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ABSTRACT This article provides a critical review of the process of formulating science,

technology and innovation (STI) policy in Nigeria using scientific indicators. The attainment

of development goals requires a painstaking process of policy-making based on scientific

evidence derivable from relevant evidence. However, in many developing countries, there is a

gap between policy and development priorities as most policies are not based on scientific

facts either because they are unavailable or, where they exist, unreliable. Using a system

analysis framework, the article brings into perspective the fundamental role played by STI

indicators in providing scientific evidence for designing, formulating and implementing

national innovation policy. This can serve as a framework for utilizing scientific evidence in

policy-making in a developing country context. This article is published as part of a thematic

collection on scientific advice to governments.
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Introduction

Africa has been widely recognized as the poorest continent
(World Bank, 1989, 2001, 2006; Mabogunje, 2004; Bigsten
and Durevall, 2008; Ogbuji, 2009; Olaopa and Uzodike,

2009; Assefa, 2010). In 2005, the World Bank estimated the sub-
Saharan Africa’s (SSA) share of global Gross Domestic Product
(GDP) as 1.4% despite contributing 11.5% of the world’s
population (World Bank, 2010). The continent faces overwhelming
challenges that hamper its development. These include inadequate
infrastructure, poor access to basic services, widening inequality,
rising unemployment, conflicts, among others (MDGASG, 2008
cited in Assefa, 2010). The continent lacks the basic infrastructure
to develop new technologies. Worse still, it lacks clear policy and
capacity to adapt, absorb and diffuse imported technologies for her
technological advancement (UNCTAD, 2007). To address these
developmental challenges in Africa and other regions, govern-
ments, multilateral institutions and developmental partners set up
the Millennium Development Goals (MDGs) and the successor,
the Sustainable Development Goals (SDGs) (UN, 2015a). Central
to the two are issues of eradicating poverty and hunger, achieving
provision of quality education, clean water and sanitation, and
promoting gender equality. In fact, one of the reasons for enacting
the SDGs is because of the failure of many African countries to
achieve some of the objectives, such as halving extreme poverty.
For example, despite measurable improvements, more than 40% of
SSA population, as at 2015, still live in extreme poverty. While
gender parity has increased, the region still accounts for over half
of the countries with gender disparity in primary education in 2012
(UN, 2015b). Given the above situation, one is therefore tempted to
ask whether there is any chance for Africa to develop. If there is,
what are the essential issues involved and that can guarantee
sustainable development in Africa? Unobvious of the various
contestations regarding the concept of development, within this
article, the term sustainable development is taken to mean stable
and continuous constructive socio-cultural, economic and political
changes in the life of the people over a specific period of time
(Olaopa et al., 2012) accompanied with their ability to create
wealth and generate employment independently without any
external interference (Akindele, 1995). The role of science and
technology (S&T) as an engine of development has been globally
recognized (NEPAD OST, 2006; Chataway et al., 2009;
NACETEM, 2010). Ilori (2002) posits that the application of
S&T increases the efficiency of production systems and enhances
industrial competitiveness. In fact, what gives a nation competitive
edge is the speed it can identify, utilize and diffuse new knowledge
(Prusak, 1996).

However, for S&T to translate to improved quality of life,
wealth and employment creation, it must be focussed at bringing
new goods and services in the market place. In other words, S&T
efforts must be geared towards innovation: the process of
bringing new products to the market. Production systems in
developed economies are been driven by the utilization of
scientific and technological knowledge. There is therefore the
need to put in place explicit strategies, mechanisms and
institutions to translate scientific knowledge to development.
This necessitates the formulation and regularly reviews of S&T
policies in driving sustainable development (Olaopa et al., 2011).
How then could the sustainability of such development be
assured in the context of a globalizing market economy and what
role could science, technology and innovation (STI) indicators
play in policy-making and sustaining such development? What
would have been the priorities of STI in such a circumstance
remained unanswered? In other words, the main question is: Do
STI indicators play any role in policy-making and sustainable
development? This article is therefore initiated to bringing to light
the critical role of STI indicators for enhanced evidence-based STI

policy-making and sustainable development. This is with a view
to creating awareness on how STI policy can be effectively
designed and implemented through the integration of scientific
evidence to support the attainment of the national development
agenda of a developing country using the experience of Nigeria.
In doing this, we show bias for a qualitative research method and
the secondary data were collected from the academic literature,
magazines, newspapers, pamphlets, Internet-based information,
including Websites and official documents on the subject matter
and their contents were rigorously analysed.

Consequently, the article has been organized into five parts.
First, the relationship between STI and development and the
need for evidence-informed policy-making using STI indicators is
emphasized. The second part examines the Nigerian experience in
STI policymaking process using the system analysis framework.
The third section outlines the lessons while the fourth expresses
the limitation of using STI indicators. The paper ends with
conclusions and policy recommendations.

STI in development
Knowledge, a product of science and scientific enterprise, is a key
resource central to achieving development aspirations. While the
term “development” is a universal concept, which often means
different things to different people, the fact still remains that it is
often used to denote social, economic and political conditions of
the populace (Thomas, 2000). Any nation that fails to pursue
development does so at its own peril. New knowledge unlocks
opportunities that create new frontiers that in turn generate new
knowledge (Metcalfe, 2000). As Knight (1935) cited in Metcalfe
(2000) puts it, “in societies premised on the division of labour and
the role of markets, economic development is a ‘self-exciting’
process”. It is within the context of the creation and exploitation of
new knowledge that the concept of STI in development situates.
While knowledge accumulation is pivotal to development process,
there is, however, no common agreement on the trajectory of the
process; importantly, it is difficult to predict the outcome and
consequences of exploitation of knowledge in development
(Metcalfe, 2000). Despite this, developments in science may open
up new opportunities for generating new ideas and knowledge
that can only be translated to practical use and application by
technology, which on the other hand is driven by the need and
search for the underpinning natural principles for solving
development challenges. In addition, there are differences in the
nature of knowledge and also in the way knowledge is accumulated
and applied to solve societal challenges among countries. These
differences can be attributed to the strength and depth of their
institutional structures for generating and applying knowledge.

Innovation, on the other hand, involves much more than idea
and knowledge of relevant S&T, but the application of that idea to
the economic process (Wignaraja, 2003). While S&T defines the
accumulation and exploitation of knowledge to solve a given
problem, innovation connects it to the market. In doing so, it is
exposed to market factors, production principles, that are outside
the scope of S&T. Metcalfe (2000) however, identifies four factors
that can shape innovation. These are opportunities, incentives,
resources and managerial capabilities. They constitute the driving
force behind any STI policy in that it not only addresses the
concerns of S&T but capabilities of firm to implement and market
innovations and the factors that either enhance or obstruct them.

Evidence-based policy: the missing link
Driving economic growth and sustainable development through
S&T comes through a painstaking process of policy-making based
on scientific evidences. The term evidence has been given dif-
ferent interpretations in the literature among different
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stakeholders such as researchers, policymakers, academics,
among others. According to the UK Cabinet Office, the term
includes a wide range of concepts such as expert knowledge;
published research; existing research; stakeholder consultations;
previous policy evaluations; the Internet; outcomes from
consultations; costing of policy options; output from economic
and statistical modelling (Cabinet Office, 1999). However,
Sutcliffe and Court (2005) define evidence based on an output
of a research process. Adopting the OECD’s definition of research
—that is any systematic effort to increase the stock of knowledge
(OECD, 2002)—the authors define evidence as any scientific
output that have been collected through a systematic process.
These include the process of critical investigation and evaluation,
theory-building, data collection, analysis and codification related
to development policy and practice. Examples include statistical
notions of evidence as well as qualitative techniques that
determine under what condition a policy intervention will be
effective (Sutcliffe and Court, 2005). It is within this context that
we situate this article.

A good policy should address local challenges, devise clear and
measurable strategies for achieving set objectives and garner the
support of the stakeholders. It must also learn from previous
experiences and leverage on scientific knowledge and facts.
However, in many developing countries, there is a gap between
policy and development priorities. Most policies are not based on
scientific facts either because they are unavailable or where they
exist, unreliable. In formulating STI policies, scientific indicators
play a fundamental role of providing evidences for formulating
national innovation strategies. The absence of relevant indicators
is often a major obstacle for the design and implementation of
STI policies in developing countries (NPCA, 2014). STI indicators
are thus crucial in the innovation system. They are used to
monitor the progress of the innovation system; evaluate the
efficiency and effectiveness of allocated resources; and benchmark
against set targets. Also, they can be used to forecast technological
trajectories and thus provide a glimpse into the future (Gault,
2010). An indicator is defined as “a statistic, such as GDP, or
population, or a combination of statistics, such as GDP per capita,
which tells the public and the policy maker about the state of
the economy and the society” (NEPAD, 2005). They provide
opportunities for members of the public to participate in public
policy debate, thereby serving as feedback to policymakers in the
design and monitoring of evidence-based policy (NEPAD, 2005).
Indicators become effective when they are rooted in the policy
process, and are watered by continuous engagement between key
actors including policymakers, statisticians and the public. They
inform public policy debates and generate discussion within
policy departments. Gault (2008) highlights two main objectives
of using STI indicators in the policy process:

� Providing the Minister of S&T with indicators and policy
advice comparable to that received by the Minister of Finance;

� Presenting complex STI indicators in a way that is accessible to
the policy community and to civil society.

In developed countries, organizations and bodies have been
established with strong capacity for the collection, analysis and
production of STI indicators to support evidence-informed
policy. Such organizations include the OECD’s Working Party
of Network of Experts on Science and Technology Indicators; the
European Union’s Eurostat; UNESCO’s Institute of Statistics
(UIS); and the Network on Science and Technology Indicators
(RICyT) in the Ibero-America and the Asia-Pacific Economic
Cooperation and Pacific Economic Cooperation Council for
the Asia-Pacific countries. These organizations provide services,
undertake capacity-building, and conduct studies aimed at

medium- to long-term planning (Pouris and Pouris, 2008).
The need to develop STI indicators and enjoy its accrued benefits
is not limited to developed countries; its importance was also
recognized in the African Continent at the first NEPAD
Ministerial Conference on Science and Technology as a means
of assessing the African Peer Review Mechanism which among
others monitors the success of African countries in the effort to
commit 1% of GDP to R&D (Pouris and Pouris, 2008). But
surprisingly, African countries, with the exception of few, are yet
to build capacity for the development of STI indicators for
integration into their policy process for enhanced national
development. The reasons for this is connected with inadequate
STI governance structure and STI advisory system, weak human
capacity, poor state of STI infrastructure and inadequate funding
to support STI activities (Siyanbola, 2013). Besides, the capacity
of policymakers to provide balanced, comprehensive and timely
information on policies relevant to S&T has been limited by
the lack of an effective knowledge transfer mechanism for
disseminating and exploiting S&T research outputs. This has
been worsened by a communication gap between the National
Assembly Committees on S&T and knowledge institutions
(NACETEM, 2011b). This missing link may account for the
failure of their respective STI policy to harness their respective
resources for sustainable development.

Development of STI indicators project: the Nigerian
experience
In Nigeria, all the major stakeholders have realized the important
role of S&T in driving rapid industrialization and sustainable
development. The government is also convinced that the attain-
ment of sustainable development is predicated on the design of an
appropriate policy framework based on effective knowledge and
quality information. These are seen as the essential ingredients
and indispensable requirements for policy-making. However, the
depth, quality and reliability of existing knowledge and informa-
tion in a society influence and determine the thoroughness,
robustness and wholesomeness of its policies leading to increased
efforts at leveraging on scientific evidence in the process of STI
policy-making. This has motivated the country to intensify efforts
at accessing quality and adequate information for effective STI
policy-making. Specifically in Nigeria since the beginning of the
current democratic governance, the source and quality of S&T
information available for decision-making is yet to be ascertained.
Given the impact of S&T knowledge on macroeconomic
development, it is worthwhile to characterize the nature of S&T
information and its sources, and determine its impact on the
policy-making process in Nigeria. The technological advancement
of the country has been hindered by lack of an effective system of
gathering scientific evidence that can be integrated into STI policy
process. This led to the commencement of STI indicators project
in 2005 with the objective of tracking the country’s scientific
growth and monitoring performance (NACETEM, 2011a). The
initiative was later integrated into the New Partnership for
Africa’s Development, Office of Science and Technology (NEPAD
OST), African Science, Technology and Innovation Initiatives
(ASTII) in 2008. The Federal Ministry of Science and Technology
was appointed as the Focal Point for Nigeria, while NACETEM
was mandated to implement the programme on her behalf.
Eighteen other African countries participated under the first
phase of the project. The ASTII initiative provided the platform
to undertake the first official Research and Development (R&D)
and Innovation Surveys in Nigeria. It also enabled African
countries to use a uniform framework and methodology in
developing policy-relevant surveys for Africa. This ensures
comparability among member countries. The outcome provides
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a platform of integrating indicators into STI policy design with
implications on sustainable development in developing countries
like Nigeria. This is particularly important in view of the neglect
of evidence-based research in decision-making processes in Africa
(Olaopa et al., 2011). The Nigerian experience and the lessons
learnt from the discussion of the next section.

STI policy-making process in Nigeria: the history
The realization of the role of S&T in development led to the
formulation of the first Nigerian National S&T policy in 1986.
It was aimed at giving direction to the pursuit of knowledge in
S&T by ensuring that knowledge is used to improve the welfare
of the citizen. After about 10 years of its implementation, the
government saw the need to incorporate new developmental
issues in S&T in a revised policy (FMST, 2011). The 1986 S&T
policy was revised in 1997 with a defined implementation time
frame of 25 years, which is to be reviewed every 5 years (Olaopa
et al., 2011). It aimed at creating an independent, integrated and
self-sustaining economy. While giving prominence to issues of
coordination, funding and collaboration, the 1986 S&T policy
lacks the structure to address the weak linkages in the National
Innovation System (NIS). It also failed to exploit the opportu-
nities of emerging technologies such as biotechnology, ICT and
nanotechnology in solving societal challenges. These weaknesses
and that of the 1997 version led to the formulation of a new
policy in 2003. The new S&T policy while addressing some of the
failures of the predecessor was too narrow in focus, voluminous,
sector-based and lacked the needed synergy with other national
economic policies.

The 2011 STI policy review: the major innovations
The failure of most African countries to achieve sustainable
development was compounded by African countries’ lackadaisical
attitude towards the application and utilization of scientific and
technological knowledge for wealth creation and employment
generation, as well as other social and economic objectives.
To address this, government formulates policies as a course of
action or inaction intended to accomplish a goal (Olaopa et al.,
2011). Public policy is the output of the political system and it is
made up of all the public decisions that governments authorita-
tively make. The objective of such policy is mainly to solve
societal challenges in a fair and equitable manner. In doing this,
the process of policy formulation and implementation or service
delivery must be participatory in such a way that it is all-inclusive.
The policy must be formulated by stakeholders based on
consensus. This is to guarantee public ownership, effective
participation, legitimacy, and ensure the responsiveness of public
policies and institutions to societal needs (Agagu, 2010).

As a departure from previous S&T policy documents, the new
document, for the first time, integrates the concept of innovation
to S&T. This will help in achieving developmental objectives,
especially government’s economic agenda. In this sense, there is a
swing in focus from knowledge generation to commercialization.
This shift in paradigm is imperative in that new knowledge can be
generated and deployed to produce goods and services, which will
in turn lead to employment generation and wealth creation. In
this regard, the policy process adopted a participatory (bottom-
up) approach by engaging various stakeholders in the country’s
NIS. They include FMST and agencies, cognate Ministries; the
academia, including the Committee of Vice-Chancellors; Acade-
mies, including the Nigeria Academies of Science and Engineers;
the business sector, including the Manufacturers’ Association of
Nigeria, and Lagos Chamber of Commerce and Industry; the
Military; National Assembly; Development Partners: UNESCO,

UNDP, UNIDO and so on in the process leading to its
formulation.

A major weakness of the S&T policy formulation process in
Nigeria is the non-utilization of scientific evidence in the process.
To resolve this, the new STI policy, during its formulation
process, leveraged on policy research outcomes, including,
especially, R&D and Innovation surveys, undertaken by NACE-
TEM on behalf of the Nigerian government. Hence, using data
from the surveys, the performance of the country was assessed
and weak points identified and attended to. These areas include
funding, governance structure, STI capacity-building and change
in orientation from just knowledge accumulation to innovation.

Strategic location of NACETEM within Nigeria’s innovation
system
NACETEM plays a crucial role within Nigeria’s NIS. It has a
primary mandate of conducting policy research in STI manage-
ment among others, thereby proving knowledge support to
government. In line with this mandate, a number of key policy
research projects and surveys have been undertaken successfully
by NACETEM since 2005 in different areas of STI. These
include energy and environment, ICT, policy review, innovation,
entrepreneurship, indigenous technology, and R&D and Innova-
tion indicators. A key example is the development of STI
indicators, which forms Nigeria’s input into the NEPAD ASTII
whose first edition was successfully completed in 2011. Also,
deriving from its mandate, NACETEM led the effort at
formulating the new STI policy for Nigeria, a process that was
completed in 2012 (Siyanbola et al., 2012).

The crucial role of NACETEM in leading the two STI efforts of
government—reviewing the STI policy and developing of STI
indicators—is novel and strategic among African countries. The
STI policy review process leveraged on the outcome of the STI
indicators project. The timely, speedy and direct feedback of the
indicators’ output into the policy process was possible because
NACETEM implemented the two projects. This is a model for
African countries.

Framework for policy formulation using STI indicators
Theoretical framework. To understand the role of scientific
evidence, in this case STI indicators, in the process of STI policy
formulation and development, the article employs a systems
framework.

The systems framework. The framework divides interaction
process within a system into four phases, namely, input, con-
version, output and feedback. Following the pioneering work of
David Easton, the systems framework has been variously articu-
lated and adapted for use in policy analysis by a number of
scholars (see Dror, 1968; Bozeman, 1979; Anderson, 1984;
Olugbemi, 1980; Henry, 1986; Egonmwan, 1991). All systems
interact with and are influenced by their environment, although
boundaries are defined for them so that they can be seen clearly
and analysed (Koontz et al., 1980). The inputs pass through a
conversion mechanism and the output is released into the
environment (Olaopa, 2011). The output in turn has con-
sequences both for the system and the environment in which the
system exists (Easton, 1957).

In the context of this article, emphasis will be placed on how
major stakeholders at every level of government work to influence
STI decisions as a result of their position, ability, advantage, social
role and structural pressures within which they operate. The
point we are making here is that the activities of various actors,
their socialization, orientation, their economic and political
background, need to be closely examined to proffer reasons for
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the effectiveness or otherwise of STI policy in Nigeria. The
purposed actions of key stakeholders then becomes critical to the
unravelling of the reasons for the success or otherwise of the
formulation and implementation of any policy.

However, Nigeria has not been able to accord STI the required/
needed attention particularly in terms of funding with respect to
R&D in the sharing of, and allocation of revenue due to lack of
appropriate indicator that shows the implication of such action or
inaction. This notwithstanding, various Governments have shown
interest and increasing appreciation and understanding of the critical
role of S&T in the national political and socio-economic develop-
ment programmes. In addition, they have at various times made
efforts at establishing structures, formulating and designing policies
to mobilize S&T for rapid national development. These bold and
deserving efforts have had limited success as the national S&T
system continues to suffer from major weaknesses and constraints as
reflected by the inability of the respective policies to attain most of
their objectives (Siyanbola et al., 2012). The reason for this includes,
among others, lack of concrete evidence to provide the basis for their
formulation. Thus, this underscored the need to provide evidence-
based policy by leveraging on policy research outcomes, including,
especially, R&D and Innovation Surveys in line with global best
practices. For instance, as earlier articulated in this article, the
attainment of sustainable development is a function of an
appropriately designed policy framework based on effective knowl-
edge and quality information. However, lack of the depth, quality
and reliability of existing knowledge and information that
characterized previous S&T policies has affected their thoroughness,
robustness and wholesomeness. This has equally resulted in their
limited operational performance.

We are not oblivious to the shortcomings of the systems
framework, most especially its failure to focus only on the
existence of parts that must work in harmony for the
sustainability of the system without actually showing the roles/
functions that these parts must perform or be allocated (Olaopa,
2011) and the impediments to effective STI policy formulation, as
well as their implications/consequences for effective operation of
the National System of Innovation (NSI). The understanding
of these roles/functions, the impediments to viable STI policy
operation/performance and their accompanying consequences is
very important in that their adequate performance or otherwise

has a lot of implications on the entire socio-political system.
These shortcomings, however, are not weighty enough to render
this framework inappropriate for this article.

Figure 1 shows the complex web of influences and the almost
multidimensional relationship that submerge the STI system in
the process of making decision on STI development.

Feedback: Represents either positive or negative influence
that the STI policy output (effective service delivery
or otherwise) has upon the political system and its
environment to shape subsequent inputs.

Environment: Includes (1) STI stakeholders (members of NSI),
(2) members of the public and other government
officials and those whose interest will be affected
as a result of the implementation of the policy.

Inputs: These according to Easton (1957) consist of
“demand, resource, support, opposition”. As it
relates to STI indicators and STI policy for-
mulation in Nigeria, this includes the need and
demand of Nigerian STI actors to have con-
trol over STI policy issues, the need for the
policy researchers to provide resources, support
and integrate evidence-based policy base on
policy research outcomes. The demands include
request for better funding, management of R&D,
mechanism for commercializing R&D outcomes,
human resource development, mechanism for
S&T acculturation, partnership, collaboration
and science ethics, private-sector involvement,
STI governance and administration, among
others, as articulated by stakeholders in the
NSI. These are fed into the policy-making
machinery with the expectation that those who
make policies will respond with policies, pro-
grammes or measures that would be implemen-
ted to meet those needs.

Process: This is also known as “withinput” or conversion
box. They, according to Easton, consist of
“structures, procedures, policymakers, psycho-
social framework” (Ayodele, 2000). In this
article, the process is the arena for the interplay

Figure 1 | Systems framework showing interrelationship between STI indicators and STI policy formulation process.

Source: Olaopa (2011).
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of forces that result in policies—favourable
or unfavourable—to STI development. It also
involves various actors, including policymakers
and stakeholders at all levels of government such
as the President, Ministers and Commissioners
for STI and related matters, Cognate ministries
and their officials at all levels of government and
other structure within which STI policies are
made. Others include people, governments,
businesses, and institutions of education, non-
government organizations and other organized
groups that have the capacity to engage in the
activities of interest.

Outputs: These consist of “goods, services and symbols to
public and other policymakers”. In this article,
they could be represented by STI policies that
government formulates to promote efficiency
and national development using STI indicators.
These are implemented through projects, pro-
grammes and strategies. Thus, the extent to
which the policy is effectively formulated with
due regard to evidence will determine the
effectiveness of the projects and programmes
in solving developmental challenges.

Management: The overall coordination and management of
the process driven by the use of STI indicators
in the input, process, output and feedback. The
capability of the government institute respon-
sible for managing this will determine the extent
to which the policy will address the needs of the
stakeholders.

Integrating STI indicators in policy-making: the how; the
lessons
The utilization of scientific evidence and inclusiveness in the
process of formulating Nigeria’s STI policy learnt credence to the
integrity and wide acceptability of the process. Spanning a period
of 24 months, the policy leveraged on the outcome of the STI
indicators survey, which was coincidentally being completed
when the policy-review process kicked off. The new policy
benefitted from the outcome of the STI indicators project in the
following ways.

From S&T to innovation. The previous S&T policies in Nigeria
had their primary focus on the generation of knowledge for
national development without focus on innovation and com-
mercialization. The focus of most developmental plans of the
country since the 1980s has been job and wealth creation, tackling
unemployment and improving the standard of living of the
people. This was emphasized in the National Development Plans
of the 70s and 80s, NEEDS programme and, recently, the Vision
20/2020. However, the S&T policies were not designed to address
these perhaps due to lack of appropriate indicator to show the
critical need. This has led to a lacuna between the S&T policy and
the national plans and strategies. The main thrust of the 2012
exercise therefore shifts attention from just undertaking S&T
but innovation, a statement of intent redirecting S&T to solving
national economic challenges. This is why innovation was
reflected in the title of the policy for the first time in Nigeria. This
was enhanced by the country’s involvement in the STI indicators
project and the utilization of same in the review process, and
thus represents a bold demonstration of the country’s commit-
ment at bridging the gap between S&T and economic develop-
ment. This has aligned S&T with national development plan by

refocusing R&D and S&T engagements towards entrepreneurship
and innovation.

Shift in focus: from knowledge generation to wealth creation.
The R&D survey reveals that basic (36%) and applied (38%)
research are the focus of Nigeria’s R&D activities. Among the
African countries that participated under the ASTII, Nigeria
spent the highest on basic research, least on applied research and
lower than South Africa, Malawi and Uganda on experimental
development. This revelation by the STI indicators from the R&D
survey necessitated the shift in focus of the new policy from
knowledge generation to employment generation and wealth
creation. This will tackle one of the key challenges of the Nigerian
economy; unemployment, which has a rate of about 24% in 2011
(NBS, 2011). To address this, the policy calls for shift of focus
of research from basic to experimental development through
technological entrepreneurship and innovation. It also calls for
strengthening the curricula in technology entrepreneurship.
Furthermore, it advocates for a strong linkage between the aca-
demia and the industry through the establishment of new and
strengthening of the existing Intellectual Property and Techno-
logical Transfer Offices.

Improved funding

Creation of special funding agency. Although Nigeria’s Gross Domestic
Expenditure on R&D (GERD) is second behind South Africa;
however, when considered on a per capita basis, Nigeria occupies
the 10th position. South Africa’s per capita spending is about
26 times more than Nigeria’s (AU-NEPAD, 2010). Only Mali and
Mozambique spent less. More worrisome is the R&D Intensity
(GERD/GDP); a measure of the concentration of R&D activities
in an economy within a particular year. Nigeria ranks lowest
among the 12 countries with a R&D intensity of 0.2. This is far
from the from the benchmark of 1% first agreed in the First
Conference of Ministers Responsible for the Application of
Science and Technology to Development in Africa (CASTA-
FRICA I) in 1974 in Dakar (UNESCO, 1987), and emphasized in
various S&T policy meetings and international declarations
across the continent in the last 30 years. This includes the
CASTAFRICA II, in Arusha in 1987, Lagos Plan of Action of
1980 and the Khartoum Declaration of the Executive Council of
the AU in 2006 (UIS Bulletin, 2004; AU-NEPAD, 2010). Meeting
this target will need a five-fold investment in R&D. To tackle this,
the new policy made case for improved funding for R&D in
higher institutions and government. It thus advocated the
creation of a special funding vehicle for R&D—the National
Research and Innovation Fund (NRIF). The aim is to create a
competitive funding vehicle similar to the South Africa’s National
Research Foundation for funding R&D in line with national
priority.

Encouraging business sector funding. The trend in the developed and
emerging economies is dominant business sector funding and
performance of R&D. Although government dominates R&D
funding in most developing countries, the scenario is gradually
changing towards the business sector. In 2007, the business sector
accounted for 73.0% of GERD in South Korea (Park, 2010); 50.0%
in Brazil (OECD, 2010); 43% in South Africa and 23% in Malawi
(AU-NEPAD, 2010). In Nigeria, as revealed by indicator from the
R&D survey, government is almost totally responsible for funding
for R&D activities with about 96% of the GERD. Among the
12 countries that undertook R&D survey under the ASTII,
Nigeria has the lowest contribution of private-sector funding
contribution of about 1% (AU-NEPAD, 2010). Although the
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Nigerian business sector was not surveyed under the ASTII
Initiative, however, there may not be significant difference in the
outcome due to the nature of R&D landscape in Nigeria. Most
Nigerian firms lacked the capability to undertake R&D, and in
case of big companies and multinationals most of the R&D
activities take place outside the country (Egbetokun and
Siyanbola, 2008). There are two major ways to encourage and
motivate firms such that their capacity and capability to
undertake R&D within the country can be improved. These
include either levying of tax to generate more money to fund
firms’ in-house R&D or providing tax incentives, in terms of tax
holiday, for firms to do R&D. The policy thus advocates a
contribution of 5% of Profit Before Tax, in line with the former
option, to the NRIF by Nigerian business enterprises. Fiscal
incentives such as tax rebates are suggested in the policy to
encourage compliance.

Higher capability for STI. According to the Frascati Manual,
researchers are professionals engaged in the conception or crea-
tion of new knowledge, products, processes, methods and systems
and also in the management of the projects concerned (OECD,
2002). R&D personnel, on the other hand, are all staff directly or
indirectly involved in research. They include researchers and
support staff such as technicians, administrative staff directly
supporting R&D. Researchers per million inhabitants in Nigeria is
119, while that of R&D personnel is 222 (AU-NEPAD, 2010).
South Africa has 815 and 1,207, about seven and six times that of
Nigeria, respectively. By implication, and has obviously revealed
by researchers per million inhabitants, South Africa has more
R&D personnel than Nigeria. It then goes to show why South
Africa has paid more attention to building capacity in the
development and utilization of STI indicators in development
process. These indicators are the basis upon which South Africa
identifies priorities and directs their efforts at building up their
basic STI statistical capabilities, foster the comparability of STI
indicators and enhance their understanding of NISs. This reve-
lation would have remained obscured without the scientific
indicators. This necessitates the new policy to advocate the pro-
duction of world-class scientists, engineers and technologists who
are well grounded in theory, practice of basic sciences and the
needs of entrepreneurship.

Limitations of STI indicators in a developing country context
From the above, it is clear that central to effective and efficient
generation, exploitation and diffusion of knowledge is the appro-
priate measurement and management of STI using scientific
evidence such as STI indicators. However, this is not to say that
these indicators are perfect and that it is sufficient in providing
the needed information for STI policy formulation. There are a
lot of arguments regarding the shortcomings and limitations of
STI indicators in policy-making process.

One major shortcoming is the neglect of framework for
measuring innovation in the informal sector. This is in spite of
the role the sector plays in developing countries, especially SSA.
The informal sector is normally very large and includes a
significant portion of the population in developing countries
who, otherwise, are excluded from most economic activities
Soremekun et al., 2014. It is a source of knowledge generation,
diffusion of technologies, innovation and practices. The current
STI Indicators do not acknowledge the importance of this sector
in Africa, hence lack appropriate methodology for capturing
them (Cozzens and Sutz, 2014). Information-gathering in this
area cannot be sufficiently undertaken through conventional
survey method but interviews, hence existing indicators may not
sufficiently capture and account for or explain these. The same

argument goes for indigenous knowledge in African countries,
which could be used to provide medicines, improve agriculture
and to promote local culture, but for which only interviews and
case studies are required to lead to indicators (NEPAD, 2005).
Similarly is the case of agriculture, which plays a dominant role in
developing countries. In Nigeria, for example, the sector
accounted for up to 40% the country’s GDP in 2011 (NBS,
2012). Also, the sector employs about 70% of the national labour
force in 2007 (NPC, 2009). Despite this, there are no standardized
methodology and framework for measuring innovation in the
sector (Kraemer-Mbula and Wamae, 2010).

Another limitation to the application of STI indicators in
the design, implementation and evaluation of public policies is
the timing of information. According to UNCTAD (2010), this
issue is far more evident in the case of innovation surveys, where
information is gathered once every 3 years, at best in contrasts
with policy management, where decisions are taken almost on a
daily basis. Moreover, as argued by UNCTAD (2010), STI
indicators have emerged as distinct statistics from the general
statistical strategy. Only a few countries have made efforts
towards an integrated statistical database by making STI
indicators a fundamental input for policy recommendations.
This is lacking in most countries where there are significant
conceptual and methodological difficulties for linking STI
indicators withother economic indicators, thereby making it
impossible to integrate them into national development plans
(UNCTAD, 2010).

As earlier argued, for indicators to be used successfully, they
must be embedded in the policy process that requires interaction
between policymakers, who must be able to formulate objectives
and statisticians, who formulate survey questions that provide
information on the objectives formulated (NEPAD, 2005). It is
sometimes difficult for this condition to be met or hold in many
African countries. This is due to the existence of wide com-
munication gap between the policymakers and other stakeholders
in STI policy-making, thereby rendering the utilization of
indicators ineffective. There is no doubt that indicators are useful
tools for measuring and evaluating STI performance in any
country or economy. However, as discussed above, they require a
capacity to formulate questions and to design surveys that yield
useful information, and that can be analysed to produce
indicators. This is in short supply in most African countries as
previously noted, thus limiting the application of STI indicators
in policy process.

However, for a country like Nigeria and most countries in SSA,
the opportunity to develop comparable and relevant indicators
represent a milestone in the process of integrating scientific
evidence in governance. Hence, the shortcomings and limitations
notwithstanding, the critical role of STI indicators in guarantee-
ing evidence-based policy-making cannot be neglected.

Conclusions and policy recommendations
In the twenty-first century economy, organizations and govern-
mental institutions depend on knowledge to strategically achieve
corporate and governance objectives. Knowledge, as the founda-
tion of an institution/organization’s competitive advantage, its
exploitation and commercialization, drives organization’s value
(Grant, 1996). In other to achieve this, it is imperative that the
process of knowledge exploitation and commercialization needs
to be continuously monitored and assessed. In addition, there is a
need to consistently benchmark against set targets and goals so as
to track progress. The development and integration of scientific
evidence like STI indicators makes this possible. More impor-
tantly, it will assist in the formulation of an efficient STI policy for
economic growth and sustainable national development. It is the
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realization of this that made Nigeria to deploy, to a greater effect,
STI indicators to re-shape the content, quality and even structure
of the new STI policy. Future expectations are that it will have
similar impact on other key sectoral policies like education,
agriculture, health, energy and environment, ICT, trade and
investment, SMEs and the overall economic and development
programmes of government. There is also the need to embark on
strategic popularization, sensitization and advocacy among
stakeholders in government and the private sector. However, to
achieve better impact in the use of STI indicators in development,
we propose that experts consider the following recommendations.

Constructing a strategic system framework for STI indicators.
STI indicators cannot exist in a vacuum. To enhance policy
process they must be integrated in to the entire socio-economic
and political systems. The understanding of this helps policy-
makers to change the system. Therefore, a basic framework is
required to support this understanding and capacity to act in the
areas of STI. What we have outlined in this article is an outline of
such a framework that offers a guide in developing country
context. This will assist in building STI indicators as a funda-
mental input for policy recommendations into the general sta-
tistical set or database, on the one hand, and in the effective
understanding of scientific, technological and organizational
change, and its accompanying social and economic impact, on
the other.

Integrating STI indicators into the policy process. The proce-
dure of integrating STI indicators in policy process requires
effective collaboration and interaction between policymakers and
major stakeholders. Effective STI indicators, as argued, should
capture the processes of generation, diffusion and appropriation
of knowledge in the NIS. Although some improvements have
been made using output indicators (bibliometric, patent and
innovation indicators), this notwithstanding, very little is still
known about the dynamics of the system as a whole (UNCTAD,
2010). As earlier asserted, the level of interaction among the STI
actors in the NIS is very low in many of the African countries due
to lack of information. To resolve this, there is the need to direct
effort towards the identification and characterization of the var-
ious actors and stakeholders in the NIS, their knowledge, cap-
abilities and expected roles, how they interact or should interact
and whether STI is generating the expected impact to make
effective utilization of indicators in policy-making process.

Building requisite and appropriate STI capacity and capability.
For STI indicators to be a useful tool for measuring and evalu-
ating STI performance in any country or economy, there is need
to build requisite and appropriate STI capacity and capability.
More knowledge institutions where experts will be trained should
be established, while the existing ones should be strengthened.
Specifically, policy on capacity-building should not be a general
one but one that is directed at solving specific problem. For
instance, while indicators might reveal the need to increase the
stock of qualify human resources related to and sciences, tech-
nology and engineering, there is also the need for efforts to know
about the degree choices of students based on secondary or
middle education statistics and the exact numbers of each dis-
ciplines that is required. In other words, efforts should be made in
developing indicators capable of linking S&T dynamics with
specific needs and national priorities.

Linking STI indicators with national development goals
or aspiration. To mitigate the problems posed by low techno-
logical development and lack of capacity to absorb imported

technologies, governments of developing and developed countries
set up the MDGs and the successor, the SDGs. Central to the two
are issues of eradicating poverty and hunger, achieving provision
of quality education, clean water and sanitation, and promoting
gender equality. To really achieve the proper resolution of these
problems, efforts should therefore be aligned towards the creation
of national and regional indicators capable of identifying and
measuring not only the mechanism but also the extent to which
STI is contributing towards these goals.

Framework for designing and gathering data on innovation in
informal and agricultural sectors. Given the fact that informa-
tion-gathering, with respect to STI indicators and practices, in the
informal and agricultural sector is difficult relying on conven-
tional survey methods, there is need for a paradigm change in
information-gathering that gives cognizance to the peculiarities of
African societies and economies. In doing this, governments must
embark on strategic popularization, sensitization and advocacy
among stakeholders in government and the private sector.
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