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In this work, the aim is to discuss the relative importance of the driving parameters of the diffusion of
innovation under competition. As a case study the competitive existence of Android and iOS operating systems
are modeled in the context of an extended Bass model. The chosen model consists of two coupled differential
equations. Each differential equation has the same form of the well known Bass equation with an extra term which
represents the effect of the existence of the competitor. Since the smartphone sales and usage are globally well
documented, publicly available global smartphone market share and sales data are used to determine the model
parameter values. The smartphone global market share data spans 28 quarters starting from the first quarter of
2009. The distribution of the market share in the first quarter has been used as the initial values of the competing
operating systems. A minimization process obtains the free parameters (six in total) of the differential equations.
The values of the parameters are fixed by minimizing the difference between the solution of Bass equation and the
smartphone global market share data. The parameter values of iOS and Android operating systems indicate that,
on the worldwide scale, the adaptation of new ideas/products the dominantly led by the personal interactions.
In fact, through social networks, information flow is immense, and individuals rely on the information obtained
directly from a trusted individual. Publicity parameter values indicate that very rarely decision of an individual is
formed by only the mass media or publicity. On the contrary, to the publicity parameter, it is observed that the

existence of a competitor has a considerable effect on the sales of both parties.
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1. Introduction

The diffusion of innovation is of interest for both scien-
tists and practising economists. It is a very challenging
problem and has commercial value [1-3]. The diffusion of
innovation studies aims to determine the conditions and
dynamics of the spread of new ideas/products among the
members of a society. Diffusion of innovation research
can be conducted in two different approaches, namely
macroscopic and microscopic modeling. When only the
macroscopic effects are considered, the number of param-
eters which govern the dynamics are very limited. Micro-
scopic models, on the other hand, consider individuals—
individual and individual-environment interactions [4, 5].

The first mathematical model of the diffusion of inno-
vation was introduced by Bass in 1969 [6]. Its success in
explaining the spread of technological household goods
opened a new era. Since then the advances in math-
ematical modeling of the diffusion of innovation made
the subject more interesting and relatively more accu-
rate predictions possible. Nevertheless the Bass model
is still very successful in explaining dynamics of very
different diffusion of innovation processes. For compet-
itive markets, the well-known Bass model is extended
to accommodate competition [7-9]. Also, the Lotka—
Volterra model [10, 11], which was initially used for the
competing biological species, is reinterpreted in the ter-
minology of competitive marketing. Recently both ex-
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tended Bass model [9, 12-14] and the Lotka—Volterra
model [12, 15, 16] are used in the studies of diffusion
of innovation process.

Since 2008, smartphone operating systems have shown
a rapid change. This change has been subject to various
studies [12, 16]. Tseng et al. have studied competition
among the existing operating systems by using an in-
tegrated model [12]. Tseng et al. have used scenario
analysis, expert opinion, Delphi and extended diffusion
of innovation techniques in their studies. Wang et al., on
the other hand, used available sales data and the Lotka—
Volterra equation for short-term predictions for market
shares of i0S and Android operating systems [16]. In the
same work, equilibrium conditions of the Lotka—Volterra
equation system have been studied.

In this work, the aim is to use the real data and the
extended models of diffusion of innovation to understand
the role of different effects on the market shares of various
smartphone operating systems. The market share data
of the smartphone operating systems start from the first
quarter of 2009 and end at the beginning of 2016. In be-
tween these dates quarterly data of both global unit sales
and global market shares are published by Gartner [17]
and also available from Statista [18, 19]. At the begin-
ning of 2009, there were more than 9 different operating
systems. After 28 quarters there exists only two primary
operating systems which are iOS and Android. Android
operating system (first introduced in 2008) held less than
2% of the market shares at the beginning of 2009. This
new operating system has gained ground in smartphone
markets. In its expansion, all but one operating system,
namely iOS lost their market shares. By the beginning
of 2016, only Android and iOS operating systems shared
the markets as approximately 90% and 10%, respectively.
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The smartphone operating system market share data
is an excellent playground for testing different models of
diffusion of innovation and also discussing the conditions
of competition and coexistence of different brands. The
parameters of the model, the relative sizes of internal, ex-
ternal and the cross-brand terms are obtained by using
publicly available market share data. The present work
is divided into two sections: in the first part competi-
tive existence of i0S and Android operating systems are
discussed. In this discussion, both the Bass and Lotka—
Volterra equation are employed. In the second part, the
success of i0S and Android operating systems resulted in
the loss of market share for the other brands. One group
of products gaining the control of all the markets is an
example of distractive competition, which is similar ex-
tinction processes in biological systems. Some species di-
minish while the others dominate the environment. The
dynamics of competition between old and new operating
systems are discussed by using the Lotka—Volterra equa-
tion.

In the following section, the basics of the model will
be introduced. The third section is devoted to the appli-
cation of the model to real data on smartphones and the
last section discusses the results and give hints for the
further research.

2. The model

During the observation time of 28 quarters, the sales of
smartphones have increased ten times. This growth rate
in the sales is a clear indication of the growing poten-
tial market. Neither the Bass nor Lotka—Volterra models
do consider a time dependence of the market growth.
This problem can be partially overcome by using market
shares data. The market share, n;(t) of product i can be
given as the ratio of the unit sales, N;(t), at time ¢ and
the potential market size at the same time slice, M(t),
n;(t) = N;(t)/M(¢).

The extended Bass equation [7-9] in terms of market
shares of two competing brands can be given as

dncit(t) = [p1 + 11 (t) + 71 2m2(8)][1 — n(t)],
dndgt(t) = [p2 + gana(t) + y2,1m1 (8)][1 — n(t)]. (1)

Here n;(t) is the percentage of the adopters (market
share) who adopted the brand i, n(t) is the sum of mar-
ket shares of both brands, n(t) = ni(t) + n2(t). p1, @1
and po,qo are the innovation and imitation parameters
of the first and the second brands respectively, v 2 and
72,1 are the cross brand parameters.

In the same way the Lotka—Volterra [10, 11] equation
is written in terms of competitive market shares

dny(t)

= (a1 + biny(t) + c12m2(t))na(t),
dng(t)

= (a2 + bana(t) + co.1m1(t))na(t).

Here the number of each species at time ¢ is represented
by n;(t), i = 1,2. Six parameters of the Lotka—Volterra
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equation controls the growth of each species, a;, scale
of the environment, b;, and competition between the
species, ¢; j, @ # j. Survival of a brand depends on the
correct environment and also competition ability with the
existing rivals.

In the following section, the parameters, p;, ¢; and 7, 5,
i # 7, for the Bass equation and a;, b; and ¢; 5, 4,7 = 1,2
coefficients for the Lotka—Volterra will be obtained by
comparing the solutions of Egs. (1) and (2) with the data.

3. Results

The market shares of different smartphone operating
systems starting from the first quarter of 2009 are studied
by using both Bass and Lotka—Volterra equations. The
data obtained from Statista [18, 19] is used for both the
initial values and the parameter fits. Global sales data
and the global shares data (Fig. 1a and b) are available
for 28 quarters between the years 2009 and 2016. In this
study global share data is used for the parameter fits.
The global market share data, exhibit the changes in the
market share of the leading operating systems (Fig. 1b).
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Fig. 1. Smartphone global market sales and shares

data for a period of 28 quarters starting from the first
quarter of 2009. (a) Global sales data, (b) global market
share data.
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The total market share of Android and iOS operating sys-
tems both together was almost 12% at the beginning of
2009; 28 quarters later, at the beginning of 2016, markets
were dominated by only two operating systems, namely
Android and iOS.

To discuss effects of different elements on the diffu-
sion of innovation the parameters of the Bass and Lotka—
Volterra equations are obtained by using a two-stage op-
timization program. For both equations, data fitting pro-
cesses run into difficulties when the system approaches lo-
cal minima. In search of global minima, randomly chosen
points on parameter space are used as the initial values
of the minimization routine. For minimizations, Python
SciPy optimization packages are used. For each random
initial parameter set, minimization routine (minimum,
which is a part of Scipy optimization package) is used to
obtain best parameter values which minimize the func-
tion by fitting the data with the theoretical model.

The fluctuations in sales data of both Android and
iOS operating systems are closely related to the intro-
duction of the new iOS models. In fact, the correlation
between shares of Android and iOS operating system unit
sales can easily be seen by comparing the data points
in Fig. 1a and b. Since the sales of both operating sys-
tems are closely related, the sales/shares of both Android
and 10S operating systems are considered together as a
study of the diffusion of a new type of smartphone operat-
ing systems. The total smartphone market share expan-
sion is represented by the Bass equation [6] with the pa-

rameters, mz(’QOOSIg—)Android — 100%’ piOS+And7"oid = 0.0106

and ¢O9tAndroid — (266, As the smartphone markets
are considered as a whole (Fig. 2a), imitation effects
are the main driving force in the spread of the smart-
phones. When both operating systems are taken into
consideration, mutual fluctuations smooths the shares
data (Fig. 2a). Mutual cancellation of the fluctuations
is an open indication of the cross-brand effects. Increase
in the sales of one brand directly decreases the sales of the
other brand. The competition between these two brands
are also studied by using extended Bass Eq. (1) which ac-
commodate two competitive brands in the same market.

The market share data is fitted by the six parameters
of Eq. (1). Two sets of three parameters pi, g1, A12
and p2, g2, A2,1 are obtained by integrating the coupled
differential equations and searching the parameter sets
which minimize the distance between solutions, n;(t) and
na(t), and the data points. Figure 2b shows the data
points and the solution of the coupled Bass equation.

In the interacting system, both Android and iOS oper-
ating systems have very small innovation parameter while
the imitation parameters seem to be the dominating fac-
tor (Table I). As far as the cross-brand effects are consid-
ered, the result indicates that the existence of iOS helps
Android without being affected by the market share of
Android operating system.

The Lotka—Volterra equation is well known as pray-
predator equation. Hence the Lotka—Volterra equation
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Fig. 2. Bass equation shares solutions for a period of
28 quarters starting from the first quarter of 2009. (a)
Android and iOs total market share, (b) Android+iOS
competitive coexistence.

TABLE I

Interacting market share results. Solution of extended Bass
equation.

p q c
Android | —0.0519 % 0.0065 | 0.2677 £ 0.0049 | 0.5941 4+ 0.0169
ioSs 0.0046 £ 0.0077 |0.1380 £ 0.0212 | —0.0682 + 0.0064

is best suited for the competition between old operating
systems which were existing at the initial stages (before
2009) and new, succeeding in ten years period. At the
beginning of 2009, more than ten operating systems had
their market share (Fig. 3). The market shares exhibited
a rapid change. This change in the market resulted in
that some operating systems have lost their share entirely
while two, namely iOS and Android gained the markets.
The Lotka—Volterra equation parameters (Table II) in-
dicate that old operating systems have very high market
growth parameter, at the same time market scale param-
eter is very high which explains the diminishing of the old
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Fig. 3. Lotka—Volterra equation solutions of changing
market shares for a period of 28 quarters starting from
the beginning of 2009. (a) Android and iOS versus old
operating systems, (b) the competitive coexistence of
Android and iOS.

operating systems. Large negative effect of iOS and An-
droid on the old operating systems is a characteristic of
pray-predator relation.

TABLE II

iOS+Android vs. others: old operating systems lose their
market share while iOS and Android gain and dominate the
markets.

a b c

Android & 108|0.3334 + 0.0045|0.3408 4 0.0045|—0.01891 + 0.0043
Other brands |6.5533 £ 0.0660|7.1040 £ 0.0688|—8.3970 £ 0.07410

The competition between iOS and Android operating
systems also can be studied by using the Lotka—Volterra
equation. Interpretation of the parameters of (2) is en-
tirely different and complementary with the Bass equa-
tion. Significant market growth parameter is an indica-
tion of the gain of the Android operating system (Ta-
ble III).
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TABLE III

Lotka—Volterra equation solutions of coexistence of i0OS and
Android.

a b c
Android | 2.5302 4 0.0262 | 1.2274 £ 0.0148 | —9.3586 =+ 0.0556
i0OSs 0.5481 4 0.0056 | 2.9598 + 0.0154 | —0.0880 + 0.0037

The results are discussed in the following conclusion
section.

4. Conclusions

The mobile phones created entirely different channels
of communication and enriched the means of social in-
teractions. A boom in social media has been experienced
by the introduction of the smartphone. A decade ago in-
evitable switch from the mobile phones to smartphones
was an exceptional example of the diffusion of innovation.
First of all, some of the mobile phone producers could
not coop with the new trend, and they lost their share
in the market. Secondly, some surviving brands cooped
with the latest developments and shared the market with
competitors whose coexistence helped all parties. One of
the main conclusions of this work is that the existence
of the competitors helped all parties, word-of-mouth be-
came the most crucial factor for both to boost the sales
and the growth of markets.

The market share growth dynamics of i10S and Android
systems can be best studied by using Bass, extended
Bass, and Lotka—Volterra equations. In such studies,
the major concern must be the relevance of the solutions
with the related market parameters. Both the Bass and
Lotka—Volterra equations have two sets of parameters.
The first set is related to the brand itself: growth and
market size parameters for the Lotka—Volterra and inno-
vation and imitation parameters for Bass equations. The
second set of parameters are related to the inter-brand
interactions for both equations. The values of both inter-
brand and cross-brand parameters have correct signs and
sizes (Tables I, ITI, IT). The observed market behavior
(Fig. 3) is well explained in terms of the obtained pa-
rameters. The Lotka—Volterra equation best represents
the period between 2009 and 2014 when the old oper-
ating system brands lose their market shares in favor of
iOS and Android operating systems. In this time span,
a pray-preditor situation can explain the type of compe-
tition in which the major operating systems leave their
market shares to two relatively new operating systems.
From the obtained inter-brand parameters, the market
share gain of iOS and Android can be interpreted as
pray-predator relation (2). On the other hand, the com-
petition between iOS and Android operating systems are
better suited to modeling by extended Bass type equa-
tions. The existence of one helps the other to expand its
market share.
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