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Abstract 
With the convergence within the digital ecosystem today, access to digital technology is now a 

multilevel phenomenon closely tied to the access to one or more of the following: a compatible 

device, the Internet, and a facilitating service/application. This makes it difficult to disentangle 

mobile services and Internet services in studies on the digital divide. As countries in Sub-

Saharan Africa (SSA), which have the lowest adoption rates globally, look to leverage digital 

technologies as a tool to drive economic and social development, there is a need for continued 

and novel approaches to understanding the digital divide. This thesis proposes a new approach to 

conceptualizing the digital divide and characterizes the three levels of the digital divide: 

inequalities in access, use, and benefits from use in SSA, using Nigeria as a case study. This 

work also critically examines the effect of recent pricing policies in Nigeria on the digital divide, 

as well as the effect of other sociodemographic, socioeconomic, and behavioral factors at the 

individual level. 

In Chapter 2, I run a choice-based conjoint experiment to understand the impact of access to 

over-the-top (OTT) services on individual preferences for different mobile services – cellular 

calls, text, or the different services on the Internet – or not using any mobile service (the first-

level digital divide). I find that when OTTs are introduced into the market, mobile users are less 

likely to go without mobile services or to use a traditional service. I also find that this effect is 

significant in a market with a pay-as-you-go business model. The results also reveal that mobile 

users are price sensitive, therefore pricing policies may aid in bridging the first and second levels 

of the digital divide. The findings indicate that customers’ preferences in the mobile market are 

changing and OTT access could be a tool in closing the first-level digital divide. Therefore, I 

recommend that policies to drive Internet access, especially OTT, should be explored.  
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In Chapter 3, I use a panel data approach to estimate the effect of reduction in the prices of 

mobile Internet plans on the volume of use of the Internet, cellular calls, and text messaging 

services (the second-level digital divide). I find that the reduction in the prices is associated with 

an increase in the volume of data used and a decrease in the volume of texts sent by an 

individual. However, reducing the prices of mobile Internet plans does not “close” the second-

level digital divide across socioeconomic groups. I did not see a convergence in the volume of 

use of any of the mobile services across any demographic subgroups. These findings suggest that 

more robust policies that are targeted at specific subgroups are needed to reduce the existing 

second-level mobile technology digital divide that exists in developing countries. 

In Chapter 4, I draw on the Uses and Gratifications Theory, the Unified Theory of Acceptance 

and Use of Technology, and factor analysis to examine the differences in the frequency and type 

of Internet use (second-level digital divide) and the differences in outcomes from Internet use 

(third-level digital divide). I find that females, the older population, and individuals with a lower 

level of education are the digitally disadvantaged subset of the population. I also find that high 

technical skills are associated with high frequency of use of the Internet for personal 

development, social, and business activities. I also find that encouragement from family and 

friends as well as intention to increase Internet use in the future are associated with increased 

frequency of use of the Internet for consuming news content and social interaction respectively. 

This supports arguments in an earlier work that improving access to over-the-top applications 

such as WhatsApp could increase Internet use. In examining the determinants of the third-level 

digital divide, I find that using the Internet for social activities such as using social networks and 

communicating with family and friends have the greatest impact on offline outcomes. I also find 

that individuals with a high level of education are more likely to get positive health outcomes 
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and less likely to get personal development outcomes, such as getting a job or completing an 

online training, from the Internet.  

In Chapter 5, I discuss this work’s contribution to the literature and some of the policy 

implications of the findings in Chapters 2 through 4. Findings in Chapters 2 through 4 suggest 

that supporting the use of OTT and social networks in developing countries would have benefits. 

These Internet activities, although they may not directly contribute to personal development or 

economic gains, typically require little technical skills. Therefore, by engaging with these 

Internet activities, the digitally disadvantaged subset of the population would be able to develop 

the required skills to achieve benefits from Internet use. In Chapter 3, I learn that addressing the 

affordability barrier in a developing country is not enough to bridge the second-level digital 

divide. More robust policies are needed to bridge the second-level digital divide in developing 

countries. In Chapter 4, I learn that the digital disadvantage may simply be a reflection of 

societal inequalities in the online space. Therefore, in order to bridge the digital divide, target 

policies that address these preexisting inequalities are recommended.  
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1. Introduction 
The Internet has the potential to drive economic and social development by improving 

communication and facilitating innovation. Unfortunately, developing countries, which are most 

in need of these benefits, are faced with low penetration and adoption rates. Data published by 

the International Telecommunication Union (ITU) showed that in 2016, over 80% of individuals 

in developed countries used the Internet, compared to 40% in developing countries [1]. This 

challenge is exacerbated in rural communities, where, in addition to other barriers to Internet 

adoption and use, there is a struggle to keep up with the rapid developments in broadband 

connectivity. This is a significant challenge in Sub-Saharan Africa (SSA), where over 60% of the 

population live in a rural community1 and only 25% of the population used the Internet in 2016. 

It has been argued that to compensate for their remoteness, rural areas are more in need of 

improved digital connectivity [2]. However, remoteness is a key factor driving the urban/rural 

digital divide. Other factors such as low language and digital literacy, the high cost of a device 

and access, as well as lack of access remain a barrier to Internet adoption and use [3]. 

In SSA, the Internet is predominantly accessed via mobile devices, reducing some of the 

limitations associated with using a computer, such as advanced technical skills and cost. Over the 

past few years, Internet access, adoption, and use have increased significantly in SSA. Between 

2012 and 2016, the average Internet adoption rate in the region increased from 9% to 29% [1]. 

This growth is expected to continue, with rates increasing from 26% to 38% between 2016 and 

2020; driven mostly by increased adoption by the rural, below 20 years, and women population 

sub-groups [4]. Still, significant differences among individuals, households, businesses and 

                                                

1 https://data.worldbank.org/indicator/SP.RUR.TOTL.ZS?locations=ZG  
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geographic areas at different socio-economic levels with regard to both their opportunities to 

access digital technologies and to their use of the Internet for a wide variety of activities exists. 

These differences are defined as the digital divide.  

Over-the-top (OTT) applications, “apps”, that support calling and sending messages over the 

Internet such as WhatsApp, Viber and Skype, could have a significant impact on the digital 

divide. These apps, due to the low digital literacy needed to use them, could drive Internet 

adoption and use. Furthermore, the comparatively low cost of communication using OTT apps 

compared to cellular calling/texting could have broader implications on the digital divide beyond 

access to and use of Internet technologies.  

1.1 The Concept of the Digital Divide  
Since the 1990s, as Internet access and the use of Personal Computers (PCs) increased, the 

digital divide has been studied extensively [5]–[11]. Prior works have explored the differences in 

the access and use of digital technologies across nations worldwide [12], geographical locations 

within nations [6], [13]–[17], select regions e.g. countries with high market penetration [9], [18]–

[20], and individuals within nations [10], [21], [22]. 

Initially, research on the digital divide followed a simplistic and dichotomous view focused on 

the difference in access; studying the difference between those connected to the Internet and 

those who were not. This type of digital divide is referred to as the first-level digital divide [7], 

[16], [23], [24]. Understanding the first-level digital divide assisted in developing policies to 

drive Internet adoption. Studies of the first-level digital divide have shown that individual 

characteristics such as age, gender, socioeconomic status, and geographical location affect 

Internet adoption [5], [25]. However, the first-level digital gap between men and women was 
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found to be entirely as a result of existing socioeconomic differences between the genders [10], 

[26], suggesting that closing gender inequalities need to be addressed in order to close gender 

digital divides. In general, high-income and highly educated individuals were the early adopters 

of the Internet [7], [20], [27].  

Over the past two decades, as Internet penetration increased, the first-level digital divide has 

been gradually closing [12], [28], [29]. Internet users are increasingly crossing socioeconomic 

lines. Thus, rather than clear divides limited to between areas or individuals with access and 

those without, access has become a spectrum with evolving bandwidth and capacity [28], [30], 

[31]. These changes support arguments to shift from studying the differences between the 

“connected” and “unconnected”, to studying the extent and pattern of Internet use. This 

difference in Internet use by the connected population is described as the second-level digital 

divide [5], [18], [29].  

The Internet service used by an individual is largely dependent on having the required skills. For 

example, skills to operate the required hardware and software, information literacy to process the 

online content, as well as social skills and creative skills to create content and connect with other 

individuals online. Up to half of the variance in having the required skills, and thus Internet use, 

are accounted for by sociodemographic factors [18]. Researchers have studied how the Internet 

services used by active users vary. Some of these studies examined the frequency of Internet use 

and how it varies across demographic groups [10], [32]. Others explored how the type of service 

or content accessed, such as information seeking or commercial transaction, varies across 

demographic groups [18], [21]. These studies, while informative, have predominantly been 

limited to high penetration mobile markets, which significantly differ from the growing markets 

in developing countries. 
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While a lot of research has explored the first-level digital divide, and increasingly explored the 

second-level digital divide, very little work has been done on studying the difference in the 

impact of Internet access and use. This difference in the impact of Internet use, where some 

individuals do not have beneficial outcomes, is described as the third-level digital divide [5], 

[33], [34]. Some researchers argue that studies on the digital divide need to focus on this third-

level divide; examining the economic, social, cultural and human capital that could be attained 

through Internet use [18]. However, existing literature on the third-level digital divide have 

focused on developed markets, where penetration rates are high. Countries in the global south, 

such as Nigeria, face all three levels of the digital divide. This creates a need for new approaches 

to understanding and addressing the digital divide. 

1.2 Research Context: History of Digital Technologies in Nigeria 
Since mobile communications were introduced in Nigeria in 2001, it has dominated the 

telecommunications industry where fixed telephony penetration rates have remained consistently 

below 0.2% [35]. Mobile penetration rates, on the other hand, have grown rapidly to over 140 

million subscriptions in the fourth quarter of 2017; which is 74% of the population2 [36]. 

However, unique penetration was at only 49% as – due to an attempt to take advantage of price 

arbitrage in calling different networks or network unreliability – each subscriber has an average 

of 1.5 phone lines, also called subscriber identification modules (SIMs) [37]. 

Similarly, fixed broadband is underdeveloped in Nigeria; driving the dependence on mobile as 

the primary means of Internet access. In contrast to the rapid adoption and use of mobile as a 

substitute to fixed telephone, the use and adoption of mobile Internet has been low, with 

                                                

2 Using	the	2017	estimate	of	190	million	as	the	population	of	Nigeria. 
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significant differences in access and adoption across the country. In the fourth quarter of 2017, 

the national regulator, Nigerian Communications Commission (NCC), reported there were 100 

million Internet connections in Nigeria, which, if they were unique users, would be equivalent to 

53% of the population. This penetration rate, referred to in this work as the connection 

penetration rate, differs significantly from the subscriber penetration rate; 26% of Nigerians use 

the Internet [36], [38]. The distribution of active Internet users and the penetration rates within 

each state varies significantly. Lagos State, which accounts for the greatest share of the national 

Internet subscriptions (14%), has a connection penetration rate of 113%. On the other hand, 

Bayelsa State, which has the smallest share of the national Internet subscriptions (less than 1%), 

has a connection penetration rate of 30% [39].  

Mobile and Internet access is concentrated to a few providers. Over 99% of mobile and Internet 

connections are served by the four major mobile carriers, MTN, Glo, Airtel, and 9Mobile, as 

shown in Fig. 1 and 2. Among the big four carriers, market share is largely driven by the quality 

of service, the coverage area, and the prices of the services offered on the network. 

 

Figure 1. Percentage of mobile users on the major mobile carriers in Nigeria in 2019. Data source: The Nigerian 

Communications Commission  
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Figure 2. Distribution of the number of Internet subscriptions on the major mobile carriers 

 

While users across the country have access to good GSM (2G) coverage, UTMS (3G) and LTE 

(4G) coverage are more limited. Fig. 3 shows that big cities such as Lagos, Abuja, and Kano 

benefit from access to high quality signals while rural areas struggle with connectivity. Figures 

from the NCC in 2017 show that only 15% of the base stations in Nigeria support 4G LTE 

networks. 

 

     

Figure 3. Mobile networks coverage in Nigeria, by all networks. From left to right, 2G, 3G, and 4G. [Data source: 

GSMA] 
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1.3 Thesis organization 
This thesis presents findings from three studies I conducted while at Carnegie Mellon University 

with the overarching goal of characterizing the three levels of the digital divide in Sub-Saharan 

Africa. In Chapter 2, to understand the first-level digital divide, I apply a choice-based conjoint 

(CBC) experiment to investigate the impact of access to OTT services on users’ preferences for 

traditional services such as cellular calls and texting. In Chapter 3, I use a panel data of historical 

customer billing records, retrieved from a major mobile carrier in Nigeria, to examine the effect 

of reductions in the prices of mobile Internet plans on the use intensities of the Internet, cellular 

calling, and text messaging (the second-level digital divide). In Chapter 4, drawing on the Uses 

and Gratifications Theory (UGT), the Unified Theory of Acceptance and Use of Technology 

(UTAUT), and factor analysis, I identify the key Internet activities Internet users engage with 

(second-level) and the key outcomes  they experience through Internet use (third-level digital 

divide) as well as the determinants of these divides. Finally, in Chapter 5, I summarize all these 

studies and discuss their contribution to the literature on the digital divide and their implications 

in closing the first, second, and third levels of the digital divide in Sub-Saharan Africa.
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2. The Impact of Access to Over-the-top Services on 
Preferences for Mobile Services: A Conjoint Analysis of 
Mobile Users in Nigeria 

Abstract  

African mobile carriers are faced with increasing uncertainties in revenues due to changing 

customer preferences for mobile services. This has led to different strategies to protect their 

revenues, from bundling voice, text, and data services to pushing national regulators to ban OTT 

services. This paper examines the first-level digital divide by analyzing the impact of access to 

OTTs on the differences in individual preferences for different mobile services – voice, text, or 

the different services on the Internet – or not using any mobile service. A choice-based conjoint 

experiment run on a sample of mobile users in Nigeria is used to understand this impact. The 

results suggest that when OTTs are introduced in the market, the choice probabilities – the 

probability of choosing a particular service given certain alternatives – of a traditional mobile 

service and no service are significantly reduced. This impact is determined by the business 

model in place and the affordability of the mobile plans offered in the market. User 

demographics is not found to be a significant predictor of user preferences or the impact of OTTs 

on preferences. The results suggest that policies that encourage access to OTTs could potentially 

reduce the first-level digital divide in the mobile industry. 

2.1 Introduction 
Early research on the digital divide typically followed a simplistic and dichotomous approach. 

This, termed the first-level digital divide, compared the differences in the sociodemographic 

characteristics between those that have access to Information and Communication Technologies 

(ICTs) and those that don’t have access [5], [7], [10]. More recent research on the digital divide, 

largely driven by the high adoption rates and near-universal use of ICTs in developed countries, 

shifted to investigating the differences in the use patterns of ICTs (second-level digital divide) 

[5], [18], [29] and the differences in the outcomes from these use patterns (third-level digital 
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divide) [33], [40], [41]. The digital divide research has been largely limited to sociodemographic 

and socioeconomic determinants [5]. However, in developing countries, where the mobile 

markets are still developing, adoption rates are still low, and the use of mobile devices cuts 

across sociodemographic and socioeconomic groups, there is a need for continued and novel 

approaches to understanding the first-level digital divide.  

The early approach to the first-level divide, examining the binary choice of ICT use, is no longer 

suitable for today’s markets. In these markets, with the convergence within the digital ecosystem, 

the binary choice of technology adoption is more complex and differs significantly from in the 

1990s and early 2000s when most of the first-level digital divide studies were conducted. Today, 

multiple services/applications can be located on a single mobile device. The applications that 

support traditional mobile services such as voice and text may sit next to OTT applications such 

as WhatsApp, Viber, and Skype that enable low-cost services such as Voice Over Internet 

Protocol (VoIP3) calling and instant messaging. These OTT services can be a direct substitute to 

traditional mobile services i.e. voice and/or text, thus creating competition for subscribed end-

users between mobile carriers and OTT providers. Therefore, it can be argued that a second 

related binary choice is does the end-user use a particular class of application?  

Access to digital technology is now a multilevel phenomenon. For example, access to 

telecommunications infrastructure is no longer limited to physical access to a network or a 

hardware system. Rather, with the disruption of the mobile industry by OTT applications, access 

to remote telecommunications infrastructure could be facilitated through a service/application on 

a smartphone and Internet access. Therefore, access to digital technology is closely tied to access 

                                                

3 In this paper, VoIP refers to voice calls over the Internet that use an OTT application. 



 10 

to one or more of the following: a compatible device, the Internet, and a facilitating 

service/application. With this, we argue that studies on the first-level digital divide should apply 

a two-part approach; (1) mobile device and Internet access divide, and (2) application access 

divide. The mobile device access and Internet access can be seen as tightly-coupled facilitating 

conditions for the first-level adoption of competing applications for cellular calls, text, VoIP, and 

instant messaging services. Conversely, application access can be a determinant for the first-level 

adoption of mobile and/or the Internet.  

In Nigeria, the largest mobile market in SSA, mobile cellular use has grown rapidly albeit 

unevenly. In 2016, Nigeria ranked 22nd (out of 46 countries in SSA) in mobile penetration with 

86 million unique subscribers; 45% of the population [4]. Internet subscription, which is 

predominantly via mobile, has grown significantly in Nigeria with over 90 million subscriptions 

in 2016; 49% connection rate. However, given that the average Nigerian has 2.4 SIMs, the 

subscriber penetration rate is 26% and consists of mostly the educated and urban population [42]. 

To reduce this digital divide, improving affordable access to ICTs in urban and rural areas is a 

key policy objective to the Nigerian government. The proliferation of cheaper smartphones and 

reliable high speeds has facilitated the adoption of the Internet and the use of OTT 

communication services in Nigeria. Therefore, the mobile industry is now faced with increasing 

uncertainties on changing customer preferences, industry growth, and future revenues. In Nigeria 

and the wider SSA mobile market, these uncertainties have led to mobile carriers adopting 

various strategies to protect their revenues. These strategies range from bundling voice, text, and 

data services to banning OTTs. More broadly, Nigeria plays an important role in the wider SSA 

mobile market. Future trends in the SSA mobile market is expected to be largely driven by 

Nigeria; accounting for 18% of 168 million additional subscribers between 2015 and 2020 [43].  
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These expected changes in the Nigerian mobile industry raise a number of important questions, 

such as: how does access to OTT impact users’ preferences for traditional services? How does 

affordability affect users’ preferences? And finally, what are the effects of demographic factors 

on users’ preferences? Answering these questions would inform policy recommendations such 

as: to what extent can public policies and mobile carriers’ decisions in Nigeria foster the 

reduction of the first-level digital divide by (1) fostering access to devices and the Internet? (2) 

simultaneously diversifying options to meet heterogeneous preferences for access to devices and 

Internet services as well as options for voice, data, and text services over traditional services?  

Using stated preferences from a sample of young and educated mobile Internet users in Nigeria 

in a CBC experiment, this paper attempts to answer these questions. We define mobile as a 

device that can connect to a cellular network and is used for voice and/or text services over this 

network. Mobile services in this study are limited to voice (cellular calls), text (text messaging 

over a cellular network), VoIP (using Internet applications such as WhatsApp and Skype), and 

general mobile Internet use.  

The paper is organized as follows. In Section 2, we summarize existing relevant literature. In 

Section 3, we outline our methodology and describe our sample. In Section 4, we discuss our 

results. In section 5, we present the discussions and policy implications.  

2.2 Literature Review 

2.2.1 The Relationship Between OTT and Traditional Mobile Services 
To understand the impact of OTT services on the mobile industry, existing literature has 

explored the relationship between mobile Internet use and voice and/or text. Gerpott classified 

this literature along three conceptual lines; (1) rational decision making under uncertainty, (2) 
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UGT, and (3) social exchange and hedging theory [44], [45]. Gerpott’s extensive work on 

understanding the interdependencies of usage intensities of different mobile services have been 

majorly along the first conceptual line which emphasized that customers’ use of different mobile 

services is constrained by time and budget. As a result, the use of one service can be 

compensated by a reduction in the use of other services [44]. In multiple studies between 2010 

and 2017, Gerpott used existing billing records of consumers of a major telecommunication 

company in Germany, and more recently in an Arabian Gulf Corporation Council GCC country 

to explore this topic [44]–[48]. The earlier work from 2010 in Germany suggests that mobile 

Internet use had a significantly negative effect on text traffic and no effect on voice traffic. 

However, he concluded that these effects, although significant, and their relevance to mobile 

carriers – effect on revenue – were very small. His later works between 2014 and 2016, also in 

Germany, suggest that the use of mobile Internet and voice are complementary, and correlated 

with a significant increase in text.  

In the European Union, the mobile Internet could not only potentially disrupt the mobile 

industry, but because fixed connections are still widely used, could disrupt the 

telecommunications market as a whole. While mobiles have been found to be a strong substitute 

for fixed-lines [49], a more recent study, using panel data from 20 European countries between 

2008 and 2011, show that VoIP could also be a substitute for fixed-lines [50]. Findings from 

studies that rely on data collected through survey support the findings using historical data. 

Using data on Italian consumers collected through a survey in 2006, it was found that the use of 

VoIP is negatively correlated with voice calling, and has a complementary relationship with non-

voice (Internet-based) services [51].  
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Notwithstanding the extent of the disruption OTT services has on the mobile market, little 

attention has been given to the preferences of consumers while controlling for the rapidly 

changing industry. In developed countries, where most of the existing studies have been focused, 

the mobile market is saturated and the impact of changes in service quality/access on 

subscription are expected to be minimal with insignificant effects. On the other hand, the mobile 

market in emerging countries is still growing rapidly and the impact of changes in service quality 

and access could be significant, with practical relevance to mobile users, carriers, and regulators. 

While the use of historical data allows an investigation into the correlation between two or more 

trends/variables, it creates a gap in understanding the preference of the population that does not 

have access to a service. It also limits the understanding of how users would respond to future 

trends in the market. For example, a good quality VoIP call requires between 90 kbps to 156 

kbps, which is within the limit for 3G speeds. However, Internet speeds could fluctuate due to 

environmental and network factors, and users may not rely on VoIP for communication if the 

service is unreliable. In addition, with 4G being prevalent in developed countries and 5G 

expected to roll out in 2020, analysis using only 3G would provide a limited understanding and 

be irrelevant in a few years. 

2.2.2 The Determinants of the Individual’s Preferences for Mobile Services  

Heterogeneity in demand for different mobile services among German mobile users in 2015 was 

found to be large [47]. Age, gender, and educational qualifications have been found to drive the 

use and adoption of mobile phones [52]. Existing literature, using surveys, on the factors that 

influence consumers to switch from voice and text to using OTT services for communication can 

be structured into three: (1) service attributes, (2) user attributes, and (3) existing business model. 

These factors are summarized in Table 1. Using an extension of the Technology Acceptance 
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Model, Shin found that the call and service quality, as well as the mobility and coverage (service 

attributes) of VoIP significantly affected its adoption [53]. Nikou et al administered a conjoint 

survey to 82 respondents in the Netherlands, France, and Spain, and found that reliability, 

security, and interoperability of OTT services were considered important [54]. Across his 

studies, Gerpott found several user-attributes that could explain their interdependencies pattern 

for OTT and voice and/or text. Subscribers who are more likely to substitute across the services 

are those that have been with the mobile carrier for a long period, use other Internet services, are 

older and have recently purchased a new phone [45], [47]. While his work in 2015 found that 

females are more likely to reduce their text volume in parallel to their increase in mobile Internet 

use, the study in 2016 shows that males are more likely to substitute voice with mobile Internet. 

Also, users are more likely to switch to OTT if a pay-as-you-go business model exists [44]. 

 

Table 1. Factors that determine consumers' preference for traditional mobile or OTT services. 

Service Attributes Individual-Specific Attributes Industry Attributes 

Mobility, coverage, and quality 

of service 

Current technical skills, age, income, type 

of phone, familiarity with web platforms, 

and use of other Internet-based 

communication services 

No additional cost of data for OTT, and a 

pay-as-you-go model 

 
 

2.2.3 The Digital Divide in the Nigerian Mobile Market 
With an estimated population of 190 million in July 2017, Nigeria is the most populous country, 

the second largest economy and largest mobile market in SSA. Mobile has dominated the 

telecommunications industry as access to fixed telecommunications has remained consistently 

less than 0.2% [35], [55]. Since its inception in 2001, the Nigerian mobile market has grown 

significantly to over 154 million subscriptions in 2016; a connection rate of 82% [56], [57]. The  
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penetration in Nigeria is only at 45% given that, on average, each subscriber has 1.8 SIMs.  

Furthermore, significant variation in penetration exists within the country. Across the 36 states in 

the country, mobile subscription ranges from 40% to 170% with an estimated 33% of users 

concentrated in 5 states [58]. In the first quarter of 2016, there were 92 million Internet 

connections in Nigeria, with 70% of the connections via mobile (42% via feature phones, and 

28% via smartphones) [59]. Similar to mobile penetration, there is a wide variation in the 

adoption of mobile Internet across Nigerian states; subscription ranged from 20% to 110% across 

states [58]. Furthermore, there are significant differences in Internet use across Nigeria.  

In Nigeria, and the wider SSA region, the literature on the digital divide is limited. In Nigeria, 

early research on the digital divide identified demographic factors such as gender, age, 

education, and marital status [60] and the initial cost of PCs [61] as key determinants of the 

divide. More recent work examining the contributors to the divide among the low-income 

population found that affordability continues to be a key determinant, as well as the lack of 

Internet access, and lack of computer skills [3]. Research on the digital divide in the region has 

also shifted to understanding how Internet activities vary across countries and demographic 

groups. Survey data from six countries in SSA show that although Internet use is growing, 

majority of the population is still offline, with the young, more educated, and wealthy more 

likely to use the Internet, and most likely to use the Internet for social and entertainment 

activities [62]. In Angola, applying the extended unified theory of acceptance and use of 

technology (UTAUT2) to explore the role of values in ICT acceptance found that habit, ICT 

skills, and benevolence are key factors that influence ICT use [63]. 

The presence of competition, the introduction of 3G services in 2007 and regulatory reforms 

have been identified as a few key drivers of the rapid growth in the mobile industry in the past 
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decade [64]. Internet speeds remain a key factor determining the volume of Internet use. 

Although independent mobile Internet Service Providers (such as Smile and Spectranet) offered 

4G LTE dating back to 2014, the major mobile carriers only introduced it in Nigeria in 2016. 

The rapid growth in the adoption of the mobile Internet, increasing access to 3G and 4G 

networks, and falls in the cost of smartphones – MTN Nigeria offers the MTN Sm@rt2 

smartphone for less than $35 – would enable more Nigerians to access key Internet applications 

and services. Considering that data is the future and mobile markets will be moving to 5G 

networks, this increases the possibility of improved Internet and data use. Therefore, the volume 

of voice and text are expected to decline as OTT platforms grow. Indeed, this has been seen in 

other emerging markets such as Brazil and China – the largest market in Latin America and Asia 

respectively, where 59% and 67% of respondents respectively use OTT more than text [43]. 

2.3 Methods 
A CBC experiment was designed and administered to elicit stated preferences for mobile 

services. Conjoint analysis is the theory and method of designing, implementing and analyzing 

judgment data experiments involving multi-attribute alternatives [65]. An important underlying 

theory in using this method is that consumers have predetermined preferences that are not 

dependent on the choices available; either in the experiment or in the current market [66]. By 

asking respondents to choose a preferred alternative, which is similar to the selection process in 

the market, CBC methods have been shown to closely match the estimates of demand in the 

market [67]–[69]. Within telecommunications, CBC has been used in analyzing the preferences 
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of consumers for different communication technologies as a function of its security, privacy, 

ease of use and extension of its functionality as a device or as a service [54], [70]–[72]4.  

2.3.1 Experiment Design 
Participants in the experiment are asked to choose between two different mobile bundled plans or 

going without mobile service under the assumption that their current mobile plan ends the next 

day and the plans offered are the new options available. Each mobile plan is characterized by a 

combination of four attributes which represent the cost of the plan and the mobile services 

(Internet, voice calls, and text) that can be offered on a mobile plan. A sample CBC interface 

shown to the respondents is shown in Fig. 4. 

The first attribute is the economic cost of the mobile plan to the user, presented as the monthly 

price. To select the levels of the monthly price that is displayed to the respondents, we used the 

self-reported monthly expense estimates on mobile Internet, voice calling and text from the 

survey pretest. We also computed the cost of the mobile services using the chosen levels in the 

experiment as well as the current market price. These cost estimates are then used to inform the 

cost levels included in the experiment. The second attribute is mobile Internet, which is 

described using the volume of data, Internet network speed and Internet service access, which 

refers to what websites or Internet applications can be accessed under the plan. The levels 

included in the experiment represents Internet plans that already exists in the market (e.g. 3.5GB 

volume of data, 2G network speed, and access to all websites and applications) and plans that 

consists of a combination of services that exists in the Nigerian market and other markets (e.g. 

unlimited GB volume of data, 4G network speed, and access to only OTT applications). In the 

                                                

4 CBC has been used in analyzing different mobile devices; such as smartphones versus feature phones [71]. It has also been used 
to study the preferences for different applications; OTT apps offered by Internet companies versus those offered by mobile 
carriers [54].  
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experiment, OTT access is presented to the respondents as “Internet access: IM & VoIP”, which 

is Internet access that is restricted to instant messaging and Voice over IP. The blocks were 

carefully selected to ensure realistic attribute combinations within blocks; for example, a 4G 

speed and no Internet access cannot exist within a block. The third attribute is voice, which is 

described to respondents as the minutes of outgoing calls in the mobile plan. Finally, the fourth 

attribute is text via a cellular connection and is described to the respondents as the number of 

SMS sent in a month. The levels of voice and text were informed by the price levels to ensure 

realistic combinations could be created. 

 

 

Figure 4. Example choice screen for a respondent. Each task was displayed on a separate screen/page. 
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While the levels of the attributes were carefully selected to mirror the current market, to better 

understand future trends in the mobile market, some levels not offered in Nigeria but offered in 

other markets, were also included. For example, 4G LTE, unlimited voice, unlimited text, and 

bundling of services were not widely available in Nigeria when this study was conducted. 

The survey was designed and administered using Sawtooth Software5, and respondents 

completed the survey online, using local hosts on tablets, or paper and pencil. The survey 

consists of four parts with a total of fifty-one questions, see Appendix A. First, the participants 

were introduced to the context of the study by providing background information on mobile and 

OTT use. The second part consisted of fourteen choice questions. Each choice task was made up 

of three alternatives; two mobile plan alternatives and a “none” option – which meant the 

respondent would rather go without mobile service than choose any of the mobile plans6. The 

none option indicates the participant is unable to make calls or send messages but can receive 

calls and text messages. This was designed to closely model the current market in Nigeria where 

there is no access fee for mobile users. In the third part of the questionnaire, respondents were 

asked their perceived importance for different mobile services based on their current usage, their 

current cost, and usage for different mobile services. The last part of the survey consisted of 

demographic and follow-up questions. 

                                                

5 Sawtooth Software is the most widely used program to design, collect and analyze choice based survey data. 
(www.sawtoothsoftware.com)   
6 Advantages of the none option is that it makes the choice decision more realistic and therefore leads to better predictions of 
preferences. A disadvantage however, is that participants may select none to avoid difficult choices and this would affect the 
validity of preference predictions. Another disadvantage is that the survey taker may consider “none” to mean that they could 
choose some other option in the actual market. i.e. they may be thinking of an option offered by MTN as an alternative and if 
they prefer the MTN option they select “none” among the options. In our experiment, the none option was selected in 8% of the 
choice tasks, and at least once by 55% of the respondents.	
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2.3.2 Experiment Protocol  

To understand the relative importance of cost savings information, as well as economic cost 

savings on users’ preferences, a between-subjects experiment was designed. Participants were 

randomly assigned to two experimental groups and had no pre or post-experiment knowledge of 

the different groups. A comparison of the value for money of OTT, voice and text services are 

presented to one group, and the control group had no added information. 

We used a combination of checks to determine if the participants were paying attention to the 

choice tasks. Prior to completing the choice tasks, we provided information on OTT applications 

and then asked follow-up questions on the information given to see if the respondent understood 

OTT applications. We also included two fixed choice tasks with a dominant option in the 

conjoint choices to test if the respondents were randomly selecting their choices. 

2.3.3 Sample 

Respondents were recruited between June and August 2016 from Lagos7 and Delta8 States in 

Nigeria using a site-based sampling method (N = 390). Participants were recruited from across 

these locations to represent users in urban and rural regions. Within each location, in order to 

recruit the target participants with diverse socio-economic and employment backgrounds, 

sampling took place in higher educational institutions and public places near shopping malls and 

markets. Participation in the study was limited to mobile phone users in these locations that 

could read and write in the English Language. This provided a convenience sample that is neither 

                                                

7 A mega city and also the economic hub of the country with a population density of between 6,400 (based on the 2006 
population census) to 15,000 people/square mile (based on 2016 population estimate by the National Population Commission of 
Nigeria). 
8 Recruitment took place in Warri, a medium sized metropolitan city in the underdeveloped south of Nigeria with an estimated 
population density of 200 people/square mile based on the 2006 population census, and also in a cluster of remote villages in 
southern Nigeria with an estimated population density of 60 people/square mile. 
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representative of the Nigerian population, nor the population of mobile users. However, the 

sample is representative of mobile users that have been identified as likely to use OTT – young 

and educated. Therefore, this sample is used to provide insights on the preferences of the 

potential users of OTT, and its results used to inform further studies using a more representative 

sample. Table 2 presents the summary statistics of the self-reported demographic characteristics 

of the sample, comparing respondents in urban and rural areas. 

 

Table 2. Characteristics of the urban and rural samples with a comparison to the Nigerian population [56], [58], [73]. 

Demographic variable Nigeria (2015)  Urban  Rural  

Female 49.4% 51% 44% 

Monthly income under $160 - 28% 37% 

Bachelor’s degree - 87% 66% 

Mobile Internet use 65% 97% 80% 

Monthly ARPU $4.6 $17 $10 

Mean age (years) 18 (median age) 32 (SD= 7) 36 (SD = 12) 

Total respondents - 174 214 

 

2.3.4 Preference Modeling and Analysis 

The responses to the CBC experiment were analyzed using a random utility model in which, for 

each individual n, with J alternatives, the utility, !"#, derived from an alternative j is derived as a 

sum from two components; (1) an observable part, %"# , which is a function of the attributes of 

the choice-based conjoint questions, &"#, and the individual-specific attributes, '"#, and (2) an 

unobserved part, ("#, which is assumed to be random and independently, identically distributed. 

A model that is linear in parameters and is assumed to have the basic form: 

!"# = *+ + *-&#
./012 + *3&#

045 +	*7&#
11899: +	*;&#

52<5 + ("#                      1  
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where each * represents the coefficient for each attribute X, with the attribute and its levels 

described in Tables 3 and 4.  

 

Table 3. Variables and levels of attributes for the alternative mobile plans. 

Attribute Description Value 

=>
?@ABC Monthly price for the bundle of mobile services $6.3/$12.7/$25.39  

=>
ADE Bundle of mobile Internet attributes; speed, data limit, and 

application/web access 

Described in Table 4 

=>
BBFGGH Minutes of cellular calls made in a month 0/300/500/unlimited 

=>
EC=EH Number of text messages sent in a month 0/300/500/unlimited 

 

Table 4. Description of the mobile Internet attribute and its levels. 

Mobile Internet  

Value 

Levels 

Volume of Data Network Speed Available Access 

None 0GB None None 

FastLowOTT 3.5GB 4G IM & VoIP 

SlowLowAll 3.5GB 2G Everything 

SlowHighAll Unlimited 2G Everything 

ModModOTT 5GB 3G IM & VoIP 

ModHighAll Unlimited 3G Everything 

SlowModAll 5GB 2G Everything 

 

 

We used three random utility models; the multinomial logit (MNL), mixed logit (ML) and nested 

logit (NL) models. The MNL model assumes all alternatives have equal weight and participants 

do not discriminate between them. To more closely model how we assume people make choices, 

we estimate the NL model; where participants would make choices by first deciding if they want 

                                                

9 The price was displayed to the participants in Nigerian Naira. The Nigerian official exchange rate of 316 Naira/$ is used. 
However, it is significantly different from the volatile black-market rate which reached a maximum of ~480 Naira/$ between 
January to November 2016. 
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a mobile plan or not. If they want a mobile plan, then they make a selection from the two 

available bundles [74]. The nested logit consists of two nests; one nest consisting only of the 

“none” option, and a nest consisting of the “real” mobile plans with varying attribute levels. The 

ML model relaxes some of the assumptions of the NL model and was estimated using 1000 

draws to allow for individual heterogeneity across the preferences for the services.  

Directly comparing the logit coefficients provides little insight into users’ preferences for 

different mobile services and the tradeoffs of their choices. To improve the interpretation of 

these coefficients, we present the results as conditional probabilities that respondents select a 

mobile bundle plan with a specified combination of attributes. Following the technique derived 

in [74], [75] the conditional choice probability10 of a mobile service is computed for an NL 

model using: 

I("K) = 	I" ∗	I(K|")                     2 

where there are n nests and each nest contains m alternatives. The probability of a nest n being 

chosen is given as I(") = OPQ(R%") /∑ OPQ	(R%"U)
4
"UV-  and the probability of an alternative m 

chosen from within the nest n is given as I(K|") = OPQ W
XY<Z[

\
] /OPQ	(%"). l is the dissimilarity 

coefficient, * is the coefficient of the regressor X and Vn is the inclusive value for nest n and is 

given as %" = log	(∑ exp(*5&"K)
4Z
KV- ). 

 

 

                                                

10 Conditional choice probability is the probability that a particular service is chosen given certain alternatives. 
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2.3.5 Modeling Willingness to Pay 

Following the method applied in the literature [76]–[78] an estimate of the willingness to pay 

(WTP) for each mobile service is computed using the coefficients of the logit model – the ratio 

of the coefficient of that service to the coefficient of the price: 

deI =	*:2/f012 ÷ *./012                     3 

2.4 Results 
In this section, the analyses and results are described.  

2.4.1 Main Results 

The estimation results for the MNL, ML and NL models are reported in Table 5. The MNL 

model is the simplest and easiest to interpret. A likelihood ratio test between the MNL model and 

the NL model gives c2(2) = 7.42 and p = 0.02. Conducting a similar test between the NL model 

and the ML model gives c2(11) = 19.20 and p = 0.06. The dissimilarity coefficient is 

significantly close to 1 for the NL model, which indicates IIA does not hold and the NL model 

differs significantly from the MNL model. The NL and ML models address the effects of linear 

attributes by capturing the none option in a different nest. Considering the statistical significance 

from the likelihood ratio test and the results from the AIC test, the ML is a better fitting model. 

However, for ease of interpretation of the results, we suggest the use of the NL model for further 

analysis of the data. 

2.4.1.1 Conditional Choice Probabilities  

Fig. 5 compares across two scenarios, the conditional choice probabilities of a traditional service 

and going without mobile service. The scenarios are: (1) the base scenario -- two options of the 

same traditional mobile service and a none option, and (2) the OTT scenario -- a traditional 
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mobile service, OTT service and a none option. In the base scenario, both traditional mobile 

services are identical; hence their choice probabilities are equal. In the OTT scenario, OTT 

service refers to the mobile Internet service with the FastLowOTT value – 3.5GB of data, 4G 

LTE speed and access to only IM & VoIP. In Fig. 2, “None” means no service and “Trad” 

represents the traditional services.  

 

Table 5. Estimation results of the multinomial, nested logit and mixed logit models. The baseline mobile service 

plan is the “none” option. 

 MNL Model NL Model ML Model (Mean) ML Model (Std. D) 

Price -0.05 (0.00) *** -0.04 (0.00) *** -0.08 (0.00) ***  

Internet: None  -0.56 (0.10) *** -0.22 (0.15) -1.15 (0.22) *** 2.11 (0.21) *** 

Internet: SlowModAll 0.27 (0.09) ** 0.46 (0.10) *** 0.59 (0.13) *** 0. 63 (0. 22)** 

Internet: SlowLowAll 0.34 (0.09) *** 0.50 (0.10) *** 0.57 (0.14) *** 1.21 (0.18) *** 

Internet: SlowHighAll 0.54 (0.09) *** 0.67 (0.09) *** 0.90 (0. 13)*** 1.04 (0.17) *** 

Internet: ModModOTT 0.63 (0.09) *** 0.75 (0.08) *** 1.08 (0.13) *** 1.11 (0.15) *** 

Internet: FastLowOTT 0.75 (0.09) *** 0.82 (0.08) *** 1.24 (0.14) *** 1.20 (0.14) *** 

Internet: ModHighAll 1.06 (0.09) *** 1.10 (0.07) *** 1.79 (0.15) *** 1. 46 (0.16) *** 

Calls: 300 0.65 (0.06) *** 0.53 (0.07) *** 0.81 (0.10) *** 1.12 (0.11) *** 

Calls: 500 0.76 (0.06) *** 0.61 (0.07) *** 1.05 (0.11) *** 1.46 (0.12) *** 

Calls: unlimited 0.83 (0.06) *** 0.67 (0.08) *** 1.08 (0.11) *** 1.40 (0.13) *** 

Texts: 300 0.16 (0.06) ** 0.14 (0.05) ** 0.18 (0.10). 1.09 (0.10) *** 

Texts: 500 0.08 (0.06) 0.07 (0.05) 0.08 (0.11) 1.07 (0.14) *** 

Texts: unlimited 0.35 (0.06) *** 0.29 (0.05) *** 0.38 (0.10) *** 1.05 (0.11) *** 

iv.mobile -  0.77 (0.08) *** - - 

Log-likelihood -5238.5 -5234.8 -4774.7 - 

AIC 10504 10501 9603  

Respondents 390 390 390 - 

Observations 5398 5398 5398 - 

Note:   * p<0.05   ** p<0.01   *** p<0.001 
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At a price of $10, participants showed OTT access has the greatest impact on text services. The 

choice probability of 300 texts reduced by 64% when OTT is made available. However, when 

compared with higher value traditional services, OTT has a lesser impact. The choice probability 

of the combination of unlimited voice and text reduced by 47% when OTT is made available. 

Furthermore, unlimited voice and text had a higher choice probability, 37%, 95% CI [35%, 

38%], than the OTT service, 33%, 95% CI [25%, 41%]. Introducing OTT service reduced the 

choice probability of no service, and this was significant when the traditional mobile service is 

text. When the combination of unlimited voice and text was the traditional service alternative, 

the effect of OTT was not statistically significant. 

The impact of the other Internet plans on user preferences were also examined. While the overall 

trend of the impact remains the same, the effect varies across the plans, see Figure 14 in 

Appendix A. As seen with the OTT plan, introducing an Internet plan has a higher impact on 

user preferences on text services compared to voice or a combination of voice and text. 

However, the effect of this impact is highest for the ModHighAll Internet plan (3G, unlimited 

GB, and access to all websites), followed by the OTT plan, and lowest for SlowModAll Internet 

plan (2G, 5GB and access to all websites). The OTT plan had similar effect as ModModOTT 

(3G, 5GB and access to only IM & VoIP). On the other hand, the college-educated participants 

showed a reduction in the choice probability of no service by up to 25%, and a reduction in the 

choice probability of traditional services by up to 65%. Examining the effects of gender and 

location type, in the base scenario, the choice probabilities where similar across the different 

subgroups. However, when OTT is introduced as an option, females experienced lower impact 

compared to males, and the choice probabilities of the traditional service and no service reduced 

significantly for urban users compared to rural users. 
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Figure 5. Comparing the choice probabilities of traditional services and no service across scenarios with OTT as an 

alternative and when it is not. Price is set to $10, and the levels of the traditional services are shown in the upper x-

axis.  

 

By conducting a between-subjects experiment, the possible effect on mobile users’ preferences 

of added information on the reduced cost of communication due to substituting traditional 

mobile services with OTT service was examined. The results showed that the group that received 

additional information had lower conditional choice probabilities for OTT than the group with no 

information. Analyzing the data from the attention checks show that 66% of all participants 

passed all the attention checks, and 99% passed the check in the conjoint choice tasks. The 

conditional choice probabilities of the group that passed the attention checks were, on average, 

similar to those of the entire sample. 
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2.4.1.2 Affordability and Willingness to Pay for Mobile Services 

To examine the effect of affordability on users’ preferences, the price was increased to $30. This 

increased the choice probability of no service to at least 50% for all services and service levels 

(except for unlimited voice calling and text, where it increased to 43%). Participants had a 

significantly higher choice probability for no service than the other available alternatives in both 

scenarios. The WTP for the services was computed and select results are plotted in Fig. 6. The 

results show that the WTP for Internet services are significantly higher than the WTP for voice 

calling and text services. The individual estimates for the WTP have higher variation for the 

Internet services compared to the traditional services. Furthermore, the higher levels of the 

traditional services have a higher WTP, all other things being equal. Participants indicated a 

highest WTP for access to ModHighAll (3G, unlimited GB and access to all websites) and the 

lowest WTP for a plan offering 300 texts in a month. 

 

 

Figure 6. Boxplot showing the willingness to pay ($/Month) for different mobile services. The x-axis shows the 

different attribute levels of the mobile services and the WTP is shown in the y-axis. 
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2.4.2 Uncertainty Analysis 

To understand how users’ preferences differed relative to one another, the 95% confidence 

intervals for the coefficient estimate for OTT was computed and plotted in Fig. 7. This showed 

that users’ preferences do not significantly differ from one another. However, the long whiskers 

show there is significant variation in the preferences of a single individual.  

 

 

Figure 7. 95% confidence intervals of the conditional individual coefficients of the first 50 respondents. 

 

Fig. 8 showed that at the extreme expected conditional individual coefficients, the impact on the 

choice probabilities of existing traditional services is significant; increasing the choice 

probability of no service with a less than 50% decrease in the choice probability of the traditional 

service in the least coefficient estimate. At the highest coefficient estimate, the choice 



 30 

probabilities of no service and the traditional service decrease to less than 5% respectively for all 

traditional services. 

 

  

Figure 8. Comparing the effect of introducing OTT into the market given the highest and lowest conditional 

individual coefficients. 

 

The individual mean WTP for different mobile services, using the results from the ML model, 

shows significant heterogeneity across the users in the study. Although negative WTP values are 

seen for all the mobile services (indicating some individuals would need to be paid to use these 

services), some individuals are willing to pay over $40 for access to unlimited calls, unlimited 

Internet or OTT Internet. Plotting the 95% confidence intervals of each individual’s WTP for 

OTT (see Figure 18 in Appendix A) , shows most individuals have a positive mean WTP, with 

wide confidence intervals that overlap the zero point. This indicates that significant variability 

exists in the WTP of a given user for OTT. 
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2.5 Discussion  
The results indicate that access to OTT can be a tool for closing the digital divide. However, it is 

important to highlight that there is a large variation in consumer preferences, which could affect 

the expected benefits of access to OTT on the digital divide. The implications of the results, for 

the regulator of the mobile industry and the mobile carriers, are discussed in this section. The 

contributions of this work to existing theory as well as limitations of the study are also 

highlighted. 

In this paper, the focus is on answering three research questions: (1) How does access to OTT 

impact users’ preferences for traditional services? (2) How does affordability affect users’ 

preferences? and (3) What are the effects of demographic factors on users’ preferences?  

In answering the first research question, the results show that users’ preferences within the 

mobile industry could be shifting to Internet communications. This is consistent with earlier 

findings that access to mobile Internet significantly reduce the number of text sent and received 

in a month [46], [47]. Generally, access to an Internet plan changes users’ preference. While the 

effect was higher with access to all websites and applications, the effect of access to only OTT 

applications was comparable. Access to OTT largely reduced the choice probabilities - the 

probability of choosing a particular service given certain alternatives – of a traditional mobile 

service and no service. In Nigeria, where the mobile market has not been saturated, this reduction 

in the choice probability of no service could indicate a driver of penetration growth; increasing 

the number of active customers on a network. This supports previous studies that show mobile 

Internet is a leapfrogging tool that reduces the digital divide [79]. Furthermore, this indicates that 

providing the digitally disadvantaged population with access to OTT could increase their use of 

mobile technologies. The results also indicate that the business model (pay-as-you-go versus all-
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you-can-eat) is an important determinant of the impact of OTT on user preferences, a finding 

consistent with previous work [44]. Interestingly, the results show that with access to OTT, there 

was a slight increase in the choice probability of no service in an all-you-can-eat business model. 

This suggests that users do not have a strong preference for traditional services over OTT. A 

possible explanation is that the perceived benefit (cost savings) from the use of OTT in a pay-as-

you-go market is a driver for the choice of a mobile plan.  

The results also indicate an answer to the second research question. In terms of affordability, the 

results show that mobile users are price sensitive. In general, users are willing to spend more on 

Internet services (up to 30% of their income) than on traditional mobile services (up to 10% of 

their income)11. Increasing the price from $10 to $30 significantly increased the choice 

probability of no service. These results provide new insight into the findings from previous 

studies that found the economic cost is one of the key barriers to Internet use in Nigeria and other 

SSA countries [3], [61]. The results suggest that economic cost as a barrier can be addressed 

strategically, by offering different Internet services/plans at different price brackets. 

The third result is partially answered in this paper. Although the results suggest there are 

differences in preferences across demographic groups, the effect on individual preferences are 

not significant.  

2.5.1 Implications for the Regulator 

Reducing the digital divide by increasing Internet access and adoption remains a key policy 

objective in Nigeria. Policies that improve the facilitating conditions for OTT access will likely 

                                                

11 Computed using the 2016 GDP per Capita in Nigeria ($2500) 
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aid in the reduction of the digital divide. Therefore, contrary to recent policies in other 

developing mobile markets, the policymakers should dismiss any call to ban OTT. Furthermore, 

it is recommended that any regulation of OTT does not discourage its adoption and/or use. To 

improve the facilitating conditions needed for OTT adoption (mobile and Internet access), 

policies that drive investment in broadband technologies in underserved areas should be 

explored. For example, the government could enter into a public-private partnership to drive 

investment in target locations. Given that the users are price sensitive, the regulator should 

consider policies that reduce the recurring cost of mobile services to mobile users such as; 

granting tax breaks to mobile carriers, promoting fiercer competition, or imposing a price ceiling. 

2.5.2 Implications for the Mobile Carriers 

The switch in demand for mobile services, from traditional services to Internet services, could 

lead to a reduction in mobile carriers’ revenue. In response to the expected changes in the mobile 

market, mobile carriers will need to prioritize the provision of Internet access and services. 

However, around the world, there have been lobbies to regulate OTTs in a bid to avoid market 

erosion and loss of revenues in the mobile industry. In Nigeria, where Internet access is 

predominantly via mobile broadband, mobile carriers can substitute the lost revenues from 

traditional mobile services with new revenues generated by providing Internet access. In line 

with the business strategies implemented by a number of mobile carriers across Africa, it is 

recommended that mobile carriers embrace OTTs and use it as a tool to increase market share. 

By offering competitive Internet plans with access limited to social networks and specific OTT 

communication apps such as WhatsApp and Facebook Messenger, a carrier could dominate the 

low-income subset of the population. Another recommended strategy is offering new mobile 

plans in a bundled all-you-can-eat business model. By setting the desired price on the plans and 
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providing close to unlimited voice and text, bundled with a limited gigabyte of Internet data, 

mobile carriers would limit the impact of OTT on revenues. However, given that mobile users 

are found to be price sensitive, the price will need to be strategically determined.  

2.5.3 Limitations and Future Research 

Some of the limitations encountered during the study are mentioned in this section. First, 

generalization of the results may be limited as the sample is not representative of the general 

population; 76% are college graduates and the average age is 34, compared to 9% that were 

college educated according to the last census in 2005 and a median age of 18 years in 2015 [73]. 

However, OTT has been found to be largely used by the young and educated population [51], 

[52], therefore the results allow conclusions and inferences that could be drawn to the target 

population. Future research can be built by testing the model with different groups.  

Second, individuals’ preferences were measured using a conjoint experiment. While this has 

been found to be better than directly asking respondents for their preferences, there is possible 

cognitive bias due to the use of surveys. The choices of the participants could be affected by their 

past experience with their mobile carrier or mobile services. For example, if a participant used 

VoIP in the past and it had a lot of noise due to slow connection speed, then they could decide to 

not choose it regardless of if it is offered with 4G speed. Furthermore, the effect of demographics 

such as age, gender, location, and education could not be determined as they have been found to 

often have a low correlation with choice preferences [80]. Future work should use historical 

customer records to compare the impact of mobile Internet use on the use of traditional mobile 

services and control for the effect of demographic factors.   
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Third, mobile services are modeled as a bundle. In Nigeria, prepaid, pay-as-you-go plans are the 

norm, therefore there may have been cognitive bias; the participants may interpret the conjoint 

choices differently from what was intended. However, this is not considered a substantial threat.  

2.6 Conclusion 
With the rapid advancements in technology and the convergence of applications within the 

digital ecosystem, the binary choice of technology adoption is more complex. Inequalities of 

access no longer refer to only the network or a hardware device, but also includes applications on 

devices. This study uses a choice-based conjoint experiment to analyze the impact of access to 

OTTs on the individual preferences for different mobile services – voice, text – or not using any 

mobile service. The study was conducted in Nigeria, contributing to the body of research on the 

digital divide in Africa. The results show that when OTT is introduced in the market, the choice 

probabilities – the probability of choosing a particular service given certain alternatives – of a 

traditional mobile service and no service are found to be significantly reduced. In explaining this 

impact of OTTs on preferences for mobile services, the business model in place and affordability 

were the most important determinants. 

What differentiates this paper is: 1) a new approach to studying the first-level digital divide is 

proposed and applied; 2) a conjoint analysis was used, which allowed the investigation of the 

impact of access to OTT on voice and/or text without the limitation of the ability to pay; and 3) a 

nested logit approach to our analysis was used which closely models the way users make buying 

decisions, thus improving the reliability of our findings.  

This research can be extended by testing the model with larger samples from Nigeria or other 

developing countries. While this work is predictive using estimated preferences, future work 
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should use historical customer records to investigate the impact of mobile Internet use on the use 

of traditional mobile services in Africa, controlling for the effect of demographic factors.   
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3. The Effect of Pricing Policies on the Second-Level Digital 
Divide in a Developing Country: Evidence from Nigeria 

Abstract – In September 2015, the national regulator of the telecommunications industry in 

Nigeria removed the price floor of mobile Internet plans, leading to a reduction in prices across 

the mobile industry. Using a panel data of the billing records of a sample of approximately 

18,000 mobile users over seven months, this paper investigates the impact of this reduction in 

prices on the use intensities of mobile Internet, cellular calling, and text messaging. The findings 

show that the reduction in the prices is associated with an increase in the volume of data used 

and a decrease in the volume of texts sent by an individual. However, reducing the prices of 

mobile Internet plans does not “close” the second-level digital divide across socioeconomic 

groups. We do not see a convergence in the volume of use of any of the mobile services across 

any demographic subgroups. This suggests that more robust policies that are targeted at specific 

subgroups are needed to reduce the existing second-level mobile technology digital divide that 

exists in developing countries.  

3.1 Introduction 
Affordability remains a key barrier exacerbating the first-level (differences in adoption) and 

second-level (differences in use patterns) of the digital divide in developing countries. In 

Nigeria, where approximately 50% of the population live in extreme poverty, addressing the 

affordability barrier could significantly address these levels of the digital divide.  

Figures published by the ITU show that in 2016, the mobile subscription rate in developing 

countries was 94% (80% in Africa) compared to 127% in developed countries. On the other 

hand, 40% (25% in Africa) of the population in developing countries used the Internet, compared 

to over 80% in developed countries [1]. Furthermore, there are significant differences in Internet 

adoption and use – which are closely related to economic differences – across countries in  SSA. 

60% of the Internet users in SSA are concentrated in five countries; Nigeria, Kenya, South 
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Africa, Tanzania, and Ethiopia, that represent 36% of the population [81]. While seventeen 

countries (such as the Democratic Republic of Congo and Eritrea) make up less than 10% of the 

Internet penetration in SSA. This geographical and socioeconomic differences in adoption rates 

also exists within countries, with the offline population largely in the low-economic rural areas 

[82]. In SSA, mobile phone adoption is unprecedented; cutting across location, gender and 

socioeconomic levels. As a result, mobile phones have been identified as a leapfrogging tool to 

bridge the digital gap between developed and developing nations [83], [84]. More broadly, 

mobile technology is seen as a central tool in achieving the United Nations’ Sustainable 

Development Goals – which includes ending extreme poverty, combating climate change, and 

fighting against inequality. However, the Internet, which is central in achieving these 

development goals and is primarily accessed via mobile [59], [85] is still considered a luxury in 

SSA and, as noted above, lags behind other global mobile markets [86].  

Reducing the digital divide is a priority for the governments in SSA. African governments have 

implemented various policies to drive the adoption and use of digital technologies such as the 

Internet, PCs, and mobile phones. For example, in Rwanda, the government entered into a 

public-private initiative to drive investments in broadband infrastructures in underserved areas 

and increase uniform access to the Internet across the country. Taking a different approach in 

Nigeria, the national regulator of the telecommunications industry, the NCC, removed the price 

floor for Internet services in September 2015, driving competitive pricing among the Internet 

providers. This led to a fall in the prices of the major mobile carriers in a bid to cannibalize 

customers from other carriers.  

Early studies on the digital divide examined the difference between the connected and the 

unconnected, known as the first-level digital divide [5]. However, as adoption rates increased, 
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researchers shifted to studying the differences in the extent and type of use of different digital 

technologies among the connected population, referred to as the second-level digital divide [5], 

[21], [87]. In SSA, a mobile phone is a facilitating condition for Internet use and accessing the 

Internet using a mobile phone is often the only alternative. Furthermore, a mobile phone is often 

used in unprecedented ways in SSA, such as to complete tasks (on GSM networks) that are 

typically completed through the Internet in developed countries. For example, in Kenya, through 

the use of Mobile Money12 on their phones, individuals are able to complete bank transfers 

within minutes without the use of the Internet. This can be viewed as a substitute for completing 

a bank transfer online using an Internet application on a mobile phone. As argued in the Chapter 

2 of this thesis, this makes it difficult to disentangle mobile services and Internet services in 

studies on the digital divide in SSA. Therefore, studies on the second-level digital divide in SSA 

should not examine the extent and pattern of Internet use in isolation. We propose that to 

understand the second-level digital divide, researchers should examine the extent and use pattern 

of the Internet in the context of the use pattern of other mobile services such as cellular calling 

and text messaging. 

The literature on the digital divide in SSA indicate that the cost of a compatible device and/or an 

Internet plan is a significant barrier to Internet adoption and/or use [3], [61]. However, there is 

limited empirical evidence on whether the digital divide is reduced by pricing policies or 

business strategies to increase affordability. By applying our proposed approach to studying the 

second-level digital divide, this paper estimates the effectiveness of pricing policies on the use 

intensities of different mobile services before and after the reduction of the prices of the 

                                                

12 The use of a mobile phone in order to transfer funds between banks or accounts, deposit or 
withdraw funds, or pay bills. 
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available mobile Internet plans. In this study, we attempt to answer the following research 

question: what is the effect of the reduction in the prices of mobile Internet plans on the use 

intensities of mobile Internet, cellular calling, and text messaging? To this end, we used a panel 

data of the billing records of a sample of approximately 18,000 customers over 7 months in 2016 

from a major mobile carrier in Nigeria. The data includes the volume of traffic consumed for 

each service per customer at monthly intervals during the period as a measure of the second-level 

digital divide. Some demographic characteristics of each customer are also captured in the 

dataset. The findings from this work would provide insight on the effectiveness of this policy and 

contribute to the broader discussion on affordability as a factor exacerbating the second-level 

digital divide in Africa.  

In this paper, we measure “extent” of use by the volume of use of different services: megabytes 

(Internet), outgoing minutes (calls), and outgoing count (text). The second-level digital divide  In 

Section 2, we summarize existing relevant literature. In Section 3, we outline our methodology 

and describe our sample. In Section 4, we present our results, and in section 5, we present our 

discussion and the policy implications of this research. 

3.2 Literature Review 
In this section, the literature on the second-level digital divide and the drivers of the digital 

divide in SSA are summarized and an overview of the Nigerian mobile market is presented. 

3.2.1 The Second-Level Digital Divide 

As the adoption of digital technologies increased over the past two decades, the first-level digital 

divide – the difference between the connected and unconnected populations – has been gradually 

closing [12], [28], [29] and users are increasingly crossing socioeconomic lines. Thus, rather 
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than clear divides limited to between areas or individuals with access and those without, access 

has become a spectrum with evolving capacity [28], [30]. These changes support arguments to 

shift from studying the differences between the “connected” and “unconnected”, to studying the 

extent and pattern of use of digital technologies. This new approach to studying the digital divide 

by investigating the difference in use by the connected population is described as the second-

level digital divide [5], [18], [29].  

The use of a digital technology by an individual is largely dependent on having the required 

skills. For example, the use of the Internet is dependent on having the skills needed to operate the 

required hardware and software, information literacy to process the online content, as well as the 

social and creative skills to create content and connect with other individuals online. The 

literature on the second-level digital divide have applied different approaches to studying the 

difference in the use of digital technologies. The majority of these studies examined the 

difference in Internet use across demographic groups [5] by investigating the differences in the 

type of Internet activity, such as information seeking or commercial transaction [18], [21], [52], 

[62] or the differences in the frequency of Internet use [10]. Some applied a broader approach 

and examined how the type of activities carried out on other ICTs such as PCs varied across 

socioeconomic groups [88]. Others examined the relationship between the use of the Internet on 

the use of text messaging and cellular calls [45], [46], [48]. These studies, while informative, 

have predominantly been limited to high penetration mobile markets, which significantly differ 

from the growing markets in developing countries. 

3.2.2 Drivers of the Digital Divide in SSA 

The majority of studies on the digital divide in SSA have been focused on the first-level digital 

divide. In 2005, with only one submarine cable reaching SSA and Internet access predominantly 
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through costly satellite links, adoption rates were well under 5%. The slow speeds and high-cost 

of connections in most parts of the region were identified as key factors that limited adoption 

growth [89]. The literature addressing the slow rate of Internet adoption identified determinants 

which can be structured into three groups: (i) country-level determinants, (ii) structure of the 

telecommunications industry, and (iii) characteristics of the individuals.  

While there are a plethora of studies investigating factors that drive Internet adoption at a 

macroeconomic level, using country and/or industry data, those focusing on Africa are only a 

handful. Using data on all 54 African countries, adoption was found to be significantly affected 

by: the official language of the country, economic development and the level of competition in 

the Internet Service Provider market [90]. Using a sample of 39 African countries, Internet 

adoption rates were found to be associated with economic development [19]. In addition, the 

spread of country and industry infrastructure [19], [91], as well as the urbanization of the country 

[91] were also identified as key forces driving the diffusion of the Internet [19]. While the level 

of competition in the mobile market has been found to drive penetration of infrastructure, on its 

own, competition alone has been shown to not be sufficient to achieve universal access and 

adoption [92].  

Up to half of the variance in Internet use, are accounted for by sociodemographic factors which 

affect whether individuals have the required skills to use the Internet [18]. The individual 

characteristics that influence Internet adoption and affect the digital divide have been studied in 

Africa using surveys. Individual characteristics such as gender [52], [60], [91], age and level of 

education [9], [60], [91], [93] have a significant impact on Internet adoption. Males, young 

people between 16 to 30 years or individuals with at least secondary school education are more 

likely to adopt the Internet [91]. Tayo et al. investigated the perceptions of low-income 
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individuals in Nigeria to the Internet and found that lack of access, cost of PCs and data bundles 

as well as lack of computer skills contributed to the digital divide [3]. Using interviews, 

Oyelaran-Olayinka  & Adeya [61] found that the initial cost of PCs was also a major constraint 

affecting the adoption of ICTs by academics in Kenya and Nigeria. They also identified the ease 

of use, technical skills, and perceived advantages as key factors of this first-level digital divide. 

Findings from a household survey in Cameroon found that lifestyle and perceived utility of the 

service are all individual characteristics that influence adoption [93]. Using household survey 

data in Gabon, Penard et al [9] found that a high level of education and computer skills were 

primary factors supporting Internet use across African countries. While age had a positive effect 

on mobile use, it was found to have a negative effect on Internet use. Replicating the study in 

Cameroon revealed evidence that the probability of using the Internet is higher for English 

speaking, computer-savvy individuals and those that have family abroad [52].  

By March 2017, with 44 submarine cables connecting Africa and multiple methods of providing 

broadband connections to the last mile, Internet adoption had grown to 350 million; a 28% 

penetration rate. The majority of this growth is accounted for by five countries; Nigeria, Egypt, 

Kenya, South Africa and Morocco. The improved connectivity led to more affordable data rates 

and reliable connections. Despite this, the digital divide persists across the continent. Lack of 

locally appropriate content – due to language and legal barriers – have been identified as a key 

factor in the slowdown of Internet adoption [89]. However, social media and OTT applications 

such as Facebook and WhatsApp provide channels of communication that support user-

generated content in any language, thus solving the challenges behind the language barrier. 

Affordability, lack of digital skills and a significant gender gap remain key factors limiting 

Internet adoption today [94]. 
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There are conflicting findings in the literature on the effect of socioeconomic characteristics on 

the second-level digital divide using evidence from African countries. Earlier literature, using 

data from Cameroon, found that Internet usage patterns differed across age, gender, and 

education, with college educated individuals more likely to use the Internet for information 

search than for entertainment [52]. Using data from 6 countries, contrary to findings on the first-

level digital divide and earlier literature on the second-level divide, Silver et al. found age and 

socioeconomic status to have no effect on Internet use patterns. However, similarly to the earlier 

study, more educated people were seen to be more likely to use the Internet to gather information 

and apply for a job. Furthermore, while gender had no effect on the frequency of Internet use, it 

affected the type of online activity [62].  

3.2.3 State of the Mobile Market in Nigeria 

With an estimated population of 190 million in 2017, Nigeria is the most populous country, 

second largest economy and largest mobile market in SSA. Fixed telecommunications has 

remained almost nonexistent across SSA. In Nigeria, fixed-line access is consistently less than 

0.2% [35], [55]. As a result, mobile dominates the telecommunications industry. The penetration 

rate of mobile phone has grown rapidly in Nigeria. Since the inception of mobile in 2001, the 

Nigerian mobile market has grown significantly to over 154 million mobile cellular subscriptions 

in 2016; 82% of the population [56], [57]. However, given that each subscriber has an average of 

1.8 SIMs, unique penetration is only at 45% [4]. Unaccounted for, however, is SIM sharing 

which the literature suggests to be common in some parts of SSA. A single SIM can be shared by 

many users, for instance, members of the same family or among neighbors. Although the rate of 

adoption of mobile phones in Nigeria is greater than the average in SSA, it continues to lag 

behind the average rates in developing and developed countries as shown in Fig. 9. In addition, 
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significant variation in penetration exists within the country. In 2016, mobile subscription rates 

across states ranged from 40% to 170% with an estimated 33% of users concentrated in 5 out of 

36 states, and mostly in cities [58].  

Despite being the largest mobile market in SSA, a significant subset of the Nigerian population 

remains unconnected compared to other leading markets in the region as shown in Table 6. This 

large unconnected subset of the population is expected to drive the future growth in the SSA 

mobile market. Comparing the demographic and mobile market distributions of Nigeria with that 

of two other leading mobile markets in SSA (South Africa, and Kenya), shows similar trends. 

Across countries in SSA, there is a high proportion of younger people within the population; 

over 50% are below 25 years in most countries.  

 

Figure 9. Mobile subscriptions per 100 people [Data source: ITU] 
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Table 6. General demographic and mobile market distribution of Nigeria in comparison to South Africa and Kenya [Data 

sources: MTN Group Limited, ITU, Nigerian Communications Commission, GSMA] 

 Nigeria South Africa Kenya 

General Demographic    

Population (Millions) 190  56 48 

Median Age (Years) 18  26.4 19.7 

Female 44% 52% 50% 

GDP/Capita ($ nominal 2016) 2175 5262 1410 

Mobile Market    

Unique Subscribers 45% 68% 59% 

Individuals Using the Internet 25% 54% 26% 

Market Leader (Market Share) MTN (48%) Vodacom (46%) Safaricom (65%) 

Number of Mobile Carriers Over 4 4 Over 4 

Fixed Telephone Subscription Rate 0.08% 6.62% 0.15% 

 

In the first quarter of 2016, there were 92 million broadband connections in Nigeria, with 70% of 

the connections via mobile (42% via feature phones, and 28% via smartphones) [59]. Similar to 

mobile penetration, the adoption rates of the Internet in Nigeria lags behind the average rates in 

developed and developing countries as shown in Fig. 10. In addition, there is a wide variation in 

the adoption of mobile broadband across Nigerian states; subscription ranged from 20% to 110% 

across states in 2016 [58]. The introduction of 3G services in 2007, the presence of competition, 

and the regulatory reforms in the industry have been identified as a few key industry 

characteristics that drove the rapid growth in the past decade [64].  

While users across the country have access to good GSM (2G) coverage, UTMS (3G) and LTE 

(4G) coverage are more limited. Big cities such as Lagos, Abuja, and Kano benefit from access 

to high quality signals while rural areas struggle with connectivity. The access to 3G and 4G 

LTE networks could be a significant determinant of the second-level digital divide in Nigeria. 

The access to networks with larger bandwidth would allow the use of data-intensive applications 

and services, thus affecting differences in Internet use. 
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Figure 10. Percentage of individuals using the Internet. [Data source: ITU]. 

3.3 Methods 
In this section, the sampling method is described, the sample and data are summarized, and the 

statistical methods used in this study are presented. 

3.3.1 Sample Generation 

The dataset used in this study was retrieved from the billing records of the Nigerian subsidiary of 

an international mobile carrier; one of the big 4 mobile carriers in Nigeria. From this population, 

we drew a representative random sample of 30,000 customers. The dataset includes a panel data 

of mobile usage records; the number of outgoing text messages, minutes of outgoing cellular 

calls and volume of mobile Internet data used in each month by each customer for seven months 
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starting in 201613. Demographic characteristics such as age, gender and location are also 

included in the dataset.  

Cleaning the initial sample resulted in removing 12,160 customers for a number of reasons. First, 

we removed customers that had missing demographic values. Second, we dropped customers that 

didn’t use at least one mobile service in each month, i.e. customers that did not generate traffic 

for either cellular calls, texts, or mobile Internet in each month. Third, we also dropped 

customers that were below 16 years old. Although the sub-population below 16 years make up a 

third of the Nigerian population, they remain underrepresented on the mobile market. Finally, 

our initial dataset was for 16 months but we analyzed the use intensities for the 2 months before 

the price change, and the 5 months after the price change. Therefore, we removed customers that 

had been on the network for less than one year, as the SIM card would likely have been 

reassigned to a new customer and the demographic characteristics only describes the most recent 

user. At the end of the cleaning process, we had a final sample of 17,840 mobile customers. 

To improve our understanding of the effect of the reduction in the prices on this network on the 

adoption and use of mobile services, we transformed the month variable to a dummy variable 

depicting before (the first two months in the study) and after (the subsequent five months in the 

study) the change in prices. 

                                                

13 To protect the anonymity of the mobile carrier, we do not disclose the months in the study. The NCC Policy to remove the 
price floor was passed in September 2015 and the mobile carrier reduced its prices a few months after this policy was 
implemented. 
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3.3.2 Measurement Variables 

3.3.2.1 Use Intensity of Mobile Services 

The dependent variables in this paper are the use intensities of the different mobile services. The 

differences in the volume of data used could be an indication of differences in the extent and 

pattern of use of the Internet. Table 7 summarizes the distribution of the monthly use intensities 

of the Internet, outgoing calls, and sent text messages averaged per customer in both rural and 

urban locations over the 7 months in the study.  

 

Table 7. Distribution of monthly mobile Internet megabytes, outgoing call minutes, and sent text messages averaged 

per customer over seven months. 

 
Rural 

(n=5620) 

Urban 

(n=12221) 

Overall 

(n=17841) 

Internet (Megabytes) 
   

Mean (SD) 713 (1100) 965 (1530) 905 (1450) 

Median [Min, Max] 286 [100, 14100] 390 [100, 22400] 362 [100, 22400] 

Missing 4488 (79.9%) 8619 (70.5%) 13107 (73.5%) 

Calls (Outgoing Minutes) 
   

Mean (SD) 144 (172) 182 (221) 170 (207) 

Median [Min, Max] 86.9 [1.50, 2090] 112 [1.27, 3280] 103 [1.27, 3280] 

Missing 3 (0.1%) 13 (0.1%) 16 (0.1%) 

SMS (Outgoing Count) 
   

Mean (SD) 10.4 (22.7) 14.1 (31.1) 12.9 (28.8) 

Median [Min, Max] 5.00 [1.00, 836] 6.25 [1.00, 966] 5.83 [1.00, 966] 

Missing 255 (4.5%) 369 (3.0%) 624 (3.5%) 

 

Following the approach used in the literature [45], [46], the use intensities of the Internet, 

cellular calls, and text messages are measured by the total megabytes, minutes of outgoing calls, 

and count of text messages used by an individual on the network of the mobile carrier. Across all 
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mobile services, the urban customers had higher use intensities than the rural customers. As 

shown in Fig. 11, the total number of active users in each month for the Internet increased 

slightly and there was a notable increase in the average volume of data used in each month. On 

the other hand, as shown in Fig. 12, the total number of active users for calls stayed mostly flat, 

while for texting there was a sharp decline after the drop in the prices of the Internet plans. The 

volume of use of both calls and text remained the mostly the same over the time period.  

 

 

Figure 11. Total active users for cellular calls, text, and Internet mobile services in each month 

 

Figure 12. Average volume of use for cellular calls, text, and Internet mobile services in each month 
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3.3.2.2 User Demographic Characteristics 

Table 8 summarizes the demographic characteristics of the sample. Comparing the rural and 

urban customers show wider first-level gender digital divides. A smaller subset of the rural users 

are female compared to the urban users. Furthermore, on average, urban users have a longer 

tenure on the network compared to the rural users. Comparing the demographic distribution of 

the sample to that of the Nigerian population shows some significant differences. While females 

make up approximately 50% of the Nigerian population, they make up only 30% of the sample.  

This reflects findings in the literature on the first-level digital divide in SSA; females are less 

likely to own or use a mobile phone. There are also significant differences in the age distribution 

in the sample compared to the Nigerian population. In Nigeria, and most of Africa, the majority 

of the population is below 25 years. However, this is not reflected in the sample. This could be 

an indication of a generational digital divide, with the younger population being a disadvantaged 

group in first-level digital divide.  

Furthermore, estimates by National Population Commission show that 51% of the Nigerian 

population reside in a rural area. There is no standard international definition of an urban area. 

Each country has its own definition based on a combination of characteristics not limited to; 

population size, population density, type of economic activity, physical characteristics and 

infrastructure [95]. Nigeria defines an urban area as a town with 20,000 people or more14. 

However, given that there is no available data on the population of towns in Nigeria, we defined 

a Local Government Area (LGA) with at least 1000 people per square mile as urban. With this 

                                                

14 United Nations website accessed on August 1st 2017 https://esa.un.org/unpd/wup/CD-ROM/WUP2014_DOCUMENTATION/WUP2014-
DataSource-UrbanPopulation.xls  
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definition of urban, 32% of the sample resides in a rural area. While this does not reflect the 

distribution of the Nigerian population, it can be an indication of a first-level digital divide along 

the urban/rural lines. All 36 states and the Federal Capital Territory in Nigeria are fully 

represented in the sample. Out of 774 LGAs in Nigeria, 732 are represented in our sample. There 

are six. However, within the context of homogeneity in economic development, population 

distribution, and cultural norms, Nigeria can be divided into the Northern and Southern regions. 

The Northern region is more rural and economically underdeveloped compared to the Southern 

region. Therefore, to allow for meaningful insights into our results, we recoded the geographical 

zones as North and South. The distribution highlights that the northern population is 

underrepresented in the sample. 

 

Table 8. Distribution of the individual demographic characteristics of the sample. Sources: National Population 

Commission, National Bureau of Statistics, World Bank 

 
Rural 

(n=5620) 

Urban 

(n=12221) 

Overall 

(n=17841) 

Nigerian population  

2016 (n = 186 million) 

Gender     

Female  26%  34%  31% 51% 

Male  74%  67%  68% 49% 

Age     

Mean (SD) 35.2 (10.9) 36.1 (10.9) 35.8 (10.9) - 

Median [Min, Max] 33.0 [16.0, 67.0] 34.0 [16.0, 67.0] 34.0 [16.0, 67.0] 17.9  

Zone     

South  43%  72%  62% 49% 

North  58%  29%  38% 51% 

Tenure on Network     

1 - 2 years  13%  10%  11% - 

2 - 4 years  23%  16%  18% - 

Over 4 years  64%  74%  71% - 
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3.3.3 Statistical Modeling 

3.3.3.1 Fixed Effects Model 

To estimate the effect of the change in the prices of Internet plans on the second-level digital 

divide, we specify a log-log model using a fixed effects approach to capture the time-invariant 

differences across the individuals and the time period of the study. We compare the use 

intensities of the Internet, calls, and text before and after the change in prices. The use intensities 

for mobile Internet is specified as: 

hij	(klmlno) = *+ +	p-hij	(qlhhrno) +	p3 hij(eOPmno) +	*-stmOuo +	*3tlvmiu(QOuwixo) +	*7tlvmiu(wxn) +

*;sjOjuiyQn + stmOuo ∗	*;sjOjuiyQn +	*z{O|xOun +	*z{O|xOun ∗ stmOuo +	*}!u~l|n +	*}!u~l|n ∗

stmOuo +	*�Äi|On +	*�Äi|On ∗	stmOuo +		Åno               (4) 

where klmlno is the megabytes of Internet data used in a month by each unique customer w, in a 

month in the period of study m. CallsÖÜ is the total minutes of outgoing calls by each unique 

customer w, in a month in the period of study m, and TextÖÜ is the total outgoing texts sent by each 

unique customer w, in a month in the period of study m. stmOuo is a dummy variable for the 

months after the introduction of the change in price, and Åno is the error term. We also control for 

the individuals’ demographic characteristics; AgegroupÖ is a categorical variable indicating the 

age group of the individual, GenderÖ is a dummy variable that captures the individual’s gender, 

UrbanÖ	is a dummy variable that indicates if the individual lives in an urban or rural area, and 

ZoneÖ is the geographic zone where the individual resides.  

3.4 Results 
To address the research question in this paper, Table 9 reports the results of the three regression 

models with the volume of use of the Internet, cellular calls, and text messages as the dependent 

variables. For all mobile services, no significant difference is found in the effect of the change in 
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the price of mobile Internet plans on the volume of use across geographical zone, gender, and 

urban/rural subgroups.  

Model 1 depicts the effect of the changes in price on the volume of use of the Internet, measured 

in megabytes. The results show that after the reduction in the prices of the mobile Internet plans, 

the average megabytes of data used by an individual increased by 74%. The results also indicate 

that a 1% increase in the volume of use of cellular calls is associated with a 11% increase in the 

volume of use of the Internet, suggesting that they are compliments. Examining the main effects 

of demographic subgroups, no significant effect is seen. 

Model 2 estimates the effect of the change in price on the volume of use of calls, measured as the 

average total outgoing minutes in a month by a customer. No significant effect is seen on the 

volume of calls after the change in the prices of the Internet plans. Examining the demographic 

main effects, the largest effect is seen across users in different geographic regions. Compared to 

users in the Southern region of Nigeria, Northern users have over 200% lower use intensity for 

cellular calls. The results also show that age is negatively correlated to the volume of use of 

cellular calls, with users between 31 and 45 years old generating the lowest volume of outgoing 

calls. Analyzing the effect of gender, the trend suggest that females have lower call volume 

compared to males, however, the result is not statistically significant. The results of the main 

effects of location (urban/rural) do not present significant differences. No significant effect of the 

price change on volume of use of cellular calls across the demographic subgroups is seen. Model 

3 presents the effect of the change in the prices of Internet plans on the use intensity of texts, 

measured as the average total number of outgoing text messages by a customer in one month. 

The change in the prices of the Internet plans is associated with a 38% decrease in the volume of 

outgoing text by a customer, suggesting a substitution effect. 
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Table 9. Estimation results of the Fixed Effects models  

 Dependent variable: 

 Data Calls Text 

 1 2 3 

(Intercept) 5.46*** (1.86) 7.38*** (0.97) 4.29* (2.21) 

Calls 0.11*** (0.04) - 0.06 (0.05) 

Text 0.01 (0.03) 0.03 (0.02) - 

Data - 0.07*** (0.03) 0.02 (0.03) 

After 0.74*** (0.13) 0.01 (0.10) -0.38*** (0.14) 

Age group (Ref. level: < 31 years)    

31-45 -0.38 (0.83) -1.64*** (0.40) -1.51 (0.95) 

> 45 0.57 (0.83) -0.55 (0.40) -0.28 (0.95) 

Gender (Ref. level: male)    

Female -1.36 (1.14) -0.93 (0.67) -2.91** (1.42) 

Residence (Ref. level: urban)    

Rural -1.13 (0.80) -0.12 (0.55) -1.68 (1.07) 

Geographical region (Ref. level: South)    

North -0.03 (0.84) -2.18*** (0.41) -0.10 (0.96) 

After: Rural 0.05 (0.13) 0.0003 (0.11) 0.01 (0.14) 

After: Female 0.002 (0.11) -0.05 (0.09) 0.07 (0.12) 

After: Age group 31-45 0.001 (0.11) -0.07 (0.09) 0.14 (0.12) 

After: Age group > 45 0.06 (0.14) -0.14 (0.11) 0.28* (0.16) 

After: North -0.09 (0.11) 0.01 (0.09) 0.01 (0.12) 

Period Yes Yes Yes 

User ID Yes Yes Yes 

Observations 15,005 15,005 15,005 

R2 0.76 0.85 0.74 

Adjusted R2 0.66 0.78 0.62 

Note: *p<0.1; **p<0.05; ***p<0.01 

 Cluster robust standard errors in parentheses 

 Errors clustered at the user level 

 

Controlling for the effects of demographic characteristics on the use of text messaging shows 

that gender is a strong determinant of the volume of text used by an individual. On average, the 

volume of use of text messaging by females is approximately 300% lower than the usage volume 

than males. Examining the effect of the changes in the prices of the Internet plans across 
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demographic subgroups shows that after the change in the prices, older users increased their 

texting traffic. However, the result was only statistically significant for users over 45 years old.  

3.5 Discussion 
The results suggest that policies that address the affordability barrier to Internet use would affect 

the mix of the volume of use of different mobile services in developing countries. The 

implications of the findings, the limitations of this study, and the direction for future work are 

discussed in this section. 

3.5.1 Implications of Main Findings 

Internet access and adoption in SSA has grown rapidly in the last 5 years, supporting the need for 

increased research on the inequalities in usage in the region. The high cost of Internet access and 

use remains a key factor exacerbating the digital divide in Nigeria, where approximately 50% 

live in extreme poverty. To address this barrier to digital equality, in 2016, the NCC, Nigeria’s 

telecommunications, removed the price floor for Internet services, leading to an increase in 

competitive pricing. Using a panel data of the use intensities of mobile Internet, cellular calling, 

and text messaging retrieved from the billing system of a national mobile carrier, this paper 

attempted to estimate the effect of the reduction in prices of Internet plans on the second-level 

digital divide.  

First, the difference in the average use intensities of the Internet, measured as megabytes of data, 

before and after the change in prices was examined. Next, the impact of the reduction in the 

prices of Internet plans on the average total call minutes in a month by a customer was studied. 

Finally, the impact on the average total number of texts sent in a month was examined.  
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We do not see evidence that reducing the prices of mobile Internet plans would “close” the 

second-level digital divide across socioeconomic groups. There is a change in the volume of use 

of different mobile services. The reduction in the prices is associated with an increase in the 

volume of data used and a decrease in the volume of texts sent by an individual. The result 

showing the increase in the volume of use of the Internet could be an indication that people are 

increasingly using the Internet for new activities online, or using the Internet more for a 

particular activity. However, we do not see a convergence in the volume of use of any of the 

mobile services across any demographic subgroups. Furthermore, we do not see a statistically 

significant effect of the change in volume of use after the reduction in prices across any 

demographic subgroups except for users above 45 years old that increased their texting volume 

after the reduction in prices. Therefore, to close the second-level digital divide, more robust and 

targeted policies are needed, focused on specific subgroups in the population. 

The results suggest that females and rural users have lower volume of use of all mobile services 

compared to the male and urban populations respectively. However, further research is needed to 

understand the factors driving the low volume of use in these populations. Results from an earlier 

paper showed that that users with high-speed Internet consume significantly higher volume of 

data, irrespective of their location [15]. However, rural areas typically have fewer and older 

generation infrastructures than urban areas.  Therefore, the low volume of use could be due to 

limited access/connectivity and/or low bandwidth on the network. The rural population are also 

often disadvantaged with regards to access to education and learning resources. This could be an 

indication of a lack of technical skills on average and could also explain the trend showing that 

the rural users have lower volume of use than urban users. The same could be said for the female 

population. The lower volume of use could be as a result of lower technical skills than men. 
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However, it is also plausible, that the result is simply a reflection of differences in online 

activities. For example, an individual may use the Internet for five days in a month to stream 

videos and consume 5GB of data. On the other hand, another individual may use the Internet for 

an entire month and engage with a wide range of activities that consume lower bandwidth and so 

consume only 1GB of data. 

The key insight for mobile carriers from the empirical analysis is that the increase in the volume 

of use of the Internet is associated with a decrease in the volume of use of text messaging. This 

could imply that mobile users are switching to using OTT services such as WhatsApp for 

communication and substituting text messaging with instant messaging. This supports the 

findings in Chapter 2 of this thesis and in the literature [96], [97], that on average, people have a 

significantly higher preference for OTT services compared to traditional texting in a pay-as-you-

go business model mobile market, like Nigeria predominantly is. As the use of the Internet 

increases, mobile carriers are likely to see a cannibalization in the revenues generated through 

text messaging service. This suggest a need for a new business model. The results indicate that 

mobile Internet is elastic, reducing the price of mobile Internet plans is associated with higher 

demand. Given that we have shown mobile Internet and cellular calls have a complementary 

relationship, mobile carriers can protect themselves from the stagnating use of cellular calls and 

decreasing use of text messaging by offering bundled services. It is recommended that new 

business models prioritize the offering of mobile Internet and cellular calls given that they are 

complements. 

The results also have important implications for the regulators in addressing the second-level 

digital divide. The results indicate that policies and/or business strategies that reduce the cost of 

Internet plans could drive the volume of Internet use. This result builds on earlier findings in the 
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literature that identified affordability as a key barrier to Internet adoption and use in SSA [3], 

[61]. The affordability barrier to digital equality is exacerbated in the low-economic rural areas. 

However, from the results, there is no indication that addressing the affordability barrier would 

have an effect in closing the urban/rural digital divide. Regulators should examine the impact of 

addressing other factors such as technical skills, network access, and the perceived advantage of 

Internet use among the rural population.  

3.5.2 Limitations and Future Work 

There were some unavoidable limitations encountered during the study. First, the sample was 

retrieved from the database of a single mobile carrier. Therefore, the results allow generalization 

only to the network of customers of the carrier. However, the carrier occupies a significant 

portion of the mobile market, therefore, the findings are significant to the Nigerian mobile 

market. Furthermore, given that on average each mobile user in Nigeria has 1.8 phone lines, they 

could be using different mobile services on other mobile networks. This limits the observable 

effects of the changes in price on use intensities that can be studied. The Internet users in our 

sample could have switched their usage from another mobile carrier to the mobile carrier in this 

study after they dropped their prices. This would appears to us as an increase in the volume of 

Internet use when the actual usage for this one user across different carriers may not have 

changed at all.  

Thirdly, in this work, we are assume that the growth in Internet usage is not capacity limited, as 

demand increases, there is capacity in the network to carry all of that demand. However, as 

discussed earlier in the context of the difference in the volume of use between urban and rural 

users, this could affect the results and the implications of our findings. Future research can be 

built by using data from different mobile carriers and comparing the use intensities of the 
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customers on one mobile network (with the price changes – treatment group) against that of the 

customers on another mobile network (with no price changes – control group). 

3.6 Conclusion 
Affordability continues to remain a driver of the first-level and second-level digital divides in 

developing countries. In developing countries, the digital divides of different digital technologies 

are closely interrelated, and the policies on one digital technology could have an impact on the 

adoption and use of other technologies. To boost Internet use and improve competition in the 

mobile market, in September 2015, the national regulator of the telecommunications industry in 

Nigeria removed the price floor of mobile Internet plans. This led to a reduction in prices across 

the mobile industry.  

In this paper, using a fixed effects method, the impacts of this price change on the differences in 

the use intensities of the Internet, cellular calling and text messages are investigated. A panel 

data of customer usage records, retrieved from the billing system of a major mobile carrier in 

Nigeria is used in this study. The results show that the reduction in the prices of Internet plans is 

associated with an increase in the average megabytes of data used and associated with a decrease 

in the average total text messages sent in a month. However, we do not see evidence that 

reducing the prices of mobile Internet plans would “close” the second-level digital divide across 

socioeconomic groups. We do not see a convergence in the volume of use of any of the mobile 

services across any demographic subgroups. This suggests that more robust policies that are 

targeted at specific subgroups are needed to reduce the existing second-level mobile technology 

digital divide that exists in developing countries.  
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What differentiates this paper from existing literature, to the best of the authors’ knowledge, is 

first, a new approach to studying the second-level digital divide in developing countries is 

proposed and applied. A mobile device has been identified as the facilitating technology, with 

the use intensities of different supported digital technologies/services studied. Second, this paper 

is the first to investigate the impact of price changes on the second-level digital divide in SSA 

using historical customer panel data. 
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4. When Being Connected is not Enough. An Analysis of the 
Second and Third Levels of the Digital Divide in a 

Developing Country 

Abstract 

In Sub-Saharan Africa, the Internet has been identified as a tool to overcome poverty; by 

improving communication, facilitating innovation, and driving economic growth. However, 

studies on the benefits of Internet adoption and use in other regions show that the welfare effect 

of technology is not only based on its adoption, but also from the type of use. Using Nigeria as a 

case study, this paper draws on the Uses and Gratifications Theory and factor analysis to 

examine the differences in the extent and pattern of Internet use (second-level digital divide) and 

the differences in outcomes from Internet use (third-level digital divide). The results show that 

gender, age, and education are key predictors of the second-level digital divide at the individual 

level in a developing country. The results also suggest that the second-level digital divide in 

developing countries mirror other socioeconomic inequalities that preexist in the society. 

Technical skills, encouragement from family and friends, and performance expectancy from 

using the Internet predict behavioral intention to use the Internet. While behavioral intention to 

use the Internet significantly affects the frequency of engagement with social activities. The 

results also indicate that education level and the frequency of use of different types of Internet 

activities determine individual outcomes from Internet use. 

 

4.1 Introduction 
The Internet has been identified as a tool to overcome poverty; by improving communication, 

facilitating innovation, and driving economic growth. In recent years, Internet adoption and use 

in Africa has increased significantly. Between 2005 and 2016, the percentage of individuals 

using the Internet in the region increased from 2% to 25% [1]. This growth is expected to 

continue, with the rate increasing to 39% by 2025 [98]. Longitudinal data from a mobile carrier 

in Nigeria showed over 340% increase in the average volume of data used by a sample of 
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connected users between April 2016 and July 2017 [32]. The growth in adoption rates of the 

Internet is largely driven by the young population turning into adults and owning phones for the 

first time. Across SSA, a region that has struggled with connectivity and economic development 

for decades, the increase in Internet adoption and use is expected to contribute to economic and 

social development. Through the transformation of key sectors such as education, healthcare, and 

retail, the Internet is estimated to account for up to $300 billion of the annual GDP from SSA by 

2025 [99]. This represents a 94% growth in the contribution of the Internet to the annual GDP in 

SSA compared to 2013.  

However, studies have shown that the welfare effect of technology is not only based on its 

adoption, but also from the type of use [100]. This difference in the access to, use of, or impact 

of information and communication technologies is referred to as the digital divide. Initial 

literature that investigated the benefits of Internet use compared the differences between the 

connected and unconnected population (first-level digital divide) [7], [10], [12], [16], [24]. Even 

as Internet adoption and use increased, divides still remain among those that adopted the Internet, 

scholars identified a need for new approaches to understanding the digital divide; studying the 

difference in the extent and pattern of use of the Internet. Applying these new approaches 

showed differences could exist in digital skills and Internet use, referred to as the second-level 

digital divide [5], [10], [21], [101]. Differences could also exist in the outcomes from Internet 

use among users with comparable access, digital skills, and Internet use, this is referred to as the 

third-level digital divide [5]. These different levels of the digital divides could limit the expected 

benefits from Internet use.  

Sociodemographic and socioeconomic factors have been identified as the significant 

determinants of the digital divide [5]. In SSA, there are significant socioeconomic challenges: 
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41% of people live in extreme poverty and the Human Development Index for African countries 

is 0.52 (low human development). Therefore, we might expect the digital divide to be a 

significant challenge. Lack of local content is another key barrier to Internet use in SSA [89]. To 

reap sustainable benefits from Internet use, there needs to be access to services and applications 

relevant to the local population. More broadly, mobile phones have been used differently as a 

“leapfrogging tool” in SSA compared to other regions. For example, through the implementation 

of mobile money, mobile phones have been used to facilitate banking and financial transactions 

in an unprecedented manner [83], [100]. The end-users of mobile money do not need to be 

connected to the Internet to use the service, however, they still have access to “online banking” 

via mobile money.  

Mobile phone-based access to the Internet removes many barriers to Internet access compared to 

traditional desktop computers, obviating the need for reliable electricity, a secure location, and a 

significant financial investment in a PC. In fact, users can access the Internet with little or no 

investment through $10 phones that provide access to specific Internet services. Through SIM 

swapping and sharing, a single mobile phone can support multiple users who do not own an 

Internet-enabled mobile phone. Thus, low resource users who are more likely to lack literacy 

skills may be significant fraction of the overall mix of Internet users.  

Due to the low adoption rates, existing literature on the digital divide in SSA have mostly 

examined the factors that drive the first-level digital divide [3], [52], [61], [91], [93]. With the 

increase in Internet connectivity in the region, the research on the digital divide in SSA has 

begun to shift to investigating the use and overall impact of Internet use. A recent report by the 

Pew Research Center shows that the increase in Internet connectivity has contributed to having a 

positive impact on life, with communicating with family and friends being the most widely used 
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Internet activity [62]. These socioeconomic challenges, novel access methods, and generally 

distinct mix of Internet use and users in SSA compared to earlier studies suggest a need for 

different approaches to understanding the digital divide in the region.  

This paper aims to fill this gap with a case study that investigates the differences in the extent 

and pattern of Internet use as well as the differences in the outcomes from Internet use in 

Nigeria. To meet this objective, this paper attempts to answer three research questions, (1) What 

are the key factors that affect the type and frequency of use of different Internet activities? (2) 

What are the key factors that affect individual outcomes from Internet use? and (3) What is the 

relationship between patterns of Internet use (activities and frequency) and outcomes? To answer 

these questions, we surveyed 1500 mobile users in Nigeria and distinct classifications of Internet 

activities and Internet outcomes relevant to SSA were identified, based on the UGT. The 

differences in individual engagement with Internet activities and Internet outcomes were then 

examined across socioeconomic groups.  

The paper is organized as follows. In Section 2, we summarize existing relevant literature. In 

Section 3, we outline our methodology and describe our sample. In Section 4, we discuss our 

results. In section 5, we present the discussions and policy implications. 

4.2 Theoretical Background 

4.2.1 The Concept of the Digital Divide 

The digital divide has been studied extensively since the 1990s, as the use of PCs and the 

Internet increased [5]. The literature on the digital divide has examined the differences in the 

access, use and benefit from the use of digital technologies from different perspectives. These 

studies have explored the digital divide by comparing adoption and use patterns across nations 
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worldwide [12], [28], geographical locations within nations [13], [16], [24], select regions e.g. 

countries with high market penetration [18], and individuals within nations [21], [87]. 

The early research on the digital divide, coined the first-level digital divide, studied the 

difference between those connected to the Internet and those who were not. Understanding the 

first-level digital divide assisted in developing policies to drive Internet adoption. Studies of the 

first-level digital divide have shown that individual characteristics such as age, gender, 

socioeconomic status, and geographical location affect Internet adoption [5]. However, the first-

level digital gap between men and women was found to be entirely as a result of existing 

socioeconomic differences between the genders [10], suggesting that closing gender inequalities 

need to be addressed in order to close gender digital divides. In addition, high-income and highly 

educated individuals were the early adopters of the Internet [7].  

Over the past two decades, as adoption rates increased rapidly and the first-level digital divide 

has been closing [12], [28], [29], researchers on the digital divide have shifted to studying the 

difference in the extent and pattern of Internet use [5], [18], [29]. This is described as the second-

level digital divide. The Internet service used by an individual is largely dependent on them 

having the required skills. For example, the skills to operate the required hardware and software, 

the information literacy to process the online content, as well as the social and creative skills to 

create content and connect with other individuals online. Up to half of the variance in having the 

required skills (and thus Internet use) are accounted for by sociodemographic factors [18]. 

Researchers have studied how the Internet services used by active users vary. Some of these 

studies examined the frequency of Internet use and how it varies across demographic groups 

[10], [32]. Others explored how the type of service or content accessed, such as information 

seeking or commercial transaction, varies across demographic groups [18], [21].  
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While a lot of research has explored the first-level digital divide, and increasingly explored the 

second-level digital divide, very little work has been done on studying the difference in the 

impact of Internet access and use. This difference in the impact of Internet use, where some 

individuals do not have beneficial outcomes, is described as the third-level digital divide [5]. 

Some researchers argue that studies on the digital divide need to focus on this third-level divide; 

examining the economic, social, cultural and human capital that could be attained through 

Internet use [18]. However, existing literature on the third-level digital divide have focused on 

developed markets, where penetration rates are high [5], [33].  

4.2.2 Classifications of the Second and Third Levels of the Digital Divide 

The literature on the second and third-level digital divides is comprised of several different 

approaches to identifying and classifying activities carried out online and the outcomes of these 

activities. The second-level digital divide is the difference in the extent and pattern of use of 

digital technologies by the connected population. Being connected to the Internet means having 

access to a wide variety of activities online such as email, online banking, downloading media, 

or searching for information. The set of the Internet activities an individual engages with, as well 

as the frequency of engagement with the selected activities constitute the second-level digital 

divide. Similarly, the third-level digital divide investigates the differences in the ability of 

individuals in utilizing digital resources to achieve specific offline objectives relating to their 

general well-being. These offline objectives that could be achieved through the utilization of 

digital resources include finding a job, quicker access to information, having more contact with 

people, and buying products at a discount online compared to buying in a physical store. 

The different activities that individuals could engage with online and the potential outcomes 

from their online engagement are both nearly infinite. As a result, some studies on the second-
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level digital divide have drawn on existing theoretical frameworks to create classifications of 

correlated activities. Some of these studies are based on a particular theory including the Social 

Cognitive Theory (SCT) [102], [103] and the UGT [21], [40]. The activities are selected to 

reflect the key classifications proposed in the theory. By investigating differences among general 

clusters of activities, these studies allow the findings to be generalized regardless of the specific 

type of activity within a cluster an individual engages in.  

Numerous studies have applied the UGT to understand the differences in Internet use. This 

approach explains the way individuals adopt and use digital technology as a result of their 

motivation and gratification needs such as the need to improve their career or to search for 

information [21]. The difference in the usage within these clusters was found to be determined 

by age, gender, education and Internet experience. However, there have been arguments that the 

UGT offers a limited explanation of the variance in Internet usage. This lead to the application of 

the SCT in studies on the second-level digital divide [102], [104]. The SCT posits that the use 

pattern of the Internet is determined by the expected outcomes from the use of the Internet. 

Therefore, rather than classifications based on gratification needs, as seen in UGT, SCT posits 

clusters based on behavioral intentions.  

Other approaches to studying the second-level digital divide rely on an inductive approach. A 

factor analysis of a growing current list of contemporary Internet activities is used to identify 

classifications of Internet activities [105]. Similarly, to conceptualize and operationalize the 

classifications of Internet outcomes, the existing list of Internet activities is used as a starting 

point [87]. For example, through applying for jobs online (Internet activity) an individual could 

find a job (Internet outcome). 
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4.2.3 The Unified Theory of Acceptance and Use of Technology 

The adoption and use of technology have been studied extensively in multiple disciplines 

including Psychology, Sociology, and Information Systems. To explain the difference in 

attitudes and behavior towards technology adoption at the individual level, several theoretical 

models have been developed and applied in the literature on the digital divide. Some of these 

theories include the Technology Acceptance Model (TAM), the SCT, and the Theory of 

Reasoned Action (TRA) which explained over 40% of the variance in individual intention to use 

a technology [63], [106]. A limitation of these models is that they each had different, yet 

important, contributions to the study of technology acceptance and use. However, because they 

were distinct models, researchers had to often chose limited constructs from each model, or use 

constructs from only one model.  

In the early 2000s, as a solution to the challenges faced from the availability of so many distinct 

and important models, the Unified Theory of the Acceptance and Use of Technology (UTAUT) 

was developed. The UTAUT presented a unified view towards user acceptance of technology. It 

is based on eight previously established theories of technology adoption and use; TRA, TAM, 

Motivational Model, Theory of Planned Behavior (TPB), PC Utilization Model , Innovation 

Diffusion Theory, SCT, and Combined TAM and TPB [106]. By adapting these earlier theories, 

the UTAUT proposes 4 main constructs of intention and usage; Performance Expectancy, Effort 

Expectancy, Social Influence, and Facilitating Conditions which is joined with Behavioral 

Intention. While the models based on each of the eight initial theories explained between 17% 

and 53% of the variance in individual intentions to use a technology, the UTAUT explained up 

to 70% of the variance.  
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The UTAUT has been applied in a wide variety of studies that investigated technology adoption 

and use. It has been applied to study the use of e-learning websites in Taiwan [107], ICT 

adoption by students in higher institutions in Ghana [108], ICT use in Angola [63], and the 

adoption of mobile services in Finland [109]. While a lot of these studies have applied the 

UTAUT to examine adoption, its application in understanding use patterns is limited.  

In this paper, one of the research goals is to examine the relationship between the second level 

and third level divides. In today’s digital ecosystem, access to the Internet is a necessary 

condition to facilitate the use of applications to achieve any human development outcome. 

Therefore, I assume that if a person intends to get access to the Internet, they will soon intend to 

use various applications. The Internet is a general purpose technology (GPT). Whole eras of 

technical progress and growth appear to be driven by a few GPTs, such as the steam engine, the 

electric motor, and semiconductors. GPTs are characterized by pervasiveness, inherent potential 

for technical improvements, and ‘innovational complementarities’, giving rise to increasing 

returns-to-scale [110]–[112]. In developing countries, access to the Internet is a key strategy for 

public policies aimed at reducing the digital divide. These investments aim to increase returns on 

investment for applications for voice, data, and video that are co-dependent on the level of access 

to the Internet.  

To model this, I use the UTAUT which specifically models the intention-behavior relationship. 

The model expects that behavioral intention (BI) will have a positive influence on usage. I 

examine the extent to which a person’s BI to use the Internet and actual use and acceptance of 

specific types of Internet activities and the extent they engage with those activities has an 

outcome. This work does not attempt to test the UTAUT model. Instead, it draws on the model to 

frame the exploration of the second and third levels of the digital divides. 
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4.3 Methods 

4.3.1 Sample 

A sample of the Nigerian population was recruited into this study between April and June 2019 

using a site-based sampling method (N= 1500). Participants were recruited from eight states 

across all the geographic zones in Nigeria. Within each state, recruitment took place at higher 

educational institutions, shopping malls, markets, and corporate/government organizations.  

Several steps were taken to ensure a good response rate. The survey was administered using the 

CAPI tool of Sawtooth Software15. This allowed the data to be collected offline, automatically 

checked for missing responses, and prompted the respondents to answer questions that were 

skipped. Furthermore, the survey was designed to minimize the average time to complete the 

survey to approximately 10 minutes. Two rounds of pretesting were conducting before 

administering the survey to the target population. First, the survey was pretested with survey 

experts at Carnegie Mellon University, and then a second pretesting round was conducted with 

10 individuals in Nigeria. After each pretesting round, amendments were made to the survey 

instrument. 

The demographic distribution of the sample is summarized in Table 10. Although attempts were 

made to recruit a representative sample, there are some notable deviations from the national 

demographic distribution. Approximately 40% of the sample is female. This is lower than the 

national average, where approximately 50% of the population is female. Furthermore, the 

Nigerian population is predominantly young, over 50% of the population is below 20 years old.  

                                                

15 https://www.sawtoothsoftware.com  
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Table 10. Distribution of the individual demographic characteristics of the sample 

 
Rural 

(n=543) 

Urban 

(n=973) 

Overall 

(n=1517) 

Gender 
   

Female 41% 40% 40% 

Did not respond 5% 5% 5% 

Age (years) 
   

18-30 37% 45% 42% 

31-40 24% 25% 25% 

41-50 20% 15% 17% 

51-60 9% 7% 8% 

> 60 3% 2% 2% 

Did not respond 7% 5% 6% 

Education 
   

High School 40% 33% 35% 

OND/Bachelors 44% 48% 47% 

Masters/PhD  3% 12% 9%   

Did not respond 13% 8% 9% 

Monthly Income16 
   

Low (Below $165) 47% 47% 47% 

Middle ($166 - $1,380) 10% 22% 18% 

Upper (Over $1,380) 1% 2% 2% 

Did not respond 43% 30% 34% 

Mobile phone ownership 
   

Smartphone 56% 80% 72% 

Basic phone  48% 32% 38% 

No phone 11%  3%  6% 

Internet users 64% 82% 76% 

Device used in connecting to the Internet 
   

Mobile phone (only) 41%  41%  41%  

Mobile phone and laptop 10% 21% 17% 

Mobile phone and tablet 8% 15% 13% 

 

                                                

16 At the rate of 0.0028 US Dollar to 1 Nigerian Naira  
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However, the young population is underrepresented in the mobile market as seen in an earlier 

study [32] and in this sample as well, in part since respondents younger than 18 were excluded. 

Approximately 40% of the sample have a bachelor’s degree or higher. Examining the 

distribution of phone ownership in the sample, 6% do not own a phone and 72% own a 

smartphone. The data suggests that smartphone ownership among the urban population is 

significantly higher than among the rural population. Furthermore, 76% of the respondents used 

the Internet in the past one year, and approximately 40% of the sample connected to the Internet 

in the past year only on their phones. 

4.3.2 Measures 

4.3.2.1 Measurement of Internet Activities 

Following the approach widely applied in the literature [18], [21], [105], in this paper, the 

second-level digital divide is measured by the frequency of use of different online activities. The 

Internet activities measured in this study were derived using the UGT and were validated through 

pretesting. The list of all Internet activities included in the survey instrument and the percentage 

of the sample of Internet users that engaged with each activity is included in Appendix C and 

shown in Table 19. The frequency of use of each activity was self-rated by the respondents using 

a 6-point scale ranging from “Never” to “Over 3 times a day”.  

4.3.2.2 Measurement of Internet Outcomes 

The Internet activities included in the survey were used as a starting point for identifying the 

expected outcomes from Internet use. For example, using the Internet to apply to an academic 

program (Internet activity) could lead to the outcome of being admitted into the academic 

program (Internet outcome). For each outcome, the respondent reported on if they achieved the 

identified benefit in the past year through the use of the Internet. There were 3 response options; 
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True, False, and NA. Individuals who were not seeking a particular outcome, e.g. an individual 

who is currently employed and not seeking new employment, were asked to choose “NA”. The 

list of all the measures of Internet outcome and the distribution of the self-reported outcomes is 

included in Appendix C shown in Table 20. 

4.3.2.3 UTAUT Measures 

The literature shows performance expectancy, effort expectancy, and social influence are 

significant determinants of intention to use a technology. On the other hand, in predicting usage 

behavior, behavioral intention and facilitating conditions were found to be significant. In this 

study, this two-part model of the acceptance and use of technology is explored. The literature 

shows that gender and age predict behavioral intent and use of technology. The effect of other 

demographic measures such as  education, income, location, and type of device used to access 

the Internet are explored in this work, as shown in Fig. 14. The positive response rates of these 

measures are shown in Table 11. The data shows that approximately 20% of Internet users and 

over 90% of non-users do not have the technical skills required to use the Internet for a wide 

range of activities. Furthermore, non-users of the Internet have a low rate of expectation that the 

Internet is a tool for improving general well-being. 

Table 11. UTAUT Measures 

Variable  UTAUT Construct Description User  Non-User 

   % Agree 

UTAUT: EE Effort Expectancy I feel comfortable using the Internet for a wide range of 

activities without asking for help 

80 9 

UTAUT: PE Performance Expectancy Internet users are better off in general than non-users 63 25 

UTAUT: SI Social Influence My family and friends think I should use the Internet 76 37 

UTAUT: ANX Anxiety I am worried about the rapid advancements in broadband 

technology 

34 25 

UTAUT: FC Facilitating Condition Internet access (data plan/supported device) is too expensive 64 45 

UTAUT: BI Behavioral Intention In the next one year, I plan to increase my Internet use 71 26 
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Figure 13. Theoretical framework of the study hypotheses. Adapted from the UTAUT model [106] 

 

4.3.3 Data Analyses 

4.3.3.1 Data Analyses of Internet Use 

To investigate the differences in Internet use, we followed a four-step process. First, we 

performed exploratory factor analysis using the initial list of 21 Internet activities. Using a Scree 

test and parallel analysis in Principal Axis Factoring (PAF), we identified the recommended 

number of factors (n=5) to be extracted from the initial list of 21 Internet activities. Then using 

PAF with varimax rotation, 17 Internet activities were loaded on the five factors: personal 

development, social, business, and novel. There were no activities that loaded on two or more 

factors. The four Internet activities that did not load onto any factor are; forums, online_banking, 

health_info, and media_download. These four Internet activities were dropped from the dataset 

and the process was repeated. The Internet activity “gaming” was not loaded on any factor; 

therefore, it was removed from the dataset and the process repeated. Through this round of 

extracting the factors and the factor loadings, all the Internet activities were loaded onto a factor 
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and no activity was loaded on more than one factor. The final factors and the factor loadings of 

the Internet activities in each factor are presented in Table 12. 

Next, a confirmatory factor analysis was performed on the dataset. The fit of a five-factor model 

and a model without factors were estimated and tested. The five-factor model performed better 

than the model with no factors indicating that running the regression models using the five 

factors is appropriate; the results are included in the Appendix C. A reliability analysis was also 

conducted on the dataset. The reliability and average variance extracted for each factor are 

shown in Table 12.  

Finally, multiple linear regression models are run on the dataset. Using the PE, EE, and SI 

constructs of the UTAUT model, the behavioral intent to use the Internet is analyzed. Next, the 

difference in individual extent and pattern of Internet use is analyzed using the FC and BI 

constructs of the UTAUT model as predictors while controlling for the demographic 

characteristics of the individuals. 

4.3.3.2 Data Analyses of Internet Outcomes 

To identify the clusters of Internet outcomes, the same process for exploratory factor analysis as 

applied above is used. Running the Scree test generated a recommendation of four factors levels 

to be used in the analysis. The PAF with varimax rotation was run on the dataset, resulting in 

five Internet outcomes that were not loaded on any factor. These five Internet outcomes – 

admission, personal_communication, health_info, mental_health, and privacy – were dropped 

from the dataset and then the process was repeated. This resulted in the outcome, meet_so, to not 

be loaded on any factor, therefore it was also dropped. Repeating the process again did not result 

in any outcomes not loaded on a factor. The final Internet outcomes that were successfully 
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loaded onto a factor and are used in the analysis are presented in Table 13. The reliability and the 

average variance extracted for each factor are also included in the table.  

Using the four factors as dependent variables, multiple logistic regression models are run on the 

data to estimate the likelihood of an individual getting an outcome from each cluster. Within 

each cluster of outcomes, if an individual responded true to at least one outcome in a cluster, 

then the value for that cluster is true and used as an input in the regression model. 

4.4 Results 

4.4.1 Second-Level Digital Divide 

First, the behavioral intent to use the Internet is analyzed, drawing on the constructs of the 

UTAUT model, as shown in Table 14. EE, PE, and SI are all significantly positively correlated 

with an individual’s intention to use the Internet for a wide variety of activities. Age is seen to be 

significantly negatively correlated with the intent to use the Internet for a wide variety of 

activities, while gender is seen to have no effect. 

For the five clusters of Internet activities listed – development, news, leisure, social, and 

business, the estimation results of the linear regression models are reported in Table 15. The 

dependent variables are the factor scores of the clusters of Internet activities. Gender, age, 

income, and education are significant predictors of the differences in frequency of use. 

Individuals with a higher income use the Internet more frequently for all clusters of activities 

except for novel activities. The BI construct is significantly positively correlated with the use of 

the Internet for social activities.  



 

Table 12. Rotated matrix of the factor loadings of the Internet activities (In the past year, how often did you use the Internet for…) 

  % users  

(n=1123) 

 Factors Reliability AVE 

Variable Name Description Devt. Social Business News Novel   

activities_training_search Searching for online training 53% 0.85        

activities_training  Enrolling in an online training 47% 0.77        

activities_school_search Searching for or applying to academic programs 49% 0.60      0.85 50% 

activities_work Activities directly related to work or study 76% 0.56        

activities_inde_learning Independent online learning 74% 0.54        

activities_job_search Searching for or apply to jobs 55% 0.53       

activities_sm_view Viewing content on social networks 96%  0.84      

activities_personal_comms  Communicating with family and friends using WhatsApp or 

similar applications  

98%  0.65    0.77 56% 

activities_sm_upload Uploading content on social networks 94%  0.56      

activities_selling Selling things online 33%   0.62     

activities_buying Buying things online 58%   0.58   0.74 51% 

activities_business_info_search Looking up information about a business/product  80%   0.57     

activities_naija_news Searching or read Nigerian news online 89%    0.83  0.89 80% 

activities_intl_news Searching or read international news online 85%    0.83    

activities_online_dating  Online dating 25%     0.63 0.52 39% 

activities_lottery Betting, gambling, or playing the lottery  21%     0.52   

Factor loadings greater than 0.50 are shown. The Internet activities are sorted in the descending order of their factor loadings for its respective factor. 
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Table 13. Rotated matrix of the factor loadings of the Internet outcomes (In the past year, through the use of the Internet...) 

  % Yes [%NA] 

(n=1123) 

 Factors Reliability  AVE 
 

Description Devt. Commercial  Political Health 

outcome_ income I earned additional income 32% [32%] 0.69      

outcome_ job_offer I got a job offer 25% [37%] 0.63    0.60 29% 

outcome_ training I completed an additional training outside work/school 36% [29%] 0.59      

outcome_ admission  I got admitted to an academic program 33% [37%] 0.48      

outcome_purchase_discount I frequently bought products at a discount 39% [24%]  0.66   0.52 35% 

outcome_safe_transactions I felt safe completing large commercial transactions 45% [22%]  0.63     

outcome_ political_info2 I kept up-to-date with government policies 59% [14%]   0.71     

outcome_ policitcal_opinions  I expressed political opinions 45% [19%]   0.59  0.69 37% 

outcome_ govt_interaction I interacted with government agencies 28% [23%]   0.59    

outcome_ political_info  I gained information about the elections 81% [7%]   0.56    

outcome_hospital I found hospital to go to for treatment 29% [27%]    0.76 0.60 59% 

outcome_ health_diagnosis I diagnosed a health problem for self, a friend or family 43% [22%]    0.68   

Factor loadings greater than 0.40 are shown. The Internet outcomes are sorted in the descending order of their factor loadings for its respective factor. 
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Table 14. Regression coefficients of adoption factors for behavioral intention to use the Internet 

(Intercept) 1.57 (0.14) *** 

UTAUT:EE 0.16 (0.04) *** 

UTAUT:PE 0.14 (0.03) *** 

UTAUT:SI 0.11 (0.04) ** 

Gender (Reference level: female)  

Male 0.01 (0.04) 

Age (Reference level: 18-30)  

31-40 -0.13 (0.06) * 

41-50 -0.19 (0.08) * 

>50 -0.23 (0.10) * 

Education (Reference level: High School)  

OND/Bachelors -0.00 (0.05) 

Masters/PhD -0.02 (0.08) 

Income (Reference level: Low)  

Middle 0.06 (0.06) 

Upper 0.25 (0.16) 

R2 / R2 adjusted 0.119 / 0.107 

Note: EE = effort expectancy; PE = performance expectancy; 

SI = social influence; * p<0.05   ** p<0.01   *** p<0.001 

 

First, in Model 1, the differences in the frequency of use of the Internet for personal development 

activities, such as online training, searching for job vacancies, or applying to an academic 

program, are examined. The results show that males have a significantly higher frequency of use 

of the Internet for personal development activities than females. Age is also seen to be a 

significant determinant of the second-level digital divide for personal development. The results 

indicate that younger individuals use the Internet for personal development activities more 

frequently than older individuals. In addition, an individual’s educational level is positively 

correlated with the frequency of use of the Internet for personal development activities. 

Individuals that access the Internet only over a mobile phone have a significantly lower 



 81 

frequency of use of the Internet for personal development activities, compared to individuals that 

access the Internet over a tablet or a laptop. 

Model 2 presents the results of the determinants of the second-level digital divide in using the 

Internet to search for or read news content. The results show that males use the Internet 

accessing news content more frequently than females. Examining the effect of education 

indicates that individuals with a higher education use the Internet to access news content more 

than individuals with a lower education. Gender and age are the key determinants of the 

frequency of use of the Internet for novel activities such as playing games online. Males and 

younger individuals have a significantly higher frequency of use of the Internet for novel 

activities.  

Models 4 and 5 present the key determinants of the second-level digital divide in social and 

business activities respectively. For both clusters of Internet activities, age and income are 

significant drivers of use patterns. Younger people use the Internet more for social and business 

activities compared to older people. The result show that income has a positive correlation to the 

frequency of use for both clusters of activities, and males have a lower frequency of use of the 

Internet for social activities compared to females. The results also show that the frequency of use 

of the Internet for activities within the social cluster is also impacted by the type of device used 

to connect to the Internet in the previous year. The frequency of use of business activities, on the 

other hand, are driven by the educational qualification of the individual. Individuals with a 

higher educational qualification use the Internet more frequently for business activities.  
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Table 15. Estimations results of the linear regression models showing the determinants of the second-level digital 

divide 

 Dependent Variables: 

  Development News Novel Social Business 

 1 2 3 4 5 

(Intercept) 7.91 (1.13) *** 3.80 (0.61) *** 2.39 (0.32) *** 8.16 (0.53) *** 3.87 (0.50) *** 

UTAUT: FC 0.27 (0.20) 0.15 (0.11) -0.04 (0.06) 0.17 (0.09) 0.05 (0.09) 

UTAUT: BI 0.38 (0.24) 0.21 (0.13) -0.02 (0.07) 0.35 (0.11) ** 0.03 (0.11) 

Gender (Reference level: female)      

Male 0.81 (0.31) ** 0.83 (0.17) *** 0.56 (0.09) *** -0.28 (0.14) * -0.20 (0.14) 

Age (Reference level: 18 -30)      

31-40 -2.58 (0.40) *** 0.16 (0.21) -0.31 (0.11) ** -0.78 (0.19) *** -0.75 (0.18) *** 

41-50 -4.83 (0.54) *** -0.53 (0.29) -0.55 (0.15) *** -2.08 (0.25) *** -1.13 (0.24) *** 

> 50 -4.33 (0.70) *** -0.14 (0.38) -0.85 (0.20) *** -2.21 (0.33) *** -1.36 (0.31) *** 

Education (Refence level: High 

School) 

     

OND/Bachelors 1.17 (0.36) ** 0.72 (0.20) *** -0.05 (0.10) 0.11 (0.17) 0.45 (0.16) ** 

Masters/PhD  2.92 (0.60) *** 0.88 (0.32) ** -0.07 (0.17) 0.05 (0.28) 0.70 (0.26) ** 

Income (Reference level: Low)      

Middle 1.38 (0.42) ** 0.82 (0.23) *** -0.05 (0.12) 0.91 (0.20) *** 0.81 (0.19) *** 

Upper 2.07 (1.13) 0.44 (0.61) 0.20 (0.32) 1.05 (0.53) * 1.23 (0.50) * 

Device used (Reference level: 

tablet/laptop) 

     

Mobile phone -1.66 (0.74) * -0.12 (0.40) -0.22 (0.21) 0.79 (0.35) * -0.19 (0.33) 

Mobile phone + laptop 0.53 (0.78) 0.68 (0.42) -0.32 (0.22) 1.23 (0.37) *** 0.15 (0.35) 

Mobile phone + tablet 1.08 (0.80) 0.97 (0.43) * -0.31 (0.23) 1.35 (0.38) *** 0.60 (0.36) 

Residence (Ref: rural)      

Urban 0.56 (0.35) 0.25 (0.19) -0.18 (0.10) 0.13 (0.16) 0.04 (0.16) 

Geographical region (Ref: South)      

North 0.87 (0.31) ** 0.53 (0.17) ** -0.12 (0.09) 0.01 (0.15) -0.07 (0.14) 

Monthly Internet Subscription 0.00 (0.00) ** 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) *** 

Observations 799 799 799 799 799 

R2 / R2 adjusted 0.291 / 0.276 0.172 / 0.155 0.098 / 0.080 0.194 / 0.177 0.152 / 0.135 

AIC 4591.583 3593.483 2581.085 3363.925 3288.114 

 Note: FC = facilitating condition; BI = behavioral intention;  

* p<0.05   ** p<0.01   *** p<0.001 
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4.4.2 Third-Level Digital Divide 

The identified clusters of outcomes from Internet use; personal development, health information, 

political engagement, and commercial transaction are investigated using a logistic regression and 

the results are presented in Table 16. Across the four clusters of Internet outcomes, the results 

show that the key determinants are education and the frequency of use of different Internet 

activities. Individuals with a higher education are less likely to achieve positive outcomes 

relating to personal development compared to individuals with lower education. For other 

clusters of Internet outcomes, the results show that individuals with higher education are more 

likely to see benefits related to health. Positive outcomes related to political engagement and 

commercial transaction are also suggested for users with higher education. Analyzing the effect 

on gender on Internet outcomes indicate that males are less likely to get benefit relating to health 

than women. Gender is not significant for all other clusters of Internet outcomes. 

The impact of the second-level digital divide on Internet outcomes is also examined. In general, 

the results suggest that the frequency of use of the Internet for all clusters of activities is 

positively correlated with positive Internet outcomes. This result is significant for the effect of 

personal development and social activities on development outcomes. An increase in the 

frequency of use of the Internet for social activities is associated with higher odds of achieving a 

positive outcome relating to personal development and health from the Internet. Also, a higher 

use of the Internet for personal development activities is correlated with an increase in the odds 

of achieving a positive outcome relating to personal development. Individuals that frequently 

read news online have a higher odds of achieving political outcomes through the Internet.  
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Table 16. Estimations results of the logistic regression models showing the determinants of the third-level digital 

divide 

  Dependent Variables: 

  Development Health Government Commercial 

 Odds Ratio Odds Ratio Odds Ratio Odds Ratio 

(Intercept) 0.28 (0.93) 0.37 (0.66) 0.13 (1.05) 0.01 (0.83) *** 

Gender (Reference level: female)     

Male 1.68 (0.29) 0.51 (0.20) *** 0.93 (0.37) 1.44 (0.23) 

Age (Reference level: 18 -30)     

31-40 0.64 (0.34) 0.78 (0.24) 0.74 (0.43) 0.56 (0.28) * 

41-50 0.29 (0.45) ** 1.22 (0.35) 1.25 (0.58) 1.10 (0.42) 

51-60 0.48 (0.72) 1.53 (0.50) 2.96 (0.94) 1.28 (0.66) 

> 60 0.00 (916.18) 0.95 (0.84) 0.69 (1.35) 1.46 (1.45) 

Education (Refence level: below Bachelors)     

Bachelors and higher 0.51 (0.31) * 1.82 (0.20) ** 1.89 (0.40) 1.26 (0.24) 

Income (Reference level: low)     

Middle 1.19 (0.38) 1.37 (0.26) 0.88 (0.47) 1.94 (0.31) * 

Upper 0.87 (0.98) 0.53 (0.59) - 1.11 (0.92) 

Device used (Reference level: none)     

Mobile phone 0.43 (0.63) 0.60 (0.47) 1.16 (0.72) 1.47 (0.50) 

Mobile phone + laptop 0.96 (0.70) 0.53 (0.49) 1.99 (0.85) 2.39 (0.53) 

Mobile phone + tablet 0.73 (0.72) 0.49 (0.51) 1.13 (0.85) 2.63 (0.56) 

Residence (Ref: rural)     

Urban 1.18 (0.30) 0.95 (0.21) 1.69 (0.37) 1.54 (0.25) 

Geographical region (Ref: South)     

North 0.61 (0.28) 1.36 (0.19) 2.99 (0.36) ** 1.57 (0.22) * 

Activity: Development 1.22 (0.04) *** 1.00 (0.02) 1.08 (0.06) 1.05 (0.03) 

Activity: News 1.02 (0.06) 1.08 (0.04) 1.40 (0.08) *** 1.09 (0.05) 

Activity: Novel 1.16 (0.14) 0.97 (0.08) 1.16 (0.18) 1.29 (0.11) * 

Activity: Social 1.17 (0.07) * 1.11 (0.05) * 1.04 (0.08) 1.07 (0.06) 

Activity: Business 1.09 (0.09) 1.11 (0.06) 1.06 (0.13) 1.53 (0.08) *** 

Observations 634 631 743 638 

R2 Nagelkerke 0.289 0.108 0.148 0.275 

AIC 434.874 790.323 317.675 600.286 

 * p<0.05   ** p<0.01   *** p<0.001 
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4.5 Discussion 

4.5.1 Main Findings  

Governments and development organizations such as the World Bank Group look to leverage 

mobile technologies to increase productivity and economic development in developing countries. 

Therefore, understanding the digital divide and developing policies to address the divide could 

have important economic impact.  

This paper focused on characterizing the second and third levels of the digital divide in a 

developing country, using Nigeria as a case study. To do this, three research questions are 

answered: (1) What are the key factors that affect type and frequency of use of different Internet 

activities? (2) What are the key factors that affect individual outcomes from Internet use? and (3) 

What is the relationship between patterns of Internet use (activities and frequency) and 

outcomes? 

As described below, gender, age, and education are the significant predictors of the second-level 

digital divide. In characterizing the second-level digital divide, this study identified five main 

clusters of Internet activities; personal development, searching for and reading news content, 

novel, social media and interaction, and commercial activities. These clusters and the activities 

within them are slightly different from the findings in existing literature. Applying the UGT as a 

framework to establish a list of Internet activities, seven clusters were identified for users in the 

Netherlands [21], [87]. An earlier study using the SCT framework derived two main clusters. 

The number of clusters on their own doesn’t provide clear insight into differences in the second-

level digital divide in developed and developing countries. Examining the activities within the 

clusters, we found a new cluster, which we named “novel”, was identified in this work. This 

cluster included lottery and online dating, two activities that are relatively new and stigmatized 
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within the society. Furthermore, there are some activities, such as downloading a music/video, 

participating in an online hobby, or free surfing, that were identified as key activities in earlier 

studies but were not loaded on a factor using data from Nigeria [21]. These findings suggest that 

the types of Internet activities individuals engage with in a developing country is different from 

those in a developed country. 

The technical skill of an individual, measured using the effort expectancy UTAUT construct, is 

seen as a key predictor of an individual’s intention to increase the use of the Internet. However, 

the effect of an individual’s intent to increase the use of the Internet on actual use behavior is 

only seen for social activities. Therefore, this supports arguments in an earlier work that 

improving access to over-the-top applications, such as WhatsApp, could increase Internet use. It 

also raises the question, do people develop high technical skills from the engagement with social 

activities and then “upgrade” to other activities? Other constructs such as support from family 

and friends, as well as the expected benefits from using the Internet are also associated with a 

positive intent to use the Internet.  

The socioeconomic factors that are key predictors of individual differences in the extent and 

pattern of Internet use in a developing country are gender, age, and education. This supports 

earlier findings in the literature on the determinants of the second-level digital divide in a 

developed country. In this paper, the findings show that women have higher use of the Internet 

for social interaction activities such as using social networks or communicating with family and 

friends. On the other hand, males use the Internet more for traditionally economic activities like 

job search and application, online learning. For all clusters of Internet activities, age is negatively 

correlated with the frequency of use. Not surprisingly, the effect of age is largest for personal 

development activities such as searching for/applying to jobs or actively engaging in online 
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trainings. Older people are more likely to have a stable job and therefore less likely to engage in 

job search or professional training activities. The results also indicate that individuals with a 

higher educational qualification generally have a higher frequency of use for Internet activities in 

the development, news, and business clusters. The largest impact of the effect of education on 

differences in frequency of use is seen in the cluster of personal development activities, 

supporting findings in existing literature [21].  

These results suggest that the second-level digital divide in developing countries is an indication 

of other socioeconomic inequalities that exist in the society. For example, the results suggest that 

lower educated people have a higher intent to increase their Internet use. However, they typically 

have lower technical skills and wouldn’t be able to use a wide range of Internet services. 

Similarly, males have a digital advantage over females; they have a higher likelihood of 

ownership of a mobile device than females which could be a driver of differences in technical 

skills across genders. Furthermore, women in developing countries are typically economically 

disadvantaged i.e. they are more likely to be homemakers or a small business owner. This could 

be an explanation for the findings that females use the Internet for personal development less 

frequently than males.  

The results show that education and the frequency of use of different types of Internet activities 

are significant predictors of the third-level digital divide. In this study, four main clusters of 

Internet outcomes are identified; personal development, health information, political 

engagement, and commercial transaction. Individuals with at least a bachelor’s degree are more 

likely to get positive health outcomes from the Internet. However, they are less likely to get 

personal development outcomes such as getting a job or completing an online training. This 

could be because the more educated people may have steadier jobs compared to the less educated 
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people, therefore they did not use the Internet to search for a job. In addition, the limited 

economic opportunities in Nigeria could be an explanation for the results. Nigeria has a high 

unemployment rate of 23%. This high job scarcity, coupled with the method of job 

search/application (online or hardcopy) could mean using the Internet will not result in positive 

outcomes. The results suggest that individuals with a higher level of education benefit more from 

the Internet in political and commercial transaction outcomes. This differs slightly from existing 

literature which suggests that individuals with a higher level of education benefit more from the 

Internet than individuals without a higher level of education in development and government 

engagement [33]. Other demographic factors have less impact on the outcomes from Internet 

use. The results suggest that in general, older people are less likely to get personal development 

benefits from the Internet while the middle-aged users are most likely to get health and political 

outcomes from the Internet.  

The results indicate that Internet use patterns have significant effect on outcomes from Internet 

use. Using the Internet for social activities such as using social networks and communicating 

with family and friends have the greatest impact on offline outcomes. Individuals that engage 

with these activities more frequently benefit more from the Internet in development and health 

outcomes. While development and political outcomes are seen in individuals that engage with 

development and news activities respectively.  

4.5.2 Policy Implications 

Reducing the digital divide remains a key policy objective in Nigeria and SSA. This policy is 

expected to drive inclusion and economic development in the region. However, the results show 

that improving access to the Internet alone will not lead to equitable use or economically 

beneficial outcomes.  
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To bridge these digital divides, policies that target the digitally vulnerable population – low 

educated and female populations – are recommended. It is plausible that the digital divide among 

socioeconomic groups is as a result of preexisting societal inequalities. Therefore, sustainable 

policies to close the second-level digital divide would also need to consider addressing these 

systematic inequalities. In particular, this work shows that the gender digital divide persists in the 

second-level digital divide and this could have implications on the expected benefits from 

Internet use, with females remaining disadvantaged. Therefore, policies that increase females’ 

use of the Internet for economic opportunities are recommended. For example, policies to 

increase awareness on different personal development activities such as the accessibility of free 

online courses. 

Drawing on the UTAUT constructs, effort expectancy, social influence, and performance 

expectancy are major predictors of intent to increase Internet use. However, behavioral intention 

is positively correlated only with a high use of the Internet for social activities. This suggest that 

social activities could be a tool used to increase Internet use. And, as with most technologies, 

frequent engagement with the Internet through social activities could lead to an increase in 

technical skills, and in turn an increased engagement with a wide range of activities. More 

specifically, creating opportunities for the digitally vulnerable population to develop their 

technical skills is recommended. These policies could utilize the effect of support from family 

and friends on Internet use by creating peer networks to drive the development of the required 

technical skills. For example, encouraging the development of applications that require limited 

technical skills to provide initial access to online services and as stepping stones to more 

advanced services.  
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4.5.3 Limitations and Future Research 

This is an exploratory research that successfully highlighted differences in the conceptualization 

of the second and third levels of the digital divide in a developing country compared to a 

developed country. Other works have studied a population with uniform adoption rates and use. 

This work extended the literature by investigating the main effects of socioeconomic factors and 

use patterns on the third-level digital divide. However, given that socioeconomic factors have an 

effect on individual use patterns, future work could include the interaction effects between the 

socioeconomic factors and individual use patterns. 

Second, in this work, we applied limited measures from the UTAUT model in investigating 

differences in Internet use patterns and found limited effects. Future work could include multiple 

measures in each construct in the UTAUT model and then perform a robust analysis on the 

effects of the UTAUT constructs on the second-level digital divide. 

4.6 Conclusion 

In Sub-Saharan Africa, the Internet has been identified as a tool to overcome poverty; by 

improving communication, facilitating innovation, and driving economic growth. In recent years, 

Internet adoption and use in SSA increased significantly. Through the transformation of key 

sectors such as education, healthcare, and retail, this increase in Internet use is estimated to 

account for a 94% growth in the contribution of the Internet to the annual GDP in SSA ($300 

billion) by 2025. However, as seen in studies on the benefits of Internet adoption and use in other 

regions, the welfare effect of technology is not only based on its adoption, but also from the type 

of use.  
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In this paper, using Nigeria as a case study and drawing on both the Uses and Gratifications 

Theory and factor analysis, the key clusters of Internet activities and Internet outcomes were 

identified. The effect of socioeconomic factors and the previously established Unified Theory of 

Acceptance and Use of Technology (UTAUT) constructs on the differences in the extent of 

Internet use and types of Internet outcomes were then investigated. The results showed that 

gender, age, and education are key predictors of individual differences in the extent and pattern 

of Internet use in a developing country. The results also suggested that the second-level digital 

divide in developing countries mirrors other socioeconomic inequalities that exist in the society. 

Individual outcomes from Internet use are determined by the individual’s education and the 

frequency of use of different types of Internet activities. 

To bridge the second and third levels of the digital divides, policies that target the digitally 

vulnerable population – low educated and female populations – are recommended. For example, 

policies to increase awareness among females on different personal development activities such 

as the accessibility of free online courses. Technical skills are a major predictor of Internet use. 

The digitally vulnerable population are also more likely to have low technical skills. Creating 

opportunities, either through trainings or peer networks, for this population to develop their 

technical skills is recommended. In addition, encouraging the development of relevant 

applications that require limited technical skills would provide the digitally vulnerable 

population to have initial access to online services and use as stepping stones to more advanced 

services. 

The main contributions of this paper are: this work applied the UGT and factor analysis in 

conceptualizing the second and third-levels of the digital divide in a developing country. Second, 

this paper extended the application of the UTAUT model in studying the differences in the extent 



 92 

and pattern of Internet use. Third, in this work, the relationship between Internet use patterns and 

Internet outcomes in a developing country was investigated. 

This research can be extended by testing the model with a larger sample from a different SSA 

country. This work showed that Internet use patterns are affected by socioeconomic factors. 

Using a larger sample size, future work could analyze the interaction effects between the 

socioeconomic factors and individual use patterns. In addition, this work can be extended by 

using more measures from the UTAUT model to perform a robust analysis on the effects of the 

UTAUT constructs on the second-level digital divide.  
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5. Conclusion 

This thesis characterizes the digital divide in a developing country and provides a critical look at 

the factors that affect the three levels of the divide: access and adoption (the first-level digital 

divide), extent and pattern of use (the second-level digital divide), and benefit from use (the 

third-level digital divide). In this thesis, driven by changes in the mobile industry and drawing on 

the UTAUT, I proposed and applied new methods to understanding the digital divide in a 

developing country. I examined the effect of access to over-the-top services on the first-level 

digital divide to provide insight on regulatory policies that could be implemented on these, 

majorly, unregulated services. I also studied the impact of a reduction in prices of mobile 

Internet plans on the second-level digital divide. And finally, I investigated the factors that drive 

both the second and third levels of the digital divide. 

In Chapters 2 and 3, I proposed that studies on the digital divide in SSA should examine the 

digital divide of the Internet in the context of the digital divide in the use of other mobile services 

such as cellular calling and text messaging.  

By applying this approach in Chapter 2, I examined the impact of access to OTT services on 

users’ preferences for traditional mobile services such as cellular calling and text messaging. I 

found that access to OTT reduces the probability of an individual not using any mobile service 

(bridges the first-level digital divide). I also find that access to OTT reduces the probability of 

using a traditional mobile service such as cellular calls and text (suggesting a shift in use of 

digital technologies). In explaining this impact of OTTs on preferences for mobile services, I 

found that affordability and the business model in place are the most important determinants. 

Mobile users in this market are price sensitive, and the first-level digital divide in a mobile 
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market operating the pay-as-you-go business model is more likely to be impacted by access to 

OTT services.  

In Chapter 3, I examined the effect of a reduction in the prices of mobile Internet plans on the 

volume of use of the Internet, cellular calls, and text messaging (the second-level digital divide). 

Affordability has been identified as a key barrier exacerbating the first-level (differences in 

adoption) and second-level (differences in use patterns) of the digital divide in developing 

countries. In Nigeria, where approximately 50% of the population live in extreme poverty, 

addressing the affordability barrier could significantly address these levels of the digital divide.  

From this study, I found that a reduction in the prices of mobile Internet plans is associated with 

an increase in the volume of data consumed and a decrease in the volume of texts sent. The 

results also do not present any significant evidence that addressing the affordability barrier alone 

will “close” the second-level digital divide. 

In Chapter 4, I investigated the differences in the extent and pattern of Internet use as well as the 

differences in the outcomes from Internet use in Nigeria. Studies have shown that the welfare 

effect of technology is not only based on its adoption, but also from the type of use. Mobile 

phones have been used differently as a “leapfrogging tool” in SSA compared to other regions. I 

found that evidence that the use of the Internet in a developing country remains different from 

the use in developed countries. I also found that, similar to the drivers in a developed country, 

the key determinants of the second-level digital divide are gender, age, and level of education. 

Technical skills, encouragement from family and friends, and behavioral intention to use the 

Internet also affects pattern of use. I also found evidence that the welfare effect of a technology 

is not only dependent on the type of use, but also from the users’ level of education. 
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Based on these findings, several policy recommendations are presented in this thesis. Based on 

the findings in Chapter 2, I recommend that both the national regulator and mobile carriers 

should support the adoption and use of OTT services by mobile users. Given that OTT access is 

a tool that could aid in bridging the first-level digital divide, I recommend that regulators in 

developing countries should dismiss calls to ban OTT services. Rather, regulators should explore 

policies that will improve the facilitating conditions required for OTT adoption and use (access 

to a compatible mobile phone and Internet access) such as driving investment in broadband 

technologies in underserved areas.  

The findings from Chapters 2 and 3 indicate that customers’ preferences in the mobile market are 

changing. Given that in Nigeria, and the wider SSA, the Internet is predominantly accessed via 

mobile phones, I recommend that mobile carriers adapt their business model in response to the 

changing customer preferences. Mobile carriers should consider prioritizing the provision of 

Internet services to their customers and using special OTT Internet plans as a tool to increase 

market share.  

The results show that users are price sensitive, and a reduction in prices is associated with higher 

probability of using at least one mobile service, and associated with an increase in the volume of 

use of Internet services. Therefore, policies that address the affordability barrier are 

recommended. However, this will likely result in closing the first-level digital divide and driving 

the substitution effect between OTT and texting. The results from Chapter 3 do not present 

evidence that addressing the affordability barrier would reduce digital inequalities across any 

socioeconomic subgroups. This suggest that more robust policies are needed to address the 

second-level digital divide. 
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Based on the findings from Chapter 4, in order to bridge the second and third levels of the digital 

divide in SSA, I recommend that policymakers should develop policies that target the digitally 

vulnerable population: low educated and female populations. In developing these policies, the 

policymakers should carefully consider preexisting inequalities in society that may be driving the 

digital inequalities, such as gender and urban/rural inequalities with respect to economic 

opportunities, technical skills, and mobile phone ownership. Chapter 4 also indicates that there is 

a positive relationship between intent to increase use of the Internet and a high frequency of use 

for social activities. Therefore, policies that encourage the engagement in social activities such as 

using social networks or OTT applications could drive the transition from intent to use to actual 

usage behavior. Furthermore, engagement with these social activities could be an opportunity for 

individuals with low technical skills to improve their ability to use the Internet for a wide range 

of activities, and eventually engage with other activities.  

However, in developing and implementing these policies, the policymakers need to be cognizant 

of individual preferences and the unmeasured effect of preferences versus disadvantaged in the 

use, and/or outcomes from the use of the Internet in Chapters 3 and 4 of this dissertation. 
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Appendix A: Supplementary Information for Chapter 2 
Sample Survey Instrument 
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Figure 14. Comparing the impact of access to different Internet plans on preferences for traditional mobile services 
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Figure 15. Comparing across different age groups, the impact of OTT on the choice probabilities of different 

traditional services and going with mobile service 
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Figure 16. Comparing across college educated and non-college educated mobile users, the impact of OTT on the 

choice probabilities of different traditional services and going with mobile service 

 

  
Figure 17. Comparing the choice probability of OTT and no service across urban and rural areas at a price of $10. 

The upper x-axis shows the different traditional mobile services 
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Figure 18. 95% confidence intervals of the individual willingness to pay for OTT. 
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Appendix B: Supplementary Information for Chapter 3 
 

 

Figure 19. Log transformed scale of the volume of use of data, calls, and text over the 7 months observed in the 

study 

 

 

Figure 20. Distribution of active users in the dataset across the states in Nigeria 



 121 

 

Figure 21. Distribution of the average volume of use of the Internet (measured in megabtyes) across the states in 

Nigeria 

 

Figure 22. Distribution of the volume of use of cellular calls (measured in outgoing minutes) across the states in 

Nigeria 
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Figure 23. Distribution of the volume of use of text (measured in outgoing count) across the states in Nigeria
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Appendix C: Supplementary Information for Chapter 4 
 

 

 

Figure 24. Heatmap showing the correlation between the raw Internet activities 

The heatmaps in Fig. 24 and Fig.25 show that there are distinct clusters of activities and 

outcomes in the raw dataset prior to creating clusters. Examining these initial clusters of 

activities and outcomes indicate that after conducting the factor analysis, using varimax rotation, 
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the clusters are mostly preserved. A few items with intermediate scores are not loaded onto any 

factor and eventually dropped.  

 

Figure 25. Heatmap showing the correlation between the raw Internet outcomes 
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Figure 26. Scree plot showing the recommended number of factors for Internet activities 

 

 

 

Figure 27. Scree plot showing the recommended number of factors for Internet outcomes 

 

 

 



 126 

Table 17. Comparing the fit of a 1-factor model and a 5-factor model for Internet activities 

 
1 factor model 5 factors model 

Number of free parameters 32 42 

Chi Square 2669.456 677.146 

Degrees of freedom 104 94 

P-value 0 0 

Confidence Interval (CI) 0.657 0.922 

RMSEA 0.148 0.074 

RMSEA.CI.lower 0.143 0.069 

RMSEA.CI.upper 0.153 0.08 

Standardized Root Mean Square Residual 0.093 0.056 

 

 

Table 18. Scale intercorrelations corrected for attenuation raw correlations below the diagonal, alpha (bolded) on the diagonal, 
and corrected correlations above the diagonal 

 
all Development News Leisure Social Business 

all 0.88 1.02 0.71 0.58 0.85 0.94 

Development 0.89 0.85 0.47 0.31 0.58 0.72 

News 0.63 0.4 0.89 0.20 0.52 0.45 

Leisure 0.39 0.21 0.14 0.52 0.28 0.45 

Social 0.7 0.47 0.43 0.18 0.77 0.59 

Business 0.76 0.57 0.36 0.28 0.45 0.74 
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Table 19. List of all measures of Internet activities included in the survey instrument (In the past year, how often did 

you use the Internet for…) 

Variable name Description Percentage that used 

activity (n=1123) 

job_search Searching for or apply to jobs 55% 

school_search Searching for or applying to academic programs 49% 

work Activities directly related to work or study 76% 

training_search Searching for online training 53% 

training Enrolling in an online training 47% 

inde_learning Independent online learning 74% 

sm_view Viewing content on social networks 96% 

sm_upload Uploading content on social networks 94% 

personal_comms Communicating with family and friends using WhatsApp or similar applications  98% 

online_dating Online dating 25% 

buying Buying things online 58% 

selling Selling things online 33% 

business_info_search Looking up information about a business/product  80% 

online_banking Sending or receive money  81% 

naija_news Searching or read Nigerian news online 89% 

intl_news Searching or read international news online 85% 

health_info_search Searching for information on healthcare and medicine 82% 

media_dowload Downloading or stream music/videos 84% 

gaming Playing games  45% 

lottery Bet, gamble, or play the lottery  21% 

forums Respond to questions on online forums 41% 

 

Table 19 presents a description of all the Internet activities presented to respondents in the 

survey and a summarized distribution of the responses. Activities that were engaged with by less 

than 30% of the respondents are named “novel activities”. 
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Table 20. List of all measures of Internet outcomes included in the survey instrument (In the past year, through the 

use of the Internet...) 

Variable name Description % Yes [% NAs] 

(n=1123) 

job_offer I got a job offer 25% [37%] 

admission I got admitted to an academic program 33% [37%] 

income I earned additional income 32% [32%] 

training I completed an additional training outside work/school 36% [29%] 

personal_comms I frequently communicated with friends and family 92% [3%] 

meet_so I met a significant other 30% [32%] 

purchase_discount I frequently bought products at a discount 39% [24%] 

safe_transactions I felt safe completing large commercial transactions 45% [22%] 

policitcal_opinions I expressed political opinions 45% [19%] 

political_info I gained information about the elections 81% [7%] 

political_info2 I kept up-to-date with government policies 59% [14%] 

govt_interaction I interacted with government agencies 28% [23%] 

health_diagnosis I diagnosed a health problem for self, a friend or family 43% [22%] 

hospital I found hospital to go to for treatment 29% [27%] 

health_info I found information on healthy habits 81% [8%] 

mental_health I fften viewed content that resulted in sad, depressed, or anxious feelings 63% [12%] 

privacy My personal information was compromised 21% [19%] 

 

There are three outcome variables for the Internet outcomes measurements: yes, no, or NA, 

where NA means the respondent was not trying to achieve the particular outcome in the past one 

year. Examining the distribution of the outcomes, we see that the most commonly achieved 

outcome is frequent communication with family and friends. This supports findings in Chapters 

2 and 3, that mobile users are increasingly depending on OTT services for communication. 
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Table 21. Regression results of the Internet outcomes with only user demographics as the predictor variables 

  Dependent Variables: 

  Development Health Government Commercial 

 Odds Ratio Odds Ratio Odds Ratio Odds Ratio 

(Intercept) 14.18 (0.67) *** 1.78 (0.50) 2.78 (0.74) 0.59 (0.51) 

Gender (Reference level: female)     

Male 1.67 (0.25) * 0.54 (0.18) *** 1.31 (0.31) 1.49 (0.20) * 

Age (Reference level: 18 -30)     

31-40 0.40 (0.31) ** 0.66 (0.23) 0.65 (0.39) 0.42 (0.25) *** 

41-50 0.11 (0.40) *** 0.77 (0.32) 0.62 (0.53) 0.44 (0.36) * 

> 50 0.14 (0.57) *** 0.83 (0.42) 0.81 (0.71) 0.40 (0.52) 

Education (Refence level: below Bachelors)     

OND/Bachelors 0.76 (0.31) 1.63 (0.21) * 1.51 (0.34) 1.67 (0.23) * 

Masters/PhD 1.28 (0.53) 2.33 (0.36) * 2.62 (0.81) 2.26 (0.43) 

Income (Reference level: low)     

Middle 1.56 (0.34) 1.80 (0.25) * 1.64 (0.44) 2.48 (0.28) ** 

Upper 0.90 (0.84) 0.70 (0.59) - 2.14 (0.85) 

Device used (Reference level: none)     

Mobile phone 0.46 (0.58) 0.80 (0.44) 1.02 (0.65) 1.30 (0.44) 

Mobile phone + laptop 1.55 (0.64) 0.86 (0.45) 2.84 (0.78) 2.66 (0.47) * 

Mobile phone + tablet 1.13 (0.66) 0.85 (0.47) 2.03 (0.78) 3.67 (0.50) ** 

Residence (Ref: rural)     

Urban 1.16 (0.27) 0.97 (0.21) 1.83 (0.34) 1.42 (0.22) 

Geographical region (Ref: South)     

North 0.63 (0.26) 1.35 (0.18) 2.92 (0.33) ** 1.46 (0.20) 

R2 Nagelkerke 0.148 0.058 0.052 0.117 

AIC 489.074 812.967 355.658 691.731 

 * p<0.05   ** p<0.01   *** p<0.001 
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Table 22. Regression results of the Internet outcomes with only Internet activities as the predictor variables 

  Dependent Variables: 

  Development Health Government Commercial 

 Odds Ratio Odds Ratio Odds Ratio Odds Ratio 

(Intercept) 0.03 (0.54) *** 0.40 (0.34) ** 0.88 (0.49) 0.04 (0.46) *** 

Activity: Development 1.26 (0.04) *** 1.02 (0.02) 1.14 (0.04) ** 1.09 (0.02) *** 

Activity: News 1.01 (0.04) 1.10 (0.03) ** 1.45 (0.06) *** 1.17 (0.04) *** 

Activity: Novel 1.24 (0.11) 0.84 (0.06) ** 0.99 (0.12) 1.20 (0.09) * 

Activity: Social 1.22 (0.05) *** 1.06 (0.04) 1.00 (0.06) 1.04 (0.05) 

Activity: Business 1.13 (0.07) 1.12 (0.05) * 0.90 (0.09) 1.47 (0.06) *** 

R2 Nagelkerke 0.239 0.056 0.105 0.239 

AIC 588.449 1095.056 456.460 825.537 

 * p<0.05   ** p<0.01   *** p<0.001 
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Sample	Survey	Instrument	
	

Survey	on	Internet	Use	Patterns	and	Outcomes 
Welcome	to	our	survey!	This	is	a	study	by	researchers	at	Carnegie	Mellon	University	(CMU)	
Pittsburgh,	PA	USA.	It	is	funded	by	the	Department	of	Engineering	and	Public	Policy	at	
CMU.	We	want	to	understand	Internet	use	in	Nigeria.	You	will	be	asked	questions	about	
your	Internet	use.	Your	responses	will	be	kept	confidential	and	only	summary	data	will	be	
reported.	The	survey	should	take	you	around	10	minutes	to	complete.	There	is	no	cost,	
compensation,	or	known	risk	to	you	in	participating	in	this	study,	but	the	knowledge	
received	may	be	of	value	to	humanity.	Your	participation	is	voluntary	and	you	can	leave	the	
study	for	any	reason.	If	you	would	like	to	discuss	this	research,	please	send	an	email	to	
Erezi	Ogbo	(eogbo@andrew.cmu.edu).	If	you	have	questions	regarding	your	rights	as	a	
research	participant,	or	to	report	concerns	about	this	study,	you	should	contact	the	Office	
of	Research	Integrity	and	Compliance	at	Carnegie	Mellon.	Email:	irb-
review@andrew.cmu.edu	Phone:	412-268-1901	or	412-268-5460.		

If	you	are	at	least	18	years	and	you	consent	to	being	in	this	study,	mark	'X'	by	the	consent	
bullet	below	and	begin.	

o I	give	consent	
o I	do	not	give	consent	

	
Section	1	
Please	answer	a	few	questions	on	your	mobile	use	and	perceptions	about	the	Internet		

1) In	the	past	year,	what	type	of	phone(s)	did	you	use?	Select	all	that	apply.	

	

� Smartphone	(Android,	iOS,	
Blackberry,	or	Windows	
phone)	

� Basic	or	feature	phone	
(all	other	phones)	

� I	had	no	
phone		
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2) Think	about	your	experiences	with	the	Internet	then	rate	how	well	you	agree	
with	each	of	these	statements	

	 Disagree	 Neutral	 Agree	

I	feel	comfortable	using	the	Internet	for	a	wide	range	of	
activities	without	asking	for	help		 	 	 	

People	who	use	the	Internet	are	better	off	in	general	
than	those	who	do	not		 	 	 	

My	family	and	friends	think	I	should	use	the	Internet		 	 	 	

I	frequently	use	the	Internet	to	complete	work	(or	
school)-related	activities		 	 	 	

I	am	worried	about	the	rapid	advancements	in	
broadband	technology		 	 	 	

Internet	access	(data	plan/supported	device)	is	too	
expensive		

	 	 	

I	plan	to	increase	my	Internet	use	in	the	future		 	 	 	

	
3) Did	you	use	the	Internet	in	the	past	year?	Examples	include	WhatsApp,	Facebook,	

emailing,	web	browsing,	and	YouTube.	(If	"no"	skip	to	section	3)	
� Yes		
� No		

Section	2	
Please	answer	specific	questions	about	your	Internet	use.	
4) How	much	(in	Naira)	would	you	need	to	be	paid	to	not	use	the	Internet	for	a	

week?	
	
	
	

5) Which	of	the	following	devices	did	you	
use	to	access	the	Internet	in	the	past	
year?	Select	all	that	apply	

� Mobile	phone		
� Tablet		
� Laptop/desktop	computer		
� Smart	TV		
� Other	

________________________________________	
	

6) Which	of	the	following	describes	
how	you	accessed	the	Internet	in	
the	past	year?	Select	all	that	apply	

� Subscription	on	my	phone		
� Internet	at	work		
� Internet	at	home		
� Personal	Mifi	(portable	

modem)		
� Free	Wifi	in	a	public	place		
� Internet	cafe		
� Other	

___________________________________	
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In	the	next	question,	answer	N/A	if	you	weren’t	trying	to	achieve	the	given	outcome.	For	
example,	in	the	first	row,	if	you	did	not	search	for	a	job	in	the	past	year,	select	N/A.	
	
7) In	the	past	year,	through	the	use	of	the	Internet	

	 TRUE	 FALSE	 N/A	

I	got	a	job	offer		 	 	 	

I	got	offered	admission	to	an	academic	program	of	my	
choice		 	 	 	

I	earned	additional	income	from	a	side	job		
	

	 	 	

I	completed	additional	training	outside	work/school		 	 	 	

I	frequently	communicated	with	my	friends	and	family		 	 	 	

I	met	my	significant	other		 	 	 	

I	frequently	bought	products	at	a	discount	without	haggling	
(pricing)		 	

	 	

I	felt	safe	completing	a	large	commercial	transaction		 	 	 	

I	expressed	my	political	opinions	in	forums	 	 	 	

I	gained	information	about	the	election	(e.g.	the	candidates,	
where/how	to	vote)	 	 	 	

I	kept	up-to-date	with	government	policies		 	 	 	

I	interacted	with	a	government	agency	(e.g.	to	provide	
feedback,	complaint,	or	use	a	service)		 	

	 	

I	diagnosed	a	health	problem	suffered	by	myself,	a	family	
member,	or	friend		 	 	 	

I	identified	a	hospital	to	get	treatment	for	a	health	problem	
suffered	by	myself/a	family	member/friend		 	 	 	

I	found	information	on	healthy	habits		 	 	 	

I	often	viewed	content	that	made	me	
sad/depressed/anxious		

	 	 	

My	personal	information	was	compromised		 	 	 	
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8) On	average,	in	the	past	year,	how	much	(in	Naira)	did	you	spend	on	
Internet	(data)	subscription	in	a	month?	

	
	
	
	
9) In	the	past	year,	how	often	did	you	use	the	Internet	for…?	

	
3+		

times/	
	day	

1-3		
times/	
day	

1-3		
times/	
week	

1-3		
times/	
month	

Less	
than	
once/	
month	

Never	

Searching	for	vacancies/applying	
for	a	job		 	 	 	 	 	 	

Looking	up	schools/applying	for	
admission		 	 	 	 	 	 	

Work/school	related	activities		 	 	 	 	 	 	

Searching	for	online	
courses/training		 	 	 	 	 	 	

Following	an	online	course/training		 	 	 	 	 	 	

Independent	learning	(e.g.	a	
YouTube	tutorial)		 	 	 	 	 	 	

Viewing	content	on	social	networks	
(such	as	Facebook,	Instagram)		 	 	 	 	 	 	

Uploading	content	on	social	
networks		 	 	 	 	 	 	

Communicating	with	friends	and	
family	using	WhatsApp	or	similar	
apps		

	 	 	 	 	 	

Online	dating		 	 	 	 	 	 	

Buying	a	product		 	 	 	 	 	 	

Selling	a	product		 	 	 	 	 	 	

Looking	up	information	about	a	
product	or	business		 	 	 	 	 	 	

Sending	or	receiving	money		 	 	 	 	 	 	
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Section	3	
***Only	answer	questions	in	this	section	if	you	do	not	use	the	Internet	

10) Which	of	the	following	closely	describes	why	you	did	not	use	the	Internet	in	
the	past	year?	Select	all	that	apply	
� The	plans	are	too	expensive		
� I	do	not	have	a	phone	or	computer	to	browse	with		
� Bad/no	Internet	service	where	I	live		
� I	don't	know	how	to	use	the	Internet		
� Not	enough	relevant	content	(e.g.	in	preferred	language/about	topics	of	interest)		
� Other	

_________________________________________________________________________________________________
_______________________	

	

	

	

	

	

	

Searching	for/reading	Nigerian	
news		 	 	 	 	 	 	

Searching	for/reading	international	
news		 	 	 	 	 	 	

Searching	for	information	about	
healthcare	and	medicine		 	 	 	 	 	 	

Downloading	or	streaming	
music/videos		

	 	 	 	 	 	

Playing	games		 	 	 	 	 	 	

Casual	browsing		 	 	 	 	 	 	

Betting,	gambling,	or	playing	the	
lottery		

	 	 	 	 	 	

Responding	to	questions	on	online	
forums	(such	as	Nairaland,	Reddit,	
or	Quora)		
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In	the	next	question,	answer	N/A	if	you	weren’t	trying	to	achieve	the	given	outcome.	For	
example,	in	the	first	row,	if	you	did	not	search	for	a	job	in	the	past	year,	select	N/A.	

11) In	the	past	year,		
	 TRUE	 FALSE	 N/A	

I	got	a	job	offer		 	 	 	

I	got	offered	admission	to	an	academic	program	of	my	choice		 	 	 	

I	earned	additional	income	from	a	side	job		
	

	 	 	

I	completed	additional	training	outside	work/school		 	 	 	

I	frequently	communicated	with	my	friends	and	family		 	 	 	

I	met	my	significant	other		 	 	 	

I	frequently	bought	products	at	a	discount	without	haggling	
(pricing)		 	

	 	

I	felt	safe	completing	a	large	commercial	transaction		 	 	 	

I	expressed	my	political	opinions	in	forums	 	 	 	

I	gained	information	about	the	election	(e.g.	the	candidates,	
where/how	to	vote)	 	

	 	

I	kept	up-to-date	with	government	policies		 	 	 	

I	interacted	with	a	government	agency	(e.g.	to	provide	
feedback,	complaint,	or	use	a	service)		 	

	 	

I	diagnosed	a	health	problem	suffered	by	myself,	a	family	
member,	or	friend		 	

	 	

I	identified	a	hospital	to	get	treatment	for	a	health	problem	
suffered	by	myself/a	family	member/friend		 	 	 	

I	found	information	on	healthy	habits		 	 	 	

I	often	viewed	content	that	made	me	sad/depressed/anxious		 	 	 	

My	personal	information	was	compromised		 	 	 	
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Section	4	
A	few	basic	demographic	questions	and	we	are	done	
12) Please	select	your	age	range	

o 18	-	30	years		
o 31	-	40	years		
o 41	-	50	years		
o 51	-	60	years		
o Over	60	years	
o Prefer	not	to	respond		

13) Gender	
o Male		
o Female		
o Prefer	not	to	respond		

	

14) What	is	your	highest	educational	
level	completed?		

o Less	than	secondary	school		
o Secondary	school		
o OND	or	equivalent		
o Bachelors	or	equivalent		
o Masters	or	postgraduate		
o Doctorate		
o Prefer	not	to	respond		

	

15) Which	language(s)	are	you	very	
comfortable	in	reading	and	
writing?	Select	all	that	apply	

� English		
� French		
� Hausa		
� Igbo		
� Pidgin	English		
� Yoruba		
� Other	

__________________________________	

16) What	is	your	current	employment	
status?	

o Full-time	employment		
o Part-time	employment		
o Self-employed		
o Home-maker		
o Student		
o Retired		
o Unemployed		
o Prefer	not	to	respond		

17) Monthly	income	(if	a	student,	
select	your	monthly	allowance)	

o Below	N20,000		
o N20,000	to	N34,999		
o N35,000	to	N59,999		
o N60,000	to	N199,999		
o N200,000	to	N499,999		
o Over	N499,999		
o Prefer	not	to	respond	

18) Which	ethnic	group	do	you	identify	
with?	

	

o Hausa		
o Igbo		
o Yoruba	

o Other		
o Not	Nigerian		
o Prefer	not	to	

respond		
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*********************To be completed by the field officer********************** 
19) Location 

City/town/village 
_________________ 
LGA ____________ 
State ____________ 

20) Recruitment location 
o University  
o Business/workplace  
o Public market  
o Shopping mall  

21) Location type  
Urban/Rural 

   

	 	 	 	

	
 


