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Abstract. Big data promises to drive economic growth and development, but if
not applied across borders it can lead to a greater digital divide. There are,
however, no indexes measuring big data readiness on country level. Most
existing indexes cover topics such as digitalization and focus on developed
economies with a clear underrepresentation of Africa. Thus, the underlying
question to answer is: what are the required components for an index measuring
big data readiness in Africa? The design science approach is used to design the
Big Data Readiness Index (BDRI). The BDRI is developed in line with the
academic definition of big data under the five V’s: volume, variety, velocity,
veracity and value, and consists of 75 indicators, grouped into drivers that build
up the five components. We apply this index to all African countries which
yields, amongst others, country rankings that show relatively high BDRI levels
for coastal countries such as South Africa, Kenya and Namibia as well as for
islands such as Mauritius. Limitations and further development of the BDRI are
discussed.
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1 Introduction

Big data analytics has gained substantial interest among academics and business
practitioners in the digital era and promises to deliver improved operational efficiency,
drive new revenue streams, ensure competitive advantage and facilitate innovation,
amongst other things [1, 2]. Big data is not only of interest to academics, but also to
governments, businesses and the general public [3]. Fosso-Wamba et al. state that the
topic ‘big data’ was searched on Google about 252 000 times in November 2011,
whereas the peak is at 3.13 billion in March 2017 [4]. This shows not only the
increasing interest in the subject of big data, but also indicates that the topic is not
losing momentum.

The concept of data-driven decision making and automation through big data can
be applied across various sectors including healthcare, security, services, manufac-
turing, retail and technology. In order to gain value, the concept of big data must be
clearly defined and understood, both in terms of its benefits, application possibilities, as
well as the shortcomings and risks involved - these include for example privacy
concerns, human resource scarcity, infrastructure shortages and lack of institutional
governance [1].
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As countries differ substantially across these fields, we believe it would be inter-
esting to compare the structural, technological and institutional readiness for countries
to adapt big data technologies in order to harvest the economic benefits. Most authors
of published big data related literature up until 2015 are from China, followed by the
USA, Australia, the UK and Korea [5]. Africa produces less than 1% of the world’s
research even though 12.5% of the world’s population is from Africa [6]. This unequal
geographic coverage of literature raises a vital question as to whether the lack of
interest in African countries is due to a global big data divide or whether it is due to a
lack of essential knowledge and proficiency to undertake big data related research
within African countries.

Literature focusing on firm level e-business adaption shows that technology
readiness has the strongest impact on facilitating assimilation of e-business in devel-
oping countries [7]. Lawrence and Tar [8] discuss issues hindering e-commerce in
developing countries, concluding that the absence of basic infrastructure, socio-
economic factors and inadequate government ICT strategies slows down adoption and
growth. Furthermore, e-readiness does not have an established theoretical basis with
the existing e-readiness measurement tools largely focusing on ICT, business and
policy, underplaying the information access factor [9]. Thus, the lack of country level
research in this field is established and leading to our research focus.

Furthermore, the Digital Transformation and Sustainability (DTS) model proposed
by Pappas et al. [10] explains how different data actors and big data analytical capa-
bilities interact to create sustainable societal value through critical factors such as a
data-driven organisational culture, technology investment and technical and managerial
skills. They mention the need for further research to focus on data capacities and
availability in the digital society to take into account the capacity and availability of big
data, as well as differences between countries, continents, and cultures [10].

In this paper, we will attempt to develop an index that can benchmark Big Data
Readiness in the age of analytics. The focus area for data application will be the
African continent. Establishing such an index will not only allow comparison between
countries but will also set a benchmark of the indicators and topics which should be
covered by an index measuring big data readiness. A new index covering Africa will
help to fill the current gap in big data research for this region as well as the gap left by
the existing indexes’ limited African coverage. Based on this, we formulate the fol-
lowing research question:

What are required components for a big data readiness index (BDRI) and how
could a comprehensive BDRI be designed?

As previously mentioned, the developed index will be applied to African countries
with publicly available data. Before entering this empirical part, we start with a liter-
ature review which will yield a brief overview of big data. In the next step, Hevner’s
design science research approach [11] (outlined in the methodology section) will be
applied as a baseline for constructing the index, including descriptions of the data
collection, cleaning, weighting and normalization process. The section that follows
includes an analysis of the BDRI by using data about African countries. The final
section concludes by summarizing key findings and main contributions.
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2 Theoretical Background

2.1 Introduction to Big Data

Big data analytics promises to deliver improved operational efficiency, drive new
revenue streams, ensure competitive advantage and facilitate innovation, amongst other
things [2, 12]. Fosso-Wamba et al. [4] summarize some descriptions of the impact of
big data in previous literature as the next big thing in innovation [13]; the fourth
paradigm of science [14]; the next frontier for innovation, competition, and produc-
tivity [15]; the next management revolution [16]; and that big data is bringing a
revolution in science and technology [2].

There is no globally accepted definition for the term ‘big data’. The complexity of
defining this term was aggravated by a shared origin between academia, industry, the
media and widespread public interest. The fact that various stakeholders provide
diverse and even contradictory definitions, leads to the emergence of literature that
attempts to establish a common definition.

The first concepts predominantly associated with big data are far from new and
relate to data storage and data analysis. An early definition describes big data using the
three V’s: volume, velocity, and variety. This approach has been reiterated in various
studies [16, 17]. Volume refers to the size of the data, whereas velocity refers to the
speed of data generation and the frequency of data delivery. Variety takes the data
types into consideration and highlights the fact that big data is generated from a large
number of sources and formats that include structured and unstructured data [17].

A fourth V for value was subsequently suggested. Value implies that extracting
economic benefits from the data is a key attribute of big data analytics [5, 18, 19].
A fifth V for veracity followed. The fifth V is sometimes referred to as verification in
literature [20]. Veracity attempts to stress the importance of data quality and that
trusting the various data sources is integral. This allows analysts and users to be sure
that security measures and techniques are in place to assure trustworthy data analysis
[4]. The use of inaccurate data will lead to biased and inconsistent results and rec-
ommendations. Both value and veracity are considered as important in this study, as
without added value and trust towards the quality of the data used, the benefits of big
data analytics deteriorate.

2.2 Big Data in Developing Countries

If not applied across borders, increased data generation and the availability of analytical
tools, can lead to an even greater digital divide – where countries who successfully
implement this will advance leaving the rest behind. The digital divide originated as a
concept to describe the gap between countries that have and do not have access to
computers and the internet. The digital divide does not only refer to physical access but
also to skills and usage of technology. Van Dijk writes that “in terms of physical access
the divide seems to be closing in the most developed countries; concerning digital skills
and the use of applications the divide persists or widens” [21, p. 221].

A framework for ICT development strategies that can enable countries to partici-
pate competitively in the emerging digital economy shows an acute global shortage of
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high skilled staff needed to steer the emerging digital economy in both developed and
developing countries [9]. Hilbert mentions that privacy concerns, human resource
scarcity, infrastructure shortages, limited economic resources and institutions are areas
that can be barriers to developing countries, keeping them from successful digitaliza-
tion [22]. Although additional challenges exist that hinder developing countries to
easily implement big data analytics, the positive impacts on developing countries’
economies can be even greater. Thus, big data in itself can help alleviate the initial
shortcomings that are barriers to the implementation of big data. For example, due to
structural inconsistencies, statistical authorities in Ghana took 17 years to adopt the UN
national accounting system. Afterwards, Ghana’s GDP was 62% higher than previously
estimated [23]. Some of the main opportunities big data can offer to developing
countries are early warnings in times of crisis, detecting digital media and other
anomalies, real-time awareness of data changes, a more honest representation of reality
and real-time feedback. This can lead to early interventions for policies or programs
that deliver different results than expected.

Bifet mentions that Global Pulse, a United Nations initiative launched in 2009, is
using big data for the benefit of developing countries. This involves researching
innovative techniques for real-time data analysis, detecting early emerging vulnera-
bilities and sharing open source real-time data among those integrated in the global
network of Pulse Labs [24].

Some other interesting examples of how big data analytics is being applied to assist
development include using machined roof counting to measure poverty in Uganda,
using mobile phone data and airtime credit purchases to estimate food security in East
Africa and mining citizen feedback data in order to gain input for government decision
making in Indonesia [25]. These are only some of the many ongoing projects where big
data analytics can be implemented for positive and productive outcomes in developing
countries.

3 Research Design

3.1 Index Development Procedure

Developing an index will be approached in the same manner as designing an artefact in
the context of design science research [11]. This approach is relevant as the BDRI is
applicable to a technology related field. The index will be designed and evaluated
accordingly. The seven steps of the design science approach will be applied to
designing an index in the following manner (Fig. 1).

As described in the previous section, big data has been researched intensively and
defined by many researchers. The definition as followed by this paper includes the five
V’s: volume, variety, velocity, veracity and value. Thus, the five V’s also form the five
components of the BDRI.

Each component is formed up by three drivers. These drivers are inspired by an
analysis of existing digital related indexes such as the Enabling Digitalization Index
(EDI), the Digital Evolution Index (DEI), the IMD World Digital Competitiveness
(WDC) and the Networked Readiness Index (NRI) [26–30]. Certain components from
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each index could partially cover certain aspects of the five V’s. These aspects were
evaluated on a basis of relevance by referring to the definition as outlined in the
literature review. Complementary drivers based on available data were added to give a
global overview of big data. A total of 170 variables were collected and after analysis,
taking missing values into account, and referring to the base definition, 75 variables
were selected and aggregated in groups of five to build the fifteen drivers that form the
basis of the final five components of the BDRI which is visualized in Fig. 2.

Fig. 1. Application of the design science approach

Fig. 2. Components of the BDRI

Big Data Readiness Index – Africa in the Age of Analytics 105



3.2 Data Collection

The data collection process followed a two phased methodological approach. In the
first phase a comprehensive overview of the reviewed indexes’ data sources was
completed. This allowed an assessment of relevant available data to include in a BDRI,
as well as ways to set up an index, measure outcomes, assign weights and normalize
variables. It also indicated which first-hand sources cover all the African countries.
Some of the sources [28, 29] could be reused to build up and define new components of
the BDRI, but due to the limited coverage of Africa and the fact that big data requires
other components not covered in the reviewed digitalization indexes, this was not
exhaustive. This phase gave a broad overview that helped identify the gaps in data
availability to construct the BDRI.

The second phase considered alternative sources to measure Africa’s big data
readiness. Due to data scarcity for some African countries, this phase had its obstacles.
Dealing with data recency and missing values was a major part of the data cleaning
process. This phase was successful in finding additional open data sources to help build
the BDRI and also helped to verify and fill gaps for data collected in the first phase.

3.3 Evaluation of the Index

A thorough comparison of the created BDRI with the evaluated indexes(EDI, DEI,
IMD WDC, and the NRI) was performed to function as a design evaluation. Even
though the compared indexes have a less extensive coverage of Africa, these indexes
provided the possibility to benchmark the countries that had been covered in similar
topics and compare these rankings to the rankings of the BDRI. The evaluation con-
cluded that the BDRI output is aligned with expectation and that the differences in
rankings could be accounted for by the fact that the BDRI takes different features that
relate to big data into account.

Hevner et al. state that scenarios can be applied as an evaluation technique for
innovative artefacts. This is particularly relevant for new and complex artefacts which
cannot be evaluated in one step [11]. Three scenarios that would be applicable use
cases for the BDRI include governmental policy development, market entry analysis
and institutional usage. The diverse scenarios illustrate research rigor through the wide
range of usage possibilities and display how the development of the BDRI fits into the
information system research framework.

4 Findings and Discussion

4.1 Country Rankings

We calculated the BDRI for all African countries. Ranking the countries by score
allowed an analysis of the top performers. Figure 3 shows the top ten performers.

Rwanda (position 3) is the only country in the top 10 that is not a coastal country.
Furthermore, three islands, Mauritius (position 1), the Seychelles (position 4) and Cape
Verde (position 10) belong to the top performing BDRI countries in Africa. South
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Africa, an influential economy in Africa, ranks in second position. Figure 4 shows the
evolution of the BDRI.

Southern Africa is the top performing region, with Eastern Africa following in the
top 20. The top 30 grows to include Nigeria and the neighboring Benin and Togo and
coastal Liberia as well as Burkina Faso, Mali and Algeria in West Africa. Nigeria, one
of Africa’s largest economies, ranks at position 21. The top 40 fills the neighboring
gaps in West Africa, with Guinea-Bissau as the only exception.

Looking at the location of the top performers, coastal countries perform well and
neighbors can influence each other in terms of technology adoption.

Evaluating overall performance by component shows that volume produced the
most unequal performance. This indicates a digital divide within Africa in terms of
size, engagement and usage. On the opposite end, countries show less diverse per-
formance in variety and veracity, yet this narrow spread has a low base. On average,

Fig. 3. BDRI - top 10 African countries

Fig. 4. BDRI - top 10, 20, 30, and 40
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velocity and value show a higher overall performance. Noteworthy positive outliers
include Mauritius (usage), the Seychelles (usage and infrastructure) and South Africa
(size, innovation and infrastructure). On the opposite end recurring negative outliers are
Somalia, South Sudan and the Central African Republic.

4.2 Hierarchical Clustering Analysis

Hierarchical cluster analysis is an algorithm that groups similar objects together in
clusters to get a set of clusters that are distinct from one another [31]. In order to
perform this clustering, the raw data needs to be transformed into a distance matrix.
A dendrogram was created, where the vertical axis represents the distance or dissim-
ilarity between clusters, whereas the horizontal axis represents clusters in terms of size.
Selecting a distance measure of one resulted in three clusters of similar size. The first
cluster is expected to be more different to the second and third cluster that branches
from the same clade of the dendrogram.

The countries are assigned to one of the three clusters in terms of similarity. We
defined these three distinct groups as the countries forging ahead and thus outper-
forming the rest of Africa, the countries gaining momentum and thus catching up to big
data implementation trends and the ones that are lagging behind.

The map (Fig. 5) shows that the lagging behind cluster that requires the most
intervention is the central geographical strip from Angola in the south to Libya in the
north, as well as Sudan, Eritrea and Somalia on the Eastern coast. A small cluster in
West Africa, consisting of Guinea-Bissau, Guinea and Sierra Leone, is also in need of
large interventions to become technologically ready to gain value from big data.

Fig. 5. Cluster analysis results
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4.3 Limitations and Next Steps

The major limitations of developing the BDRI for Africa was induced by missing data,
aggregation methodology and the limited coverage of available indicators.

Data Scarcity. One of the major constraints to building an index for big data readiness
in Africa is data scarcity. The limited data available makes analysis more difficult.

Aggregation Methodology. A major challenge was how to overcome aggregation
where some indicators of the drivers were missing. There is little research on how to
deal with aggregation as some indexes, such as the Digital Evolution Index (DEI) chose
to cover countries based on data availability [26].

Limited Coverage. Some data that is available to include in indexes covering other
countries was not available for Africa. After filling missing values using projections
from data available in the past ten years, the following indicators still had a high
number of missing values, making them unusable in the BDRI: Public private part-
nership investment in ICT consisted of 91% missing data and was thus only being
available for five countries. Furthermore, software piracy rate has 86% missing values;
patent applications 85%; commercial value of unlicensed software 74%; labor force
with advanced education 72%; firms expected to give gifts to get a phone connection
63%; telephone faults cleared by next working day 60%; researchers in R&D 57% and
average duration of power outages 52%.

Taking these three limitations into account, we include the following recommen-
dations to help overcome these limitations, to improve the developed index and to
expand its use in future research.

Look into Non-traditional Data Sources. Future studies can look beyond the tradi-
tional data sources. Data goes beyond tables of numbers and includes society’s digital
footprints created by cell phones, internet searches, personal transactions and other
sources [32]. Pictures, sound and social media can also be used as data sources and are
creative ways to capture the relevant data – especially on a continent where data
capturing is limited. Together with alternative data sources, streamlined open data
would be beneficial. Support and investment in platforms such as Open Africa could
lead to increased published databases and higher coverage [33]. Africa has a population
of 1.2 billion people of whom around 60% are young – thus Africa has a growing
number of future digital natives who will be generating increasing amounts of data
[32]. This indicates a great opportunity for non-public organizations to get involved in
data collection, curation, labelling and help to increase open data sources. There are
many other opportunities for data collection in Africa. Data collection should not only
be the responsibility of the government but could also be an opportunity for start-ups.
Kenyan and Namibian mobile-phone operators have made data records available to
researchers to help combat malaria, which was used to compare caller movements with
malaria outbreak data to predict where the disease might spread [34]. By looking into
alternative sources of data, calling for more open data and by inviting the private sector
to get involved, there is hope to ultimately eliminate the missing data issues on the
African continent.
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Expand BDRI Coverage. The BDRI could be expanded to cover countries outside
Africa. We recommend covering other developing regions first, as the BDRI
methodology is designed for measuring big data readiness specifically in developing
countries.

Comparability. We recommend that the index is measured annually to create a basis
for comparison. This will assure that country specific progress can be tracked, and the
effectiveness of policy interventions can be compared over time. The inclusion of an in-
depth country overview is also suggested.

Index Evaluation. At the current stage the BDRI is evaluated on a scenario basis.
Users can be asked to use the index for their purposes and give feedback that could lead
to redesign.

5 Conclusion

Big data has gained substantial interest among academics and business practitioners in
the digital era, and with 2.41 billion searches for this term in July 2018 [35], this topic
is not losing momentum. A new index, the Big Data Readiness Index (BDRI) that
covers Africa extensively was developed in this paper. Data availability and limited
research were key challenges, but the emergence of mobile technology which in Africa
is double as high as global rates ensures higher big data potential [36]. The seven steps
of the design science approach [11] were applied throughout design, development and
evaluation of the BDRI. Research rigor is ensured through careful construction,
comparison and evaluation of the ranking reliability. Finally, the BDRI is set up in an
understandable format based on the five V’s.

Looking at the rankings shows that coastal countries and islands perform best,
Rwanda being the only non-coastal country in the top 10. Neighboring countries
influence each other through clear diffusion patterns. Outlier detection shows note-
worthy positive outliers within components such as Mauritius and the Seychelles in the
value component and South Africa in some components from volume, variety and
velocity. On the opposite end recurring negative outliers are Somalia, South Sudan and
the Central African Republic. The hierarchical clustering analysis reinforces these
results by classifying the central geographical strip as lagging behind. The larger
distance between the forging ahead group and the other two clusters show that the top
performers are far ahead in terms of big data readiness.

The development of the BDRI adds value in various ways. Firstly, by linking big
data theory to propose a practical way to measure big data, we contribute to the
development of, amongst others, ‘big data analytics capability’ [37]. Secondly, the
BDRI covers Africa extensively, overcoming the geographical gap mentioned by
scholars [5] and seen in underrepresentation of Africa in most existing digitalization
indexes. Thirdly, no prior research could be found that explicitly focuses on measuring
big data as all the reviewed indexes focused more on digitalization and ICT with the
focus on firm level e-business.

African countries might have similar weaknesses and strengths and analysis will
help countries to systematically review available policy options to foster data-driven
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opportunities and maximize big data driven growth and development. In this way,
Africa will be able to overcome developmental challenges and play an increasing role
in the age of analytics.
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