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Abstract

This study analysed the trend of West African
research output, the effect of population size and
its relative global share during the period 1997
- 2017. The patterns and impact of intra-regional
and inter-regional research collaboration on West
Africa research output were also assessed.
Results show that all West African countries have
generated noticeable growth. The West African
share of global research has continued to increase
over the years. However, West African volume of
research output remains small if its global share
is to be realised for the benefit of its population.
Results show that the research output through
collaborative research among West African
countries is minimal. The impact of inter-regional
collaboration in West African research output is
higher than that of intra-regional collaboration.
The findings presented in this study suggest that
West African countries must invest more in
research and improve their research production
abilities through a collaborative effort.
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Introduction

Scientific research in West Africa has been
transforming over the last decades. One of the
major indicators of scientific research is the research

output, which contributes to the existing body of
knowledge. Research outputs are the avenue for the
determination of the cumulative research area of
institutions and are measured by the number of
articles published by these institutions (Okagbue,
Atayero, Oguntunde, Opanuga, Adamu, and Adebayo,
2018). A reliable approach to study scientific
research output is to examine the scientific
publications contained in bibliometric databases (Blom
et al. 2015). Bibliometrics has been known as a tool
for assessing and mapping the state of science in
institutions, countries, and regions.

So far, there have not been too many
bibliometric studies analysing science in West Africa.
Most of the studies carried out focused on Africa as
a whole (Narvaez-Berthelemot, Russel, Arvanitis,
Waast, and Gaillard, 2002); Tijssen 2007; Pouris and
Pouris, 2009; Pouris and Ho (2014); Confraria and
Godinho 2015; Blom, Lan, and Adil, 2015;
Sooryamoorthy, 2018). Although few studies have
focused on West Africa such as Meégnigbéto
(2013a), who examined the scientific research in
West Africa from 2001-2010, using data from the
Web of Science database. Defor, Kwamie, and
Agyepong (2017) examined the pattern and trend of
peer-reviewed Health Policy and Systems Research
(HPSR) publications in West African countries.
Other studies on West Africa are those of Aaron,
Wilson and Brown (2010) and Nwagwu (2016).
There have also been bilometric studies on specific
countries in West Africa such as (Eniayejuni, 2018;
and Odeyemi, Bamidele, and Adebisi, 2019.)

Despite that, a few studies have highlighted the
development of science in West Africa to the best
my knowledge, no study has provided an overall
analysis of West African research output over time,
the effect of population size, and its relative global
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share. In addition, no study has been conducted to
assess the patterns and impact of intra-regional and
inter-regional research collaboration on West African
research output. Thus, this study seeks to conduct
an overall analysis of the trend of West African
research output, the effect of population size and its
relative global share during the period 1997 - 2017.
The patterns and impact of intra-regional and inter-
regional research collaboration on West Africa
research output were also assessed. The study
seeks to answer the following research questions:

e What is the trend of West African research
output

* What is the West African share of global
research

* How does population size affect the research
output in West Africa?

* How does intra-regional and inter-regional
collaboration affect West Africa’s research
output?

e What are the current scientific research areas
in West Africa?

Methods

The study focuses on West Africa, a sub-region
comprising fifteen countries, with an estimated
population of about 367 million (Worldometers, 2017).
West Africa is one of the five regions in the continent
of Africa. It consists of fifteen countries who are
members of a regional economic organization,
ECOWAS. Out of the fifteen countries, four
(Nigeria, Sierra Leone, Ghana, and Gambia) are
former British colonies, Eight (Benin, Burkina Faso,
Cote d’Ivoire, Guinea, Mali, Niger, Senegal, and
Togo) are former French colonies, two (Guinea-
Bissau and Cape Verde) are former Portuguese
colonies, and Liberia was created by citizens of the
United States of America for free black slaves.
Hence, three international languages are
distinguished in the region: English, Portuguese and
French (African Union, 2019).

Given that, there is no citation database in West
Africa, this study opted to use the Scopus database
as the source of data. Scopus database was used
due to its comprehensiveness. Scopus is the largest
abstract and citations database that tracks and
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analyses peer-reviewed literature. It has strong
coverage with citation data and bibliographic data.
Scopus covers more than 49 million records including
several journals, books, proceedings, covering
research topics across all scientific and technical
disciplines (Aghaei et al., 2013; Scopus, 2018; Barrot,
2017; Bornmann and Marx, 2014).

The data for this study was gathered from the
Scopus database on June 17, 2019. Documents that
are classified as articles published between 1997 and
2017 were downloaded for all West African countries.
Firstly, Data for West Africa was retrieved using
the Boolean operators. Then Data for each West
African country was sourced individually for their
research output, co-authorship, and scientific
research area. The data gathered from the Scopus
database was processed using the data management
software program, SPSS, and Excel spreadsheets.

Population data were retrieved from
worldometers (Worldometers, 2017).

Findings

The findings are reported in the following categories:
The trend of research output, the share of global
research, effect of population size on West African
research output, the intra-regional and inter-regional
collaboration of West Africa research output and
current scientific research areas in West Africa.

The Trend of West African Research Output

Table 1 shows the research output from the fifteen
West African countries in alphabetical order. To
capture the trends in West African research output,
data were presented in an aggregate manner for the
entire study period of 1997-2017. Data was further
segregated into a seven- year period, under three
periods of 1997-2003, 2004-2010, and 2011-2017.
Overall, West Africa produced 109, 878 articles
during the 21 years of 1997-2017. There was an
average of 7,550 articles per country in West Africa
within a range of 0 to 66403 publications. Six
countries made the most significant contributions to
West Africa’s research output. Nigeria led all other
West African countries by producing more than half
(60.43%) of all articles from West Africa. Ghana
follows but not very closely, with a 12.54% share of
all articles from the region. Senegal had the third-
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highest articles with 6.96%. Burkina Faso, Cote
d’Ivoire, and Benin had 4.82%, 4.67%, and 3.83%
share respectively. Apart from the six most prolific
countries that together contributed approximately
93% of the total research output from West Africa,
all other countries contributed below a 3% share of
the total West African research output.

The delineated period analysis shows that
during the first period (1997-2003) 15,668 articles
originated from West Africa. Nigeria was the
prominent producer, producing more than half
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(54.36%) of research output during this period. The
remaining major contributors were Senegal (9.86%),
Ghana (9.29%), Cote d’Ivoire (6.78%), Guinea
(4.82%), Burkina Faso (4.61%), and Benin (3.42%)),
who jointly contributed another 33.97% of the total
research output in West Africa. Gambia, Mali, Niger,
and Togo contributed 2.76%, 2.48%, 2.29% and
1.87% respectively. All remaining countries (Sierra
Leone, Guinea-Bissau, Liberia, and Cape Verde)
contributed less than 1% of the total research output
in the region.

Table 1: Research output of West African countries, 1997-2017

Country Overall 3rd Period 2nd Period 1st Period
1997-2017 2011-2017 2004-2010 1997-2003
N % N % N % N %
Benin 4322 3.93 2577 4.26 1209 3.58 536 | 3.42
Burkina Faso 5293 4.82 3039 5.03 1532 4.54 722 | 4.61
Cape Verde 243 0.22 184 0.30 47 0.14 12 | 0.08
Cote d’Ivoire 5131 4.67 2415 4.00 1653 4.89 1063 | 6.78
Gambia 1948 1.77 905 1.50 611 1.81 432 | 2.76
Ghana 13774 12.54 9267 15.34 3051 9.03 1456 | 9.29
Guinea 3139 2.86 1514 2.51 870 2.58 755 | 4.82
Guinea-Bissau 506 0.46 285 0.47 140 0.41 81 | 0.52
Liberia 362 0.33 301 0.50 45 0.13 16 | 0.10
Mali 2744 2.50 1513 2.50 843 2.50 388 | 2.48
Niger 1748 1.59 886 1.47 503 1.49 359 | 2.29
Nigeria 66403 60.43 36022 59.61 | 21861 64.72 8520 |54.38
Senegal 7646 6.96 3978 6.58 2123 6.28 1545 | 9.86
Sierra Leone 760 0.69 538 0.89 129 0.38 93 | 0.59
Togo 1617 1.47 905 1.50 419 1.24 293 | 1.87
Total West
Africa 109878 60430 33780 15668




By the second period (2004-2010), research
output in West Africa more than doubled from the
previous period (1997-2003), showing significant
growth. This growth is in line with the growth in
research output for most West African countries.
Countries such as Benin, Burkina Faso, Cape Verde,
Ghana, Liberia, Mali, and Nigeria more than doubled
their research output from the previous period. The
second-period analysis also shows that Nigeria
contributed the largest share of West African
research output with a 64.72% share followed by
Ghana (9.03%), Senegal (6.28%), Cote d’Ivoire
(4.89%), Burkina Faso (4.54%), and Benin (3.58%).

The recent years of 2011-2017 recorded a
dramatic growth in West Africa research output.
Research output in West Africa grew to 60, 430
showing a percentage increase of 79% and 286%
from the second and first periods. All West African
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countries showed a significant increase in their
research output from the first and second periods.
The major contributors in this period were Nigeria
(59.61%), Ghana (15.34%), Senegal (6.58%),
Burkina Faso (5.03%), Benin (4.26%), and Cote
d’Ivoire (4.00%). Mali, Guinea, Gambia, Togo, and
Niger contributed 2.5%, 2.5%, 1.5%, 1.5%, and
1.47% respectively. The rest countries contributed
less than 1% of the total research output in West
Africa.

West African Share of Global Research

Figure 1 presents the world and West African
research output, 1997-2017. The evolution in Figure
1 shows a rising trend in both world and West African
research output. West African research output more
than quadrupled between 1997 and 2017, with more
than 80% of articles published after 2005.
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Figure 1: World and West Africa research output

Figure 2 presents the percentage of the West
African share of global research. As shown in Figure
2 West African share of the world’s article count

has continued to increase with a mixed growth
pattern. West African global share of published
articles grew from 0.23% in 1997 t0 0.51% in 2017.
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Figure 2: West African share of global research

Effect of Population Size on West Africa
Research Output and the relative regional share (RS) and global share

Table 2 shows the research output, population size (GS) of West African countries in alphabetical order.

Table 2: West African Research output, Population size, and its Relative Regional and Global Share

Country Research Output Population Size
1997 -2017 2017

N RS GS N RS GS
Benin 4322 3.93 0.01 11175692 3.04 0.15
Burkina Faso 5293 4.82 0.02 19193382 5.22 0.25
Cape Verde 243 0.22 0.00 546388 0.15 0.01
Cote d’Ivoire 5131 4.67 0.02 24294750 6.61 0.32
Gambia 1948 1.77 0.01 2100568 0.57 0.03
Ghana 13774 12.54 0.05 28833629 7.84 0.38
Guinea 3139 2.86 0.00 12717176 3.46 0.17
Guinea-Bissau 506 0.46 0.00 1861283 0.51 0.02
Liberia 362 0.33 0.00 4731906 1.29 0.06
Mali 2744 2.50 0.01 18541980 5.04 0.25
Niger 1748 1.59 0.01 21477348 5.84 0.28
Nigeria 66403 60.43 0.23 190886311 51.93 2.53
Senegal 7646 6.96 0.03 15850567 431 0.21
Sierra Leone 760 0.69 0.00 7557212 2.06 0.10
Togo 1617 1.47 0.01 7797694 2.12 0.10
Total West Africa 109878 0.38 | 367565886 100.00 4.87
Total World 29026436 100.00 |7550262101 100.00

Regional Share (RS),

Global Share (GS)



The global and regional share analysis shows
that Nigeria maintained its dominance among West
African countries in terms of both research output
and population size. Nigeria produced more than half
(60.43%) of the total research output and comprised
more than half (51.93%) the total population size of
West Africa. Approximately 33% of research output
in West Africa comes from five other countries:
Ghana, Senegal, Burkina Faso, Cote d’Ivoire, and
Benin who jointly comprised 27% of the total West
African population.

The global share (GS) analysis in Table 2 shows
that West Africa comprises approximately 5% of
the world‘s population and contributed 0.38% of the
total article in Scopus, 1997-2017. It is evident from
this that the West African global research share is
ten times lower than its global population share.

The regional share analysis in Table 2 shows
an interesting observation with respect to the
dimension of West African research output and
population size. The research output of West African
countries is very much in line with their population
size. Countries with high population size produce
more research output.

The Intra-Regional and Inter-Regional
Collaboration of West Africa Research
Output

In assessing the intra-regional research collaboration
of West African research output, Table 3 provides
country X’s contributions to country Y’s research
output. There has been a significant level of
research collaboration among most West African
countries. Nigeria and Ghana had the highest level
of collaborations with 650 research collaborations.
Other countries with a high level of collaborations
are Burkina Faso and Senegal with 437
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collaborations, Burkina Faso and Mali with 297
collaborations. Despite the high level of collaborations
between these countries, the influence of their
collaboration on each country’s research output
differs. For instance, Nigeria contributed 4.7% of
Ghana’s total research output while Ghana
contributed only 1% of Nigeria’s total research
output. Burkina Faso contributed 5.7% of Senegal’s
total research output while Senegal contributed 8.3%
of Burkina Faso’s total research output. Burkina Faso
contributed 10.8% of Mali’s total research output
while Mali contributed 5.6% of Burkina Faso’s total
research output.

Countries with a high level of influence on other
countries’ research output include the Gambia, which
contributed 16.2% of Guinea-Bissau’s total research
output. Benin contributed 12.3% of Togo’s total
research output; Burkina Faso contributed 11.6% of
Togo’s and 10.8% of Mali’s total research output.
Senegal contributed 10.6% of Niger’s and 10% of
Guinea-Bissau’s total research output. All other
countries contributed less than 10.5% to other
country’s research output.

In assessing the inter-regional research
collaboration of West Africa research output, as
observed in Table 3, collaboration with countries
outside West Africa have greatly influenced West
Africa’s research output. The first collaborator for
all West African countries falls outside the West
African region. Gambia had the highest influence
from a foreign collaborator, with 67% contribution
from the United Kingdom (UK). This was followed
by Guinea-Bissau with 66% from Denmark and
Liberia with 57% from the United States (US).
Except for Nigeria who had 6% influence from its
first foreign collaborator. All other West African
countries had 19% and above influence from their
first foreign collaborator.
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An interesting observation emerged when
comparing the intra-regional collaboration (Table 3)
and inter-regional collaboration (Table 4). It was
observed that West African countries contribute only
a small percentage to each other’s research output
as compared to the contributions made by foreign
countries. For instance, despite Nigeria’s huge
volume of research output, contributions of other
West African countries to Nigeria’s research output
were below 0.5%, while the US contributed 6%,
and the UK contributed 5%. Gambia who had the
highest influence from a foreign collaborator, with a
67% contribution from the UK had its highest
regional contribution from Senegal with a 5.9%
contribution. Others with high contributions from
foreign countries include Guinea-Bissau, which had
66% from Denmark (foreign) but 16.2% from
Gambia (regional). Liberia had 57% from US
(foreign) but 7.5% from Nigeria (regional). Even
countries with high regional influence had their
highest influence from foreign collaborators. For
instance, Togo had 12.3% from Benin but 29% from
France (foreign). The influence of foreign countries
on West African countries is higher than the
influence of West Africa countries on each other’s
research output.

Current Scientific Research Areas in West
Africa

The current scientific research foci of West Africa
during the study period are presented in Table 5.
Most West African countries had published in the
27 research areas (according to Scopus database
classification). Research areas that had a minimum
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of 7,000 publications were considered. Seven
research areas had more than 7,000 publications.

Medicine topped the list with 43,318 article
publications. The others were Agricultural and
Biological Sciences (26,414), Biochemistry, Genetics
and Molecular Biology (12,236), Social Sciences
(12,080), Environmental Science (10,673),
Immunology and Microbiology (9,981) and
Engineering (7,238).

Scientific research in Medicine was centralized
in Nigeria with 55.16% of the total publications. Other
important countries in this regard were Ghana
(11.93%), Senegal (8.54%), Burkina Faso (6.0%),
and Cote d’Ivoire (5.49%). In Agricultural and
Biological Sciences, Nigeria topped with (58.14%),
Ghana (11.66%), Benin (6.98%), Senegal (6.74%),
and Burkina Faso (5.64%) were ahead of other
countries in the region.

In Biochemistry, Genetics and Molecular
Biology research, West African relied mostly on
Nigeria with 59.67%. Other countries in this regard
include Ghana (10.87%), Senegal (6.42%), Burkina
Faso (5.33%), Cote d’Ivoire (4.72%), and Benin
(4.59%). Other countries had less than 3.6%. Nigeria
and Ghana led West Africa in Social Sciences with
61.35% and 21.22% respectively. In Environmental
Science, Nigeria had 58.03% and Ghana 17.24%.
Other countries had less than 6%. The leading
countries in Immunology and Microbiology were
Nigeria (40.01%), Senegal (12.59%), Ghana
(12.39%), Burkina Faso (9.98%), Cote d’Ivoire
(6.91%), and Gambia (6.23%).

In Engineering West Africa relied mainly on
Nigeria with 75.31%. Apart from Ghana with
11.04%, other countries had less than 4%.
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SCIENTIFIC RESEARCH IN WEST AFRICA

Discussion

The findings on the research output in West African
countries reveal a noticeable growth from the years
1997 to 2017. By the second period of analysis, the
total research output in West Africa more than
doubled from the previous period. Eight of the fifteen
countries increased their research output by more
than 100%. This trend continued to the third period
where the total research output in West Africa
increased by 79% from the second period and 286%
from the first period. This trend indicates that West
Africd sresearch outputs areincreasing over theyears.

An analysis of the research output in West
African countries reveals that the research output
in West African countriesisrelativeto its population
size. The research output of West African countries
strongly correl ateswith its popul ation size. Countries
with high population size were found to produce
moreresearch output. Thisisevident from previous
studies (Luo, Liang, Gong, Bao, Huang, and Jia,
2015). 2015; Cheng and Zhang 2013), whereit was
found population size strongly correlated with
research output.

West Africa represents almost 5% of the
world’s population, despite West African’s vast
population; it only contributes 0.38% of the total
research articlein Scopus, 1997- 2017 indicating that
West African global research share is ten times
lower than its global population share. Despite the
noticeable growth in West African’sresearch output,
West African global research share is well below
theworld average. Though West African contribution
toglobal knowledge hasincreased quitedramatically
from 0.23% share in 1997 to 0.51% in 2017;
however, the share of West African research output
at the global level remainslow. West Africa's share
of theworld’s scientific output remained below the
world average. Thislow share can be attributed to
insufficient research funding as similarly noted by
Tijssen (2007), and M egnigbeto (2016).

Scientific research output in West Africa as
noted in the study is more concentrated in Medicine.
Similarly, Mégnigbéto (2013a) also noted that
research in West Africa is produced mainly in
medical and health sciences. This can be attributed
to the study of Nwagwu, (2016), who noted that
Medicine is a local discipline, often addressing
challengesthat exist in theimmediate environment
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and that researchers are naturally responding to the
needs of the local and immediate community.
Scientific research output in West Africa is
largely dependent on a few countries. Nigeria,
Ghana, Senegal, Burkina-Faso, and Cote d’Ivoire.
Nigeria alone contributed more than half of the
publications. The second major contributor was
Ghana but it was far lower than the percentage share
of Nigeria. The leadership demonstrated by Nigeria
has both demographic and economic roots. Nigeria
contributes the largest share of West African total
research output and population size. This is evident
from the study of Megnigbeto (2013a) who reported
that Nigeria is the leader of knowledge production in
West Africa, as Nigeria accounts for more than half
of West African research output and demography.
It is also significant that the level of research
collaboration among most West African countries has
impacted greatly by boosting the research output of
other West African countries. This analysis is in line
with that of Onyancha and Maluleka (2011);
Hoekman, Frenken and Tijssen (2010); Onyancha
and Ocholla (2007) which found that a country’s total
research output is greatly boosted by its neighbours.
A different scenario emerged when assessing the
research collaboration of West African countries with
non-West African countries. It was observed that
foreign collaboration plays a big role in the production
of knowledge in West Africa. The research output
through collaborative research among West African
countries is minimal as compared to foreign
collaboration. This implies that collaboration with
researchers from other parts of the world helps
increase West Africa’s research output. This
illustrates the remark of Mégnigbéto, (2013c¢) that
collaboration within West African countries is weak
or negligible. However, this is in contrast to the report
of Adam, King, and Ma (2010) which revealed that
countries belonging to the same geographical region
tend to collaborate more with each other than they
did with countries outside their region.
Collaborative research has drastically increased
international co-authorship in scientific publications,
resulting in a rapid increase in the number of
international co-authored articles in all fields and
disciplines (Low, Ng, Kabir., Koh and Sinnasamy,
2014; Pouris and Ho, 2014). Prathap (2013)
explained that scientific collaboration has brought
about greater co-authored articles, which has
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increased the overall number of research output. An
increase in research output tends to advance
scientific knowledge. As noted by Eniayejuni (2018)
“researchers need to collaborate and publish more
to yield impactful research and to advance scientific
knowledge which will be assessed for national
science policies and development”.

Conclusion

Over the years, West African contribution to global
knowledge has increased quite dramatically. Although
all West African countries have made gains in the
last decade. Only a few countries were responsible
for the growth and development of the bulk of
knowledge production in West Africa. The regional
top six countries were Nigeria, Ghana, Senegal,
Burkina Faso, Cote d’Ivoire and Benin. The
combined share of these countries is about 88% of
the total West Africa research output and about 80%
of total West Africa population.

The research output of West African countries
is very much in line with its population size. Countries
with high population size were found to be more
productive than countries with lower population size.
The share of West African research output at the
global level remains low as compared to their global
population share.

Research preferences and specialisation in all
research areas were dominated by Nigeria. Other
prolific countries were Ghana, Senegal, Burkina Faso,
Cote d’Ivoire, and Benin. The key research areas
were Medicine, Agricultural and Biological Sciences,
Biochemistry, Genetics, and Molecular Biology,
Social Sciences, Environmental Science,
Immunology and Microbiology and Engineering.

West African research appears to be more
dependent on inter-regional collaboration than intra-
regional collaboration. The impact of foreign
collaboration in West African research output is
higher than that of regional collaboration. Since
knowledge-creation is increasingly dependent on
collaborative efforts and research is known as a
driver of economic growth and political development,
West Africa must increase their collaborative effort
to increase their research output, West African
countries must invest more in research and improve
their research production abilities to further
strengthen socio-economic development in the sub-
region.

ANTHONY ENIAYEJUNI
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