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Abstract

This paper examines the dynamic diffusion of mobile phones in Korea market, in which
traditional marketing activities and online word-of-mouth play critical roles in
influencing product sales. The focus of earlier studies was on understanding the
effectiveness of marketing activities on product sales by limiting their studies to
interaction among product sales, mass media, online word of mouth and the network
structure of the market. In order to further refine this relationship, this paper provides an
agent-based model to study dynamic diffusion pattern of mobile phone by considering
their interactions and network structure.
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1. Introduction

The advent of mobile phones more than two decades ago made “anytime, anywhere”
communication much easier between two people. A rapid adoption of this technology
created a huge business opportunities for various manufacturing companies along the
value chain. Many companies entered this market to seize this new business opportunities.
As a result, this market has become very competitive. One area where a business manager
needs to do well is in forecasting product sales to estimate the market size and understand
a historical diffusion pattern of product.

Rogers[1] stated that key factors affecting the product or technology life cycle,
adoption, and diffusion are communication channels, time, and social system. The
communication channels are classified into mass media and interpersonal channels[1].
The mass media such as TV advertising, radio, newspaper and interpersonal channels can
generate word of mouth. As the Internet technology evolved into a mainstream technology;,
online word-of-mouth on product information or reviews can have significant effect in
instilling an opinion about the product in online community. Several studies showed the
online word-of-mouth effect on product sales [2, 3, 4, 5] by examining the differences
between word-of-mouth and online word-of-mouth [6]. However, their studies are limited
to interactions of mass media, word-of-mouth, product sales, and network structure.
Several approaches such as choice models [7] or neural networks [8] were used to
forecast the consumer decision, but, there are limitations to using these mathematical
approaches. Swait and Adamowicz [9] suggested that researchers should pay more
attention to factors such as task complexity and context in modeling choice behavior.
Midgley et al. [10] studied the relation between the diffusion of innovations and the
network structure in that the communication links have a significant impact on the
diffusion process. This suggests that there is a need to place a greater emphasis on a
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dynamic interaction among product sales, mass media, and word-of-mouth in this
research area.

This paper examines the dynamic diffusion of mobile phone in Korea market, in which
traditional marketing activities and online word-of-mouth play critical roles in influencing
product sales. We employ a three-prong approach for our study. First, we make a market
system for mobile phones, consisting of mass media and interpersonal activity. Second,
we attempt to identify a network structure of mobile market considering their dynamic
interactions. Finally, we show simulation results of the dynamic diffusion pattern of
mobile phones in the market. With this approach, we can identify the diffusion pattern in
each market with different conditions.

The rest of this paper is organized as follows. Section 2 provides the theory
background. In Section 3, we explain the agent-based model used in this study. Section 4
provides modeling concept. Our simulation results are analyzed and discussed in Section
5. Finally, Section 6 provides summary of our findings and implications of this research.

2. Diffusion Theory

Rogers[11] defined an innovation as “an idea, practice, or object that is perceived as
new by an individual or other unit of adoption” and claimed that technological innovation
is key factor leading to changes in product life cycle, adoption, and diffusion. However,
once a technology or product is given, the main factors are communication channels, time,
and social systems etc., [1]. The most important factor affecting new product selection
and adoption is communication[12]. Rogers[1]classified the communication channels into
mass media channels and interpersonal channels. And mass media such as an advertising
plays a role like recognition of new product, ventilation of potential customers, and
knowledge transfer of new product and interpersonal channels can be word or mouth and
act to verify information, evaluate new product(indirect experience), and reduce the risk
by accepting new product.

Since the 1960s, researchers conducted studies on the impact of product, service, or
technology adoption by communication channels[12] In the past, researchers were
interested in understanding the effect of mass media, such as TV advertising, radio, and
newspaper, on product diffusion as marketing activities and word of mouth as the most
important communication source between consumers [13]. Word-of-mouth was defined as
information exchange process for products and services through interpersonal channels
[14, 15, 16]. As Internet technology matured, we should consider the personal internet
media which plays a role of word of mouth in online and there are several studies about
the effect of online word of mouth on product sales [2, 3, 4, 5]. Although word of mouth
has a great power to diffuse products in growth stage as considering the new product
diffusion theory [17], several studies to date show the online word of mouth affect product
sales in early stage of innovation process [6]. Unlike the information of the offline word
of mouth, the information through online word of mouth is passed quickly to a wide range
of consumers [2]. Bussiere [3] and Chatterjee [4] said that word of mouth has been
widespread due to popularization of the Internet and the impact of online word of mouth
is even greater to consumer information search and purchasing decisions than that of the
past offline word of mouth. Godes and Mayzline [18] said the information makes it to be
able to track, copy, and analyze word of mouth content because the information is form in
written format in Internet. Using reviews for two Internet bookstores(Amazon, Barnes &
Noble), Chevailer and Mayzlin [5] studied the effect of online word of mouth to book
sales. They also said that online could be utilized as Internet marketing means
anonymously and it would be efficient than traditional marketing techniques. Huang et al.,
[19] experiemented that the characteristics of word of mouth such as quality, authority,
authenticity, and interestingness make some effect on resenders’ acceptance toward word
of mouth positively, which can be called ripple effect. Cui et al., [20] examined the effect
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of online reviews on new product sales for consumer electronics video games depending
the reviews’ volume, valence, dispersion and found that the volume of reviews affected
new product sales in the early stage of diffusion process.

As described in the aforementioned studies, researchers have argued that the online
community should exchange the product’s information and generate word-of-mouth for
good marketing place [21, 22]. Andersen [21] shows that online community which is
deliberately structured by companies in the context of B2C as well as in the context of
B2B can be an effective means of communication for relationship marketing. Elliott[22]
argues that customer community is core infrastructure of online word of mouth activation,
which means community acts as facilitating the interaction between the customer and,
because of this, the effect of adoption and diffusion increases rapidly by word of mouth. C.
Song and J. Shin[23] claimed that interactivity should be considered an important
characteristic for Internet marketing in that enhance interactivity by making internet
personal interaction between consumers and business more efficient in terms of marketing.
Sundaram and Taylor[24] said that uncertainty related to purchase enhances browsing
activities about information. Online word-of-mouth mainly occurs actively through
comments on the Internet bulletin boards and the trend is moving from café/club
communities to blogs, homepage, and other personal media such as facebook and
instagram. In this point, this study uses the online article as online word of mouth.

3. Agent-Based Model

In an agent-based model(ABM), agents are heterogeneous individuals, acting with
unique rule in decision-making. Specifically, agents act and interact repeatedly in a
dynamic environment. This creates an evolving system that affects the innovation process.
ABM’s main goal is to construct theory, not to make an accurate and predictive model.
This model differs from other simulation approaches in several areas. First, ABM agents
are heterogeneous and act with each other in their environment unlike the other models
where the agents are homogeneous and are behaving individually at the average level.
Second, unlike the other models, ABM allows the agents to adapt at their own pace and
unique way. Finally, a behavior rules are different compared with other simulation
methods. The agents act depending on the behavior rules set by researchers. The rules can
make the system slowly to become more complex incrementally. ABM provides
flexibility to simulate direct or indirect interactions dynamically between entities
coexisting in a cohesive environment.

ABM has several advantages. ABM purposes to show how process evolves over time
and how the system can be changed by rules. The model can make intuition for arranging
theories. And ABM’s benefit is that the model can be used in a system in which the unit
of agent is the individual such as consumer and firm and the micro behavior and macro
pattern are focused on. It can be applied to adoption and diffusion innovations. In ABM,
the patterns are replicated, which create the dynamic environments in which individuals
enter and exit the system. The concept of emergence cannot be ignored in ABM. The
model is important for dynamic systems which create emergence[25] and coevolving
systems. In emergent systems, the entire system is greater than the sum of parts[25]. In
economics field, the emergence is generated by the interaction of agents and then,
growing economies, which can be called agent-based computational economics[26]. The
model is also applied when agents act as form of nonlinear. If agents represent memory,
path-dependence, hysteresis, non-Markovian behavior, or temporal correlations, ABM
can be used and stochastic process can be modeled as agents’ behavior. Another
advantage is important for this research. ABM distinguishes between physical space and
temporal space and it makes social network of diffusion modeled. Barabasi[27],
Valente[28] and Watts and Stogatz[29] have been interested in the study of social
networks. Watts and Stogatz[29] showed local and global dynamics are affected by the
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network’s structure. Garcia et al., [30] also examined the effect of social network on the
rate of diffusion in different types including a random network, a cellular automata
network, a small-world network, and a scale-free network and identified that small-world
networks can be useful for the diffusion of the innovation in high uncertainty of
performance.

Aforementioned advantages generated great interests in ABM as it was applied to
model insect behavior, urban systems, traffic-flow dynamics, and civil violence [31]. In
addition, it has been widely used for innovation diffusion research [32, 33].

To conduct ABM research, there are several steps. The initial step is to set up research
questions by a researcher. After this initial step, the researcher should proceed with the
following steps. First, theory should be operationalized through a cognitive map creation.
Second, agent and environment should be specified. Finally, the behavior rules should be
established as well as measurement procedure, data collection, and run-time. These steps
need not to be in sequential order. In the next section, we propose an agent-based model
for this study.

4. Modeling Concept

4.1. Agents

In this study, agents are heterogeneous consumers and interact with each other in a
market where TV advertising and online word of mouth coexist. They have their own
preference to a certain product. And they are affected by external environment and act
depending on those conditions. The external environment and online word of mouth that
are identified to affect consumer’s purchase decision. Since price factor is the important
to make for consumers to purchase, we determine the price is control factor for this
system. We assume there are 500 consumers in a market and they form a network relation
in the market when TV advertising and online word of mouth exist together.

4.2. Decision process

In order to construct decision-making process, we consider intrinsic preference, price,
and TV advertising and online word of mouth exposure as effective factors. First, we set
up that consumers have their own intrinsic preference, which means consumers prefer
certain product such as its brand and attributes. It doesn’t change with any conditions.
Therefore, we set the decision process as both normal and uniform distribution. Price is
important factor to influence purchase behavior of potential consumers[34]. Previous
research attempted to show the relationship between price and customers’ purchase
decisions as dividing into objective and reference price[35, 36]. As a control factor, price
distributed pattern can be classified into two patterns, uniform distributed pattern and re-
exponential pattern. Price strategy depends on company’s strategy direction and we
interviewed an employment to ask the strategy. Even though we haven’t obtained real
data to plot the price change pattern, we got the information that mobile manufacturing
company has two strategies roughly. One strategy is for premium phones. It tends not to
change the phone’s price and continue to maintain initial price when products are released
in a market. This pattern would be uniform distributed pattern. The other strategy is for
general phones. This type is decreasing as the products are diffusing in the market over
time. The dynamic pattern of the price can be formed as re-exponential distributed pattern.
In this product type, the price is affected by market conditions and, in general, the pattern
of the price would be decreasing after entering the market. Even though there are several
factors to affect the change of price, since we are focused on the marketing activities in
this research, we should consider only the dynamic pattern of price.

As aiming to construct a market system, we consider two marketing activities, mass
media and online word of mouth. Previous research represented the mobile phone

146 Copyright © 2018 SERSC Australia



International Journal of Advanced Science and Technology
Vol.113 (2018)

companies’ TV advertising distributed pattern as log-normal distributed pattern [37]. The
distributed pattern is not for mobile manufacturing company but for mobile service
company. But, in Korea, mobile service companies are related closely to manufacturing
companies and, in mobile service TV advertising, certain product of manufacturing
company can be exposure. In Korea mobile market, manufacturing company decides to
release their product with particular companies and mobile service company use certain
product in their TV advertising. For example, Apple contracted with only KT, one of the
mobile service companies, when they enter the Korea market and KT used iPhone for
their TV advertising when iphone was launched in Korea. Therefore, the mobile service
advertising pattern can be substituted for mobile phone advertising. The other marketing
factor is online word of mouth. The distributed pattern got obtained from real data of 10
mobile phones in Korea and the information or reviews for the products were tracked by
web-text mining. We gathered the article monthly and count the number of article in the
month. The article life time follows the period of product life time and several phones’
article in online lasted more than one or two months than product life time in market. The
distributed pattern can be shown as gamma distributed pattern and the pattern can be
classified into the peak point in early time and mid-time. In this research, we assume
online WOM affects early stage of innovation process according to Dellarocas et al., [6].
As above-mentioned decision rules, Table 1 shows a summary of decision rules.

Table 1. Summary of Decision Rules

Factor Distributed pattern Formula
H H L —:I_i'ilz
Intrinsic Uniform / Normal distributed pattern L —e 5
preference (b-a), OV 21
Uniform distributed pattern(premium 1
) phone) (b—a)
Price — .
Re-exponential distributed 1
pattern(general phone) el
i<j,
TV advertising Log-normal distributed pattern n ( 1 E_%J
U\-‘E
1 o, =
Online word of X TheTE

Gamma / Exponential distributed pattern 8 r (k)
mouth

The final adoption can be determined by generalized bass model. Bass model
represents product diffusion model which some individuals decide to adopt an innovation
independently of the decisions of other individuals in a social system[17]. The equation
form follows.

f(t) g 1
L(t) = =p+— N(t 1)
0= =Py N0
In this equation, n ) represents the number of customers who have already adopted the

innovation by time t and N is a parameter representing the total number of customers in
the adopting target segment. j, is coefficient of innovation and 4 is coefficient of imitation

and yr)is the previous buyers. And Bass, Krishnan, and Jain[38] suggested a general

form of Eq.(1) as considering the effects of marketing-mix variables on the likelihood of
adoption and the equation form as follows.
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Thus, in this study, we use generalized bass model because the model considers the
marketing activities. , can be considered as intrinsic preference and the adoption

equation can be formed as follows for this study.

Adoption = Intrinsic preference + price + TV advertising + online word of mouth

5. Simulation and Results

We constructed a market system based on an agent-based model, using the Netlogo
software developed by Northwestern University. This software provides tools to easily
construct a model with agents and behavior rules. In this section, we present the model-
produced dynamic pattern of mobile phone purchase.

First, considering intrinsic preference, there are two categories of product purchasers:
early adopter and general consumer. As shown in Figure 1, early adopters tend to buy the
product once it is launched. They wait for one or two month and the customers’
purchasing pattern is increasing, peaking, and descending over time. For the customers of
general category, there is no change in the consumption pattern. They are not affected by
any factor in the market and are characterized by their utilitarian motive in buying a
phone and focusing only on its basic features. Especially, both of two consumer
categories are not affected by the premium price strategy.

Second, the pricing strategy is meaningful. The price factor affects the sales of a
product for a short time in the early adopter category. The pattern shows higher sales
during the early phases than during later ones. In addition, for general consumer, it
changes over time. The purchase of the product by general consumers changes over time
although the change is not dramatic. That shows that the price sensitivity over time
depends on consumer types as shown in Figure 2. We consider TV advertising as the
traditional marketing strategy. As TV advertising activity starts, the pattern widens,
regardless of customer type. Even though the pattern is maintained like the pattern that we
consider both the intrinsic preference and price, we see the wider pattern. We can say that
consumers purchase the product earlier if they are exposed to TV advertising. We can see
the results in Figure 3.

Finally, we can see the dramatic change when online marketing is considered. By
considering two decision rules of online marketing, exponential and gamma distribution,
four patterns are obtained as shown Figure 4. First, when the online marketing has an
exponential pattern, it is wider than the pattern with pricing and TV advertising factors,
regardless of consumer types. This means that if we employ all the marketing strategies, it
makes consumers purchase products more quickly. Especially, for general consumers,
they do not buy the product as soon as it is launched, but tend to buy it when they are
exposed on online advertising. In addition, if the online marketing shows gamma
distribution pattern, sales volume show a sharp increase after a certain period of time. It
also leads to a higher total sales volume than any other situation. Comparing these results,
TV advertising and online marketing are found to be more effective for short-term sales
than the pricing strategy, as indicated by the wider pattern. It also leads to the conclusion
that we should consider online marketing at the early stage of product sale.
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Figure 3. The Result of Simulation Figure 4. The Result of Simulation
considering Intrinsic Preference considering Intrinsic Preference with
with Price and TV All Strategies

Note: Intrinsic preference (a) represents early adopter (uniform distribution) and Intrinsic
preference (b) represents general consumer (normal distribution). Price represents the firm’s price
strategy for the product. Adv means TV advertising. Online (a) represents exponential pattern of
online marketing and Online (b) the gamma pattern of online marketing.

6. Discussion and Conclusions

As technology innovation speeds up, creative ideas and strategies become more
important. This study examines the effects of corporate marketing strategies on product
proliferation and simulates the complex systems using an Agent-based model. In
particular, we consider online marketing strategies, such as user feedback on new media,
because of the development of the Internet. This research makes contributions to the
development of product diffusion patterns by considering complex, new marketing
activities required in recent.

First, the system was constructed according to the conditional changes in various
scenarios (various marketing strategy options in this study). When various marketing
strategies act simultaneously in a system, it will be possible to forecast the future patterns
by applying the complex system in the future and looking at the system change over time.
The purpose of the prediction proposed in this study is not to predict the cumulative sales
volume at a specific point of time in the future. The value of the specific point in time is
presented in the application of methodology; however, rather than paying attention to
these numbers, it is more appropriate to examine how the value of a point in time varies
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conditionally under various scenarios. By looking at the future changes in strategy, we
can consider the cost and effect of the strategy of the company, and this makes it possible
to select the desired scenario among the various options.

Second, we apply the simulation method to the innovation research. That is, we study
the diffusion pattern structure of the product through an agent-based model, which is a
simulation. Agent-based model simulation bas been used for organizational change and
urban planning due to individual behavior change. Recently, there are more and more
cases of this model being used in economics and technology management. In this study, it
is possible to look at the changes of the whole system by changing one factor and by
constructing a more stereoscopic and structural model; thus, we deviate from the
dependence on statistical model to see the product diffusion pattern as the technology
prediction model. It is expected that this will enable the decision makers of the enterprise
to establish specific strategies.

Finally, it contributes to the theoretical development by applying this methodology.
The innovation diffusion theory discussed in this study is based on the idea that the
individual or decision-making unit is a process of diffusion until the acceptance of
innovation. It is a micro- and the macro- in process in which the potential customer
decides whether to accept it or rejects it. It is difficult to simultaneously express these
microscopic and macroscopic processes, so we can only confirm the empirical results
from one aspect, that is, micro or macro aspect. However, in order to verify the theory
accurately, two aspects need to be examined at the same time, and this study makes it
possible by applying the new methodology. Agent-based model is a bottom-up model that
focuses on the emergence of macroscopic patterns that occur because of micro-
interactions. Therefore, agent-based model is a suitable alternative to solve a problem that
diffusion theory is a collective phenomenon caused by decentralized individual decision
makers and it is not easily analyzed by the traditional quantitative or qualitative approach.
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