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ABSTRACT

Most countries have allocated 3G spectrum and are in the process of allocating advanced wireless services and 4G
spectrum, both of which promise subscribers significantly faster broadband speeds. Operators anticipate that subscribers
will adopt these services swiftly thereby justifying the large investments. Yet, why is it the case that only two countries
in the world have more 3G than 2G subscribers? This study examines the drivers behind 3G diffusion using linear
probability models and qualitative choice (logit) analysis. Time series diffusion models show that diffusion patterns

follow an s-curve pattern, favoring the Gompertz curve.
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1. Introduction

In the late 1990s and early 2000s, many hailed the then
upcoming allocations of 3G spectrum as a revolutioniz-
ing step in telecommunications. Fueled by the success of
the Internet, 3G promised to take “mobile telephony be-
yond just voice ... giving people a whole range of new
exciting services down to their mobile phone” [1]. In
essence, 3G promised to bring the Internet to the mobile
phone. The anticipated significance of 3G initially led to
exuberantly high spectrum valuations. Because of these
high valuations, some countries chose to allocate 3G
spectrum through auctions. The anticipated high value of
the scarce 3G spectrum consequently led to high winning
bids. For instance, as reported by [2], winning bidders in
the UK paid €650 for each potential subscriber. In Ger-
many, winning bidders paid €615 per capita. Underlining
the anticipated significance of 3G in the marketplace, BT
(British Telecom) Ignite’s CEO Alfred Mocket stated
that BT had no choice in the bidding war because the
“cost of the licence was the cost of staying in business”
(as cited in [3]).

The high spectrum prices paid in the first 3G auctions,
the stock market crisis of early 2000, as well as the slower
than anticipated technological progress did delay the
rollout of 3G services. Table 1 illustrates this by show-
ing that, on average, countries rolled out 3G services
approximately two years (26 months) after their 3G auc-
tions. It is important to note that the “delays” shown in
Table 1 are only approximate values as in many coun-
tries in-band migration was allowed. Hence, in some
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countries, the launching of 3G services took place prior
to the allocation of 3G spectrum.

It was not until approximately 2006, several years after
the allocation of 3G spectrum, that the EU and North
American countries deployed 3G networks. With 3G
reaching mass markets, analysts quickly began speculat-
ing whether 3G services would become substitutes for
2G services and when 3G would become the dominant
technology. For instance, [4] predicted that 60 percent of
mobile subscribers in Western Europe would be using
3G technology by 2010. Reference [4]’s analysis found
that Italy and the UK would lead Europe in terms of 3G
penetration and Belgium and Greece would have the
lowest rates. Similarly, [5] made the prediction that the
UK and Italy would lead 3G adoption with penetration
rates of 68 and 72 percent, respectively, by 2010. In the
same year, [6] cited several studies that predicted 3G
subscribers in North America would make up 82 percent
of all mobile subscribers by 2010. Finally, a consulting
report for the GSM Association states: “3G technology
has diffused relatively quickly in mature markets” [7].

Recent data on 3G penetration rates demonstrate that
these and many other statements and forecasts were far
too optimistic as actual 3G penetration rates fell signifi-
cantly short from most of these claims. As shown in Ta-
ble 2, the average 3G penetration rate in the EU 15 coun-
tries for year-end 2009 was 25.7 percent—far short of the
predicted 60 plus percentage range or the stated 30 to 80
percent [7]. Similarly, contrary to the forecasts, the leading
countries were Spain with a 43 percent 3G penetration
rate followed by Sweden with a 40 percent penetration
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Table 1. EU and North American rollout delays.

Table 2. EU 15 3G penetration rates, December 20009.

Country  Delayin months  Country  Delay in months
Colombia - Austria 30
United States - Greece 30
China 2 Czech Republic 32
Brazil 3 Israel 32
South Africa 6 Venezuela 32
Morocco 9 United Kingdom 35
Egypt 10 France 36
Indonesia 10 Malaysia 36
Hungary 11 Portugal 37
Philippines 11 Belgium 38
Russia 11 Hong Kong 39
Korea 14 Poland 45
Norway 15 New Zealand 46
Japan 16 Singapore 46
Taiwan 17 Germany 47
Nigeria 20 Netherlands 47
Ukraine 23 Spain 47
Denmark 25 Switzerland 47
Australia 26 Canada 55
Italy 29 Finland 67

Sweden 29

Source: NERA research.

rate. The UK and Italy had 3G penetration rates of 32
and 30 percent, respectively, both less than half of the
predicted rate.

Figure 1 shows the hesitant, yet steady, increase in 3G
subscribers in the EU 15 nations. The apparent slow dif-
fusion of 3G technology was not limited to the EU 15
nations. Rather, it seemed to be a worldwide phenome-
non. The December 2009 US 3G penetration rate was
26.1 percent, which is less than one third of the number
forecasted for the US by various analysts for 2010. As
shown in Figure 2, the 2009 3G penetration rate in North
America was 22.3 percent.

Quite surprisingly, 3G growth rates in North America
during the last three quarters of 2009 declined, possibly
indicating that demand from early adopters has been met
thereby decreasing the long-term growth rate of the
technology.

With the exception of Japan and South Korea, con-
sumer demand for 3G handsets and services was even
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Country Subscribers 3G penetration
Total 3G (in %)

Spain 53,833,600 23,325,000 43
Sweden 11,939,000 4,765,000 40
France 56,081,000 20,926,000 37
Luxembourg 609,000 205,000 34
United Kingdom 82,255,300 26,093,000 32
Ttaly 88,264,759 26,850,000 30
Austria 11,315,200 3,270,000 29
Finland 7,806,900 2,104,900 27
Germany 108,255,400 28,100,000 26
Belgium 12,383,515 2,950,000 24
Denmark 7,460,000 1,292,000 17
Ireland 5,438,374 843,000 16
Greece 20,873,507 2,325,000 11
Netherlands 19,697,000 2,042,000 10
Portugal 16,209,900 1,545,000 10

Source: TeleGeography.

lower in Asia where 2009 penetration rates were ap-
proximately 4 percent. Figure 3 depicts this result, which
must be interpreted with caution as some Asian countries
are only now in the process of allocating 3G spectrum.
For instance, with over 1.1 billion potential subscribers,
India auctioned its 3G spectrum in May 2010. Similarly,
Thailand, with over 60 million potential subscribers, has
not yet scheduled its auction of 3G spectrum.

There are seemingly only two exceptions to this inter-
national trend of low 3G diffusion. With 90 and 70 per-
cent, respectively, Japan and South Korea are the only
two countries in the world that currently have more 3G
subscribers than 2G subscribers. These two countries
were among the first to introduce 3G services, and their
3G diffusion rates surpass the rates in the rest of the
world. Figures4 and 5 illustrate this.

Not surprisingly, due to the already high 3G diffusion
rates, the two countries exhibit declining 3G growth rates.
Interestingly, and as discussed further below, a visual
inspection of the 3G diffusion patterns in these two
countries, particularly Japan, seems to indicate that 3G
diffusion follows an s-curve.

The cross-country comparison above clearly shows
that although several years have gone by since the allo-
cation of 3G spectrum and the introduction of 3G ser-
vices consumers still are hesitant in adopting the tech-
nology. Seemingly, consumers are not convinced that 3G
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Figure 2. North America 3G penetration (2003-2009). Sour ce: TeleGeography.

the demand for 3G handsets and services and whether
regulatory intervention, such as mobile number portabil-
ity (MNP), is an effective tool in promoting 3G take-up.
These important questions are empirically examined
herein by analyzing the socioeconomic and regulatory

offers improved services over the legacy 2G services.
This, in turn, raises the question of whether faster data
upload and download speeds are necessarily better and
whether consumers value accessing the Internet via their
mobile phones. It also poses the question of what drives

Copyright © 2012 SciRes. IJCNS
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Figure 3. Asia and Pacific 3G penetration (excluding Japan and South Korea). Sour ce: TeleGeography
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Figure 4. Japan 3G penetration.

determinants that shape a country’s 3G diffusion pattern.
This study also examines the impact of MNP on 3G dif-
fusion and tests the hypothesis that countries with lower
2G levels have relatively more 3G subscribers. This latter
question is of interest as studies on mobile diffusion have

Copyright © 2012 SciRes.

shown the existence of fixed or 1G networks to have a
positive impact on mobile diffusion [8-10]. Given the
unexpectedly slow take-up of 3G services, it is also in-
formative to study the demand determinants and diffu-
sion patterns of this technology. Finally, using Gompertz
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Figure 5. South Korea 3G penetration. Source: TeleGeography.

and logistic diffusions curves, 3G penetration rates for
India, Mexico, and Thailand are forecasted.

It is important to note that the intent of this study is not
to provide evidence of the potential of 3G technologies
and the desirability of such services. Rather, the study is
based on the evidence of actual 3G take-up rates that, in
turn, are a reflection of 3G services, prices, and quality of
service offered by operators worldwide. Similarly, the
study does not address the efficacy of MNP. Instead,
only the impact of MNP on 3G diffusion is studied.

In Section 2, there is a discussion of the prior literature.

Section 3 explains the study data and variables. Section 4
details the findings of the linear probability model. Sec-
tion 5 introduces the binary logit model, and Section 6
presents two diffusion models—the Pearl logistic curve
and the Gompertz curve. Section 7 reflects 3G take-up
forecasts for India, Mexico, and Thailand. Section 8 links
the findings to regulatory policy. Section 9 concludes.

2. Prior Literature

There is a large body of economic literature on mobile
diffusion patterns. However, few previous studies exam-
ined 3G diffusion rates separately from general mobile
penetration rates. The economic literature on mobile dif-
fusion includes [9] who examined the technological and
regulatory determinants of the diffusion of mobile tele-
communications services in the European Union. Refer-
ence [11] studied mobile diffusion in Central and Eastern
Europe. Using logistic and Gompertz diffusion curves

Copyright © 2012 SciRes.

estimated using nonlinear least squares, [11] identified
the determinants of mobile diffusion in the study coun-
tries. Reference [12] examined mobile diffusion in Por-
tugal and found that mobile penetration rates followed an
s-curve, in particular, a logistic curve.

Reference [13] offers a possible explanation for Ja-
pan’s high 3G take-up rate. [13] found that the strong
increase in 3G handsets in Japan, particularly for the mo-
bile operator KDDI, was not due to the advanced data
functions offered by 3G. Instead, it appeared that 2G
services compatibility was the driver for the demand for
3G handsets. [13] found that by 2002 only 0.4 percent of
the population used 3G services although over 6 percent
(approximately 8 million) of the population had 3G
handsets. This finding also suggests that the 3G handset
count is an imperfect proxy for 3G subscribers.

Reference [14] studied worldwide mobile diffusion by
isolating key determinants of mobile take-up. [14] con-
firmed that diffusion patterns followed the characteristics
of an s-curve and found that the size of the network ex-
ternality determined the spread of the s-curve.

Reference [15] investigated the relationship between
handset subsidies and the adoption of 3G and other ad-
vanced services. [15] suspected that the bundling of
handsets with services might have mitigated the slow
development of the mobile data market in Finland. The
study, however, revealed that although this hypothesis
might have been true for Finland in its transition from 2G
to 3G it could not be expected to hold in the future. Ref-

IJCNS



468 C. M. DIPPON

erence [16] presented their results on diffusion rates in
Greece using various diffusion models, including a flexi-
ble logistic (FLOG) model. [16] focused on socioeco-
nomic and regulatory aspects of diffusion. Among other
things, they found a positive correlation between take-up
speed and the number of mobile competitors.

Reference [17] studied mobile diffusion in Europe and
the impact of regulatory intervention on 2G and 3G dif-
fusion. Directly relevant to this study, [17] found that 3G
was not conceived as a new range of services but as a
tool that would allow the operators to optimize their
networks. The limited 3G take-up rates in most countries
seem to support this finding and also seem to indicate
that 3G is mainly used to separate the market into sub-
scribers who do not place a value on receiving Internet
access on their mobile phone and subscribers who do.
[17] further noted that 3G was not introduced as a sub-
stitute to 2G but as a complement to GSM, offering new
services (mainly multimedia ones) that did not previously
exist. [17] did note that 3G penetration rates in 2006,
which reached only single-digit levels, did not meet the
high expectations for 3G.

Reference [18] analyzed the potential complementari-
ties between mobile voice and short message service
(SMS). Among other things, [18] found that SMS ac-
counted for up to 95 percent of data revenues. This find-
ing also generally supports the data presented above be-
cause it shows that until recent years SMS was responsi-
ble for almost all data revenue. However, it is the signal-
ing systems associated with the cellular networks that
control SMS, not the cellular (2G or 3G) networks them-
selves. Hence, with respect to this study, [18]’s finding
implies that 3G revenue consists of a maximum of 5
percent of an operator’s data revenue.

Reference [19] studied the effect of technological in-
novations and competition policies on the diffusion of
3G mobile phones in Japan. [19] found that technological
innovations in entertainment, e-payment, and high-speed

data services are significant determinants of 3G diffusion.

Finally, [20] offers a comprehensive literature review of
the mobile diffusion literature that concentrates on the
interaction between fixed and mobile.

3. Study Variables and Data

To study the determinants and rate at which mobile sub-
scribers take up 3G services, I constructed a comprehen-
sive database of 47 countries for which data were avail-
able. Table 3 lists the countries included in the study.

Table 4 summarizes the variables collected for each
study country and provides a brief description and the
source of each variable, and Table 5 reports summary
statistics for the explanatory variables.

Due to the limited availability of source data for each
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variable, 1 collected cross-section data instead of time-
series data to study the demand determinants of 3G.
There are two limitations to the available data. First, 3G
diffusion can only be measured as the percentage of mo-
bile subscribers who have a 3G handset. Although this is
a common industry proxy for 3G diffusion, it is an upper
bound to the actual number of 3G subscribers because
3G handsets are backwards compatible, and, as observed
in developing nations in particular, subscribers might
purchase 3G handsets even though they mainly (or ex-
clusively) use 2G services. Second, some countries report
3G subscribers although they have not yet allocated 3G
spectrum. There are at least two possible reasons for this
observation. First, a country may allow in-band migra-
tion where operators holding existing 2G licenses can
offer 3G services. Second, operators sell 3G handsets
even though no 3G services are available.

Therefore, in the analytical evaluation of the data, I
removed countries where 3G spectrum has not been al-
located yet, despite the fact that operators in these coun-
tries do report a modest amount of 3G subscribers. This
process eliminated Argentina, Chile, India, Mexico, Peru,
and Thailand.

Note, although these countries did not have 3G spec-
trum allocated at the time of the study, most of these
countries are currently in the process of doing so. As
such, the empirical insight derived from the data is par-
ticularly valuable to these countries in forecasting their
3G diffusion patterns.

4. Linear Probability Model

A first simple model for 3G demand is a linear probabil-
ity model estimated via conventional ordinary least
squares (OLS) using the most recent data for 41 countries.

Table 3. Study countries.

Argentina Finland Mexico South Africa
Australia France Morocco South Korea
Austria Germany Netherlands Spain
Belgium Greece New Zealand Sweden
Brazil Hong Kong Nigeria Switzerland
Canada Hungary Norway Taiwan
Chile India Peru Thailand
China Indonesia Philippines Ukraine
Colombia Israel Poland United Kingdom
Czech Republic Italy Portugal United States
Denmark Japan Russia Venezuela
Egypt Malaysia Singapore
IJCNS
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Table 4. Variablesused in study. Table5. Summary statistics.
Variable Description Source Variable Mean Std Dev Min Max Obs
country Country from which data were 3g 0.19 0.19 - 0.85 41
collected
Percent of mobile subscribers mnp_t 49.10 39.81 ) 123.00 4l
3g ith a 3G handset TeleGeography
wi mnp_d 0.80 0.40 - 1.00 41
Number of months since the
mP_t i troduction of MNP NERA research chum 0.2 0.02 - 0.1 41
mnp_d Dummy variable indicating whether NERA research pre 0.59 0.28 0.01 1.00 41
a country has MNP
. gdp 26.20 14.67 2.40 59.30 41
churn  Average monthly subscriber churn \i\l/l erlnll LMyntch
freless Matrix den 46325 142828 276 692332 41
" Percentage of total wireless TeleGeogranh
pre subscribers that are prepaid cielcography pop 84.81 209.41 4.27 1325.64 41
Gross domestic product per car 4.61 223 - 11.00 41
gdp capita, PPP adjusted CIA Factbook
. o 0.11 0.06 - 0.29 41
den Population density in study country World Bank pm
pop Total population in study country World Bank pen 1.06 0.28 0.42 1.68 4l
Number of competitive mobile tele 0.34 0.16 0.01 0.61 41
car TeleGeography
operators
alloc_d 41
m Average revenue per minute Merrill Lynch
P g P Wireless Matrix depl d 41
pen Mobile penetration rate TeleGeography alloc t 74.20 3331 2.00 120.00 41
tele Teledensity TeleGeography depl._t 4712 2947 ) 39.00 41
alloc_ d 3G service allocation month NERA research
delay 27.10 16.66 - 67.00 41
depl d 3G service deployment month NERA research
mous 206.92 143.64 15.00 830.00 39
alloc t 3G service allocation month NERA research
. data 0.23 0.08 0.07 0.47 38
depl t 3G service deployment month NERA research
Number of months since the bb 23.14 2118 0.59 7239 40
delay . (o of 3G . NERA research
Intro ot St services arpu 24.15 13.71 3.41 54.66 41
. Merrill Lynch
mous  Average monthly minutes of use Wircless Matrix spend 1.64 0.81 0.70 4.70 41
data Percentage of broadband sunscribers ~ ITU Database hhi 0.35 0.07 0.22 0.54 40
bb Average data revenue per user ITU Database growth 228 4.47 - 20.02 41
. Merrill Lynch
arpu Average voice revenue per user Wircless Matrix urb 73.09 15.04 40.40 100.00 40
i i oV 0.20 0.16 0.01 0.70 28
spend l(;/llco(l;g; expenditures as percentage TeleGeography p
. sub2 54.61 106.42 3.81 647.24 41
. . Merrill Lynch
hhi  Herfindahl-Hirschman Index Wireless Matrix sib3 941 1775 022 9183 41
growth  Average monthly 3G growth rate TeleGeography subt 64.02 108.82 475 647.69 41
Percentage of population living in .
urb urban regions ITU Database japan 0.02 0.16 _ 1.00 41
pov Percentage of pqpulatlon living CIA Factbook korea 0.02 0.16 - 1.00 41
below poverty line
sub2 Number of 2G subscribers TeleGeography Table 6 shows the model with the best fit.
sub3  Number of 3G subscribers TeleGeography Equation (1) represents the fitted model:
subt Total subscribers TeleGeography 3GI_ = ﬁdel’l -t dep / 4+ 'BWPM arpu + ﬁpen pen, + ﬂden denl. 1
japan  Dummy variable for Japan + ﬁ/"l’“” Japan, + ﬂk"m Korea, +¢,, O
korea  Dummy variable for Korea

Copyright © 2012 SciRes.

where 3G; is the measure of 3G diffusion in country i.
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Table6. Linear probability model.

Variable Coefficient ~ Standard error  T-statistic
depl_t 0.0042623 0.0010333 4.12
arpu 0.0030786 0.0012384 2.49
pen —0.1071566 0.0409945 -2.61
den 0.0000319 0.00000958 3.33
japan 0.3847299 0.0996409 3.86
korea 0.2991098 0.0955887 3.13
Obs 41
R-squared 0.9146

The variable depl ¢ represents the number of months
since the launch of 3G services, arpu reports the average
revenue per user at the time, pen represents the mobile
penetration, and den represents population density.
Variables Japan and Korea are control variables for the
above-average 3G diffusion rates in Japan and Korea.
The disturbance term is denoted by &. The variables
depl t, pen, den, Japan, and Korea are significant at the
1 percent level, and arpu is significant at the 5 percent
level.

The fitted model indicates that differences in the
length of time since the introduction of 3G, ARPUs, mo-
bile penetration rates, population density, and the two
country dummies explain 91 percent of the 3G diffusion
difference in the 41 countries. Specifically, each addi-
tional year of 3G deployment increases 3G take-up by
approximately 5 percent. Similarly, for each additional
$10 in ARPU per month, 3G take-up increases by ap-
proximately 3 percent. The constant term in this regres-
sion is insignificant, which makes sense as one would not
expect any 3G take-up if a country has not yet deployed
3G services. Moreover, with the elimination of countries
that have not yet allocated 3G spectrum from the dataset,
this result is expected. Hence, this simple, yet strong,
model indicates that 3G penetration is mostly a function
of time. Additionally, higher mobile spending and popu-
lation density accelerates 3G penetration, and high mo-
bile penetration rates temper it.

Importantly, though, as opposed to other studies, it in-
dicates that 3G diffusion is much slower than anticipated.
For instance, as noted above, [6] forecasted that 3G dif-
fusion in North America would be at 82 percent in 2010.
Although the US had 3G services prior to 2006, it was
not until September 2006 that the Federal Communica-
tions Commission allocated advanced wireless services
(AWS) spectrum for 3G purposes. Hence, if “true” 3G
services were launched in September 2006 and were
forecasted to reach 82 percent by 2010, this would imply
a linear growth trend of approximately 3 percent per

Copyright © 2012 SciRes.

month. However, the linear model indicates an average
monthly growth rate of 0.04 percent, ceteris paribus,
which is approximately 13 percent of [6]’s forecast. Spe-
cifically, for the US, the linear model forecasts a 3G
take-up rate of 19.2 percent. This compares reasonably
well with the actual take-up rate of 23.5 percent.

Various alternative combinations of the independent
variables yield lower R-squared results. Notably, market
concentration, as measured by the Herfindahl-Hirschman
Index (HHI), seems to have no statistical significance in
explaining the difference in 3G diffusion rates. This re-
sult is in contrast to [21] who found the HHI to be a sig-
nificant determinant of mobile diffusion in Vietnam.

The period between the allocation of spectrum and the
launching of 3G services (delay) has no statistical sig-
nificance. This finding is generally consistent with [9]
who found that mobile diffusion in countries with a late
start to 2G would catch up with the rates observed by
early adopter countries.

Remarkably, 3G diffusion rates are not a function of
the number of 2G subscribers. This contrasts to the pre-
vious literature that found existing networks (either fixed
or 1G) to be a positive contributor to mobile diffusion [1,
8,9].

Testing for MNP yields a statistically insignificant co-
efficient, indicating that in this model the availability of
MNP does not positively or negatively contribute to 3G
take-up. Table 7 shows the in-sample predictions and
differences to actual 3G shares.

Although this model provides a simple and robust ex-
planation of what determines 3G diffusion, it suffers
from a number of shortfalls. Most importantly, the de-
pendent variable (a percentage) is not bound by zero and
one. In the above linear probability model, this would
imply that 3G take-up rates could exceed 100 percent or
become negative.

5. Binary Logit M odel

To avoid the obvious drawback of the classical linear
model, I introduce a binary logit model. A logit model is
well suited for estimating 3G diffusion as it captures the
dichotomous nature of the problem whereas subscribers
select either a 3G (S = 1) or 2G handset (S = 0). Using a
logistic function (rather than normal distribution) will
also constrain the dependent variable (share of 3G sub-
scribers), so that it is restricted by zero and one, thereby
remedying the problem with the linear probability model.
The binary logit model follows the framework derived by
[22]:

eﬂ)‘i

TP @)

Pr(s,=1)= -y

where s; is the share of 3G subscribers in country i, x;
represents the characteristics of country i, and S is the
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regression coefficient.

Country  Sharepredicted Actual share  Difference e e
Australia 29% 49% 20% s, (1+e™)  (1+¢ ) 3
= = =e",
Austria 26% 25% ~1% (1-s;) . e’ 1
- X, Bx;
Belgium 25% 18% 7% 1+ | (1+e™)
Brazil 0% 3% 3% Based on Equation (3), it follows that
Canada 25% 13% -13% s
China 2% 0% 2% 111(1 ;. ] = px; . “4)
i
Colombia 2% 2% 4%
Equation (4) is fitted using an OLS regression with
Czech Republic 17% 2% -15% q ) & g
s .
Denmark 25% 14% -11% 1n(1 ! j as the dependent variable. Table 8 shows the
—g
Egypt 6% 15% 9% i
model with the best fit.
Finland 18% 22% 4% . . . . .
Although the sizes of the regression coefficients in this
France 29% 33% 4% model do not offer a meaningful interpretation for under-
Germany 18% 23% 5% standing the differences in 3G diffusions, the signifi-
Greece 15% 8% 7% cance level of the variables do indicate which factors
contribute, positively or negatively, to explaining 3
Hong Kong 34% 31% 3% . . ; P y & . Y, . P & .G
diffusion in the selected countries. Specifically, consis-
Hungary 10% 3% 6% tent with the linear probability model, the time that has
Indonesia 7% 9% 2% passed since the deployment of 3G services contributes
Israel 21% 339, 12% positively to 3G take-up. Again, this is not surprising
because one would expect 3G take-up to increase over
Italy 23% 29% 6% . . P . p .
time. Mobile penetration contributes negatively to 3G
Japan 85% 85% 0% diffusion. This phenomenon seems somewhat counterin-
Korea 66% 66% 0% tuitive because one would expect countries with higher
Malaysia 13% 13% 0% penetration rates to have hlgher 3G take-up rat<?s. It. is
also counter to much of the literature on mobile diffusion
0, 0, —19 . . . . . .
Morocco 3% 4% 1% that found higher penetration to be aiding mobile diffu-
Netherlands 24% 8% —16% sion [8-10]. However, the possibility of overall (mostly
New Zealand 17% 16% —1% 2@G) penetration contributing negatively to 3G diffusion
Nigeria 1% 0% 0% cannot be ellmlpated becaus§ it might be indicative that
N . 29, o 2G and 3G services are substitutes.
orway ° ’ ° Countries with higher population densities have higher
Philippines 6% 2% —4% 3G take-up rates. Interestingly, and counter to the linear
Poland 15% 4% -11% probability model, countries with relatively high HHIs
Portugal 18% 8% -10% . .
Table 8. Logistic regression.
Russia 7% 1% 8%
Singapore 38% 41% A Variable Coefficient ~ Standard error  T-statistic
South Africa 16% 4% -11% depl t 0.040678 0.0088337 4.60
Spain 25% 35% 11% pen —1.846512 0.5563835 -3.32
Sweden 24% 33% 9% den 0.0001976 0.000095 2.08
Switzerland 24% 23% —1%
Wi ’ ’ ’ hhi ~4.097865 1400617 -2.93
Taiwan 26% 42% 15%
pre —1.167087 0.5619994 —2.08
Ukraine —4% 1% 4%
—0.002546 0.0007194 —3.54
United Kingdom  27% 26% ~1% pop
United States 19% 24% 4% Obs 40
Venezuela 3% 4% 0% R-squared 0.9252
Copyright © 2012 SciRes. IJCNS
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have lower 3G take-up rates, which is consistent with
[21]. This finding may be of interest to regulators be-
cause it may be an indication of the lack of competition
(although not necessarily so). What was evidenced was
that the higher the percentage of prepaid subscribers the
lower the 3G take-up rate. This result was expected be-
cause in some countries prepaid services are associated
with lower income subscribers. Finally, the results show
that the larger the population the lower the 3G take-up
rate. This is consistent with [14], and it might be an indi-
cation that larger nations require larger network invest-
ments. As 3G investments are frequently restricted to
urban areas and business centers, network coverage in
other areas are added only at a later stage.

The above model represents the best data fit and indi-
cates that several other variables seem not to affect 3G
diffusion. Specifically, as in the linear probability model,
the length of time between the spectrum allocation and
the deployment of 3G services is statistically insignifi-
cant. This implies that a rollout delay does not explain
the difference in 3G diffusion, although the delay short-
ens the time that passes since the introduction of 3G ser-
vices, hence indirectly reducing 3G take-up. As in the
linear probability model, MNP does not seem to have
anything to do with 3G take-up rates. As a word of cau-
tion, this result in no way suggests that MNP is not an
effective policy tool. Instead, it simply shows that MNP
affects both 3G and 2G equally. Finally, consistent with
the linear probability model, the number of 2G subscrib-
ers, again, is not significant. This reconfirms that higher
2G penetration rates are not statistically correlated with
higher 3G penetration rates and provides further evidence
that 2G and 3G act as substitutes.

Table 9 shows the in-sample predictions and differ-
ences to actual 3G shares.

6. Diffusion Models

There is a rich literature on mobile diffusion and the fact
that mobile subscriber growth follows an s-curve pattern.
For instance, [14] determined that, common to all nations,
mobile diffusion starts slowly in the introductory stage,
grows more rapidly as critical mass is reached, and fi-
nally tapers off until it reaches saturation. A visual in-
spection of 3G diffusion patterns in Japan and, to a lesser
extent, South Korea, as shown above, seems to indicate
that 3G diffusion also follows an s-curve pattern. To test
this hypothesis and thereby shed further light on 3G
take-up rates, I fit the diffusion models to the cumulative
3G subscriber data for each study country. I used differ-
ential equations, such as Equation (5), to derive the dif-
fusion models:

dy (r)
dt

=5xY(t)x[S-Y(1)], Q)

Copyright © 2012 SciRes.

Table 9. In-sample forecasting and comparison binary logit
model.

Country Sharepredicted Actual share Difference
Australia 27% 49% 22%
Austria 23% 25% 2%
Belgium 15% 18% 3%
Brazil 3% 3% 0%
Canada 24% 13% -11%
China 0% 0% 0%
Colombia 1% 2% 1%
Czech Republic 10% 2% —8%
Denmark 18% 14% —4%
Egypt 4% 15% 11%
Finland 14% 22% 8%
France 24% 33% 9%
Germany 11% 23% 11%
Greece 5% 8% 3%
Hong Kong 25% 31% 6%
Hungary 7% 5% —2%
Indonesia 4% 9% 4%
Israel 13% 33% 20%
Italy 10% 29% 19%
Japan 59% 85% 27%
Korea 52% 66% 14%
Malaysia 8% 13% 6%
Morocco 3% 4% 1%
Netherlands 12% 8% —4%
New Zealand 6% 16% 10%
Nigeria 3% 0% 3%
Norway 0% 24% 24%
Philippines 3% 2% —1%
Poland 14% 4% —9%
Portugal 8% 8% 0%
Russia 1% 1% 0%
Singapore 25% 41% 16%
South Africa 8% 4% —4%
Spain 16% 35% 19%
Sweden 23% 33% 11%
Taiwan 39% 42% 3%
Ukraine 3% 1% 2%
United Kingdom 18% 26% 9%
United States 9% 24% 14%
Venezuela 2% 4% 1%
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where, in the present case, Y () is the cumulative
number of diffusion at time ¢, S is the saturation level,
and O is the coefficient of diffusion [16]. For the pre-
sent model, the general differential equation can be writ-
ten as:

d3G(t)
dt

This model assumes that 3G growth in a country is a
function of the diffusion coefficient J, the cumulative
number of 3G subscribers 3G(?), and the difference be-
tween saturation and the current level of subscribers
[S—3G(t)] . That is, the closer the number of 3G sub-
scribers is to the saturation point, the slower the growth
rate.

Diffusion curves can be modeled in a number of ways.
Commonly used diffusion models for forecasting tech-
nological growth patterns include the family of logistic
models [23] and the Gompertz model [24,25]. A member
of the logistic curves family is the Pearl curve [26]. The
standard Pearl curve is written as:

S
e ?

=5x3G(r)x[ $-3G(r)]. (6)

3G(r)=

where S is the saturation point or the upper limit of 3G
subscribers in a country and « and f are coefficients that
are obtained by fitting the logistic curve to the 3G sub-
scriber data. The two coefficients describe the level of
diffusion in each country, and they can be used to rank
the study country according to 3G take-up. Specifically,
o describes the location of the curve, whereas f describes
the shape of the curve. The higher the f, the faster sub-
scribers adopt 3G in a country. A log transformation of
Equation (7) yields:

Y(t)zln{

This transformation allows Y(#) to be regressed on ¢
using OLS in order to obtain estimates for the constant
term —In(a) and the slope b. After solving for a, the two
coefficients can be inserted into Equation (7), and 3G
subscriber counts can be estimated for each time period ¢.

An alternative diffusion model is the Gompertz model.
Its general form is as follows:

3G(t)=Sxe ", ©)

3G(r)

m}:—ln(a)+ﬂt. ®)

where S is the saturation level and £ and & are coeffi-

cients obtained by fitting the curve to the subscriber data

for each country. Similar to the Pearl logistic curve, the

higher £ is, the faster a country is adopting 3G services.
A double-log transformation of Equation (9) yields:

Y(t):ln{ln(%(t)ﬂ =—InB+kt. (10

Copyright © 2012 SciRes.

Regressing the transformation Y(¢#) on ¢ using OLS,
solving for S, and inserting the two coefficients into
Equation (9) allows for the estimation of 3G subscribers
for each time period .

The saturation level S is arguably the most difficult
variable to estimate. Although one could reasonably ar-
gue that 2G technology will become obsolete at some
point as subscribers transition to 3G and beyond, the time
for 3G handsets also is limited. Various countries are
already introducing next generation technologies, in-
cluding long-term evolution (LTE) and evolved high-
speed packet access (HSPA+). Although there is no spe-
cific generation number for these technologies, they are
commonly referred to as 4G or 3.9G technologies.

With the introduction of these next generation tech-
nologies, some countries will never reach 100 percent 3G
take-up. It is reasonable to assume that even though 3G
take-up likely will never reach 100 percent the technol-
ogy will continue to evolve with the same diffusion curve
as if it were to reach 100 percent take-up. However, once
the introduction of a next generation technology has oc-
curred, the diffusion path is altered and growth rates de-
crease until they become negative and eventually ap-
proach zero. In short, one can assume that 4G and be-
yond technologies will not affect the shape of the 3G
diffusion curve; instead, they will cut its evolutionary
path short.

This assumption implies that the saturation point for
3G is equal to the saturation point for mobile penetration,
which is proportional to the total population pop. How-
ever, as noted by [9], the saturation point for mobile
penetration is difficult to estimate. Although some coun-
tries already have penetration rates at or above 100 per-
cent, other countries are unlikely to achieve these levels.
Regression analyses suggest that mobile penetration in a
country is a function of the Gross Domestic Product
(GDP). Hence, I grouped the study countries into coun-
tries with high GDPs and low GDPs, where high was
defined as countries included in the High Income OECD
member list and low was defined as countries not in-
cluded in the list." For countries with a high GDP, I as-
sume that saturation is 100 percent mobile penetration.
For low GDP countries, the saturation point is set at 80
percent.

Rather than estimating the saturation point, the vari-
able can be made endogenous to the model, as done by
[16,27]. However, given the more recent introduction of
3G, most countries show incomplete s-curves, or
“growth-in-progress,” as classified by [14]. Thus, a re-
cent temporary decrease in growth could be mistaken as

'"The High Income OECD member list is composed of OECD members
with Gross National Income (GNI) per capita of US$11,906 or more in
2008, as classified by the World Bank

(see http://stats.oecd.org/glossary/detail.asp?ID=1231).
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a sign of declining long-term growth and thereby an ap-
proximation to saturation. Making them endogenous to
the model yielded saturation points around 30 percent.
These estimates were rejected because they were counter
to empirical evidence (see Table 2) and general expecta-
tions.

Table 10 shows the R-squared for the regressions of
the transformed Pearl logistic and Gompertz curves. Due
to time-series data limitations, ¢ is the only explanatory
variable in addition to the constant. The focus of the dif-
fusion models is to forecast diffusion patterns, whereas
the linear probability model and binary logit model de-
fine the demand determinants. Hence, the data limitation
should not affect the validity of the diffusion model
forecasts.

With an average R-squared of 88.88 percent for the
Pearl logistic curves and 96.39 percent for the Gompertz
curves, the hypothesis that 3G penetration rates follow an
s-curve pattern is confirmed.

As shown in Table 11, using the Akeike Information
Criterion (AIC), the Gompertz curve seems to reflect the
3G diffusions more closely than the logistic curve.
However, some caution needs to be added to this inter-
pretation because the number of observations for some
countries is low thereby rendering model selection
through AIC less reliable. Nevertheless, even for coun-
tries with higher numbers of observations, such as the
UK, Austria, Japan, and South Korea, the Gompertz
curve yields a lower AIC and thus a potentially better
fitting model.

Using the Gompertz and logistic models for each
country, I calculated the number of months to reach 50
percent 3G take-up. Table 12 presents the results of this
analysis and shows that, on average, it takes a country an
estimated 22 - 29 months until 50 percent of its mobile
subscribers have adopted 3G technology. According to
the Gompertz curve, Singapore and Japan have the high-
est 3G adoption rates. This seems consistent with casual
observations. Countries with the lowest diffusion include
the Czech Republic and the Philippines. Using the logis-
tic curve, Morocco and Singapore are among the coun-
tries with the fasted adoption rates, whereas the Czech
Republic and Denmark show the lowest rates.

Regressing the Gompertz-based diffusion speeds in
each country on demographic and socioeconomic pa-
rameters indicates that diffusion speed is explained by
country wealth, as measured by GDP per capita, and
price levels, as measured by revenue per minute (RPM).
As expected, lower GDP per capita translates into lower
diffusion speeds, while higher price levels prolong the
time until a country reaches 50 percent 3G penetration.
Based on the low R-squared of this regression, additional
factors influence a country’s diffusion speed. Table 13
summarizes this.

Copyright © 2012 SciRes.

Table 10. Logistic and Gompertz diffusion goodness of fit.

Country Pearl (%) Gompertz (%)
Australia 99.15 97.75
Austria 87.76 98.22
Belgium 92.33 98.23
Brazil 96.36 95.67
Canada 91.39 98.20
Czech Republic 90.01 95.09
Denmark 88.52 96.47
Egypt 94.44 98.13
Finland 89.86 99.42
France 71.68 93.24
Germany 81.28 96.64
Greece 86.46 98.39
Hong Kong 95.34 99.53
Hungary 90.95 97.49
Indonesia 96.81 97.39
Israel 93.81 99.67
Italy 86.66 95.31
Japan 93.30 99.82
South Korea 96.44 95.69
Malaysia 89.68 99.02
Morocco 90.82 95.29
Netherlands 85.87 97.16
New Zealand 90.48 97.47
Nigeria 75.80 87.55
Norway 72.30 87.79
Philippines 98.27 99.13
Poland 86.25 96.46
Portugal 63.25 76.96
Russia 96.76 98.58
Singapore 91.02 99.45
South Africa 88.10 96.52
Spain 84.56 99.13
Sweden 90.65 99.21
Switzerland 89.37 98.73
Taiwan 95.92 98.90
Ukraine 95.83 98.25
United Kingdom 90.86 98.42
United States 93.30 99.36
Venezuela 73.66 85.44
Average 88.85 96.39
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Table 11. Logistic and Gompertz diffusion Akeike Informa- Table 12. Diffusion speed comparison number of months to

tion Criterion. reach 50 per cent take-up.
AIC Country Pearl Gompertz

Gompertz Logistic Australia 18 18
Australia 0.017193 0.029361 Austria 25 29
Austria 0.007006 0.465499 Belgium 21 27
Belgium 0.008617 0.633202 Brazil 27 45
Brazil 0.008212 0.262675 Canada 2 31
Canada 0.002883 0.227133 Crech Republic 5 7
Czech Republic 0.002199 0.098430 Denmark 29 13

Denmark 0.007085 0.267810
Egypt 17 23

Egypt 0.001650 0.044337 _

Finland 19 22

Finland 0.003054 0.632162
France 20 25

France 0.036617 2.717566
Germany 21 25

Germany 0.016589 1.283748
Greece 24 32

Greece 0.006201 1.153024
Hong Kong 0.002507 0.115088 Hong Kong 19 20
Hungary 0.003862 0.294871 Hungary 23 35
Indonesia 0.007466 0.263951 Indonesia 26 39
Israel 0.002636 0.299920 Israel 17 18
Italy 0.022300 0.441826 Italy 23 25
Japan 0.001790 0.270991 Japan 18 17
South Korea 0.034104 0.064351 South Korea 16 15
Malaysia 0.003327 0.509748 Malaysia 19 25
Mexico 0.018047 0.399150 Morocco 12 19
Morocco 0.014501 0.854350 Netherlands 26 38
Netherlands 0.007059 0.879774 New Zealand 21 27
New Zealand 0.006565 0.253239 Nigeria 14 28
Nigeria 0.015572 2.415180 Norway 19 ”
Norway 0.050709 1.649946 Philippines - 16

Philippines 0.000649 0.033797
Poland 24 36

Poland 0.008286 0.909989
Portugal 26 38

Portugal 0.047195 1467699
] Russia 16 27

Russia 0.003055 0.260220
Singapore 0.006401 0.446886 Singapore 13 12
South Africa 0.005899 0.486043 South Africa 25 38
Spain 0.006731 1.445493 Spain 19 21
Sweden 0.004107 0.393352 Sweden 23 25
Switzerland 0.004456 0.359804 Switzerland 21 24
Taiwan 0.012779 0.367632 Taiwan 20 21
Thailand 0.000695 0.047803 Ukraine 15 26
Ukraine 0.001680 0.135536 United Kingdom 26 30
United Kingdom 0.005865 0.292115 United States 24 31
United States 0.003329 0.715263 Venezuela 25 40
Venezuela 0.024454 1350219 Average 22 29
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7. Forecasting 3G Adoption in Selected
Countries

During the writing of this paper, India was completing its
3G auction, Mexico had just completed the first few
rounds of its 3G auction, and Thailand was planning to
hold its 3G spectrum auction within the coming months.
Because much speculation surrounds 3G take-up in these
countries, the results of the time-series models in this
paper are used to forecast the 3G take-up rates in these
three countries. As demonstrated below, the empirical
evidence produces forecasts that are much lower from
those reported by analysts in previous, and even present,
auctions.

7.1. India

Figure 6 shows the forecasted 3G Gompertz and logistic
diffusions for India using the diffusion coefficients from
four similarly situated countries. Specifically, in terms of
GDP per capita, India compares closest to the Philippines
and Nigeria, and, in terms of ARPU, it compares to the
Ukraine and Egypt—GDP and ARPU are statistically
significant variables in explaining the difference in pene-
tration rates across countries. Assuming the rollout of 3G
by year-end 2010 and averaging the penetration percent-
ages for these four benchmark countries yields a year-
end 2015 3G penetration rate for India of 32 and 75 per-
cent using the Gompertz and the logistic curves, respec-
tively.

100%

C. M. DIPPON

Based on the finding above, which indicates that the
Gompertz curve produces a superior fit relative to the
logistic curve, the actual 3G penetration rate for India is
expected to be closer to the Gompertz than the logistic
estimates. Table 14 shows the actual forecasted penetra-
tion figures.

Reference [7] estimated a 3G penetration rate for India
of between 20 and 40 percent within five years. This
compares to 32 percent in this study and thus falls within
mid-range. On May 24, 2010, The Economics Times re-
ported that the research firm Crisil found that 3G sub-
scribers should reach 100 million over the next five years.
With approximately 520 million subscribers in 2009 (and
not accounting for population growth), this indicates a
maximum penetration rate of 19 percent. However, given
the rapid pace at which India’s mobile subscribers are
growing, the Crisil study seems to yield lower numbers
than the ones presented above.

7.2. Mexico

Using the same forecasting approach as for India, Figure
7 shows the Gompertz and logistic curves for Mexico
using four similarly situated countries. Specifically, the
benchmark countries include Venezuela and Malaysia,
which are similar to Mexico in terms of GDP per capita,
and Poland and Brazil, which resemble Mexico in terms
of ARPU.

Again, based on the superior fit of the Gompertz curve,
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Figure6. India forecasted 3G penetration, 2011-2016.
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Figure 7. Mexico forecasted 3G penetration (2011-2016).

Table 13. Explaining differencesin diffusion speeds.

Table 15. 3G Penetration rate for ecasts, M exico.

Variable Coefficient  Standarderror  T-statistic Year end Gompertz Logistic
gdp —0.321956 0.1169118 -2.75 2010 0% 0%
rpm 66.34982 29.06186 2.28 2011 1% 0%
japan —-20.01113 10.62178 -1.88 2012 2% 2%
Obs 38 4.00193 2013 6% 6%
R-squared 0.2503 2014 12% 18%
2015 19% 40%
Table 14. 3G Penetration rate forecasts, India. 2016 28% 67%
Year end Gompertz Logistic
7.3. Thailan
2010 1% 1% 3 alland
2011 39 3% In Figure 8, I use the Gompertz and the logistic curves to
0 0 . .
forecast the 3G take-up rate in Thailand. The benchmark
2012 6% 9% countries for Thailand include South Africa and the
2013 12% 399 Ukraine in.terms of GDP per capita and the Philippines
and Egypt in terms of ARPU. Using year-end 2010 as the
2014 21% 64% rollout date produces a conservatively high estimate be-
2015 32% 75% cause it implies that the licensing award date and service
rollout date are very close.
2016 43% 84%

actual 3G penetration rates for Mexico are expected to be
closer to the Gompertz than the logistic estimates. Table
15 shows that actual forecasted penetration figures.

Copyright © 2012 SciRes.

Based on the AIC, it is doubtful that the logistic curve
is the most accurate. Rather, it is more likely that Thai-
land will follow the patterns forecasted by the Gompertz
curve. 3G penetration rates for Thailand from year-end
2010 through year-end 2016 are summarized in Table 16
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Figure 8. Thailand forecasted 3G penetration (2011-2017).

Table 16. 3G penetration rate forecasts, Thailand.

Year end Gompertz Logistic
2010 1% 1%
2011 2% 2%
2012 4% 4%
2013 9% 13%
2014 15% 33%
2015 23% 50%
2016 33% 66%

and show that Thailand’s 3G diffusion will achieve ap-
proximately 23 percent within five years.

The forecasts above are significantly lower than those
found by other analysts. For instance, the research firm
Pyramid forecasted that 45 percent of the residents of
Thailand would subscribe to 3G by 2014 [28]. While this
forecast likely was made with an anticipated rollout date
of 2010, the empirical evidence suggests a significantly
slower diffusion rate in Thailand.

8. Palicy Implications

The study presented in this paper finds that 3G diffusion
is much slower than anticipated and presents various
approaches to size the market for 3G. The proper sizing

Copyright © 2012 SciRes.

of the 3G market, or any technology-based market, is
crucial for regulators and operators. As many countries
are in the process of allocating the next generation of
spectrum (commonly referred to as 4G, although no par-
ticular technology has been agreed upon by the standards
bodies) or refarming previously allocated spectrum, the
study highlights that properly estimating the market po-
tential for any new technology is crucial when determin-
ing its value. Regulators rely on accurate spectrum value
estimates when setting licensing terms and allocating the
scarce spectrum (for instance through an auction process).
Operators must properly value the spectrum in order to
support their business case for infrastructure investment
and to determine their maximum willingness to pay in
case the regulator decides to allocate the spectrum
through an auction process. Furthermore, accurately pre-
dicting subscriber take-up rates enables operators to meet
customer expectations and avoid infrastructure over- or
under-builds.

The study also offers practical advice to regulators in
their quest to allocate scarce spectrum in an efficient
manner in order to maximize social welfare gains. Spe-
cifically, as revealed by the linear probability model and
the logit model, regulators can influence 3G take-up by
ensuring an early rollout of the technology. As 3G pene-
tration is a function of the time passed since 3G spectrum
is allocated and 3G service is rolled out, regulators who
awarded spectrum early relative to other countries have
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higher penetration rates. This intuitive result does not
imply that the diffusion speed will be higher. It simply
reflects the fact that new technologies require a certain
amount of time for consumers to adopt them. In life cycle
terms, this is commonly referred to as the launch period.
With the HHI concentration ratio entering the binary
logit model as a significant variable, regulators can pro-
mote 3G take-up by ensuring a competitive market envi-
ronment.

For operators, the study indicates that short of a re-
stricted supply of 2G services they have little influence
over 3G adoption rates. The binary logit model indicates
that the percentage of prepaid subscribers is a statistically
significant indicator of 3G take-up. Although the deci-
sion of prepaid versus postpaid is mainly a decision made
by subscribers, operators can directly influence it by
making postpaid offerings relatively more attractive than
prepaid. In terms of a restriction of 2G supply, this does
not seem to be a viable alternative in a competitive mar-
ket because unless there is collusion other operators will
undermine any effort to limit the supply of 2G.

Therefore, subscribers drive the take-up of 3G and any
future technology for the most part because they are the
ones who decide which services they purchase. However,
given the slow 3G diffusion rates, subscribers still seem
to be hesitant about the capabilities of 3G relative to 2G.
As the 3G download speed is usually well below 1 Mbps,
one possible explanation for the slow take-up rate is that
3G services are not sufficiently differentiated from 2G
services. If so, both regulators and operators can directly
influence the take-up for 3G and beyond. Regulators
must ensure that sufficient bandwidth is provided to al-
low operators to provide download and upload speeds
that are clearly distinct from 2.5G speeds and are more
comparable to current xXDSL speeds. Similarly, operators
must ensure that state-of-the-art networks are built to
provide the necessary speed differentiator.

The study also reveals that the presence of MNP or the
time that has passed since the introduction of MNP are
not statistically significant factors in explaining differ-
ences in 3G penetration. As previously noted, this does
not mean that MNP is not an effective policy tool.

9. Conclusion

This study reveals that 3G penetration can be explained
by the time that has passed since the deployment of the
technology, mobile penetration rates, density, market
concentration, the percentage of prepaid subscribers, and
the size of the population. It further shows that 3G take-
up follows an s-curve diffusion pattern and most closely
the Gompertz curve. The forecasts offered in the paper
present 3G penetration rates for India, Mexico, and
Thailand. The results show that forecasted adoption rates

Copyright © 2012 SciRes.

are well below previous reports. Finally, the study dem-
onstrates that early deployment and a competitive play-
ing field are key to mobile technology diffusion.
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