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ABSTRACT

INCOME INEQUALITY, MARKET POTENTIAL AND DIFFUSION OF MOBILE
TELEPHONY

BY

Sungjoong Kim

The diffusion of many previous innovations eventually slowed down and reached

an equilibrium level. Despite continued rapid growth, it is possible that the diffusion of

mobile telephony will also begin to decelerate and reach a saturation level. Whether

universal service can be achieved with the help of mobile telephony will therefore depend

considerably on whether the diffusion of mobile telephony will stagnate before such

universality is reached. One key question in developing countries is whether inequality

will limit or delay the adoption of mobile telephony.

The goal of this dissertation is to contribute to a better understanding of these

issues. It investigates mobile telephony diffusion focusing on the effects of income and

other forms of inequality on two core aspects of diffusion: the saturation level (market

potential) and the speed of diffusion. The dissertation theorizes that market potential and

the rate of acceptance are functions of demand-side factors, supply-side factors. and

social conditions and tests corresponding hypotheses empirically.

A two-step approach was used to accomplish these goals. In a first step, three



statistical models of the diffusion of innovations (Bass, Gompertz, and logistic) were

employed to estimate market potential and parameters reflecting diffusion speed for 160

countries. The factors determining the variation of these parameter estimates across

countries were examined in a second step. For this purpose, regression analysis was used

to investigate the effects of supply-side, demand-side, and socio-cultural factors on the

diffusion parameters. Thus, diffusion models were used predominantly to obtain

estimates for the dependent variables used in the second part of the analysis. This second

phase is the main innovation and contribution of the dissertation.

The study revealed that income inequality had a statistically significant negative

effect on the speed of diffusion but not on the market potential. The dissertation also

found a statistically significant association between price and market potential. The effect

of income inequality on the speed of diffusion implies that it will most likely take longer

to achieve universal service in a society with highly unequal income distribution. The

association between price and market potential suggests that regulators could accelerate

the diffusion process by coaxing suppliers to provide inexpensive calling plans. Overall,

the dissertation contributes additional theoretical insights and empirical evidence to the

mobile telephony and the universal service literature.
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1. Introduction

Mobile telephony has experienced remarkable growth in the past two decades,
not only in the wealthiest parts of the globe but also in poorer regions. According to
Madden et al. (2004), the number of mobile subscribers doubled annually during the
1990s, from 11 million in 1990 to half a billion in 1999. The International
Telecommunication Union (ITU) reported that the total number of mobile phone
subscribers surpassed the number of fixed line subscribers in 2003, reaching 3 billion in
August 2007." Global mobile penetration surpassed 50 % of the population in early 2008
and was expected to reach 61% by the end of 2008.% An industry white paper predicts
that the number of mobile subscribers will grow to as many as 5 billion by 2012, driven
largely by fast market expansion in developing countries (Ericsson, 2007). In some
countries, the number of mobile subscriptions is larger than the total population3 , for
example in Lithuania (138.1%) and Luxembourg (151.6%). With the introduction of low
cost handsets and inexpensive calling plans, the mobile industry in developing countries

is rapidly growing even in countries where fixed voice service had not been very

See hup://www.itwin/ITU-D/icUstatistics/icVindex.huml

Sce hup://www.newkerala.com/topstory-fullnews-26209.hunl

This is possible because a single user can have multiple subscriptions. The ITU reports mobile
penetration by the number of subscriptions.
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successful.*

Such rapid development of mobile markets led to optimistic expectations as to
the possibility of achieving universal service or at least universal access” in countries
with very low fixed line penetration and to hopes of overcoming the Digital Divide with
the help of wireless broadband (James, 2003; Ericsson, 2007). At first glance it seems
that there is finally a technology that could achieve the dream of universal service at a
global level if mobile telephony were to continue to grow at such fast speeds. But will the
present trends continue unabated until universal service is reached? Previous diffusion
processes of innovations eventually slowed down and reached an equilibrium
(“‘saturation”) level. A relevant question for policy-makers and other stakeholder is,
therefore, whether the diffusion of mobile telephony might slow down or even stop at
some point. If this is the case, corollary questions are at which level such a saturation
might occur and what factors might influence the process and outcomes.

The existing literature on mobile diffusion provides only partial answers.

Previous studies on mobile diffusion focus on the variables affecting the speed of

4 According to Ericsson (2007), the number of mobile subscribers outnumbers the number of the mainline
telephone in most countries. Among 160 countries of which mobile diffusion patterns were investigated in
this study, there were only ten countries that the number of fixed line telephone exceeded the number of
mobile subscriptions in 2005. In 37 countries. mobile subscriptions outnumbered fixed line by more than
five times and as many as more than ten times in 13 countries.

3 Unlike the concept of universal service, which implies having subscription to a type of voice service. the
term universal access refers to a state in which every resident in a given arca has access to phone service
with or without actually subscribing to a voice service. For example, if there is a public telephone in a town
that every resident may use. all townspeople have access.



diffusion rather than those influencing the size of potential demand. This tendency is
partly due to a widespread methodological practice in diffusion of innovation studies,
which is to transform the non-linear statistical models into linear forms.® Because of this
practice, the question of what affects the ceiling level in mobile telephony diffusion has
been left largely unanswered. However, unless one assumes that mobile telephony will
reach the same saturation level in all countries, finding the determinants of the market
potential must be considered as important as discovering the factors that are influencing
the speed of diffusion.

Countries at a similar level of economic development may nonetheless have
socio-economic differences that may cause the size of potential demand for a new
product to differ considerably. One important candidate for such structural differences are
forms of inequality, from economic to other types. Income inequality may influence both
aspects of diffusion: market potential and the speed of diffusion. From an economic point
of view, different degrees of income inequality may result in a different proportion of

people who can afford mobile telephone service. Furthermore, high socio-cultural

® Because of the usual S-shape of diffusion of innovations, the statistical models are in non-linear forms —
for example, a logistic equation. To solve the equations, in other words to acquire parameter values, it is
necessary to run non-linear regressions. However. currently available techniques for non-linear regression
do not allow a very sophisticated analysis compared to available techniques for linear regression. To avoid
such a limitation, researchers often transform the formula into a linear form. The transformed linear
equation is still not solvable unless the value for one of the parameters is known or fixed. A common
solution is to assume the cciling Ievel as a known value — for instance to apply a common ceiling value of 1
(100% of potential adopters) to all of the countrics (Stoneman, 2001).



inequality, which often causcs the relationships between different classes or socio-cultural

groups to be less harmonious, may slow down the diffusion process by impeding

information flows about an innovation between different social groups. Especially in

developing countries. where high levels of inequality have persisted and have been

identified as obstacles to economic development, mobile diffusion may show quite

different patterns depending on the level of inequality.

The goal of this dissertation is to investigate whether socio-economic differences

among and within nations, especially inequality. have a discernible effect on the diffusion

of mobile telephony. To this end, the dissertation focuses on the relationship between

income distribution on the one hand as well as market potential and speed of diffusion on

the other.

A complication in investigating the factors influencing the ceiling is that the

diffusion of mobile telephony in many countries is still in progress. However, the ceiling

can only be observed empirically after the market has reached its saturation point. Thus,

we need an alternative means to acquire the eventual ceiling values. One way is to predict

it from the available preliminary observations. Statistical models of diffusion of

innovation can provide a methodological solution to this problem as they allow an

estimation of diffusion parameters from longitudinal adoption data.



Diffusion processes may follow different patterns, and it is a matter of actual

observation which specification, if any, produces the best fit. This dissertation will use

three widely used statistical diffusion models to acquire estimates of the market potential

and the rate of acceptance (or equivalent characteristic parameters) for every country,

with longitudinal data of mobile penetration as input. This first step was carried out for

160 countries for which data was available. The market potential determines the level at

which the diffusion of a new product will end while the rate of acceptance decides how

fast the market will reach this national saturation level. Only countries in which mobile

diffusion could be described by one of the three models were included in the next step of

analysis. For these 160 countries, the diffusion parameters derived from step one were

used as dependent variables in phase two of the study. Regression analysis was used to

identify the factors that influence them. Thus, the first part of the investigation can be

seen as a preliminary stage to acquire data for the second phase of the analysis. The

primary goal of the dissertation is to investigate the factors that influence market

potential and the speed of diffusion (rather than a comparison of performance of the three

diffusion models).

The dissertation is organized as follows: the next chapter reviews the literature

on the diffusion of innovations, mobile diffusion, and on the effects of income inequality



on diffusion of innovations. The following chapter presents the theoretical model,
research questions, and hypotheses. Chapter four presents empirical methods and the data,
including information on data collection and a detailed description of the variables.
Chapter five reports findings and the following chapter six is dedicated to a discussion of

findings. Concluding remarks offer an outlook on future research questions.



2. Literature Review

This chapter reviews the literature pertinent to the topic. The first section is a
brief discussion of the history of mobile telephony. The next section reviews the research
on diffusion of innovations focusing on contributions relevant to mobile telephony
diffusion. A review of studies on income inequality and the diffusion of innovations is

provided in the third section.

2.1. History of mobile telephony

Observing the mobile industry at the turn of the Millennium, Gans et al. (2001)
divided the history of the sector into four periods: pre-cellular, first generation (1G),
second-generation (2G), and third-generation (3G). In the meantime, the next chapter in
mobile communication is being written with the gradual emergence of the next
generation of technologies, often summarily referred to as “4G”. Mobile technology
was invented at the beginning of the twentieth century. Before the introduction of cellular
technology, due to technological limitations, scarce spectrum was used inefficiently,

limiting its commercial potential (Gruber & Verboven, 2001b). The invention of cellular



technology in the 1960s was a major technological breakthrough that opened the
possibility of mobile voice service as used today. In most countries, cellular mobile
telephone service was not launched until the 1980s often because of regulatory delays.
Japan is one of the few exceptions and started mobile cellular service in 1979 (Gans et al.,
2001).

First generation mobile telephones used analog technology. Several incompatible
technology standards were developed and adopted independently in different countries.
The U.S. opted to have a single standard, the Advanced Mobile Phone System (AMPS).
In contrast, multiple standards were adopted in European countries, including TACS
(Total Access Communications System), NMT (Nordic Mobile Telephone), and C-450.
The use of spectrum had become far more efficient with cellular technology and
subsequent technological improvements. Mobile telephony, however, was not widely
adopted because of its high price. During the early stages of market development carriers
mainly served businesses demand (Gans et al., 2001). On average, penetration of analog
mobile telephony in developed countries remained at less than five percent by the mid-
1990s (Rouvinen, 2006).

It was the introduction of 2G mobile telephones based on digital technology that

facilitated wide adoption. The first 2G service was launched in 1992 in Finland (Koski &



Kretschmer, 2006). Digital had several advantages over analog technology: first,
compared to analog service, due to a more efficient use of spectrum, the number of users
that could be served using a given bandwidth increased by 3-4 times even for the first
versions of digital technology. It increased further with technological improvements in
subsequent years (Gruber & Verboven, 2001b). Second. digital mobile telephony offered
better sound quality. fewer dropped calls, lower prices, and a greater variety of ancillary
services. In addition, data transmission was made possible including short message
service (SMS) and email (Gruber & Verboven, 2001b; Madden et al., 2004). Contrary to
the experience with analog service, the U.S. did not mandate a single national standard
for digital mobile. It was left to the industrial consortia and market coordination to
develop standards with the only condition that they were backwards compatible. In the
end, three (mutually incompatible) 2G standards emerged in the U.S. market (Gruber,
2005). On the other hand, European countries adopted a single 2G standard proposed by
the Groupe Spéciale Mobile (GSM) - which was later renamed to Global System for
Mobile Communications (Gans et al., 2001). The introduction of digital technology
accelerated diffusion considerably (Gruber & Verboven, 2001b).

Transition from 2G to 3G has been gradual. 2.5G and 2.75 G services offer

limited versions of the features that full-fledged 3G services provide. 3G services were

Y



first introduced in Japan and South Korea in 2001. Even though 2G was also based on
digital technology. it was still voice-centric (Tilson, 2006). Data services delivered via 2G
networks were mostly limited to simple text message services. 3G mobile telephony was
developed to meet anticipated demand for mobile data service. The success of the fixed
Internet sparked the interest of the suppliers of mobile data services (Tilson, 2006). In
addition, mobile voice services had reached or neared saturation levels in many richer
countries by the end of the twentieth century. Wireless companies shifted their focus to
the realization of “Wireless World Wide Web” services (Tanguturi, 2006). On top of
further improved voice quality, 3G allowed offering multi-media services and broadband
Internet access through mobile handsets. Six radio interfaces’ are approved under the
ITU-created global IMT-2000 (the International Mobile Telecommunications-2000)
standard. Except in the East Asian markets, 3G so far has achieved slower than

anticipated market acceptance.

2.2. Diffusion of innovations

According to Rogers (2003). the history of diffusion studies traces back to *“early

7 Originally, the ITU approved five radio interfaces — IMT DS (Direct Sequence), IMT-MC (Multi-Carrier),
IMT-TD (Time-Division), IMT-SC (Single Carrier). and IMT-FT (Frequency Time). On Oct. 18th of 2008,
The ITU Radiocommunication Assembly formally recognized technology derived from IEEE 802.16 as the
sixth interface of IMT-2000.

10



sociology” at the beginning of 20th century. Rogers (1976) credited Gabriel Tarde (1903)

with proposing the typical S-shaped diffusion curve and saw him as an important opinion

leader from the very beginning of the diffusion of innovation research tradition. Diffusion

of innovation studies had been conducted in several disciplines largely independent of

each other until 1960s, including anthropology, rural and medical sociology, education,

communication, marketing, and others.

It was the research of Ryan and Gross (1943) on hybrid corn diffusion in Iowa

from which the revolutionary paradigm in diffusion research arose (Rogers, 1976). The

authors reported that the rate of adoption followed an S-shaped pattern. Furthermore,

innovators were more cosmopolitan and had higher socio-economic status. In addition,

even though the main source of product information was the salesperson, it was

interpersonal communication with fellow farmers that was most influential in the

adoption decision. However, modeling and forecasting diffusion of innovation came

much later with several pioneering works in the 1950s and 1960s (Meade & Islam, 2006).

Rogers (2003) defined diffusion as “the process by which an innovation, that is a

new idea, is communicated through certain channels over time among the members of a

social system.” There are four elements that affect the process: characteristics of

innovation, social system (individual, group, organization, or country), time, and

11



communication channel. Rogers distinguished five (perceived) characteristics of
innovation that may affect the diffusion process: trialability, relative advantage,
compatibility, observability — further divided into result demonstrability and visibility
(Van Slyke et al., 2007) - , and complexity.

Diffusion of innovation research has been carried out in various disciplines;
anthropology, communication, economics, education, geography, marketing, political
science, sociology, and others. Everett Rogers (McGrath & Zell, 2001) credited Jack L.
Walker (1966) with starting the tradition of diffusion of innovations study in political
science and Torsten Hagerstrand (1967) in geography. The types of innovations
investigated are also very diverse including technology or products that embody it,
ideology, information/knowledge/news, practice, policy, and so on. In a study that set up
a model for following news event studies, Deutschmann and Danielson (1957)
investigated diffusion of three news events — President Eisenhower’s stroke, the Explorer
I satellite, and Alaskan statehood, and found S-shaped patterns with flattening of the
curves due to “shut down for the night.” Rogers (2000) summarized that news event
studies had found that the news event diffusion process varies by the perceived salience
of the news events and timing of the news. Tremayne (2007) investigated a relative new

phenomenon of diffusion of dynamic contents (i.e., video clip) in online newspapers.



Using Roger’s theory as well as agenda-setting, general systems, and social change

theories, Strodthoff and his colleagues (1985) analyzed the diffusion of environmentalism

in the U.S. and the roles of mass media and social movement in the process. There is also

substantial literature on information technology (IT) diffusion. Prescott and conger

(1995) provided a review of the research tradition on IT diffusion. Rogers and Peterson

(2007) investigated factors that influence diffusion process of clean air ordinances in U.S.

communities.

Depending on the type of social system a study focuses on, theory and method

may differ greatly. Previous studies (Downs & Mohr, 1976; Tornatzky &Klein, 1982)

pointed out that it is not reasonable to generalize findings from the research on individual

adoption to the organizational innovation process. In a meta-analysis of studies on

organizational innovation, Damanpour (1991) listed 13 determinants of the diffusion

process (i.e., specialization, functional differentiation, formalization, centralization,

administrative intensity, vertical differentiation). Different factors are at work at national

level as well. In a cross-national diffusion research, Gatignon et. al. (1989) reported that

country-specific factors such as cosmopolitanism, mobility and women in labor force had

effects on the adoption process.

It is not possible. nor is it necessary, to provide a comprehensive review of all

13



strands of diffusion research in the context of dissertation. Rather, the discussion will
focus on research that is directly relevant to the topic of mobile telephony, most
importantly the research on diffusion of product and service innovation.

Even though the idea that the pattern of diffusion of innovations often follows an
S-shaped curve had been introduced from the very beginning of the research tradition, it
was not until the 1950s that researchers began to propose statistical models that fit the
pattern. Griliches (1957) was among the first researchers to do so. In a study on hybrid
corn diffusion among US farmers, he reported that the pattern of hybrid corn diffusion
followed an S-shaped curve.® The observed pattern of diffusion was represented by a
logistic curve.” However, a statistical model per se does not explain why the pattern is S-
shaped. Thus, an open question was why diffusion followed this particular pattern.

Meade and Islam (2006, p.522) pointed out that “the two extreme hypotheses that
explain this shape are those based on the dynamics of a (broadly homogeneous)
population and those based on the heterogeneity of the population.” Bass (1969)
proposed that there are two characteristics of individuals that affect the diffusion of

innovations: their tendency to innovate; and their tendency to imitate others. The Bass

® Ryan and Gross (1943) did not propose a statistical model.

? Later, Dixon (1980) re-examined the same data and argued that the Gompertz curve is a better
representation of the diffusion process. The Gompertz curve is asymmetric and has an inflection point at
one-third of the number of potential adopters while that of a logistic curve, which is symmetric, is at the
half point.

14



diffusion model assumes that the chance of purchasing a new product is determined (1)
by a person’s own inherent attitude towards an innovation, and (2) by influences (or
pressures) from those who have already adopted the product. In his diffusion model, if
the tendency to innovate (represented by the coefficient of innovation p) is smaller than
that to imitate (represented by the coefficient of imitation g) the resulting curve is S-
shaped.'® In other words, Bass theorized that the diffusion of innovations follows an S-
shaped path because the influence from the adopters has greater impact on the decision to
purchase a new product than the desire to innovate of potential adopters.!' The Bass
diffusion model was developed to fit an S-shaped curve. For diffusion patterns that
deviate considerably from an S-shaped path, the Bass model may not be the best
approach.

In contrast, Rogers (2003) suggested a heterogeneous distribution of the
propensity to innovate in the population as the main cause of the particular shape of the
diffusion path. Adopters are grouped into five categories depending on the time of the
adoption; the first to adopt are “innovators” (approximately 2.5% of the eventual adopters

according to his studies), followed by “early adopters™ (13.5%), then “early majority”

10 Talukdar et al. (2002) used the term “external influence™ for innovation and “internal influence” for
imitation and this dissertation will use the same terminology.

"' In BDM, The relationship between two parameters determines the shape of the graph. In the case when p
>0. g =0, a pure innovation scenario. the diffusion path will resemble a modified exponential function.
When p =0, ¢ > 0. a pure imitation case. it becomes identical to the logistic model (Meade & Islam. 2006)

15



(34%), the “late majority” (34%), and lastly “laggards” (16%). Individuals have different

threshold levels for adoption with innovators having the lowest. If thresholds are

distributed normally. the diffusion path takes an S-curve form. Of course, this condition

may not be met in all societies. The exact form of the diffusion path will depend on the

skewness of the threshold distribution. Higher levels of education, literacy, social status

and wealth are related to favorable attitudes towards innovation (or a lower adoption

threshold).

Heterogeneity of income distribution, the fact that income is not equally

distributed among the population, has often been considered as one of the main causes of

an S-curved diffusion path (Meade & Islam, 2006). Usually, as diffusion of an innovation

proceeds, the price falls with technological improvements reducing production and

service costs. Price can decrease further if the market expands to reach a critical size that

enables economies of scale. When the price of a new product approaches or falls below

the threshold price of a potential customer — which will be determined by his income and

preferences — the likelihood of a purchase increases. If income is normally distributed and

the price falls monotonically, an S-curve diffusion path will result (Van den Bulte &

Stremersch, 2004; Meade & Islam, 2006). Liebermann and Paroush (1982) reported that

income inequality, price and advertising are main drivers of diffusion. From a meta-

16



analysis of research that used the Bass Diffusion Model (henceforth: BDM), Van den

Bulte and Stremersch (2004) found that income distribution has a significant effect on the

shape of the diffusion curve.

The three diffusion processes used in this dissertation are ‘epidemic’ models that

view the process of diffusion as a rather automatic process. It mainly occurs through

contacts between adopters and potential adopters similar to the process of an epidemic. A

potential adopter’s probability of purchase is predicted solely by the proportion of

adopters in the total number of potential adopters. In other words, the only independent

variable is the number of adopters. Acknowledging the fact that diffusion of innovations

does not occur in a static environment, scholars have attempted to make diffusion models

‘dynamic’ by incorporating variables that influence parameter values. This was carried

out by the inclusion of explanatory variables in the estimation of (1) the market potential,

(2) the probability of adoption, or (3) both (Meade & Islam, 2006).

Mahajan and Peterson (1978) explained the market potential as a function of

explanatory variables, price and advertising expenditure. Proposing a new dynamic

model, they used housing starts in the U.S. to predict the saturation level for washing

machines. Horsky (1990) argued that the market potential is related to income (more

precisely wage) distribution and price. In his model, the saturation level increases with a

17



lower price, income growth, and with more equal distribution of wage. While examining
business telephones market in the UK. Islam and Meade (1996) compared the
performance of fixed saturation models and those of the models where saturation levels
were determined by indices that reflected changes in economic environment. The authors
found that the latter did not produce significantly better forecasts.

Robinson and Lakhani (1975) incorporated price in the probability function of
the Bass model. Horsky and Simon (1983) included advertising expenditures and found
that their model provided plausible estimates for telephone banking service. Thompson
and Teng (1984) proposed a synthesis of the above two models. Bass, Krishnan and Jain
(1994) developed a generalized Bass model as a response to these attempts. They found
the new modified model produced better forecasts than the original model. Talukdar et al.
(2002) provided a theoretical synthesis of what had been accomplished in attempts to
improve BDM by incorporating explanatory variables in parameter estimations.

Diffusion of innovations research has experienced continuous theoretical and
methodological refinement and sophistication. There has been growing acknowledgement
of the dynamic nature of diffusion process and subsequent attempts to make models more
dynamic by inclusion of explanatory variables in the parameter estimations. For the

diffusion of mobile telephony research, applying a common fixed saturation level of



100% does not seem to be appropriate, given various levels of penetration in the

countries where mobile market approaches saturation. Previous diffusion of innovation

studies provide methodological tools to investigate mobile telephony diffusion while

letting the saturation levels vary by countries.

2.3. Research on mobile telephony diffusion

Research on mobile telephony diffusion may focus on its unique characteristics

and investigate the influence of those characteristics on the diffusion pattern. On the other

hand, a study may analyze the diffusion of mobile telephony focusing on its similarities

with other new products and test whether general tendencies that have been found

influential in other studies are applicable to mobile telephony diffusion.

The diffusion of mobile telephony possesses several characteristics that make it

an interesting topic. One of them is the fact that there have been several coexisting

incompatible standards, sometimes in a single domestic market — for instance, 2G in the

United States. This variation provided a good opportunity to observe the effects of

technology standardization. Gruber and Verboven (2001a, 2001b) found that

standardization accelerated diffusion, while Liikanen et al. (2004) did not find any

evidence of such an effect. Rouvinen (2006) reported a positive effect of standardization.



Koski and Krestschmer (2005) also found a positive effect although they pointed out that

price was higher in a single standard market.

Another interesting aspect of mobile telephony is that its history is marked by

several distinctive generations of a technology. Usually an innovation does not remain

unaltered; the technology continues to develop. Sometimes, as it is the case with mobile

telephony, the changes are sufficiently important to merit the label of a new generation.

An interesting question is what the effects are of preceding and following generations of

technology on the adoption of each other. Gruber and Verboven (2001a, 2001b)

investigated the effects of the introduction of digital technology (by including a dummy

variable) and found a significant effect on the rate of diffusion of mobile telephony. The

increased capacity of digital technology accentuated the effect of competition, which in

turn facilitated demand. Liikanen et al. (2004) found a positive effect of 1G penetration

on 2G diffusion and a negative effect of 2G on 1G diffusion.

As mobile telephony has to use scarce spectrum allocated and assigned by

government, the effects of regulation are also of interest, especially that of the licensing

policy — which determines the number of service providers and therefore has a strong

influence on the level of competition. Central issues are the optimum number of licenses

as well as the entry timing and entry mode of competitors. Gruber and Verboven (2001b)
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found that having more than one operator has a significant effect on the speed of
diffusion in the European Union (EU) countries. A similarly designed study with an
expanded data set examined the differences in the effect of entry mode; simultaneous or
sequential entry of the competitor (Gruber and Verboven 2001a). The authors found that
entry of a competitor has a positive effect on the diffusion of mobile telephone service.
Sequential entry had a stronger effect - possibly as a result from the efforts of incumbents
to acquire as many as subscribers through more aggressive pricing before a competitor
enters the market. Rouvinen (2006) also found a positive effect of competition. Liikanen
et al. (2004), however, did not find any support for the effect of the number of licensees.
Koski and Kretschmer (2005) investigated two regulatory issues, licensing policy and the
degree of independence of the regulatory body. Their study of 2G diffusion revealed that
having competition from the beginning has a positive effect on the diffusion of digital
mobile telephony, even though pricing had been less aggressive'”. The regulatory body’s
independence did not to have a significant effect.

Another interesting aspect of mobile telephony is that it typically is introduced in
markets with already established fixed line telephone service which can either be a

complement or a substitute. Understanding the relationship between fixed line and mobile

12 They argued that less ageressive pricing might be due to increased non-price competition.
oo <&
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telephony as complements, Rogers (2003) suggested that mobile telephony will benefit
from an existing fixed telephony customer base that serves as critical mass'”. On the
other hand, Mariscal and Rivera (2006) pointed out that the mobile telephone has been
accepted mainly as a substitute in Latin America. Overall, the findings have been
inconclusive so far. Some studies found that higher penetration of fixed line facilitated
the diffusion of mobile telephones (Ahn & Lee, 1999; Gruber 2001; Gruber & Verboven
2001b). On the other hand, Gruber and Verboven (2001a) found a negative effect of
higher fixed line penetration in the EU, while Koski and Kretschmer (2005) found no
statistically significant effect. The wait list for fixed lines was found to have a positive
effect on mobile diffusion (Gruber 2001, Gruber & Verboven, 2001b). Koski and
Kretschmer (2005) found that liberalization of the fixed line market accelerated the
diffusion of mobile telephony. It is probable that mobile telephony will function as a
complement of fixed in the early stage of mobile diffusion and that it will become more
of a substitute in the later stage. Young (1993) provided a theoretical model in which the

relationship between old technology and new technology changes according to the

13 Borrowing the idea from physics, Markus (1987) introduced the term ‘critical mass’ to the studies of
diffusion of interactive media. Critical mass is “the minimal number of adopters of an interactive
innovation for the future rate of adoption to be self-sustaining™ (p. 721, Mahler & Rogers, 1999). Mobile
telephony has an advantage that other new products normally do not have; if it is introduced to a market
where fixed telephony has a sufficient number of customers that can serve as an already reached critical
mass for mobile telephony. However, while such may be the case of developed countries, it may not be
entirely true for certain developing countries where mainline customer base is too small to serve as critical
mass for mobile telephony.
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development of the market for the new product. During the early stage of diffusion, a new
product (or technology) is more of a complement for an old technology and even creates
new rents for the old technology. However, as the market matures, the new product’s
characteristic as a substitute to the old technology becomes more prominent.

Researchers also have paid attention to non-economic variables. Dekimpe et al.
(1998) included ethnic homogeneity as an independent variable arguing that a more
heterogeneous social system would have a negative influence on the diffusion rate and
the maximum penetration. The authors found that the number of ethnic groups had
negative effects on the number of adopters in the first year (the intercept), and penetration
growth, but did not find any significant relationship with the penetration ceiling."* In
addition, they found that the crude death rate, which was used as a measure of poverty,
has a negative relationship with the dependent variables. Rouvinen (2006) compared the
diffusion of digital mobile telephone in developed countries and that in developing
countries. Some differences were found between the two: the effect of market size
(population) was stronger in developing countries: the size of largest city had a

significant effect only in developed countries; and openness of the economy (the ratio of

'* Even though the authors let market potential vary by countries, their model was not dynamic in that they
simply defined that market potential as “the percentage of the population who is literate, lives in urban
areas and has a sufficient income to afford basic telephone service™ (p.113).
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imports and exports to GDP) was only significant in developing countries.

Economic factors were among the first to be considered and tested in studies of
mobile diffusion. Economic prosperity or a country’s wealth — typically represented by
GDP per capita — turned out to be an important factor in the studies by Dekimpe et al.
(1998), Ahn and Lee (1999), Gruber (2001), Gruber & Verboven (2001b), Madden et
al.(2004), and Koski and Kretschmer (2005). It had no significant effect in Gruber and

Verboven’s analysis of European countries (2001a) and in that of Rouvinen (2006).15

2.4. Income inequality and diffusion

Inequality has not received much attention in diffusion of innovation studies.
This may be due to the fact that most types of inequality are not easy to measure, thus
making them less readily available variables in quantitative analysis. Income inequality,
especially its relationship with economic growth, has interested economists for a long
time. However, its economic effect, let alone social, cultural and political influence, is not
theoretically or empirically clear.

There have been two streams of research on income inequality; one is to

investigate the relationship between economic growth and income inequality; another is

'* In both articles the authors pointed out that the result might have been caused by the high multi-
collinearity between GDP per capita and other independent variables such as main line penctration.
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to investigate inequality and growth independently (Lundberg & Squire, 2003; Garcia-

Penalosa & Turnovsky, 2006).

In his influential work in 1955, Simon Kuznets hypothesized an inverted U-

shaped relationship between economic growth and income inequality income inequality

initially increases with economic growth but it decreases again once the economy has

reached a high level of development (Kuznets, 1955). Studies in the first group

empirically test the Kuznets’ hypothesis by running regressions of economic growth on

measures of income inequality. Even though there have been numerous empirical studies,

the findings so far have been inconclusive. Several studies (Alesina & Rodrik, 1994,

Persson & Tabellini, 1994; Alesina & Perotti, 1996) found a negative relationship. On the

other hand, other studies reported a positive relationship (Li and Zou, 1998; Forbes,

2000). Some researchers found different directions of the effects depending on the level

of development (Barro, 1997; Smith, 2001).

Theoretical explanations that have been suggested in support of a negative

relationship between inequality and growth are: (1) endogenous fiscal policy or political

economy (Persson and Tabellini, 1994; Alesina and Rodrik 1994); (2) credit market

imperfections that prevent the poor from investing in human capital development (Galor

& Zeira, 1993); (3) reductions in investment resulting from socio-political instability
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caused by high inequality (Alesina and Perotti, 1996); and (4) increased fertility of the
poor (Kentor, 2001; Odedokun & Round, 2005).

A number of researchers investigated the effects of income distribution on
economic development by focusing on its relationship with demand. Murphy et al. (1989)
showed that domestic demand can increase with broadly distributed income. Lambert and
Pfahler (1997) developed a model that separates changes of income distribution into a
size effect (mean income) and a distribution effect. They examined the effects of two
types of income distribution change when the shape of the Engel curve'® is concave or
convex to the origin. Mani (2001) investigated the effect of interactions between
inequality and demand patterns for goods on economic development. He argued that high
(initial) inequality results in shortage of initial demand for medium-skilled goods and can
lead to persistent underdevelopment and poverty. Matsuyama (2002) argued that in order
to start the process of development towards a mass consumption society, inequality
should not be too high or too low. Too much equality would lead to a poverty trap, while
too little of it would result in premature end of development. In an attempt to explain the

modern history of economic development, Galor and Moav (2004) presented a unified

' An Engel curve shows how demand of a good or service changes with the change in consumers’ income.
For normal goods. the Engel curve has a positive slope, meaning that the size of demand increases with the
increase in the income. On the other hand. the Engel curve for inferior goods has a negative slope. which
means that an increase in income is accompanied by the reduction in demand.
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growth model. In the model, when accumulation of physical capital is the primary engine
of growth, inequality facilitates economic development by concentrating resources on the
individuals with higher propensities to save. However, when human capital accumulation
emerges as the main engine of development. inequality has a negative effect. It is because
the poor with credit-constraints cannot invest in activities that are necessary to
accumulate human capital (i.e., education).

Zweimuller (2000) investigated a relatively unexplored area in the income
inequality and economic growth literature: the effects of income inequality on market
demand for a new product. The author developed a theoretical model of economic
development in which the main driver of the growth is innovation. Income inequality
affects market demand for a new product, hence incentives to innovate, which in turn
affects economic development. If the homothetic preference assumption used in many
Schumpeterian models is discarded, the distribution of income will have effects on
demand because it determines the number of (potential) buyers. While changes in income
distribution do not affect the initial size of the market if the rich are sufficiently rich, it
affects how fast a market for a new product grows. Zweimuller and Brunner (2005)
suggested that in general more equality is favorable for innovation and hence for

innovation driven economic growth. Foellmi and Zweimuller (2006) distinguished two
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effects generated from more equality on demand for a new product: a market-size effect
and a price-effect. The market size effect means that if less concentration of wealth is due
to an increased number of the rich without increase of gross income of the rich, it will
result in relatively lower individual income of the rich. In such a case, the demand for an
innovation would increase because of the increased number of customers who can afford.
On the other hand, the price effect means that the rich are less willing to buy a new
product because of the decreased individual income and the producers are forced to lower
prices. The authors argued that the price effect always dominates the market-size effect.
Through a simulation of product diffusion, Reinstaller and Sanditov (2005) found that as
differences in socio-economic characteristics between two social groups increase, the
speed of diffusion accelerates while the saturation level, or potential demand. is lowered.
There also have been studies that investigated differences in the effects of income
distribution between developed and developing countries. The empirical findings
provided inconclusive answers. Iyigun and Owen (2004) found that greater income
inequality led to reduced consumption in poor countries, but had the opposite effect in
richer countries. In studies on the relationship between income and food consumption,
Senauer (1990) found that lower-income households in developing countries were more

responsive to the price in rice consumption, while Park et al. (1996) reported that the



price elasticity for food was similar across different income strata in the U.S.

Talukdar et al. (2002) is a rare empirical investigation of the relationship
between income inequality and the diffusion of innovations. The authors theorized that
unequal income distribution would negatively affect a customer’s ability to pay, hence
would lower the ceiling. However. the analysis, using BDM, found an insignificant
relationship between the Gini index and market potential. However, it was significantly
related to the coefficient of internal influence (¢) in the analysis with consumer
products.'” The findings provide a limited number of clues to the relationship between
income inequality and diffusion of mobile telephony. Because the authors used pooled
data of six products, it is not clear whether the insignificance of the relationship between
income inequality and market potential applies to all six products.

Considering these findings of previous studies, what conclusions can be drawn
about the relationship between income inequality and diffusion of mobile telephony? At a
theoretical level, earlier work supported the idea that income inequality has an effect on
diffusion. Despite its theoretical usefulness, the assumption of homothetic preference is

empirically questionable. The literature on consumer behavior literature provides plenty

"7 The authors used pooled data of six products - VCR players, microwaves, camcorders, CD players,
cellular phones, and fax machines. The first four products were considered as consumer products, and the
last two were considered to be both consumer and business products.
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of contradicting findings (Zweimuller, 2000). If we accept heterogeneous preferences of
customers, it seems that the distribution of income will have effects on demand.

This dissertation, however, deals with a specific type of service. Although theory
would expect similar effects to be at work, it is largely an empirical question whether this
particular service follows the expected pattern or not. In other words, mobile telephony
may or may not have characteristics that cause its diffusion path to differ from the typical
diffusion pattern of innovations.

However, some preliminary inferences are possible. It is necessary to check first
whether the diffusion of mobile telephony has shown unique tendencies that would make
its diffusion atypical. What is frequently pointed out as unique about diffusion of mobile
telephony is that it is being adopted very fast in developing countries. However, the speed
of diffusion does not affect its ceiling. Thus, fast market expansion does not suggest that
the relationship between income inequality and market potential for mobile telephony
will be different from the relationships in other products.

Secondly. the price of mobile telephony may continue to decrease to a point
where the majority of the population can afford the service. In such a case, income
inequality may not have any noticeable effect. However, predicting future price trends is

not the goal of this dissertation. The dissertation does not attempt to make any prediction



on future trend. On the contrary, the current research attempts to find out factors that

influence market potential and the rate of acceptance using past pattern of mobile

telephony diffusion. Barrantes and Galperin (2008) indicated that, for the time being, the

price of mobile is not low enough for the poor in Latin American countries to afford

service.

Lastly, nowadays it is not uncommon to witness a person with more than one

hand set. It may be possible that multiple subscriptions of the rich may compensate for

lower demand by the poor. This would not be a problem if the mobile penetration data is

available in a format that can identify the actual number of users, which is currently not

the case. However, subscription to a mobile service is subject to the law of diminishing

marginal utility. In other words, marginal utility gained from having another hand set will

diminish as the number of handsets a customer possesses increases. Hence, there will be a

certain limit to the maximum number of subscriptions for a person, however rich he may

be. In addition, higher income inequality offsets some of the additional demand created

by the rich’s tendency to buy multiple subscriptions.

To summarize, there is no conclusive a priori evidence suggesting that mobile

telephony is such a unique service that income inequality will not have an influence on its

potential demand. This remainder of this dissertation will explore this question in detail.



3. Theoretical Model and Hypotheses

In this section, I present a theoretical model for the diffusion of mobile telephony
expanding Talukdar et al.’s approach (2002). First, rationales for each variable will be
presented, followed by related hypotheses. Discussion of the hypotheses referring to
independent variables already tested in previous mobile diffusion studies will be kept at a

minimum.

3.1. Theoretical model

The dissertation investigates diffusion of mobile telephony by focusing on two
main aspects of diffusion of innovations— market potential and the speed of diffusion. In
the statistical models of diffusion of innovations used in this dissertation, the latter aspect
of diffusion of innovations is captured by parameters that represent influences from the
factors that affect the chances of adoption of potential adopters. In the BDM, they are
coefficients of internal and external influences. In the logistic model, it is often called the
rate of acceptance, and the Gompertz model also has a parameter that is equivalent to the
rate of acceptance.

In Talukdar et al.’s (2002) synthesis of various modifications of the Bass



diffusion model, the factors influencing market potential'™ are (a potential adopter’s)
ability to pay, the willingness to pay, and ease of access to the product. External influence
was explained as a function of consumers’ access to product related information and
consumers’ inclination and ability to process non-word-of-mouth information. Finally,
internal influence was explained as dependent on population homophily and
persuasiveness of existing adopters. While the theoretical model is in a complete form, it
suffers from the difficulty that some of the factors, for example willingness to pay and
persuasiveness of existing adopters, are subjective in nature, thus making them hard to
quantify. More importantly, as the model is based on an individual consumer’s choice and
ability, it has a limited capability to adequately reflect supply conditions. Another
potential shortcoming of the individual-based model is that there can be structural
characteristics of a society that may slow down or even prevent information trickle down
between social groups.

Taludar et al.’s work is based on the BDM. In contrast, research in the
dissertation will use three models (Bass, logistic, and Gompertz), of which two have

different structures. It was decided to use three models because there is no guarantee that

" Talukdar et al. (2002) used the term synonymous with the “ceiling” or “saturation point.” Here, it refers to
the saturation level as estimated by statistical models of diffusion of innovation using annual mobile
penetration data as input.



the BDM is the best representation of mobile telephony diffusion, and which model will
fit the data best cannot be known in advance. Presentation of the hypotheses will be
limited to those that are common to all three models.

In the model used in this dissertation, market potential is a function of demand-
related factors (income and income inequality), supply-related factors (competition,
investment, price, standardization, and market conditions of substitutes/complements),
and social conditions that may have direct or indirect effects (social/cultural/gender
inequality, urbanization, and population density). Demand side factors influence potential
adopters’ ability to pay and their preference for the service. Supply factors such as
investment and price influence or reflect service providers’ ability to provide the service
and to make the service attractive to a larger number of people. The model shifts the
focus from an individual customer to macro and socio-economic factors. The
modification allows the inclusion of supply factors in the model that may be as influential
as demand factors in the determination of market potential. Supply conditions are
important because customers have different ability to pay. In other words, the size of
market potential will depend on how far the price will decrease and how much utility of a
product can be increased — for example, by improving service quality and providing

ancillary services. Carriers may be forced to exert such efforts by competition. A carrier
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in a fiercely competitive market may have to exert a greater effort to squeeze any
untapped demand, while a monopolist would be less enthusiastic about serving additional
demand.

All three statistical models of diffusion of innovations used in this paper are
epidemic models in that they theorize that an innovation spreads throughout the society
mainly through a potential adopters’ contact with actual adopters through which
necessary information is transferred and social pressure or influence is exercised.
Parameters that represent such an influence are the rate of acceptance in the logistic
model (b), its equivalent in the Gompertz model, and the coefficient of internal influence
(¢) in the Bass diffusion model." For an innovation to be adopted, customers need to be
aware of it first. However, mere possession of the information is often not sufficient to
trigger an actual purchase of a new product. It often involves persuasion. Thus, the
interaction between adopters and potential adopters with regard to an innovation will be
affected by the chance of encounters that will convey product information and the
effectiveness of such an interaction. In other words, the magnitude of the parameters is

likely to be influenced by how dense and effective interpersonal communication channels

'Y The Bass diffusion model has another parameter that also determines speed of diffusion, the coefficient
of external influence (p). However. unlike the rate of acceptance in the logistic model and its equivalent in
the Gompertz model. it represents the influences from sources other than existing adopters in the society.
Lim et al. (2003) understood the coefficient of internal influence to represent ‘word-of-mouth effect,” and
the coefficient of external influence to represent ‘mass media effect.’



in a society are. Of course, a decision to adopt an innovation can also happen through

simple observation. While such an observation could provide information, it would not as

effective as influence from persuasion by an adopter. In this dissertation, I theorize that

the rate of acceptance will be influenced by the chance and the effectiveness of

interpersonal interaction that can convey information related to a new product.

3.2. Hypotheses related to market potential

The first set of hypotheses addresses the demand factors discussed above:

income size and income inequality. Higher income is likely to increase the number of

potential adopters due to the income effect known from consumer theory.

[Hypothesis 1-1] Market potential will be positively related to income.

Income distribution will be another factor in determining market potential as it

affects the ability to pay, especially of the poor. High concentration of income in a small

segment of the population will likely decrease market potential as there will be fewer

people who can afford mobile telephone service. On the other hand, Barrantes & Galperin

(2008) indicated that the poor in developing countries are willing to spend a larger share



of their income on mobile service than their counterparts in developed countries. Thus, it
is possible that customers have a higher preference for cellular service that will cause the
effect of income inequality on potential demand to disappear. This dissertation will
empirically explore the relationship between income inequality and market potential of

mobile telephony.

[Hypothesis 1-2] Market potential will be negatively related to income inequality.

The next three hypotheses address supply side factors. Price reduction brings the
product closer to an individual’s threshold price (Meade & Islam, 2006), which results in
an increased number of customers who can afford the product. Thus, price decreases

affect the market potential because each individual has different ability to pay.

[Hypothesis 1-3] Market potential will be negatively related to price.

Another important factor is investment volume, which is likely to increase

market potential. Greater investment will likely, though not necessarily, result in a larger,

more advanced, and better maintained network, more stable connections and better sound



quality, improved customer service and so on. All of those improvements would make

mobile telephone a more attractive service, thus likely to increase market potential.

[Hypothesis 1-4] Market potential will be positively related to investment volume in the

mobile industry.

Conditions in the markets for complements and substitutes will also be important
in determining market potential.”’ It is fixed line telephony in this paper. The market
conditions of fixed telephone service will have an impact on market potential for mobile
telephony because there is network effect. Rogers (2003) argued that higher penetration
of fixed telephone would accelerate the diffusion of mobile telephony, especially in the
earlier stages of mobile diffusion, if critical mass has already reached in fixed telephony
market. He essentially understood fixed line service as a complement. Higher penetration
of wired telephony also increases the benefits of joining a mobile network because a new
mobile subscriber will be connected not only to existing mobile subscribers but also to

fixed telephony subscribers as well. On the other hand, customers in developing countries

* One aspect of the relationships between mobile and fixed telephone that cannot be explored in this paper
is that the direction of the influence can be cither positive (complement) or negative (substitute). Though it
was found that mobile telephone may become a substitute to the wired line telephone - thus. reduces
demand of wired - once its penetration has reached a certain level. An opposite effect — that high wired
penctration reduces demand of mobile - has not been found yet.
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have adopted mobile telephone service mainly as a substitute to main line telephone
service (Mariscal & Rivera, 2006). Thus, it remains as an open question subject to
empirical investigation whether the relationship between mobile and main line telephony

is substitutive or complementary.

[Hypothesis 1-5] Market potential will be positively related to fixed line penetration.

The remaining hypotheses are related to socio-cultural factors. The level of
urbanization and the population density are likely to affect market potential because of
economies of density. In addition, there is a possibility that the urban population will find

having mobile phone convenient due to their mobile life style than the rural population.

[Hypothesis 1-6] Market potential will be positively related to the level of urbanization.

[Hypothesis 1-7] Market potential will be positively related to population density.

Lastly, social. cultural, and gender inequality may also affect overall demand,
albeit indirectly. Previous research on inequality and economic growth indicates that

inequality is harmful for economic growth in that it may lead to disruptive social and



political conflict (Gottschalk & Justino, 2006).

[Hypothesis 1-8] Market potential will be negatively related to gender inequality.

It is, however, not easy to quantify socio-cultural inequality. Thus, in the paper, a
concept and measure of socio-cultural fractionalization®' developed in a past study
(Alesina et al., 2003) will be used instead of a direct measure of socio-cultural inequality.
Fractionalization of a society is a closely related concept to inequality. While it does not
necessarily result in a less egalitarian society, it is one of the main sources of inequality.
Such inequality in turn may negatively affect economic growth through increased social

tensions and conflicts.

[Hypothesis 1-9] Market potential will be negatively related to ethnic, linguistic and

religious fractionalization.

' Adetailed description of the measure is provided in the next chapter.
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3.3. Hypotheses related to the rate of acceptance™

This dissertation theorizes that the rate of acceptance is affected by demand-side
factors, supply-side factors, and social conditions. In addition, since potential adopters
need to learn about the new product before they make purchase, factors that affect
customers’ access to product related information will affect the rate of acceptance.

The first set of hypotheses address economic factors. Income size, fixed line
penetration, price and competition have been tested in previous studies and found to be
significant in many cases. Rogers (2003) argued that a higher fixed line penetration will
positively affect speed of mobile telephony adoption. It is because more number of
mainline subscribers increases benefit from subscribing to a cellular service. In other
words, network effect is created not only by new mobile users but also emanates from
main line subscribers. On the other hand, a higher level of competition usually translates
into more aggressive business strategies of the carriers, which often involves greater

efforts to ‘persuade’ potential adopters.

[Hypothesis 2-1]. The rate of acceptance will be positively related to the income.

2 ~ - “ . . . e

2 Even though the term “rate of acceptance”™ applics only to the parameter b in the logistic model. here for
the sake of brevity the term also refers to its equivalents in other two models. including the coefficient of
external influence in BDM.
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[Hypothesis 2-2]. The rate of acceptance will be positively related to fixed line

penctration.

[Hypothesis 2-3]. The rate of acceptance will be negatively related to price.

[Hypothesis 2-4]. The rate of acceptance will be positively related to the level of

competition.

The following set of hypotheses is about the factors that may influence the flow

of product information among the members of a society. As argued earlier, adoption of a

new product is necessarily accompanied by the diffusion of product related information —

in the form of simple knowledge transmission and that of persuasion. Thus, it is likely

that the effectiveness and density of the interpersonal communication network of a

society will influence the likelihood of a potential adopter’s purchase.

The level of inequality is one indicator of social cohesion. High inequality in a

society causes polarization, which will make communication between different social

groups less effective. Earlier research found a positive relationship between inequality

and various forms of socio-political conflict (Lichbach, 1989; Gupta, 1990; cited from

Gottschalk & Justino, 2006). Thus, high inequality in a society will have a negative effect

on the coefficient by reducing the chances and effectiveness of interpersonal



communications that transmit innovation-related information from one group to others.

[Hypothesis 2-5] The rate of acceptance will be negatively related to income inequality.

Heterogeneity of the population can be rooted not only in the socio-economic

structure of the population but also in ethnic and cultural diversity. Even though co-

existence of diverse ethnic, linguistic, and religious groups in a society does not

necessarily mean that communication among different sub-groups is infrequent and

ineffective, it is more likely to be so than in a more homogenous population. Thus, one

would expect that socio-cultural fractionalization will be negatively related to the

coefficient.

[Hypothesis 2-6] The rate of acceptance will be negatively related to ethnic, linguistic,

and religious fractionalization.

Gender inequality also will likely affect the rate of acceptance negatively. In a

society with high gender inequality, women's need to subscribe to cellular service is

likely given lower priority compared to a more egalitarian society. In addition, women in
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such settings will likely have a smaller influence on the economic decisions in her

household.

[Hypothesis 2-7] The rate of acceptance will be negatively related to gender inequality.

Population density and the level of urbanization are factors that were frequently
tested and found to be significantly related to the rate of acceptance in mobile diffusion

studies.

[Hypothesis 2-8] The rate of acceptance will be positively related to population density.
[Hypothesis 2-9] The rate of acceptance will be positively related to the level of

urbanization.

There are influences and information that is acquired through sources other than
interpersonal communication. In the logistic and Gompertz model, influences that affect
adoption and information about a new product come from a single source — existing
adopters. On the other hand, the Bass model has two separate parameters that represent

effects from two different sources. The coefficient of internal influence (¢) refers to the
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influence from adopters within a country or a society while another parameter the

coefficient of external influence (p) captures effects from the variables that affect

potential adopters’ decision independent of existing adopters in the country (Talukdar et

al., 2002). It refers to influences exercised through non-interpersonal communication

. 23 . . .
channels and those from non-domestic sources™. Such influences increase with

“consumers’ access to product-related information”, and *“consumers’ inclination and

ability to process information from” non-interpersonal channels (p. 103, Talukdar et al.,

2002). In a modern society, the most likely candidate for the non-interpersonal source of

product-related information is advertisement, most of which is delivered though mass

media. Since it is difficult to acquire information about expenses on advertisements, the

influence of information through mass media. as measured by the ratio of household with

TV sets to all households. will be used in this paper to represent non-interpersonal

sources of product information.

[Hypothesis 2-10] The rate of acceptance will be positively related to access to related

information through mass-media.

** The coefficient of external influence (p) is similar to the parameter a in the logistic model in that it
represents the intercept or the number of adopters during the first time interval. However. the two do not
represent the same aspect of diffusion as p in the Bass diffusion model affects the shape of the curve while
a in logistic model does not.



Information can also be acquired from foreign contacts or trans-border media.

The chance of acquiring information from foreign sources will depend on how frequent

interactions with foreign contacts are. A more open economy, in terms of international

trade, will likely increase such chances.

[Hypothesis 2-11] The rate of acceptance will be positively related to the openness of the

economy.

Learning from foreign experience is not exclusive to consumers; suppliers can

also learn from experiences abroad and better prepare themselves for the eventual

launching of domestic service. Thus, as Gruber and Verboven (2001a, 2001b) found in

their research, introductory delay will likely have a positive effect because late adopter

countries have more time to learn from experience abroad.

[Hypothesis 2-12]. The rate of acceptance will be positively related to introductory delay.
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4. Approaches and Methods

The analysis was carried out in two phases. The first phase was concerned with

the estimation of parameters of the diffusion processes. Since it is impossible to

empirically observe the market potential until the market has actually reached the

saturation point. it was necessary to acquire market potential values through other means.

The diffusion of innovation literature provides a plethora of statistical models that allow

estimations of ceiling and parameters that characterize the shape of the diffusion curve.

The underlying assumption in parameter estimation is that diffusion pattern data closely

resembles the pattern portrayed by the statistical model employed. This dissertation used

three widely used diffusion models — Bass diffusion model, the Gompertz model, and the

logistic model - in estimating parameters of the diffusion processes. Using annual mobile

penetration growth data for 27 years since 1980 as the input, the ceiling and the rate of

acceptance and its equivalences were estimated for each of n=160 countries. The main

goal of the study was to explain the factors influencing the relative magnitude of these

parameters. Thus, the statistical models of diffusion of innovations were employed as an

intermediate step to acquire estimates for dependent variables that would be inaccessible

otherwise.



Figure 2. Analysis process flow chart

Diffusion Data
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Regression analysis of factors Regression analysis of factors
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(cross-sectional, n=30,34.49) (cross-sectional, n=30.34,49)

In the second phase, using market potential and the rate of acceptance (and its

equivalences) estimated in the first phase as dependent variables, a set of regression

analysis was carried out to examine the factors influencing the values of the estimated

ceiling and the rate of acceptance values. Not all estimations were successful. In some

cases, parameters were statistically insignificant at 95% confidence level, or had

estimated values that did not seem plausible. In addition, widths of estimated parameter

values were very large for some countries. In the estimation using BDM, many countries
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had coefticients of internal and external influence values that were out of acceptable

range (0 < p, ¢ < 1). Consequently, the number of countries included in the second phase

of analysis was much smaller than that in the first phase. Each data set had different

number of countries. Data set for logistic model had 49 countries, for Gompertz 34, and

for BDM 30. Data for this second phase were cross-sectional. In other words, the

differences in the diffusion parameters derived from the longitudinal analysis were

explained by differences between countries in the data set. The flowchart above describes

the analysis process.

Multiple statistical models of diffusion were used because it was impossible to

know in advance which model presented a better fit with the data; variations of all three

models have been used in previous mobile diffusion studies. The following section

introduces the three diffusion models. The regression models for market potential and the

rate of acceptance will be introduced in the following sections.

4.1. Statistical models of diffusion

4.1.1. Bass diffusion model

The Bass diffusion model can be categorized as an epidemic model in that it

theorizes an individual’s inherent desire to imitate others as the main driver of the



diffusion of innovations, which is represented by the coefficient of internal influence. An
additional coefficient of external influence distinguishes BDM from other epidemic
models. The parameters in other epidemic models represent only the influence from
adopters, while the coefficient of external influence represents influences from sources
other than adopters.

In the Bass diffusion model, the number of adopters between time interval ¢-/ and

t, X(1) is;

X(t) = pm + (g-p)Nir.1) - g/mN 1) 0<p.g<1,0<m=1,2,3...., T) (1)

Where N.1)is the cumulative number of adopters at time #-1, and m is the
eventual number of adopters or market potential. p is the coefficient of innovation, and ¢
is the coefficient of imitation. Since No, = 0, pm represents the number of adopters that
purchased the product during the first time interval of adoption. Originally, Bass used the
ordinary least-square estimation (OLS) method to obtain the values of m, p, and g. It has
been, however, repeatedly reported that OLS is prone to wrong parameter signs. In

addition, it was also found that the BDM does not usually perform well when the number



of observations is less than 10 (Meade & Islam, 2006).>*

Two major approaches were proposed and have been used frequently instead of
the original OLS approach. One is maximum likelihood estimation (MLE), introduced by
Schmittlein and Mahajan (1982), and the other is nonlinear least squares estimation
(NLS), proposed by Srinivasan and Mason (1986). Both alternatives use the probability
density function of adoption in BDM — which is not exactly identical to the function for
the number of adopters (Schmittlein & Mahajan, 1982) - to derive their statistical models.
Schmittlein and Mahajan (1982), Srinivasan and Mason (1986) showed that the
performance of the two approaches is equivalent and better than that of OLS. Despite
their equivalence, NLS turned out to be the more popular of the two (Meade & Islam,
2006). For the analysis with the Bass model, NLS will be used to determine its
parameters in this paper.

The adopters’ probability density function f{¢) for adoption at time ¢ is:

fitt)=(p + qF(1)(1 - F(1)) (2)

It has the following distribution function:

* The latter weakness still applies to alternative methodological approaches.



F(y={1-exp[ - (p+qt}/{1+(g/p)expl- (p+¢)t]} 3)

Sales (the number of adopters) at ith time interval (t;.;, t;) X(i) is given by:

X)) =m[F(t;)) = F(t;.)] + u;, 4)

By substituting F(¢) in (4) using equation (3), we have;

X(@Wy=m({1 —exp[ - (p+ q) t; }Y/{1+(g/p)exp[- (p+q) t]] }

- {1 —expl - (p +q) ti.)}/{1+(qg/plexpl- (p+q) ti.1] }) + u; )

Where u; is and an additive error term with variance 8>, and i = 1,2, 3, 4......, T.

Equation (5) was used in this paper to derive estimates for parameter values.

BDM has restrictions on parameter values. Both coefficient of external influence
(p) and coefficient of internal influence (¢) should have values between O and 1 (0<p, g
< 1). In addition, in order to be S-shaped, the coefficient of external influence (p) should

have a value smaller than that of the coefficient of internal influence (q)



4.1.2. Logistic model

The logistic model was first proposed by Griliches (1957) and has been used in
numerous diffusion studies. One of the reasons for the popularity of the logistic model as
a representation of growth is because *it may fit empirical data better than other functions
with similar shapes” (p. 58, Oliver, 1964). It has a simpler structure from BDM and is
free from the problem of unacceptable parameter values. BDM is identical to the logistic
model in the pure imitation scenario (p = 0, g >0). In some countries, diffusion of mobile
telephony exhibits deviations from an ideal S-shaped curve, possibly due to the
introduction of a new generation of technology and occasional economic turbulence. For
the countries with such mobile diffusion history, the logistic model may fit better than the
more complex BDM.

The basic logistic equation is written as:

P,', - K/[1+e-(ai+l;if)] (6)

Where P, represents the proportion of total adopters in country i, at time ¢, and K

is the ceiling value. The parameter b, which is often referred to as the “rate of

acceptance”, determines the rate of increase in P over time. The rate of acceptance is,



even though it does not exactly represent the speed of adoption25 , related to how fast a
market will be saturated. The above equation is often transformed into a linear form™.
The transformed linear equation best describes the role of the rate of acceptance (Dixon,

1980). The equation can be written as:

log(Pit/Ki-Pit) = a, + bt )

This dissertation uses the original form — equation (4) - and employs the iterative
non-linear square method to estimate parameters, as had been suggested by Oliver

(1964).”7

4.1.3. Gompertz model
In a review of Griliches’ work, Dixon (1980) proposed the Gompertz model as a
better representation of hybrid corn diffusion. He found that the diffusion pattern of

hybrid corn often showed deviations from the logistic curve. Diffusion was skewed with

> As it can be seen from the statistical models, the parameter represents the chance of adoption of a
potential adopter, while ‘speed’ means how many years it will take before the market is saturated. In the
Bass model, the chance of adoption is represented by two parameters, coefficient of external influence and
coefficient of internal influence.

% Stoneman (2002) indicates that even though it is a very common practice in diffusion literature,
transformation itself does not solve the problem of non-linearity. The left side of equation still contains a
parameter of which value is not known. To circumvent this problem. a usual approach is to treat the ceiling
as a known value.

7 He argucd that “there is no substitute for full least squares in estimating logistic growth function™ (p.65).



long tails and tended to be asymmetric, while a ‘true’ logistic curve should be symmetric.
He found that the Gompertz function provided a better fit with hybrid corn diffusion.

The equation for the Gompertz function may be written as:

Pi=Ka/" (8)

Where P; represents the proportion of total adopters of country i, at time ¢, and K
is the ceiling value, a and f are parameters. The rate of growth equation for Gompertz

model can be written as:

dP./dt = In B:* Py(InP-InkK:) 9)

Equation (9) was used in the parameter estimation in this paper.”® In f has a
similar role to the rate of acceptance in the logistic model (Dixon, 1980).
Estimation was carried out using a statistical software package, NLREG, which

allows running a non-linear regression without transforming original equation into a

% Dixon (1980) used equation (7) in parameter estimation instead of (8). He, however, fixed the value of
ceiling at 1. A trial with mobile diffusion data using equation (7), albeit without fixed cciling value. was not
successful. Thus, I employcd equation (8) that has one less parameter to estimate.
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linear form. First, mobile penetration data from 1980 to 2005 or 2006 for 160 countries
was converted into required formats and fed to the software.”” Next, one country at a
time, the software repeatedly applies different set of values of parameters — each trial is

called iteration - until best estimates for parameters were found.

4.2. Regression models for market potential and rate of acceptance

This section introduces the regression models for market potential and that for
the rate of acceptance, which are based on the theoretical models discussed in the
previous chapter. The sources and definitions of variables are described in the following

section.

The model for market potential is specified as:

Market Potential = a + #, [GDP per capita] + 8, [Income inequality] + ;[ Price] +
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