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Abstract: Within developed countries, the penetration of cell phones and the Internet has
risen in tandem and the point of market saturation has nearly been reached in both
markets. In contrast, the African continent has been characterized by more uneven
progress, with the penetration of cell phones (41% in 2010) considerably outpacing the
penetration of the Internet (9.6%). The question is then raised as to whether cell phone
and Internet adoption processes in Africa are different as compared to other regions. To
address this question, we compare the determinants and hindrances of both Internet and
cell phone use in Gabon, using household survey data. Our econometric results show that
the primary factors stimulating Internet use consist of a high level of education and
computer skills. As regards cell phone use, the main obstacles are economic. Finally, an
individual's age has a positive impact on cell phone use and a negative impact on Internet
use. The differences identified in both penetration and user profiles between Internet and
cell phone service should motivate African governments to develop digital policies more
heavily focused on a wider dissemination of cell phones in order to make innovative
services and applications (e.g. in the field of health or education) available to as broad a
population as possible.
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n Europe, the penetration of cell phones and the Internet occurred
coincidentally and is now nearing the saturation point. The majority of
Europeans are cell phone users and over 65% access the Internet. 1
This situation presents a sharp contrast to Africa, where these two

1 Source: Internet World Stats.
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communication technologies have experienced uneven penetration patterns
from one country to the next. As of the end of 2010, the Internet use rate
throughout Africa stood at 9.6%, while the cell phone penetration rate had
reached 41% (source: ITU). These differences between mobile and Internet
adoptions become even more pronounced when considering the fact that
cell phones in Africa may be shared with family members, friends or
neighbours (JAMES, 2011). In the case of Kenya, AKER & MBITI (2010)
noted that, in 2009, 47% of the country's population owned a cell phone.
However, since a third of survey respondents admitted to sharing their
device with others, a full 80% of Kenyans were enjoying access in 2009 to
cell phone services (either directly or via shared use). 2 Over time, the
discrepancies in cell phone penetration rates between the developed world
and African nations have been narrowing, although the quality of services
and wireless network capacity are incomparable. The success of cell phones
in Africa is mainly explained by the low density and poor quality of fixed
lines. The cell phone has leapfrogged the landline in this continent (AKER &
MBITI, 2010). A second reason is the mobile market liberalization in nearly
all African countries. The entry of new operators has contributed to lower
prices and to extension of geographic coverage of wireless networks. 3

By comparison, the gap in Internet use rates between industrialized
countries and the African continent has widened in recent years. This "digital
divide" has been exacerbated as regards the quality of Internet access, as
most users in developed nations have broadband connection in their homes
(and some benefit from very high-speed service), whereas online speeds
experienced in Africa are still very slow and impede access to certain uses
requiring large bandwidth, e.g. video streaming.

The question is then raised as to whether cell phone and Internet
adoption processes in Africa are different in nature. To answer this question,
the determinants of Internet and cell phone adoption at the individual level
must first be identified and compared. Are the factors involved in stimulating
or hindering the use of these two technologies identical or different? Are the
cell phone and Internet perceived as complementary or substitutable in the
African continent?

2 On the other hand, the penetration rates potentially overestimate the number of cell phone
users as many individuals own several handsets or have multiple SIM cards.

3In 2010, 60% of Africa's population had access to coverage (source: ITU).
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The originality of this article lies in using household survey data from
Gabon. The survey was conducted in 2008 among a representative sample
of 1,352 residents of the country's two major cities (Libreville and Port-
Gentil). Gabon is in central Africa, bordered by Cameroon, the Republic of
Congo and Equatorial Guinea. Gabon and its 1.5 million inhabitants offer
several features justifying the interest for a study devoted to the issue of
Information and Communication Technology use. Gabon is one of the
wealthiest nations in Africa thanks to oil revenues and natural resources
(with a GDP per capita well above the African average), but because of high
income inequality, a large proportion of the population remains poor. This
contrast is also reflected in telecommunication use. In 2010, only 30,000
Gabonese residents received landline phone service, the equivalent to 2
landlines for every 100 inhabitants; moreover, just 7.3% of the population
benefited from Internet access, due to a lack of competition. In contrast,
Gabon's cell phone market contained 1.6 million subscribers in 2010 (the
vast majority being prepaid accounts), which yielded a penetration rate of
106%. The market had been liberalized in 1999 and is very competitive, with
four mobile operators (Gabon Telecom, Airtel, Moov and Azur). 4 The first
3G licenses were awarded in late 2011, and wireless broadband services
will be soon offered. The high mobile penetration rate can also be explained
by the fact that cell phone users typically hold several subscriptions. Gabon
thus offers a highly attractive context for analyzing the disparate rates of cell
phone and Internet penetration and then for comparing factors that stimulate
adoption of each technology.

Our results show that hindrances to using Internet and cell phones are
quite different. The probability of cell phone use increases substantially
among those 30 and older, while age constitutes an obstacle to Internet
access. Internet users are young, well educated and skilled in the use of
computers. Furthermore, the probability of Internet use is higher among
males, English speakers and those holding executive or white collar jobs.
Moreover, Internet users tend more often to be involved in associations and
have many friends connected to the Internet. These results do not differ
markedly from observations derived in studies on developed nations.
Nonetheless, the uneven level of penetration between cell phone and
Internet use in Africa, as well as the magnitude of the digital divide in
Internet use, requires innovative public policy to promote ICT services.

4 The average revenue per user was much higher than in other sub-Saharan countries until the
entry of the fourth mobile operator (Azur) in 1999. This entry has triggered a price war and
reduced profits.
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The next section of this paper will review empirical studies on Internet
and cell phone diffusion in African countries. The 3" section will present the
survey completed in Gabon in 2008, along with the variables introduced into
our econometric models. The following section will then comment on the
determinants of Internet vs. cell phone use. The final section will discuss the
implications of these findings in terms of implementing a digital innovation

policy.

B Literature review

The majority of studies that investigate the determinants behind adopting
and using cell phone and Internet technologies have focused on the
developed world. A handful of studies however have been aimed at
explaining the discrepancies in penetration rates between developed and
emerging economies (ANDRES et al., 2008; BEILOCK & DIMITROVA,
2003; CHINN & FAIRLIE, 2010; KIISKI & POHJOLA, 2002; LIU & SAN,
2006; MADDEN et al., 2004; MOCNIK & SIREC, 2010; QUIBRIA et al.,
2003; WUNNAVA & LEITER, 2008). The primary explanatory factors
resulting from these investigations are per capita income, average level of
education (i.e. human capital), degree of liberalization, and the density and
quality of telecommunication infrastructure. For example, based on data
input from over 100 countries, BEILOCK & DIMITROVA (2003) obtained a
positive correlation between the rate of Internet penetration and per capita
income on the one hand and rate of computer ownership and density of
landlines on the other. These authors also found that Internet use was more
widespread in countries that respected civil rights and liberties. On the basis
of more recent data, CHINN & FAIRLIE (2010) derived similar results; in
particular, they demonstrated that the gap in Internet penetration between
developed and emerging countries could be explained by the quality of the
legal and institutional environment. Wide income disparities within a country
also impede Internet penetration (MOCNIK & SIREC, 2010). Furthermore,
WUNNAVA & LEITER (2008) reported that the command of English in a
country exerts a positive influence on Internet diffusion. This finding is
explained by the relative abundance of English language content on the
Web, thus enhancing its appeal to English-speaking populations. °

S More broadly, VIARD & ECONOMIDES (2011) revealed that the use of the Internet in a
country increased with the amount of content present on the Internet in the primary language
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As regards cell phone use, ROUVINEN (2006), GRUBER (2001) and
GRUBER & VERBOVEN (2001) all point out that the number of competing
operators offered much the best explanation of the observed penetration
rates. MADDEN et al. (2004) demonstrated that the growth in new
subscribers is greater asper capita income level rises, prices decrease and
the country's subscriber base broadens. Nonetheless, income and network
effects (as measured by the subscriber base) are more powerful than price
effects.

The body of studies focusing on the African continent is less extensive.
ROYCROFT & ANANTHO (2003) found that the most significant factors for
Internet penetration in African countries were the level of economic
development, the density of Internet servers (an indirect measurement of
both content quantity and locally-offered services) and the intensity of
competition among Internet access providers. OYELARAN-OYEYINKA &
LAL (2005) also indicated that the rate of Internet use in Sub-Saharan
countries increased with the country's rate of computer ownership, density of
landline connections and the number of Internet hosts. In addition, per capita
income has a positive influence on Internet diffusion, by stimulating
telecommunications infrastructure investment.

Another stream of literature assesses determinants of both Internet and
cell phone adoption at the individual level. RICE & KATZ (2003) concluded
that in the United States, non-cell phone users did not display the same
profile as non-Internet users. The divide between cell phone users and non-
users lies mainly in socioeconomic factors, as the probability of owning a cell
phone increases with both age and income. As for the discrepancy between
Internet users and non-users, the probability of adoption decreases with both
age and level of education. Other research has focused on the determinants
of various types of Internet use (GOLFARB & PRINCE, 2008; DROUARD,
2010; CONEUS & SCHLEIFE, 2010). The latter have shown that
socioeconomic factors (age and income) exert a strong influence on the
decision to use the Internet, but are no longer relevant when choosing online
applications and services (e-mail, games, social media, e-banking, etc.).
Internet usage patterns depend to a much greater extent on the opportunity
cost of time, computer skills and cumulative browsing experience.

spoken within the given country. This finding highlights one of the potential obstacles to
spreading Internet access into African countries characterized by multiple local languages.
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To the best of our knowledge, few empirical studies have been
conducted on individual data regarding joint use of the Internet and cell
phone services in Africa. OYELARAN-OYEYINKA & ADEYA (2004) polled a
sample of 200 individuals working in Kenyan and Nigerian universities,
drawing the conclusion that Web users were younger than non-users without
any significant differences existing between male and female use patterns.
This sample however did not allow conclusions to be drawn for the entire
population. GILLWALD et al. (2010) gathered household survey data from
17 African countries and compared the determinants of mobile phone,
Internet, radio and TV use. They found that Internet users are more likely to
be young, male, educated, urban and full-time employed or students. They
also showed that income, education and location (living in urban areas) were
strong predictors of cell phone use, whereas age and gender had no clear
effect (see also CHABOSSOU et al., 2008). Along with this study, our article
is one of the first to identify and compare the determinants of both Internet
and cell phone use at the individual level in an African country.

Bl Data and methodology

Description of the data

The data were derived from a Gabonese survey relative to individual use
of ICT. 6 Responses were recorded face-to-face in the cities of Libreville and
Port-Gentil, from July 1% to November 30", 2008. These two main cities
account for 50% of the Gabonese population. We did not survey the rural
population as they represent only 14% of the total population and are out of
the scope of our study.

To generate a sample representative of the urban population at large, we
employed the multi-stage sampling method. More specifically, these two
Gabonese cities were subdivided into districts, and an initial random sort
allowed us to select a predefined number of districts to be assigned to
surveyors. The types of dwellings included in the study were once again

6 This survey was conducted within the scope of a project backed by the Agence Universitaire
de la Francophonie (French language University Association), which is associated with the
University of Douala (Cameroun), University Omar Bongo (Gabon), University of Rennes 1
(France) and the CEPS/INSTEAD Institute (Luxembourg).
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chosen in a random manner. 7 Moreover, in each dwelling, surveyors
interviewed the first person encountered who was 15 or older. 8 In all, 1,352
individual responses were collected.

The data contain the respondent's socioeconomic characteristics
(gender, age, languages spoken and read, level of education, marital status
and income), social capital (membership in associations and tontines 9),
ownership of computing and electronic devices (TV, personal computer and
MP3 player), computing skills, and usage patterns specific to cell phones,
computers and the Internet.

Table 1 lists descriptive statistics regarding the set of variables
introduced into our econometric analyses. In our sample, 60% of
respondents were men. One-third of all respondents were between 22 and
29 years old, with 46% younger than 30. With respect to level of education
attained, 30% had received no more than the first round of secondary school
training, 26% held a "high school" diploma and 44% had earned at least one
university degree.

Secondary school and university students accounted for approximately
33% of our sample population. Another 22% were public sector employees,
while 8% were private sector blue collar workers or employees. 11% held
private sector managerial posts and 12% claimed an independent
employment status (trader, craftsman, professional services). 15% of the
population could be characterized as unemployed. For 65% of the sample,
day-to-day life presented economic challenges.

" To begin the interview sequence, the surveyor would visit the dwelling nearest the first electric
pole found upon arriving in the district. Following this interview, the surveyor would visit the
dwelling located a distance of two electric poles from the first one and then the pattern would be
repeated. This protocol guaranteed a random and uniform sampling.

8 This interviewee selection method, within each household, did however introduce a certain
bias since it led to an overrepresentation of men and young people (high school or university
students) in our sample. On the other hand, the sample offers a very high level of
representation among Libreville and Port-Gentil households and thus makes it possible to
analyze in detail the impact of income conditions and electronic device ownership rates within
households on individual Internet and cell phone use trends.

9 Tontines are also called rotating savings and credit associations and are very popular in
Central Africa. Members of a tontine pool sums of money with the aim of generating savings
and credit.
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Table 1 - Description and summary statistics of the variables for the full sample and the
sub-sample of Internet users and cell phone users (means, standard deviation in bracket)

Variable Label (binary, Yes = 1; No = 0) Population | Internet users | GSM user
Observations 1352 593 1261
Gender Male 0.6094 0.6644 0.6122
(0.4880) (0.4725) (0.4874)

Age 15-21 Age of the respondent from 15 to 21|0.1235 0.1568 0.1149
(0.3291) (0.3639) (0.3191)

Age 22-29 Age of the respondent from 22 to 29(0.3365 0.4131 0.3306
(0.4727) (0.4928) (0.4706)

Age 30-44 Age of the respondent from 30 to 44|0.3254 0.3187 0.3362
(0.4687) (0.4663) (0.4726)

Age 45 Age of the respondent more than 45|0.2144 0.1112 0.2180
(0.4106) (0.3147) (0.4131)

Primary Primary or first stage of secondary |0.2958 0.1011 0.2862
education (0.4373) (0.3018) (0.4522)

Secondary Upper secondary education (High |0.2958 0.2310 0.2545
school level) (0.4565) (0.4218) (0.4357)

Tertiary 1 The first stage of Tertiary education {0.2196 0.2799 0.2252
(University License or Bachelor's) [(0.4141) (0.4493) (0.4178)

Tertiary 2 The second stage of Tertiary 0.2226 0.3878 0.2339
education (Master's, Doctorate) (0.4161) (0.4876) (0.4235)

Difficulty Living conditions are difficult with 0.6531 0.5615 0.6494
my income (0.4761) (0.4966) (0.4773)

Parner Married or with a partner 0.4193 0.3608 0.4337
(0.4936) (0.4806) (0.4957)

Public job Worker in the public sector 0.2181 0.2411 0.2252
(0.4131) (0.4281) (0.4178)

Student Student or at school 0.3276 0.4603 0.3187
(0.4695) (0.4988) (0.4661)

No job Retired/pensioned, Housewife, 0.1501 0.0573 0.1435
Unemployed (0.3573) (0.2326) (0.3507)

High worker High skill job in the private sector  (0.1087 0.1517 0.1141
(0.3114) (0.3591) (0.3181)

Low worker Low skill job in the private sector 0.0821 0.0387 0.0872
(0.2746) (0.1932) (0.2822)

Self-employed Working for one's self : professional |0.1161 0.0472 0.1181
services, craftsman, trader) (0.3204) (0.2122) (0.3229)

English English reading skills 0.4267 0.6273 0.4321
(0.4947) (0.4839) (0.4955)

Use software Being able to use an office software |0.5443 0.8482 0.5567
suite (0.4982) (0.3591) (0.4969)

Install software Being able to install software 0.2019 0.3844 0.2117
(0.4015) (0.4868) (0.4087)

PC Having a personnal computer 0.2751 0.4435 0.2823
(0.4467) (0.4972) (0.4503)

CcD Having a CD reader 0.6331 0.6475 0.6463
(0.4821) (0.4781) (0.4783)

MP3 Having a MP3 player 0.3402 0.4114 0.3489
(0.4739) (0.4925) (0.4768)

Family Internet At least one member of the family |0.2152 0.2630 0.2188
use the Internet (0.4111) (0.4406) (0.4136)
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Variable Label (binary, Yes = 1; No = 0) Population | Internet users | GSM user
Friend Internet Many friends use the Internet 0.512 0.7369 0.5218
(0.5000) (0.4406) (0.4997)
Membership Membership in at least one 0.2951 0.0472 0.3037
voluntary organisation (0.4562) (0.2122) (0.4600)
Saving club Membership in at least one 'tontine' |0.2418 0.2175 0.2482
(0.4283) (0.4129) (0.4321)
Internet Connection Having an internet connection at 0.147 0.2681 0.1554
home (0.3551) (0.4433) (0.3624)
Internet first Have yet used the internet 0.6109 0.9747 0.6225
(0.4877) (0.1571) (0.4849)
Internet Using the internet in the last 3 0.4386 1 0.4480
months (0.4964) 0) (0.4974)
Mobile Having a mobile phone 0.9326 0.9527 1
(0.2506) (0.2122) (0)

The rate of cell phone usage was substantially higher than the
corresponding Internet rate. 93% of those surveyed owned and used at least
one cell phone, with nearly a third of the sample owning more than one.

In order to explain and compare the determinants of Internet and cell
phone penetration within the survey population, we considered the two
following binary variables: "Internet use during the previous 3 months"
(Internet) and "ownership of at least one cell phone" (Mobile).

The explanatory variables may be combined into three categories: the
individual's socioeconomic characteristics, his/her ICT skills and experience
and his/her social environment.

The socioeconomic characteristics taken into account included: gender,
age, level of education, marital status, occupation and lifestyle.

Regarding the impact of gender, a number of studies (e.g. BIMBER,
2000; SCHUMACHER & MORAHAN-MARTIN, 2001; GILLWALD et al.,
2010) have shown that during the initial phases of introducing new
technology, early adopters tend most often to be men. Over time however,
as the technology is disseminated, the gap between men and women
narrows. We expect that gender differences therefore should only be
apparent relative to Internet use, as cell phones have already reached a
stage of widespread availability.

Several studies have shown that the influence of age on technological
adoption rates differ between the Internet (negative correlation) and cell
phone service (positive correlation) (RICE & KATZ, 2003; OYELARAN-
OYEYINKA & ADEYA, 2004). To test the effect of age in the case of Gabon,
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we created a series of four binary age group variables: 15 to 21-year-olds
(Age 15-21), 22 to 29-year-olds (Age 22-29), 30 to 44-year-olds (Age 30-44)
and over 45 (Age 45).

Another important factor concerns level of education, which is expected
to be more heavily correlated with Internet use than cell phone use given
that the benefits of the Internet require at the very least being able to read
and write (i.e. literacy). Those with an even higher level of education take
greater advantage of Internet resources and have lower training costs
(GOLDFARB & PRINCE, 2008). For our model, the level of education was
measured by means of four binary variables: completion of primary
education or the first cycle of the secondary education (Primary), completion
of the second cycle of secondary education (Secondary), a first-level post-
secondary degree (Tertiary 1), and training beyond the first post-secondary
degree (Tertiary 2).

Due to the quantity of English language content found on the web, those
able to read English were more interested in using the Internet (VIARD &
ECONOMIDES, 2011; WUNNAVA & LEITE, 2008). Command of the English
language was measured by introducing a binary variable (English), which
equals 1 if the respondent has a good reading knowledge of English.

Income is another key factor in explaining Internet and cell phone
adoption rates and should be correlated positively with both technologies.
Nonetheless, RICE & KATZ (2003) and GILLWALD et al. (2010) revealed
that income had a more pronounced effect on cell phone use than on
Internet use. Without any reliable data on individual incomes, we introduced
a subjective assessment of each respondent's financial situation: the
variable (Difficulty) is assigned a value of 1 whenever the respondent
considers his/her income level makes day-to-day life challenging or very
challenging.

We also controlled for marital status using a binary variable (Partner) that
is equal to 1 if the respondent is married or living with a partner. Similarly,
employment status was taken into account via the following variables:
employed in the public sector (Public job), business owners, contractors,
merchants or freelance professionals (Self-employed), managers (middle or
senior level) working in the private sector (High worker), private sector
employees or workers (Low worker), high school or university students
(Student) and unemployed (No job).
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The level of computer skills is expected to yield a positive impact on
Internet use, but not necessarily affect cell phone trends. This skill level is
measured by the capacity to operate word processing or spreadsheet
software (Use software) and install a piece of software on a computer (/nstall
software). Over half of the respondents knew how to use a spreadsheet or
word processor, while one in five was capable of installing software.

We also controlled for the ownership of computing and electronic
devices. 27% of interviewees had access to a computer, 63% to a CD player
and 34% to an MP3 player. The presence of these devices turns out to be
complementary to Internet use or an indicator of a taste for digital
technologies and, in either case, should increase the probability of Internet
use.

A considerable body of work has revealed the influence of social
neighbourhood in the decision to adopt a new technology, especially when
network effects play a substantial role (GOOLSBEE & ZITTRAIN, 1999;
CONEUS & SCHLEIFE, 2010; LIU & SAN, 2006; WARD, 2010). The social
network, through providing advice, is capable of reducing costs or increasing
the benefits derived from the use of technologies like the Internet or cell
phones. Social interactions and social learning become determinant factors,
especially during the technological startup phase. Along these lines,
GOLDFARB (2006) showed that the use of e-mail services in the United
States began in universities and spread via students who went on to become
influencers within their own households. Social influences have been
incorporated into our models through the variable Family Internet
(respectively Friend Internet), which equals 1 if the respondent indicates that
the maijority of his/her family members (respectively the majority of his/her
friends) use the Internet. 21% of the survey sample noted that at least one
family member had already used the Internet, while 51% reported Internet
users among their social relations.

Moreover, the density of an individual's social network (or his/her amount
of social capital) can also promote Internet or cell phone adoption, by means
of strengthening network externalities and thus raising the gains expected
from these technologies (FRANZEN, 2003; PENARD & POUSSING, 2010).
In order to measure this effect of social capital, we created two variables:
Membership, which equals 1 if the respondent belongs to at least one formal
association (regardless of type); and Saving club, assigned a value of 1
when the respondent is affiliated with at least one tontine association.
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Econometric specification

The dependent variables of our econometric models are binary, with the
value 1 when an individual uses the Internet or a cell phone and 0 otherwise.
For this reason, we use a logit model in which the decision to use
information technology (either the Internet or mobile phone) is defined by y;
where y; =1 when the individual uses this technology and y;=0 otherwise 10.
The probability of adoption is conditional upon several exogenous variables.

Prob(y= 1) = F(Bx) [1]

where F(.) is the logistic distribution function of the error term, x; refers to
the explanatory variables and 3 the vector of the parameters to estimate.
However, we can presume that the choice to use a mobile phone is
correlated to the choice to use the Internet. For this reason, we also use a
bivariate probit model. This model jointly estimates the decisions to adopt
the two information technologies. Under this specification, the covariance
between the two terms of errors (p) can be different from zero. If we find a
positive and significant coefficient on p, we can conclude that the use of the
Internet is positively correlated with the use of the cell phone (i.e. the two
technologies are complementary). Inversely, a negative coefficient on p
would suggest that Internet and mobile phone are substitutes.

B Results

The estimates of the determinants behind both cell phone (column 1 of
table 2) and Internet use (column 2) suggest that these two technologies are
not affected by the same set of factors in Gabon, except for the variable
Tertiary 2 (completion of a Master's degree or higher). A higher level of
education facilitates the adoption of those technologies by reducing learning
costs and enhancing the potential personal and professional advantages to
be gained. In contrast, an education limited to the primary level constrains
Internet use.

As regards socioeconomic characteristics, we observed that age affects
use rates for both cell phones and the Internet, albeit rather differently. The
probability of using the Internet drops with age, while cell phone ownership

10 we could have alternatively chosen a probit model. In our case, the logit and probit models
give similar results (MORIMUNE, 1979; DAVIDSON & MacKINNON, 1984).
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rates increase with age. Young people are usually attracted by new
technologies, notably for the purpose of communicating with friends. But
they favour the Internet, which offers a wider (and more affordable) array of
applications and services than the cell phone. For older respondents, cell
phone technology is certainly easier to master and its benefits more readily
perceptible than the Internet. Moreover, older generations did not have the
opportunity to adopt the Internet when they were young.

Marital status bears no impact whatsoever on the adoption rates of these
two technologies, though employment status plays a significant role on the
propensity to use the Internet and cell phones. Relative to an unemployed
person, the probability of Internet use among students or higher-skilled
private sector employees is significantly higher. Students can take
advantage of Internet access at their academic institutions and are
undoubtedly encouraged by their teachers to search for information online.
Likewise, higher-skilled members of the workforce are granted Internet
access at their workplace and, moreover, hold jobs that require Internet
connections. On the other hand, the probability of using a cell phone is
higher among non-skilled employees and the self-employed.

The probability of Internet use increases with the level of computing skill
and knowledge acquired (as measured by the ability to use a word
processor or spreadsheet or to install a piece of software). Moreover,
command of the English language is positively correlated with Internet use.
This finding was also observed by WUNNAVA & LEIFER (2008) and
ROYCROFT & ANANTHO (2003) in African countries and can most certainly
be explained by the greater availability of English language content online.
Ownership of a CD player is positively correlated with use of a mobile
device, whereas owning a PC understandably appears as being
complementary to Internet use. The impact of MP3 player ownership on
adoption rates for both cell phones and the Internet was found to be
nonexistent.

Income does not influence cell phone and Internet use. But social
neighborhood contributes substantially to the decision of whether or not to
adopt the Internet. The probability of being a user significantly rises where
respondents have lots of friends using the Internet and belonging to
associations. This finding suggests the presence of network externalities
among friends (GOOLSBEE & ZITTRAIN, 1999; CONEUS & SCHLEIFE,
2010). On the other hand, affiliation with a tontine association or the
tendency for other family members to use the Internet has no impact on the
decision to surf online.
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Table 2 - The determinants of Internet and cell phone use

. . . . Mobile Internet
Variable Mobile (logit) | Internet (logit) (bivariate probit) | (bivariate probit)
Mobile / 0.30480 / /
(0.3209)
Internet 0.3037 / / /
(0.3103)
Gender -0.2656 0.3838* -0.0641 0.2031**
(0.2420) (0.1679) (0.1130) (0.0959)
Age 15-21 0.0211 0.5259** 0.0346 0.3011**
(0.3318) (0.2628) (0.17612) (0.1510)
Age 22-29 Ref. Ref. Ref. Ref.
Age 30-44 0.8819* -0.6850*** 0.4550** -0.3566***
(0.3511) (0.2272) (0.1739) (0.1272)
Age 45 0.9537** -1.7140** 0.4771** -0.9435**
(0.4065) (0.3125) (0.2020) (0.1729)
Primary 0.0470 -0.7005*** 0.0041 -0.3910**
(0.2773) (0.2406) (0.1444) (0.1346)
Secondary Ref. Ref. Ref. Ref.
Tertiary 1 0.8575** 0.2778 0.4573** 0.1643
(0.3608) (0.2083) (0.1787) (0.1211)
Tertiary 2 1.2232** 0.9565*** 0.6110** 0.5349**
(0.4997) (0.2421) (0.2261) (0.1381)
Difficulty -0.2869 -0.1122 -0.1516 -0.0825
(0.2616) (0.1650) (0.1322) (0.0939)
Partner 0.4667 -0.1826 0.2097 -0.0934
(0.3052) (0.1962) (0.1488) (0.1104)
Public job 0.4118 0.2988 0.1908 0.1686
(0.3665) (0.2193) (0.1727) (0.1227)
Student 0.5350 0.6175* 0.2751 0.3579*
(0.3266) (0.2463) (0.1680) (0.1402)
No job Ref. Ref. Ref. Ref.
High worker 0.7102 0.6495* 0.3493 0.3609**
(0.6443) (0.2898) (0.2845) (0.1644)
Low worker 2.7160** -0.4150 1.2661*** -0.2540
(1.030) (0.3490) (0.4170) (0.2008)
Self-employed 0.8347** 0.0008 0.4382** -0.0104
(0.4226) (0.3416) (0.2103) (0.1895)
English -0.0208 0.4413*** 0.0072 0.2528***
(0.2708) (0.1584) (0.1351) (0.0915)
Use software 0.0288 1.3917*** 0.0265 0.8372**
(0.2933) (0.1826) (0.1474) (0.1056)
Install software 0.7264 0.9298** 0.3274 0.5418**
(0.4836) (0.2234) (0.2171) (0.1240)
PC -0.2814 0.5989*** -0.1061 0.3226**
(0.3314) (0.1890) (0.1640) (0.1069)
CcD 0.5518** -0.2121 0.2914** -0.1037
(0.2554) (0.18212) (0.1290) (0.1043)
MP3 0.0736 0.1738 0.0369 0.1006
(0.2996) (0.1805) (0.1471) (0.1029)
Family Internet 0.1440 0.1766 0.0618 0.0808
(0.3161) (0.1881) (0.1528) (0.1061)
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. . . . Mobile Internet
Variable Mobile (logit) | Internet (logit) (bivariate probit) | (bivariate probit)
Friend Internet 0.1437 0.7691** 0.1051 0.4518**
(0.2617) (0.1576) (0.1308) (0.0913)
Membership 0.43896 0.5966*** 0.1966 0.3515%*
(0.2991) (0.1753) (0.1435) (0.0996)
Saving club 0.2457 -0.0721 0.1168 -0.0387
(0.3251) (0.1971) (0.1580) (0.1124)
Intercept 0.8688** -2.6258*** 0.6206*** -1.3854***
(0.4243) (0.4268) (0.2195) (0.1849)
Observations 1352 1352 Observations 1352
-2Log L 577.905 1092.472 Log L -834.568
Percent Concordant |77.1 89.5 Rho 0.0823
(0.0911)

Note: *** coefficients significant at 1%, ** significant at 5%, * significant at 10%

The set of factors either stimulating or impeding the adoption of Internet
and cell phone technology are summarized in table 3.

We have also introduced cell phone use as an explanatory variable into
the Internet adoption models and, vice versa, Internet use as an explanatory
variable into the cell phone adoption models. Neither technology exerts an
impact on use of the other technology. The decision to use these two
technologies thus seems totally independent; this conclusion has been
confirmed by results obtained from the Bivariate Probit model (columns 3
and 4 of table 2). The estimated coefficient p is insignificant, thereby
suggesting that the penetration of cell phone and Internet services is not
correlated.

Table 3 - Summary of the determinants of cell phone and Internet adoption

Adoption of cell phone technology Adoption of the Internet

Male
15 to 29-year-olds
Master's degree holder

Older than 30 University student or attending high
Tertiary degree holder ("License" |school
Stimulating factors |or "Master's") Highly-skilled worker
Self-employed English reading fluency
Low-skilled worker Computer training/skills
Internet use widespread among
friends

Membership in associations
Hindrances Over 30 years old
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B Conclusion

Our article provides evidence that the decision to use the Internet and
cell phones in Gabon is influenced by different sets of factors. As regards
cell phone technology, the main determinants consist of level of education
and age (being older than 30). In the case of Internet penetration, these
determinants are also age (in this case, younger than 30), level of education,
computing skills and social neighborhood (as measured by the proportion of
Web users within one's social network).

Information and communication technologies have already reshaped
daily life for many Africans. For instance, cell phone operators are now
proposing mobile payment solutions, like OrangeMoney or M-Pesa, which
have been relatively successful in Africa. Solutions of this kind enable
depositing, transferring and withdrawing money or paying bills. At this time,
such services are especially popular among the younger, more highly
educated and urban segments of the population (AKER & MBITI, 2010).
Reducing the digital divide should be a priority among Africa's governments,
given the broad role of ICT within overall economic and social development .
The differences identified in both penetration and user profiles between
Internet and cell phone service in this article should motivate African
governments to develop digital policies more heavily focused on a wider
dissemination of cell phones in order to make innovative services and
applications (e.g. in the field of health or education) available to as broad a
population as possible.

Further research is needed to investigate and compare the patterns of
cell-phone and Internet uses (beyond the mere adoption). It is also important
to repeat this survey to measure the evolution in cell phone and Internet
diffusion. A comparison with other African countries could be also insightful
to study the impact of economic, cultural and institutional factors on the
patterns of uses.
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