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Abstract: Mobile application innovation diffusion can be used to enhance the reputation and
competitiveness of Internet enterprises. However, few works have explored the process of mobile
application innovation diffusion from the individual perspective. Therefore, this paper employs
multi-agent methods to simulate the innovation diffusion of mobile applications from the perspective
of social networks. Specifically, we combine psychology, sociology, game theory and network effect
theory to model user behaviors of adoption and rejection decisions for mobile applications. The
multi-agent model was built in Anylogic 8 to simulate the communication and interaction between
individual users. Then, this paper discusses the evolution of decision-making of social network user
groups with different network structures and network effects. We also investigate the impact of
different firms” promotion on innovation diffusion. Our findings suggest firms could make better
strategies and achieve better diffusion effects from mobile applications.

Keywords: mobile applications; innovation diffusion; multi-agent; social networks

1. Introduction

Nowadays, market competition in mobile applications is increasingly fierce. The success of
the mobile application in market promotion not only helps Internet enterprises to seize the market
and create business value, but also allows firms establish a good reputation and gain a competitive
advantage [1-3].

The innovation diffusion of mobile applications always occurs in user groups. Since users can
communicate and interact with others, most of the diffusion of mobile applications is based on each
user in a social network [4,5]. Numerous studies indicate that the development of mobile internet and
technology social networks, significantly reducing the cost of communication between users, makes
communication and interaction very convenient [6,7]. As various mobile applications allow users to
share happiness and dissatisfaction with others on the Internet, users’ decisions on mobile applications
are also influenced by social relations and social network structure [8,9]. In addition, research evidence
also supports the fact that there are network effects in the diffusion of mobile applications; that is, the
utility of mobile applications to users will increase with an increase in the number of applications [10].
Specifically, network effects can be divided into global and local network effects. Global network effect
means that, when more users adopt innovative technology in the global environment, the value of
mobile applications to users will be higher. While the local network effect refers to the effect of related
users on the utility value, which emphasizing the interaction between users. The decision-making
of users will largely depend on the decision-making of their surroundings. As the number of users
adopting mobile applications increases, their neighbors also would like to adopt the same applications.
Then, the value and utility of the mobile applications to the users will also increase, which ultimately
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affects user decision-making. In addition, the density of the network structure will affect the network
effect. When the intensity of the network effects of the mobile applications is stronger, the value of the
network effects will be greater. On the contrary, if the network effect is less intense, the user’s decision
will have less impact on the surrounding users [11-13].

In short, the diffusion of mobile applications in user groups is complex, which is influenced by the
structure of the user’s social network, the network effect and the interactive communication between
each user. However, most researches have not yet answered the following important questions: First,
how does a user’s personal decision affect mobile application diffusion in the user group? Secondly,
what are the effects of social network topology, network effect, enterprise promotion and other factors
affect the decision-making of user group? These issues are necessarily addressed to promote the
innovation diffusion of mobile applications.

Therefore, the present study seeks to explore the innovation diffusion of mobile applications from
individuals to user groups. Since agent-based models [14,15] allow us to explore user behavior at
the micro-level, we build a simulation model to describe individual decision-making and complex
interaction between users of mobile applications in social networks. More specifically, we (i) analyze
the user behavior characteristics of mobile applications, extracting the key factors that affect user
decision-making. We then establish a conceptual model of user adoption and rejection decision-making,
using a social learning method to present the process of user decision-making and interaction in social
networks; (ii) conduct multi-agent models of mobile application innovation diffusion under different
network structures and network effects; and (iii) investigate the impact of firm promotion on diffusion
through simulation experiments, which will help enterprises make suitable strategies.

We make two key contributions to the literature. Firstly, our research offers a basic multi-agent
model, which combines psychology theory, evolutionary game theory and social network analysis to
simulate the diffusion of mobile applications from individual decisions to group behaviors. Secondly,
our findings consider the impact of the user’s personality and the neighbor’s influence on personal
decisions, providing firms promotion strategies and suggestions for the diffusion of mobile applications.

The remainder of the paper is organized as follows. First, we outline the literature on mobile
applications, innovation diffusion and social networks. Secondly, we detail the design concept of our
simulation model. Section 3 then implements the model based on the multi-agent method, which
simulates mobile application innovation diffusion from social networks. The results of the simulation
experiments are introduced and analyzed in Section 4. Finally, we conclude and provide suggestions
for the marketing decision-making and management policy of enterprises.

2. Related Work

Recent research has explored the diffusion of new products in the market based on the Bass
model [16,17]. Although the classical model can reflect the overall marketing activity and word of
mouth (WOM) among consumers, the process of individual diffusion is still hard to understand [14,18].
Therefore, in order to describe the diffusion process from the micro level, this paper employed
agent-based models to simulate the individual behavior (i.e., communication and interaction) in user
groups, and accumulated the individual behaviors to obtain the diffusion results of the user groups.

2.1. Agent-Based Modeling and Game Theory

Agent-based modeling has become another typical method to study innovation diffusion in the
past decade [19-21]. The simulation model abstracts the individual in the real-world into agents,
and sets the attributes, characteristics and behavior rules of the agents, to simulate the dynamic
interaction between different individuals. Since agent-based modeling enables fine-grained modeling
of the interactions in social networks, this simulation model has been adopted to study the process
of innovation diffusion [5,22,23]. Drawing on agent-based modeling, Ma and Nakamori developed
a micro-diffusion model to explore the process of technological innovation from the perspective
of each consumer and producer. In this model, producers can communicate with producers and
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develop the product to better meet consumers’ preferences. This research reported on the influence of
consumer interaction on innovation diffusion among the product design process [24]. Then, Stummer
and Kiesling constructed an agent model to further simulate repetitive buying decisions under a
multi-product competition market from time and space dimensions. The researchers demonstrated
how the simulation model can be used to evaluate product launch strategies in a competitive setting,
and studied the impact of production and sales policies on the diffusion of new products [25]. Although
agent-based models allow us to represent rich behavior at the micro level, these models do not involve
complex agent interactions, such as strategy learning, decision imitation and different individuals.

Game theory is a mathematically formalized strategic interaction theory; that is, the author not only
pays attention to the outcome of the selected scheme, but also considers the possible outcome of other
schemes in the decision-making process, which simply analyzes the gains and losses of users affected
by other users’ decisions [26]. It has been commonly used in marketing, in order to model competition
between companies or customers [27]. Ozkane ef al. employed game theory to simulate individual
behavior in the process of the generation and evolution of innovation. This research provided a
theoretical framework from which to figure out what users will do, to choose the best strategy based
on other’s decisions [28]. In addition, Zhang and Sun constructed an agent-based model to simulate
users’ innovative decisions from the perspective of game theory. The models are used to describe the
evolution path and evolutionarily stable strategy of innovative behavior-based decisions, obtaining a
sustainable competitive advantage for high-tech firms in a competitive environment [29]. Drawing
on game theory, users can find better strategies by learning, constantly adjusting and improving
innovation behaviors. In addition, game theory focuses on the interaction among different individual
and user groups, so that users can explain the varying degrees of complexity of multi-agent models
with differing strategic decisions [30]. Hereby, we adopt the game theory method to describe the
multi-agent interaction of user diffusion behavior for mobile applications.

2.2. Social Network Structure and Social Influence

Prior studies on agent-based models have found that user relationship structure, such as the
number of connections of an agent, the weighting of the connections, and so on, can also affect the result
of innovation diffusion [31-33]. Numerous studies indicate that social network analysis is a common
tool to describe realistic consumer networks. It can effectively describe the diffusion environment
of user interaction [4,34]. Prior studies constructed the consumers’ relationship network based on
agent-based modeling and social network analysis, helping firms predict product proliferation in
different networks [35,36]. Then, Choi and Byungtae pointed out that the external network perceived by
the individual should be the local network itself. They investigated the proliferation of malicious mobile
phone software in the network and considered enhanced network heterogeneity will promote the spread
of the software [37]. To the best of our knowledge, consumers’ innovation diffusion of decision-making
is affected by individual personality and preferences, such as personality traits, decision attitudes
and behavior habits, which can be described by agents in the simulation models [38]. Additionally,
social networks provide a system that allows users to communicate and interact in the process of
innovation diffusion, so that social influence plays an important role in user decision-making [39].
Social influence is often a phenomenon in social networks and may play a critical role in enhancing
social interactions between consumers and on innovation behaviors, as well as the opportunities to
exploit these interactions [40,41]. For example, agents are aware of the impacts of each connection
and decide whether they establish relations with other agents. Therefore, consumers’ adoption
decisions are influenced by marketing activities as well as positive and negative word-of-mouth
communication between neighboring consumers in the social networks [34,42]. In this paper, we
explore the influence of social network structures on the decision-making of mobile user groups,
investigating the characteristics of innovation diffusion for mobile application under global and local
network effects.
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3. Methodology

3.1. Conceptual Design of the Simulation Model

For the diffusion of mobile application innovation, each user is an independent individual,
individuals communicate and interact with each other and then they make their own decisions in the
user group. Hereby we design the conceptual model of innovation diffusion in this section. Firstly,
we made assumptions about mobile applications in the user group. Secondly, after analyzing the
characteristics of user behavior and the influencing factors of decision-making, we constructed the
model of user decision-making in innovation diffusion mobile applications. Finally, we described the
impact of social networks on the simulation models.

3.1.1. Mobile Applications Hypothesis

According to this research [43,44], the premises or assumptions of models are vital in simulating
the user decision-making process. Hereby, drawing on those researches, we make the following
assumptions about the individual decision-making behavior and initial value of the consumers and
the mobile application, modeling the innovation diffusion of mobile applications.

1. Mobile applications are abstractions of common features and attributes of mobile applications that
are diffused in the market. The unique features of some mobile applications are not considered,
and the changes of functions and characteristics of mobile applications in the diffusion process
are always ignored.

2. Thediffusion of mobile applications in the market will not be affected by other mobile applications;
that is, we only consider the diffusion of one mobile application among the user community.

3. Users will obtain the decision situation and mobile apps utility value from their neighbors (social
influence). However, because of their own cognitive and information processing capabilities, they
can hardly make long-term predictions based on global information.

4. Users will make different decisions when facing the same application, which is the difference
determined by personal preference and personality traits.

3.1.2. Conceptual Model for Individual Decisions by a Mobile Application User

Typically, users mainly obtain information about mobile applications in two ways. One is
advertisements and information in the public media and application market. The other is social
influence, which mainly refers to getting the public’s evaluation of mobile applications during
user communication and interaction. Users can perceive the existence of mobile applications and
their value utility, and make decisions. According to the theory of information processing [45], the
individual decision is mainly based on external environmental information and their own preference
and decision attitude.

Therefore, we built a conceptual model for individual decisions by a mobile application user. Firstly,
users integrate the value utility information of mobile applications, such as perceived benefits, use costs
and network effects, as well as information on the neighborhood’s decisions, group communication
and interaction. Finally, users make the decision of acceptance or rejection according to their personal
preferences and personality characteristics.

3.1.3. Design of the Mobile Application User Decision and Interaction Process

Based on the conceptual model of mobile application user decision-making and the assumption of
the user’s individual personality and preference, we designed a user decision-making and interaction
process in the diffusion of mobile application innovation as follows. Firstly, we calculated the value
of the current decision-making mobile application. We then collected, acquired and stored the state
and information of the neighbor’s decision. In, addition, user preferences, personality traits and
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communication and interaction with their neighbors will also affect user decisions. By assessing the
value of the mobile applications, users can decide to adopt or reject the mobile app at the next moment.

In the process of diffusion of mobile applications, individuals can communicate and interact
with other users. Meanwhile, user decision may be affected by neighbors due to social influence.
Researchers mainly use game theory to describe the interaction between different individuals [28,29].
Therefore, this paper employs the game matrix to describe the interaction between different users, as
shown in Table 1.

Table 1. Game matrix of user decision-making behavior.

User 1 User 2

Accept Refuse
Accept b—c+m/(nxk).b—c+m/(nxk) b—c+m/(nxk).b—f
Refuse b—fb—c+m/(nxk) 0,0

In the above table, b represents the utility value of the mobile application; ¢ denotes the use cost
of the mobile application; and f is used to express the loss of the benefits due to rejection. We can
obtain the return b — f(b > f) when the consumer rejects the product. Furthermore, n represents
the total number of user groups, whilst m denotes the marketing and promotion investment from
companies. m/(n+k) indicate the value that each user who adopts a mobile app can derive from
corporate marketing. Assume that in a fixed time step, the percentage of users who choose to use mobile
applications is k. Then, we calculate the expected benefits of user adoption in the following equations:

Ex =(b-c+m/(n+k))sk+ (b—c+m/(nxk))=(1-k)

=b-c+m/(nxk) @
Meanwhile, the expected benefits of user rejection Ep
Ep =(b-f)*xk+0=+(1-k) )

=(b-c)xk

Therefore, when someone in the user community adopt the mobile application k > 0, the revenue
from adoption is b — ¢ 4+ m/ (n = k), while the revenue from rejection is (b — f) *k. If no user adopts this
mobile app, the benefit is 0. In addition, user preferences and network effects also closely relate to
the value utility of the mobile applications. Therefore, we calculated the effect of value utility on the
individual decision-making of users, which should be composed of three parts: (i) the expected revenue
from mobile application, (ii) user preferences, and (iii) the network effect of the mobile application.
Then, the value utility of user i make the decision of adopting or rejecting the mobile application at the
timestamp T.

U;i(t) = E; + pre; +dD;(t — 1) 3)

where E; represents the expected benefits of user i,d denotes the network utility of the mobile app, and
pre; refers to the user’s preference for the mobile application.

We let D;(t — 1) describe the utility value in different networks. D;(t — 1) indicates the percentage
of adopter in all users under the global networks effect, i.e., the value is k at timestamp ¢ — 1. Meanwhile,
under the local network effect, N;(t — 1) represents the number of neighbor users who adopt the mobile
application at t — 1, and we let z; indicate the degree of user i,D;(t — 1) = N;(t — 1) /z;. The utility of the
mobile applications to the users is related to the neighbors” decisions in the last timestamp, which can
be calculated by the following equation:

U, =b—c+m/(n*k)+pre;+dxk 4)
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Then, we present the value utility function under the local network effect:
U, =b—c+m/(n+k)+pre;+d=N;(t-1)/z (5)

However, if users refuse to adopt the mobile application, they cannot enjoy the network externalities
of the mobile application. For both types of network effects, we present the value utility function of the
user refuse strategy at time ¢:

Uy = (b— f) +k+pre; ©)

Different from the diffusion in a traditional network, the user in our mobile diffusion system is
influenced by individual preferences and neighbors, deciding whether to adopt the mobile application
at the next moment. For our bounded rationality, individual users cannot understand the overall
situation, whilst the individual can gain knowledge by observing and learning.

In this paper, user preferences and neighbors’ decision are all influencing the individual
decision-making of mobile applications. Communication and interaction in the social network
also impact a consumer’s decisions. Hence, we adopted a social learning method to realize the
interaction between users. The specific design is shown as follows.

According to the attitude of decision in the mobile application marketing, we described user
decision into three types: the conservative, neutral and mutable, which are expressed by P;,P}, and
P.. Each type of user decision threshold followed the probability distributions P, ~ Uni(0.7, 1),
P, ~ Uni(0.4, 0.7) and P, ~ Uni(0.4, 0), respectively.

In addition, users will learn the decision-making from their neighbors, which is related to each
other’s personality traits. When the decision-making attitudes of the uses are similar, it is more likely
to learn from each other. On the contrary, it is difficult to adopt the same decision when individual
users want to reflect differences in personality traits from other types of users. In this paper, we present
the probability matching method of user decision-making attitude, showing the possibility of decision
learning among users.

The probability of matching between individuals is Match(Py,, P,) € (0,1),m, n € (a, b, ¢). Then,
we map the matching probability among the three decision attitudes Match(Py, P1) = Uni(0.7, 1),
Maich(Py, P;) = Uni(04, 0.7), Maich(Py, P3) = Uni(0, 0.4), Match(P,, P,) = Uni(0.7, 1),
Match(P,, P3) = Uni(0.4, 0.7), Match(Ps, P3) = Uni(0.7, 1).

Drawing on the theory of social influence, users always compare the value utility of the mobile
application by obtaining their own decisions and those of the neighboring users. If a user’s utility
value is higher than all the neighbor users, then he will maintain the current decision state at the next
moment without learning from the surroundings. When the utility of the neighbor is higher than that
of the user, the user will learn the decision-making strategies of their highest utility neighbors with a
certain probability in Equation (7).

p=— 1 @)

—(Uj—ui)
1+e

where U; denotes the value utility of the user’s own mobile application value, U; indicates the value

utility of the imitated object’s mobile application value, and r represents the information noise in the
process of social learning. When the probability of decision learning exceeds the matching range above,
the probability of learning takes the probability of exceeding the decision threshold. Otherwise, we
take the current probability value as the decision learning probability. If the user succeeds in imitating
someone else’s decision, he will maintain his current strategy at the next moment. Then the user may
adjust its decision state at a certain probability in the next time step. The user in the social network
may constantly interact with each other due to different decision-making strategies and value benefits.
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3.2. Simulation Model with Multi-Agents

In this section, the simulation conceptual model will be implemented in Anylogic 8, which is a tool
that provide many simulation modeling methods [46]. The simulation model includes the following
three parts: (i) the setting of the main model and class; (ii) the steps of model running; and (iii) the
setting and verification of model parameters.

3.2.1. Setting of the Main Model and Class

According to the simulation conceptual model mentioned in Figure 1, a multi-agent model of
mobile application innovation diffusion considering the network effect and network structure was
established in Anylogic 8, as shown in Figures 1 and 2.

© people[.] Or
V) Adonum
(V) Refnum

120 7
100 A
80 1
60
40 -
20

0 - - . - .

0 20 40 60 80 100

e+ adopt A+ refuse

Figure 1. The main multi-agent model.

O) L @b D ui
’ statechart gc 0 4i
d o X
@ f () adnra
@ m 0 staj
@r () chtj

= =
@ cht () studex
refuse adopt @ Pre o h
i @ Deatti
@ ra2

@ ral
@ Idex
e Iree

Figure 2. The person category.

Figure 1 describes the main class of the simulation model. The term people refer to the collection
of mobile application user agents. Each user is an individual agent. The simulation model supports
setting the initial network structure among all user agents in the people class. The network topology
can be set directly according to the needs of the simulation experiments. At the initial time of model
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operation, the corresponding network generation function will be called to build the initial networks.
Additionally, Adonum indicates the number of users who adopt the mobile application, whilst Refnum
represents the number of users who reject the app; N refers to the total number of mobile application
users. Then, the bottom chart in Figure 1 shows the change in the number of users who adopt and
reject this application.

As shown in Figure 2, each agent is a person object. In addition to the initial state, each agent is
divided into two states: adopt and reject. The initial state allows a certain proportion of users as seed
users in a random way. The parameters and variables in person are mainly built according to the
needs of implementing the user decision-making and interaction process of the mobile applications.
The main parameters are presented as follows. Cht denotes personality character and determines the
user’s decision attitude. Cht = {1, 2, 3} indicates the conservative, balance and mutable, respectively.
Pre represents user preferences for mobile applications, which follows the normal distribution N (u, w).
In addition, Deatti describes whether the user rejects the mobile app at the timestamp ¢; the parameter
type is Boolean. ral and ra2 represent the probability of change of the decision state, respectively.adnra
denotes the proportion of users who adopt the mobile app in all neighbors, which will be used to
calculate the local network effect. Iree represents the user degree value, i.e., the number of neighbors in
the social network. Besides, studex describes the learning neighbor agent, staj represents the decision
state of the neighbor user and chaj indicts the personality characteristics of the neighbors user.

3.2.2. Modelling Processes

According to the conceptual design of simulation model, we first constructed the initial social
networks. Then, we realized the process behind user agent decision and interaction in the user
community. Finally, we built the multi-agent model of mobile application innovation diffusion with a
social network effect. The simulation processes are shown in Table 2.

Table 2. Process of our simulation model.

Model 1. Simulation of User Decisions about Mobile Application Using Multi-Agents

Input: Agent and the parameters b, ¢, m, n, pre;, social networks topology social_ef fect
Output: all user decision Deatti(t)

. Initial Agent, construct different social networks

. for t in times T:

. calculate utility for each user in ¢; // Equations (4) and (5)

. user interact and learn with neighbors; // Equation (7)

. simulation user to make decision about mobile app; //Deatti(t)

. statistics user decisions and visualization in ¢;

. end-for

. return Deatti(t)

XUl WDN =

3.2.3. Model Setting and Validation

Next, we verified the effectiveness of the simulation model with different individual preferences.
According to the research results [47,48], we set the number of initial users as #n = 100; the experimental
time was 100 timesteps. Then, the proportion of seed users was 20%; the relevant parameters of the
mobile application value utility were b = 100, C = 85, f = 35, M = 0b = 100. The network
effect intensity D was set to 30. ¢y denotes the distributions of user decision preference Cht. Then,
we employed our simulation model to compare the number of users who adopt or reject the mobile
application on different distributions of user personality traits.

In Figure 3a, the number of adopters of mobile apps is growing slowly, because conservative
users are less susceptible to other users, maintaining their current decision-making state. Contrasting
to Figure 3b, mutable users can easily change their decisions, so there are many spikes in the group
decision process. It also suggests that those users are vulnerable to neighbors because of their unstable
attitude about the mobile app. In Figure 3¢, balanced users are more volatile due to their personality
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traits between conservative and mutable. Decision change is significantly lower than that of mutable
users. Finally, Figure 3d assumes that the distribution of personality characteristics is 30% conservative,
30% balanced and 40% mutable. After the proportion of users adopting mobile applications reaches a
certain degree, the change degree of a user group gradually decreases, and basically reaches the stable
state of mobile application diffusion in the market.

On On
D R0 foo D peeion foo
O g\_;donum O é\gonum
(@) ‘%efnum (@) :I;\‘gefnum
120 120
100 100
80 80
60 60
40 40
20 20
0 0
0 20 40 60 80 100 0 20 40 60 80 100
@ adopt @ refuse @ adopt @ refuse
(a) (b)
I On | On
% Beron [100] Pt % Bereon [100] 100
Ad Ad
(@) 59 onum (@] - onum
(@) Refnum (@) Refnum
120 120
100 100
80 80
60 60
40 40
20 20
0 0
0 20 40 60 80 100 0 20 40 60 80 100
@ adopt @ refuse @ adopt @ refuse
(c) (d)

Figure 3. (a) Distribution of preference ¢cy; = (1, 0, 0). (b) Distribution of preference ¢cy = (0, 0, 1).
(c) Distribution of preference ¢¢y; = (0, 1, 0). (d) Distribution of preference ¢cy; = (0.3, 0.3, 0.4).

By comparing the simulation result of the above four personality traits with reality, we find that
the simulation process and result are consistent with the reality, which shows the simulation model is
effective and reliable.

4. Simulation Results

In this section, the simulation experiments are explored regarding the internal mechanism and
regular characteristics of the innovation diffusion of mobile applications under different network
topologies and network effects. More specifically, we first divided the social networks into random
networks, small-world networks and scale-free networks. We then investigated the diffusion of the
mobile application under different network topologies. Besides, we adjusted the intensity of the
network effects to analyze the impact of network effects on innovation diffusion. In this paper, the
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experiments under each environment and parameter were repeated 50 times, and then we took the
mean value of the simulation result.

Drawing on the work in [49], we assumed the total number of users was 100 in the simulation
experiments. The average degree was 6. The individual preference was Pre ~ N(50, 10), and the user
preference distribution always adopts ¢cj; = (0.3, 0.3, 0.4). We alsosetb = 120, ¢ = 105, f = 55,m = 0.
The experimental time was 100 timesteps.

4.1. The Innovative Diffusion of Mobile Applications under Different Network Topology

We first set the networks type as random networks, small-world networks and scale-free networks,
respectively. Then we explored innovative diffusion of mobile applications under different network
topologies. The results are shown in Figure 4.
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D e oo D e oo
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120 120
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60 60
40 40
20 20
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D e D oo
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Refi Refi
Oa4e num ozs? num
120 120
100 100
80 80
60 - 60
40 40
20 20
0 0
0 20 40 60 80 100 0 20 40 60 80 100
o adopt @ refuse . adopt @ refuse
(0) (d)

Figure 4. Cont.
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Figure 4. (a) Random network of global network effect. (b) Small-world network of global network
effect. (c) Random network of global network effect. (d) Small-world network of global network effect.
(e) Random network of global network effect. (f) Small-world network of global network effect.

4.1.1. The Diffusion of Mobile Applications under the Global Network Effect

In Figure 4, disregarding the random network, small-world network and scale-free network, the
transmission process of mobile applications has firstly experienced a slow rise and then a decline in
the wave process. In terms of diffusion speed, the diffusion speed of random networks and scale-free
networks under the global network effect is similar, and group decision begins to stabilize in a relatively
short period, and faster than that of the small-world networks. The mobile application can quickly
spread in a relatively short time through interaction and social learning behavior. Therefore, the trend
of user group decision-making in the three network structures is consistent. The diffusion speed of a
mobile application in a random network and scale-free network is similar, whilst in a small-world
network it is the slowest and the lowest.

Compared with random networks and small-world networks, there are more users in scale-free
networks who finally adopt mobile applications, and the diffusion result of the random networks is
slightly better than that of the small-world networks. Although the difference in nodes under the
global network effect does not affect the value of the mobile applications, some hub nodes in the
scale-free network can obtain the value-utility information of mobile applications. More users also may
be willing to communicate with them due to social learning in the user community. After interacting
with a large number of neighbors, the behaviors and decisions of the hub nodes may quickly affect
their neighbor nodes, promoting the proliferation of mobile applications in the community.

Under the global network effect, there are some high-number nodes in the scale-free network; the
communication and interaction between these hub users and the surrounding neighborhood users
promote the innovation diffusion of mobile applications, so the diffusion results in the scale-free
network is the best.

4.1.2. The Diffusion of Mobile Applications under the Local Network Effect

Figure 4d—f present the simulation results under the local network effect. We discover that the
evolution trend of the user group decision in three kinds of network structures is similar.

In terms of diffusion results, more users adopt mobile applications under a scale-free network
structure, which is also consistent with the global network effect. The difference is that under the
local network effect, the disadvantage of a small-world network is more prominent. Since each
user in the social network gets the same network value utility under the global network effect, the
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latter is determined by the network effect intensity and the proportion of the number of adopters.
However, under the local network effect, the network value utility obtained by the users is related to
the decision-making of other users in their neighborhood network. Users in the small world network
have a high degree of aggregation. Users in the small group get a similar network effect value, and the
decision-making situation is the same. Only a few users will be different from most of the small group
due to their preference for mobile applications.

Therefore, compared with the global network effect, mobile application innovation diffusion will
be more concentrated in each small group. It is difficult to achieve a better diffusion effect in the
whole social network. From the perspective of diffusion speed, the diffusion speed of the scale-free
network is the fastest, the random network is slightly lower than the scale-free network, and the
diffusion speed of the small-world network is significantly slower than the others. This is because for
the mobile application diffusion from one small group to another in a small-world network, which
is not conducive to the promotion of diffusion speed, especially in the early stage of diffusion, the
diffusion speed is relatively more slowly.

Under the effect of the local network, the diffusion of the three network structures present a
similar trend. Due to the relative dispersion of small groups and the difference in the local network
effect among groups, the propagation speed and range of the small-world network users are behind
the random network and scale-free network, and more obvious than the global network effect.

We also compared the diffusion results of three kinds of network structures under two types
of network effects. We then find that more users choose to adopt mobile applications finally under
the local network effect, which shows that the local network effect of the same intensity has a more
substantial promotion effect on the innovation diffusion of the mobile applications. The impact on user
decision-making is more prominent, which is highly consistent with reality. For users, compared with
strangers who have no contact among themselves, the neighboring users can often affect their own
decision to a greater extent. Under the local network effect, the scale-free network height nodes can not
only interact with the surrounding neighbors, but also affect the value utility of mobile applications
to users and their decision-making. At the same time, the local network effect further enlarges the
differences in a user’s product preferences, personality characteristics and neighborhood network, and
the uncertainty of a user’s decision is also increased under social learning behavior. The fluctuation
degree of the user group’s decision-making evolution is more obvious than other networks. Therefore,
we conclude the following: Compared with the global network effect, the local network effect has a
better role in promoting the innovation diffusion of mobile applications. Under the local network effect,
the high number of nodes in the scale-free network has a more influential role in promoting the diffusion
of mobile application innovation. The differences in user preferences, personality characteristics and
neighbor networks are further amplified, and the volatility of user group decision-making evolution is
higher under social learning behavior.

4.2. The Innovative Diffusion of Mobile Applications under a Network Effect

We adjusted the intensity of the network effect to conduct sensitivity analysis experiments
and explored the impact of network effect intensity on innovation diffusion of mobile applications.
According to above conclusion, the heterogeneity of the scale-free network degree distribution better
reflects the situation in real society. Therefore, the scale-free network is used in the network structure of
this experiment. The relevant parameters in the model are set as follows: B = 130, C = 110, f = 55,
M = 0. The simulation results are shown in Figure 5.
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Figure 5. (a) Sensitivity analysis of network effect intensity under the global network effect (d =30, 40,
50, 60). (b) Sensitivity analysis of network effect intensity under the local network effect (d =30, 40,
50, 60).

From the simulation results in Figure 5, we find that, with the increase in network effect intensity,
mobile applications are further spread in the user community; mobile application propagation is also
improved. With the increase in network effect intensity and the value utility of the mobile applications,
users who initially refused mobile applications may change their decisions due to social influence.
Under the influence of social learning, the number of adopters gradually increases, which is similar to
the snowball effect. However, in the case of a low intensity network effect, the value of the network
effect cannot change obviously with the increase in the number of users, and communication is difficult
to increase in the original degree. Disregarding the local network effect or the global network effect,
we discover that the intensity of the network effect can improve the value utility of mobile applications
and extend the duration of innovation diffusion. In the diffusion process, the number of users and the
value of the network effect promote each other, and finally get better diffusion results.

In addition, comparing the results under the two network effects, it can be found that the diffusion
results under the local network effect are often better under the same network effect intensity. Under
the local network effect, the increase in network effect intensity can promote the diffusion speed of
mobile application innovation diffusion in the early stage, while the diffusion speed under the global
network effect will not be affected by the network effect intensity.

4.3. The Innovative Diffusion of Mobile Applications under Firm Promotion

We adjusted the firm promotion to conduct sensitivity analysis of marketing experiments,
in which we set m as 10, 20 and 30, respectively. The rest of the parameters in the model were
B =130, C =120, f = 55. We then set the proportion of seed users as 10%. The simulation results are
shown in Figure 6.
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Figure 6. Sensitivity analysis of marketing promotion input to the number of adopters (m = 10, 20, 30).
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In Figure 6, with the increase in marketing promotion investment, the number of users adopting
mobile applications has increased in the early diffusion. However, since the time of T = 30, the
advantages of high marketing and promotion investment have gradually decreased. Mobile applications
with less marketing and promotion investment have gradually spread. The number of adopters has
also gradually increased, and the promotion effect of marketing and promotion investment on diffusion
is not obvious.

At the end of diffusion, the gap between the number of adopters under three different marketing
inputs is much smaller than that at the beginning, because the number of adopters is smaller than that
at the beginning of diffusion. Besides, on the premise of marketing promotion investment, the value
income of each adopter is reduced. At the same time, under the evolution of social learning behavior
and social network, user decision-making is more affected by the network effect and interactive
communication, and the role of marketing and promotion investment is weakening. Therefore, the
diffusion trend under different marketing and promotion investment tends to be the same in the later
stage, with little difference in diffusion degree.

An enterprise’s investment in marketing promotion, which helps promote mobile applications in
the initial stage of market entry, has a positive effect on the speed and scale of initial diffusion, but the
co-evolution of social network structure and user group decision-making makes this kind of promotion
have a relatively weak role in the late period of diffusion; it is difficult to show obvious differences in
diffusion results.

5. Conclusions

In this paper, we developed and implemented a simulation model based on agent-based modelling,
game theory and social networks, to simulate the innovation diffusion of mobile applications in user
groups. Firstly, we built a simulation model to describe the individual decision-making process under
user preferences and neighbors’ decisions in social networks. Then, we built multi-agent models of
mobile application innovation diffusion that considers network effects and network structures. Finally,
we investigated the impact of firm promotion on diffusion through simulation experiments, which
help enterprises make better strategies.

We found that both in the local networks effect and global networks effect, user groups have similar
diffusion trends under different social networks structures. Then, the intensity of the network effect can
improve the value utility of the mobile applications and extend the duration of innovation diffusion.
In line with the research of Wei et al. [3] and Muller and Peres [7], this research evidence also supports
the important role of network structure in the diffusion of mobile application innovation. Our findings
also emphasize the impact of the user’s preferences and neighbor’s influence on personal decisions.
Several prior studies have examined the relationship between user preferences and decision-making
based on multi-agent models [50,51]. They also seek to take in the advantage of this granularity in
order to explore the impact of user preferences on the modal split of shared autonomous vehicles in
the area of transport. In addition, firm investment in a marketing promotion, which helps to promote
mobile applications in the initial stage of market entry, has a positive effect on the speed and scale of
the initial diffusion.

Our findings provide theoretical exploration and policy decision support for firms to simulate
user behaviors in diffusion of mobile applications. Our research suggests firms should pay attention to
individual personalities and neighbor customers’ decision information in user groups. Our research
can also simulate firm strategies about mobile applications before applying them in reality, which
could help enterprises make better strategies and enhance the performance for innovation diffusion of
mobile applications.

However, some limitations in the discussion also exist. We have not yet considered the complexity
of competition among different mobile applications. In addition, as in many field of multi-agent
models, only empirical data are verified in agent-based models with different social networks [34,52].
Although the empirical analysis has not been carried out, we will employ the real data and conclusions
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collected from empirical research to confirm the rationality of the parameter setting in future research.
Then we will promote the model to effectively predict mobile application diffusion and develop better
business strategies.
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