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ABSTRACT

With the rapid expansion of ride-hailing services, it has gradually become a new travel choice
for urban residents. Various research studies have focused on market relationships and
platform strategies from the perspective of platform competition. However, little research
has been studying issues related to the platform integration of ride-hailing services from the
corporate perspective. Based on an analysis of integration modes and travellers’ behavioural
factors, we established an evolutionary game model to study travellers’ choice behaviour
under the integration of ride-hailing platforms. Furthermore, this study employed methods of
model deduction and numerical study. The findings indicate the following. (1) When the
travel risk associated with platform integration is high, travellers are less likely to choose

ride-hailing services, and the integration strategy of ride-hailing platforms will not be
pursued. (2) Ride-hailing platforms tend to interconnect with larger-scale platforms. (3) As
the negative effect of perceived sacrifice decreases, ride-hailing platforms are more likely to
interconnect with other platforms, and travellers are more inclined to choose ride-hailing
services. (4) A higher cost of platform integration will decrease the probability of ride-hailing
platforms adopting an integration strategy, but it will not significantly impact travellers’
behaviour.
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1. INTRODUCTION

Ride-hailing services have gradually gained prominence in recent years, emerging as a crucial component
of the urban transportation system [1-3]. However, their origins can be traced back to the early 20th century,
when the first taxi services emerged. Nevertheless, it was not until the advent of smartphones and GPS
technology that the contemporary model of ride-hailing services began to emerge. In 2009, Garrett Camp and
Travis Kalanick founded Uber, which is widely considered to be the first ride-hailing service, and it quickly
expanded worldwide [4, 5]. Further, the success of Uber led to the establishment of numerous similar
enterprises, including Lyft, Didi and Grab, etc.

With the rapid expansion of ride-hailing services, it has effectively transformed transportation systems in
various aspects across the world. For example, Uber has promoted ride-hailing services in more than 10,000
cities around the world [6]. In China, as of 31 May 2024, a total of 351 ride-hailing companies have been
granted licences to operate ride-hailing services [7]. A growing body of literature indicates that the adoption
of ride-hailing services has resulted in a decline in the number of private vehicle usage, particularly in urban
areas [8, 9]. What is more, the impact of ride-hailing services on public transportation is a multifaceted
phenomenon that exhibits considerable variation. Some studies indicate that ride-hailing services may compete
with public transportation, but also complement public transportation [10-12].
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Furthermore, compared to other network platforms, the decision-making challenges of ride-hailing
platforms exhibit distinctive characteristics, including higher timeliness and dynamics. In addition, these
challenges are closely linked to urban geospatial and road networks [1, 13-15]. The real-time nature of ride-
hailing platforms necessitates the ability to make prompt decisions in order to accommodate user requests [1,
14]. In addition, the effectiveness of ride-hailing platforms is significantly influenced by the characteristics of
urban geospatial and road networks [15]. For example, dense urban cores may arouse heightened demand, yet
simultaneously contend with more congestion. It is therefore imperative that platforms take these constraints
into account in order to optimise routes and accurately estimate arrival times. Simultaneously, the ride-hailing
industry is influenced by unique factors, including the matching efficiency of different platforms, the
percentage of drivers’ commission and the waiting time of bilateral users. Previous studies have demonstrated
that the rise of ride-hailing services has gradually altered the travel behaviour of urban residents, giving rise to
new research issues [2, 12, 16, 17]. Noteworthily, the integration of ride-hailing platforms has become a focal
point of attention. Unlike the market competition among platform enterprises, platform integration places more
emphasis on the cooperation and commonality between different platforms. This involves various mechanisms
such as resource sharing, cost allocation and revenue sharing [18, 19].

The integration structure of the ride-hailing platform can be analysed as follows. Incentives are established
between platforms to facilitate the interaction of information, funds, user resources, matching technology, etc.
[20-22]. This ultimately enables travellers and drivers to engage in cross-platform transactions. In comparison
to traditional transportation modes, the choice behaviour of travellers encountering ride-hailing platforms
becomes more intricate due to the irrational factors influencing travellers and the multitude of subjects involved
in ride-hailing services [3, 19]. Platform integration, as one of the future development directions for ride-
hailing platform enterprises, has already yielded practical cases in the realm of the platform economy [23-25].
The choice behaviour of travellers amid the integration of ride-hailing platforms becomes more intricate.
Therefore, given the complexity of travellers’ choice behaviour and the significance of platform integration,
studying the evolution of travellers’ choice behaviour under the integration of ride-hailing platforms becomes
imperative.

Building on existing research, this paper constructs a theoretical model by introducing the network
externality of the ride-hailing platform and considering the perceived loss of travellers from a dynamic
perspective. The purpose is to study the evolution of travellers’ choice behaviour under the integration of ride-
hailing platforms. On one hand, this study aims to provide a more objective analysis of travellers’ choice
behaviour regarding ride-hailing services. It seeks to enrich existing research results and unveil the general
principles governing shared travel in urban transportation. On the other hand, the study is closely integrated
with the practice of urban transportation development. The results of the study can, to a certain extent, offer
policy references for the implementation of transportation management.

The rest of this paper is organised as follows. The relevant works of literature are reviewed in Section 2.
Section 3 presents a brief description of the research problem and modelling. The evolutionary analysis of
travellers’ behaviour under the integration of ride-hailing platforms is proposed in the fourth section. Section
5 provides a numerical study. In Section 6, the last section presents conclusions, implications and limitations.

2. LITERATURE REVIEW

The choice behaviour of travellers regarding the emerging travel service of ride-hailing service mode has
garnered the attention of current research. Concerning the socio-economic characteristics of ride-hailing users,
this group exhibits notable traits, including youthfulness, high education levels, high-income levels and a lack
of private car ownership [2, 16]. Regarding travel attributes, factors such as travel cost, waiting time, in-transit
time, parking space problems and car ownership collectively influence travellers’ willingness to use ride-
hailing services. Additionally, psychosocial variables have progressively been incorporated into the study of
the willingness to use ride-hailing services. Currently, widely considered variables include perceived ease of
use, perceived usefulness, subjective norms, perceived value, etc. [19, 26, 27]. Some studies have explored
travellers’ choice behaviour in different scenarios. For instance, [2] identified attending social and leisure
activities and avoiding drunk driving as the primary reasons why travellers opt for ride-hailing services.

Competition and cooperation arise from firms’ operations, and achieving integration or mutual
compatibility of products is a key consideration in firms’ decision-making [24, 28]. Platform firms can merge
with other platforms or establish integration between platforms through various forms such as protocols. [18]
were the pioneers in studying integration between firms, considering network externalities. Building on this,
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[29] examined platform integration from a bilateral market perspective, establishing the basic paradigm of
integration research. As a new and emerging business model in the shared mobility sector, ride-hailing services
have increasingly attracted researchers’ attention. However, research on integrated ride-hailing services
remains limited. Currently, existing studies focusing on integrated ride-hailing services primarily approach the
topic from the perspective of platform operation. The profitability and social welfare impact of integrated ride-
hailing platforms have been discussed in several studies [30-32]. Moreover, the impact of the integrated model
of ride-hailing services on travellers has also been examined [20, 22].

The concept corresponding to platform integration is user multihoming, where users can choose to join
multiple platforms to access services [33—35]. From the user’s perspective, both platform integration and user
multihoming provide similar effects, allowing users to enjoy services from multiple platforms. However, there
are fundamental differences between the two in terms of platform operation, pricing structure and cost
structure. EXxisting research indicates that user multihoming weakens market competition and generates
additional costs. It cannot completely replace platform integration, emphasising that enterprise strategy
development should prioritise platform integration [29]. Overall, current research concentrates on the changes
in enterprise benefits and overall social welfare resulting from integration strategies. Platform service
efficiency, service content and specific enterprise strategies all impact platform integration strategies [23, 36—
38]. To a certain extent, integration will enhance the platform’s benefits, but the implementation of integration
strategies may also have negative effects [29, 36-38]. For example, the implementation of integration strategies
for platforms with large market shares may reduce platform benefits. However, the implementation of
integration strategies for firms with small horizontal differences may contribute to overall welfare [23].

As for travellers’ behaviour related to ride-hailing services, current research has concentrated on examining
the influence of users’ socioeconomic characteristics, travel attributes, psychosocial factors and travel
situational factors on travellers® choice behaviour. Simultaneously, existing research on platform integration
has generated numerous results, primarily concentrating on the impact of platform integration strategies on
corporate benefits and social welfare. Combined with literature research, it can be observed that existing
studies still have the following shortcomings. (1) Current research on the behaviour of ride-hailing service
travellers primarily adopts the perspective of platform competition and lacks the analysis of traveller behaviour
under the cooperative perspective, such as platform integration. (2) Existing research on traveller behaviour
predominantly utilises the method of collecting data from questionnaires for statistical analysis, emphasising
static analysis. It lacks the exploration of the dynamic evolution of traveller behaviour in a long-term
environment. (3) Existing studies still inadequately consider platform network externalities and the factors
influencing travellers’ behavioural decision-making.

3.PROBLEM DESCRIPTION AND MODELLING

The integration of ride-hailing platforms encompasses essential elements, including network externalities
and cross-platform transactions. Travellers’ choice behaviour is also influenced by behavioural decision-
making factors, such as perceived loss, in addition to the objective factors of ride-hailing services. A theoretical
model of the evolutionary game can be constructed through a systematic analysis of travellers’ choice
behaviour under the integration of ride-hailing platforms.

3.1 Problem description and assumptions

Ride-hailing enterprises facilitate connections between bilateral travellers and drivers through platforms,
providing matching services. This constitutes a typical bilateral market with network externalities. By
interconnecting online platforms, the sharing of resources, such as drivers and travellers, can enhance the
utilisation rate of online vehicles and reduce travellers’ waiting times. Simultaneously, the integration of ride-
hailing platforms introduces new features. Integrating ride-hailing platforms facilitates cross-platform
transactions, leading to factors such as cross-platform transaction costs and probabilities.

Furthermore, the scope of network externalities is expanded, allowing travellers on a single platform to
simultaneously benefit from the externality effects brought by the resources of other platforms. What is more,
by analysing traveller behaviour, the integration of ride-hailing platforms also exposes travellers to increased
travel risks, including hazards from illegal drivers and vehicle operations. The increased decision-making
uncertainty resulting from the integration of ride-hailing platforms may lead travellers to experience perceived
losses.
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In summary, the study of travellers’ choice behaviour under the integration of ride-hailing platforms
encompasses multiple subjects. The core subjects of the study are the ride-hailing platform and the traveller,
capturing the primary focus of research attention. Furthermore, the relationship between the integration
strategy of the ride-hailing platform and the traveller’s choice behaviour is characterised by stochasticity.
Additionally, it involves the factor of finite rationality, and the behaviour of the two constitutes a dynamic
game process. Evolutionary game theory has gradually emerged as the mainstream research method for
addressing similar problems [39-41].

We assume that ride-hailing platforms can adopt two strategies, “with integration” and “without
integration”. The benefits of integration for ride-hailing platforms, arising from cross-platform transactions,
are influenced by a combination of factors, including transaction probability, user size, network externalities
and others. Travellers are assumed to have two strategies, “choosing ride-hailing” and “not choosing ride-
hailing”. By combining the problem description, existing literature and the core characteristics of the ride-
hailing industry, this research can establish the following assumptions.

Assumption 1: The revenue of ride-hailing platforms is positively correlated with the size of travellers and
drivers while being negatively associated with the strength of network externalities.

Assumption 2: The cross-platform transaction issue emerges with the integration of ride-hailing platforms.
Travellers will decide whether to opt for ride-hailing services as a mode of travel based on a certain probability.
Assumption 3: The utility derived by travellers choosing ride-hailing services is positively associated with
network externalities. Additionally, they will bear the risks associated with ride-hailing services.

3.2 Model construction

Based on the above description and the basic assumptions regarding the problem of travellers’ choice
behaviour under the integration of ride-hailing platforms, the theoretical model presented in this paper can be
constructed. The matrix is shown in Table 1.

Table 1 — Payoff matrix of ride-hailing platforms and travellers

Traveller
Ride-hailing platform
Choosing ride-hailing Not choosing ride-hailing
1- — ka)NIN} + —ka)NZN} —Co—Cy, —C. —C, —
With integration ( a)(pcl az ¢Ng +a(pe = ka)NeNg = Co = G ( Ci—0C; Co,)
a(N3 + N2) + T — BR, — yIn[1+exp(E)] T
. . . (e — ka)NclNé — Co, —Co,
Without integration ( NI +T — BR, ( T )

The notations are explained as follows. p. is the average price of a ride-hailing service, influenced by
factors such as the level of the economy and the state of ride-hailing service. a is the unit effect of network
externality. k is the moderating coefficient of the transaction cost of the traveller’s use of the ride-hailing and
the network externality. Nij is the size of the travellers or drivers on platform j, i € {c,d},j € {1,2}; c denotes
travellers and d denotes drivers. « is the probability that a traveller chooses to transact across platforms, and b
is the moderating coefficient. C, is the fixed cost of the operation of the ride-hailing platform; C; is the cost of
integrating the ride-hailing platforms, y is the adjustment factor; C, is the additional cost of idling if the ride-
hailing platforms are without integration and the traveller does not choose the ride-hailing service. R, is the
travel risk of a traveller choosing ride-hailing services; R, is the additional travel risk of a traveller choosing
ride-hailing services under the integration of ride-hailing platforms; g is the moderating factor. E is the
perceived loss of the traveller. T is the fixed utility of the traveller. These variables are essential components
of the theoretical model constructed to address the problem of travellers’ choice behaviour under the
integration of ride-hailing platforms, as described in Table 1. The notation clarifications aim to enhance
precision and facilitate a comprehensive understanding of the model.
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4. EVOLUTIONARY GAME ANALYSIS

Assuming that the probability of ride-hailing platforms with integration is x(0 < x < 1), and the
probability without integration is 1 — x; the probability that the traveller chooses ride-hailing service as a mode
of travel is y(0 < y < 1) and the probability that he/she does not choose ride-hailing service is 1 —y. As a
result, the dynamic replication equations of the ride-hailing platform and the traveller in the analysis of the
traveller’s choice behaviour under the integration of ride-hailing platforms are obtained. On the basis of this,
the evolution path and stabilisation strategy of the ride-hailing platforms and travellers can be analysed.

4.1 Dynamic replication equations for ride-hailing platforms and travellers

The expected return of the ride-hailing platform with integration is f,,;, and the expected return without
integration is f,,. Therefore, the expressions are shown in Equations 1 and 2, respectively.

fp1 =y[(1-a)(p. - ka)NclNé +alp: — ka)chNé —Co—Cl+ A =y)(=C—C; —Cp) €Y

fpz = yl(pc — ka)NclNé = Col + (1 = y)(=Cy) )

Based on Equations 1 and 2, the average revenue of the ride-hailing platform E can be obtained, as shown in
Equation 3.
E =xfp1 + (1 —x)fp, 3)

According to the Malthusian equation, the dynamic replication equation of the ride-hailing platform in this
problem can be obtained as shown in Equation 4.

d _
FG) =22 = 2(fpn = ) = x0 =0 (fp2 — fy2)

= x(1 - DO[ape - kNSNZ = N2 + C;] — €1 — €} )

The traveller’s expected return for choosing ride-hailing is f;;, the expected return for not choosing ride-
hailing is f;,. Thus, the expressions are shown in Equations 5 and 6, respectively.

foo =x[a(N} +N2)+T—BR, —yin(1+ef)|+ (1 —x)(aN} + T — BRy) (5)

fio =xT+ (1 —x)T . (6)
With Equations 5 and 6, this gives the average return of the traveller f;, as shown in Equation 7.

E =yfu+ A =fe @)

Similarly, the dynamic replication equation for the traveller can be obtained as shown in Equation 8.

d —
F(y) = d_}t/ =y(fu —fi) =yA =1 — fr2)

=y —y)[x(aNZ —y In(1 + e)) + aNi — BR,] ®

4.2 Evolutionary path and stability analysis

From the stability theorem of differential equations and the dynamic replication equations of the ride-
hailing platform and the traveller, this paper can derive the conditions that need to be satisfied when a certain

strategy combination of the ride-hailing platform and the traveller is a stable state, as shown in Equation 9.
J0F (x)

F(x)=0, <0
o ©
F(_’y) = 0,7 <0
Further, 22 = (1 — 2x){y[a(p, — ka)NJ(NZ = N}) + C;] - €, — G},

62—3) = (1-2y)[x(aNi —yin(1+ef)) +aNj — BRy].
From Equation 9, it can be seen that the strategies of the ride-hailing platform and the traveller in this problem
have five equilibrium points, which are points 4(0,0),B(0,1),€(1,0),D(1,1) and E(x*,y™).
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BRy—aN} C1+C,
aNZ-yin(1+eE) a(pc—ka)NI(NE-N2)+C,'

According to the findings of [42], the Jacobi matrix can be employed in the stability analysis of differential
equations. In the field of evolutionary game theory, the Jacobian matrix represents a pivotal analytical
instrument for the examination of the stability of strategic dynamics [43-45]. The primary objective of
evolutionary game stability is to ascertain the evolutionary stable strategies (ESS) and to determine the
dynamic behaviour of strategies within the strategy space. Once the Jacobian matrix has been calculated, the
next step is to identify its eigenvalues. The assessment of evolutionary game stability is largely contingent
upon the characteristics of these eigenvalues. In particular, if all the eigenvalues of the Jacobian matrix have
negative real parts, then the strategy profile is a locally asymptotically stable point. Conversely, if there exists
at least one eigenvalue with a positive real part, then the strategy profile is not stable. From the dynamic
replication equations of the ride-hailing platform and the traveller, the Jacobi matrix can be obtained as shown
in equation (10). Among them, the equilibrium point is the characteristic root, and the trace of the stabilisation
point needs to satisfy the conditions det ] > 0,tr ] < 0, where det J equals the product of its eigenvalues and
tr] equals the sum of its eigenvalues. In an evolutionary game with two participants, when det /] > 0 and trJ >
0 indicates that all the eigenvalues of Jacobian matrix are negative. Hence, the stability of evolutionary game
can be judged through this condition;

where, x* = and y* =

]11 ]12
]21 ]22

(10)

af; of;
where, J1; = a_; =1- 2x){y[a(pc - ka)N(%(NCZ - Ncl) + Cz] —C; — Cz} v iz = a—; =x(1- x)[a(pc -

d d
ka)Nj(NZ — N} + Cz]: J21 = a_fct =yl - y)(aN,f —yn(1+ eE))» J22 = a—);t =(1- ZY)[X(QN(% -

yin(1+ef)) +aNj — BRy]
Further, the det J and tr] of each equilibrium point can be obtained and analysed. The results of the stability
analysis are presented in Table 2.

Table 2 — Stability analysis

Points detJ trd

A(0,0) (—=C, — C)(aN} — BRy) —C, — C, +aN} — BR,

B(1,0) (€1 +C)(aNZ —yIn(1+ef) +aN} — pRy) C+Cy+aNZ —yin(1+ef) +aN} - BR,
c(0,1) [a(pc — ka)Ng(NZ — N2) — C](—aNj + BRy) a(p. — ka)Nj(NZ = N}) — C; — aNg + BR,

[a(p; — ka)N3(NZ = N}) — C11(aNZ —yin(1+ef)| —[a(p, — ka)NI(NZ = N}) — C, + aN} —y In(1

D(LL) +aN; — BR,) +ef) +aNj — BR]

—(BR; —aN})(aNZ —y In(1 + ) + aN} — BR;)
E(x"y") (G + C)la(pe — ka)Nj(NZ = N}) —yCy] 0
(aN2 —y In(1+ eE))[alp. — ka)NI(NZ — NY) + C,]

Based on Table 2, the conditions of stability of evolutionary game can be further analysed, as it is shown in
Table 3. In addition, the results of the three cases are summarised in the following propositions, respectively.

Proposition 1: There exists a unique stable evolution strategy (0,0) when the condition aN} — R, < 0 is
satisfied.

Under this condition, the stabilisation strategy of the ride-hailing platform is not to implement integration,
and the stabilisation strategy of the traveller is not to choose the ride-hailing service. In this case, the risk of
the traveller choosing the ride-hailing is greater than the network externality effect resulting from this decision.
Existing studies have shown that travel risks arising from ride-hailing services, encompassing property and
personal safety risks, have become pivotal factors influencing travellers’ choices. Simultaneously, addressing
ride-hailing services risks is crucial for the operation of ride-hailing platforms. For instance, following
incidents of hitchhiking passengers being infringed upon, the Didi platform chose to temporarily shut down
and rectify relevant services. Joining a ride-hailing platform and choosing ride-hailing service will also bring
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additional network externality effects for travellers. In other words, traveller’s utility will be correlated with
the driver side of the platform, where an increase in the number of drivers and service quality results in a
shorter waiting time for a match and a better travel experience for the traveller.

Overall, ride-hailing services offer convenience to travellers but also raise concerns about associated risks.
If the risks perceived by travellers outweigh the network externalities generated by choosing a ride-hailing,
travellers are less likely to choose a ride-hailing. Additionally, ride-hailing platforms are inclined to
consolidate their business and are less likely to interconnect.

Proposition 2: When the conditions (1) aN3 — BR; > 0, (2)N? — N} < 0 are satisfied, there exists a

unique stable evolution strategy (0,1).

Under this condition, the stabilising strategy of the ride-hailing platform is not to implement integration,
and the stabilising strategy of the traveller is to choose the ride-hailing service, both parties continue with the
established service model. At this time, the network effect obtained by the traveller choosing ride-hailing
outweighs the associated risks. Analysis of Proposition 1 reveals that the utility of the traveller is ensured, and
under these circumstances, the traveller is more inclined to choose the ride-hailing service as a travel mode.
Simultaneously, condition (2) signifies that the scale of the ride-hailing platform itself is larger than that of the
platform to be integrated. Consequently, the ride-hailing platform is inclined to maintain the status quo,
refraining from implementing integration. Therefore, the ride-hailing chosen by travellers under this condition
does not involve platform integration.

Existing literature has also produced research results on the relationship between platform integration and
platform size. Synthesising various findings indicates that integration can, to a certain extent, promote the
increase in platform revenue, but the implementation of an integration strategy may also have negative effects
[36-38]. For instance, implementing integration strategies for platforms with large market shares may instead
reduce platform benefits, while implementing integration strategies for firms with small horizontal differences
contributes to overall welfare [37]. Additionally, integration in cases of asymmetric scale can weaken stronger
platforms.

Proposition 3: When the conditions (1) aNi3 — R, >0, (2) aN3 —BR, +E >0, (3) a(p, —
ka)Nj(NZ — N}) — €, > 0 are satisfied, there exists a unique stable evolution strategy (1,1).

In this condition, the stabilisation strategy of the ride-hailing platform is to implement the integration, and
the stabilisation strategy of the traveller is to choose the ride-hailing service. Unlike the stabilisation strategies
(0,0) and (0,1) mentioned above, the traveller’s choice of ride-hailing, in this case, involves the scenario of
integration among ride-hailing platforms. In other words, while enjoying the service of this platform, there is
also the possibility of receiving travel services provided by drivers on other platforms that are integrated with
this platform.

From Proposition 3, it can be observed that both the integration of the ride-hailing rental platform and the
resulting traveller behaviour are grounded in the operation of the basic service of ride-hailing services. On the
one hand, the stable evolution strategy (1,1) is premised on the assumption that the network externality
generated by the ride-hailing service is greater than the risk of the platform service. On the other hand, platform
integration introduces additional risks while providing the traveller with access to resources from other
platforms, and the traveller also incurs a perceived loss from such services. In this case, the network effects
that travellers obtain from the integrated platforms under the interoperability model outweigh the associated
risks and perceived losses caused by the integration.

Based on the analysis of the conclusion of Proposition 3 from the perspective of the ride-hailing platform, it
can be seen that ride-hailing platforms need to consider factors such as network externalities, platform size,
and integration costs when deciding to implement the integration strategy. In this scenario, the additional
benefits obtained by the platform through integration must outweigh the integration cost of the ride-hailing
platform for a stable evolution strategy (1,1) to exist. At this point, there are two possibilities for the price
factor and scale factor of the ride-hailing platform, which are (1) p, —ka >0,N? - N} >0 and
a(p. —ka)N3(NZ —N}) > C;, (Qp, —ka <0,N2— N} <0 and a(p. — ka)Nj(N? —N}) > C;. In the
first case, the ride-hailing platform is smaller than the other platforms, and the network externalities generated
are weaker, but there is some profitability. In the second case, the ride-hailing platform is larger than the other
platforms, and the network externalities are larger, with more traveller resources that can be aggregated on the
platform. When the additional benefits generated by integration in both cases outweigh the cost of integration,
ride-hailing platforms tend to implement the integration strategy.
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Table 3 — Evolutionary stability analysis

Case 1 Case 2 Case 3
detd trd Stability detJ trd Stability detJ trd Stability
A(0,0) + ESS - + Unstable + Unstable
B(1,0) + + Unstable + + Unstable + + Unstable
C(0,1) + + Unstable + ESS + Unstable
D(1,1) + + Unstable - + Unstable + ESS
E(x*,y*) + 0 Saddle + 0 Saddle + 0 Saddle

5. NUMERICAL STUDY

To present the research results in a more specific and visual manner, this paper analyses the findings based
on theoretical research. The overall approach of the example analysis is to generate various strategy
combinations (x,y) for the integration of ride-hailing platforms and travellers’ choice behaviour under the
initial scenario, aiming to analyse the evolutionary pattern under different scenarios. This analysis primarily
focuses on the stable evolution strategies of the integration of the ride-hailing platform and travellers’ choice
behaviour, making comparisons through different parameter settings to study the coexistence of the two agents.
The numerical analysis is primarily implemented using MATLAB R2016b programming in the macOS 10.15.4

environment.

1) Scenario 1: aN3 — BR; < 0
Combined with the assumptions in the theoretical study section, the relevant parameters are set as, a =

03,P,=2,k=08,a=1,

Nj =10,N3 = 10,N} = 10, N2 = 10,

€, =1C,=05p8=1R, =

0.5,R, = 0.3,E = 1. In this scenario, the obtained evolution trend of the strategies of the ride-hailing
platform and the traveller is shown in Figure 1. When the condition aN} — SR, < 0 of Proposition 1 is
satisfied, the strategies of both the ride-hailing platform and the traveller converge at the point (0,0). At this
time, the ride-hailing platform does not implement the integration, the traveller does not choose ride-

hailing, and the stable evolution strategy of the two
E

09t

Probability of traveller's choice (y)
© o o o o o
w B [$)] [} ~ oo

e
N}

subjects is (0,0).
$8(0,0)

0.4

0.6

0.8

Probability of platform integration (x)

Figure 1 — Stable evolutionary strategy (0,0)

2) Scenario 2: aNj — BR; > 0,and N> — N} <0
Based on the assumptions of Proposition 2, the relevant parameters are set as follows: @ = 0.3,P. = 2,k =
0.8,a=1,N} =10,N? =10,N} =10,N>=9,C; =1,C, = 0.5, =1,R, = 0.5,R, = 0.3,E = 1. On
this basis, the evolution path of the ride-hailing platform and the traveller is obtained as shown in Figure 2.
From the evolutionary trend of both parties in Figure 2, it can be seen that the strategies of the ride-hailing
platform and the traveller converge to (0,1) when the conditions of Proposition 2 aNj — BR; > 0 and N2 —
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N} < 0 are satisfied. The stabilising strategy in this scenario is that the ride-hailing platform does not
implement integration and still maintains the original service, and the traveller chooses to use the ride-

hailing service.
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Figure 2 — Stable evolutionary strategy (0,1)

3) Scenario 3:aN} — BR; > 0,aN2 — BR, + E > 0, anda(p, — ka)N3(N2 —N}) —C; >0
According to the research assumptions and the setting of scenario 3, the initial benchmark parameters are
shown as follows. @ = 0.3,P, =2,k = 0.8, a = 1,N} = 10,N? = 10,N} = 10,N?2 =15, C; = 1,C, =
0.5, =1,R; = 0.5R, = 0.3,E = 1. The evolution pattern of the ride-hailing platform and the traveller
in this scenario is shown in Figure 3, and the strategies of both parties converge at the point of (1,1), and the
stable strategy is (1,1). It can be seen that under the conditions aN} — BR; > 0, aN2 — BR, + E > 0, and
a(p. —ka)Nj(NZ — N}) — C; > 0, the stabilising strategy of the ride-hailing platform is to implement
integration, and the stabilising strategy of the traveEISIgr“is1 to choose the ride-hailing service.
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Figure 3 — Stable evolutionary strategy (1,1)

In this paper, key factors such as the size of the traveller group, the cost of connectivity, the change in risk
and the perceived loss are further analysed, and the results are presented in Figure 4. These results are then
compared with the reference group obtained from Figure 3. Specifically, for traveller scale, the parameters are
set as N2 = 11. Consequently, the gap between the sizes of travellers on the two platforms decreases, and the
convergence speed of the integration strategy of the ride-hailing platform decreases relative to the travellers.
If the parameter setting for traveller size continues to decrease, the stabilisation strategy (1,1) will shift to the
(0,1) strategy when the condition N2 < N} is satisfied. At this point, the ride-hailing platform will not be
integrated, and the travellers will still choose the ride-hailing service.
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Figure 4 — Evolutionary strategy comparison

Concerning integration costs, this research considers the setup C; = 20. In this scenario, the cost of
implementing integration by the ride-hailing platform is significantly higher than the combined effect of the
size difference of the travellers, the price factor and the network externality factor. Consequently, the
stabilisation strategy (1,1) is disrupted, and a new convergence point (0,1) gradually forms. At this point, due
to the excessive integration cost, the ride-hailing platform will abandon the practice of the integration strategy,
and the choice behaviour of the traveller remains unaffected.

In terms of the change in integration risk, the setting R, = 20. At this point, the travel risk for the traveller
resulting from the ride-hailing integration is heightened, and the convergence path of the traveller’s
stabilisation strategy slows down and does not fully converge to the point (1,1). Due to the increased travel
risk, the traveller does not necessarily choose the ride-hailing service. Further increasing the value of the
parameter R, reveals that the integration stabilisation strategy of the ride-hailing platform will also be
disrupted.

Concerning perceived loss, the setting is E = —20. In this scenario, the experience that the traveller gains
through the ride-hailing under integration is negative. It can be observed that the stabilising strategy (1,1) no
longer exists under this condition, and the two-party strategy enters a disordered state.

Further conclusions related to the stable evolution strategy (1,1) can be obtained as follows. Ride-hailing
platforms tend to choose platforms with relatively large scales as integration objects. The integration strategy
of the ride-hailing platform is closely related to factors such as integration cost and risk. When the integration
cost and integration risk increase, the probability that a ride-hailing platform chooses to implement an
integration strategy decreases. However, there is a significant difference in the impact of the two factors on
travellers’ behaviour. The increase in integration cost does not affect travellers’ choice of ride-hailing; at this
time, travellers can still enjoy ride-hailing under non-integration. However, when the risk of connectivity for
the traveller increases, the traveller will choose to abandon the use of ride-hailing service. Additionally, when
the negatively perceived loss of the traveller from using the ride-hailing becomes stronger, the stability of both
the ride-hailing platform and the traveller is disrupted.
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6. CONCLUSION

6.1 Main results

With the deep integration of mobile Internet technology and transportation, ride-hailing services have
become an indispensable part of urban transportation. While various ride-hailing platforms compete in the
market, there is also the potential for synergistic cooperation, and integration is considered a future
development direction. In this paper, after analysing the integration mode of the ride-hailing platform, we
construct an evolutionary game model of the traveller’s choice behaviour under the integration of the ride-
hailing platform and analyse the stabilisation strategy of the evolution of both sides. Furthermore, we validate
and analyse the relevant conclusions based on the numerical simulation method.

In summary, the following conclusions can be drawn. (1) When the travel risk borne by the traveller
choosing the ride-hailing and the additional travel risk brought by the integration is high, the traveller does not
choose the ride-hailing, and the ride-hailing platform is unable to implement the integration. (2) Ride-hailing
platforms tend to choose larger platforms as the integration object to obtain greater benefits. (3) As the negative
impact of perceived loss decreases, the platforms will interconnect, and travellers will choose ride-hailing.
Conversely, when the negative effect of perceived loss is intensified, the integration strategy of ride-hailing
platforms and the choice behaviour of travellers become unstable. (4) The increase in integration cost affects
the integration strategy of ride-hailing platforms, and although cross-platform transactions under integration
may not be feasible, travellers will still choose to use ride-hailing services.

6.2 Implications

The paper thoroughly examines the integration impact of ride-hailing platforms on traveller’s choice
behaviour, providing profound insights into platform competition and traveller decision-making. By
establishing an evolutionary game model, the paper attempts to reveal the evolving patterns of traveller choice
behaviour in different scenarios, laying the foundation for future research. On one hand, by constructing an
evolutionary game model, the paper provides a theoretical framework for studying the integration of ride-
hailing platforms. On the other hand, this study delves into the evolving patterns of traveller choice behaviour
in different scenarios, particularly under the influence of platform interconnection. This is significant for
comprehending the dynamic changes in traveller decision-making and the impact on platforms. Overall, this
research contributes to understanding the complex relationship between platform competition and travellers’
decision-making.

Furthermore, several practical implications can be provided as well by referring to the results of this
research. Firstly, given the research finding that integration costs influence the decision-making of online
vehicle rental platforms, policymakers could consider implementing measures to decrease the costs associated
with integration, fostering closer collaboration between platforms. Secondly, since perceived loss impacts
integration decisions, policies should focus on enhancing the traveller experience, including safety and
convenience, to increase their willingness to choose ride-hailing services. Thirdly, recognising that larger
platforms are more likely to become integration partners, policymakers can encourage collaboration between
platforms through initiatives such as resource sharing and promoting the healthy development of the industry.

6.3 Limitations

There are still some limitations related to this study. Firstly, while the paper presents theoretical
conclusions, there is a lack of sufficient empirical validation. Future research could employ empirical methods
to validate the effectiveness of the theoretical model and enhance the practical significance of the study.
Secondly, the evolutionary game model may involve simplifying assumptions that might not fully capture the
complexity of the real world. Future research could consider incorporating more real-world factors to enhance
model realism. Thirdly, this research primarily focuses on the evolution of choice behaviour at specific
moments, lacking an in-depth exploration of how these evolutions trend over an extended period. Future work
could consider conducting more extensive and dynamic studies over a longer timeframe. By addressing these
aspects of limitations, future research can comprehensively understand the impact of integration between ride-
hailing platforms on traveller choice behaviour, providing stronger support for policy formulation and industry
development.
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