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Abstract. Information and communication technology (ICT) products
exhibit positive network effects.The dynamic process of ICT markets evo-
lution has two intrinsic characteristics: (1) customers are influenced by
each others’ purchasing decision; (2) customers are intelligent agents with
bounded rationality.Guided by complex systems theory, we construct an
agent-based model and simulate on complex networks to examine how
the evolution can arise from the interaction of customers, which occur
when they make expectations about the future installed base of a prod-
uct by the fraction of neighbors who are using the same product in his
personal network.We demonstrate that network effects play an impor-
tant role in the evolution of markets share, which make even an inferior
product can dominate the whole market.We also find that the intensity
of customers’ communication can influence whether the best initial strat-
egy for firms is to improve product quality or expand their installed base.

Keywords: information and communication technology, evolution of
market, diffusion of innovations, complex networks, network effects.

1 Introduction

With the development of information and communication technology (ICT),
ICT products have become more and more important in our life. The market of
ICT is a widely concept. It includes not only PC market, but also the market
of telecommunications equipment, customer electronics, and electronic compo-
nents. According to IDC’s estimation, the global ICT market investment has
become 2.3 trillion dollars in 2006.

ICT products exhibit positive network effects, which mean the utility of these
products will increase with the total number of users or the amount and variety
of complementary goods [1]. Economic literature commonly agree that the influ-
ence of network effects for the adoption of ICT products, will lead to evolution
phenomena including positive feedback, critical mass, compatibility, standard-
ization, lock-in, path dependence and inefficiency [2,3]. Traditional economics
approaches of network effects theory, which study on the evolution of ICT mar-
kets, can be classified into two kinds of models. On the one hand, the primary
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goal of theoretical models is an analysis of the competition strategies, such as
installed base strategy [4], compatibility strategy [5] or pricing strategy [6]. On
the other hand, many scholars use empirical approaches (e.g. hazard model, he-
donic price model) to estimate the effect of direct or indirect network strength
on the of evolution of markets [7,8].

However, by focusing on the effects of supply side policies, traditional theories
ignore the impact of demand side on the evolution of ICT markets. The evolu-
tion of market is a dynamic process, in which all customers make their collective
purchasing decisions. When customers choose between different products, they
face a coordination problem [9]. For instance, customers may choose the telecom
operator with larger communications network. Such network will bring more
value to them, especially when their family members, friends and business part-
ners also join the same network. In ICT markets, customers are influenced by
each others’ purchasing decision, so there exist interactions of potential adopters
within their socio-economical system [10].

Meanwhile, Customers are intelligent agents with bounded rationality, which
means they can make expectations about the market share of products. Tradi-
tional economics assume customers are perfect rationality. However, the behavior
of an agent in reality is “nearly optimal with respect to its goals as its resources
will allow” [11]. Because of imperfect information about the market, customers
cannot make fulfilled-expectations about the future size of a network which cor-
rect with the equilibria of market. In fact, there exist some situations such as
local bias-small clusters of users who adopt a product which does not have the
largest installed base and not dominate in the whole market [12]. In addition, if
the product cannot come up to the expected network benefits of the potential
user, it may result in negative feedback. WAP is one such case [13]. The potential
users are unwilling to pay for this product, so the real network benefits do not
increase and this result in the users begin to abandon the product. Finally, the
product will fail because it unable to get enough installed base to overcome the
problem of critical mass.

Aiming at better understands of the evolution process of ICT markets, we
construct an agent-based simulation model. Our main hypothesis is customer’s
purchasing decision is sometimes influenced more by the personal network of his
or her acquaintances, which also called as “local feedback effects”. It may be
reasonable to make such assumption, since opinions and choices of family and
friends play a significant role in a customer’s selection of ICT products, which
also called as “opinion leader” and “word-of-mouth”. After knowing the early
adopters have been satisfied, potential users are less wary of ICT products. Some
empirical studies also support our assumption [14,15].

We also use complex networks to model the interactions between customers.
[16] points out that complex networks give us a more direct-viewing understand-
ing of the emergence of complex systems, i.e., the behaviors of whole systems.
Recent years, theories of complex networks have also been applied into manage-
ment science. [17] use small-world network and spatial dimension of sales data to
predict the success of new product. [12] argue the validity of “Winner-Take-All”
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hypothesis, which comes from traditional theory of network effects, may depend
on the topology of complex networks. We believe that the agent-based simula-
tion models on complex network is a good tool for us to explore the complex
social and economic systemsespecially the innovation and opinion dynamics.

The organization of this paper is as follows. The second section provides the
agent-based model used for analysis. The third section shows the results of our
simulations.Then, we discuss the main findings and their implications.

2 The Model

We model the dynamics of market evolution where two incompatible ICT prod-
ucts compete with each other. Following [18], we assume the total utility of a
customer for one single ICT product is constituted by two parts: intrinsic utility
and network utility. Intrinsic utility reflects the quality of a product. Meanwhile,
network utility comes from the numbers of customers purchasing the same prod-
uct. However, under the condition of imperfect information, customers do not
know about the real market share of each product exactly. So we also assume,
with bounded rationality, they make expectations about the market share of each
product by the fractions of its neighbors who have already adopt separately.

2.1 Basic Model

Considered a social network size of N = 1000 nodes, i.e., there are one thousand
customers. The total utility of purchasing product j{j = AorB} for individual
i at time t is given by

U j
it = ri + qj + βjNDj

i(t−1) (1)

where ri is customer i ’preference for quality, qj represents quality, βj mea-
sures the strength of network effects,and Dj

i(t−1) is the fractions of customer
i’neighbors that have already adopt.

Following assumptions by many prior scholars (e.g., [1,12]), we suppose ri <
0 for most of customers.Meanwhile, it is distributed normally, where mean μ
and variance σ2. Quality qj reflects theintrinsic utility of products. Further,
network utility depends not only on the expected network size NDj

i(t−1),which
is equivalent to installed base1, but also network strength, stemming from some
characteristics of customers, such as personal interests, product loyalty[7].

2.2 Adoption and Repurchase Processes

we consider the discrete version of the continuous dynamics, i.e. the purchase
decisions of customers are made in a sequential order, so in every period only
one agent is chosen to revise his decision.
1 Like [19], we replace installed base by market share.
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By obeying dynamic preference rules as follows, Each customer makes a de-
cision whether to buy or repurchase one unit of either product A or B.The
dynamics of the adoption process is as follow.

(1) If both UA
it < 0 and UB

it < 0 , customer will choose nothing;
(2) If UA

it > UB
it > 0,customer will choose product A ;

(3) If UB
it > UA

it > 0, customer will choose product B ;
(4) If both UA

it > 0 and UB
it > 0 , customer will choose a product by probability

based on the different total utility of different product:

Prob(choice = j) =
U j

it

UA
it + UB

it

(2)

From (2), we can see the larger total utility of a product, the larger probability
it will be chosen by customers.

2.3 Simulation Design

Considering the condition when two incompatible ICT products are introduced
to the market simultaneously, we use two different average connectivity scale-
free networks to conduct simulations. The average connectivity of social networks
< k > (approximately < k > neighbors per node) reflects the intensity of com-
munication between customers [20], so we want to explore how the intensity of
customers’ communication influence the evolution of ICT markets. In order to
comparative analysis the different emergence from the diverse average connectiv-
ity of network, we keep those two SF networks have the same numbers of nodes.
Further, we suppose there have some seeds at the beginning of the simulations,
i.e., adopters who have already own one product at first period. Those adopters,
similar to “innovators” defined by [21], can be seen as initial market share or
installed base of each product.

In particular we set < k >= 6, 16, μ = −30 and σ2 = 5.The degree distri-
bution of network which < k >= 6 follows P (k) = k−2.16.The other one with
high average node degree < k >= 16 follows P (k) = k−2.86 .All results are the
average value of 100 independent simulation runs. The iteration of each run is
10000 periods.

3 The Results

First of all, we study on the issue whether a firm chooses between investment in
initial installed base or in initial quality of its product in the initial periods of
market. Because this issue concern about the business strategy of firms whether
could dominate in market finally. Traditional views of network effects theory
emphasize the importance of installed base products, since there exists a critical
mass point. If the installed base of a product exceeds this turning point, the sales
of this product will increase quickly by positive network effects. So investment
in initial installed base strategy is also called as Get-Big-Fast strategy. However,
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managers could also use improving quality of its product strategy to compete.
Meanwhile, we can see a lot of business cases in which the superior technology
win the market finally although it doesn’t have bigger installed base than the
old inferior technology2. Those cases show quality drives the success of ICT
products.

So there are two different strategies that firms may face: quality advantage
strategy (QAS) or installed base advantage strategy(IBAS). In order to com-
parison, we construct a simulation by assuming both initial market shares of
product A and B are 5%, i.e., IMSA = IMSB = 0.05, both qualities of prod-
uct A and B are 20, i.e., qA = qB = 20. Further, we consider two different
situations. One is when network strength is weak. i.e., βA = βB = 0.5 < 1;
another is when network strength is strong. i.e.,βA = βB = 2 > 1.

We keep the determinants of product B constant, since we focus on the effects
of quality advantage vs. installed base advantage on final market share of product
A. Then, we make a paired comparison between initial quality advantage and
initial installed base advantage at 20%, 40%, 60%, 80%, 100% level separately.
For example, at 20% level, if the firm adopts an initial quality advantage strategy,
it improves quality of product A .So the quality become

qA = 20 ∗ (1 + 20%) = 24 (3)

On the contrary, if the firm adopts an initial installed base advantage strategy,
it promotes initial market share of product A by some marketing methods such
as free sampling.So the initial installed base become

IMSA = 0.05 ∗ (1 + 20%) = 0.06 (4)

Figure 1 and Figure 2 show different scenarios. When the intensity of cus-
tomers’ communication is low ( < k >= 6 ), QAS is a dominant strategy whether
network strength is weak or strong.however, when the intensity of customers’
communication is high ( < k >= 16), which strategy is better depend on the
strength of network effects in the market. on the one hand, QAS is better strat-
egy than IBAS when network strength is weak. On the contrary, IBAS strategy
is a better choice for firms when network effects is strong.To sum up, we use
table 1 to depict the choice of strategy when firm investment in installed base
or quality of its product at the initial periods of market.

So our results indicate that whether intrinsic utility (e.g., quality) or network
utility (e.g., installed base) drives the success of ICT products may depend on
the intensity of communications between customers and the strength of network
effects in the market.

Why our findings contradict with the conclusions of traditional economics
theory? To answer this question, we examine local bias in four situations. Recall
that our basic assumption is that agents are bounded rationality. Without perfect

2 Yet, in fact there also may result in a bad situation in where the inferior technology
will still dominate the whole market. The most famous case is QWERTY keyboard
against Dvoak [22]. We will discuss this phenomenon next.
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Fig. 1. The effects of initial quality advantage vs. the effects of initial installed base
advantage on final market share of product A when the intensity of customers’ com-
munication is low

Fig. 2. The effects of initial quality advantage vs. the effects of initial installed base
advantage on final market share of product A when the intensity of customers’ com-
munication is high

Table 1. Business strategy at the initial periods of market

Network
Strength

Intensity of customers’ communication
Low High

Weak quality strategy quality strategy
Strong quality strategy Installed base strategy

information, they cannot know the market share of each product completely.
So they make expectations about the market by observing the choices of their
acquaintances. Like [12] We measure the local bias as follow:

Localbias =
N∑

i=i

∣∣((sA
it − sB

it) − (sA
t − sB

t ))
∣∣

N
(5)
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Where sA
it and sB

it are the shares of products A and B in customer i’s neigh-
bor network at t period, respectively, and sA

t and sB
t are the market shares

of products A and B in the whole market at t period, respectively. From the
measurement above, we can know that there is no local bias if it is zero.

Figure 3 shows the different evolution of local bias under four scenarios. Table1
gives the details of parameter values for simulations. The simulation results show
the clusters or communities of social networks seem to let customers make locally
based choice. As a result, the level of local bias increases at first and reach the
steady state finally.When the initial advantage (installed base or quality) is small,
i.e. scenario 1 or 2, the level of local bias is much higher. On the contrary, i.e.
scenario 3 or 4, the level of local bias will lower because the final market is a dom-
inant market, which means most of market has been occupied by single product.

Then we turn to another question which has been discussed in economies
hotly. Under which condition, the market will become an inefficient market.[9]
point out that there are two kinds of inefficient markets. One is excess inertia,
i.e., customers are reluctant to adopt a new product with incompatible superior
technology, although its quality is much better than the old one. Another is
insufficient friction, i.e., customers always favor a new product with incompatible
superior technology.

Fig. 3. Local bias over time

Table 2. Simulation parameter values for Local bias

scenario qA qB IMSA IMSB βA βB < k >

1 20 20 0.06 0.05 2 2 6
2 24 20 0.05 0.05 0.5 0.5 6
3 20 20 0.1 0.05 2 2 16
4 40 20 0.1 0.05 0.5 0.5 16
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Fig. 4. Left graph:the effects of superior product A’s network strength on the evolution
of market. Right graph:the effects of inferior product A’s network strength on the
evolution of market.

In this simulation, we assume the old product B dominates the whole mar-
ket,so its market share is 95% and network strength βB = 1.2.Then a new
superior product A is introduced, which has 5% initial market share. The qual-
ity of product A is twice as high as the old one. i.e., qA = 2 ∗ qB = 40. It is to
explore whether product A can lead to success by promoting its network strength
βA.The left graph of Figure 4 shows that the market will be excess inertia when
βA < 0.6. The old product B takes all the share of market.When 0.6 < βA < 2.8,
final market becomes multiple equilibria.Both two kinds of products could coex-
ist at the steady state. When βA > 2.8, the new product A always corners the
market, so the phenomenon of insufficient friction happens.

Can a product with both inferior quality and small installed base compete
by improving its network strength? To answer this question, we consider the
extreme situation when the quality of B is more than twice as A. i.e.,.While,
other conditions are as same as in the left graph of Figure 4.

The right graph of Figure 4 shows that the winner-take-all of product B
happens when βA < 1.4.In addition,the product A takes off when βA > 1.4.If
βA could be promoted to more than 2, product A becomes dominant.When
βA >= 3.4, product A even could take the whole market, although this event
may not happen since the network strength must be more than twice as much as
the competitor. However, it also indicates that firms can manipulate its network
strength to win the market.This is similar to empirical study[9].Although we
don’t report the results when average connectivity is 6, the simulations show
there are not qualitatively different.

4 Conclusions

We have developed simulation models to examine the effects of a firm’s initial
advantage, the intensity of customers’ communication, the customer decision-
making process and the network strength of products on the evolution of ICT
markets. We found that when the intensity of customers’ communication is low,
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quality advantage strategy is always better than installed base advantage strat-
egy whether network strength is weak or strong. However, when the intensity
of customers’ communication is high, initial installed base advantage strategy
is better than initial quality advantage strategy only when network strength is
strong. This conclusion gives insight into managerial implications that whether
managers choose quality advantage strategy or installed base advantage strategy
at the beginning of the market may depend on the intensity of customers’ com-
munication and network strength. Traditional theory emphasizes the importance
of installed base since firms can get big fast by the positive network effects. Our
model suggests that this strategy may be only valid when both network connec-
tivity and network strength are high. So managers should do some marketing
research to measure network effects of the market and the intensity of customers’
communication.

In addition, we found that whether market evolves into an inefficient market
depends on the strength of network effects. When the network strength of su-
perior product is too low, the market will be excess inertia. On the contrary, it
may result into insufficient friction. Traditional theories use the heterogeneity of
customers’ preferences to explain why Apple’s Macintosh still survives, although
it is incompatible with the dominantly Wintel architecture. Our study suggests
that there may be another two reasons. On the one hand, the network strength of
PC market is not high. On the other hand, Apple’s quality is very good. In fact,
according to the American Customer Satisfaction Index (ACSI) published by
the University of Michigan, Apple has kept customer satisfaction at the highest
level in PC market since 1994, the first year of the index introducing [23].

Further, our simulation also gives implications that firms can beat competitors
by increase its network strength. This is due to asymmetries of network effects
between different products. In 16-bit home video game market, Nintendo beats
Sega by higher network strength, although Sega has larger installed base [7].

However, our model assumes all of customers make expectations about the
market by the fractions of adopters of different products in their acquaintances.
In fact, there are also many customers know the market clearly through media’s
reports. So it needs to separate the whole customers. On the other hand, how
the topology of complex networks affects the diffusion of innovations, such as
degree distribution, connectivity, still needs to examine. We will explore those
issues in future.

5 Sensitive Analysis

In order to test the validity of our results, we did a sensitivity analysis. First,
we use WS networks3 (< k >= 6, 16 ) to instead of SF networks for simulation.
Then, we change σ2, the variance of customers’ preferences, from 0 to 25. Al-
though the simulation results have some quantitative variance, the qualitative
of our conclusions have no change.

3 The probability of rewiring connections between nodes is 0.05.
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