area between the curve of the invest-
ment level and the horizontal axis represents the value of
added utility because of the investment of the IH in the

range of 0 <y <2.145. When y is larger, the effect of
hospital A’s per unit of IH investment on the patients’ u-
tility is larger. Thus, the hospital will naturally increase
investment and reduce the price of the IH to attract more
patients to expand its market share. It will increase
patients’ surplus and overall welfare, with more patients
choosing IH services. When y is within a small value
range, the increase in m and the reduction in the price of
IH services have little effect on patient utility, hospital
VOI, and total surplus. When vy increases to about 1.5,
its effect on all dependent variables suddenly increases.
At this time, increasing investment and reducing the cost
of services will greatly impact the market share and the
total welfare.

Therefore, hospitals should first enhance the patient’s
psychological awareness and recognition of IHs and re-
duce or even eliminate the patient’s concerns that IHs may
violate privacy. It makes them aware of the efficiency of
IH treatment and is as good as the in-person treatment be-
fore introducing them to an IH. At the same time, IHs
can increase accessibility to healthcare. Patients with
chronic diseases can feel better about the reduction in
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waiting time and expense, so the hospital can invest in an
IH to produce more benefits with less effort.

3.3 Effect of IH investment on patient utility at dif-
ferent values of parameters

Let S =150, 6 =80, and the effect of IH investment on
the ratio of patients’ utility y, under different levels of
perceived travel cost ¢ and the IH using the ratio w, can
be shown.

When the value of perceived travel cost ¢ is small, and set
t =400, then the range of perceived value V is V=250. As-
suming that the value of V is 380, and the range of vy satis-
fies constraints (5) and (10) is 0 <y <1.323, 0.75 <w <1,
taking w =0.8, then the range of y is 0 <y <1.222.

When the perceived travel cost ¢ is large, the range of
perceived value V is V=450 when ¢ =1 200. Assuming
that the value of V is 500, and the range of y satisfying
constraints (5) and (10) is 0 <y <2.141, 0.416 <w <
0.926, or2.141 <y <2.15, 0.416 <w <0.509, or y =

300
200 -

2.15, set w=0.463, w=0.5 and 0.8, respectively. When
w =0.5, the range of y satisfying the optimal solution is 0
<y <2.145, and the range of y satisfying that IH invest-
ment works in hospital A, then 0 <y <2.236. When w =
0.8, the range of vy satisfying the optimal solution is 0 <7y
<1.475, and the range of vy satisfying that the introduc-
tion of an IH influences hospital A, then 0 <y <2.263.

It can be seen from the constraint analysis that when
the perceived travel cost ¢ is small, under the restricted
value of perceived value V, the higher level of IH use ra-
tio w can influence hospital A when introducing IH, but
when ¢ is larger, under the condition of satisfying V, the
middle level of w can also bring an impact to hospital A.
For patients with larger 7, reducing travel frequency in-
creases their utility greatly.

With different levels of perceived travel cost ¢ and the
IH use ratio w, the effect of the influencing ratio of the
investment on IH and patients’ utility v with investment
level m is shown in Fig. 5.

100

(a) (b)

Effect of y on m with levels of ¢t and w. (a) y’s influence on m under low-level 7 and high-level w, =400, V=380, w=0.8; (b)

Fig. 5

400
100 - 200 %
s 0 s 0 N 0
~100 ﬁ 00 F > ﬁ
-200}
e e =

7
(©)

y’s influence on m under high-level ¢ and high-level w, =1 200, V=500, w=0.8; (c) y’s influence on m under high-level # and middle-level w,

t=1200, V=500,w=0.8

In Figs. 5(a) to (c), when vy takes the value of 1 or in
the vicinity of the maximum constraint range, the values
of m are shown in Tab. 2.

Tab.2 Impact of y on m under levels of ¢ and w
Parameter b% y maximum values m
t=400, w=0.8 1 1.22 56
t=1200, w=0.8 1 1.47 69
t=1200, w=0.5 1 2.14 153

As can be seen from Tab. 2, when y is the same and
the perceived travel cost ¢ is high enough, while the IH
use ratio w and the IH investment is small, the hospital’s
investment will naturally increase as both ¢t and w in-
crease. When ¢ is small, even if w is large, the effect of
the IH on patient utility is small, and when ¢ increases,
even if w is small, the impact of the IH investment on pa-
tient utility increases. However, the IH’s impact on pa-
tient utility is limited to a range and cannot be infinitely
increased. At the same time, there is a limit to the invest-
ment in the IH under the maximum total welfare. Addi-
tional investment is futile when the impact of IH invest-
ment on patient utility reaches its maximum.

Therefore, in the early stage of IH investment, the

hospital can focus on patients in remote areas or who are
located less conveniently and gradually increase the IH in-
vestment to increase the proportion of IH consultations,
w. When w becomes larger, broader types of patients will
be served, such as those with convenient travel but who
need to visit the hospital frequently, while providing even
more benefit for patients whose perceived travel cost is
high.

3.4 Impact of proportion and maturity on VOI

With the advancement of information technology and
internet operations, the creation and development of IHs
have a gradual promotion and maturation process. The
impact of these factors on value investment needs to be
analyzed for decision making at different stages.

As shown in Fig. 6(a), the initial stage is the set-up
investment period and technical service iteration period,
and IH’s maturity ( service experience, function realiza-
tion) is low. The proportion of patients is low (w <
0.2), and the VOI of the hospital is less than zero,
which means that it should prepare the necessary resources
and capital investment, yet not enough VOI is created.
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Fig.6 Impact of factors on VOI. (a) Proportion; (b) Maturity;
(c¢) Proportion and maturity

If the maturity of IH has been at a low level, as shown
in Fig. 6(b), the increase in the proportion of patients
will not bring positive VOI; even when the proportion of
patients is high, there will be negative growth. It is sug-
gested that TH should not blindly promote and increase the
number of patients. The improvement of service and tech-
nology should be paid more attention to in the set-up
stage.

As shown in Fig. 6 (c), it is suggested that the maturi-
ty of the IH and the proportion of patients have a syner-
gistic relationship (positive correlation) ; that is, the ma-
turity needs the accumulation of the number of users to
continue to improve, and the higher maturity can attract
more patients, too.

When the development and the proportion of users
reach a certain level, the VOI will double the absolute
value, indicating that the performance model has a cumu-
lative snowball effect. It is suggested that long-term plans
need to make for large-scale development. In reality, the

maturity experience of online medical services cannot
reach the offline level. The change in the slope of the
curve on both sides shows that IH cannot collaborate with
physical hospitals to achieve optimal ratio sharing.

In summary, managerial insight can be improved based
on numerical simulation: 1) IH investment, whether for
hospitals, patients or the overall welfare, is a positive
benefit for operation, management and performance im-
provement. 2) IH investment means higher cost and low-
er profit in the early stage when the technology is not yet
mature, and customer awareness is not yet enough. The
investment value needs to be decided from a strategic in-
sight. 3) IH is not simple construction work but needs a
complex, systematic and long-term operation. It is neces-
sary to balance the cost of payments and dynamic value.
4) From the perspective of welfare, IHs should serve
more patients in remote areas, reduce repeated long-dis-
tance travel, and seek medical treatment on time.

4 Conclusions

1) The Salop model is applicable to build the competi-
tion model of IH investment, taking total welfare maxi-
mization as the goal, with the optimal level of IH invest-
ment and the IH price obtained.

2) Results of a numerical simulation show that the in-
vestment value of IHs in the online/offline direct-to-pa-
tient mode requires multi-stage and multi-investment opti-
mization decisions and can be increased by improving
patients’ cognition and acceptance.

3) The investment value of IHs needs to be decided
from strategic insight to balance between cost payments
and dynamic value, especially in the early stage. From
the perspective of welfare, IHs should serve more patients
in remote areas.

4) The capability and maturity of creating VOI need to
improve spontaneously with the proportion of applications
increasing. Furthermore, investment by a public-private
partnership mode will start up IHs with less capital and
inclusive strategy and create higher welfare.
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