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Abstract (English Abstract)

This research discusses the need for skill development and interaction with techno-
logical change in Sudan. Different from the Sudanese literature, a novel element in
our analysis is that we use new primary data from macro and firm surveys
undertaken in Sudan in 2010 and we provide a new contribution and fill a significant
gap in the Sudanese literature by examining several hypotheses on the causes and
consequences of low skill and technology indicators and the transfer of knowledge
at the macro and micro levels in Sudan. We recognise upskilling as a necessary
condition for the fulfilment of economic stabilisation, balanced development,
economic diversification, technological development, poverty alleviation, reduc-
tion of unemployment and restructuring of the labour market. We find that the
interaction between the deficient educational system caused by the low quality of
education, at the macro level, and the high incidence of unskilled workers, at the
micro level, leads to low skill and technology levels, poor provision of training,
severe skill mismatch, low transfer of knowledge, high dependence on foreign
technologies at the macro and micro levels and poor industrial performance at the
micro level. We explain that the poor technological capability can be attributed to
low Research and Development (R&D) efforts; lack of R&D culture; low skill
levels; lack of resources, transfer of knowledge and cooperation between
universities and firms; and lack of entrepreneurial perspective. We provide a new
contribution and fill a gap in Sudanese literature by examining the industrial
performance indicators defined by three different sets of economic and productivity
indicators, activity indicators and profitability indicators in Sudan. We find that the
performance of the industrial firms is most probably immensely undermined by the
shortage of capital, shortage of skilled workers and also by the lack of entrepre-
neurial perspective and lack of entrepreneurial culture. We show that the provision
of education and training are seriously undermined by the low commitment to the
standardised international adequacy, equity, and efficiency criterion related to the
supply and demand sides of education and training policies in Sudan. We present
supply—demand analysis of the causes and consequences of low skills and technol-
ogy levels and the link between them at both the macro and micro levels. We fill the
gap in the Sudanese literature by highlighting the importance of external effects of

ix
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schooling and the transfer of knowledge and examining the factors hindering, and
those contributing toward, enhancing the transfer of knowledge. Our results show a
surprisingly contradicting view and inconsistency concerning the incidence and
transfer of knowledge at the macro—micro levels. Finally, we recommend further
efforts to be made to improve provision of education, training, skills and technology
indicators and transfer of knowledge at macro—micro levels that are all essential for
economic growth and development in Sudan.

June, 2012 Samia Satti Osman Mohamed Nour'
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Chapter 1
General Introduction

Abstract The aim of this Chapter is to give a short general overview of the
research problem and to briefly show the importance, relevance, objectives,
questions, hypotheses and the general structure of the research.

1.1 Introduction

The aim of this Chapter is to give a short general overview of the research problem
and to briefly show the importance, relevance, objectives, questions, hypotheses
and the general structure of the research.

1.2 Research Problem, Importance, Relevance and Method

Economists have long recognised the essential role of technical progress in the
creation, acceleration and sustainability of economic growth and improvement of
the quality of life in any society. Both the endogenous growth theories and empirical
literature acknowledge the importance of human capital accumulation for economic
growth. Endogenous growth literature also elaborates on the interaction and comple-
mentary relationship between technological progress and human capital to create,
reinforce, accelerate and sustain economic growth (cf. Lucas 1988; Romer 1990;
Freeman and Soete 1997). Moreover, economists also highlight the role of high levels
and quality of skills as critical factors for competitiveness associated with the rapid
progress of globalisation and fast technological progress in developed and developing
countries. Considerable debate in the literature is on the effects of human capital and
the diffusion and transfer of technology to developing countries to accelerate the
catching-up process. For instance, the Nelson and Phelps (1966) model allows human
capital levels to affect the speed of technological catch-up and diffusion. Romer

The study presented in this book refers to Sudan before separation.
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4 1 General Introduction

(1990) has also argued that the level of human capital may have an influence on
growth of technological innovation both directly and through its effect on the speed
of the catch-up process. Benhabib and Spiegel (1994) adapted the Nelson and Phelps
(1966) framework to allow for the catching-up of technology with that of the leading
countries. In their view, the level of education not only enhances the ability of a
country to develop its own technological innovations, but also its ability to adapt and
implement technologies developed elsewhere.

Endogenous growth theory predicts that in the long run economic growth at the
aggregate level is determined by endogenous sources of technological change:
human capital, learning by doing, spillovers of knowledge and the external effect
of human capital. Endogenous growth literature revealed several robust facts and
interesting implications that paved the way for growth and it also provided some
insights for a possible role for government policy. The literature on endogenous
growth and public policy presents an argument for government intervention to
promote the accumulation of technology, human capital and hence growth rate.
The most popular view in the literature is that the rationale for government
intervention is basically related to the idea that knowledge (in the form of technical
progress or accumulation of human capital) is a public good, which is non-rival and
partially excludable. As in Romer (1990) and Barro and Sala-i-Martin (1995) these
two features imply unbounded growth and incomplete appropriability of knowl-
edge, and raise the possibility of knowledge spillovers across firms and hence the
whole economy. While the feature of spillovers of knowledge supports endogenous
growth, it also creates a form of externality and implies that private investments
generate a positive external effect and the private returns from investment tend to be
lower than the social returns. The outcomes tend not to be Pareto optimal but
suboptimal that require government intervention to correct the distortion; the social
optimum can be achieved by many instruments, such as providing subsidies to
improve the accumulation of technology and human capital. In the endogenous
growth literature some studies explicitly model the importance of technology and
human capital for endogenous growth but only implicitly indicate a role for public
policy. For instance, while the Lucas (1988) model emphasises investment in
human capital, it only implicitly allows for a role for public policy by subsidies
(Haslinger and Ziesemer 1996: 230). Moreover, the Arrow (1962) learning-by-
doing and Romer (1986) models imply an indirect intervention: an investment tax
credit that increased the accumulation of capital necessarily also increased the
accumulation of technology (Romer 1990: S94).

According to Ziesemer’s (1987) interpretation, T. W. Schultz (1964) presents a
pioneering theoretical justification for central role for government interference to
promote public investment and emphasis their long run effects on growth and
development. The theory of Schultz (1964) reveals that the provision of public
factors, such as basic education and basic scientific research, is necessary for human
capital formation and this would drive technical progress. Therefore, technical
progress depends on human capital and the production of human capital requires
public factors, such as basic education and basic scientific research financed
through a linear income tax rate. Several studies emphasise a role for government
intervention and a positive impact of public provision of education and training
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(cf. Azariadis and Drazen 1990; Barro and Sala-i-Martin 1992, 1995; Jones 1998;
Chatterji 1995; Haslinger and Ziesemer 1996; Otani and Villanueva 1990;
Ziesemer 1990, 1991, 1995).

Few studies examine the practical relevance of the models of growth enhancing
policies, particularly for developing countries. For instance, Haslinger and
Ziesemer (1996) indicate that most of the models of publicly financed investment
in human capital are basically intended for industrialised not developing countries.
In their view, in developing countries, raising the publicly financed investment is
hampered by the lack of well-developed institutional setup to use the instruments of
taxation, mainly because of substantial engagement in non-monetised activities,
large informal sectors, extreme poverty and different effects from the prevalent
regressive trade tax (Haslinger and Ziesemer 1996: 240-241). Given these practical
limitations for developing countries, in the recent years there has been a growing
body of literature on the role of public policies and government intervention to
promote human capital and technological capabilities in developing countries. For
instance, Lall (1999) discusses strategies to develop skills, technology and
capabilities in developing countries and identifies autonomous (Korea and Taiwan)
and foreign direct investment (FDI)-led targeted strategy (Singapore and Malaysia)
and the FDI-led market-led strategy (Mexico and Thailand) (Lall 1999: 9, 10).

In this research we use the framework of and perspectives from the new growth
literature to investigate the relevance and importance of skill upgrading and tech-
nological development, and the interaction between these for economic develop-
ment in Sudan. The importance of the country increased after the recent
exploitation of its oil. In recent years the increasing dependence on oil has led to
high fluctuation in economic growth, for instance, the gross domestic product
(GDP) growth rates increased from 6 % in 2003 to 10.5 % in 2007; however, the
global financial crisis and related shock in 2008 and 2009 resulted in low global oil
prices, stagnating domestic oil production and caused a reduction in GDP growth
rate that dropped from 10.5 % in 2007 to 7.8 % and 6.1 % in 2008 and 2009
respectively. While oil has recently contributed to the improvement of the country’s
economic performance, the recent heavy dependence on it may lead to serious
challenges for Sudan since oil is an exhaustible resource and — because of the
instability of oil prices — revenue from oil is uncertain and volatile. Moreover, the
increased wealth from oil encourages migration to the country, consequently,
migrant workers may start to replace domestic workers and so contribute to
unemployment in the labour market in the country.'

The GDP and GDP per capita of Sudan are still growing, but their annual growth
rates are either stagnant and/or have even declined. So far, the country suffers from
serious political instability and serious conflicts, in addition to several serious

! For the empirical investigation in this research we focus on Sudan as a case study of the Arab
countries, due to easy accessibility to data, information and facilities for the fulfillment of the
fieldwork. According to the World Bank classification, Sudan is amongst the lower medium
income, least developing and heavily indebted countries.
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economic problems such as high rates of inflation and unemployment and a high
incidence of poverty. Over the past years, the increasing contribution of the oil
sector has been used to improve the country’s economic performance, but, in our
view, the big question is whether or not this will work in the future. We feel this
may be somewhat doubtful in light of the recent current stagnation in education,
particularly tertiary education and also because of the negative impact and loss of
most of the oil reserves (70 %) and oil revenues (50 %) following the official
secession of Southern Sudan. In addition, the high share of foreign capital indicates
that Sudan is currently an attracting economy. But it may lose this position and
become even poorer if both the oil industry and the complementary ones decline
and/or if foreign capital moves out and there is less work in the government sector.
Notwithstanding these structural shifts, and whether the agriculture sector will
remain the country’s main driver of the economy or the services and industrial
sectors can fill the gap, it is evident high levels of education will be needed.
Therefore, it is quite essential for the government to improve investment and
enrolment in education and skill upgrading.

The economic growth and sustainable development strategy in Sudan depends
on both a shift in the focus from an oil resources-based economy to a technology
and skill-based economy and to economic diversification. A key part of this strategy
is also to achieve peace and political and economic stabilisation, to reduce unem-
ployment and poverty, and to manage the economy away from dependency on the
import of technology and high skilled workers in favour of domestic skilled
workers. Overcoming these strategic problems and challenges confronting eco-
nomic development and thereby achieving long run economic growth and sustain-
able development in Sudan, depends on five main strategies: alleviation of poverty;
achieving economic diversification; reducing unemployment and restructuring the
labour market; building local technological development and enhancing self-
reliance on domestic capital and workers and achieving stabilised, sustained and
balanced economic growth and development strategies. In our opinion the success/
fulfilment of these strategies is contingent upon the development of adequate and
appropriate skills, skill upgrading and efficient educational and training policies
and building of local technological capabilities in Sudan.

In our view, although the development of local technologies is a costly process
and likely somewhat problematic to be funded from the oil revenues in the short
term, notably in light of the loss of 50 % of Sudanese economy’s oil reserves after
the official secession of Southern Sudan, but the development of local technologies
can be encouraged by offering further incentives to motivate private investment in
skills, technology and technical education. Moreover, to some extent, Sudan has an
option to remain importing technologies and to specialise in fields other than
producing machinery and transport equipment (SITC 7). Sudan shows poor tech-
nology achievement index, deficient skill and technology indicators and a substan-
tial gap when compared to rapidly advanced countries (cf. Lall 1999; UNDP 2001).
Therefore, the need for the development of local skills and building local
technologies are important not only for fulfilling the above strategies, but also for
shortening the gap, building local capacity, improving productivity and competi-
tiveness in the international market.
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In our view, the implementation of these strategies is eminently impeded by the
deficient educational system, the serious skills mismatch and the lack of incentives
in Sudan. One should note that many previous studies in the Sudanese literature
have thoroughly investigated the causes and implications of the serious problems
and improper political and economic performance (cf. Awad 1991a, b; Ali 1990).
However, the impacts of the deficiencies in the educational system and serious
skills mismatch have not received adequate investigation in these studies, despite
the well-known stylised facts in the endogenous growth literature that highlight the
essential endogenous effect of education for accumulation of human capital and
economic growth.

For that reason, our analysis in this research provides many new and interesting
results. Different from other studies in the Sudanese literature (Al-Sanousi 1999;
Beshir 1969; Suleiman 2007; Jalal al-Din 2002), we identify upskilling as a key
element for the fulfilment of the five current strategies in Sudan. Furthermore, we
provide a more comprehensive investigation since we discuss the skills problem
from two different perspectives: combining the impacts of the deficient educational
system and the high incidence of unskilled workers. In addition, our analysis goes
beyond the available Sudanese literature and presents a more elaborate and in-depth
analysis to assess skill and technological performance in Sudan since we use a very
comprehensive set of indicators that is often used in the new growth literature. We
use these indicators to analyse the causes and consequences of low skill and
technology levels, the link between them and the implications for skills mismatch,
and the lack of local efforts for technological development and the consequent
dependence on foreign technologies at both the macro and micro levels. In addition,
in light of the recent literature that highlights the role of diffused technologies, our
analysis uses a broader definition of technological change that considers the role of
diffusion in fostering economic growth and we assess the role of imported
technologies in promoting local technologies and local skills. This definition is
particularly relevant for our analysis since Sudan is highly dependent on imported
technologies and recently relatively on imported skilled workers to manage them.
Our analysis also addresses the policy issues, stresses the role of both public and
private educational and training policies and the need for incentives, harmony and
collaboration between public-private institutions in upgrading skills and fostering
human capital accumulation in Sudan. Finally, our analysis fills the gap in the
Sudanese literature since we highlight the importance of knowledge and external
effects of schooling/the transfer of knowledge, and we explore the factors hindering
and those contributing toward enhancing the transfer of knowledge at both the
macro and micro levels.

Moreover, our research contributes to the few recent studies in the Arab region
that call for upskilling and the interaction between skills and technology (Muysken
and Nour 2006; Nour 2005a, b). We explain the deficiencies in the educational and
training systems, their impacts on declining industrial performance and on skills
mismatch (Al-Sulayti 2002; Gray 1999; Abdelkarim and Haan 2002; Suleiman 2007,
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Jalal al-Din 2002). We show the impacts on poor technological level that dependence
on foreign technologies and the impacts of technologies transfer (El Sabaa 1997;
Haan 1999), macro—micro duality concerning knowledge transfer, upskilling and
training policies.

To investigate the research problem we focus on Sudan as a case study of the
Arab countries and we use the descriptive, comparative and statistical methods of
analysis, and we use a combination of primary and secondary data covering both the
macro and micro levels and the results from the macro and firm surveys (2010) that
were held in Sudan in 2010. In addition, the surveys data was supported by ten face-
to-face interviews with firm managers and five interviews with the officials. The
firm survey (2010) on ‘Technological Change and Skill Development in Sudan’s
Manufacturing Sector’ aims to assess skill and technology indicators and the
impacts of unskilled workers amongst the food, textile, chemical and metal small,
medium and large size establishments in Sudan. The macro survey (2010) on ‘Skill
Creation, Human Resources Development and Policy Intervention’ was sent to
policy makers and experts in public and university institutions to examine the
causes and consequences of low skills and the deficient educational system in
Sudan. In addition, we conducted the R&D Survey (2010), which is small survey
on research and development (R&D) based on 25 face-to-face interviews with
officials policy makers and experts in the government and academic staff in the
public and private universities, to examine the causes and consequences of poor
R&D activities at the macro level. All primary and secondary data were collected
personally.

1.3 Objectives, Hypotheses and Questions of the Research

Based on the above background, the central themes of this research are: the required
skill formation and upskilling of the workers, together with their interaction with
technological change; and the deficient educational system and their implications.
First, our analysis aims to provide an empirical investigation of the causes and
consequences of low skill and technology indicators, in particular, the causes and
consequences of the deficient educational system and the implications of the serious
skills mismatch at both the macro and micro levels. Second, we examine the
interaction between the low skill and technology indicators, the relationships
between skill, upskilling and technology indicators, skills mismatch, the uses and
impacts of ICT and differences, defined by firm size (small, medium, large) and
industry (food, textile, chemical, metal), at the micro/firm level. Third, we examine
the factors hindering and those contributing toward enhancing the transfer of
knowledge/external schooling effects at the macro and micro levels. Finally, we
highlight the need for implementation of consistent policies, increasing incentives
and collaboration between public and private educational and training institutions
to enhance skill upgrading, local technological development, economic develop-
ment and transfer of knowledge.
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Grounded on these objectives, our research attempts to answer three sets of

questions:

1.

What are the major causes and consequences of low skill and technological
levels in Sudan? What are the major implications of the deficient educational
system and the high incidence of unskilled workers at the macro—micro levels in
Sudan?

. Does the external effect of schooling/transfer of knowledge occur in Sudan? If

not, why does it not yet occur? What are the major factors hindering and those
contributing toward enhancing the transfer of knowledge at both the macro and
micro levels in Sudan?

. What are the major policies for upgrading skill, reforming the educational

system, enhancing the provision of training and the development of local
technologies at both the macro and micro levels in Sudan?

Based on the research questions and objectives, the major hypotheses to be

tested in this research are:

1.

Sudan needs to promote local skills and local technologies in order to implement
the five strategies of reducing poverty; achieving economic diversification;
reducing unemployment and restructuring the labour market; building local
technological capacity; and achieving long-term stabilised, sustainable and
balanced economic growth and development.

. In the short- and medium-term, Sudan is unable to rely on local technologies and

will remain heavily dependent on foreign technologies.

. (@) The interaction between the deficient educational system and the high

incidence of unskilled workers leads to low skill and technology levels and
many other serious implications.

(b) The deficient educational system is caused by low quality of education and
leads to: (1) poor provision of training; (2) low skill levels; (3) skills
mismatch; (4) low transfer of knowledge/external schooling effect; (5)
weak technology indicators; (6) dependence on foreign technologies at the
macro and micro levels and (7) poor industrial performance at the micro
level.

(c) The major causes of low levels of local technology are low/lack of R&D
activities due to a lack of funding, skills, transfer of knowledge, networks
and collaboration between universities and industry/firms.

. (a) The observed differences in actual and required skill levels, i.e. the high skill

requirements and the prevalent low skill levels (due to high share of
unskilled workers) lead to skills mismatch and contribute to industrial
performance and productivity decline at the micro level/across firms.

(b) An increase in skill level (share of highly skilled in total employment and in
firm size) leads to improved relationships between actual and required
education and experience and wages.
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(c) An increase in skill level (share of highly skilled in total employment and in
firm size) leads to improvements in the complementary relationships
between skill, upskilling and technology (ICT).

. The use of ICT has positive but insignificant/inconclusive effect at the micro
level/across firms.

. The transfer of knowledge/external schooling effects is unsuccessful at the
micro and macro levels. The major reasons behind the low transfer of
knowledge/external schooling effects are low educational qualifications, and
deficient educational and training systems. The major consequences are the
lack of networks and collaboration between universities and firms, low R&D
efforts and low technology indicators.

. Knowledge has positive impacts at the macro—micro levels; it can be enhanced
by many factors.

(a) At the macro level codified knowledge and tacit knowledge are positively
correlated with economic growth (GDP growth rate) and are positively
correlated with schooling.

(b) Atthe macro level codified knowledge (the total spending on R&D) and tacit
knowledge (the total number of full time equivalent researchers (FTER)) are
positively correlated with each other and also with technology (patents).

(c) At the micro (firm) level tacit knowledge is positively correlated with
technology (Information and Communication Technology (ICT)), upskilling
(training), profit, productivity, output and output diversification.

(d) At the micro (firm) level tacit knowledge is positively correlated with
market size (firm size; capital; and investment) and firm age.

. Sudan needs to enhance both the public and private educational and training
policies:

(a) Skill development depends on: (1) reforming the educational system;
(2) enhancing the provision of training; (3) planning skill needs and
matching educational output with market needs; (4) enhancing the transfer
of knowledge/schooling effect; and (5) incentives and collaboration between
public and private institutions.

(b) The promotion of local technology and adoption of appropriate foreign
technologies and the interaction between both to foster economic growth
in Sudan depends on skill development. In particular, an enhancement of:
(1) skill upgrading: educational and training systems; (2) R&D activities;
(3) the transfer of knowledge/schooling effects; (4) network systems; and
(5) incentives to motivate collaboration between universities and firms and
between public and private institutions.

(c) Both upskilling policies (educational and training policies) and transfer of
knowledge are consistent at both the macro—micro levels and across public-
private sectors.
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1.4 Structure of the Research

Considering the research problem, aims, questions and hypotheses presented above,
it is convenient in this Chapter to set out the structure of the research. This research
is composed of four parts and ten chapters structured in the following way. Part I
presents the introduction and motivation of the research and includes both Chaps. 1
and 2. Chapter 1 presents an introduction and briefly shows the aims, importance,
relevance, hypotheses, questions and the general structure of the research.
Chapter 2 explains some stylised facts about Sudan that help to investigate more
extensively the research problem along with other strategic problems and
challenges confronting economic development, the impacts of oil and the Dutch
Disease phenomenon in the structure of the labour markets and economy. In
addition, this chapter aims to examine the structural problems related to the labour
market and unemployment problem and to assess and elaborate the low skill
indicators and to show some stylised facts that justify and highlight the need for
skill upgrading and development in Sudan.

Part II presents the conceptual and theoretical framework and includes Chap. 3,
which defines the concepts and describes the measures of technological change and
human capital (education) and briefly explains the theoretical and empirical litera-
ture on the relationship between human capital, technological changes and eco-
nomic growth. The purpose of this survey is to provide a background for our study,
mainly to highlight the endogenous effects of technical change and human capital
as confirmed in the endogenous growth literature to motivate the empirical analysis
in the next chapters.

Part III presents the empirical application and includes Chaps. 4, 5, 6, 7 and 8.
Chapter 4 defines the methods of data collection; identifies the motives for
performing the macro and firm surveys and selection of a case study; specifies the
selection of the sample and the composition, operation, coverage, advantages and
limitations of the survey data; and shows the structure and design of the question-
naire. Chapter 5 uses the data and results from the firm and macro surveys to
examine the serious implications of the interaction between the deficient educa-
tional system and skills mismatch. We use the results from the macro survey to
show the causes of the deficient educational system and consequences on low skill
levels, poor provision of training, skills mismatch and lack of/low transfer of
knowledge at the macro level. In addition, we use the results from the firm survey
to illustrate the implications of the high incidence of unskilled workers on causing
low skill levels, poor provision of training, skills mismatch, poor technology
indicators and a heavy dependence on foreign technologies. Furthermore, we
investigate from the micro—macro perspectives the transfer of knowledge,
upgrading of skill and technology and their potential implications, and we also
present a more comprehensive assessment of technology and skill indicators at the
micro level. Chapter 6 extends our analysis in Chap. 5 by assessing and elaborating
the low skill and technology indicators at the macro level; explaining the gap in
Sudan compared to developed and developing countries and showing some stylised
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facts that justify and highlight the need for skill upgrading and technological
development in Sudan. Chapter 7 aims to broaden our analysis in Chaps. 5 and 6
by providing an in-depth analysis of skill and technology indicators, the relation-
ship between them, and the implications of the prevalence of low-skilled workers
on skills mismatch and poor industrial performance at the micro level. We use the
data from the firm survey (2010) to examine the relationships between skills (actual
and required education and experience) and wages; between skill, upskilling (ICT
training) and technology (ICT); and between technology (ICT) and input—output
indicators across firms. We also compare the relevance of our results to the
theoretical framework in Chap. 3 and the findings concerning these relationships
in the new growth literature. Chapter 8 extends our analysis in Chap. 5 on the
transfer of knowledge. We use the data from the firm survey (2010) at the micro
level and some secondary data at the macro level to discuss the importance/impacts
of knowledge in Sudan. In particular, we check the relevance of some stylised facts
about the importance/impact of knowledge at the micro—macro levels to the
findings in knowledge literature.

Finally, Part IV presents the policies, recommendations and conclusions and
includes Chaps. 9 and 10. Chapter 9 concludes our analysis by discussing educa-
tional and training policies, since our earlier analysis in Chap. 5 investigates the
causes and consequences of deficient educational and training systems, the lack of
knowledge transfer and upskilling, and the results set in Chaps. 7 and 8 imply the
importance of a good education. From that perspective, therefore, Chap. 9 discusses
the supply—demand sides and the implications of educational and training policies
in Sudan. In addition, we use the results from the macro and firm surveys (2010) to
examine the macro—micro views and suggestions for relevant mechanisms and
policies for skill upgrading via an enhancement of the educational system, provi-
sion of training and transfer of knowledge/external schooling effects at the
macro—micro levels in Sudan. Finally, Chap. 10 summarises and compares
the main findings with the results in the general literature and contributions to the
Sudanese literature and concludes with policy recommendations.
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Chapter 2

Economic Development Challenges in Sudan
and the Need for Skill Upgrading and
Technological Development

Abstract This chapter explains the general socioeconomic characteristics of
Sudan and strategic problems for development in the country, and discusses the
impact of oil and the opportunities and challenges for enhancing economic devel-
opment in Sudan, the strategic problems facing the labour market in Sudan and
highlighting the need for skill development. This chapter uses new data on popula-
tion, employment and unemployment based on Sudan Central Bureau of Statistics
(Fifth Sudan Population and Housing Census 2008, Sudan Central Bureau of
Statistics, Khartoum, 2010) to examine four stylised facts related to the high
unemployment rate; interpretate unemployment crisis from two different endoge-
nous and exogenous perspectives due to endogenous and exogenous causes; the
high incidence of unemployment among youth population and the large mismatch
between educational qualifications — supply — and labour market requirements-
demand in Sudan. The findings in this Chapter support the first hypothesis in
Chap. 1 that Sudan needs to promote local skills and local technologies in order
to facilitate implementation of the five strategies of reducing poverty; achieving
economic diversification; reducing unemployment and restructuring the labour
market; building local technological capacity and achieving long-term stabilised,
sustainable and balanced economic growth and development.

2.1 Introduction

In Chap. 1 we introduced the research problem; the aim of this chapter is twofold:
first, to present a background to motivate the research by explaining some stylised
facts to examine more extensively the research problem along with other strategic

Nour, S. (2011, June). Assessment of the impacts of oil: Opportunities and challenges for economic
development in Sudan. The Journal of African Review of Economics and Finance, 2(2), 122—148.
African Center for Economics and Finance, Published by Print Services Unit, Rhodes University,
Grahamstown, South Africa.
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problems confronting economic development in Sudan. Second it aims to highlight
the need for upskilling and technological development in Sudan. This chapter
investigates the impact of oil in enhancing economic development in Sudan. The
aim is twofold: first to examine evidence related to the positive impact and
opportunities offered by oil for enhancing economic development in Sudan, and
then to consider the negative impacts and challenges on economic development. We
provide a comprehensive analysis, improve understanding and fill the gaps in the
Sudanese literature by examining our hypothesis that oil has created a mixed
positive—negative impact on Sudanese economy.

In this research we use the framework of and perspectives from the new growth
literature to investigate the relevance and importance of skill upgrading and tech-
nological development and the interaction between these for economic develop-
ment in Sudan. Explaining the case of Sudan is significant because of the recent
acceleration in growth and structural change in Sudanese economy after the exploi-
tation of oil in the country. According to the World Bank (2008) Sudan is one of the
newest significant oil producing countries in the world, and the third largest oil
producer in Sub-Saharan Africa behind Nigeria and Angola. As a result of oil
exploitation, the structure of Sudanese economy has shifted over time from being
predominantly reliant on agriculture for growth and exports to its current reliance
on the oil sector (World Bank 2008). In recent years the increasing dependence on
oil has led to stable economic growth. Consequently, Sudan’s real economic growth
averaged around 9 % during 2005-2006, putting Sudan among the fastest growing
economies in Africa (World Bank 2008). But while oil has recently contributed to
the improvement of economic performance and FDI in Sudan, the recent heavy
dependence on oil may lead to challenges, as oil is an exhaustible resource and
because the revenue from oil is uncertain and volatile due to the instability of oil
prices. Moreover, the increasing dependence on oil raises questions such as the
incidence of the Dutch Disease phenomenon.'

Moreover, both the growing inflow of FDI and the increased wealth from oil has
encouraged migration to Sudan. Consequently, migrant workers have increased in the
labour market, particularly in the private sector, which leads to several problematic
features such as low skill levels and contribution to the growing unemployment rate. In
addition, Sudan suffers from structural problems related to the lack of political stability,
continuous conflict, regional disparities due to imbalanced development strategies,
poverty, high unemployment rate, and lack of incentives, which has also affected the
structure of labour market. Moreover, skill and technology indicators in Sudan show
poor performance and a substantial gap when compared to international standards.
Hence, upskilling and technological development become imperative to overcome the
strategic problems and challenges confronting economic development in Sudan.

! “The Dutch Disease is a process in which the discovery of natural resources causes a country to
experience a ‘change in the group of reference’ from one that aim at generating a trade surplus in
manufacturing to one that able to generate a trade surplus in primary commodities. The country
experiencing this disease also shows differences between employment in manufacturing. The
process of de-industrialisation due to the discovery of natural resources, mainly natural gas
apparent from the case of Holland”. Cf. Palma (2003), p. 21.
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The rest of this chapter is organised in the following way: Sect. 2.2 explains the
general socio-economic characteristics of Sudan; Sect. 2.3 examines the stylised
facts on the positive and negative impact of oil in enhancing economic development
in Sudan; Sect. 2.4 discusses the strategic problems facing the labour market in
Sudan and highlights the need for skill upgrading and technological development;
Sect. 2.5 concludes.

2.2 Economic Characteristics and Strategic Problems
for Development in Sudan

Technological change and skill development are often closely related not only to
the resources directly devoted to their development but also to the whole economic
structure that supports them. Therefore, before assessing the need for technological
development and skill development in Sudan it is useful to start by explaining the
general political context and socio-economic characteristics of the country. Since
the structure of Sudanese economy is now related to oil, it will be useful to examine
the impact of oil in the following section. Next, we show the structural problems
related to the labour market, skill, technology and productivity, and we attempt to
link these to the general socio-economic characteristics of Sudan.

2.2.1 General Political Context and Socio-Economic
Characteristics of Sudan

Before assessing the impact of oil in enhancing economic development, it is useful
to start by explaining the general socio-economic characteristics of Sudan. Next, we
examine the link between the general socio-economic characteristics and the
impact of oil in Sudanese economy.

The political context in Sudan is characterised by a long history of political
instability, continuing civil wars and complex conflict between the north and the
south.” Even after the independence of Southern Sudan, Sudan still endures political

2 As for the political context since independence in 1956 and over the past five decades, Sudan was
ruled by three civilian governments (1956—1958, 1964—1969 and 1985-1989) and three military
governments (1958-1964, 1969-1985; 1989-2010). Sudan suffered from political instability, as
the three short-lived civilian governments were often removed and overthrown by the military
governments. For instance, the first civilian government after independence (1956—-1958) was
overthrown in 1958 by the Abbud Military Government (1958-1964); the second elected civilian
government (1964-1969) was overthrown in 1969 by the Nimeiri Military Government
(1969-1985); and once again the third elected civilian government (1985-1989) was overthrown
in 1989 by the Al Bashir Military Government (1989-2005). Since the signing and implementation
of the Comprehensive Peace Agreement (CPA) in January 2005, Sudan has been ruled by the
Government of National Unity (GNU), which represents a power-sharing government between the
National Congress Party (NCP) of the north and Sudan People’s Liberation Movement (SPLM) of
the south. The implementation of the CPA implies several important agreed issues, which included
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instability, a lack of sound and systematic institutions and a lack of a commitment to
implementing long-term sustainable and balanced economic development plans and
strategies.” This implies that the interaction between these political, economic and
institutional factors together have unfortunately continued to contribute to a low
standard of economic development in Sudan, as we explain below in the next sections.
The general socio-economic characteristics of Sudan indicate great diversity
between Sudan compared to other African, Arab and world countries in terms of
population, standard of economic development defined by Gross National Income
(GNI) and GDP per capita and human development index. Table 2.1 below explains
that on average Sudan has a higher population coupled with a lower standard of
economic development. The World Bank classification of economies puts Sudan
among the lower-middle income bracket and the United Nations Development
Programme (UNDP) puts Sudan among the low human development, and poor
and highly indebted economies. Moreover, the United Nations Development
Programme-Human Development Index (UNDP-HDI) shows that the average life
expectancy, literacy rate and combined enrolment ratios of Sudan are lower than
those of other Arab and world countries. Furthermore, Sudan has continued to
suffer from macro-economic instability, high rates of poverty, unemployment and
debt. Despite the high and increasing inflow of FDI to Sudan (increased from
—0.2 % of GDP in 1990 to 8.4 % of GDP in 2005), the country suffered from the
high increase in debt services both as percentage of GDP (0.4 %—1.4 %) and as
percentage of exports (8.7-6.5 %) over the period 1990-2005. That was probably
because like most African countries, Sudan’s economy has relied heavily on a large
influx of foreign aid from different sources; Sudan is among the top ten recipients of
gross Official Development Assistance during 1990-2007 (see UNDP 2007).

the formation of the Government of National Unity (GNU) in 2005, which represents a power-
sharing government between the National Congress Party (NCP) of the north and Sudan People’s
Liberation Movement (SPLM) of the south. Moreover, the implementation of the CPA implies
several other important agreed issues, which included the establishment of an interim transitional
period of autonomous rule for the South for 6 years (2005-2011), followed by self-determination
for Southern Sudan and a referendum that was held in January 2011, in which Southern Sudan
decided on secession from the north. In July 2011 Southern Sudan officially gained its indepen-
dence from Sudan. As for government and politics, the politics of Sudan takes place in the
framework of a federal presidential representative democratic republic; the judiciary is indepen-
dent and obtained by the Constitutional Court and the legislative power is vested in both the
government and in the two chambers, the National Assembly (lower) and the Council of States
(upper). The bicameral National Legislature is the official Sudanese parliament and consists of 500
appointed members. Before the secession of Southern Sudan, Sudan was divided into 26 states,
which in turn were subdivided into 87 districts; the ten states in Southern Sudan were subdivided
into 84 counties. The states are: Al Gezira, Al Qadarif, Blue Nile, Central Equatoria, East
Equatoria, Jonglei, Kassala, Khartoum, Lakes, North Bahr al Ghazal, North Darfur, North
Kurdufan, Northern, Red Sea, River Nile, Sennar, South Darfur, South Kurdufan, Unity, Upper
Nile, Warab, West Bahr al Ghazal, West Darfur, West Equatoria and White Nile.

3 In Sudan the available natural resources include agricultural, water and rivers, in addition mineral
resources include petroleum and crude oil, natural gas, gold, silver, asbestos, manganese, gypsum,
mica, zinc, iron, lead, uranium, copper, kaolin, cobalt, granite, nickel, tin, chrome, and aluminum.
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The structure of Sudanese economy has long been characterised by a small share of
industry, notably manufacturing, and a high share of agriculture and service sectors in
GDP and employment. The share of agriculture in GDP increased from 30.3 % in 1990
to 49.8 % in 1999 and then declined to 31.1 % in 2009; the share of the services in
GDP declined from 54.4 % in 1990 to 34.4 % in 1999 and then increased to 45.0 %
in 2009; the share of industry in GDP increased from 15.4 % in 1990 to 15.8 % in
1999 and then increased to 23.9 % in 2009 (see Table 2.2 below). In 1999 Sudan began
exporting oil and since then has become increasingly dependent on oil exports to the
extent that the economy has turned into an oil dependent economy.* Since the late
1990s the implementation of macro-economic reforms policies, along with the posi-
tive contribution of oil to Sudan economy since 1999, has caused a rapid increase in
real economic growth, GDP and GDP per capita incomes (see Table 2.2 and Fig. 2.1
below). Consequently, Sudan has moved from a low income economy into a lower
medium income economy according to World Bank classifications. But while the
increasing dependence on oil has had some positive effects, it has also sparked a
number of negative impacts and raises questions such as the incidence of the Dutch
Disease phenomenon as we explain in the next sections.

2.3 Overview on the Importance and Impact of Qil in Sudan

Based on the above background on the socio-economic characteristics of Sudanese
economy and since its structure is now closely linked to oil, in this section it is
useful to examine our hypothesis on the mixed positive—negative impact of oil on
Sudanese economy. Before explaining the positive and negative impact of oil on
Sudanese economy, it is useful to start with a historical background about the
structure of investment in oil and show the role of China in investment in the oil
sector in Sudan.

2.3.1 Overview on the Importance and Historical Background
About Oil in Sudan

According to the World Bank (2008) Sudan is one of the newest significant oil
producing countries in the world, and the third largest oil producer in Sub-Saharan
Africa behind Nigeria and Angola (see Fig. 2.2). The major oil production fields are
located in Southern Sudan but the major oil refineries, ports and pipelines are located
in Sudan. Due to this conflict, oil exploration has mostly been limited to the central
and south-central regions of Sudan. The institutional structure of the oil sector in

* Sudan oil output is estimated at 500,000 barrels per day (2007) and oil reserves at five billion
barrels (2005). See WB-DTIS (2008), p. 2. Moreover in 2005, the Sudanese Energy Ministry
estimated total oil reserves at five billion barrels.
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Fig. 2.1 Total and growth rates of GDP and GDP per capita in Sudan during (1990-2008)
(Millions Sudanese pounds) and (%) (Source: Adapted from Sudan Central Bureau of Statistics:
Sudan Ministry of the Cabinet — Central Bureau of Statistics: Sudan statistical year book: Sudan
statistics 1990-2008: pp. 39—43)
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Fig. 2.2 Country comparison crude oil production in sub-Saharan Africa 2005 (Source: Interna-
tional Energy Information Agency, Sudan Analysis, www.eia.doe.gov/cabs/Sudan/Oil.html) (See
Oil fact sheet on Sudan, September 2006, p. 1, International Energy Agency Estimates; Interna-
tional Energy Annual, IPM)

Sudan indicates that the oil industry is regulated by the Ministry of Energy and
Mining, yet the Ministry of Finance and National Economy and National Petroleum
Commission are also involved. Sudanese oil sector includes several foreign interna-
tional oil companies with a long history of investing in oil exploration and production
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in Sudan. More recently, the sector reflects increasing involvement of national and
foreign companies.’ Foreign oil producing companies involved in Sudan’s oil sector
are primarily from Asia organised under the consortium of the Greater Nile Petro-
leum Operating Companies (GNPC), led by the China National Petroleum Corpora-
tion (CNPC), which owns the largest single share in the GNPC consortium (40 %);
followed by Malaysia’s Petronas (30 %); India’s Oil and Natural Gas Corporation
(25 %), and Sudanese Government’s Sudapet company (5 %).6

2.3.2 The Role of China in the Exploration, Production and
Export of Sudanese Oil

As the major player in Sudanese oil industry, China uses a combination of invest-
ment, trade, aid flows and diplomacy to maintain access to oil resources in Sudan.

For the period 20002007, we find that China contributed more than one third of
total foreign investment across all sectors (38.67 %), and almost half of total foreign
investment in the petroleum sector (47.63 %). By contrast, China’s FDI contribu-
tion is marginal in the industrial (0.56 %), services (0.08 %) and agricultural
(0.02 %) sectors. Therefore, Chinese investments are largely concentrated in the
petroleum sector (99.90 %), as compared to industrial (0.07 %), services (0.03 %)
and agricultural (0.0001 %) sectors.” The importance of Chinese investment in the
oil sector in Sudan compared to that of other Asian countries over the period
1999-2008 is demonstrated by China’s large share in oil concessions (6-95 %),
total oil investment (47.3 %), upstream oil investment (43.8 %), downstream oil
investment (56.9 %), oil pipe lines (47.6 %), oil refinery (50 %), petrochemicals
(95 %), oil refinery and petrochemicals (51 %) and oil marketing, industry and
manufacturing (12.5 %) (see Table 2.3 below).8 Moreover, the significant Chinese

5 Sudan National Petroleum Corporation (Sudapet) develops joint ventures with foreign companies
in downstream projects. However, due to its limited technical and financial resources, the company
takes a minor role in large upstream development projects.

SIndia’s Oil and Natural Gas Corporation has acquired Talisman’s Energy (Canada) interest for
25 %. See ‘Oil Fact Sheet on Sudan’ (September 2006), produced by C. Pinaud for Understan-
dingSudan.org, pp. 1-2; Salih (2004), pp. 21-40.

7See Sudan Ministry of Investment unpublished statistics and data from the feasibility studies
(2009).

8 According to the Ministry of Energy and Mining (2008), among the Asian countries China
contributes by significant share in investment and concessions in the oil sector that includes many
Chinese companies involved in many blocks over the period (1999-2008). For example, we
observe a significant share of the Chinese companies, namely, (China National Petroleum Com-
pany (CNPC) (40 %) of total concession of the Greater Nile Petroleum Operating Company
(GNPOC); CNPC (41 %) of total concession of Petrodar Petroleum Operating Company; Sinopec
(6 %) of total concession of Petrodar Petroleum Operating Company; CNPC (95 %) of total
concession of China National Petroleum Company International Sudan (GNPCIS); Petroenergy
(40 %) of total concession of Group of Companies and Petroenergy (35 %) of total concession of
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Table 2.3 The share of China in total Asian countries concession and investment, in oil sector in
Sudan (1999-2008) (%)

Share of China in

Items China oil company total (%)
(1) Oil concession
Greater Nile Petroleum Operating China National Petroleum 40
Company (GNPOC) Company (CNPC)
Petrodar Petroleum Operating Company CNPC 41
(PDOC)
Petrodar Petroleum Operating Company SINOPEC 6
(PDOC)
China National Petroleum Company CNPC 95
International Sudan (GNPCIS)
Group of Companies PETROENERGY 40
Red Sea Oil Company PETROENERGY 35
(2) Oil investment in
(a) Up-stream oil investment CNPC and SINOPEC 43.8
(b) Down-stream oil investment CNPC and SINOPEC 56.9
Average total up-stream and down-stream CNPC and SINOPEC 47.3
oil investment
(c) Investment in oil pipe lines CNPC and SINOPEC 47.6
(d) Investment in oil refinery (CNPC) 50
(e) Investment in petrochemicals (CNPC) 95
(f) Investment in oil refinery and (CNPC) 51
petrochemicals
(g) Investment in marketing, industry and KANDOC 12.5
manufacturing of oil PETROCHEMICAL

Source: Sudan Ministry of Energy and Mining 2008

investment in the oil sector in Sudan has spurred the trade relationship between
Sudan and China, which in turn has benefited both the Chinese and Sudanese
economies as demonstrated by the large volume of exports (US$ 39.241 million)
and imports (US$ 11.576 million) between Sudan and China over the period
1997-2010, and the large average share of China in total Sudanese exports
(69.56 %) and imports (15.67 %) over the period 2000-2010.° According to data

Red Sea Oil Company. Moreover, the Sudan Ministry of Energy and Mining ‘Unpublished Report’
(2008), indicates that out of the Asian countries’ total investment (84.4 %) in Sudan, the share of
China (Chinese CNPC + SINOPEC companies) is largest in total oil investment (47.3 %),
upstream oil investment (43.8 %) and downstream oil investment (56.9 %). In addition to the
large share of China (47.6 %: CNPC (45.2 %) and SINOPEC (2.4 %)) in total Asian countries’
investment in Sudanese oil pipe lines during 1999-2008, China has a large share (CNPC: 50 %)
and partnership with the Sudanese government in investment in oil refinery and in petrochemicals
(CNPC: 95 %), refinery and petrochemicals (CNPC: 51 %) and in marketing, industry and
manufacturing of oil (Kandoc petrochemical: 12.5 %) of the total of Asian countries’ investment
in the oil sector in Sudan over the period 1999-2008.

°See Sudan Ministry of Finance and National Economy ‘Unpublished Report’ (2008); Central
Bank of Sudan ‘44th Annual Report’ (2004), Appendix No. X VI, pp. 188-189; and ‘48th Annual
Report’ (2008), Appendix No. XVI-B-XVIIB, pp. 158-164.
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from the Central Bank of Sudan for the period 2000-2010, China’s share in
Sudanese total exports to all foreign countries ranged from 44 % to over 80 %; its
share in Sudanese total imports from all foreign countries ranged from 6 % to over
30 %; and its share in Sudanese petroleum exports to all foreign countries ranged
from 58.87 % to over 87.7 % (see Table 2.4 below). Over the period 1999-2010,
petroleum dominated Sudan’s exports to China (99.4 %), while non-oil exports to
China represented only a small share (0.6 %). China is therefore the largest importer
of Sudan’s petroleum (80.07 %), leaving Sudan’s petroleum exports to other
countries at only (19.93 %). Furthermore, the significant investment of China in
the oil sector in Sudan motivated China to increase its aid and development
assistance, loans and grants to Sudan. For instance, of the total loans and grants
transmitted to Sudan over the period 1999-2009, compared to other countries, the
share from China is significant and ranges from 7 % to 76 % during those years. The
average shares increased from 33 % to 45 % and 58 % during the periods
2002-2007, 2004-2007 and 2005-2007 respectively (see Table 2.4 below).'”

2.3.3 Overview on the Oil Impact, Opportunities and Challenges
for Development in Sudan

Based on the above background, since the structure of Sudan’s economy is now
related to oil, this section examines the impact of oil on Sudanese economy, by
explaining first the positive impact of oil and opportunities for development and
then explaining the negative impact of oil and challenges of development in Sudan
(see Table 2.5 below).

2.3.3.1 Oil and the Opportunities for Development in Sudan

This section explains how oil created various positive effects and opportunities for
development in Sudan. These include the effect of oil in satisfying domestic
demand and achievement of self-sufficiency, increasing government resources,
revenues and spending, economic growth (GDP growth and composition), foreign
trade (volume and structure of exports), balance of trade, balance of payment, FDI
and social development in Sudan.

1ONour (2011) indicates that Chinese aid to Sudan is tied/related to trade, FDI and importance of
oil to Chinese economy and that the increase in the inflow of Chinese aid and development
assistance in the form of loans has caused mixed positive and negative impacts for Sudanese
economy over the period 1997-2007, by providing alternative complementary sources of finance
to complement the shortage of domestic capital and financing development projects, but by
increasing Sudan’s debts to China from 0.9 % in 1999 to 13.45 % in 2007. Despite the global
economic crisis China has reaffirmed its commitment to maintain further aid and development
assistance to Sudan, to maintain the economic interests of its access to oil in the country.
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Beginning with the impact of oil production, we find that the local production of
oil created important positive effects and opportunities by enabling Sudan to gain
self-sufficiency in oil to satisfy domestic demand. Moreover, the local production
of oil enables the government to stop the high costs previously required for the
importation of oil to satisfy local demand and to mobilise the accumulated saving
from the surplus amount of capital to be allocated for funding other domestic
needs.'' Furthermore, the local production and exportation of oil implies that
Sudan shifted from an oil importing economy into an oil exporting economy (see
Fig. 2.3 above). For instance, in 2001 more than half of Sudanese crude oil was
exported (51 %) while the rest was used to satisfy local consumption (49 %).12

Moreover, the positive impact of oil on government financial resources is
observed from the increasing share of Sudanese government in oil revenues from
partnerships with foreign oil producing companies in Sudan. For instance, the rise
in oil production has led to a rapid continuous increase in the share of Sudanese
government in total oil production and revenues from 23 % in 2000 to 75 % in 2005.
Moreover, oil revenues have enabled Sudanese government to cover half of the
total costs spent in the establishment of the Khartoum refinery.'® The government’s
share in total oil revenue is influenced by the interaction between the output effect
and the price effect, notably the government’s share in total oil revenue increases in
line with the increase of oil production and increase of oil prices in the international
market and vice-versa. For instance, during the period 1997-2008 the increase in oil
production led to an increase in the government’s share from 25 % in 1999 to 75 %

' See Salih (2004), p. 166.

'2 About 40 % of oil is shipped to China (Salih 2004, p. 94). Sudan’s crude oil exports have increased
sharply since the completion of a major oil export pipeline in 1999. In 2004, oil imports were
reported at 0 bbl/day. Sudanese domestic oil consumption averaged 82,000 bbl/d in 2005, which was
a 15 % increase over the 70,000 bbl/d consumed in 2004. Return from oil exports to Sudan was US$
500 million and US$ 600 million in 2000 and 2001 respectively. Salih (2004), p. 91.

13 See Ministry of Finance and National Economy (2006) ‘The Performance of Sudan Economy
2000-2005" (April, 2006), pp. 16-18. See also Salih (2004), pp. 182, 93.



2.3 Overview on the Importance and Impact of Oil in Sudan 29

in 2005, but the share declined to 56.7 % in 2009 due to the negative effect of the
great decline in oil prices due to the decline in demand in the international market
linked to the global economic crisis in 2009.

Furthermore, oil has created a positive impact on foreign trade as perceived from
the volume and structure of exports, balance of trade and balance of payment. We
find that oil has a positive impact on the balance of trade and balance of payments,
because after the export of oil in 2001 the chronic deficit reported in the balance of
trade and balance of payment turned into a surplus for the first time since indepen-
dence. But this surplus in the balance of payments could not be sustained, and
immediately turned into a deficit, most probably due to the increase in imports of
capital goods. The same applied for the balance of trade, since oil exports
represented about 95 % of total exports, it led to a positive impact in the balance
of trade over the period 2000-2009 as the chronic deficit in the balance of trade
turned into surplus in 2000, 2003, 2004, 2007 and 2008. While total exports grew
dramatically from 7 % of GDP in 1996 to 14 % in 2006, imports remained higher at
16 % of GDP and led to a trade deficit averaging 2 % of GDP since 1999. The oil
export boom raised the value of total exports from US$ 620 million in 1996 to US$
4,522 million (1996 prices) in 2006, representing a more than 700 % increase over
the decade. The large import demand of the country, the huge transport costs and
other expenses related to oil operation, and the weak performance of the non-oil
exports contributed to the current account deficit. The size of the current account
and balance of payments deficit during 1999-2006 were however smaller compared
to pre-oil exportation levels.'*

Moreover, oil has led to a significant positive impact on GDP as perceived from the
impact of oil in the structure of Sudanese economy and macro-economic indicators as
measured by the share of oil in GDP, its growth rate and its composition. For instance,
we observe the increasing impact of oil as measured by the rapid and continuous
increase in the contribution of oil sector in GDP from 1 % in 1999 to 10 % in 2004.
Furthermore, oil has led to positive impacts in real GDP growth, for instance, the
average rate of growth of GDP increased from 6.2 % to 6.8 %, 8 %, 10 %, 9 % and
9.6 % over the periods 1997-1999, 2000-2009, 2005, 2006, 2005-2007 and
2006-2008 respectively, putting Sudan among the fastest growing economies in the
region; Fig. 2.4 below shows that Sudan is a top growth performer in the region, with
oil playing a pivotal role. Oil has led to structural change in the composition of GDP, as
the dividends from oil exportation have caused major transformations and structural
changes in the economy. The structure of Sudanese economy has shifted over time
from being predominantly reliant on agriculture for growth and exports to its current
reliance on the oil sector (see Figs. 2.5 and 2.6 below).'

14 See WB-DTIS (2008), p. 7.

'S Notwithstanding these structural shifts, agriculture remains Sudan’s main driver of employment,
especially outside the country’s top urban areas of Khartoum and Port Sudan. Near to 35 % of
Sudan’s GDP comes from agricultural production, which employs 80 % of the workforce. See
WB-DTIS (2008), pp. 1-3. See also ‘Oil Fact Sheet on Sudan’ (September 2006), p. 1.
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Fig. 2.4 Average real GDP growth rate in Sudan compared to other African countries during the
period (2003-2006) (Source: The World Development Indicators (WDI)/IMF/World Bank Staff
Estimate 2008)

Structural Change in Sudan Economy (1996-2007)
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Fig. 2.5 Structural change in Sudan economy (1996-2007) (Source: The World Development
Indicators (WDI)/IMF/World Bank Staff Estimate 2008)
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Fig. 2.6 Contribution of oil and non-oil sectors to GDP growth in Sudan (2003-2007) (Source:
The World Development Indicators (WDI)/IMF/World Bank Staff Estimate 2008)

Unlike other typical oil economies, in Sudan the impact of oil on non-oil sectors
(agriculture, industry and services) remains very limited. This is noticeable from
the composition or the sectoral share in GDP, as due to increasing share of oil in
GDP, the contribution of industrial sectors (including oil, quarrying and mining,
manufacturing, electricity and water and construction) to GDP increased to 32.3 %
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in 2008 compared to 21.7 % over the period 1999-2004, while the contribution of
both agricultural and service sectors declined, which clearly indicates the limited
impact of oil in the agricultural and service sectors over the short run. However,
over the long run these sectors may benefit from the impact of oil sector develop-
ment. Currently, the impact of oil is limited to only three branches of the services
sector. For example, the oil sector has led recent growth, both in terms of direct
value-added to the economy as well as the associated investment boom and boost to
services such as transport and construction. The emergence of the oil sector adds
directly to GDP and has induced growth in certain service sectors. The construction
sector has grown by about 10 % per annum since 1999 and has been the fastest
growing sector in recent years, even surpassing the growth in the oil industry.
Trade, restaurants and hotels have also flourished, mainly in the country’s capital,
and generated about one fifth of non-oil domestic product during 1996-2006.

Furthermore, the positive impact of oil in the government’s public budget is
perceived from the contribution of oil revenues in public finances and budget as it
leads to a significant increase in government revenues and spending over the period
1999-2009. For instance, we observe the large and increasing share of oil revenues
in total revenues that grew from 43 % in 2000 to 50 % and 66 % in 2006 and 2008
respectively. Despite continuous government efforts to increase the share of non-oil
revenues in total revenues, the share of oil revenues in total revenues remains
significant at about 50 % over the period 1999-2004, but this share declined
significantly to 34 % in 2009, most probably due to the impact of the global
economic crisis. Therefore, this implies the urgent need to avoid the heavy depen-
dence on oil revenues. On the other hand the impact of oil on government expendi-
ture is obvious from the increasing share of oil in public spending. Moreover,
development spending also increased as its share in public expenditures increased
from 21 % over the period 1996-1999 to 24 % over the period 2000-2004. But
despite the increase in development expenditure from public expenditure from 9 %
in 1999 to 31 % in 2004, its share declined and flattened out to 24 % within total
public spending over the period 2006-2009."°

Oil created a positive impact on FDI to Sudan and motivated the increase in FDI
inflow to Sudan. The implementation of economic reform policies, liberalisation and
privatisation in the late 1990s, together with the exploitation of oil in 1999, and the
Investment Encouragement Act of 2003, all encouraged high and increasing inflow of
FDI to Sudan (see Table 2.5 above). In particular, the exploitation of oil in 1999
encouraged the inflow of FDI. For instance, according to the Arab Human Develop-
ment Report (2003) the estimated net FDI flow to Sudan increased from US$ 392
million in 2000 to US$ 574 million in 2001.!7 In addition, we find that the volume of
investment increased over the period 1996-2004 from US$ 251.3 to US$ 1,381

1% See ‘Sudan Factsheet Human Rights and Oil Workshop — January 31° (2003), p. 2.

7See the UNCTAD ‘World Investment Report’ (2002). See also ‘Arab Human Development
Report’ (2003), Table 5.1, p. 102.
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million, which implies that the rate of growth is near to about 500 %18 Moreover, in
2006, the levels of FDI in Sudan were amongst Africa’s highest with over US$ 3.5
billion. From annual averages of US$ 100-200 million prior to 2000, in 2006 net FDI
and portfolio inflows were US$ 3.5 billion, though tailing off to US$ 3 billion in
2007."%2° For 2009 however, FDI inflow decreased due to the global shock resulting
in lower global oil prices, stagnating domestic oil production and related reduction in
government spending. Due to increasing investment in oil, the sectoral distribution
implies that the large share of FDI was concentrated on the energy and mining sector
(74.7 %, 73 %), followed by industry (9.1 %, 10 %), agriculture (8.6 %, 2 %) and
services sector (7.6 %, 15 %).”' This implies that oil enables Sudan to emerge as one
of the highest recipients of FDI in the African and Arab regions.

Moreover, concerning the impact of oil in enhancing capacity building, we are
aware of the fact that it may be useful to depart from the analysis of the general
standardised approach of examining only the macro-economic impact of oil, and to
use a more indepth analysis to examine the effect of production and export of oil
(natural resource-based exports) on capacity-building including education, training,
science and technology (S&T) and R&D infrastructure and the growth and devel-
opment trajectory of Sudanese economy. But our attempt to briefly examine the
impact of oil on capacity building is constrained by the lack of reliable data at the
macro and micro levels and also by the fact that Sudan is a relatively new exporter.
We find that most probably the impact of oil in capacity building including
education, training, S&T and R&D infrastructure might still be very limited as
the country is a relatively new exporter since 1999. Furthermore, the impact on oil
in the development expenditures implies that it is not at all clear and is somewhat
problematic to distinguish the share and growth of spending on education, training
and R&D that were mainly attributed to production and export of oil. It is clear that
at the macro level the share of spending on education and R&D as a percentage of
GDP most probably remained almost the same without reporting a significant
change in the pre- and post-oil periods.”

Therefore, our findings in this section prove the first part of our hypothesis that
oil created a positive impact on Sudanese economy.

18 Despite the huge export earnings from oil, the current account balance has been in deficit at 8 %
of GDP on average during 1999-2005. This is partly induced by increased imports of
manufactured, machinery and transport equipments and other commodities. The impact of these
expenses in the overall balance of payments is subdued by the influx of FDI. In 2004 and 2005, the
influx of FDI led to overall surplus in the balance of payments.

19See WB-DTIS (2008), p. 4.

20See the IMF ‘First Review of Performance Under the 2007-2008 Staff-Monitored Program’
(June 2008), p. 2, 6.

2! See the Sudan Ministry of Finance and National Economy ‘Sudan Economy in Figures’ (2002),
Ministry of Finance and National Economy, Macroeconomic Policies and Programme Directorate
MEPPD, First Edition (2002), p. 27.

22 For instance, we find that the significant Chinese investment in the oil sector in Sudan has
motivated China to increase very limited technical support for capacity building in Sudan, though
the available information implies that direct allocation of Chinese aid to training and education
sector is very limited.
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2.3.3.2 Oil and the Challenges of Development in Sudan

After explaining the positive impact of oil and the opportunities for development it
is useful to elucidate also the negative impact of oil and the challenges for
development in Sudan. These include the high uncertainty, volatility and risk of
dependence on highly fluctuating oil prices in the international market, unsustained
oil revenues; the lack of diversification; Dutch Disease and potential future Sudan-
Southern Sudan conflict.

The first challenge related to oil is that the real economic activity is currently high,
but the lack of economic diversification raises concerns over longer term sources of
growth and sustained development, therefore diversification towards non-oil exports
is imperative for long run sustainable development strategies. Sudan has experienced
a revival in its exports, but this is largely due to the export of oil. Since 1999 the
exploitation of oil resources has led to large increases in national wealth, but it has
also complicated macro-economic management with recent pressures toward internal
and external imbalances, as well as a heightened concern for balanced growth in the
non-oil sectors, which are important for sustainable growth in Sudan. On the external
side, the current account has deteriorated since the oil boom and the real exchange
rate has appreciated significantly. Therefore, the major challenge created by oil is the
need for diversification, although oil has driven the recent surge in real economic
growth. To sustain growth and provide broader income opportunities, Sudan will
need to pursue a strategy of diversifying its sources of growth, including enhancing
its non-oil exports (e.g. traditional agricultural exports that have provided export
earnings over the past half century).”?

Another challenge is that oil earnings enter the economy predominantly through
public finance channels, yielding significant volatility for fiscal policy. The expansion
in public sector expenditures has crowded out private credit and stressed the financial
sector. Oil export earnings now support the majority of public finance (55 % in 2007)
and expose fiscal policy to the volatilities of domestic production and international
price fluctuations. Significant oil revenue volatility and shortfalls were observed in
late 2006 and early 2007 resulting in the highest fiscal deficits since the macro
stabilisation of the early 1990s, which accounted for 4.3 % and 3.1 % of GDP in
2006 and 2007 respectively (see Fig. 2.7 below). The volatility in revenue has greatly
complicated public expenditure management.”* Moreover, there is a considerable
decline in revenue from 24,707.9 million Sudanese pounds in 2008 to 20,045.6
million Sudanese pounds in 2009, at a rate of 18.9 %, attributed to the great decline
in the share of oil in total revenues that declined by about 40.0 %.>

One important challenge created by oil is its weak effect in improving social
development indicators. For instance, despite the increase in development expen-
diture from public expenditure, rising from 9 % in 1999 to 31 % in 2004, its share

23 See WB-DTIS (2008), p. viii.
2*See WB-DTIS (2008), pp. 4-6.
% See the Central Bank of Sudan ‘Annual Report’ (2009), p. 84.
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Fig. 2.7 Sudan’s fiscal position has deteriorated, while oil earnings have grown, oil exports and
fiscal deficit (% of GDP) (Source: The World Development Indicators (WDI)/IMF/World Bank
Staff Estimate (2008): Figure 1-3, p. 5)

then declined and flattened out at 24 % from the total public spending over the
period 2006-2009. The share of development spending from oil revenues declined
from 58 % in 2006 to 34 % in 2008, while the share of current spending from oil
revenues increased from 42 % in 2006 to 66 % in 2008.?° This clearly indicates the
bias and deficiency in the use of oil resources on current spending instead of
development spending. Despite the high oil revenues and impressive real growth,
so far they are not fully utilised and do not prioritise improvement of social
development indicators. Consequently, emerging vulnerabilities can be seen from
poverty, regional inequalities and a low and deteriorating ranking in the Human
Development Index from 147 to 150 and to 154 out of 177 world countries in
UNDP-HDI in 2007, 2009 and 2010 respectively.””*® The low human development
indicators implies that Sudan continued to fall below the Arab states and world
average level over the past three decades, for instance, the trend of human devel-
opment index over the period (1980-2010) implies that Sudan’s level in 2010 fell
below the Arab states and world average level not only in 2010 but also in 1980 (see
Fig. 2.8 below). In addition to high poverty rates, according to Sudan Central
Bureau of Statistics Household Survey Report (2009), about 45 % in northern
Sudan are estimated to be living below the poverty line of less than US$ 1 a day.
Moreover, according to UNDP (2010a), while progress has been made towards
several of the Millennium Development Goals (MDG), such as in the area of
education, infant and child mortality, access to water and sanitation, Sudan’s
performance against the MDG indicators demonstrates large inequalities with
respect to gender, rural-urban residence, and at the regional and sub-regional

26 See Sudan Ministry of Finance and National Economy (2002) ‘Sudan Economy in Figures’,
Ministry of Finance and National Economy, Macroeconomic Policies and Programme Directorate
MEPPD, First Edition (2002), p. 27.

27 See WB-DTIS (2008), p. 6.

28 See UNDP ‘Human Development Reports’ (2007; 2009; 2010a). See: http://en.wikipedia.org/
wiki/Sudan, accessed June 1, 2010.
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Fig. 2.8 Human development index: trends in (1980-2010) in Sudan compared to Arab States and
World (Source: UNDP Sudan Country profile of Human Development Indicators 2010) (See
UNDP (2010b): http://hdrstats.undp.org/en/countries/profiles/SDN.html, Accessed on December
22,2010)

level.* The significant regional disparities between regions contributed to growing
inequalities and unbalanced development in Sudan (see Tables 2.6 and 2.7 below).

Another challenge related to oil is the potential for Dutch Disease. For instance,
the exploitation of oil resources has led the increase in national wealth, but
domestic absorption of these large inflows significantly complicates macro-
economic management.’” There is increasing debate on the potential incidence of
the Dutch Disease phenomenon in Sudan’s economy. On the one hand, the views in
support of the potential incidence of Dutch Disease are based on the argument that

% The Millennium Declaration and adoption of the UN MDG in September 2000 implies commit-
ment towards achievement of the eight MDG by 2015. The MDG are: (1) Eradicate extreme
poverty and hunger: Halve, between 1990 and 2015, the proportion of people whose income is less
than one dollar a day, and halve, between 1990 and 20135, the proportion of people who suffer from
hunger. (2) Achieve universal primary education: Ensure that, by 2015, children everywhere, boys
and girls alike, will be able to complete a full course of primary schooling. (3) Promote gender
equality and empower women: Eliminate gender disparity in primary and secondary education,
preferably by 2005, and in all levels of education no later than 2015. (4) Reduce child mortality:
Reduce by two thirds, between 1990 and 2015, the under-five mortality rate. (5) Improve maternal
health: Reduce by three quarters, between 1990 and 2015, the maternal mortality ratio. (6) Combat
HIV/AIDS, malaria and other diseases. (7) Ensure environmental sustainability and (8) Develop a
global partnership for development. See UND-HDR ‘UN MDGs in Sudan’: http://www.sd.undp.
org/mdg_sudan.htm, accessed June 1, 2010.

39Dutch Disease refers to the experience of the Netherlands in the 1960s, when the economic
boom following natural gas discoveries led to a decline in manufacturing and real exchange rate
appreciation. In his summary of the literature, Corden defines it as a phenomenon where a boom in
one export sector, typically a windfall discovery of a new natural resource, draws factors of
production from other sectors of the economy and boosts demand for non-tradeables relative to
tradeables, which in turn appreciates the real exchange rate. Traditional exports collapse, due both
to the internal reallocation of resources and the real exchange rate appreciation. Corden, W. M.,
‘Booming Sector and Dutch Disease Economics: Survey and Consolidation’, Oxford Economic
Papers 36 (November 1984), pp. 360-362.
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Fig. 2.9 The trend of the share of oil exports and non oil exports in total exports and real effective
exchange rate in Sudan (1997-2006) (Source: Elbadawi and Kaltani 2007)

the appreciation of the nominal effective exchange rate and the sustained increases
in the general price levels led to the appreciation of real effective exchange rate in
recent years. This argument indicates that the inflows through higher levels of
government spending put additional pressures on the prices of non-traded goods.
Prices of housing, water and electricity grew almost twice as fast as the prices of
tradable goods, specifically food, clothing and consumer goods. The real effective
exchange rate appreciated by 40 % in 2005-2006, which added to the more
fundamental structural rigidities and supply-side constraints already faced by
non-oil exporters. This argument indicates that some signs of Dutch Disease are
present, though it is difficult to assess the extent of these characteristics, as the
country is a relatively new exporter.’! On the other hand, the views in suspecting of
the incidence of Dutch Disease are based on the argument that the agriculture and
services sector continues to dominate the economy even after the increasing share
of oil in GDP over the period 1990-2009. Moreover, the rise in the share of industry
in GDP is mainly attributed to the rise of the share of oil in GDP, while the share of
manufacturing in GDP over the period 1999-2006 remained stagnant and the
growth rate of manufacturing remained between 1 % and 3 %. This argument
implies that it may be too early to confirm any Dutch Disease in Sudanese economy
(Fig. 2.9, 2.10, 2.11, and 2.12).*

A further challenge related to the dependence on oil is the uncertainty in
economic growth as measured by long run GDP and GDP per capita growth
rates. This implies that Sudan must implement a strategy to avoid the negative
consequences of declining growth rates in GDP and GDP per capita and uncertainty
related to a drop in oil reserves by using its oil production. According to UNDP
(2010), prior to the global financial crisis, Sudanese economy had been one of the

31See WB-DTIS (2008) p. 3. See also Elbadawi and Kaltani (2007).
*2See Bedawi, W. F. (2007).
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Fig. 2.10 Where is the Dutch Disease? Agriculture and services continue to dominate the
economy 2006 GDP by sectors at factor cost (Source: Bedawi 2007)
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Fig. 2.11 May be too early to say is there any Dutch Disease? Measured by the GDP sectoral
growth rate over the period (1999-2006) (Source: Bedawi 2007)

fastest growing in the world, despite United States (US) sanctions. However, the
global financial crisis and related shock in 2008 and 2009 resulted in low global oil
prices, stagnating domestic oil production and caused a reduction in the GDP
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Fig. 2.12 Structure of Sudan economy: share of sectors in GDP, share of sectors in employment
and annual sectoral growth rate (share of sectors in GDP) (1990-2009) (%) (Sources: Adapted
from the Central Bank of Sudan and Ministry of Finance and National Economy Annual Reports
(various issues))

growth rate, dropping from 10.5 % in 2007 to 7.8 % and 5 % in 2008 and 2009
respectively (see Table 2.2 and Fig. 2.1 above).>”

Another oil related challenge is that oil revenues create other internal problems
by increasing internal tensions or conflict related to the desire to maintain control
over oil resources and failure to achieve an equitable distribution of oil revenues.**
The Comprehensive Peace Agreement (2005) states that oil revenues should be
shared 50:50.>> From a political perspective in the short run with the official
secession of the Southern Sudan, there is increasing tension and potential conflict

33 A recent IMF report ranked Sudan as one of the most vulnerable low-income countries in the
global financial crisis due to its high vulnerability to trade, aid and remittances shocks. See IMF
‘Report on the Implications of the Global Financial Crisis for Low-Income Countries’ (March
2009), pp. 48, 50: http://www.imf.org/external/pubs/ft/books/2009/globalfin/globalfin.pdf,
Accessed 10 October 2011.

3 For instance, in the past the exploration and production of Sudan’s oil has been a highly
controversial issue and is affected by the continuous conflict which involves the war and conflict
over controlling oil resources. “Oil has always been an issue in Sudanese conflict. For instance, the
organized non-government political activity resisting oil extraction: On 30 August 1999, Sudan’s
pipeline with a capacity for 100,000 barrels/day filled the first tanker at the supertanker port on the
Red Sea. Not one month later, on 20 September, anti-government forces exploded a portion of the
pipeline outside the town of Atbara. Moreover, due to conflict, oil exploration has been mostly
limited to the central and south-central regions of the country”. ‘Sudan Factsheet Human Rights
and Oil Workshop’, (January 31, 2003), pp. 1-2. See also ‘Oil Fact Sheet on Sudan’ (2006),
pp- 1-2.

35 See for instance, Oil Fact Sheet on Sudan’ (September 2006), p. 2.
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between Sudan and Southern Sudan that threatens stability and sustainability. This
increasing tension is attributed to the fact that the two sides have not reached an
agreement on the division of oil revenues after secession. According to official
estimates since 70 % of Sudan’s crude is pumped in Southern Sudan and since the
main oil pipeline, refinery and seaport are located in Sudan, this suggests that
Sudanese economy will be affected negatively and lose most of the oil reserves
(70 %) and oil revenues (50 %) and Southern Sudan will remain dependent on the
main pipeline passing through the north. Even after Southern Sudan’s indepen-
dence, Sudan will remain the former’s only export route through a pipeline ending
in the seaport of Port Sudan in the Red Sea. This also implies that Sudanese
government needs to invest in agriculture and non-oil industries, and that both
Sudanese and Southern Sudanese governments need to take measures to counter the
negative impacts and ensure their mutual benefit. This demonstrates how oil
remains a controversial issue in Sudan-Southern Sudan conflict, and also creates
more potential for future conflict between Sudan and Southern Sudan.

Oil has also affected the labour market because the exploration and production
of oil leads to the creation of more employment opportunities, although this is
difficult to elaborate due to a lack of accurate data.*® The inflow of FDI and the
increased wealth from oil has encouraged migration to Sudan, so migrant workers
have increased in the labour market, particularly in the private sector, which may
also contribute to the growing unemployment rate. Furthermore, oil has also
affected the structure of wages and has led to a wage differential in Sudan; for
instance, the results of the comprehensive industrial survey (2005) indicates that the
highest salary for workers in the industrial sector is reported in the petroleum
refining industry which is 18 times more than the average wage in the industry.?’

Our findings in this section therefore prove the second part of our hypothesis:
that oil has had a negative impact on Sudanese economy.

36 For instance, of the total labour force estimated at 97,000,000 in 2001, the share and contribution
of oil industries in total employment is very minimal and accounted for only 0.0087 % of total
employment of labour force and only 0.52 % of total employment in the industrial manufacturing
sector in Sudan. It is worthy to note that the contribution of oil industries represent only 0.52 % of
total employment and 0.64 % of total number of labour employed in the industrial manufacturing
sector in Sudan (2001) but in the meantime oil industries is ranked second in terms of the
contribution to industrial value added as it accounts for 11 % of total industrial value added in
the manufacturing industries in Sudan; this implies that oil industries tend to use more capital
intensive techniques and to be a more capital intensive industry. See for instance, Sudan Central
Bureau of Statistics ‘Statistical Year Book’ (2001), Khartoum, November 2003, for the data on the
total number of labor force in Sudan in 2001. See Sudan Ministry of Industry ‘Comprehensive
Industrial Survey data for 2001” (2005), Tables 12—13; the industrial survey, pp. 72-75, for the
data on total number and share of oil in total employment and in employment in the industrial
manufacturing sector in Sudan in 2001.

37 See the ‘Executive Summary of Sudan Comprehensive Industrial Survey’ (2005), p. 29.
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2.4 Structural Problems of Labour in Sudan

Based on the above, in this section it is useful to start by explaining the stylised facts
on the characteristics and structural problems of labour market in Sudan. First we
explain the relation between the structure of labour market and the demographic
structure, participation rates and economic activities, second we show the relation
between the structure of labour market and the low skill level and brain drain
problems and finally we examine the relation between the structure of labour
market and the unemployment and youth unemployment problems in Sudan.

2.4.1 Demographic Structure, Participation Rate
and the Declining Productivity of Labour and Economic
Growth in Sudan

Before explaining the relation between the structure of labour market and the
demographic structure, participation rate and economic activities, it is useful to
identify the major stylised facts and characteristics of the labour market in Sudan.
For instance, one stylised fact that characterises the labour market in Sudan as in
many other Arab and typically developing countries, is the dominance — reflected in
the large share — of the public (government) sector in total employment compared to
the weakness of the private sector. The organisational structure of the labour market
is constrained by weak and inefficient regulations and institutional settings, rigidity
and lack of dynamism, deficiency in employment, monitoring, planning and skill
upgrading; the high incidence of duality (rural-urban; traditional-modern and
formal-informal sectors) and prevalence of high rates of unemployment, especially
among youth population and child labour.”® In addition the labour market is
characterised by low participation rates, especially low participation rates for
women and the mismatch between educational output (supply) and labour market
requirements (demand). These distinctive features of Sudanese and Arab labour
markets were caused by such fundamental forces as high population and labour
force growth rates, macroeconomic fluctuations caused by oil price instability, and
the pervasive role of the state in the region’s economic activity. A demographic
transition which resulted in rapid population growth, slow down in labour absorp-
tion, combined with large-scale shifts of population from rural to urban areas, led to
severe pressures on labour markets, especially in urban areas.* In addition, there is

3% Based on the UNDP (2010) definition of child labour as the percentage of children aged 5-14 in
the labour market, the UNDP-HDR (2010a) indicates the high rates of child labour in Sudan as the
percentage of children aged 5—14 in the labour market accounted for 13 % of children aged 5-14
over the period (1999-2007). See UNDP-HDR (2010a), p. 191.

39 See for instance, Shaban et al. (1995).
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increasing debate that in the Arab oil-dependent countries, the structure of labour
market suffers from the impact of the Dutch Disease phenomenon.

One stylised fact of the labour market in Sudan related to demographic structure
indicates continuous and rapid increase in total population from 10 million in 1956
to 39 million in 2008, and increase in the growth rate in total population from 2.1 in
1956 to 2.8 in 2008 (see Fig. 2.13 below). According to the Central Bureau of
Statistics (2010), data from the 2008 population census indicates that the distribu-
tion of population according to the mode of living implies that the majority of
Sudan’s total population are rural and nomadic (70.5 %) compared to the minority
of the urban population (29.5 %). Furthermore, the distribution of population
according to gender implies that the majority of Sudan’s population are male
(51.27 %) compared to female (48.73 %). Moreover, the distribution of population
according to age implies that the majority of Sudan’s total population are aged
5-24, representing about 47.38 % of Sudan’s total population in 2008. In addition,
the share of population aged 17 and over (52.85 %) is higher than the share of
population aged 16 or less (47.15 %) (see Table 2.8 and Fig. 2.13 below).*’ This
structure and distribution of total population by mode of living, gender and age will
have several important implications in the structure of labour market, notably,
labour force, participation rates, economic activities, skill level, employment and
unemployment rates as we will explain in this section below.

For instance, we observe that the first implication and stylised fact in the labour
market in Sudan is that the continuous increase in the total population implies
continuous increase in the total labour force from 16.5 in 1998 to 22.5 in 2008
and also increasing though low participation rates.*' The demographic structure,
labour force and participation rate in Sudan implies the low share of Sudanese
women in the labour force (31.1 %) as compared to Sudanese men (72.2 %) and the
total Sudanese labour force (52.4 %), and the low participation rate (for 15-24 year
olds) for Sudanese women (6.08 %) as compared to Sudanese men (15 %) and the
total Sudanese participation rate (10.08 %). Both crude and adjusted participation
rates show continuous rapid increase in the period 1990-1996 in Sudan. Our
findings indicate that compared to 1996, in 2008 the crude participation rates for
the total population increased to (43.68 %), but they declined for men (28.99 %) and
for women (14.69 %), whereas adjusted participation rates declined for men
(57.90 %) and increased for women (29.42 %). Both crude and adjusted labour
force participation rates in economic activities defined by mode of living and
gender, indicate that the participation rates are higher for people (men and
women) living in rural areas compared to people (men and women) living in
urban areas and participation rates for women are less than men over the period

40 See Sudan Central Bureau of Statistics (2008) ‘Central Bureau of Statistics: Sudan Statistics and
Statistical Year Book: Sudan (1990-2008)’ (2008), p. 3.

4l See for instance, data from: Arab Labour Organization; Sudan Ministry of Labour and Public
Service: Migration and Labour Force Surveys 1993 and 1996; and Sudan Central Bureau of
Statistics (2010) ‘Fifth Sudan Population and Housing Census (2008)’.
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Fig. 2.13 Total population (million) and population growth rare (%) in Sudan over the period
(1955/1956-2008) and the distribution of Northern Sudan Total Population defined by age and
gender (2008) (Source: Adapted from Sudan Central Bureau of Statistics Population Census Data
(2010): The Fifth Sudan Population and Housing Census 2008)
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Fig. 2.14 Crude and adjusted participation rate define by gender and mode of living in Sudan
(1990-2008) (%). Sources: (1) Figures for 1990 obtained from Ministry of Labour and Adminis-
tration Reform- Department of Planning and Monitoring and Follow-up. (2) Figures for 1996
obtained from Central Bureau of Statistics — Migration and Labour Force Survey 1996. (3) Central
Bureau of Statistics — Department of Internal Commerce and Pricing. (4) Figures for 2008 obtained
from own calculation based on Sudan Central Bureau of Statistics Population Census Data (2010):
The Fifth Sudan Population and Housing Census (2008), (4) Note: Figures for 1998 from Ministry
of Finance and National Economy — Annual Economic Survey 2000, Table 7-2, p. 10

1990-2008 (see Fig. 2.14 above). These findings are consistent with the observed
findings from the 1993 population census and 1996 migration and labour force
survey. These findings are also consistent with the structure and distribution of
population in Sudan in 2008 defined by gender and mode of living as we explained
above (see Figs. 2.13 and 2.14 above).
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1990-2008 — see Fig. 2.14 above. These findings are consistent with the
observed findings from the 1993 population census and 1996 migration and labour
force survey. These findings are also consistent with the structure and distribution
of population in Sudan in 2008 defined by gender and mode of living as we
explained above — see Figs. 2.13 and 2.14 above.

Another stylised fact on the structure of the labour market in Sudan is the
inconsistent distribution of economically active population defined according to
major economic activities (sectoral classification) and gender. For example, the
majority of Sudanese are employed in agriculture sector (51.8 %, 48.56 %),
followed by services sector (23 %, 31 %), industry (8.9 %, 7.65 %) and finally
few are employed in other activities (1.2 %, 12.24 %) in 2004 and 2008 respec-
tively.*>*® This structure implies that agriculture is still the predominant activity in
Sudan, although its share in employment has gradually declined as other sectors of
economic activity have expanded. In the 2008 census almost 48.56 % of the work
force were involved in the agriculture sector, compared with 60.74 % in 1993 and
51.08 % in 2004. Services, which included a government work force that grew in
terms of employment, emerged as the second largest area of activity, encompassing
an estimated 31.55 % of the economically active population in 2008, compared with
28.04 % in 1993 and 23 % in 2004. The industrial sector accounted for 7.65 % in
2008 compared to about 9.74 % in 1993 and 8.19 % in 2004 (see Table 2.8 below).
Sudan Central Bureau of Statistics (2010) population census data for 2008 indicates
that the distribution of economically active population defined by major economic
activities (sectoral classification) and gender implies that the majority of Sudanese
men are employed in the agriculture sector (48.13 %), followed by services
(35.9 %), industry (10.22 %) and other activities (5.75 %); similarly, the majority
of Sudanese women are employed in the agriculture sector (49.48 %), followed by
services sector (22.45 %), industry (2.27 %) and other activities (25.8 %). Employed
Sudanese men constitute the majority of total employment in all sectors (67.67 %),
whereas employed Sudanese women constitute the minority of total employment in
all sectors (32.33 %). Sudanese men employed in agriculture, services and industry
sectors (32.57 %, 24.29 % and 6.92 % respectively) are higher than Sudanese
women employed in these sectors (16 %, 7.26 % and 0.73 % respectively). This
implies that Sudanese men employed in agriculture, services and industry sectors
are near to twice, near to three times, and near to seven times more than Sudanese
women employed in these sectors respectively. These findings are consistent with
the results from the 1993 population census and 1996 migration and labour force
survey. These findings are also consistent with the structure and distribution of
population in Sudan in 2008 defined by gender as we explained above.

42 See for instance, the Arab Labour Organization (2007) for data for 2004 and Sudan Central
Bureau of Statistics (2010) population census for data for 2008.

43 Agriculture sector includes livestock raising, forestry, fisheries, or hunting, services sector
includes government work force, wholesale and retail trade, restaurants and hotels, transport,
storage and communication, financing, insurance, real estate and business services, community,
social and personal services and the industrial sector includes manufacturing, mining, electric
power, and construction.
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2.4.2 The Low Skill Level and Brain Drain Problem in Sudan

Another stylised fact on the structure of labour market in Sudan can be observed
from the skill level defined by occupation (defined by the international definition of
major occupational groups classification) and education (defined by school atten-
dance, literacy and education attainment) defined by gender. For example, the
definition of skill according to occupation classification indicate that the majority
of Sudanese economically active population or workers are medium and low skilled
(86 %, 88 %) and minority (14 %, 12 %) are high skilled in 2004 and 2008
respectively.** In 2004 only 14 % of men were highly skilled and 86 % are medium
and low skilled, and only 15 % of women were highly skilled and 85 % medium and
low skilled; women were slightly more skilled than men. In 2008 only 13 % of men
were highly skilled and 79 % medium and low skilled, and only 10 % of women
were highly skilled and 84 % medium and low skilled; men were slightly more
skilled than women. The majority of Sudanese workers were employed in blue
collar occupations (70 %, 69.4 %), while the minority were employed in white
collar occupations (30 %, 24.4 %) in 2004 and 2008 respectively. In 2004 only 33 %
of men were employed in white collar occupations, while 67 % of men were
employed in blue collar occupations; only 24 % of women were employed in
white collar occupations, while 76 % of women were employed in blue collar
occupations. In 2008 only 23.24 % of men were employed in white collar
occupations, while 73.42 % of men were employed in blue collar occupations;
only 26.9 % of women were employed in white collar occupations, while 61.03 %
of women were employed in blue collar occupations (see Table 2.9 below).
Moreover, our results from Sudan Central Bureau of Statistics (2010) population
census data for 2008 indicate the low skill level and differences in skill level in
Sudan that appear in terms of low school attendance, literacy rate and education
attainment defined by gender and mode of living. For instance, the distribution of
total Sudan population aged 6 years and over according to school attendance and
literacy rate, implies that only little above half of Sudan’s population aged 6 years
and over are currently and/or previously attending school (50.87 %) and are literate
(51.59 %), while near to half of Sudan’s population aged 6 years and over have
never attended school (44.62 %) and are illiterate (45.19 %). The distribution of
population aged 6 years and over according to education attainment and currently
and/or previously school attendance implies that the majority have less than second-
ary education and intermediate, primary or less than primary education (76.80 %),
this is followed by secondary and post secondary diploma education (13.93 %), and
finally followed by a only minority with above secondary education (5.32 %),
including university first degree and college education (4.70 %) and post graduate

4 See for instance, the Arab Labour Organization (2007) for data for 2004 and Sudan Central
Bureau of Statistics (2010) population census for data for 2008.
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diploma, Master’s degree and PhD degree (0.62 %).45 In addition, the distribution of
population aged 6 years and over according to current school attendance implies
that the majority have less than secondary education and intermediate, primary or
less than primary education (73.59 %), followed by secondary and post secondary
diploma education (15.40 %), and finally followed by only a minority with above
secondary education (6.12 %) — including 5.92 % with university first degree and
college education and 0.20 % with Master’s and PhD degree education. Moreover,
our results from Sudan Central Bureau of Statistics (2010) population census data
for 2008 indicate the low skill level and differences in skill level in Sudan that
appear in term of low school attendance, literacy rate and education attainment
defined by gender and mode of living. For instance, the skill level (defined by
school attendance, literacy rate and education attainment) for males is higher than
females and for urban are higher than rural population (see Table 2.10 below).
These findings are consistent with the structure and distribution of population in
Sudan in 2008 defined by gender and mode of living as we explained above.

One stylised fact on the labour market in Sudan is that for a long time Sudan has
remained a labour exporting country, especially to the oil rich Arab Gulf countries,
and many Sudanese men have worked in other Arab Gulf states; the migration of
highly skilled individuals has led to a brain drain problem in Sudan.*® Based on the

43 The distribution of population aged 6 years and over according to education attainment and
currently and/or previous school attendance implies that about 8.3 % of total Sudan population
aged 6 years and over are without educational attainment. It implies that the majority have below
primary education (42.58 %), this is followed by primary education (14.84 %), secondary educa-
tion (12.83 %), intermediate education (4.84 %), university first degree education (4.70 %), post
secondary diploma education (1.10 %), postgraduate diploma education (0.29 %), Master’s degree
(0.24 %) and Ph.D. degree (0.09 %).

46«The term human capital flight, more commonly referred to as “brain drain”, is the large-scale
emigration of individuals with technical skills or knowledge. The reasons usually include two
aspects which respectively come from countries and individuals. In terms of countries, the reasons
may be social environment (in source countries: lack of opportunities, political instability,
economic depression, health risks; in host countries: rich opportunities, comparatively good
political system, developed economy, better living conditions). In terms of individual reasons,
there are family influences (overseas relatives, and personal preference: preference for exploring,
ambition for an improved career, etc.). Although the term originally referred to technology
workers leaving a nation, the meaning has broadened into: “the departure of educated or profes-
sional people from one country, economic sector, or field for another, usually for better pay or
living conditions”. Brain drain is usually regarded as an economic cost, since emigrants usually
take with them the fraction of value of their training sponsored by the government or other
organizations. It is a parallel of capital flight, which refers to the same movement of financial
capital. Brain drain is often associated with de-skilling of emigrants in their country of destination,
while their country of emigration experiences the draining of skilled individuals. The term brain
drain was coined by the Royal Society to describe the emigration of “scientists and technologists”
to North America from post war Europe. Another source indicates that this term was first used in
the United Kingdom (UK) to describe the influx of Indian scientist and engineers. The converse
phenomenon is “brain gain”, which occurs when there is a large-scale immigration of technically
qualified persons. Brain drain is common amongst developing nations, such as Africa, former
colonies of the island nations of the Caribbean, and particularly in centralized economies such as
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conventional views in the literature on the incidence of brain drain in typically
developing countries, in our view the main reasons for the incidence and continua-
tion of brain drain in Sudan can be perceived from both national and personal
perspectives. From the national perspective, the main reasons are related to the
internal environment in Sudan due to lack of employment opportunities, political
instability and economic instability; in host countries there are rich employment
opportunities and better living conditions. From the personal perspective, the main
reasons include family influences, overseas relatives and personal preference for an
improved career, and better living conditions. The most important reason for the
continuation of brain drain in Sudan is that the low standard of economic develop-
ment has led to low GDP per capita, which implies that high skills are not
financially rewarded. The main consequences of the brain drain problem in Sudan
is that brain drain is regarded as an economic cost, since emigrants usually take with
them the fraction of value of their training sponsored by the government or other
organisations. Moreover, brain drain implies that Sudan experiences the draining of
skilled individuals and this contributes to vicious circle of underdevelopment in
Sudan as a low-income country. This problem of brain drain implies a loss to Sudan
that may have amounted to a considerable percentage of its professional and skilled
work force. For instance, over the period 2005-2008 the average share of white
collar high and white collar Sudanese migrants workers represented about 8.57 %
and 11.39 % of total Sudanese migrant workers respectively. Notably, the share of
white collar high continuously increased from 5.87 % t0 9.42 %, 7.71 % and 9.83 %
in 2005, 2006, 2007 and 2008 respectively, and the share of white collar increased
from 12.66 % to 13.03 %, 18 % and then declined to 6.6 % in 2005, 2006, 2007 and
2008 respectively (see Table 2.11 below).

In addition, as a result of the brain drain problem which implies a shortage of
professional and skilled Sudanese workers, we find the recent phenomena of brain
gain of foreign skilled workers which is most probably related to the effects of
globalisation and increasing foreign investment, notably foreign investment in the
oil sector, which is largely dependent on foreign skills and foreign capital; the easy
inflow and employment of foreign workers has caused serious implications because
of competition with the local and domestic workers. The presence and high share of
skilled foreign workers in total employment of foreign workers means that the

former East Germany and the Soviet Union, where marketable skills were not financially
rewarded. Two parties involved in brain drain are developing countries and developed countries.
On the left side, because of the disadvantaged social environment (of opportunities, political
instability, economic depression, health risks, etc), family influence (overseas relatives, etc), and
personal preference (prefer exploring, ambitious to seek brilliant career, etc), many people in
developing countries actively choose to migrate. Most of migrations from developing countries are
those wealthy or skilled people, whose leaving results in brain drain and slow development of
home countries. This contributes to a vicious circle for developing countries (low-income
countries). On the other side, the advantaged social environment (rich opportunities, compara-
tively good political system, developed economy, better living conditions, etc) in developed
countries attract talents from other areas, which contribute to brain drain, and finally forms a
virtuous circle”. See: http://en.wikipedia.org/wiki/Brain_drain, accessed November 14, 2010.
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majority of foreign workers were employed in highly skilled jobs and competed
with Sudanese on the available job opportunities in Sudan. Notably, the share of
white collar high foreign workers increased from 61 % to 80 %, 89 % and 88 % in
2002, 2003, 2005 and 2006 respectively, and the share of white collar foreign
workers increased from 77 % to 90 %, 96 % and 91 % in 2002, 2003, 2005 and 2006
respectively (see Table 2.12 below). The shortage of skilled workers, notably
technical skill and mismatch problems in technical jobs also increased the demand
for foreign technical workers and this may also contribute to reduce the employ-
ment opportunity and therefore increase the unemployment rates for Sudanese
workers (see Table 2.13 below).

2.4.3 The Unemployment, Youth Unemployment and Skill
Mismatch at the Macro Level in Sudan

One stylised fact in the labour market in Sudan is the incidence of a chronically
serious unemployment crisis (see Table 2.2 above). Sudan like many other Arab
countries not only faces many challenges such as low per capita GDP, low growth
of labour productivity and the incidence of a high poverty rate, but also the
persistence of a high and rising unemployment rate. This persistent unemployment
problem may reflect both a general problem of growth and development and a
structural problem of the labour market and inequality, and may lead to several
serious implications in hindering the process of development and economic growth.
The discussion of unemployment in Sudan is important because of higher and
persistent rates of unemployment — now in excess of 20 % (see Table 2.2 above
and Fig. 2.15 below). Several studies in the Sudanese literature (cf. Ministry of
Labour Report 2004—2005) indicate the problem is due to the demand side, but it is
also essential to reflect on the interaction between the supply and demand sides and
examine the problem from both perspectives. The UNDP report (2006: 92-94)
shows the broad employment trends in Sudan during the 1990s and illustrates
a process of jobless growth over that period and highlights the need for employment
creation or generation and poverty alleviation in Sudan. Different from the several
studies in the Sudanese literature, we explain below four stylised facts on the
unemployment problem in Sudan, including the presence of several types of
unemployment; the interpretation of unemployment crisis in Sudan from two
different endogenous and exogenous perspectives due to endogenous and exoge-
nous causes; the high incidence of unemployment among youth population; and the
large mismatch between educational qualifications — supply — and labour market
requirements — demand. One advantage of our analysis is that we explain these
stylised facts using new data on unemployment based on Sudan Central Bureau of
Statistics (2010) population census (2008).

The first stylised fact on the incidence of unemployment in Sudan is the preva-
lence of several different kinds or types of unemployment including structural,
voluntary, involuntary, seasonal, frictional, cyclical, technological, youth, disguised,
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Table 2.12 Distribution of foreign workers by occupational classification (%) in Sudan
(2002-2006)

Distribution of foreign workers by occupational

classification 2002 2003 2004 2005 2006

Total 100 % 100 % 100 % 100 % 100 %
White collar high 61% 80% 84% 8% 88 %
White collar low 6% 11% 12% 7 % 3%
White collar T7% 90% 96% 96% 91 %
Blue collar high 0% 7 % 0% 4 % 1 %
Blue collar low 23 % 3% 4 % 0% 8 %
Blue collar 2% 10% 4% 4% 9%

Source: Adapted from the Statistics of Ministry of Labour

Table 2.13 The share of technician labour in the field of mechanical engineering compared to
non-technician and foreign labour

Technical job/ Non technical work Foreigner in

total job in technical job% technical jobs%
Cars 59 21.7 19.3
Heat capacity 93.5 6.5
Heavy machines 86.8 13.2 .
Refrigeration, cooling and conditioning 70.7 25.9 34
Welding and blacksmith 535 29.3 17.2
Foundries and metal 50.0 50
Machining formation 64.1 333 2.6
Maintenance of pumps 333 66.3
Compilation of cooking machine 66.7 333 .
Food processing machine 38.5 53.8 7.7
Mineral formation 429 28.6 82.6
Electrical steam generators . 100

Source: Prof. Alsheikh Almagzoub (2008) “study of the need in labour market for technician”
cited in Sharaf Eldein Ahmed Mohamed (February 2007, 2008) “Globalization and requirements
for improving the quality and efficiency of technical education output,” paper presented at the third
conference for the manager and experts of technical education in states, ministry of education,
general department of technical education, June 2008, Table 4, p. 12.

hidden, temporary and open chronic unemployment in Sudan. The presence of
seasonal unemployment in Sudan can be perceived from the fact the majority
of Sudanese labour force is still hired in the agricultural sector, which is characterised
by relative availability of seasonal work in agriculture. In addition the high intensity
of labour and family workers in the agriculture sector has probably also caused
disguised and hidden unemployment in Sudan. Furthermore, the presence of hidden
and disguised unemployment can be perceived from the fact that the public sector is
still the main source of job creation in Sudan, it has a limited capacity to hire more
workers but the commitment of the government to hire beyond the capacity of the
public sector has caused low productivity of workers — at least compared to other
Arab countries (see Arab Labour Organization 2007). Furthermore, the presence of
frictional unemployment can be perceived from the geographical (temporary)
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The intensity of skill mismatch in the field of technical and mechanical engineering jobs: the
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Fig. 2.15 The intensity of skills mismatch in the technical and mechanical engineering jobs: the
share of non-technical workers in technical job (%) (Source: Adapted from Almagzoub (2008) and
Mohamed (February 2007, 2008))

movement of people (displaced workers and internal refuges). Moreover, the pres-
ence of cyclical unemployment can be perceived from the economic crises over the
past decades in Sudan. In addition, the presence of technological unemployment can
be perceived from the recent expansion in the use of technology, especially ICT in the
services, notably the banking sector in Sudan. We observe that the use of new
technologies in the banking sector caused displacement and substitution of workers,
and contributed to a reduction in the number of employment opportunities. For
instance, according to the results of the survey presented in the Central Bank of
Sudan (2004) aimed at assessing the impacts of the use of new technologies in
Sudanese banking system in 2004, 56.5 % of the respondents indicate that the use
of new technologies in the banking system has had some impacts on employment and
resulted in the reduction of the number of workers and hence led to an increase in
unemployment in Sudan.*’ Furthermore, the presence of youth unemployment can be
perceived from the recent information that indicates the rapid increase in unemploy-
ment rate in Sudan, especially the youth unemployment rate that reached around
18 % of the total youth population in Sudan; youth unemployment also increased
amongst university graduates. In addition, the presence of involuntary unemployment
can be perceived from the presence of high unemployment among youth and
university graduates, which can be interpreted partly as compulsory unemployment
and partly also structural unemployment. The presence of voluntary unemployment
can be perceived from the low participation rate, especially for women (housewives).
Furthermore, structural unemployment either temporary or open chronically has been
persistently present for a long time and can be perceived from the consequences of

47 See the Central Bank of Sudan (2004), p- 36.
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Unemployment rate defined by mode of living (%) (1996-2008)
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Fig. 2.16 Total unemployment rates in Sudan (%) defined by mode of living (1996-2008)
(Sources: (1) Figures for 1996 obtained from Central Bureau of Statistics — Migration and Labour
Force Survey 1996. (2) Central Bureau of Statistics — Department of Internal Commerce and
Pricing. (3) Figures for 1997/1998 from Ministry of Finance and National Economy — Annual
Economic Survey 2000, Table 7-2, p. 10. (4) Figures for 2008 obtained from own calculation
based on Sudan Central Bureau of Statistics Population Census Data (2010): The Fifth Sudan
Population and Housing Census 2008)

the structural reform and the mismatch between educational qualifications for youth
and requirements in the labour market. Moreover, the presence of persistent open
chronically long-term unemployment is perceived from the fact that the problem of
unemployment existed throughout much of the period 1973-2011. For instance, in
Sudan, the rate of unemployment has rapidly increased since 1973 and has more than
doubled over the past 15 years (over the period 1993-2008); for instance, the rate of
unemployment increased from 10.3 % in 1993 to 20.7 % in 2008, which implies that
the unemployment problem remains a chronically persistent one in Sudan (see
Table 2.2 above and Fig. 2.16 above).

The second stylised fact is the interpretation of the unemployment crisis in
Sudan from two different endogenous and exogenous perspectives due to exoge-
nous and endogenous causes. The exogenous causes include the implications of the
internal refuges and migration due to environmental problems, drought and deserti-
fication, civil war and conflict, influx of refugees from other neighbouring
countries, imbalanced development strategies, globalisation and the use of foreign
workers. The exogenous causes also include other factors, for instance, the drop in
world oil prices in the 1980s, the Gulf War in the early 1990s and the recent
increasing move towards nationalisation of jobs in the Arab Gulf countries, together
caused the Arab Gulf states to cut back drastically on their expatriate workers,
which resulted in the departure of the thousands of Sudanese workers based in these
countries, leaving many of their possessions behind, and leading in turn to increased
unemployment in Sudan. Unemployment is also caused by the exogenous environ-
mental problems, for instance, unemployment figures were affected by the severe



2.4 Structural Problems of Labour in Sudan 59

drought that spread throughout Sudan in the 1980s. In 1983-1984, for example,
several million people migrated from the worst hit areas in both the west and the
east to Khartoum and other urban areas along the Nile. Many remained in these
areas once the drought had eased, living in shantytowns and contributing to
unemployment or underemployment in the cities. In addition, more than one
million people from the south migrated to the north, as a result of the civil war
and famine in these areas. We observe that the lack of political stability and the
north—south conflict also contributes to increase unemployment because the civil
war not only led to the displacement of many workers and job losses, but also
necessitated significant expenditure on defence and security issues rather than
prioritising investment in social development and the creation of more employment
opportunities. The endogenous causes include the deficient demand caused by
deficient macroeconomic policies: privatization; a deficient public sector, a defi-
cient private sector, structural reform, mismatch between educational output and
labour market need, unemployment caused by labour market policies, educational
policies, and the use of new technologies. In particular, the considerable reduction
in the aggregate demand and demand for labour was caused by the liberalisation,
structural adjustment programs and privatisation of state owned enterprises during
the 1990s that contributed to increased unemployment of the labour force (see
Dagdeviren and Mahran 2004). Moreover, the deficiency and low employment of
the private sector also contributed to unemployment in Sudan (see Ministry of
Labour Report 2004-2005). In addition, we find that the inflation rate is one of the
very important endogenous factors that affected the unemployment problem though
it does not receive adequate analysis in the Sudanese literature. For this reason, our
analysis in this chapter fills this gap in the Sudanese literature and discusses the
correlation between inflation rates and unemployment rates. For instance, our
findings imply that the increase in unemployment rates seems to be correlated
with the increase in inflation rates in Sudan in the period 2000-2008. For instance,
when using data and figures on unemployment rates and inflation rates over the
period 1990-2008 (presented in Table 2.2 above) and using the ordinary least
squares method to examine the correlation between inflation and unemployment
rates in Sudan, we find positive and significant correlation between the unemploy-
ment rate and inflation rate for the case of Sudan for the period 2000-2008. We find
negative significant correlation between inflation rate and unemployment rate over
the period 1990-2008, and negative insignificant correlation between inflation rate
and unemployment rate over the period 1990-2000. Our findings on the negative
correlation between inflation rate and unemployment for the periods 1990-2008
and 1990-2000 are consistent with the studies in the literature in support of the
Phillips curve.*® But our result on the positive correlation between inflation rate and
unemployment for the period 2000-2008 is opposite to the findings for the periods
1990-2008 and 1990-2000 and is different from the findings in support of Phillips
curve. These contrasting findings for the periods 1990-2000 and 2000-2008 imply

48 Phillips curve firstly used by Phillips (1958); it indicates a negative correlation between inflation
rates and unemployment rates.
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Table 2.14 Correlation between unemployment and inflation rates in the Sudan (1990-2008)

Year SPSS E-VIEWS

Coefficient (¢-value) N R? Coefficient (z-value) N R?
1990-2008 —0.024* (-2.192) 16 0.256 —0.024%* (—-2.192) 16 0.256
1990-2000 —0.015 (—1.119) 8 0.173 —0.015 (—1.1197) 8 0.173
2000-2008 0.567* (2.857) 9 0.538 0.567* (2.857) 9 0.538

**Correlation is significant at the 0.5 level of significance

that the correlation between inflation rates and unemployment turned from a
negative into a positive correlation in Sudan (see Table 2.14 above and Fig. 2.17
below). The major policy implication from our findings on a significant positive
correlation between inflation and unemployment rates for the case of Sudan for the
period 2000-2008, implies that an increase in inflation rates have caused an
increase in unemployment rates over the period 2000-2008, and so macroeconomic
policies aimed at or targeting reducing inflation rates would also contribute to
reduce unemployment rates (see Table 2.14 above).

The third stylised fact on the incidence of unemployment in Sudan is the high
unemployment among the youth population (see Fig. 2.19 below). Sudan like many
other typically developing countries not only suffers from high annual population
growth rate (2.8 %) and a very high rate of unemployment (20.7 %), but also the
population structure in Sudan as in many other Arab countries — with a high percentage
of young people — makes the situation of unemployment even worse and more difficult
as most of the population is under 25 years of age; this category of young people
represents 22.9 % of Sudan’s total population in 2006. Such a population structure has
prompted the need to create more job opportunities and is anticipated to put more
pressure on the future demands for jobs in Sudan. This situation has led to a very high
rate of unemployment among the youth population, for example, according to Arab
Labour Organization (2007) data for 2004, the rate of youth unemployment among
Sudanese youth is 41.25 %, among females is 43.25 % and males is 36.64 %. The
estimated unemployment among Sudanese youth (41.25 %) is among the highest in the
world: 2.9 % as much as the international world rate, 2.6 % as much as in Latin America
and the Pacific, 2.5 % as much as in South East Asia and 1.4 % as much as in the Arab
world (see also Arab Labour Organization (2007); and see Fig. 2.18 below). This
situation has ranked Sudan as the fifth worst after Algeria, Iraq, Mauritania and Somalia
amongst the Arab countries.*

This situation has not only resulted in unemployment but also caused a state of
mismatch and underemployment in Sudan as some people were forced to take up
jobs for low compensation packages that do not suit their qualifications. (cf.
Ministry of Labour Report 2004-2005).°° The above findings on the high rate of

4 See for example Arab Labor Organization (2007) and International Labor Organization (2007)
recent statistics for 2006.

0In this paper the terms Ministry of Labour, Ministry of Labour and Public Service, Ministry of
Labour and Administrative Reform are used interchangeably to refer to Ministry of Labour,
because the Ministry of Labour is named differently in different regimes.



2.4 Structural Problems of Labour in Sudan 61
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Fig. 2.17 The relation between unemployment and inflation and rates in Sudan (%) (1990-2008)
(Source: Own calculation based on data obtained from (1) the Central Bank of Sudan, (2) the
central bureau of statistics, (3) Ministry of Finance and National Economy, and (4) Ministry of
Labour and public service Annual Economic Reports (various issues))

unemployment for the youth population is also consistent with the findings based on
Sudan census data for 1993 and Ministry of Labour and Public Service Migration
and Labour Force Surveys 1993 and 1996 that show the presence of persistent
unemployment crisis in Sudan and the rising trend since 1979 amongst total
population of men and women in rural and urban areas. As for the incidence of
unemployment according to age groups in 1996, one should realise that for the total
population the highest rate of unemployment is reported amongst the youth
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Youth Unemployment Rates (%) in Sudan compared to World Regions{15-24) (2004)
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Fig. 2.18 Youth unemployment rates (%) in Sudan compared to world regions (15-24) (2004)
(Source: Arab Labor Organization 2007)

population aged 15-24, estimated at 28.4 %, followed by those aged 15 years and
over (15.1 %), those aged 25-54 (12.1 %), those aged over 64 (11.4 %), and those
aged 55-64 (10.3 %). Therefore, data for 1996 implies that the incidence of open
unemployment according to age and gender was higher among the youth population,
and notably, young women were more likely to be unemployed compared to young
men. Youth unemployment increased from 28.4 % in 1996 to 29 % and 30.8 % in
1997 and 1998 respectively. The distribution of unemployment according to educa-
tion level indicates that for total population, unemployment is high for primary
education (33.8 %), followed by illiterate (29.9 %), illiterate/basic (21.6 %), sec-
ondary (11.2 %) and above secondary (3.5 %). The unemployment rate according to
education level indicates that for all youth, total unemployment (28.3 %) is high for
above secondary (48.7 %), followed by secondary (35.6 %), primary (34.6 %),
illiterate/basic (25.59 %) and illiterate (23.4 %). Our findings based on Sudan
Central Bureau of Statistics (2010) population census data for 2008, implies that
the structure and distribution of the total population and labour force defined by age,
gender, mode of living and education attainment have several important
implications in the employment rates and unemployment rates. Notably, we find
that for the total labour force, employment rates and unemployment rates for men
are higher than women and for rural are higher than urban. Moreover, we find that
the distribution of unemployment by age groups indicates that the highest unem-
ployment is for the age group 15-24 (32.80 %), followed by the age group 25-39
(32.44 %), age group 10-14 (13.80 %), age group 40-59 (14.57 %) and finally age
group 60 and over (4.37 %). These findings are consistent with the findings from the
1993 population census and 1996 migration and labour force survey. These findings
are also consistent with the structure and distribution of population in Sudan in 2008
as defined by gender and mode of living as we explain above. Moreover, we find that
for the economically active population both employment and unemployment rates
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Fig.2.19 Youth unemployment rates in Sudan (%) defined by gender (1995-2008) (Source: Own
calculations based on data from the Sudan federal public service recruitment board — Statistics and
Research Administration)

are higher for primary education, followed by secondary and post secondary educa-
tion respectively. Furthermore, we find that for the economically inactive popula-
tion the expectations of no hope to find a job (or the potential unemployment) are
higher for primary education, followed by secondary and post secondary education
respectively (see Table 2.15 below). These findings together imply the importance
of education in reducing the incidence of unemployment.
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The fourth stylised fact on the incidence on unemployment in Sudan is that the
persistence of unemployment (especially among youth) is not only high but also
shows a tendency to increase over time in Sudan which is most probably related to
the large mismatch between educational qualifications — supply — and labour market
requirements — demand — which is perceived from the observed structural change in
the demand or changing trends in the share of employment over the period 1988/
1989-2008. In particular, on average demand or priority in employment was
concentrated among higher secondary school graduates over the period 1988/
1989-1996, but the trend changed, and on average priorities in employment turned
to become concentrated in applied science colleges followed by social science and
art colleges and finally higher institute diploma over the period 2001-2008. This
can be attributed to changing trends and priorities from hiring higher secondary
school graduates to hiring university graduates, especially applied science college
graduates, due to changes in higher educational policies; in particular, the higher
education revolution led to expansion in higher educational institutions and
increase in student enrolment and graduation during and after the 1990s. This can
be interpreted as structural change in the demand for youth labour in favour of
university graduates due to structural change in higher educational policies. We
observe the changing trend and priorities in reducing employment for higher
secondary school graduates to increasing employment for university graduates.
However, the structural change in the demand for youth labour in favour of
increasing employment for university graduates should not hide the fact that
unemployment among university graduates is surprisingly high and continue to
increase. Somewhat surprisingly the unemployment crisis was persistent especially
among all youth graduates — female and male — in different field of specialisations,
even among graduates of applied science colleges. The majority of employment
was for graduates in applied science colleges, followed by graduates in social
science and art colleges and finally the minority for graduates of higher institute
diploma. In general, men were likely to be more employed than women and women
were likely to be more unemployed than men.

This fourth stylised fact implies the large mismatch between educational
qualifications — supply — and labour market requirement — demand. An important
endogenous cause of youth unemployment is the mismatch between educational
(qualifications-output) and labour market requirements. Deficiency in educational
policies and labour market policies and inadequate planning, assessments and monitor-
ing of policies to create consistency between attained and required education has led to
a serious mismatch between educational attainment and labour market requirements.
To elaborate the mismatch and unemployment amongst university graduates we utilise
the figures on registration and employment obtained from the federal public service
recruitment board; we use the figures on registration to refer to supply of university
graduates labour; and use the figures on employment to refer to demand for university
graduates labour; we calculate the differences between registration and employment to
refer to the differences between supply of and demand for university graduates and to
define unemployment; then we divide the figures on unemployment by the figures on
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registration to calculate the unemployment rates for university graduates.”’ We find
that unemployment amongst university graduates in all subjects or fields of
specialisations is persistent and high for more than two decades over the period
1984/1985-2008. In particular, persistent and high unemployment rates were mostly
amongst theoretical, social science and art colleges graduates and technical education
high institute (diploma) graduates. The majority of employed graduates were applied
science colleges graduates, but this should not hide the fact that unemployment among
this category is surprisingly also very high. This implies a mismatch between attained
education (educational policies) and required education in the labour market (labour
market policies) (see Fig. 2.19 above). We find that the high unemployment is
persistent amongst the university graduates with different fields of specialisations
over the period 1984/1985-2008, for example, on average the rates of unemployment
for all fields of specialization were estimated at: 73 % (1984/1985), 82 % (1985/1986),
78 % (1986/1987), 81 % (1987/1988), 76 % (1995), 69 % (1996), 28 % (1997), 41 %
(1998), 78 % (1999), 61 % (2000) and 76 % (2008) respectively. In particular, for
applied science colleges unemployment was estimated at: 64 % (1984/1985), 85 %
(1985/1986), 75 % (1986/1987), 48 % (1987/1988), 40 % (2000) and 75 % (2008)
respectively. As for social science and art colleges, unemployment was estimated at:
88 % (1984/1985), 66 % (1985/1986), 76 % (1986/1987), 90 % (1987/1988), 82 %
(1990/1991), 93 % (2000) and 84 % (2008) respectively. As for higher institute
diploma, unemployment was estimated at: 74 % (1984/1985), 93 % (1985/1986),
84 % (1986/1987), 75 % (1987/1988), 49 % (1990/1991) and 88 % (2000) respectively.

Over the period 2000-2008, total unemployment for graduates of all fields of
specialisation for total, women and men respectively increased from (61.2 %,
68.1 %, 51.9 %) in 2000 to (75.7 %, 74.2 %, 77.5 %) in 2008; unemployment for
graduates of applied science colleges and fields of specialisation increased from
(39.6 %, 43.7 %, 35.3 %) in 2000 to (74.6 %, 72.1 %, 77.4 %) in 2008; unemploy-
ment for graduates of art and social sciences colleges and fields of specialisation
decreased from (93.1 %, 93.6 %, 92.4 %) in 2000 to (84 %, 81.7 %, 86.6 %) in 2008;
and unemployment for graduates of high institutes (diploma) increased from
(88.4 %, 93 %, 82 %) in 2000 to (100 %, 100 %, 100 %) in 2008. Over the period
1995-2000 the distribution of unemployment by gender implies that for all fields of
specialisations, applied science colleges and social sciences colleges and fields of
specialisation, women are more likely to be unemployed than men. Whereas
somewhat surprisingly, the opposite is true in 2008 as the distribution of unem-
ployment by gender implies that for all fields of specialisation, applied science
colleges and social sciences colleges and fields of specialisation, men are more
likely to be unemployed than women (see Figs. 2.14, 2.15, 2.16, 2.17, 2.18 and
2.19). Therefore, these findings provide further evidence on the serious and

5! One limitation is that the use of figures on registration and employment to refer to supply of and
demand for university graduates labor respectively may be somewhat inaccurate and underesti-
mate the actual figures on supply of and demand for university graduates, because not all
university graduates looking for jobs are registered for the federal public service recruitment
board and also because figures on employment may include university graduates unregistered for
the federal public service recruitment board.
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increasing trend of youth unemployment, notably unemployment of university,
college and higher institute diploma in Sudan over the period 2000-2008. This
implies the urgent need for implementation of sound policies to address the
unemployment problem and increase employment opportunities in Sudan.?

2.5 Overview on the Recent Restructuring and Challenges
for Development in Sudan

The current Sudanese restructuring following the secession of South Sudan has
serious implications for development and implies that the challenges are mounting
for the economy and technological change in Sudan. From political perspective, the
secession of South Sudan has led to political shock, uncertainty and potential future
conflict over oil and border regions, particularly because the boundary is not
completely delineated. From Northern Sudan’s perspective, the demographic and
geographical implications of South Sudan separation from North Sudan implies that
North Sudan has lost about 21 % of Sudan’s population and about 25-30 % of
Sudan’s area (see Sudan’s Central Bureau of Statistics). From Northern Sudan’s
perspective, the economic implications of South Sudan separation from North
Sudan implies that North Sudan has lost about 80 % of Sudan’s agricultural and
water resources, in addition to the loss of about 75 % of Sudan’s proven oil reserves
and about 90 % of Sudan’s oil and total exports and about 50 % of Sudan’s
government revenues (see Sudan Central Bureau of Statistics, Central Bank of
Sudan and Sudan Ministry of Finance and National Economy). Mainly, the split of
the South Sudan means that the North Sudan has lost most of its oil reserves, lost
near to two thirds of the country’s total oil production of 500,000 barrels a day; this
implies the loss of the main source of State revenues. The declining State revenues
together with the increasing State expenditure led to a growing budget deficit. Other
economic implications are the scarcity of foreign currency, devaluation and loss of
near to half value of the Sudanese pound in 1 year that has led to fast rise in prices
and near to doubled annual inflation rate that hit almost 28.6 % in April 2012
compared to 16.5 % in April 2011, this implies that the inflation rate is near to
doubled during 1 year over the period April 2011 and April 2012 (see Fig. 2.20) (see
Sudan central bureau of statistics).” Moreover, the political and economic shock
implies the lack of political and economic stability, increasing uncertainty for
Sudan economy, increasing domestic and external imbalances, difficulties of sus-
taining macroeconomic stability, limitation on capital inflow and foreign invest-
ment and increasing the amount of external debt. The secession of South Sudan
resulted in 80 % decline in foreign currency earnings and a 35.6 % reduction in
budget revenue. Real GDP grew by 2.8 % in 2011, down from 5 % in 2010. This

52 See Sudan Federal Public Service Recruitment Board — Statistics and Research Administration
(2010).

33 See http://www.cbs.gov.sd/sites/default/files/Publications/April%20Bulletin.pdf: p. 7, accessed
June 03, 2012.
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Fig. 2.20 Inflation rates in Sudan (%) (April 2011-April 2012) (Source: Sudan Central Bureau of
Statistics  (2012):  http://www.cbs.gov.sd/sites/default/files/Publications/April%20Bulletin.pdf:
p- 7, Accessed June 3, 2012)

slowdown in growth is attributable to the loss of population and oil revenues and
GDP growth is estimated to decline further to 2 % in 2012.>* Deterioration in
overall balance of payment, as the balance of payment deficit increased by more
than 17 times from US$ 54.2 millions in 2010 to US$ 922.4 millions in 2011.%° This
implies that the economic situation in 2012 had not improved from 2011, and the
current economic crisis implies further pressure on the already limited government
budget and efforts to allocate more resources for enhancing skill development and
local technological capacity building. This implies the importance of implementing
sound policies to stabilize Sudan economy and allocate more resources for enhanc-
ing skill development and local technological capacity building.

2.6 Conclusions

This chapter explains the general political context and socioeconomic characteristics
of Sudan and strategic problems for development in the country, and discusses the
impact of oil and the opportunities and challenges for enhancing economic develop-
ment in Sudan, as well as discussing the strategic problems facing the labour market
in Sudan and highlighting the need for skill upgrading and development.

In Sect. 2.2 we started by explaining the general socio-economic characteristics
of Sudan’s economy. In Sect. 2.3 we then provided a comprehensive analysis using
the most recent secondary data, with a view to clarifying the positive and negative
effects of oil on Sudan’s economic development. We have provided a historical
background about the structure of oil investment in Sudan, looking in particular at
China’s role therein, and explained how oil has created various positive effects and
opportunities for development in Sudan. These include the impact of oil in satisfying

54 See www.africaneconomicoutlook.org/countries/east-africa/sudan/, accessed June 03, 2012.

35 See the Economic Review June 2012 — Statistical Department — Central Bank of Sudan — Issue
No. 06/2012, p. 3.
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domestic demand and achievement of self-sufficiency, increasing government
resources, revenues and spending, economic growth (GDP growth and composi-
tion), foreign trade (volume and structure of exports), balance of trade, balance of
payment, FDI and social development in Sudan. We then illustrated the negative
impact of oil and the challenges of development in Sudan. These include the
volatility and risk of dependence on highly fluctuating oil prices in the international
market, unsustainable oil revenues, the lack of diversification, Dutch Disease and the
challenges of potential future Sudan-Southern Sudan conflict. Our results in
Sect. 2.2 support the stylised fact that oil has had a mixed positive—negative impact
on Sudanese economy, arguing that oil is an important resource, particularly in
satisfying domestic consumption and the achievement of self-sufficiency by increas-
ing government and public revenues. Although oil has helped to improve economic
performance in the country, we find that the recent dependence on oil may spark
other problems because it is an exhaustible resource and because instability of oil
prices in the international market tend to produce uncertainty in domestic growth.
Moreover, the increasing dependence on oil raises the possibilities of the Dutch
Disease phenomenon and a lack of diversification, which may aggravate challenges
linked to the division of the country and the potential for conflict with newly
independent Southern Sudan. Therefore the major policy implication from our
findings is that the fulfilment of long run sustainable growth and development
strategies in Sudan requires various sources of growth, including revitalising and
enhancing non-oil exports, notably traditional agricultural exports.

In Sect. 2.4 we explain several stylised facts on the labour market. First we
explain the relation between the structure of the labour market and the demographic
structure, participation rates and economic activities. Second, we show the relation
between the structure of labour market and the low skill level and brain drain
problems and finally we examine the relation between the structure of the labour
market and the unemployment and youth unemployment problems in Sudan. We
show that the differences in the structure and distribution of the total population
defined by age, gender and mode of living have several important implications in
the structure of labour market; notably, we find that the labour force, participation
rates, economic activities, skill level, employment rates and unemployment rates
for men are higher than women, and for rural are higher than urban areas in Sudan.

Different from the several studies in the Sudanese literature we examine in detail
four stylised facts on the unemployment problem in Sudan including the presence
of several types of unemployment; the interpretation of unemployment crisis in
Sudan from two different endogenous and exogenous perspectives due to endoge-
nous and exogenous causes; the high incidence of unemployment among youth
population and the large mismatch between educational qualifications — supply —
and labour market requirement — demand. Moreover, one advantage of our analysis
is that we explain these stylised facts using new data on population, employment
and unemployment based on Sudan Central Bureau of Statistics (2010): Fifth Sudan
Population and Housing Census 2008.

The major policy implication from our findings indicate that the unemployment
crisis is related or linked to the endogenous and exogenous causes explained above,
therefore reducing unemployment and enhancement of employment creation are
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most probably related or linked to several important factors and so policies inter-
vention should deal with these endogenous and exogenous reasons or causes. The
solution to the unemployment problem in Sudan not only includes the role of the
government and public sector, but also essential roles for the private sector and non-
governmental organisations as well as civil society. This implies that the possible
policy interventions for reducing unemployment and enhancing employment
include increasing employment opportunities in the public and private sectors,
improvement of work conditions, employment policies, regulations and legislations,
improvement of the federal public recruitment board and improvement of the quality
of educational policies to enhance the consistency between the educational
attainments and educational requirements in the labour market. One major policy
implication from our results implies that an increase in unemployment rates is
positively and significantly correlated to an increase in inflation rates over the period
2000-2008, and so macroeconomic policies aimed at targeting reducing inflation
rates would also contribute to reduce unemployment rates. Therefore, macroeco-
nomic policies should be used to reduce inflation in order to reduce unemployment
in Sudan. Other policies include: reducing the use of foreign workers and the influx
of foreign refuges; reducing internal migration by avoiding civil war and conflict and
solving political problems and achieving political stabilization; ensuring equity and
fairness in the labour market; attracting foreign capital for the creation of new
employment opportunities for domestic and local workers and upgrading skill
levels; creating more job opportunities for the poor by enhancing small and medium
scale enterprises and provide unemployment insurance; enhancing small and family
projects; implementing balanced development strategies and improving work
conditions and availability of infrastructure and offering incentives to encourage
work in the remote states; and finally use of oil revenues to create more and new
employment opportunities for domestic workers in Sudan. It is important to realise
that the unemployment crisis cannot be managed in a sustainable way through
increased employment in an already inflated public sector; productive employment
must be generated mostly in the private sector. Dealing with the unemployment
crisis and meeting the poverty alleviation challenge requires action in wide-ranging
areas of structural reforms to improve the business environment, encourage private
sector investment, stimulate productivity growth and enhance efficiency. The imple-
mentation of plans simultaneously targeting reducing unemployment and poverty,
for instance, provision of more employment opportunities and poverty alleviation,
are related to improving infrastructure and facilities of value to the whole society,
using labour-intensive methods or schemes to generate employment for large num-
bers of poor people as well as mobilising small, informal enterprises where many of
the poorest workers are concentrated. These strategies are expected to also lead to
sustainable job creation and therefore poverty alleviation.

Our findings in this Chapter support our first hypothesis in Chap. 1 that Sudan
needs to promote local skills and local technologies in order to implement the
five strategies of reducing poverty; achieving economic diversification; reducing
unemployment and restructuring the labour market; building local technological
capacity and achieving long-term stabilised, sustainable and balanced economic
growth and development.
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Chapter 3

Technological Change and Human Capital:
Conceptual Framework, Theoretical

and Empirical Literature

Abstract This chapter presents the conceptual and theoretical framework and
theoretical and empirical literature that emphasize the positive growth effects of
human capital, technological progress and innovation in increasing and sustaining
economic growth. We explain that the major difference arise because the exoge-
nous growth theories perceive technical progress and human capital as exogenous
variables in growth accounting model, whereas the endogenous growth theory
envisages technical progress and human capital as endogenous variables determin-
ing the rates and differences of economic growth across countries. We illustrate that
the inclusion of human capital and technological change in growth accounting
models motivate endogenous growth literature to provide several interesting
explanations of the relationship between human capital and technical change. In
particular, it stimulates considerable debate about the complementary relationship
between human capital and technical progress, skilled biased technical change, the
role of technical progress in skill upgrading and the role of skill and improvement in
the accumulation of human capital in skill upgrading. Finally, we show the
advantages and limitations of several measures of technological change and
human capital that have been used in theoretical and empirical literature; some of
these measures are used in our analysis.

3.1 Introduction

Technical progress has been essential for the creation, determination, acceleration
and improvement of both quantitative and qualitative aspects of economic growth
and welfare in any society. Economic growth theories often emphasize the impor-
tance of science and technology and the role of technological change in increasing,
improving and sustaining the marginal productivity of capital accumulation and
the per capita growth rate of the economy. The crucial role of technological change
in economic growth has long received particular recognition amongst economists
of different schools of thought, from classical, neoclassical, Schumpeterian,
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evolutionary to new growth theories. However, despite this consonance, both
classical and neo-classical economic growth theories view technical progress as
an exogenous or unexplained variable. The new growth or endogenous growth
theory endogenizes technological progress in economic growth model and explic-
itly mentions technological progress as the main endogenous factor behind eco-
nomic growth. Ever since, economists highlight the endogenous role of technical
progress in stimulating economic growth and human welfare and identify industrial
innovation as the engine of growth (Romer 1990; Freeman and Soete 1997).
Moreover, economic growth literature equally recognizes human capital as an
important element for economic growth, and many recent theoretical and empirical
studies conducted across countries include some proxies for human capital and
emphasize the role of investment in human capital, particularly in the form of
education. A higher educational attainment implies more skilled and more produc-
tive workers, who in turn contribute to enhancing innovative activities and absorp-
tion of advanced technologies. Endogenous growth literature explicitly reveals
human capital as one major source of economic growth and acknowledges the
endogenous role of human capital accumulation in economic growth. More recent
literature finds that various measures of schooling are important determinants of per
capita growth: an increase in the quantity of human capital per person leads to
higher rates of investment in human capital, and so to higher per capita growth.
In light of this background and the findings in Chap. 2 above, it is therefore
reasonable to highlight the need for improvement of education, skill upgrading and
technological progress for economic development in the Sudan. Before starting the
empirical analysis, it is useful in this chapter to briefly explain the concepts,
measures and theoretical and empirical literature in relation to human capital
(education), technological change and economic growth. We provide a background
for the empirical analysis in the following chapters by surveying the theoretical and
empirical literature that emphasizes the positive endogenous growth effects of
technical change and human capital in increasing and sustaining economic growth.
The rest of this chapter is organized as follows: in Sect. 3.2 we define the
concepts of technological change and human capital; the theoretical and empirical
literature on the relationship between technological change, human capital and
economic growth are presented in Sect. 3.3. Section 3.4 describes the measures of
technological change and human capital; Section 3.5 discusses the role of public
policies in supporting endogenous growth, and finally, Sect. 3.6 concludes.

3.2 Conceptual Framework: Technological Change
and Human Capital

Before presenting the theoretical and empirical literature, it is useful to begin with

the definition of the concepts of technological change and human capital.
Distinction has been made between the term technology, technological change

and the effect of technological change. The term technology refers to the branch of
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knowledge concerned with applied sciences and means the systematic treatment,
study, use and application of scientific knowledge for practical purposes, such as in
industry. Freeman and Soete (1997) define technology as a body of knowledge about
techniques, but frequently used to encompass both the knowledge itself and the
tangible embodiment of that knowledge in an operating system using physical
production equipment. They use the expression ‘technical innovation’ or simply
‘innovation’ to describe the introduction and spread of new and improved products
and processes in the economy and ‘technological innovation’ to describe advances
in knowledge.'

The rate of technological change is often defined by the rate of increase in the
stock of knowledge and relates to the effect it introduces in shifting the production
function, leading to either a new shift or an upward shift in the production function.
Technological change can be neutral (unbiased) when it does not save any or leads
to equal savings of all factors of production, but it can be biased when it results in
increased using or saving of one factor rather than others. The classification of
technical change into labour (capital) saving technical change implies that it
increases the marginal productivity of capital (labour) more than it increases the
marginal productivity of labour (capital). Another interpretation indicates that
technological change can be equally capital and labour augmenting if it leads to
an increase in the production due to either unchanged or equal increases in capital
and labour inputs. However, technological change can be purely labour (capital)
augmenting, if it leads to increase in effective labour (capital), while effective
capital (labour) is constant.

Schumpeter (1934) discusses technological change in the form of innovation
including the introduction of new products, services or methods of production;
improvement in the quality of existing product or service; development of new
markets; exploitation of new sources of supply; and reorganization of methods of
operation. Product innovation refers to a substantially new product or an essential
improvement to an existing product, while process innovation refers to the intro-
duction of a new or essentially improved method of production.

Human capital refers to health and education that measured by many indicators,
for instance, the amount of human capital embodied in people and their respective
influence on productivity on the job are determined by skills, ability, education and
training (cf. Schultz 1961; Becker 1962). In particular, skill is a broad concept and
represents one important form of human capital and tacit knowledge”: it refers to
acquired and practiced ability or to qualifications needed to perform a job or certain

!'See Freeman and Soete (1997: 24).

2In distinguishing between codified and tacit knowledge Freeman and Soete (1997) argue: “the
codified knowledge implies that knowledge is transformed into information which can either be
embodied in new material goods (machines, new consumer goods) or easily transmitted through
information infrastructure. While, the tacit knowledge refers to that which cannot easily trans-
ferred because it has not been stated or measured in an explicit form, one important kind of tacit
knowledge is skill, which can be acquired through learning but often of a non-routine kind” (1997:
404, 405).



80 3 Technological Change and Human Capital: Conceptual Framework, Theoretical. . .

tasks competently in the labour market. In addition, other indicators such as
training, learning by doing and average years of experience are important
components in the formation of skills and human capital.

3.3 Theoretical Framework: Technological Change, Human
Capital and Economic Growth

Based on the above framework, in this section we show the theoretical and empiri-
cal literature on the relationship between technological change, human capital and
economic growth. We explain that economic growth theories recognize and provide
different perceptions and analytical frameworks for modelling the various effects of
technical change, innovation and human capital on economic growth. The major
differences arise because exogenous growth theories perceive and model technical
progress and human capital as exogenous variables in growth accounting model,
while, in contrast, the endogenous growth theory envisages and models technical
progress and human capital as endogenous variables in determining growth process.

3.3.1 Economic Growth Theory and Exogenous Technical
Change

The classical economists, starting with Adam Smith (1776), observe the importance
of the variable of technical progress in the form of invention (discoveries of new
goods and methods of production), innovations, increasing specialization of labour
and market expansion in the capitalist system. Despite the apparent recognition of
the importance of technical progress in the classical growth theory, technical
progress is assumed to remain exogenous variable in growth process.

Next, the neo-classical economists place more emphasis on the significance of
technological change. For instance, Solow (1957) attributed 90 % of the US growth
rate during the period 1909-1949 to technical progress; Abramovitz (1956),
Kenderik (1956) and Solow (1957) attributed almost all the change in output per
hour worked in 1950s to technological change. Subsequent analysis by Jorgonson
et al. (1987) showed the importance of technological change beside the increase in
the effective labour force and the effective stock of capital in generating growth in
output per worker. The neoclassical growth theory assumes an aggregate produc-
tion function exhibiting constant returns in labour and capital; the only source of
output growth being the increase of capital stock. While the rate of technological
change is assumed exogenous variable, represented as a residual factor to measure
the growth of TFP, thus in the absence of technological change diminishing returns
will eventually cause all economic growth to cease (cf. Solow 1956, 1957; Swan
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1956). Therefore, in order to compensate the diminishing returns of capital in the
neo-classical framework long run and sustainable growth rate of output per capita
assume to equal the continuous advances in the exogenous rates of technological
progress in the form of new goods, new markets or new processes. The major
limitation of the neoclassical growth theory is that the long run per capita growth is
exogenous and determined entirely by the exogenous technical change or residuals
factor, which is determined outside the model. This also called the black box
problem since the residuals factor includes technical progress beside the
contributions of many other variables such as human capital (education), organiza-
tion, management, knowledge, new machines, etc. Moreover, although, technical
progress is included in the neo-classical model, it is not treated as a production
factor like capital and labour, and the effect of technical progress is viewed only as
a shift in the production function (cf. Solow 1956, 1957).

3.3.2 Economic Growth Theory and Endogenous Technical
Change

The neo-classical growth theory fails to explain persistent differences in growth
rates across countries because it considers the rates of technological progress,
which entirely determine the growth rate, as an exogenous variable and fails to
deal with increasing returns in a dynamic general equilibrium framework.

The endogenous growth theory contributes to improving understanding of the
interaction between technological change and economic growth and fills the gap in
the neoclassical theory by recognizing the important endogenous effects of technologi-
cal progress and innovation for creating and sustaining economic growth. In particular,
the endogenous growth theory considers an endogenous technological change and
innovation within a dynamic general equilibrium framework and avoids diminishing
returns to capital. The endogenous growth theory assumes that technical change and
human capital are the major sources of endogenous growth and the presence of
increasing returns to scale and externalities prevent diminishing returns to accumulation
of capital and so guarantee the steady state of growth in the long run.

An earlier attempt of the endogenous growth theory was made by Schumpeter
(1934), who assumed that technological progress, innovation and their diffusion are
driving forces and at the centre of the dynamics of the economic system.
Schumpeter provides a pioneering theory of innovation that forms the basis for

3 The neo-classical Solow — Swan model assumes a general production function Y(#), in which the
flow of output produced at time ¢ and there are only two inputs, physical capital K(), and labour L
(#), the production function takes the form:

Y(t) =F (K(1), L(t), 1)

The growth rate of the production function depends on time ¢, which reflects the effect of
technological change. The long-run growth rate is determined entirely by exogenous elements
such as the saving rate and the level of technology.
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the subsequent thinking on the dynamic role of technological innovation in eco-
nomic growth determination. Schumpeter considers innovation as an activity made
by one or more workers (e.g. skilled workers), which produces an economic gain,
growth and profit either by reducing costs or creating extra income.

A subsequent attempt by Arrow (1962) indicates that technology improvement
and the growth of technical change become endogenous due to an unintended effect
of learning by doing. Other earlier endogenous growth models represent the major
sources of growth by technical progress, which is viewed as a by-product of
production and investment in human capital (cf. Uzawa 1965; Nelson and Phelps
1966). Uzawa (1965) interprets technical progress as representing human capital
per worker, assuming that its growth required the use of labour services in the form
of educational inputs and analyzed optimal growth paths.*

Further efforts by Nelson and Winter (1977, 1982) attempt a search for a useful
theory of innovation, and present an evolutionary theory of economic change that
assumes economic change partially stems from innovation on the part of the firm.
The ensuing attempt by Dosi et al. (1988) contributes to an evolutionary theory of
endogenous technical change by investigating the interaction between technical
change and economic theory.

Since the mid 1980s, starting with the work of Romer (1986, 1989, 1994), Lucas
(1988) and Rebelo (1991), which are based on the work of Arrow (1962) and
Uzawa (1965), the endogenous growth theory explicitly recognizes the endogenous
role of technical change and distinguishes between labour and human capital. The
endogenous growth theory avoids the diminishing returns to the accumulation of
capital and highlights the role of increasing returns and assumes that growth may
proceed indefinitely due to the presence of human capital and endogenous technical
progress. The endogenous growth theory also predicts that, in the long run, eco-
nomic growth at the aggregate level is determined by endogenous sources of human
capital, technical change, learning by doing, spillovers of knowledge, external
effect of human capital and R&D.

For instance, Romer (1986) and Lucas (1988) contributed to revitalizing the
growth literature using Arrow’s (1962) ideas to eliminate the tendency for
diminishing returns by assuming that knowledge creation was a side product of
investment and a positive effect of experience called learning by doing or learning
by investing, but that the rate of technical change remains constant. Next, a major
contribution by Romer (1990) presents a pioneering endogenous growth model
where technical progress is defined by R&D; assumes that non-homogenous capital
consists of a set of different intermediate goods; and new intermediate inputs are
discovered when R&D resources are devoted to the search process. Romer (1990)
identifies two major sources of increasing returns to capital due to specialization or
product differentiation, as in Romer (1987), and research spillovers, in which
growth will accelerate indefinitely. Romer (1990) assumes knowledge about tech-
nology is a nonrival input and induces spillover effects.

“See Aghion and Howitt (1998: 24).



3.3 Theoretical Framework: Technological Change, Human Capital and Economic Growth 83

Different from Romer (1990), Aghion and Howitt (1992) present an endogenous
growth model that defines technical progress by both R&D and accumulation of
technological knowledge through the channel of industrial product and process
innovations, which improve the quality of products. Aghion and Howitt’s (1990,
1992, 1998) framework differs from earlier models of endogenous growth (Romer
1986, 1990; Lucas 1988) in assuming a model of growth based on Schumpeter’s
(1942) process of creative-destruction. Where growth results exclusively from
technological progress, which has positive and normative implications for growth
in creating losses as well as gains, by rendering obsolete skills, goods, markets and
manufacturing processes. Innovation consists of ‘creative-destructions’ rather than
just new additions to production, and individual innovations are sufficiently impor-
tant to affect the entire economy. Aghion and Howitt (1990) follow Romer (1990)
in endogenizing technical change in producing endogenous growth, and follow
Arrow (1962), Romer (1986) and Lucas (1988) in introducing learning by doing as
a second source of growth beside innovation. They assume that the accumulation of
learning by doing in the intermediary industry will introduce an increase in produc-
tivity in the consumption goods sector, and, in particular, intermediate firms will
experience a complete spillover of their learning by doing, which also spills over
into the research sector. Different from Romer (1986), the spillover of learning by
doing in Aghion and Howitt (1990) leads to private economy growth: they assume
that an increase in learning by doing will have a positive direct external effect on
the average growth rate. Aghion and Howitt (1992, 1998) assume that a stochastic
economic growth is generated by random sequences of product innovations and
quality-improving (or vertical) innovations that themselves result from (uncertain)
research activities by firms. The average growth rate is determined by the
interactions of spillovers or two externalities: positive effect, whereby the knowl-
edge embedded in each innovation can be used by all future researchers to generate
growth; and negative effects, namely the business stealing effects.

3.3.3 Human Capital and Economic Growth

Economists have long recognized the importance of human capital to the growth
process. For instance, Adam Smith’s writings at the beginning of the first industrial
revolution recognized that human skills were already becoming more important
than raw materials in the designed and manufactured machines. Endogenous
growth theory fills the gap in earlier growth theories by assuming the accumulation
of human capital is another source of endogenous growth. For instance, both Romer
(1986) and Lucas (1988) present endogenous growth models where higher accu-
mulation and an average level of human capital in a context of either increasing or
constant returns lead to higher productivity of workers and a higher endogenous
growth rate. The endogenous growth theory emphasizes the endogenous role of
technology and human capital in economic growth, elaborates on the interaction
between them and their central roles in determining the magnitude, speed and
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difference of growth rates across countries (cf. Abramovitz 1986; Lucas 1988;
Romer 1990; Aghion and Howitt 1992). The literature discusses the relationship
between human capital and economic growth following the pioneering approaches
by Nelson and Phelps (1966) and Lucas (1988) and the contributions of Romer
(1986, 1989, 1990) and Aghion and Howitt (1992).

An earlier attempt of the endogenous growth model is the AK model, which
assumes a constant return to scale in a broad aggregate capital including physical
and human components “K”, an improvement in the level of technology, raises the
marginal and average product of capital and the growth rate.” The AK model has
the advantages of inclusion of physical and human capital, elimination of
diminishing returns to accumulation of capital and creating endogenous growth;
its limitations are the assumption of a fixed level of technology and the failure to
explain long run balanced growth rate.

An earlier pioneering approach refers to an important contribution by Nelson
and Phelps (1966), which assumes growth rates as being driven by the stock of
human capital, which in turn affects a country’s ability to innovate or catch up with
more advanced countries. Nelson and Phelps (1966) explain differences in growth
across countries are primarily due to differences in human capital stocks and the
abilities to generate technical progress. They assume that growth is primarily driven
by the stock of human capital, but the effects of education and human capital are
more important for producing technological change than for producing output
under a given technology. Nelson and Phelps (1966) and, more recently, Benhabib
and Spiegel (1994) assume that human capital® is necessary for innovations (capac-
ity to innovate) and for adapting to new technologies and thereby speeding up
technological diffusion throughout the economy. A first implication of the Nelson-
Phelps approach is that productivity growth and the rate of innovations should
increase with the level of educational attainment, particularly with the enrolment in
secondary and higher education, which best reflects the numbers of potential R&D
staff in a country. Recent empirical studies verify this result and show the signifi-
cant impact of secondary and higher educational attainment level on the rate of
productivity growth (cf. Barro and Sala-i-Martin 1995; Benhabib and Spiegel
1994). A second implication of Nelson and Phelps (1966) is that the marginal
productivity of educational attainment is increasing in or with the rate of techno-
logical progress (including both innovation rate and speed of adapting to new
technologies). Some studies verify this result and find that education induces a
significant impact on productivity growth only when it is explicitly related to the
rate of innovations and the speed of technological catch-up (cf. Bartel and
Lichtenberg 1987; Benhabib and Spiegel 1994). A third interesting result of Nelson
and Phelps (1966) is that education should permit the countries falling behind to

3The AK production function without diminishing returns and with a fixed level of technology A
is defined by: ¥ = AK.

%In Nelson and Phelps (1966) approach human capital is referring to education and the highly
skilled workers.
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learn more from advanced countries and thereby achieve a higher degree of
productivity improvement when innovating. Recently, Benhabib and Spiegel
(1994) support this result and indicate that the effect of past educational attainment
levels on current growth rates is more obvious across countries that fall behind in
terms of aggregate productivity, but growth is to be principally driven by techno-
logical catch-up. Thus, the inclusion of technical progress beside human capital
substantiates the role of human capital in technological catch-up.’

A further interesting approach was introduced by Lucas (1988), based on
Becker’s (1964) theory of human capital, and on the idea that growth is primarily
driven by the accumulation of human capital (education).8 The Lucas (1988)
approach is a pioneering contribution to the endogenous growth literature: it
regards human capital accumulation as the engine of growth, as an alternative (to
technological change) and as a complementary source of sustained growth.” Lucas
(1988) adapts Uzawa (1965) and Rosen’s (1976) formulation and assumes that
growth rate is linearly related to human capital level and its accumulation over time.
One implication of the Lucas model is that human capital accumulation is a social
activity, involving groups of people, in a way that has no counterpart in the
accumulation of physical capital. Another implication is that economies with high
human capital stock can easily produce more and can thus sustain a high growth
rate. On the other hand, an economy beginning with low levels of human and
physical capital will remain permanently below an initially better endowed
economy.

Hence, in the Lucas model, differences in growth rates across countries are
mainly attributable to differences in the rate at which those countries accumulate
human capital over time, assuming that the rate of technical progress remains fixed
or exogenous, while Nelson and Phelps (1966) explain that differences in growth
across countries are primarily due to differences in human capital stocks and the
abilities to generate technical progress. Moreover, Lucas (1988) discusses the
relationship between productivity growth and the rate of human capital accumula-
tion, whereas Nelson and Phelps (1966) show that productivity growth and the rate
of innovations should increase with the level of educational attainment and partic-
ularly so with the enrolment in secondary and higher education. Furthermore, Lucas
(1988) assumes that the marginal productivity of education is determined and
sustained only by the accumulation of human capital, while Nelson and Phelps
(1966) assume the marginal productivity of educational attainment is increasing in
the rate of technological progress (including both innovation rate and speed of
adapting to new technologies).'”

7See Aghion and Howitt (1998): 339, 340.

8 Lucas (1988) defines human capital as general human skills that are produced and acquired by
education.

°See Aghion and Howitt (1998: 327).
19See Aghion and Howitt (1998: 327, 339).
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One feature of Lucas’ (1988) model is the assumption of constant returns to scale
and the accumulation of human capital, which implies that a diminishing return can
be avoided when the production function includes both physical and human capital
and both these grow at the same rate. Thus, in the steady state, rates of return remain
constant and the economy can grow at a constant and sustained rate mainly due to
endogenous growth from human capital accumulation, and without the need for
external ‘engine of growth’ or exogenous technological change. Barro and Sala-i-
Martin’s (1995) results indicate that the presence of human capital (as an alternative
to improvements in technology as a mechanism to generate long-term growth) may
relax the constraint of diminishing returns to a broad concept of capital and can lead
thereby to long term per capita growth in the absence of exogenous technological
progress.

Another interesting feature of Lucas’ (1988) model is the introduction of human
capital with externalities or spillovers effects of education between individuals.
Lucas (1988) distinguishes between the internal effects of human capital, i.e. the
effects of an individual’s human capital on his own productivity, and the external
effects of human capital that contributes to the productivity of all factors of
production, including his or her own human capital. The external effects of
human capital induce more rapid physical than human capital growth; the average
skill level of a group of people is assumed to affect the productivity of each
individual within the group. Both Lucas (1988) and Romer (1986) highlight the
spillover effects or benefits from aggregate human capital, supposing that human
capital can be passed down from generation to the next and can therefore grow
without bound. Assuming that this special kind of knowledge is only produced as a
side effect of other activities, investment in physical capital or investment in
schooling respectively, while Romer (1989, 1990) allows this special kind of
knowledge to be produced intentionally and not as a side effect. Azariadis and
Drazen (1990) find that the existence of threshold externalities in education tech-
nology can lead to several steady state growth paths and explain existing continuous
and perpetual differences in growth rates across countries due to unequal initial
human capital endowments."'

Moreover, Lucas (1988) follows the theory of human capital and distinguishes
between two main sources of human capital accumulation (or skill acquisition),
namely education and learning by doing. Based on theory of human capital, Lucas
assumes that the allocation of time over various activities in the current period
affect productivity or affect the accumulation of human capital / (z) level in future
periods. Lucas identifies both the way the human capital level affects current
production and the way the current time allocation affects the accumulation of
human capital. Lucas assumes that a worker with skill level / devotes the fraction of
u (h) of his non-leisure time to current production and the remaining I — u (h) to
human capital accumulation. So, the human capital equation in the Lucas model is
defined by: h = h(t)d(1 — u(t)), & > 0 which spells out how current schooling time

"1See Aghion and Howitt (1998: 331, 333).
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(1 — u) affects the accumulation of human capital. If learning by doing rather than
education is the primary source of human capital accumulation, the above equation
should be replaced by the following equation: h = dhu.'?

The subsequent contribution by Romer (1990) presents a growth model of endog-
enous technical change assuming long run growth is increasing in and driven
primarily by both technological change (the accumulation of knowledge) and the
stock of human capital'? rather than the total size of the labour force or the popula-
tion. He emphasizes the central role of technological change, stock of human capital,
externalities and increasing return associated with investments in human capital in
the research sector and in determining the rate of growth. He finds that an economy
with a larger stock of human capital will experience faster growth. Romer (1990)
follows both Romer (1986) and Lucas (1988) in their assumption of external effects
arising from knowledge spillover. Romer (1990) assumes that the final output is a
function of physical labour, physical capital, human capital and an index of the level
of technology. The application of more human capital to research leads to higher rate
of production of new designs and stock of knowledge, which increases the produc-
tivity of engineers working in the research sector.'* The output of the design is a
linear function of human capital and technology when the other variables are held
constant. The marginal productivity of human capital employed in the manufacturing
sector grows in proportion to technology. Unlike Lucas (1988), Romer (1990)
follows Schumpeter’s (1942) assumption that technological change drives growth
and provides the incentive for continued capital accumulation, the growth rate is
increasing in the stock of human capital. So, both capital accumulation and techno-
logical change account for much of the increase in output per worker.

The endogenous growth model proposed by Aghion and Howitt (1992) assumes
that capital accumulation includes both physical and human components. They
assume that both the average and the variance of the growth rate are increasing
functions of the size of innovations, size of skilled labour and the productivity of
research, which is measured by the effect of research on the Poisson arrival rate of
innovations. They distinguish between three categories of labour: unskilled labour,
which can be used only in producing consumption goods; skilled labour, which can
be used either in research or in intermediate sector; and specialized labour, which
can be used only in research. They assume that skilled labour has two uses: in the
manufacture of the latest generation of intermediate goods and research aimed at
discovering the next generation of these goods. An expectation of more research in
the next period must correspond to an expectation of higher demand for skilled
labour in research in the next period. They assume that research produces a random

12See Lucas (1988) and Aghion and Howitt (1998: 327, 329).

13 Romer’s (1990) definition of human capital includes activities such as formal education and on
the job training.

'4 One implication of Romer’s (1990) argument is that, despite having the same amount of human
capital, an engineer working at current time has higher productivity than one who worked in the
previous century because he acquires the advantages of all additional improvements and accumu-
lation in knowledge since then.
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sequence of innovations, and that the Poisson arrival rate of innovations in the
economy at any instant is dependant on the current flow of skilled labour used in
research. They assume that skilled labour is important factor in research,
innovations and economic growth, and that an increase in the endowments of
skilled labour increases both the marginal benefit and reduces the marginal costs
of research by reducing the wage of skilled labour.

Moreover, several recent empirical studies conducted across countries use many
measures of human capital and find that human capital is important determinant of
long run economic growth or per capita growth."”

3.3.4 The Relationship Between Technological Progress, Human
Capital (Skill) and Skill Upgrading

In this section, we show that the inclusion of technological change and human
capital in growth accounting models motivates endogenous growth literature to
postulate several explanations of the relationship between human capital and
technical change. In particular, considerable debate arises around four issues
regarding the complementary relationship between human capital and technical
progress, skilled biased technical change, the role of technical progress in skill
upgrading and the role of skill in skill upgrading.

The first hypothesis highlights the complementary relationship between techno-
logical progress and human capital. The interpretation of this hypothesis is that the
high educated workers can adapt more and easier to changing technologies than the
low educated workers. A large endowment of human capital facilitates the fast
adaptation of technologies and induces positive impacts on economic growth, and
faster technology driven growth in turn can induce more schooling by raising the
rate of return on investment in schooling (cf. Nelson and Phelps 1966; Benhabib
and Spiegel 1994). Moreover, human capital or skill is found to be more comple-
mentary with technology and capital (cf. Goldin and Katz 1998; Mincer 1989).
Because the ‘embodiment’ of technical change in both physical and human capital
indicates that the improvement in their quality implies their complementarity with
technological change (Bartel and Lichtenberg 1987). In addition, more innovation
stimulates human and physical capital accumulation by raising the marginal prod-
uct of capital, while more capital accumulation stimulates innovation by raising the
profit accruing to innovation (Aghion and Howitt 1998). Furthermore, a high
proportion of skilled workers in the labour force implies a large market size for
skill-complementary technologies and encourages faster upgrading of the produc-
tivity of skilled workers (cf. Acemoglu 1998).

15 For instance, Rebelo (1991), Barro (1991, 1996), Barro and Lee (1993, 1996, 2000a, b, 2010),
Benhabib and Spiegel (1994), Barro and Sala-i-Martin (1995), Mankiw et al. (1992), and Kahn and
Lim (1998) all find strong positive correlation between schooling and the growth rate or the
subsequent growth rate of per capita GDP or TFP.



3.3 Theoretical Framework: Technological Change, Human Capital and Economic Growth 89

Several studies use many different indicators to examine the technological
progress and human capital complementary hypothesis. For instance, the increasing
utilization of higher educated workers shows positive correlation with TFP growth
(cf. Kahn and Lim 1998), with physical capital, capital equipment or capital
intensity (cf. Griliches 1969; Bartel and Lichtenberg 1987; Goldin and Katz
1998), with R&D (Acemoglu 1998; Machin and Van Reenen 1998) and with the
use of new technologies (cf. Acemoglu 1998), especially ICT (cf. Goldin and Katz
1998; Bresnahan et al. 1999; Autor et al. 1998.

The second hypothesis concerns the skill-biased nature of technical change. The
rationale for this argument is that technical change has dual implications on
employment and demand for skill, which is found biased against low skilled
workers and lead to unemployment /job mismatch (cf. Muysken et al. 2002a; b)
or crowding out of low skilled workers (cf. Muysken and ter Weel 1998).

Another interpretation is based on the argument that technical changes induce
creative-destruction effects on growth and employment. While it enhances produc-
tivity growth, stimulates demand and the creation of new jobs, it also destroys jobs
because it is primarily labour saving through automation and skill obsolescence (cf.
Aghion and Howitt 1992, 1998).

In the recent literature two features have received particular attention: the first
issue is that economic debate has become focused on the significant change in the
composition of labour demand, particularly the increase in the demand for skilled
workers and sharp decline in the demand for low skilled workers. The second issue
is focused on the distributional aspects of technical change, particularly the
implications of skill-biased technical change (SBTC) on the structure of employ-
ment and wages that has shifted against the low skilled workers, leading to either an
increase in unemployment of low skilled workers or increasing wages divergence
between high skilled and low skilled workers, which leads to greater inequality (cf.
Autor et al. 1998; Acemoglu 1998; Bound and Johnson 1992).

The skill-biased technical change (SBTC) hypothesis has been verified both at
the macro level across both developed and developing countries (cf. Berman et al.
1998) and at the micro level within industries (cf. Berman et al. 1994). SBTC is
related to various measures of technical changes such as TFP growth (cf. Kahn and
Lim 1998), R&D (cf. Berman et al. 1994; Acemoglu 1998; Machin, and Van
Reenen 1998) and the use of IT or ICT (cf. Bound and Johnson 1992; Berman
et al. 1994; Freeman and Soete 1994; Autor et al. 1998).

The third hypothesis explains the role of technical progress in skill upgrading.
The interpretation of this hypothesis is that both the technology-human capital
complementarity and skill-biased technical change hypotheses imply that a higher
rate of technical progress should bring an increase or upgrading in skill level.
Several studies in the literature use many indicators to show the role of technical
progress (in the form of TFP, R&D, ICT, IT or computer use, etc.) in skill
upgrading. For instance, skill upgrading, defined by the increasing incidence of
training, increases with the rate of technological change (cf. Mincer 1989; Bartel
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and Sicherman 1995, 1999),16 especially in sectors in which the Jorgenson measure
of productivity growth was higher (cf. Lillard and Tan 1986) or showing an
increasing use of IT or computers (cf. Bresnahan et al. 1999). Skill upgrading,
defined by the shift away from unskilled towards skilled employment or increase in
the share of white-collar high skilled workers, is also positively correlated to
variables related to technological change, such as R&D investment and growth in
the number of patent (cf. Colecchia and Papaconstantinou 1996).'” In addition, skill
upgrading, defined by the increase in the wage share of white collar workers, is
positively related to two measures of technology: the level of investment in R&D
and computers (cf. Berman et al. 1994). Furthermore, skill upgrading, as defined by
the change in the share of educated workers in employment and return to schooling
or wage rate, is positively correlated with the increase of R&D intensity (cf.
Machin, and Van Reenen 1998). Moreover, skill upgrading, as defined by the
share of high skilled workers, is positively correlated with TFP (cf. Garcia Cervero
1997) or the use of computers, IT, ICT or computer-intensive industries (cf. Autor
et al. 1998; Bresnahan et al. 1999). Skill upgrading, decreasing motor skills and
increasing cognitive skills accompany the diffusion of ICT, mainly through occu-
pational change rather than educational improvement, and are also positively
correlated with productivity growth (cf. Hwang 2000).

The fourth hypothesis deals with the role of human capital or skill acquisition in
skill upgrading. Along with the debate on the relation between technological
change and human capital and the positive effects of human capital/education on
productivity and economic growth, theoretical and empirical literature highlight the
role of human capital/education in skill upgrading through externalities and
learning by doing. Educational attainment is important because skills acquisition
from formal schooling lead to improvement in training and learning abilities and
increase the accumulation of human capital through experience or “learning by
doing”, which in turn interact together and lead to improvements in workers
productivity (cf. Autor 2000).'® Theoretical literature highlights the role of
human capital or skill in skill upgrading through externalities, spillover and
learning by doing (cf. Lucas 1988; Romer 1986, 1989, 1990). In addition, the
average human capital tends to grow over time as human capital investments
have a positive external effect on the human capital of the later cohorts (Stokey
1991). Moreover, recent empirical literature shows that in the developed countries,
particularly across the OECD countries, human capital may accumulate at a faster

16 Bartel and Sicherman (1995) find that on the job training will increase if technological change
increases the productivity of human capital, reduces the costs of training or increases the value of
time in training relative to work; and that the training gap between the highly educated and the less
educated narrows, on average, as the rate of technological change increases.

"7 Colecchia and Papaconstantinou (1996) find that a 1 % point R&D intensity higher than average
at the beginning of 1980s has implied about 20 % higher than average upskilling per year.

18 Autor (2000) argues that: first, training is more productive and therefore valuable to high ability
workers; second, workers have some prior information about their ability that is not initially
visible to employers; and, third, firms are able to learn about ability through skills training.
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rate with the past intensive use of high skilled workers (cf. Colecchia and
Papaconstantinou 1996). Furthermore, empirical literature from the developing
countries shows that in Singapore and Korea investment in human capital via the
expansion and improvement of education and training systems, particularly the
development of tertiary, vocational and technical education, leads to an improve-
ment in the overall skill content or skill upgrading of the working population. This
appears from the improvement in the educational attainment — defined by highest
qualification attained — and skill levels, the rise in the share of high skilled workers,
scientists and engineers and the fall in the share of low skilled workers. In addition,
upgrading of the occupational structure has resulted from the large/rising share of
the supply of high educated, white-collar and non-production workers and the
small/falling share of blue-collar workers."”

These findings emphasize the importance of the endogenous effects of technical
progress and human capital for enhancing economic growth. In particular, these
explanations imply that next to the important endogenous effects of technical
progress and human capital in economic growth, the complementary relationships
between them and between them and skill upgrading are also important for enhanc-
ing economic growth.

3.4 Measurement of Technological Change and Human Capital

While it is admitted that technological progress and human capital are difficult to
measure, the theoretical and empirical literature use many indicators to approxi-
mate their effects. It will be useful to illustrate the advantages and weakness of
these measures in order to select some relevant measures for the empirical analysis
in the subsequent chapters.

3.4.1 Measurement of Science and Technology Indicators

In recent years, a new economic system has evolved that is characterised by both
globalisation and the rise of information and communication technologies. This has
driven the need for development in science and technology (S&T), which has
become more than simply an element of economic growth and industrial competi-
tiveness, but is now also essential for improving social development, the quality of

9 See Cheah (1997), Low (1998) and Cheon (1999). In Singapore, the transfer of foreign
technology and foreign skills stimulates the acquisition of knowledge and skills from abroad
and induces positive spillover in upgrading the skill of domestic workers. This has been
accompanied with technological upgrading to promote mechanization, computerization, automa-
tion, etc. In the Republic of Korea, the integration into global economy or exposure to foreign
competition leads to skill upgrading of domestic workers in the manufacturing sector. Skill
upgrading of domestic skills facilitates the adoption of foreign technologies and technological
catching-up with the advanced countries.
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life and the global environment. For instance, the high level of economic and social
development in today’s industrialised countries is largely the result of past intensive
investment in S&T; similarly, newly industrialised countries are catching up
because of their active development of S&T.

Access to scientific and technological knowledge and the ability to exploit it are becoming
increasingly strategic and decisive for the economic performance of countries and regions in
the competitive globalized economy. The 50 leading S&T countries have enjoyed long-term
economic growth much higher than the other 130 countries of the rest of the world. Between
1986 and 1994 the average growth rate of this heterogeneous group of countries was around
three times greater than that of the rest of the world. The average economic wealth per capita
of these 50 countries has grown by 1.1 % per year. On the other hand, the per capita income of
the group of 130 countries — which perform less well in education, science and technology —
has fallen over the same period by 1.5 % per year. These trends prefigure a new division of the
global economy, based on access to knowledge and the ability to exploit it. (Organisation for
Economic Co-operation and Development (OECD) 1997: ix)

The S&T system is often defined as consisting of all the institutions and
organizations essential to the education of scientific people, for example, research
and development (R&D) institutions, professional societies and professional
organisations linking individual scientists to each other and to their socio-economic
environment. The theoretical and empirical literature identifies the important role
that S&T plays in promoting economic growth and development in both developed
and developing countries.

More recent literature addresses the contribution to S&T performance of the
‘national systems of innovation’; a widely used modern term that reflects the link
between technical and institutional innovative development, including S&T (e.g.
Lundvall 1992; Nelson 1993). Lundvall says this broad definition includes ““all parts
and aspects of the economic structure and the institutional set-up affecting learning
as well as searching and exploring — the production system, the marketing system
and the system of finance present themselves as subsystems in which learning takes
place” (Lundvall 1992: 12—13). In addition, Freeman and Soete argue:

The many national interactions (whether public or private) between various institutions
dealing with science and technology as well as with higher education, innovation and
technology diffusion in the much broader sense, have become known as ‘national systems
of innovation’. A clear understanding of such national systemic interactions provides an
essential bridge when moving from the micro- to the macro-economics of innovation. It is
also essential for comprehending fully the growth dynamics of science and technology and
the particularly striking way in which such growth dynamics appear to differ across
countries (Freeman and Soete 1997: 291).

All the definitions of the systems of innovation share the view that S&T
institutions play a vital role in determining or influencing innovation and devel-
opment. The literature on S&T development often distinguishes between input

20For detailed theoretical and empirical literature and assessment studies, see for instance,
Freeman and Soete (1997), Dasgupta and David (1994), Foray (1999), Mytelka (2001), Cooper
(1991, 1994), Velho (2004). For earlier analyses of S&T in Arab region, see also Qasem (1998a,
b), Zahlan (1999a, b), Fergany (1999), ESCWA (1999a, b), ESCWA-UNESCO (1998a, b).
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(resources) and output (performance) indicators. For instance, the European
Second Report on S&T Indicators (OECD 1997) discusses numerous traditional
input and output indicators for S&T development. The input indicators are
generally divided into financial and human resources. First financial resource or
input indicator includes “R&D expenditure — the most widely accepted indicator
for evaluating and comparing S&T efforts in different countries and regions. In
the absence of an average measurement to determine R&D within the economic
structure and the needs of each country, political decision-makers use indicators
such as the intensity of R&D (measured as a percentage of GDP or per capita),
R&D area of performance, and origin of funding; change in public spending on
education in relation to GDP. [...] In addition to financial resources, human
resources are central to research and technological innovation activities”. There
are also general demographic and human capital indicators, “such as the number
of science and technology graduates and the number of scientists and engineers
employed in R&D. [...] [There are] four major points relating to human capital:
demographic trends, the development of public spending on education, the per-
formance of education systems and researchers and engineers active in R&D”.
Furthermore, “Human resources in science and technology (HRST) are one of the
key resources for economic growth, competitiveness and more general social,
economic and environmental improvement” (OECD 1997: 5, 58-59). In addition
to total population size and proportion of young people, which represent the
human resources potential of each country, educational attainment of the labour
force and graduation rates, which show the rate at which newly educated
graduates are available at the country level to enter the labour force, particularly
the scientific and technological qualifications and doctorate levels, including R&D
staff numbers, particularly in S&T fields.

Output indicators, on the other hand, “can be classified according to three
parameters: economic, technological and scientific. As to economic outputs, many
economists view increases in productivity as a major result of technological
investment. [...] The percentage of high-tech exports in total export figures
emerges as a potentially useful means of measurement. [. ..] Clearly not all results
are measurable in economic terms. Scientists and engineers often cite the
‘learning experience’ as one major benefit of engaging in R&D activities. To
assess the accumulated knowledge of a given country, its stock of technical
knowledge must be quantified. Without doubt, patents and patents applications
are the most commonly applied [technological] indicator in this respect and,
irrespective of the shortcomings implicit in this approach, they continue to
represent a very useful tool”. Finally there are direct research outputs or
publications, “focusing on the impact of the publication output of a given country
or zone and comparing it to the number of publications produced over a certain
period of time” (OECD 1997: 79).
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3.4.2 Measurement of Technological Change

The literature uses several indicators to measure the role of technical progress in
economic growth and particularly distinguishes between input indicators, which
include variables such as R&D expenditures and human resources, and output
indicators, which comprise variables such as patent, productivity growth, publica-
tion, etc. (cf. OECD 1997). A comprehensive approach of technological progress
should be based on integration of input and output indicators.

The traditional indicator used in the literature to measure the contribution of
technical change in economic progress is represented by total factor productivity
(TFP) (cf. Kahn and Lim 1998). It is also known as Solow Residuals, as Solow (1956,
1957) was the one to find that the growth rate of technical progress emerges as the
remaining unexplained variable or the residual parameter — defined as the factor of
output that can not explained by the input factors.”' The use of TFP growth measure
indicates the high significance of technical progress: for instance, Solow (1957) finds
that around 90 % of the growth in US output per worker during the period
(1909-1949) was due to the effect of the residual factor, which measures the effect
of technical progress. Moreover, Abramovitz (1956), Solow (1957), Kenderik (1961)
and Dension (1962) find that about half of the growth of the US economy up to the
1950s was attributed to technical progress measured by TFP. However, the TFP
indicator has several drawbacks such as the lack of relevant and adequate data and the
inaccuracy and broadness of the concept of TFP, which includes factors other than
technological progress such as human capital (education), organization, management,
knowledge, new machines, etc. According to Mincer (1989), productivity growth
indicates the consequences of technical change, but is not a measure of it; TFP is a
useful measure of technological change only if other factors affecting productivity
growth are either unimportant or considered in the statistical applications. In addition,
TFP growth measure may imply some measurement errors due to business cycles and
economies of scale (cf. Mincer 1989: 4).

The major input indicator in measuring scientific and technological progress is
often represented by the data relating to R&D expenditures, which have been
widely used across the OECD countries due to their consistency and easier compu-
tation compared to output indicators in these countries. The R&D expenditure data
can be utilized to analyze the comparative development and breakdown of R&D
activities according to sector and source of finance. However, R&D expenditure
data has several defects: for instance, that the data reflects only the recorded
expenditures and the institutionalized aspects of technology aimed at increasing
knowledge. It also does not include many activities that contribute to technological
knowledge such as design, learning-by-doing, the indirect public spending on
R&D, etc. Moreover, R&D data reflects only the effort put into research, and
does not reflect the efficiency with which this effort leads to new knowledge, the

2! Productivity growth is calculated as the differences between the rate of growth of output and (a
weighted measure of) the rate of growth of the capital and labour inputs (Mincer 1989), or the
differences in growth rates of the social product and the capital and labour production factors.
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quality of R&D work undertaken, the quality of the scientists performing the work,
the cost of inputs of labour, equipment and materials, etc. Moreover, the definition
of R&D expenditure varies substantially across countries and is difficult to measure
for a large number of countries, and does not reflect the effects of the international
spillover of S&T and variations across countries with respect to R&D performance.
In addition, it does not produce immediate results, making it difficult to establish
direct relation between R&D performance and indicators of economic growth,
because R&D activities lead to knowledge creation, which may lead to improved
performance only in the long run.*?

The major output indicator is defined by the patent indicator, which is utilized in
the literature to measure technological capacity and status of a country, sector or
company. The literature uses patent data to measure the output of technological
activities, to reflect the technological performance over time and across countries,
to examine the technological specialization in key sectors of industry and to protect
industrial property rights (cf. OECD 1997). The patent indicator is often widely
used in the measurement of technological change because it allows for international
comparisons over a long period; it provides more accurate and specific analyses by
sector and by technology; and allows for more focus on a company, institution and
even single inventor or researcher. On the other hand, the patent indicator also has
several limitations, such as: a lesser degree of reliability for countries or sectors
with a small number of patents; and possible interruptions by reason of having to
work with publication rather than priority dates.> Further limitations lie in the
difficulty in interpreting average annual growth rates per period due to unstable
patent numbers at the end of a period, lack of exact measurements and the potential
inconsistency between the required and actual measurements, the latter problem
admittedly also applicable to other indicators.”*

Numerous empirical studies use innovation surveys such as the survey of
resources (R&D) indicators, survey of direct progress (output) indicators and
survey of indirect progress and impact indicators, which can be evaluated by
questionnaires to measure technological change. A well-known example of this is
the Community Innovation Survey (CIS). Distinction has been made between
innovation surveys according to subject and object approaches. The subject
approach focuses on the innovator or firm-level innovative activities, identifies
both input and output indicators, includes small-scale incremental change, reflects
economic indicators and permits for comparisons within industries or inter-firm
comparison, but does not allow for comparison between different industries with
different outputs. On the other hand, the object approach focuses on significant
technological innovations (new product or process) or the objective output of the
innovation process, on the technology itself. It allows for an external assessment of
the importance of innovation independent of personal judgment and usually

22See OECD (1997) Second European Report on Science and Technology Indicators (1997: 37).

2 The priority date of a patent refers to the date of first filing, whereas the publication date refers to the
date on which the patent was published. This leads to a time lag between the priority and publication
year. For example, in the European (EPO) system, patents are published 18 months after first application.

24See OECD’s Second European Report on Science and Technology Indicators (1997: 90, 91).
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identified through expert appraisal or through new product announcement in trade
journals or other literature. However, it has limitations as it is confined only to
major innovations, neglects small incremental innovation and does not include an
assessment of the economic significance of innovation,””

Some recent studies tend to measure technological change by using an index of
use, investment or expenditures on ICT, IT, computers or computer equipment,
which are also called the new general purposes technologies. These indicators are
relatively easier to calculate and several studies provide strong results when using
them to reflect the use and organization of technological innovation (cf. Autor et al.
1998; Bresnahan et al. 1999). However, the utilization of computer use as a
measurement of technological progress and innovation may lead to endogenity
and measurement problems (cf. Sanders and ter Weel 2000: 26).

For our macro-micro analysis we use R&D, patent and ICT as more relevant
measures of technical change at the macro-micro levels. Moreover, at the micro/
firm level we use the innovation survey following the subject approach, as it
appears more relevant for assessing only small incremental innovation at firm
level. Our analysis will not include the object approach since it focuses on big
(radical) innovations and seems inappropriate for measuring the small incremental
innovations in our case studies in the Sudan. Other measures, such as the TFP
measure, are not very relevant for our analysis and will not be included in our study
due to a lack of relevant data and information to estimate these at both macro and
micro levels. In order to measure these indicators, we will use the available relevant
secondary data and information at the macro level and use the firm survey data at
the micro level, as we will explain in Chaps. 4 and 6 below.

3.4.3 Measurement of Human Capital (Human Skills)

The most widely used measures of skill in the literature is educational attainment, as
measured by the average years of schooling, occupation measure, the share of non-
production workers in total employment and the share of non-production workers
wages to total wages. In addition, the literature uses other measures of human capital
such as school enrolment ratios, adult literacy rates and school quality measures.
School gross and net enrolment ratios reflect current flows of education that
accumulates to create the future stocks of human capital and have been used in
several studies (cf. Barro 1991; Barro and Lee 1993, 1996).26 However, they have

25 See Smith (2000).

26 The UNESCO definition distinguishes between gross and net enrolment ratios. “Gross enrol-
ment ratio defines the ratio of all persons enrolled in a given level of schooling to the population of
the age group that would be enrolled at that level. While, net enrolment ratio modifies the
numerator of the gross enrolment ratio to count only the students enrolled within the designated
age group i.e. the ratio of students at a given level of schooling in the designated age group to the
total population of the same age group. The net enrolment ratios vary between zero and one,
whereas the gross enrolment ratios can exceed one” (Barro and Lee 1993: 4). For detailed
definition, see also the UNESCO-UIS website: www.uis.unesco.org.
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several limitations: for instance, they only measure current flows of schooling and
do not reflect the stock of human capital. In addition, they are susceptible to
underestimation and overestimation measurement errors”’: for instance, net enrol-
ment ratios tend to underestimate the actual value of variables on both mortality and
migration; gross enrolment ratios introduce errors related to repetition of grades and
dropouts, which are widely observed in developing countries. Gross enrolment
ratios overestimate the actual value because their calculation are based on annual
surveys of educational institutions in each country and reflect registered number of
students at the beginning of each school year rather than computing the actual
number in attendance. In general, the net enrolment ratio is relatively more appro-
priate for measuring the accumulation of human capital; however, the gross ratio
has been widely used because it is more often available for developing countries.?®

The adult literacy rates have been frequently used in several studies to estimate
the relationship between human capital and economic growth (cf. Barro 1991;
Romer 1989). They have an advantage over school enrolment ratios as they reflect
the stock of human capital rather than the flow of investment. However, a major
problem with adult literacy rates is that they measure only one component of the
current stock of human capital or the first stage in the path of human capital
formation, but do not reflect the skills that are obtained beyond the most elementary
levels of schooling as well as many other important aspects of human capital and
various types of technical knowledge, which are important for enhancing labour
productivity and economic growth. The use of literacy to measure the stock of
human capital implies that education beyond the most elementary level does not
contribute significantly to productivity.?

The educational attainment or educational level is measured by average years of
schooling to reflect the stock of human capital and allow for across countries or
international comparison.”” It has been widely used in the literature (cf. Barro and

?TLee and Barro (1997) use an adjusted enrolment ratio to overcome the problems of
underestimation in net enrolment ratios and overestimation in gross enrolment ratios.

28 See Barro and Lee (1993: 4-6).

?See Barro and Lee (1993: 6). “The literacy rates have been used in the United Nations
Development Programme UNDP, 1990, to construct an index of human capital. Moreover,
Barro and Lee (1993) use adult illiteracy rates to proxy for the percentages of adult population
who have no school attainment to fill the gap in the availability of census/ survey data” (Barro and
Lee 1993: 6, 7). See also the UNESCO-UIS website: www.uis.unesco.org.

30 The educational attainment is measured by the average years of schooling, which is computed
by adding the product of the number of years of schooling times the number of people in each
schooling category across school categories, “i.e. defined by the following formula:

Average Years of Schooling = 3; YR;. H Sj

Where j is schooling level, YR; is the number of years of schooling represented by the level j,
and H S; is the fraction of the population for which the jth level is the highest value attained” Barro
and Lee (1993: 7). For detailed definition, see also the UNESCO-UIS website: www.uis.unesco.
org.
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Lee 1993, 1996) as an appropriate and accurate alternative measure to both school
enrolment ratios and adult literacy rates. In recent literature, educational attainment
is used to reflect the inflows of new school graduates to existing educational stocks
across countries (cf. Barro and Lee 2000a, b). The rapid growth in average years of
schooling led to double growth in the stock of human capital in the USA (cf.
Mulligan and Sala-i-Martin 1995), educational attainment or the average years of
schooling has a significant contribution to the growth of total factor productivity
(cf. Kahn and Lim 1998). Although the average years of schooling measure is often
widely used as the most popular measure of human capital in the new growth
literature and comparisons across countries, it has some drawbacks, such as the
assumption of constant elasticity of substitution across workers of different group,
which implies that always and everywhere workers of each education category are
perfect substitutes for workers in other categories. It assumes that productivity
differentials among workers with different levels of education are proportional to
their years of schooling, that always and everywhere a year of education adds a
constant quantity of human capital and delivers the same increase in skill, whether
undertaken by a primary pupil or a college student. It implies that always and
everywhere a worker with 16 years of schooling is 16 times as productive as worker
with 1 year of schooling, irrespective of the wage rate differentials. It does not
consider differences in the fields of study and quality of schooling (quality of
teachers and education infrastructure) and wage rate across countries. Moreover,
the educational attainment does not directly measure the human skills obtained at
schools, namely quality of schooling across countries, and it does not reflect the
skills and experience gained by individuals after their formal education.”'

Some studies use schooling quality measure or the quality of educational output
to measure the impacts on various dimensions of cognitive skills that affect an
individual’s productive behaviour, and thereby the quality of the future labour force
(cf. Hanushek and Kim 1995; Lee and Barro 1997).>*2% Although both the quality
and the quantity of schooling are important ingredients of human capital, schooling
quality measure has several disadvantages as it varies substantially across countries
and is difficult to measure for a large number of countries (Lee and Barro 1997: 1).

The occupation measure or classification is based on the definition of employ-
ment structure and the relative shares of educated and non-educated workers in total
employment. In particular, the ILO International Standards Classification of

31See Mulligan and Sala-i-Martin (1995: 2) and Barro and Lee (2000a: 12).

32 The definition of this measure includes the pupils/teacher ratios, spending per pupil at primary
and secondary schools as a percentage of GDP, and also estimates average salaries of primary
school teachers to per capita GDP.

33 Hanushek and Kim (1995) find that cognitive skills are an important component of relevant
variations in human capital, reinforcing the attention to school quality found in many countries
today. Their results indicate that quality of labour force has a consistent, stable and strong
influence on economic growth, the impact of quality indicates that one standard deviation in
mathematics and science skills translates into 1 % point in average annual real growth. This growth
effect is larger than would be obtained from over eight years in average schooling.
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Occupations (ISCO)* is a widely used measure for measuring skill composition in
the literature (cf. Colecchia and Papaconstantinou 1996; Hwang 2000).*
According to the ISCO classification, only WCHS is referred to as “high-skilled”,
with all other groups regarded as low skilled. The advantage of the occupation
measure is that the change in occupational distribution of employment provides
more information on the skills required and measures the change in skills structure.
But it has the drawback that it does not necessarily take into accounts on the job
learning and, in particular, skills associated with the use of new technologies.*® It
also fails to account for the changing nature of skills under an occupational title.*”

The share of non-production workers to total employment measure is defined by
the ratio of the non-production workers to total employment and has been usually
used in the literature (cf. Kahn and Lim 1998; Cheon 1999). However, it has several
limitations: for instance, it does not exactly reflect change in relative demand for
non-production workers, and it may over-represent the shift in demand for non-
production workers. Moreover, the definition of non-production workers includes a
lot of low-skilled service jobs such as janitors, cleaners or simple clerical jobs, and
various liberal occupations, while excluding production supervisors, foremen and
skilled workers that are of considerable importance in manufacturing sector of
developing countries (Cheon 1999: 12, 13).*®

The share of non-production workers’ wages in total wages is measured by the
ratio of non-production workers wages to total wages, and has been used in several
empirical studies (cf. Kahn and Lim 1998). Its advantage is that the changes in the
non-production share in the wage bill provide a better measure of the demand shift
toward non-production workers, provided that the elasticity of substitution between
production and non-production workers is above one (cf. Berman et al. 1994;
Cheon 1999). However, it has several limitations: for instance, the measure is
originally based on the definition of non-production and production workers for
skill and unskilled workers and may suffer the same measurement errors related to
the definition of non-production and production workers as we explained above.

*The TLO International Standards Classification of Occupations (ISCO) are aggregated in the
following way:

White-Collar high-skilled (WCHS) includes legislators, senior officials, managers,
professionals, technicians and associate professionals.

White-Collar low-skilled (WCLS) includes clerks, services workers, shop and market sales
workers.

Blue-Collar high-skilled (BCHS) includes skilled agricultural and fishery workers, craft and
related trade workers.

Blue-Collar low-skilled (BCLS) includes plant and machine operators and assemblers and
elementary occupations.
35 Hwang (2000) finds that skill upgrading, decreasing motor skills and increasing cognitive skills
are accompanying the diffusion of ICT, mainly through occupational change rather than educa-
tional improvement.
36 See Colecchia and Papaconstantinou (1996: 8).
3 See ILO (1998) World Employment Report (1998/1999: 35).

38 See Kahn and Lim (1998) and Cheon (1999: 12, 13).
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Moreover, the wage measure is applicable only when the elasticity of substitution
between production and non-production worker is above one. Furthermore, it may
be inaccurate to reflect the movement in the stock of human capital when the
relative wages change for reasons other than changes in human capital and techno-
logical stocks (e.g. due to price change). So, the wage measures may induce some
measurement errors (cf. Cheon 1999; Goldin and Katz 1998; Machin and Van
Reenen 1998).%

For our analysis at the macro level we use the measures of school enrolment
ratios, literacy rates, educational attainment, school quality measures and occupa-
tional classification to assess skill levels, based on information and data from many
relevant sources (e.g. Sudan central bureau of statistics population census data for
2008, the UNESCO, UNDP, etc.). In addition, in our analysis at the micro/firm
level, we use two more relevant measures of skill, namely, educational attainment
and occupational classification, based on data obtained from the firm survey as we
will explain in Chaps. 4, 5 and 6. Our analysis will not include other indicators such
as the share of non-production workers in total employment and the share of non-
production workers wages in total wages due to a lack of relevant data to estimate
these. Instead, we use the share of high-skilled in total employment and the share of
high-skilled wages to low-skilled wages according to education and occupation
definitions.

3.5 Endogenous Growth and Public Policy

We mentioned in Sect. 3.3 that endogenous growth literature revealed several
robust facts and interesting implications that paved the way for growth; it is
convenient in this section to explain that it also provided some insights for a
possible role for government policy. We explain below the literature and arguments
for government intervention to promote the accumulation of technology, human
capital and hence growth rate.

The most popular view in the literature is that the rationale for government
intervention is basically related to the idea that knowledge (in the form of technical
progress or accumulation of human capital) is a public good, which is non-rival and
partially excludable. As in Romer (1990) and Barro and Sala-i-Martin (1995), these
two features imply an unbounded growth and incomplete appropriability of knowl-
edge and raise the possibility of knowledge spillovers across firms and hence the
whole economy. While the feature of spillovers of knowledge supports endogenous
growth, it also creates a form of externality and implies that private investments
generate a positive external effect and the private returns from investment tend to be
lower than the social returns. The outcomes tend not to be Pareto optimal but sub
optimal and require government intervention to correct the distortion. The social

39 See Cheon (1999: 12, 13), Goldin and Katz (1998) and Machin and Van Reenen (1998).
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optimum can be achieved by many instruments such as providing subsidies (which
can be financed by taxation) to improve the accumulation of technology and human
capital, incentives and returns from investment for private investors.

In the endogenous growth literature some studies explicitly model the impor-
tance of technology and human capital for endogenous growth, but only implicitly
indicate a role for public policy. For instance, while the Lucas (1988) model
emphasizes investment in human capital, it only implicitly allows for a role for
public policy through subsidies (Haslinger and Ziesemer 1996: 230). Moreover, the
Arrow (1962) learning-by-doing and Romer (1986) models imply an indirect
intervention: an investment tax credit that increased the accumulation of capital
necessarily also increased the accumulation of technology (Romer 1990: S94).

According to Ziesemer’s (1987) interpretation, T. W. Schultz (1964) presents a
pioneering theoretical justification for a central role for government interference to
promote public investment and emphasis their long-run effects on growth and
development. Schultz’s (1964) theory reveals that the provision of public factors,
such as basic education and basic scientific research, is necessary for human capital
formation and this would drive technical progress. Therefore, technical progress
depends on human capital, and the production of human capital in turn requires
public factors such as basic education and basic scientific research. It is assumed
that the public goods are financed through a linear income tax rate: the lower the
level of public goods and tax rate, the higher is the price of human capital and less
human capital is supplied. If the rate of technical progress depends upon human
capital, then technological progress is dependent upon taxation and public goods.
The contribution by Shell (1967) involves public investment and assumes a public,
non-rivalrous stock of technology; a flat-rate income tax is raised to finance the
change in the stock of knowledge. Tax has two effects: it increases growth, but also
decreases the returns from investment and negatively affects private capital
formation.*’

Ziesemer (1990, 1991, 1995) formulates Schultz’s (1964) ideas that public
factors — basic education and basic scientific research — are held as necessary for
the formation of human capital and the development process. Ziesemer (1990)
argues for an essential role of public factors, which are provided by the government
and in turn financed by a simple flat rate income tax to introduce an outstanding role
of economic policy in economic development. Ziesemer (1991) assumes that, in a
growth model with endogenous technical progress, if an externality arises at the
firm’s level, government intervention is needed to obtain the optimum and perfectly
competitive market structure. Hence, a tax subsidy system is introduced to influ-
ence the rate of technical progress and brings it to the optimal level of growth.
Ziesemer’s (1995) model indicates that public factors are used in the formation of

40Gee Ziesemer (1987: 107, 108, 112, 115) and Haslinger and Ziesemer (1996: 230, 232).
Ziesemer (1987) summarises T. W. Schultz’s (1964) view and indicates that the latter uses Nelson
(1959) idea that both basic education and basic scientific research should be viewed as a public
good.
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human capital and human capital, in turn, is necessary for the production of
technical progress. If public factors are financed by a flat-rate income tax, then a
higher rate of taxation or shares of public expenditure on education in the GDP will
lead to a higher level of public factors, a higher rate of technical progress and will
also lead to a higher growth if steady states are stable. In Ziesemer’s (1991) model
the optimal policy is a technology stock subsidy to reward firms and to provide an
incentive for the spillovers of technology formation to the human capital schooling
process. In Ziesemer’s (1990, 1995) models the optimal policy is a tax financed by
government spending on the provision or creation of public knowledge (basic
education and basic scientific research). The share of GDP raised and spent on
the provision of public factors has an impact on the level of GDP per capita or its
growth rate respectively.*!

One assumption in Romer’s (1990) model of endogenous technological change
is that technological change arises in response to market incentives, and the latter
play an essential role in the model. Romer (1990) assumes that in a growth model
with spillover effects, the social optimum can be achieved by subsidizing the
accumulation of technology. A subsidy to R&D works to compensate R&D firms
for the learning-by-doing and the positive external effects they spillover to other
R&D firms; in the absence of R&D, a subsidy creates further incentives for firms to
gain entry. Although all the research is embodied in capital goods, a subsidy to
physical capital accumulation may be a very poor substitute for direct subsidies that
increase the incentives to undertake research. In the absence of feasible policies that
can remove the divergence between the social and private returns to research, a
second-best policy for a government would be to subsidize the accumulation of
human capital. A subsidy to employment in research sector that is financed through
lump-sum taxes has the same effects on growth as an increase in the productivity
parameter: in the long run, a subsidy will cause an increase in the growth rate
(Romer 1990: S72, S74, S93, S98, S99).

Barro and Sala-i-Martin (1992) allow for the effects of fiscal policy on long-term
growth and discuss the role of tax policy in various models of endogenous eco-
nomic growth. In their view, in growth models with learning-by-doing and spillover
effects, the social optimum can be attained by financing government consumption
purchases with an income tax, and monopoly pricing of new types of capital goods.
The tax policies that encourage investment can raise the growth rate and thereby
increase the utility of the representative household. In growth models that incorpo-
rate public services, the optimal tax policy depends on the characteristics of
services. If the public services are publicly provided private goods, which are
rival and excludable, or publicly provided public goods, which are non-rival and
excludable, then lump-sum taxation is superior to income taxation (Barro and Sala-
i-Martin 1992: 645, 660).

In many models of endogenous growth (e.g. Romer 1987, 1990; Grossman and
Helpman 1991), technological progress corresponds to an expansion in the number

41 See Ziesemer (1990: 268-280), (1991: 47-68), (1995: 1-19).
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of types of capital goods, inventions require active R&D, and firms are
compensated through the retention of monopoly power over the use of their
inventions. Therefore, the models involve elements of imperfect competition as
the excess of the monopoly price over the competitive one implies that the private
rate of return on investment falls short of the social return, and, hence, that the
steady-state growth rate is below the socially optimal rate. A common feature in all
three types of models — learning-by-doing with spillovers, taxation of income from
capital (in models where government services are not subject to congestion) and
varieties of capital goods under imperfect competition — is the shortfall of the
private rate of return on investment from the social one. This implies that the Pareto
optimum can be attained in each model if the government raises the private rate of
return on investment to the social one without introducing other distortions. This
outcome can be achieved either by subsidizing the purchase of capital goods or by
subsidizing the income on capital. Another measure is to subsidize research to raise
the private rate of return to the social rate and to provide further incentive to private
producers to create new types of capital goods.*

Barro and Sala-i-Martin (1995) combine the Arrow (1962) and Romer (1986)
assumptions of learning-by-doing and knowledge spillovers. In their model, the
social optimum can be attained in a decentralized economy by providing various
forms of subsidies that work to raise the private rate of return to investment and
thereby tend to eliminate the excess of social over private returns. For instance, the
government could induce the private sector to attain the social optimum if it
provided subsidies to the purchases of capital goods (an investment-tax credit),
financing it through a lump-sum tax. Further options open to the government are:
providing subsidies to the purchase of intermediate goods, incentive to expand over
time using a lump-sum tax to finance a subsidy, subsidies to final output so that
producers receive units of revenue for each unit of good produced, or a direct
subsidy to R&D spending to raise the private rate of return on R&D and provide a
sufficient incentive for research. Therefore, two policy instruments are needed: one
that encourages production of the monopolized intermediates and another that
stimulates R&D.*

Aghion and Howitt (1998) argue for a role for public intervention to support
innovative activities either through the design and use of subsidies (direct targeted
or untargeted subsidies) or the design of property rights and patent legislation. They
suggest that the R&D investments should be subsidized whenever positive external
effects dominate and as a result growth under laissez-faire is suboptimal, but that
R&D investment should be taxed if too much “business-stealing” or creative
destruction takes place under laissez-faire. They distinguish between targeted and
untargeted subsidies; the choice between them depends essentially on availability
of information to the government. Targeted R&D subsidies are direct government
subsidies that are deliberately aimed at particular sectors (e.g. defence), industries

42 See Barro and Sala-i-Martin (1992: 651, 652, 654, 655).
43 See Barro and Sala-i-Martin (1995: 146, 147, 150, 151, 222, 223, 226, 229, 230).
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or firms. It may take the forms of public investments in state owned laboratories,
research grants, participation in R&D funds, subsidies to enterprises (e.g., input
subsidies), credit guarantees, and public investment in high-technology industries.
Untargeted subsidies is another important instrument of direct policy intervention
in the R&D sector, offered on a non-discriminatory basis according to market
decision, without targeting particular firms, industries or projects; untargeted
subsidies take the form of research tax credits, tax deductions, credit guarantees,
subsidized insurance for risky capital investments, etc. Aghion and Howitt (1998)
indicate other forms of government intervention to increase incentives/ subsidies
for R&D efforts: through the government’s buying up or reducing of the outside
investors’ share or equity in independent research units and turning it over to R&D
firms. Finally, they show that the government has a vital role in enforcing property
rights by allowing firms involved to earn monopoly rents as a reward for
innovation.

Jones (1998) indicates that many models in the endogenous growth literature
have the implication that changes in government policies, such as subsidies to
research or taxes on investment, have level effects but no long-run growth effects.
For instance, a government subsidy that increases the share of labour in research
will typically increase the growth rate of the economy, but only temporarily, as the
economy transits to a higher level of income.*’

Several studies emphasize a role for government intervention and the positive
impact of public provision of education and training. For instance, Azariadis and
Drazen (1990) suggest a role for government intervention in the education sector
(through education subsidies) to avoid low-development traps and thereby promote
high sustained growth. Otani and Villanueva (1990), and Barro and Sala-i-Martin
(1995) illustrate, for a cross section of countries, a positive impact of government
interventions on growth rates coming from the expenditure side (i.e. the share of
public expenditure on education of the GDP). Barro and Sala-i-Martin (1995) find
that public spending on education has a significant positive effect on growth: a
1.5 % increase of the ratio of public education spending to GDP during the period
1965-1975 would have raised the average growth during the same period by 0.3 %
per year. Aghion and Howitt (1998) indicate that centralized funding of education
will always favor human capital accumulation and therefore growth in the long run,
even though local funding may sometimes be growth-enhancing in the short run.*®
Trostel (2002) suggests that public provision of education through subsidy has the
potential to be the most efficient educational policy because it provides incentives
and stimulates investment in and accumulation of human capital. A recent report by
the UNESCO-UIS/OECD (2003) stresses the role of public finance in enhancing

4 See Aghion and Howitt (1998: 474, 489).
45 See Jones (1998: 147, 112).

46 Otani and Villanueva (1990) is cited in Haslinger and Ziesemer (1996: 236). Azariadis and
Drazen (1990) and Barro and Sala-i-Martin (1995) respectively are cited in Aghion and Howitt
(1998: 333, 328). See also Aghion and Howitt (1998: 338).
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investments and returns from education in a number of selected countries. Chatterji
(1995) presents a growth model based on Lucas’ (1988) model to explore a
potential role for government intervention by subsidizing training to compensate
private sector for the positive externalities they generate and to provide more
incentives for more investment in the accumulation of skills. The model assumes
two possible sources of growth: exogenous technical progress and endogenously
produced skills growth. The optimal subsidy on training rises with the rise/strength
of the externality generated by the average skill level in output production; it also
depends on macroeconomic variables such as the extent of productivity growth
from other sources in the economy.*’

One interesting observation by Aghion and Howitt (1998) indicates that the
finding with respect to the complementarity between educational attainment and
R&D activities has in turn many interesting policy implications. First, it suggests
that “macroeconomic policies which affect rates of innovation and investment will
affect the relative demand for workers classified by education, and hence the
aggregate skill distribution of employment and earning. (Bartel and Lichtenberg
1987)”. In other words, governments will increase the average level of education
not only directly through education policy, but also indirectly by actively
supporting R&D activities. Conversely, government subsidies to education will
increase the profitability of research and development activities, and thereby speed
up technological progress (Aghion and Howitt 1998: 339-340).

Few studies examine the practical relevance of the models of growth enhancing
policies, particularly for the developing countries. For instance, Haslinger and
Ziesemer (1996) indicate that most of the models of publicly financed investment
in human capital are basically intended for industrialized and not for developing
countries. In their view, in the developing countries, raising the publicly financed
investment is hampered by the lack of a well-developed institutional setup to use
the instruments of taxation, mainly because of substantial engagement in non-
monetised activities, a large informal sector, extreme poverty and different effects
from the prevalent regressive trade tax (Haslinger and Ziesemer 1996: 240, 241).*8

Apart from these practical limitations for the developing countries, in the recent
years there is a growing body of literature on the role of public policies and
government intervention to promote human capital and technological capabilities
in the developing countries. For instance, Lall (1999) discusses strategies to develop
skills and capabilities in developing countries and argues that there is a valid case for
policies to coordinate, guide and subsidize learning; and to develop such factors as
skills and technology where externalities and information failures are particularly
pervasive. He identifies two broad successful strategies in the developing world to

47 See Chatterji (1995: 274-282).

“8In the case of the Sudan, the extent of the ‘non-monetised’ activities is less clear. However, like
most other typically developing countries, in the Sudan both the prevalence of the informal sector
and extreme poverty (cf. UNDP 2010)- and the recent structural reform of fiscal and monetary
policies and labour market (cf. UNDP 2006) may imply a promising role for government
intervention.
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promote skills and learning for competitiveness. First, autonomous strategies to
accelerate and guide learning by domestic firms by promoting infant industries,
coordinating investments in related activities, overcoming externalities, directing
credit, and developing specific skills and institutions. Second, foreign direct invest-
ment (FDI) dependent strategies that rely on Transnational Corporations (TNCs) to
lead export growth and upgrading, which has two subsets of strategies: those based
on targeting TNCs and using industrial policy to guide them in more technology
intensive activities; and more passive strategies that rely on market forces to attract
and upgrade activities. Korea and Taiwan are leading example of national-led
strategy, Singapore and Malaysia of the FDI-led targeted strategy, and Mexico
and Thailand of the FDI-led market-led strategy (Lall 1999: 9, 10).

3.6 Conclusions

In this chapter we provide a background for the empirical analysis in the following
chapters by surveying the theoretical and empirical literature that emphasize the
positive growth effects of human capital and technological progress in increasing
and sustaining economic growth. We explain that economic growth theories
recognized and provided different perceptions and analytical frameworks for
modelling the various effects of technical change, innovation and human capital
on economic growth. The major differences arise because the exogenous growth
theories perceive and model technical progress and human capital as exogenous
variables in growth accounting model, whereas the endogenous growth theory
envisages and models technical progress and human capital as endogenous
variables determining the rates and differences of economic growth across
countries. The endogenous growth theory contributes to improve understanding
of the interaction between technological change, human capital and economic
growth and fills the gap in earlier growth theories by considering the important
endogenous effects of human capital, technological progress and innovation. The
endogenous growth theory predicts that in the long run economic growth at the
aggregate level is determined by endogenous sources of technological change,
human capital, learning by doing, spillovers of knowledge and external effects of
human capital. The presence of increasing returns to scale and externalities prevent
diminishing returns to accumulation of capital, and so ensure the long run steady
state of growth within a dynamic general equilibrium framework. We illustrate that
the inclusion of human capital and technological change in growth accounting
models motivate endogenous growth literature to provide several interesting
explanations of the relationship between human capital and technical change. In
particular, it stimulates considerable debate about the complementary relationship
between human capital and technical progress, skilled biased technical change, the
role of technical progress in skill upgrading and the role of skill and improvement in
the accumulation of human capital in skill upgrading. These explanations imply
that next to the important endogenous effects of technical progress and human
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capital for economic growth, the complementary relationships between them and
between them and skill upgrading are also important for enhancing economic
growth. Finally, we show the advantages and limitations of several measures of
technological change and human capital that have been used in theoretical and
empirical literature; some of these measures are relevant for the empirical analysis
in the next chapters according to availability of data.
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Chapter 4
Research Methodology and Methods
of Data Collection

Abstract This chapter defines the methods of data collection and explains the
motives for performing the macro and firm surveys and selection of a case study,
the selection of the sample and composition and operation of the surveys. We
explain that the data from the firm and macro surveys provides us with the required
information, which is particularly useful from both the analytical and policy
perspectives and useful for presenting a macro-micro comparative analysis to
identify the causes and consequences of the skills problem, and the plans and
policies for skill development from the macro-micro perspectives. One advantage
of the macro survey is that it examines the problem after integrating two different
perspectives of policy makers and experts and also integrating two different
perspectives from both the fields of education and training. Moreover, the data
evaluates upskilling efforts, examines the causes and consequences of a deficient
educational system, training provision, skills mismatch and transfer of knowledge,
and also suggests relevant short and long run plans and policies for the enhance-
ment of skill level, education, training, transfer of knowledge and technological
upgrading. The coverage of the firm survey has the advantage of enabling us to
compare between firms according to two criteria, i.e. the size of employment and
industrial activity.

4.1 Introduction

The previous chapter discussed the theoretical and empirical endogenous growth
literature on the relationship between technical progress, human capital (education)
and economic growth, which we considered as a useful background for the empiri-
cal investigation that follows in the next chapters. Before we go into the empirical
analysis, it is appropriate to define the methods of data collection and illustrate the
composition and operation of the surveys in this chapter. In Sect. 4.2 we explain the
motives for performing the macro and firm surveys and selection of a case study.
Next, we show the selection of the sample and composition of the surveys in
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Sect. 4.3 and explain the structure and design of the questionnaire in Sect. 4.4.
Section 4.5 provides the conclusions, advantages and limitations of the surveys.

4.2 Motivation and Selection of a Case Study

The empirical investigation in this research uses a combination of primary and
secondary data covering both the macro and micro levels. We collected our primary
data using both macro and firm surveys and interviews. We explain the reasons for
undertaking two surveys below, after which we spell out the selection of the case
study, the sample, design and composition of the surveys.

The basic objective of conducting the macro and firm surveys was to obtain
specific information to provide insights into the factors influencing or the causes
and consequences of low skill and technology indicators and to help generate
policies to enhance skill and technology. The macro survey examines the causes
and consequences of the deficiency of the educational system and the firm survey
discusses the implications of the low technology indicators, low skill level and the
excessive use of unskilled workers."

We undertook the macro survey due to a lack of sufficient materials to investi-
gate the research problem, assess upskilling efforts and examine the causes and
consequences of deficient educational systems, training provision, skills mismatch
and transfer of knowledge at the macro level. The survey also aimed to explore,
from the perspectives of policy makers and experts, relevant short and long run
plans and policies for the enhancement of skill levels, education, training, transfer
of knowledge and technological upgrading. The main reason for conducting the
firm survey was to fill the information gap due to a lack of relevant, reliable and up-
to-date information to allow a more comprehensive analysis and a deeper under-
standing of the status of skill and technology at the micro level.

The firm survey requested quantitative data to assess technology indicators
measured by R&D, patent and ICT and to evaluate skill indicators measured by
educational attainment, average years of schooling and experience and occupa-
tional level. Additional information was sought to assess the use, level, transfer and
dependence on foreign technology, to determine the important factors hindering
and those contributing towards, enhancing the provision of training, mechanisms
and plans for skill upgrading across firms. Moreover, the survey explains the
importance of the industry and examines the important factors hindering, and
those contributing toward enhancing the contribution of the industry across firms.

The field research to collect our primary data was held in the period from
January to June, 2010, in Sudan as a case study of the Arab countries. The selection

"In the appendices, we list the set of questions that were sent out to the sample of firms, policy
makers and experts included in the surveys. In addition, we present a brief definition of some of the
terms used in the various questions that were provided as a guide to help the respondents.
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and focus of our analysis on Sudan was related to the easy accessibility to data and
information and facilities for the fulfilment of the fieldwork/surveys, which were
offered by the Department of Economics and Faculty of Economic and Social
Studies at the University of Khartoum. Moreover, in recent times, has Sudan
shown a significant increase in terms of ICT diffusion: for instance, the World
Bank (2010) showed the population accessing the Internet as measured by the
increase in Internet users (per 100 people) rising from 3.2 % in 2000 to 60.5 % in
2008. In addition, Sudan has shown a rapid increase in the net inflow of FDI, for
instance, the World Bank (2010) indicates significant increase in the inflow of FDI
from US$ 38 million in 2000 to US$ 159 million in 2008.> Moreover, Sudan is the
fourth country in Africa and fifth in the Arab regions in terms of attraction of
foreign investment, notably, in 2007 Sudan accounts for 1.9 % of total inflow of
FDI in the Arab countries.’

One stylised fact which we explained in Chap. 2 is that the structure of Sudan
economy shows the importance of the agricultural sector (48 %, 31.1 %, 27 %) and
services sector (36 %, 45 %, 37 %) compared to the industrial sector (10 %, 23.9 %,
36 %) and manufacturing sector (3.52 %, 10.8 %, 6 %) in terms of the share in total
employment (2008), total GDP (2009) and value added as a percentage of GDP
(2009) respectively, further to the minor contribution of the industrial sector to total
exports in Sudan (17 %) (2001), in addition to the minor contribution of the industry
in value added annual growth (15 %) (2005).* Moreover, in 2002, Sudan (8.26 %
and US$ 28) has been lagging far behind compared to North Africa (15.57 % and
US$ 190) and developing countries (20.3 % and US$ 908) in terms of both the
manufacturing value added as percentage of GDP and manufacturing value added
per capita respectively.’ Despite the minor contribution of the industrial sector in
the Sudanese economy, this research and firm survey focuses on the industrial
sector, because of the importance of the industrial sector in achieving both techno-
logical development and economic prosperity for any country. Moreover, for the
case of Sudan, for many reasons, the industrial sector has the potential to play a
significant role in enhancing economic and social development, strengthening and
multiplying the capabilities of the national economy and in realising the added

2 See for instance, The World Bank, World Development Indicators Database (2012 a, b) accessed
on April 2010 and December 2010.

3 See for instance, the Arab Investment and Export Credit Guarantee Corporation (2007), p.60.

“See for instance, Sudan Central Bureau of Statistics ‘Population Census Data’ (2010), ‘Fifth Sudan
Population and Housing Census (2008)’, for the data on the distribution and sectoral share in total
employment. See also the Central Bank of Sudan ‘Annual Report’ (2009) for the distribution and
sectoral share in total GDP. See also The World Bank, World Development Indicators Database
(2010 a, b, 2011) accessed on April 2010, December 2010 and June 2011, for data on the distribution
and sectoral share in value added as a percentage of GDP. See also Ministry of Industry ‘Compre-
hensive Industrial Survey’ (2005) for data on the share of industry in Sudan’s total exports (2001).
See also The World Bank, World Development Indicators Database (2005) accessed on April 2005
for data on the share of industry in value added.

5See for instance, UNDP (2006), p- 82. Manufacturing Value Added (MVA) per capita is
estimated in constant 1995 USS$.
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value to contribute to the development and improvement of the living conditions of
the people in Sudan. Notably, the first reason is that the abundant natural resources
including agricultural resources, animal resources, fisheries resources, forests
resources, land and water resources, all have the potential to form the basis for
the manufacturing industrial development in Sudan. For instance, for some time the
agricultural sector has been a leading sector that has often supported the
manufacturing industries in Sudan; agricultural crops have often provided
the industrial sector with a high ratio of its inputs. For instance, textile industries
benefited from the cultivated areas in cotton, and food industries benefited from the
high production of oil seeds, particularly vegetable oil. Moreover, the fish and
animal resources and their products are being used as inputs in food industries and
also animal hides and skins are being used as inputs in the manufacturing of leather
and leather products. In addition, the forest natural resources and forestry and its
products, form an important input for manufacturing industries related to forestry
products, for example, manufacturing of wood and wood products, manufacturing
of furniture, manufacturing of other household utensils and building of poles and
telephone poles. In addition, the second reason is that the geology of Sudan
indicates abundant mineral resources such as iron, copper, chrome, manganese,
gold, silicon, limestone, marble, gypsum, mica, and natural gas, all of which have
the potential to promote extractive industries in Sudan. The third reason is that the
industrial sector is composed of several sub-sectors and as such it has the potential
to produce diversified products to cover the diversified needs of the local popula-
tion, for instance, this includes needs from: food industries; spinning and textile
industries; leather industries; chemical and pharmaceutical industries; oil and soap
industries; engineering industries; building materials and refractories; and printing
and packing. The fourth reason is the relatively high installed capacity of the
industrial sector, which enables Sudan to enjoy the third largest industrial basis in
Africa after South Africa and Egypt.® For instance, the installed capacities in the
industrial sector are relatively higher than the national needs, thereby, it has the
potential to produce considerable surplus for exports to neighbouring countries if
full capacities can be exploited, however, so far the utilised capacities are low,
ranging between 20 % and 25 %. Moreover, the fifth reason is that the rate of returns
on investment in capital in the industrial sector (34 %) is relatively high compared
to other sectors in Sudan economy.” Consequently, it is not surprising that the
industrial sector (including energy, mining and oil) attracts about 83 % of total
foreign investment inflows to Sudan, although the majority of foreign investment is
concentrated in extractive oil and energy and mining sector (73 %) and the minority
in the manufacturing industry (10 %) as we explained in Chap. 2 above.

6 See for instance, Sudan Ministry of Industry (2005), ‘Comprehensive Industrial Survey Data for
2001°.

7 See for instance, Sudan Ministry of Industry (2005), ‘Comprehensive Industrial Survey Data for
2001°.
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The main limitation of our selection was that Sudan does not report the highest
performance within the Arab region with respect to both skill and technology
indicators. Our analysis in Chap. 5 below illustrates that Sudan shows insufficient
and poor performance and is falling behind compared to other Arab countries in
terms of skill-technology indicators, technological performance and technology
indicators as measured by expenditures on R&D as a percentage of GDP, applica-
tion to patents, the use of ICT and the use of Internet indicators. We find that Sudan
shows poor performance compared to other Arab countries in terms of skill
indicators or indices — as measured by the Harbison Myers index, technical enrol-
ment index and engineering enrolment index. Sudan shows poor performance
compared to other Arab countries in terms of educational performance as measured
by educational enrolment, gross enrolment ratio in tertiary education, school life
expectancy, average years of schooling, the share of tertiary students in science,
math and engineering, and the share of students enrolled in S&T disciplines. In
addition, Sudan has one of the lowest per capita manufacturing output in the Arab
region, North Africa and developing countries as we explained above.

The firm survey covers small, medium and large size firms working in four
industries in the manufacturing sector: the food, textile, chemical and metal
industries.® The selection of these industries was based on the following reasons.
First, the argument for both upskilling and technological upgrading is promising in
these sectors and can be used to reduce the poverty and unemployment problems in
the country. Second, the strategic importance of these sectors in creating forward
and backward linkages and spin-off effects to other sectors/industries. Third, the
food and textile industries represent an agro-industry based on manufactured
products that benefit from the comparative advantage of the rich agricultural
resources in Sudan, while the chemical and metal sectors have the potential to
produce energy intensive use products benefiting from the comparative advantage
of the abundant and cheapest mineral and energy resources, particularly petroleum,
in Sudan. Fourth, the potential for product diversification in these sectors is
promising. Fifth, the important contribution of these sectors in the manufacturing
sector, for instance, in terms of gross output, gross value added, capital investment,
total labour force, total exports, total imports and total number of industrial
establishments in the manufacturing sector. For instance, in 2001, the contribution
of these sectors together was around 85.3 % of total gross output, 87.6 % of total
gross value added, 66.8 % of capital investment, 76.12 % of total labour force,
77.78 % of total imports and 84.5 % of total number of industrial establishments in
the manufacturing sector. In particular, the shares of the food sector accounted for

8In the firm survey, the chemical sector includes manufactures of basic industrial chemicals,
fertilizers and pesticides, synthetics, resin and related materials, paints, varnishes and lacquers. In
addition, petrochemicals, pharmaceuticals, drugs and medicines, soap and cleaning preparations,
chemical products, petroleum refineries, miscellaneous petroleum and coal products, tyre and tube
industries, rubber products and plastics products are also included in this sector. The metal sector
includes basic metal products, fabricated metal products, machinery and equipment and manufac-
ture of electrical machinery and apparatus.
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55.3 %, 64.6 %, 46.5 %, 56.32 %, 47.44 % and 70.4 % respectively, the shares of
the textile sector accounted for 2.8 %, 2.6 %, 0.8 %, 5.31 %, 0.03 % and 0.2 %
respectively, the shares of the chemical sector accounted for 22.6 %, 16.9 %, 9.5 %,
6.95 %, 15.07 % and 1.5 % respectively, while that for the metal sector accounted
for 4.6 %, 3.5 %, 10 %, 7.54 %, 14.97 % and 12.4 % respectively.g In addition,
90.23 % of total exports of the total manufacturing industries are concentrated in
the food (46.21 %) and chemical (44.02 %) industries. The contribution and
distribution of these sectors in terms of size of capital and employment implies
and enables us to compare between the chemical and metal as capital-intensive
sectors and the food and textile sectors as labour-intensive sectors. Table 4.1 below
illustrates the major economic indicators defined according to industrial activities
for food, textile, chemical and metal manufacturing industries in Sudan in 2001.
In addition, other important reasons for the selection of these industries is that
the lack of diversification in manufacturing industries implies the high concentra-
tion of manufacturing industries on food and oil industries, which are the two most
important sectors with large shares in manufacturing industries in Sudan. The first
evidence for this concentration is the high per capita value added for food and oil
industries in the manufacturing sector estimated at US$ 26.3 and US$ 4.5 respec-
tively compared to total per capita value added in the total manufacturing sector in
Sudan estimated at US$ 40.6. In addition the second evidence for this concentration
is the high share in value added for food, oil and chemical (including oil industries)
industries that accounted for 6.1 %, 1.1 % and 1.645 % respectively, compared to
the share of all other sectors together that accounted for only 2.3 % of total value
added in the total manufacturing sector in GDP in Sudan estimated at 9.5 %. This
implies that 76 % of total value added in the manufacturing sector in Sudan is
concentrated in food and oil industries that show the high share in value added in
the manufacturing sector estimated at about 65 % and 11 % respectively; they were
followed by the chemical and textile sectors that accounted for 4.1 % and 2.6 %
respectively. Moreover, the third evidence for this concentration is the high share in
total manufacturing sector exports, for example, 87 % of total manufacturing sector
exports is concentrated in food (mainly sugar) and oil industries that show the high
share estimated at 46 % and 41 % of total manufacturing sector exports in Sudan
respectively. This implies however, the weak structure of industrial exports that still
depend basically on exports of raw material products rather than depend on high
value manufactured products. In addition, the fourth evidence for this concentration
is the high share in total imports, for example, 57.41 % of the total manufacturing
sector imports is concentrated in food and chemical industries that show the high
share estimated at 47.4 % and 10.01 % of total manufacturing sector imports in
Sudan respectively. In addition, the fifth evidence for this concentration is the high
share in gross output in the industrial manufacturing, for example, 72 % of gross
output in the manufacturing sector is concentrated in food and oil industries that

9 See for instance, Sudan Ministry of Industry (2005), ‘Comprehensive Industrial Survey Data for
2001°.
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show the high share estimated at 55 % and 17 % of total gross output in the
manufacturing sector in Sudan respectively. The sixth evidence for this concentra-
tion is that food and oil industries constitute 69 % of gross output for large industrial
establishments and account for the high share of 48 % and 21 % of gross output for
large industrial establishments in Sudan respectively. Finally, further evidence
appears from the concentration on food and fabricated metal industries that account
for 82 % and 62 % of the total number of manufacturing industrial establishments
and total employment in the manufacturing industrial sector in Sudan respectively.

Other important reasons for the selection of the chemical industry are the
strategic importance of this industry in the international market, and the large,
important and diversified nature of the chemical sector in Sudan, as it includes
several important products such as basic chemicals, batteries, gases, matches,
medical and pharmaceutical products, paints, plastics, soap, tyres and so on.
Therefore, the chemical sector has the potential to satisfy the diversified needs of
the local population, for instance, the soap industry’s sub-sector is characterised by
a relatively high range of manufacturing capacities, which can supply all the
demand for the country and also produce a surplus for export. Moreover,
the chemical sector is characterised by capital intensity, for instance, in 2001 the
refined petroleum products show similar/equal intensity of both labour and capital,
whereas, the all chemical sector including the refined petroleum products, petro-
chemical, chemical and plastic sector shows high intensity of capital and low
intensity of labour. It is worthy to note that the contribution of oil industries in
total employment represents only 0.5 % but in the meantime it is ranked second in
terms of the contribution to industrial value added as it accounts for 11 % of total
industrial value added in the manufacturing industries in Sudan; this implies that oil
and chemical industries tend to use more capital intensive techniques and to be a
more capital intensive industry. Further strategic importance of the oil and chemical
industry is the significant contribution of oil in the promotion of oil related
industries and the contribution to the industrial exports and total exports of
Sudan. For instance, in 2001 the share of the all chemical sector including the
refined petroleum products, petrochemical, chemical and plastic sub-sectors
together represents 44.02 % of the total manufacturing industrial exports and the
balance of trade for the all chemical sector shows a surplus. Whereas, when
including only the petrochemical, chemical and plastic sub-sectors and excluding
the refined petroleum products sub-sector, the balance of trade for the chemical
sector shows a large deficit.'? Moreover, another reason for the selection of
this industry is that oil industry has the highest average labour productivity in the
industrial sector, which is 1,353 times above the average for all manufacturing
industrial establishments in Sudan; this also implies high level of technology used
in the oil sector."" In addition, another reason for the selection of this industry is the

1% See for instance, Sudan Ministry of Industry (2005), ‘Comprehensive Industrial Survey Data for
2001°.

' See for instance, Sudan Ministry of Industry (2005), ‘Comprehensive Industrial Survey Data for
2001°.
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high rate of return on investment in capital, for instance, the chemical sector is
ranked ninth among the ten highest manufacturing industries in terms of the rates of
return on investment in capital, which accounted for 41 %, above the average for all
manufacturing industries in Sudan (34 %)."2

Other main reasons for the selection of the food industry is that the food industry
sub-sector is a principal sector in Sudan considering its necessity and its linkages
with the agricultural sector, which represents the backbone of the Sudanese econ-
omy. Moreover, the food industry is diversified by nature and has relatively high
range of manufacturing capacities that can satisfy all the local market demand in
Sudan and also produce a surplus for export; for instance, the food industry sub-
sector is characterised by relatively high installed and diversified capacity that can
deal with seeds, sunflowers, sesame, peanuts, groundnuts and so on, though this
also implies the weak structure of manufacturing industrial sector because it is
mainly based on agricultural production in Sudan. In addition, another reason for
the selection of the food industry is the high rate of return on investment in capital,
for instance, the food industry sector is ranked fifth among the ten highest
manufacturing industries in terms of the rates of return on investment in capital,
which accounted for 49 %, above the average for all manufacturing industries in
Sudan (34 %).13 Moreover, another reason for the selection of food industry is the
large share in terms of the total number of industrial manufacturing establishments
and total employment, for instance, the sectoral distribution by the number of
establishments and employment shows that the food industry is ranked first with
high share and accounted for 70 % of total number of industrial manufacturing
establishments and accounted for more than half (57 %) of total employment in
manufacturing industrial establishments in Sudan. Another reason for the selection
of the food industry is that the it has a large share in the total manufacturing
industrial output, for example, total output in the food industry represents half of
the total output of all manufacturing industrial establishments in 16 states in Sudan.
In addition to the large share of the food industry in total gross output of small
industrial establishments in Sudan, for instance, food industry is ranked first and
accounted for 88 % of total gross output for small industrial establishments in
Sudan. Therefore, this implies that since the food industry has a large share in total
number of industrial manufacturing establishments, as a result it also has a large
share in total output and employment. This also implies that the food industry has
the potential to contribute to reduction of the serious unemployment and poverty
problems in Sudan as we explained in Chap. 2 above.

Another reason for the selection of the food industry (sugar sub-sector) is the
significant contribution of sugar as a sub-sector in food industry. For instance, in
2001, the sugar sub-sector accounted for 33.7 %, 26.4 % and 5 % of total value

12 See for instance, Sudan Ministry of Industry (2005), ‘Comprehensive Industrial Survey Data for
2001°.

13 See for instance, Sudan Ministry of Industry (2005), ‘Comprehensive Industrial Survey Data for
2001°.
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added, total output and total number of industrial establishments in the food
industry respectively.'* Notably, the selection of the food industry is based on the
important contribution of the sugar industry in terms of total manufacturing
employment, as the sugar industry alone accounts for 19.4 % and 28 % of total
employment in total manufacturing industrial establishments and total employment
in large manufacturing industrial establishments in Sudan respectively. In particu-
lar, the sugar industry is a significant industry in Sudan, as it employees 25,460
labourers; all the five sugar factories operating in the sugar industry are large in
terms of employment as they all employ more than 100 people, and tend to be more
labour intensive and seem more dependent on using labour intensive techniques.
Therefore, this implies that the sugar industry has the potential to contribute to
reduction of the serious unemployment and poverty problems in Sudan as we
explained in Chap. 2. Further to the important share of the sugar industry, it alone
contributes by 46 % to the total exports of all manufacturing industrial
establishments in Sudan. Moreover, due to availability of natural resources and
competent human cadres, Sudan has great potential in terms of sugar production
and now it is ranked second in the African continent following South Africa."
Notably, today, the Kenana Sugar Company (KSC) is the world’s largest producer
of white sugar. Prior to the establishment of the KSC and factory, Sudan imported
the bulk of its sugar, which was a drain on its limited foreign exchange.'® Further-
more, the sugar industry could have a wider utility in the region, given the potential
increase in the demand for sugar products due to the possible wider use of sugar,
owing to the natural characteristics and environmental consideration of potential
uses of sugar cane in the production of ethanol products as a clean and sustainable,
environmentally friendly energy source in industry to replace/substitute other non-
renewable energy sources (such as petroleum). Apart from being a pioneer in the
agricultural industry, mainly in sugar production, Kenana is a pioneer in using
timber planted for developing new environmentally friendly products and is also a
pioneer in using a by-product of sugar production for creating charcoal. Bagasse,
Kenana animal feed, with its high nutritional value, has also enjoyed substantial
export markets in the Gulf. The inauguration of the Kenana Ethanol factory marked
a historic date for Sudan’s entrance to the age of green fuel production and implied
the establishment of the first Ethanol factory in Africa.'” Kenana Ethanol factory
started off by producing 65 million litres and is set to reach up to 200 million litres
by 2011; it aims to put Sudan at an advanced level worldwide in this kind of
strategic industry. While the world is seeking to produce other alternative sources

14 See for instance, Sudan Ministry of Industry (2005), ‘Comprehensive Industrial Survey Data for
2001°.

5See for instance, the Kenana Sugar Company (KSC) website: www.kenana.com, accessed
November 30, 2010.

1°See for instance, the Kenana Sugar Company (KSC) website: www.kenana.com, accessed
November 30, 2010.

7 The Kenana Ethanol plant factory was inaugurated on 1 June, 2009.
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of energy that are environmental friendly and that reduce greenhouse emissions and
global warming contributions and so contribute to natural solutions to the present
world energy and food crisis, Kenana’s new ethanol fuel plant factory will open the
door for biofuel and will also be a new addition to Sudan’s non-petroleum exports.
According to economic reports, Sudan could probably be one of the top producing
countries for ethanol gas due to its great potential and capabilities in green ethanol
industry field. The inauguration of the ethanol factory in Kenana is regarded as a
significant development in the sugar industry and a key addition to the development
process in Sudan. With the opening of the ethanol plant, many strategic goals have
been achieved by: making maximum use of sugar waste (molasses); supporting the
Sudanese economy by producing other energy sources that reduce the carbon
dioxide emissions hazard; improving the environment; contributing to securing
fuel from various sources, particularly given the expectation of several world
experts that ethanol will replace normal fuel within the coming 5 years when it
becomes the major energy element in several countries where the traditional energy
reservoir is nil. It should be mentioned that ethanol fuel has the advantage that it can
be used as a biofuel alternative to gasoline, it is widely used by flex-fuel light
vehicles and as an oxygenate to gasoline, because it is easy to manufacture and
process and it can be made from very common crops such as sugarcane and corn;
moreover, bioethanol, unlike petroleum, is a renewable resource that can be pro-
duced from agricultural feedstocks.'®

Another main reason for the selection of the metal industry is the large share of
the metal industry in total number of total industrial manufacturing establishments
and total gross output of small industrial establishments in Sudan, for instance,
fabricated the metal industry sub-sector is ranked second and accounted for near to
12 % and 5 % of total number of total industrial manufacturing establishments and
total gross output of small manufacturing industrial establishments in Sudan
respectively. In addition, an important reason for the selection of the metal industry
is the large share in terms of employment, for instance, the fabricated metal industry
shows high share, ranked third and accounted for near to 7 % of total employment in
manufacturing industrial establishments in Sudan. A further reason for the selection
of the metal industry is the high rate of return on investment in capital, for instance,
the machinery and equipment and fabricated metal sub-sectors are ranked first and
sixth among the ten highest manufacturing industries in terms of the rates of return
on investment in capital that is estimated at 196 % and 45 % respectively above the
average for all manufacturing industries in Sudan (34 %).'® In addition, machinery
and equipment is ranked third in terms of average productivity of labour above the
average of the total industrial manufacturing sector in Sudan.

Another main reason for the selection of the textile industry is the importance of
it in terms of total capacity considering the availability of raw material (cotton) that

18 See for instance, Sudan Views website: sudanviews.net, accessed November 30, 2010.

19 See for instance, Sudan Ministry of Industry (2005), ‘Comprehensive Industrial Survey Data for
2001°.
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for a long time has supported the emergence of the textile industry in Sudan.
Moreover, the textile industry is among the industries that show high performance
in terms of average product, as average product in the textile industry is ten times
the average product in all manufacturing industries in Sudan.?” In addition, a further
important reason for the selection of the textile industry is the large share in terms of
employment in the manufacturing sector in Sudan, for instance, the textile industry
shows high share and is ranked fourth, accounting for near to 6 % of total
employment in the manufacturing industrial establishments in Sudan. The textile
industry contributes highly to employment as it has the tendency to use labour
intensive techniques as the majority of the textile firms are among the large size
firms in terms of employment and number of labourers. Therefore, this implies that
the textile industry has the potential to contribute to the reduction of the serious
unemployment and poverty problems in Sudan as we explained in Chap. 2 above.

4.3 The Selection of the Sample and Composition of the Surveys

The sample in the firm survey was drawn from the small, medium and large size firms
working in four industries in the manufacturing sector: the food, textile, chemical and
metal industries, which are located in Khartoum state.>! We observe the imbalanced
geographical distribution of manufacturing industrial establishments in Sudan. For
instance, the majority of the total, large and small manufacturing industrial
establishments are concentrated only in three states, notably, Khartoum (19 %,
64 %, 15.6 %), South Darfur (17 %, 5.6 %, 17.7 %) and Al Gezira (13 %, 7.7 %,
13.8 %), and together they constitute the majority of the total, large and small
manufacturing industrial establishments in Sudan (49 %, 77.3 % and 47.1 %) respec-
tively.*” Therefore, the selection of Khartoum state was based on its significant and
highest average share in total number of manufacturing industrial establishments, as
Khartoum state represents (18.94 %), (64.21 %) and (15.61 %) of the total number of
total, large and small factories and manufacturing industrial establishments respec-
tively in the food, textile, chemical and fabricated metal industries in Sudan. More-
over, this implies that most probably Khartoum state also has significant large average
share in terms of total employment and capital investment. In addition, Khartoum
state represents 13.79 %, 65.52 %, 47.52 % and 26.26 % of the total, large and small
factories and industrial establishments in the food, textile, chemical and metal

20 See for instance, Sudan Ministry of Industry (2005), ‘Comprehensive Industrial Survey Data for
2001°. p. 132

2! For the purpose of this study, firm size is defined by employment size N. The small size firms are
firms with N < 50, the medium size firms those with 49 < N < 100, and the large size firms those
with N > 100 workers.

22 See for instance, Sudan Ministry of Industry (2005), ‘Comprehensive Industrial Survey Data for
2001°.


http://dx.doi.org/10.1007/978-3-642-32811-4_2

4.3 The Selection of the Sample and Composition of the Surveys

127

Table 4.2 The total and average share of Khartoum state in total number of establishment in
small, medium and large size firms in the food, textile, chemical and metal industries defined by
industrial activity and employment size (2001)

Description Total Sudan Khartoum
Gross total
manufacturing  Value added No. of No. of

[Value (000)SD] output (’000 SD)*  Employment establishments establishments

Food products and beverages

Large 303.38335 170,616,394 46,451 521 194 37.60

% of large 71.61 78.7 62.7 3 8.29 11.73

Small 120.2586 46,170,721 27,607 16,453 2,147  13.05

% of small 28.39 21.3 37.3 97 91.71 9.56

Share in total 55.34 64.63 56.32 70.39 9.71 51.25
manufacturing (%)

Share in total large 39.63 50.86 35.32 68.23 0.81 4.25
manufacturing (%)

Share in total small 15.71 13.76 20.99 2.14 8.90 47.00
manufacturing (%)

Total 423.64195 216,787,115 74,058 16,974 2,341  13.79

Textiles

Large 21.622658 8,712,934 6,935 38 18 47.37

% of large 99.66 99.82 99.3 65.5 47.37 1.09

Small 0.073896 15,902 47 20 20 100

% of small 0.34 0.18 0.7 345 52.63 0.09

Share in total 2.83 2.6 5.31 0.24 0.16 0.83
manufacturing (%)

Share in total large 2.82 2.60 5.27 0.16 0.07 0.39
manufacturing (%)

Share in total small 0.01 0.00 0.04 0.08 0.08 0.44
manufacturing (%)

Total 21.696554 8,728,836 6,982 58 38 65.52

Chemical

Large 172.461001 56,418,832 8,594 147 117 79.59

% of large 99.75 99.5 96.8 76 71.78 7.07

Small 0.434629 190,845 548 196 46 23.47

% of small 0.25 0.5 32 24 28.22 0.20

Share in total 22.59 16.88 6.95 1.42 0.68 3.57
manufacturing (%)

Share in total large 22.53 16.82 6.54 0.61 0.49 2.56
manufacturing (%)

Share in total small 0.06 0.06 0.42 0.81 0.19 1.01
manufacturing (%)

Total 172.89563 56,609,677 9,142 343 163 47.52

Metal

Large 28.423257 8,218,761 4,504 102 80 78.43

% of large 79.94 80.9 79.3 37 10.23 4.84

(continued)
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Table 4.2 (continued)

Description Total Sudan Khartoum
Gross total
manufacturing  Value added No. of No. of

[Value (000)SD] output (’000 SD)*  Employment establishments establishments

Small 7.133683 3,692,405 5,405 2,876 702 24.41

% of small 20.06 19.1 20.7 63 89.77 3.13

Share in total 4.64 3.55 7.54 12.35 3.24 17.12
manufacturing (%)

Share in total large 3.71 2.45 3.42 0.42 0.33 1.75
manufacturing (%)

Share in total small 0.93 1.10 4.11 11.93 291 15.37
manufacturing (%)

Total 35.55694 11,911,166 9,909 2,978 782 26.26

Total manufacturing

Large 628.8 280,689,600 90,605 1,654 1,062 4.40

Small 136.7 54,741,145 40,901 22,460 3,506 14.54

Share in total 100 100 100 100 100 18.94
manufacturing (%)

Share of large in total 82.14 83.68 68.9 6.9 23.25 64.21
manufacturing (%)

Share of small in total 17.86 16.32 31.1 93.1 76.75 15.61
manufacturing (%)

Total 765.5 335,430,745 131,506 24,114 4,568 18.94

Source: Adapted from Sudan Ministry of Industry (2005) the Comprehensive Industrial Survey
data for (2001)
%The value is estimated in Sudanese Dinar (SD)

industries in Sudan respectively (cf. Table 4.2 below).”* Moreover, the manufacturing
industries in Khartoum state is characterised by being more diversified as compared to
other states in Sudan. Moreover, the selection of small, medium and large size firms

23 Khartoum state also has strategic importance in Sudan, for instance, it accounts for more than
half of the country’s total revenue. “Khartoum accounted for almost 40 % of total revenue
collection by states in 1996, its share increased to 50 % in 1999, and is estimated to have increased
further [to 71.3 %] by 2001” (see Brixiova et al. 2003, p. 5). In addition, in recent years Khartoum
has a thriving economy and has seen significant development driven by Sudan’s oil wealth and the
concentration of investment in oil; one of Sudan’s largest refineries is located in northern
Khartoum, and petroleum products are now produced in the north of Khartoum state, providing
fuel and jobs for the city. Moreover, Khartoum is a tripartite metropolis with an estimated overall
population of over five million people; it accounted for 13.5 % of total population in 2008 (Sudan
Central Bureau of Statistics Population Census Data 2010; Fifth Sudan Population and Housing
Census 2008). Moreover, it represents a trade and communication center with the highest concen-
tration of economic activity and urban-based services sector in Sudan, such as the construction,
telecommunication, infrastructure, banking, health and educational services; Khartoum is the main
location for most of Sudan’s top educational bodies and accounted for 31 % of total enrolment in
higher education in Sudan in 2007 (adapted from the Admission Office cited in Sudan Ministry of
Finance and National Economy ‘Annual Report’ (2007), Table 20-2, p. 24). It accounted for close
to 41.23 % of total branches and banking services in Sudan (adapted from the website of the
Central Bank of Sudan, Accessed 10 December 2010). http://www.cbos.gov.sd/sites/default/files/
banks_spread.pdf.
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was based on their shares in total employment; they accounted for 18.94 % of small
and large size enterprises working in the manufacturing sector in Khartoum state
(14.54 % of small size and 4.4 % of large size enterprises). Our sample drawn from
Khartoum state is quite representative, since the coverage of firms in the sample and
survey represents 1 %, 16 %, 28 %, and 2 % of the food, textile, chemical and metal
industries respectively and 2 %, 7 %, and 1 % of the total firms, medium and large size
firms and small size firms respectively.”** We employed the most recent secondary
data published by Sudan Ministry of Industry (2005), ‘The Comprehensive Industrial
Survey (2005)” in selecting a sample of the firms in the survey.*

The questionnaire on ‘Technological Change and Skill Development’ was
circulated amongst 100 of the food, textile, chemical and metal small, medium
and large size enterprises in Sudan. It aimed at collecting micro qualitative and
quantitative data, and covered the small, medium and large size firms engaged in
the food, textile, chemical and metal industries in Sudan. Table 4.3 below presents
the composition of the firm survey. The response rate varied according to firm size
and industrial activity: for the food industry the total response rate was 88 %, and
the weighted response rates by employment size were 83 %, 92 % and 88 % for
small, medium and large size firms respectively. For the textile industry the total

24 The distribution of firms in the sample is based on two facts: the great diversity of the food and
chemical compared to metal and textile industries and the potential for upgrading skill and
technologies in the large compared to small and medium size firms.

% The distribution and representation of firms in the sample is reasonable and representative in
view of the fact that majority of manufacturing industrial establishments which were included in
the comprehensive industrial survey (2005) that was conducted in 2001 seemed to be not working
when we conducted the firm survey in Khartoum state over the period January—June 2010.

26 The Comprehensive Industrial Survey was conducted in 2001 by Sudan Ministry of Industry,
Sudan Central Bureau of Statistics, State government and Chambers of Industries with technical
support from UNIDO. The Ministry of Industry executed and published the results of the industrial
survey in 2005. The report cover sizes of establishments, ownership, sectoral, composition,
geographical distribution, employment, wages and salaries, gross output, manufacturing value
added, material intensity and import structure of production, export structure and contribution of
sectors to the manufacturing trade balance and factor productivity. The industrial survey covered
2,868 manufacturing establishments and the results showed that there are 24,762 industrial
establishments in Sudan, 644 (24 %) of them are not working. The survey also showed that
96 % of these establishments belong to the private sector and there are no foreign ones among the
minor establishments, whereas there are 25 (1.5 %) foreign among the big establishments and
2.5 % foreign and Sudanese ones. The survey results also showed that the state participated in 113
(0.5 %) of minor industrial establishments and 6.8 % in junior establishments and there are 89 in
the state public ownership. The minor establishments contributed with a proportion of 40 % in the
transforming industries. The results imply that 80 % of users are concentrated in four industries:
foods and drink (57 %), mining products industries (13 %), minerals forming (7 %) and textiles
(6 %). Total of manufacturing industries product is estimated at about 765,498 million Sudanese
Dinars (equivalent to about US$ 2,958.8 million), the contribution of small establishments is 18 %
and the large ones contribution is 82 %, the total of the added value is estimated at about 335,430.8
million Sudanese Dinar (equivalent to about US$ 1,296.6 million). See: www.industry.gov.sd,
Accessed 10 December 2011. See also Sudan Ministry of Industry (2005), ‘Comprehensive
Industrial Survey Data for 2001°, pp. 3-7.
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response rate was 83 %, and the weighted response rates by employment size were
100 %, 100 % and 67 % for small, medium and large size firms respectively. For the
chemical industry the total response rate was 89 %, and the weighted response rates
by employment size were 85 %, 86 % and 83 % for small, medium and large size
firms respectively. For the metal industry the total response rate was 80 %, and the
weighted response rates by employment size were 80 %, 80 % and 80 % for small,
medium and large size firms respectively. For the total sample, the total response
rate was 87 %, and the weighted response rates by employment size were 84 %,
88 % and 83 % for small, medium and large size firms respectively.”’

The macro survey questionnaire on ‘Skill Creation, Human Resources Develop-
ment and Policy Intervention’ was sent to 40 policy makers in the government and
experts in the eight public, university, educational, training and research institutions
in Sudan. It aimed to collect macro qualitative data to reflect the opinions of policy
makers and experts with respect to assessment of skill upgrading efforts and the
causes and consequences of the deficient educational system, provision of training,
transfer of knowledge and technological upgrading. It was also intended to provide
insights to help to generate policies to enhance them by implementation of short-
and long-term plans at the macro level. The selection of institutions, policy makers
and experts was based on their experience and potential contribution to enhance the
upskilling process. The advantage of the macro survey is that it examines these
problems after integrating two different perspectives of policy makers and experts
and also integrating two different perspectives from both the fields of education
(50 %) and training (50 %). Moreover, due to their close association to educational
and training institutions, the approached policy makers and experts provided some
useful information from both the analytical and policy perspectives. Table 4.4
below presents the composition of the macro survey, and indicates a total response
rate of 90 %; the shares of universities, ministries and other public institutions are
quite representative and yield different response rates.”®

The data from the surveys is supported by ten face-to-face interviews with firm
managers and five interviews with policy makers and experts. The purpose of these
interviews was to obtain more information to support the findings from the macro
survey concerning the failure of upskilling efforts, the deficiency in educational and
training systems, and the implications on skills mismatch, transfer of knowledge,

7 For the implementation of the firm survey, a team of part-time researchers from the Sudan
Ministry of Industry was hired to make direct personal contact, determine the contact address,
handle, distribute and collect the survey from firms. On request from some of the approached
firms, an additional copy of the survey was sent by e-mail to accelerate and increase the response
rates. The translated Arabic version of the English version of the firm survey was distributed to
increase the response rate.

28 For the implementation of the macro survey, we established direct personal contact to handle
and accelerate the distribution and collection of the survey. On request from some of the
approached officials and experts, an additional copy of the survey was sent by e-mail to accelerate
and increase the response rates. The translated Arabic version of the English version of the macro
survey was distributed to increase the response rate.
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R&D efforts and development of local technologies, as well as the policies and
plans of the government and private sector to enhance the upgrading of local skills
and local technology, the R&D efforts, networks and transfer of knowledge.

In addition, we conducted the R&D Survey (2010), which is small survey on
research and development (R&D) based on 25 face-to-face interviews with the
official policy makers and experts in the government and the academic staff in the
public and private universities. The main purpose of this survey was to collect
primary data to examine the causes and consequences of poor R&D activities, to
examine the main factors hindering and those contributing towards the promotion
of R&D and then to provide some recommendations to improve R&D and hence
S&T development in Sudan.?

4.4 Structure and Design of the Questionnaire

We present the general structure and design of the questionnaire of the macro and
firm surveys in Table 4.5. The questionnaire in the macro survey was composed of
six sections, and the average response rate is ranked in a descending order, i.e.
generally higher for the second, third, fifth and fourth sections, moderate for the first
section and low for the sixth section.’® Each of the six sections in the macro survey
was designed to request specific information. Section 1 requested general assess-
ment of upskilling efforts from the perspectives of policy makers and experts.
Section 2 inquired the relevant policies and important factors contributing to
enhance skill upgrading, education, training and transfer of knowledge. Section 3
investigated the causes of low skill, deficient education, training, external effects of
schooling, transfer of knowledge and skills mismatch. Section 4 examined both
currently implemented plans and suggested future short and long run plans and

? The interviews were conducted with the officials and experts (20 %), academics in the public
(60 %) and private (20 %) universities. The interviews were conducted with academic staff in the
fields of science (36 %), engineering (36 %) and social sciences (8 %) including both males (80 %)
and females (20 %). The distribution of the interviewed institutions includes public universities
represented by Khartoum University (60 %), private universities represented by University of
Medical Sciences and Technology (20 %), Ministry of Science and Technology (12 %) and
Ministry of Higher Education and Scientific Research (8 %). For the implementation of the
R&D survey, we established direct personal contact to hold direct face-to-face interviews that
led to increased response rates. The design of the questionnaire in the R&D survey includes two
types of questions: scalar or categories, and open questions. The distribution of question types and
their corresponding average response rate are identical, for instance, the majority of questions are
of scalar type, which also receives higher average response rate, followed by open questions.
*0The design of the questionnaire in the macro survey includes three types of questions: nominal
(Yes/No), scalar or categories, and open questions. The distribution of question types and their
corresponding average response rate are identical, for instance, the majority of questions are of the
scalar type, which also receive a higher average response rate, followed by nominal and open
questions respectively.
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policies for skill upgrading and determined the role of skill upgrading and techno-
logical upgrading in fulfilling the socioeconomic development objectives. Section 5
sought information to check the incidence of external effects of schooling/transfer
of knowledge and the important factors hindering and those contributing toward
enhancing the external effects and transfer of knowledge. Finally, section 6
requested more recommendations for skill upgrading in Sudan.

The questionnaire in the firm survey was composed of six sections; the average
response rate was higher for the sixth section, moderate for the third, fourth and
second sections and low for the first and fifth sections.”’ Each of the six sections in
the firm survey aimed to request particular information. Section 1 requested general
background information about the structure, identification and characteristics of the
firms, and it also requested (interval) economic quantitative data on the value and
trend of firm production and performance indicators, including: employment, net
worth (capital), profit, sale, output and product diversification by sale and employ-
ment. Section 2 examined the use of technology, level, transfer and dependence on
foreign technologies. It assessed technology indicators, patent applications, spend-
ing on R&D, and product and process innovations, the use of ICT, firm production
and demand for the highly skilled and also requested quantitative data on the value
and trend of ICT expenditure. Section 3 requested quantitative data to measure
human capital/skill indicators, defined by the distribution of workers by skill level,
educational attainment (average year of schooling), occupational levels, average
years of experience, attained and required education and average wages. This
section also examined the effect of skilled workers on firm production, the inci-
dence of external effects of schooling, the factors hindering and others contributing
toward enhancing the transfer of knowledge at the firm level, firm upskilling plans
and their various effects. Section 4 inquired into the implication of technology use
on both upgrading skill levels and on the past and future demand for skilled and
unskilled workers, and also examined the effect of firm upskilling plans on techno-
logical upgrading and self-reliance on local skill. Section 5 investigated the relative
importance of the effort of training, the short and long run skill development
mechanisms, the coverage, resources and support offered to firm training, the
factors hindering and other contribute toward promoting the success of training at
the firm level. Finally, Section 6 explained the importance of industry and examines
the important factors hindering, and those contributing toward enhancing the
contribution of industry and finally requested further recommendations for skill
upgrading and technological upgrading in the industrial firms in Sudan.

3 The design of the questionnaire in the firm survey includes four types of questions: nominal
(Yes/No), scalar or categories, open and interval questions. The distribution of the questions and
their corresponding average response rates vary. Most of the questions are of the scalar type,
followed by nominal, interval and open questions respectively; the corresponding average
response rate is higher for nominal questions, followed by scalar, open and interval questions
respectively.
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4.5 Conclusions

The data from the firm and macro surveys provides us with the required informa-
tion, which is particularly useful for presenting a macro-micro comparative analysis
to identify the causes and consequences of the skills problem, and the plans and
policies for skill development from the macro-micro perspectives. The results of the
macro survey seem quite representative, since the selection covers government,
universities, and educational and training institutions. One advantage of the macro
survey is that it examines the problem after integrating two different perspectives of
policy makers and experts and also integrating two different perspectives from both
the fields of education and training. Another advantage is that, due to their close
association to educational and training institutions, the approached policy makers
and experts provided some useful information, particularly from both the analytical
and policy perspectives. Moreover, the data evaluates upskilling efforts, examines
the causes and consequences of a deficient educational system, training provision,
skills mismatch and transfer of knowledge, and also suggests relevant short and
long run plans and policies for the enhancement of skill level, education, training,
transfer of knowledge and technological upgrading. The main limitation of the
macro survey is the incomplete and somewhat selective answers offered for some
questions, probably because some of the respondent experts lacked adequate
information to enable them to contribute to a critical analysis of the causes and
consequences of low skill levels.

The results of the firm survey are quite representative, since the selection and
coverage of firms in the survey include a broad range of firms working in the food,
textile, chemical and metal industries, which provides us with relevant data and
information that of considerable use in our analysis. Such coverage also has the
advantage of enabling us to compare between firms according to two criteria, i.e.
the size of employment and industrial activity.

Moreover, the firm survey presents some background information, which is also
quite useful for a further analysis of firms based on other characteristics such as the
geographical location, sector (public-private, mixed), net worth (capital), owner-
ship and nationality of owner (government, foreign, mixed) and foreign orientation
or affiliation to Multinational Corporation/Transnational Corporation (MNC/TNC).
Another advantage of the firm survey is that it presents more specific but also quite
comprehensive data and information that allow us to use a wide range of quantita-
tive data and information for measuring skill and technology indicators and the link
between them at the micro level/ across firms. In addition, the survey data allows us
to approximate and examine the importance of tacit knowledge, and enables us to
compare between attained and required education and to measure the skills mis-
match across firms. At the micro level, realising the differences in both tacit
knowledge and technologies used across food, textile, chemical and metal
industries when comparing their effects and interaction, we define tacit knowledge
by the share of high skilled workers in total employment and technology by the
share or total spending on ICT.



References 137

One major limitation with respect to the firm survey is the low response rate for
some questions, especially where the answers or data required quantitative mea-
surement. Such problems arose because some of the respondent firms were unwill-
ing to provide complete and reliable quantitative data or some of the respondent
firms offered somewhat selective answers. For example, some firms seemed hesi-
tant to provide information about quantitative data on firm performance and also
qualitative assessment of training and skill upgrading efforts (see Table 4.5 above).
An intensive follow-up with firms often improved the quality and quantity of the
response rate. However, the hesitance of some firms compelled us to exclude them
when their observations were incomplete, missing and unreliable. Therefore, we
used only completed and reliable observations in our estimation and analysis in the
next chapters. Apart from this limitation, the data from the firm and macro surveys
remains useful from both the analytical and policy perspectives and is suitable to
use in the empirical investigation in Chaps. 5, 6, 7 and 8 and also for the policy
analysis and recommendations in Chap. 9.
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Chapter 5
Assessment of Skill and Technology Indicators

Abstract This chapter uses the results of the macro and firm surveys to show the
interaction between the deficient educational system and the high incidence of
unskilled workers and their implications.

We find that the major reasons for heavy dependence on foreign technologies at
the micro level are low levels of both skill and technology due to the deficient
educational system and the high incidence of unskilled workers. We find that the
deficient educational system — due to low quality of education — and the excessive
share of unskilled workers has led to low skill levels, poor provision of training,
serious skills mismatch, weak linkages, lack of a networks and hindered the transfer
of knowledge. These factors have interacted with each other and led to poor technol-
ogy indicators, poor indigenous capability to build the local technology and a heavy
dependence on foreign technology. These results prove hypotheses 3.a—3.b in Chap. 1
above concerning the low skill and technology indicators at the micro—macro levels:
the serious implications of the interaction between the causes and consequences of
the deficient educational system and the high use of unskilled workers. We confirm
hypothesis 3.c. in Chap. 1 above that the major causes of low level of local
technology are low/a lack of R&D activities due to a lack of skills, transfer of
knowledge, networks and collaborations between universities and industry/firms.

5.1 Introduction

In this chapter we use the data and results of the firm and macro surveys set out in
Chap. 4 to examine the third hypothesis in Chap. 1 about the serious implications of
the interaction between the deficient educational system and the high incidence of
unskilled workers and skill mismatch. In particular, we use the results of the macro
survey to show the causes of the deficient educational system and consequences on
low skill levels, poor provision of training, skills mismatch and low transfer of
knowledge at the macro level. In addition, we use the results of the firm survey to
illustrate that the high incidence of unskilled workers leads to low skill level, poor

S. Mohamed Nour, Technological Change and Skill Development in Sudan, 139
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provision of training, skills mismatch, poor technology indicators and a heavy
dependence on foreign technologies. The rest of this chapter is organised as
follows: Sect. 5.2 shows the causes and consequences of the deficient educational
system and the high incidence of unskilled workers and their implications on low
skill levels, poor provision of training, skills mismatch, lack of knowledge transfer,
low level of local technology and heavy dependence on foreign technology. Sec-
tion 5.3 presents the micro—macro views about the upgrading of skill and technol-
ogy and their potential implications. Section 5.4 provides the conclusions.

5.2 Causes and Consequences of Deficient Educational System

The results of the macro survey indicate that, at the aggregate level, the official efforts
to promote and upgrade the levels of local skill have been relatively successful only in
some sectors." In general, there has been a serious failure and shortcoming of the
upskilling process, which is mainly attributed to: (1) inadequate availability and
misallocation of resources; (2) the deficient educational system; (3) failure of educated
and trained workers to transfer knowledge; and (4) inadequate training provision.”

We begin our discussion with the second reason, i.e. the deficient educational
system, because we want to argue that both inadequate training provision and the
failure of educated and trained workers to transfer knowledge are direct implications
of deficient education, while the misallocation of resources is indicated as one cause
of both deficient education and the poor provision of training.

5.2.1 Causes of Deficiency in the Educational System

With respect to the second cause, Table 5.1 shows that the deficiencies of the
educational system appear in all the basic, technical, secondary and tertiary educa-
tional systems. Major causes are the low quality and internal efficiency of the
educational system, the lack of infrastructure (due to inadequate investment/public
spending on education) and the lack of teachers and mentors.> Other important
factors are the inadequate assessment and monitoring of educational needs, the lack
of modernisation and dynamism and inadequate planning for educational needs."

' As reported by 56 % of the respondent policy makers and experts to the macro survey.

2 As indicated by 100 %, 97 %, 94 % and 92 % of the respondent policy makers and experts
respectively.

3 As reported by 92 %, 92 % and 91 % of the respondent policy makers and experts to the macro
survey respectively.
* As indicated by 87 %, 86 % and 84 % of the respondent policy makers and experts to the macro
survey respectively.
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Finally, the lack of flexibility of educational institutions and the weak linkages/
networks between universities, colleges, technical and training institutes are also
mentioned, but are of somewhat less importance.’ That also holds good for the low
involvement and spending by the private sector.® Moreover, the major serious
problem for the technical education is the weak incentives for spending and
enrolment in technical education.” For instance, the share of public spending on
education in GDP in Sudan (0.9 %) is low compared to Arab Gulf countries like
Saudi Arabia (9.5 %) and other advanced Asian countries such as Korea (3.6 %) and
Malaysia (7.9 %) (UNDP 2004) — see our discussion of the supply side of educa-
tional policies in Chap. 9. Moreover, according to the twin-peaks analysis in
Ziesemer (2004), which compares the distribution of public spending on education
across countries, the Sudan’s less than 2 % public spending on education falls
below the average 4.6 % of public spending on education to improve the accumu-
lation of human capital in 1998. Furthermore, from the official perspective, the
other important problems related to basic education level include the lack of interest
in using modern technologies, lack of attention to update the curriculum in line with
the requirements of the phase, weak financial incentives and motivation for teachers
and mentors in basic education, weak laws and regulations under the federal
government and the lack of enrolment in the basic education system for some of
the population for reasons related to war and displacement, and so on. The other
important problems related to technical education level include the lack of priority,
facilities, comprehensive government policies for development of technical educa-
tion, the lack of modernisation in the curriculum of the technical education level,
the focus on theoretical aspects of technical education rather than practical aspects
of technical education and the negative cultural view towards the technical educa-
tion level. The other important problems related to secondary education level
include the low priority of secondary education, the lack of attention to update
the curriculum in line with the requirements of the phase, the lack of interest in
using modern technologies, the focus on quantitative aspects of secondary educa-
tion rather than qualitative aspects of secondary education, the lack of training for
teachers, the low commitment to regulations and legislation in secondary education.
The other important problems related to tertiary and university education level
include the lack of attention to scientific research as a prerequisite of the
requirements of university education, the lack of attention to training in and use
of modern technical means and ways of education (such as computer, Internet, etc.)
learning and self-learning methods in tertiary education. In addition other problems
are related to the focus on quantitative aspects of university education rather than
qualitative aspects of university education, poor coordination between the agencies
of education (academic/technical), the mismatch between the outputs of university
education with the requirements and needs of the labour market and employment

5 As reported by 83 % and 83 % of the respondent policy makers and experts to the macro survey
respectively.

S As indicated by 79 % of the respondent policy makers and experts to the macro survey.
7 As reported by 94 % of the respondent policy makers and experts to the macro survey.
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opportunities, the lack of periodical review of the contents of educational curricu-
lum in universities and the lack of harmony, uniformity, consistency and match in
the system used in different public and private universities.

We observe that, according to 92 % of the respondents to the macro survey, the low
quality and efficiency of the educational system appears from the low quality at
technical, tertiary, higher secondary and basic education relative to international
standards respectively.® Important causes are the low rates of accomplishments and
motivation at technical, higher secondary and basic education levels relative to inter-
national standards, but the problem is somewhat less at the tertiary education level.”
Other serious problems are the low quality of teachers and mentors, the low public
current expenditure per pupil, the low survival rates and high drop-out and the high
pupil/teacher ratios,'® while less important causes include the high repetition rates.""
Furthermore, from the official perspective, the other important problems related to poor
quality of education include the poor curriculum in basic and secondary education,
which in some cases do not conform to the students’ abilities and seems beyond the
capacity of students and their families; for the students the courses include a lot of
useless and extra information, including not only basic knowledge but additional
redundant courses in family studies, military, agricultural, and so on, therefore, the
large number of unrequired courses come at the expense of the basic knowledge. Other
problems are related to the subordination of spending on education to localities, poor
working conditions for teachers which make the teaching profession unattractive, a lack
of proper understanding of the meaning of quality education, a lack of interest in
addressing the phenomenon of dropout and leakage from education which is most
probably caused by some important reasons including rising poverty, lack of equity and
equal opportunities for competition, lack of commitment to offering free access to
education and the educational environment, and a lack of follow-up records for students
enrolled in the public educational institutions.

5.2.2 Consequences of the Deficient Educational System

5.2.2.1 Mismatch Between the Output of Education and the Market Needs

We find that both the deficient basic (primary and secondary) and tertiary educa-
tional systems together lead to a serious mismatch between the output of education
and the market needs. In particular, about 92 % and 72 % of the respondents to the

8 As reported by 92 %, 89 %, 89 % and 86 % of the respondent policy makers and experts to the
macro survey respectively.
° As indicated by 97 %, 89 %, 89 % and 86 % of the respondent policy makers and experts to the
macro survey respectively.
10 As reported by 100 %, 94 %, 89 % and 89 % of the respondent policy makers and experts to the
macro survey respectively.
' As indicated by about 81 %, of the respondent policy makers and experts to the macro survey.
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macro survey reported that the mismatch is mainly attributed to the deficiency of
both tertiary and basic education respectively. Moreover, the follow-up interviews
with policy makers and experts show that the mismatch is attributed to the deficient
educational system,'? the lack of coordination and planning to meet the critical skill
needs and the cultural/social reasons: preference for white collar jobs and bias
against technical education and technical jobs. For instance, the deficiency of
tertiary educational system is caused by the inconsistent structure: the share of
students enrolled in Sudan in 2000 in all social sciences, humanities and art
faculties (65 %) was much higher than those of sciences, math and engineering
(35 %). The share of students enrolled in sciences, math and engineering in Sudan is
also low compared to both Algeria (50 %) and China (53 %) (UNDP 2002, 2003;
UNDP—AIEIDR 2002, 2003) — cf. our discussion on the demand for education in
Chap. 9.

5.2.2.2 Lowering SKill Levels

From Sudan population census data (2008) and the educational matrix for the
period 1960-2008 set out in Table 5.2, we observe the low skill levels, defined by
the educational level of the total population. The share of low educated (99-95 %)
is much higher than that of high educated (1-5 %) in the total population over the
period 2000-2008. That also indicates a minimal skill upgrading, defined by the
relative rise in the share of the high educated population and the relative decline of
the share of low educated population during the period 1960-2008."* In addition,
Sudan Central Bureau of Statistics statistical data (2004—2008) on the distribution
of the economically active population by occupational classification (2004—-2008)
shows the low skill level, defined by occupational levels; for instance, the share of
the unskilled population (86—83 %) is much higher than that of the high skilled
population (14—-12 %). That also implies that rather than improvement there was
even a slight deterioration in skill upgrading, defined by the decreasing share of
high skilled, despite a falling share of unskilled during the period 2004—-2008.
Furthermore, as we explain below, the low skill levels at the macro level is
consistent with that at the micro level.

12 As in most other developing countries, the mismatch is attributed to deficiency in the educa-
tional system.

13 These results are also consistent with the findings of El Sabaa (1997), Haan (1999), Nour
(2005a, b) and Muysken and Nour (2006) in the UAE. See for instance El Sabaa (1997), pp.
20-21 and Haan (1999), p. 37.

'4 At the aggregate level, the educational matrix implies the distribution of population according to
educational level: low level of education refers to illiterate, literate, primary and preparatory
school; medium level of education includes secondary, post-secondary and below university; and
high level of education includes university and postgraduate levels.
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Table 5.2 The Sudan educational matrix: The distribution of population by educational level

(1960-2008)

Total population™® Low Medium High Not stated Total

1960* Total ~ 0.996000 0.004000 0.000000 0.000000 1

1965* Total ~ 0.994000 0.006000 0.000000 0.000000 1

1970° Total ~ 0.992000 0.007000 0.001000 0.000000 1

1975* Total ~ 0.988000 0.010000 0.002000 0.000000 1

1980° Total ~ 0.981000 0.018000 0.003000 0.000000 1

1985? Total ~ 0.971000 0.027000 0.002000 0.000000 1

1990* Total ~ 0.972000 0.023000 0.004000 0.000000 1

1995* Total ~ 0.966000 0.029000 0.005000 0.000000 1

2000? Total ~ 0.959000 0.034000 0.007000 0.000000 1

2008" Total  0.768000 0.139300 0.053200 0.039700 1

2008° Low Medium High Not stated Total

Total Sudan (gender)” Male  0.432900 0.078000 0.029100 0.021500 0.561500
Female 0.335000 0.061300 0.023900 0.018200  0.438400
Total  0.768000 0.139300 0.053200 0.039700 1

Total Sudan (mode of living)® Rural ~ 0.295600 0.085200 0.039800 0.018300  0.438900
Urban  0.454200 0.053200 0.013000 0.020200 0.540600
Nomad 0.018100 0.001000 0.000200 0.001200  0.020500
Total  0.768000 0.139300 0.053200 0.039700 1

Total population” 0.768000 0.139300 0.053200 0.039700 1

North (gender)” Male  0.375400 0.068200 0.027800 0.021500 0.492900
Female 0.295300 0.056900 0.023600 0.018200  0.394000
Total ~ 0.670600 0.125100 0.051300 0.039700  0.886700

South (gender)® Male  0.057700 0.009800 0.001500 0.000000 0.069000
Female 0.039800 0.004300 0.000500 0.000000  0.044600
Total ~ 0.097200 0.014100 0.001800 0.000000  0.113100

Total population” 0.768000 0.139300 0.053200 0.039700 1

North (mode of living)® Rural ~ 0.268000 0.079300 0.038800 0.018300  0.404400
Urban 0.384600 0.044900 0.012400 0.020200 0.462100
Nomad 0.018100 0.001000 0.000200 0.001200  0.020500
Total  0.670600 0.125100 0.051300 0.039700  0.886700

South (mode of living)® Rural ~ 0.027700 0.005900 0.001100 0.000000 0.034700
Urban  0.069600 0.008200 0.000700 0.000000 0.078500
Nomad 0.000000 0.000000 0.000000 0.000000  0.000000
Total  0.097200 0.014100 0.001800 0.000000 0.113100

Total population” 0.768000 0.139300 0.053200 0.039700 1

Note: Figures for 2008 refers to total population with six (6) years old and over
#Own calculation from Barro and Lee (2000), cited in Ali Abdel Gadir Ali (2006) “On Human
Capital in Post-conflict Sudan: Some Exploratory Results”, API/WPS 0602, p. 14
bAdapted from Sudan Central Bureau of Statistics Population Census Data (2010): The Fifth
Sudan Population and Housing Census (2008)

5.2.2.3 Hampering Transfer of Knowledge

Our results in Table 5.3 show that the low quality of education hindered the easy
transfer of knowledge and external schooling effects. According to the macro survey,
only 36 % of the respondent policy makers and experts reported that the incidence of
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Table 5.3 The factors constrained the transfer of knowledge/external schooling effect in the
Sudan, 2010

Factors constrained the transfer of knowledge/external effect of schooling Officials (%)
Low quality/return from education 89
Low return form/quality of training compared to international standard 92

Prevailing conditions in the Firm conditions do not encourage the external effect 89

Failure of skilled workers to deliver their knowledge and experiences to benefit 78
unskilled workers.

Failure of unskilled workers to acquire the knowledge and experience from skilled 75
workers

Lack of awareness on the importance of the external effect 92

Source: Own calculation based on the macro survey (2010)

knowledge transfer/external schooling effect is successful, while around 61 %
reported that the transfer of knowledge/the external schooling effects are constrained
by several factors. The major important factors include: the low quality of training,
the lack of awareness about the importance of the external effect of schooling, the low
quality of education, the prevailing conditions in the firms do not encourage external
effects, failure of skilled workers to deliver knowledge to unskilled workers and
failure of unskilled workers to acquire knowledge from skilled workers.'” Further-
more, from the official perspective, others less important factors or causes hindering
the external effect of schooling include the social factors, deficiency in the policy of
selection of trainee for training in areas not relevant to their functions and finally, the
lack of internal acquisition of education and skills.

In strong contrast to this view, the results of the firm survey show that, at the micro/
firm level, the incidence of knowledge transfer/external schooling effect is successful
among about 77 % of the respondents firms. It is only unsuccessful within about 23 %
of the respondent firms because of the following: the low quality of training, failure of
skilled workers to deliver knowledge to unskilled workers and failure of unskilled
workers to acquire knowledge from skilled workers, the low quality of education and
the prevailing conditions in the firm do not encourage the external effects within
firms.'® From the firm perspective other factors for lowering the external effect of
schooling includes the lack of local physical drive, physical motivation, culture, the
high illiteracy rate for most of the workers, lack of attention and funding for training.

This contradicting optimistic-pessimistic view at the micro and macro levels regard-
ing the incidence and success of knowledge transfer/external schooling effect implies
that the transfer of knowledge/the external schooling effects is probably successful
within firms but unsuccessful between firms and within society at large. This is

'3 The transfer of knowledge and external schooling effects refers to knowledge transferred from
knowledge holders (high skilled workers/people) to knowledge recipients (low skilled workers/
people) — cf. Cowan et al. (2001), p. 9. Knowledge in this sense refers to know how or tacit
knowledge embodied in people, and is different from the broad definition of technology, which
refers to both embodied and disembodied knowledge.

'6 Another possible explanation for the low transfer of knowledge can be interpreted in relation to
the prevailing conditions within private firms. Since within private firms there may be fewer
incentives for the incidence of transfer of knowledge from high to low skilled workers.
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consistent with our observations from the follow-up interviews that the transfer of
knowledge is hindered by both the low quality of education and the lack of cooperation
with university sector due to inadequate awareness and lack of social partnership
between public sector, private sector, university sector and society. The weak linkages
and lack of networks between universities, colleges, technical and training institutes
and the productive sectors is mentioned by 83 % of the respondents to the macro survey
as factor that constrains the efficiency of educational system — it probably also
constrains the transfer of knowledge. An additional factor is that the transfer of
knowledge within society at large is probably hindered by the incidence of high
illiteracy rate and incidence of high mismatch between educational output of popula-
tion and labour market. This is mainly due to the excessive share of unskilled workers
that probably hindered their sufficient benefit from high skilled workers and popula-
tion.!” This is probably also due to a lack of incentives at the aggregate level.'®

Finally, the macro survey indicates that the contribution of both the educated and
trained population to promote the local skills is constrained by several causes.
Major causes are the inadequate incentives for trainers, the lack of interaction to
market needs (mismatch), the lack of information on educational and training needs
in the productive sectors and their demand for graduate students and the
uncertainties about the future value of investment in education and training.'”
Other important causes are the uncertainties about future skill needs and the high
costs to finance education and training.?’ Relatively less important causes include
the lack of a system of certification of skills acquired and risk aversion, in other
words the preference of more certain short term returns to available jobs than long-
term skill investments.”' These factors probably also contribute to hinder the
transfer of knowledge within society at large.

'7 This result is consistent with the finding of the UAE as reported by El Sabaa (1997), who notes:
“It is widely observed that industrial entrepreneurs in the technically advanced projects are strictly
against leakage of their technologies outside their factories. Thus, they minimally contribute to
developing the technology environment in the country. This adverse impact has been amplified by
the unwillingness of foreign as well as local entrepreneurs to employ local manpower, to train
them in their factories, either because they doubt their capabilities, or for fear to leaking their
technology secret to other competitors. The limited supply of local industrial manpower, coincided
with the unwillingness to employ them in both foreign and local industries applying advanced
technologies, resulted in constricting the role supposed to be played by expatriate manpower in
transferring technology to the industrial sector in the Gulf region. Moreover, the large scale
industries despite using more sophisticated advanced technologies, however, they minimally
contribute to elevate the technology transfer to the local industrial sector, as they strictly keep
their operational and managerial techniques as top confidential secrete and prevent their leaking
outside their units. To some extent, the chance of their flow to the rest of the operating factories
seems better in the medium size factories”. El Sabaa (1997), pp. 22, 24-25.

"8 The lack of transfer of knowledge can be interpreted as a lack of absorptive capacity, mainly
related to deficiencies of education and continued dependence on imported technologies.

19 As indicated by 97 %, 92 %, 92 % and 92 % of the respondent policy makers and experts respectively.
20 As reported by 86 % and 86 % of the respondent policy makers and experts.
2! As indicated by 83 % and 78 % of the respondent policy makers and experts respectively.
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5.2.2.4 Poor Provision of Training

Both the deficient educational system and the excess supply of low skilled workers
lead to a low skill level and hinder the provision of training. Table 5.4 shows that
both the policy makers and experts (officials) and firm managers mentioned the low
educational qualifications of workers among the important factors constraining the
provision of training. Other important factors are the lack of appreciation/informa-
tion about training, the lack of finance to cover the high cost of training, the lack of
trainers and mentors, inadequate assessment and planning for training programmes
and the mismatch problem. Furthermore, from the official perspective other factors
for the low provision of training in Sudan include the lack of stimulating environ-
ment, the lack of interest in development and continuous training initially as a way
of skill formation, the low priority given to training, inadequate incorporation of
training in the government policy and the strategic plan or programme and the
difficulties of coordination and organisation of training activities due to inadequate
resources and facilities offered to the National Council for Training to coordinate
and organise the public and private training activities and training institution. In
addition to deficiency in the selection of management for training departments,
deficiency in determining and setting the goal and the level of requirement of
training and deficiency in the selection of learners and trainees for suitable training
programmes according to their training needs. In addition, from the firms’ perspec-
tive the lack of training provision is attributed due to the absence of government
support, which is apparent from the lack of regulations from the Ministry of
Industry and Ministry of Labour to oblige firm owners and mangers to make the
establishment of training units mandatory. Further to the lack of financial resources,
only a few firms reported the presence of a budget for the provision of training; for
the majority of the firms there is no budget for the provision of training, especially,
external training. Moreover, in view of the scarce resources for the industrial firms,
the provision of training is most probably hindered by the payment of large number
of taxes, fees and levies imposed on the industrial firms, which implies their
inability to address skill development issues such as training. In addition from the
firms’ perspective other problems for the limited provision of training are probably
due to: the lack of development; absence of a culture of the importance and need for
training given the believe that the nature of the prevailing industrial activities that
do not need training; preference for readymade well trained and experienced skilled
workers; and lack of important jobs for training for promoting a culture of commit-
ment and affiliation to firms. Moreover, from the perspective of new and relatively
new established firms, the lack of the importance of training and R&D over the
short-term can be attributed due to their recent establishment; their focus and
priority in their early years aims to ensure survival in the market and therefore
they believe that both training and R&D are not priorities until after establishment

22 For instance, the insufficient resources and facilities hindered the ability of the National Council
for Training to organise training activities, and most probably lead to existence of chaos and
messiness in training activities; there are 195 training institutions and the council does not know
about their activities and is unable to organise them due to the lack of necessary resources.
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in the market. Moreover, the results of the firm survey illustrate that the low
provision of training appears from the following: (1) The lack of an inhouse training
unit — only 27 % of the respondent firms have an inhouse training unit; (2) The
complete absence of public financial support: for instance, none of the respondent
firms received any government subsidies to support training provision; (3) The
selective training provision: in the year 2008, the priority for training among the
respondent firms was mostly given to production workers, production engineering
staff, management staff and services Worker523; and for few firms the limited
provision of training is also extended to include the provision of training for
university students and (4) The limited type of training: most of training provision
is focused to on the job training, and on the job and off the job combined, which are
preferred by 72 % and 56 % of the respondent firms respectively. The other types of
training such as: off the job within the firm (training centre), off the job outside the
firm (specialist training centre inside the country) and (outside the country) are very
limited®*; (5) The limited sources of information about training opportunities, as
most of the information about training opportunities is provided by private trainers
(local and foreign companies) and the chambers of commerce. Few firms find
information from government and semi government units, other firms working in
the same sector and public educational institutions/universities.”>*® Few firms

2 As reported by 51 %, 48 %, 36 % and 21 % of the respondent firms respectively.
24 As indicated by 42 %, 48 % and 38 % of the respondent firms respectively.
% As reported by 46 %, 32 %, 27 %, 26 % and 21 % of the respondent firms respectively.

26 These results seem consistent with the findings of the earlier studies in the UAE conducted by
Nour (2005b), the UAE University (1994, 1997), Gray (1999) and Abdelkarim and Haan (2002).
For instance, the UAE Education Assessment Report (1994) shows that both technical and
vocational education and training provision are unregulated, uncoordinated and unplanned,
while the results of the UAE University (1997) show the limited contribution to private sector
training provision by both the public and government sectors. Moreover, the findings of Gray
(1999) show that only 30 % of the respondent firms provide systematic training. The provision of
training is selective in most cases — focused on some occupational groups, but not others — and for
two thirds of the respondent firms, the provision of training was limited to on the job training. The
study concluded that the UAE does not have a training-led employment culture. Employers have
become used to bringing in their workers from outside the country with readymade skills and
replacing them with similarly skilled workers. There has been little incentive to provide skill
upgrading except in response to immediate needs such as the introduction of new technology. The
local training industry has suffered from the uncoordinated nature of provision and the very limited
contribution by public sector organisations and higher education institutions to this variety of
provision. Most of training provision has been in low-investment, low-cost and quick-profit areas
such as marketing, public relations, sales, computer awareness and management development. The
private sector training is relatively undeveloped and uncoordinated, and has limited market due to
both limited demand and limited supply. Moreover, the provision of public sector training is
constrained by the inadequate involvement of public education institutions. For instance, the
Higher Colleges of Technology (HCTs) had little involvement in the important area of adult
technical education, including vocational training and retraining. See Gray (1999), pp. 15, 33, 34,
43. Additionally, the findings of Abdelkarim and Haan (2002) show that the UAE public sector
training is still limited due to less attention, awareness and resources. See Abdelkarim and Haan
(2002), p. 15.
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obtained information about training from other sources for example, firms self
searching for training, from private Sudanese universities, few public and private
institutions and finally foreign expertise.

5.2.3 Consequences of the Low Educational Qualifications of
Unskilled Workers at the Micro/Firm Level

In Chap. 2 we explained that one well-known fact about Sudan is the high share of
unskilled workers in total employment. In this section we show that next to the
consequences of the deficient educational system at the macro level, the high
incidence of unskilled workers also causes several serious implications at the
micro/firm level.

5.2.3.1 Low Skill Level and Skills Mismatch at the Micro/Firm Level

From the demand perspective, the results of the firm survey can be used to argue
that firm demand for low skilled workers leads to an excessive share of low skilled
workers.”” On the other hand, from the supply perspective, our findings from the
firm survey show that the excessive share of low skilled workers has direct
implications in lowering skill levels at the micro/firm level. For instance, Table 5.5
below shows that across firms the average percentage share of low skilled workers
(66 % and 74 %) is much higher than that of high skilled workers (34 % and 26 %),
defined by both educational and occupational classifications respectively. More-
over, Tables 5.4 and 5.5 show that the poor educational qualifications of firms
workers lead to poor provision of training — see our discussion above — and a serious
skills mismatch across firms, as we will explain in detail in the next chapter.”®

271t is convenient in this chapter to briefly indicate the consequences with respect to low skill and
skills mismatch at the micro level and to discuss this more fully later in Chap. 7. That serves our
aim in this chapter to compare and integrate the macro—micro consequences of low skill level. This
brief discussion in this chapter also substantiates the third hypothesis in Chap. 1 above about the
interaction between the deficient educational system at the macro level and the high incidence of
unskilled workers at the micro level and the serious implications on low skill levels and skills
mismatch. It is appropriate to discuss the skills mismatch problem more extensively later in Chap.
7, where we provide a broader, more indepth and coherent analysis of skill problem and the
implications of the prevalence of low-skilled workers at the micro/firm level.

2 We define the mismatch as the differences between the required and actual education. Actual
education refers to high (university and above), medium (secondary) and low (below secondary)
levels of attained years of education that represent the supply of skills. We define the required
education by the required qualifications for each of the occupational classes translated into average
years of schooling that represent the demand for skills. We observe that the inconsistency between
the required and actual education implies inconsistency between demand for and supply of skills,
which we interpreted as skills mismatch (cf. the detailed discussion in Chap. 7 below).


http://dx.doi.org/10.1007/978-3-642-32811-4_2
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5.2.3.2 Weak Technology Indicators

From the demand perspective, the results of the firm survey can be used to argue that
weak technology indicators lead firms to demand and rely heavily on low skilled
workers. On the other hand, from the supply perspective, the excessive share of
unskilled workers leads to weak technology input—output indicators across firms.
From Table 5.5 above, we observe that a weak R&D indicator appears from the
following: (a) The limited R&D activities/efforts performed continuously or occa-
sionally amongst only 20 % of all the respondents firms; the limited prevailing
research includes for example the marketing research; (b) The limited R&D activities
and expenditures particularly devoted/aimed at improving firm product and to pro-
duce a new product; (c) The low R&D expenditures and R&D expenditures as a
percentage of total output expenditures. For instance, amongst all the respondent
firms, average R&D expenditure was around 0.5 million Sudanese pounds,” while
the average R&D expenditures as a percentage of total output (sales value) amongst
all the respondents firms accounted for only 0.2 %; (d) the low number of both full
time and part time R&D employees. For instance, a large majority (91 % and 89 %)
of the respondents firms with R&D activities have no or a low number (1-3) of full
time research employees and/or part time research employees respectively. Only few
(9 % and 11 %) of total firms have more than three full and part-time research
employees respectively. Only few firms have more than 11 full and part-time research
employees.*® Only few firms have (6-10) full and part time research employees.”'
Moreover, the contribution of research units in adapting the imported technologies is
constrained by a shortage of skilled and qualified workers amongst 74 %, 68 %, 80 %,
75 % and 75 %, 81 %, 67 % and 70 % of all firms, chemical, food, metal, textile,
large, medium and small firms respectively (see Table 5.8 below).>? In addition, the
contribution of research units in adapting the imported technologies is constrained by
a shortage of finance amongst 78 %, 71 %, 83 %, 83 % and 75 %, 82 %, 82 % and
65 % of all firms, chemical, food, metal, textile, large, medium and small firms
respectively. Moreover, the follow up interviews with the officials and firms
managers revealed that R&D activities are constrained by several factors such as
high costs and low public and private spending, lack of information systems, and the
absence of an R&D culture due to inadequate awareness and concern. In addition the
very limited cooperation between industrial firms in terms of R&D that appears for
example from the only limited cooperation in exchange of information within specific

?The value is measured in Sudan’s local currency, Sudanese Pounds, which equalled US$ 2.50
Dollars when the survey was held (2010).

30 As reported by 5 %, 3 % 7 %, 20 %, 9 % and 5 % of the all firms, chemical, food, textile, large
and small respondent firms respectively.

3T Ag reported by 15 %, 22 %, 10 %, 17 %, 20 %, 14 % and 10 % of the all firms, chemical, food,
metal, large, medium and small respondent firms respectively.

32'We measured the contribution of a research unit to adapt the imported technologies qualitatively, by
asking firms how the research unit contributed to adapting imported technologies. In addition to a lack of
qualified workers, there may also be other factors such as a lack of incentives or pressure to adapt or
master imported technologies as firms can always opt to buy the required technologies or techniques.
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limits is most probably limited because of the intense competition between industrial
firms. Additional constraints relate to the poor coordination between the institutions
engaging in R&D activities, either due to the absence of explicit government policy
or the ineffective role of a central body (e.g. the government) to coordinate and
promote R&D efforts and motivate collaborative research efforts between the indus-
trial firms and universities. In addition to weak network systems, R&D efforts, in
particular, are limited across firms because of weak contact and collaboration with
universities; this is probably attributable to the fact that the university sector is
lacking resources or concern and interest to conduct joint applied research with
industrial firms.*> Moreover, from the firms’ perspective the main problem facing
firm strategy to encourage the development of R&D and build of local technology is
that research is not a fundamental goal, the primary goal is profit, in addition to the
lack of entrepreneur perspective and dominance of commercial perspectives, lack of
government policies and support, lack of efficient organisational management and
lack of relevant workers. Moreover, from the firms’ perspective the development of
technology industry in Sudan is hindered by the acute shortage of local raw materials.

Moreover, Table 5.5 above shows the weak technology output indicator as
measured by patent applications.*® For instance, in the year 2008, only 6 % of all
respondent firms applied for a patent; the low degree of patenting may be attribut-
able to low R&D efforts.

In addition, a lack of R&D efforts may hinder innovative activities across firms.
The increasing uses of technology has encouraged the incidence of product and

33 This can also be interpreted as a lack of demand-pull since firms can buy all technologies or
techniques. Our findings are consistent in some respects with the findings in the UAE as discussed
in Nour (2005b) and Haan (1999), who notes “R&D capacity in the UAE is presently very limited.
While some research is taking place at the University and other institutes of higher education, it is -
as usual in such institutions — more geared towards pure science and tends to have only limited
relevance for the productive sector. While the Higher Colleges of Technology place emphasis on
more practical training, hardly any R&D takes place, only as a byproduct of the training. Within
the private sector in the UAE likewise very few R&D activities are going on. Most manufacturing
and other firms tend to rely on imported technologies (both in terms of hardware and software), as
well as imported materials and even expatriate manpower. There is very little interest in carrying
out research, and the R&D activities are small-scale in nature and mostly only concern minor
adaptations to the companies’ own products. In all it is estimated that less than 1 % of turnover is
used for this purpose. The parastatal sector, in which a number of large basic industries are
operating, will do better. There is also some agricultural research ongoing. Without such R&D
facilities and efforts, the UAE is almost completely dependent on imported technologies. And
without the necessary adaptations to local conditions (e.g. temperatures, effects of dust and sand
winds, special cultural aspects, the country’s socio-political system, etc.), even these technologies
cannot be optimally applied. Moreover, a genuine technology culture to motivate the involvement
in R&D and promotion of local technology is now absent in the UAE. The UAE society is geared
more predominantly to non-technical education, training and employment. Technical
qualifications and occupations are not rated very high by its social values and cultural traditions.
The UAE only has a limited industrial tradition (e.g. trade), and lacks explicit policies to stimulate
and direct technological development”. See Haan (1999), p. 37, 38.

34 As reported by 6 %, 8 %, 3 %, 8 %, 6 %, 7 % and 5 % of the all firms, chemical, food, metal,
large, medium and small respondent firms respectively. This includes five firms: one small
chemical, one medium chemical, one medium metal, two large chemical and one large food
firms applied for patents.
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process innovations, in particular, the incidence of incremental product innovation,
namely, improvement of product quality amongst 59 % of all firms. It has also
encouraged the incidence of new products, new organisational methods, new
combinations of old output, new methods of production, and new processes.’ It
has also encouraged the incidence of great effect on increasing total sales and
profits, but it has only slight effect on reducing total costs (see Table 5.6 below).*

5.2.3.3 Dependence on Foreign Technology

From the demand perspective, the results of the firm survey can be used to argue that
the dependency on foreign technology leads firms to demand and rely heavily on
low skilled workers. On the other hand, from the supply perspective, the deficient
educational and training system and high supply of low skilled workers lead to low
skill levels, lack of knowledge transfer and low capability to build and promote the
local technology. The results of the firm survey show that this condition leads to
weak technology indicators and dependence on imported technology that appears
from the following: (1) The high dependence on the imported equipment, machines
and techniques among all of the respondent firms (100 %); (2) The high percentage
value of capital equipment to total capital equipment that has been built by foreign
companies (56 %) among the respondent firms; (3) The considerable percentage
value of imported capital equipment to total capital (45 %) among the respondent
firms in the year 2008; (4) The short run plan for 92 % of the respondent firms is
based/depends on imported technology®’; The main reasons for the dependence on
foreign technology are the lack of local technology from local suppliers, better
quality and better price of foreign technology in that order.”® Despite the high
dependency on imported technologies, it is somewhat surprising that the level of
technology used is below international standards amongst the majority of the
respondent firms (53 %) and a high level of technology used similar to international
standards is limited only within 47 % of all the respondent firms. Moreover,
somewhat surprising a high degree of automation through the use of sophisticated
and advanced technology is limited only within 54 % of all the respondent firms (see
Table 5.5 above). The degree of automation/sophisticated use of advanced
technologies is determined by both firm size and industry/activity.”

35 As reported by 66 %, 44 %, 43 %, 40 % and 35 % of all respondent firms respectively.

36 The terms “new product” and “new process” refer to new products and processes intended even
just for local firms or for local markets and not necessarily for the international market.

37 Short, medium and long run refers to next 3 years, next 3-5 years and next 10 years respectively.
38 As reported by 71 %, 42 % and 14 % of the respondent firms respectively.

3 These results are consistent with the findings in the UAE as indicated by Nour (2005b) and El
Sabaa (1997), who notes “The adoption of different approaches in transferring technology differs
according to certain criteria, such as: the scale of industry and its activity. Large size and some
specific sectors, namely chemical and petrochemicals industries have better use of sophisticated
advanced technologies”. See El Sabaa (1997), p. 21, 22.
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Table 5.6 The effects of increasing use of technology product and process innovations across
firms in the Sudan, 20062009

Product/process innovation  All Firm industry Firm size
(2006-2009) firms Chemical Food Metal Textile Large Medium Small
Improvement of product 59 % 69 % 55% 33% 60% 68 % 50 % 53 %

quality

Production of a new method 40 % 44 % 30% 42% 60% 49 % 25 % 47 %
of production

Production of a new 43 % 50 % 38% 25% 60% 59% 29 % 37 %
combination of old output

Production of a new process 35 % 22 % 40% 33% 100% 46 % 18 % 37 %

Production of a new product 66 % 50 % 73% 83% 100% 60 % 68 % 74 %

Production of new 44 % 56 % 31% 33% 60% 53% 32% 42 %
organizational method

Improvement of training 52% 57 % 45% 42% 80% 59 % 46 % 44 %
within the firm

Improvement of 57 % 66 % 52% 42% 60% 65% 54 % 44 %
communication within
the firm

Production of more output 57 % 61 % 50% 50% 80% T4% 43 % 42 %
with low cost

Production of the same 37 % 44 % 38% 25% 0% 38% 36 % 32 %
output with low cost
Open of a new market 50% 58 % 52% 25% 40% 62% 50 % 32 %

Production of a new service 28 % 33 % 21% 17% 60% 35% 25% 21 %
Improvement of process of 38 % 40 % 38% 25% 60% 50% 21 % 39 %
personal selection

Total response 83 36 30 12 5 35 28 19

Reduction in per unit 21% 22 % 9% 29% 25% 24% 14% 28 %
material costs

Reduction in per unit 28 % 36 % 21% 17% 20% 20% 25% 46 %
energy costs

Reduction in total cost 35% 37 % 29% 50% 25% 25% 37% 46 %

Increase in total sales 85 % 92 % 68 % 100% 100% 87 % T8 % 93 %

Increase in total profit 81 % 86 % 76% 72% 100% 85% 76 % 85 %

Total response 64 28 24 7 5 26 24 14

Source: Own calculation based on the firm survey (2010)

The dependence on foreign technologies also appears from the reported infor-
mation on the transfer of foreign technology that is made through different
channels. For instance, Table 5.7 below illustrates that hiring foreign skills/
technologically advanced workers/consultants and FDI are more common channels
of technology transfer, while strategic alliances, technology licensing and joint
ventures are less preferred channels. For a few firms other methods of the transfer of
technologies include bringing foreign expertise, the use of Internet and making the
self search as needed or according to the nature of the work. The transfer of
technology, mainly the transfer of technologically advanced workers/consultants,
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Table 5.7 The channels of technology transfer and their effects on firm production and develop-
ment of local technology across firms in the Sudan, 2010

All
firms Chemical Food Metal Textile Large Medium Small

(a) Channels of technology transfer (2005-2009)

Hiring foreign skills/ 48 % 56 % 35% 62% 40% 57T% 39 % 50 %
technologically advanced
workers/consultants
FDI 31% 28 % 2% 31% 40% 40% 29 % 20 %
Strategic alliance 18% 22 % 20% 8% 0% 21% 11 % 25 %
Licensing 15% 19 % 3% 8% 20% 18% 21% 5%
Joint ventures 7% 8% 7% 0% 20% 9% 7 % 5%

Others (e.g. in house
technology development
by hiring technologically
advanced persons)
Total response (2005-2009) 85 36 31 13 5 35 28 20
(b) The effects of technology transfer in (2005-2009)
Enhancing firm production 96 % 95 % 96 % 100 % 100 % 100 % 97 % 90 %
Enhancing the capacity to 85 % 90 % 3% 93% 100% 92% 82 % 75 %
develop the local
technologies
Total response (2005-2009) 85 37 30 13 5 35 29 20
(c) The effects of technologically advanced workers in
Enhancing firm production 91 % 95 % 0% 8% 100% 91% 93 % 90 %
Enhancing the capacity to 81 % 89 % 0% 85% 80% 92% 75% 70 %
develop the local
technologies
Total response (2005-2009) 84 36 30 13 5 35 28 20

Source: Own calculation based on the firm survey (2010)

has induced important effects in enhancing firm production but has slight less effect
in enhancing the capacity to develop the local technologies.*

40 These results are consistent in some respects but differ in others with the findings in the UAE as
indicated by Nour (2005b), El-Sabaa (1997) and Haan (1999) respectively. “The major channels of
technology transfer are: joint ventures, and industrial foreign projects, the latter accounts for the
first source of technology transfer. The turn-key projects are preferred channel of technology
transfer in the Gulf region mainly because of the keenness to avoid defects of execution and to
guarantee the maximum consistency of the project’s design, lines of production, quality of the
products, facilities of training, etc. But it has very limited role in transferring technology to local
industry, because it is confined to their plants, with no minimum leakage allowed. Thus they
contribute nothing to implant advanced technologies in the country. Technology transfer to the
UAE has obviously contributed to accelerating industrial and economic growth, elevating the
standard of national products both quality-wise and quantity-wise. In particular, the transfer of
technology contributed to rapid growth of local industrial sector. However, a number of negative
factors are still adversely affecting the transfer of technology; the technologies transferred could
hardly approach its target of constituting an autonomously developing local technological base,
similar to those in the Far East industrial countries. Because of: the inadequate awareness of the
end target of technology transfer, the lack of a constitutional framework or comprehensive plan for
transferring technology, the insufficient local base of technological data, the lack of qualified local
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In the firm survey questionnaire the question on the channels of technology
transfer allows for multiple answers, assuming that firms may choose more than one
channel to transfer technology.*' Our results indicate that all respondent firms are
less interested in transferring technologies through formal licenses. These may not
be often requested, probably because of more liberalised and open market policies
that led to considerable presence of foreign capital investment and allowed for
foreign and mixed ownership (cf. Table 7.1 in Chap. 7 below).**

manpower necessary for transferring technology and the contracts of technology transfer”. See El
Sabaa (1997), pp. 23-26. “The UAE is almost completely dependent on imported technologies.
And without the necessary adaptations to local conditions (e.g. temperatures, effects of dust and
sand winds, special cultural aspects, the country’s socio-political system, etc.), even these
technologies cannot be optimally applied”. See Haan (1999), p. 38.

“1'Oour assumption and respective findings are plausible and consistent with the results in the UAE
as indicated by Nour (2005b) and the results of El-Sabaa (1997), which indicate numerous
different channels of technology transfer to the UAE, such as: foreign industrial investments,
offset programs, training missions, technological imports, industrialisation licenses, patents,
technological products, foreign manpower and industrial consulting offices. See El Sabaa
(1997), p. 26.

“2For instance, according to Sudan Ministry of Investment, among the efforts that aim at
promoting foreign investment, the government has issued the investment encouragement law,
which grants encouraging exemptions to investors and indicates that the investor has the right to
operate without a Sudanese partner. In addition, in order to promoting foreign investment the
government has established free zones including: Suakin Free Zone and Aljaily Free Zone. The
Free Zones and Free Markets Law (1994) represents the legislative framework for the establish-
ment and operation of free zones and markets in Sudan. The rules resultant from this law represent
the organisational framework for operating and managing free zones in Sudan. This law provides
several advantages of investment in free zones, for instance the industrial, commercial or service
investments, which are licensed to be established in the free zones enjoy several advantages. This
includes the following: exemption of the projects from profits tax for a period of 15 years,
renewable for an extra period dependant on the decision made by the concerned minister
commencing from the 1 year period of grace which follows the year of commencement of
production; salaries of expatriates working in projects within the free zones will be exempted
from the personal income tax; exemption of products imported into the free zone or exported
abroad from all customs fees and taxes except service fees and any other fee imposed by the board
of Sudan Free Zones Company; real estate establishment inside the free zones area are exempted
from all taxes and fees; invested capital and profits are transferable from Sudan to abroad through
any bank licensed to operate in the free zone and exemption of products of industrial projects
established in the free zones from customs fees; depending on materials used and local costs
incurred in production, provided that the value be estimated by a committee assigned for this
purpose by the board of Sudanese Free Zones Company. See Sudan Ministry of Investment: http://
www.sudaninvest.org/English/Sudan-Invest-FreeZone.htm, accessed January 30, 2011. These
results are consistent with the findings in the UAE as indicated in Nour (2005b). For instance,
Fasano (2002) indicates that other than Abu Dhabi, the emirates have established free zones that
allow 100 % foreign ownership of companies. These zones are particularly important in Dubai,
where they have attracted a large number of foreign companies. See Fasano (2002), p.331. El
Sabaa (1997) finds that the adoption of open market philosophy, supported by the existence of nine
free zones in the seven emirates and the advantage of 100 % foreign ownership and control,
encourages foreign industrial investors to set up their projects and to promote technology transfer
to the UAE. See El Sabaa (1997), p. 23.
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These findings on weak technology indicators and dependence on foreign
technologies at the micro level are consistent with those at the macro level and
the interaction of these findings lead to a large technological gap (see also our later
discussion in Chap. 6 below). Our results in this chapter and Chap. 6 below verify
the second hypothesis in Chap. 1 above that, in the short- and medium-term, Sudan
is unable to rely on local technologies and remains heavily dependent on foreign
technologies.

Our findings from the firm survey show that both skill and technology indicators,
product and process innovations, the channels of technology transfer and their
respective effects vary enormously across firms and seem determined by both
firm size and industry level. For instance, Table 5.5 above shows that skill levels,
technology input—output indicators (R&D and patent), the provision of training
(upskilling), the dependence on imported technology, the degree of automation and
the use of sophisticated and advanced technology vary across firms and increase
with firm size and industry level. Moreover, the use of ICT and provision of ICT
training increase with firm size, while the transfer of knowledge/external effects of
schooling increase with industry level.

5.2.3.4 Shortage of Skilled Workers and Weak Adaptation of Imported
Technologies

From the demand perspective, the results of the firm survey can be used to argue that
alow supply of skilled workers lead firms to demand and rely heavily on low skilled
workers. On the other hand, from the supply perspective, our findings show that the
excessive share (supply) of low skilled workers and low supply of high skilled
workers lead to some shortage of skilled workers, since firms are experiencing
increasing demand for skilled workers (see Fig. 5.1 below). We find that the
increasing demand for high skilled workers is related to increasing use of new
technologies, which has not only raised the demand for these workers in the past
few years, but has also encouraged firms to predict a future/long run increase in this
demand. For instance, Fig. 5.1 identifies and compares past and future trends of the
demand for skilled workers, which vary enormously across firms according to size
and industry level. According to 68 % of the respondent firms, the interpretations of
the predicted long run increase in the demand for skilled workers are related to
change in the investment policy and project plans to increase the level of existing
skills, the expansions of production (increase in existing products, new products and
new production line), expansion in firms size, work, capacity, facility, activities and
employment, increase in seasonal demand, increasing use of technology, modern
techniques and new machines, improvement of financial conditions and the


http://dx.doi.org/10.1007/978-3-642-32811-4_6
http://dx.doi.org/10.1007/978-3-642-32811-4_6
http://dx.doi.org/10.1007/978-3-642-32811-4_1

5.2 Causes and Consequences of Deficient Educational System 161

90
80
70
60
50
40
30
20
10

Total Chemical Food Metal Textle Large Medium Small
m Pastincrease = Future increase = Past stabilty = Future stability

Fig. 5.1 Past and future trends (increase or stability) in the demand for skilled workers across
firms (Source: Firm survey 2010)

increasing need for development and for training new workers. In addition the
potential future increase is also caused by the economic reasons related to economic
recession, deterioration of the industry and increased costs of industrial production,
which implies the need for increasing the demand for skilled workers due to
increasing motivation to reduce faults, reduce production costs, in addition to
increasing industrial awareness for increasing firms efficiency by raising the quality,
efficiency and productive skill of local workers. Further to potential vertical expan-
sion, improvement in marketing opportunities and share in the local and global
markets, in addition to the increasing need for specialisation and development of
manufacturing industries and increasing R&D activities, implementation of new
processes, output technologies, advanced control systems and purchases of new
machines and equipment. Additional reasons for the rising demand are the increas-
ing need to meet the new requirements of the market and new phase of development
despite its slow occurrence, increasing adoption of international standards and
enhancement of production, product improvement, diversification and varieties,
competition, achieving high standard precision work and improving productivity
and quality of work and demand for more specialised skills in IT. On the other hand,
the major explanations for the predicted long run stability in the demand for skilled
workers across 17 % of all respondent firms is related to the stability in quantity of
production, sales, business, demand and market; as well as to the lack of a plan for
critical expansion of product operations, stability of seasonal demand, stability of
the proportion of machinery, stability of the use of technology, suitability and
sufficiency of the available workers, instability of local market conditions,
limitations of firms space, inability to add new machines and dependence on the
development of the already available products. Moreover, from few firms’ perspec-
tive the major explanations for the predicted long run decrease in the demand for
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skilled workers across 15 % of all respondent firms is attributed to upgrading
unskilled workers to technicians after selection by the competent authorities
which imply that the remaining need for skilled workers will decrease due to
increase in the qualifications and training facilities. Other factor for the potential
decrease is related to the nature of the industry, for example the decrease in textile
industries expected to occur as always in the textile industry it is normal to hire
unskilled workers and to train them on the appropriate method of production inside
the factory according to firm strategy (in that case the use of skilled workers from
other factories is not preferred so as to avoid the transfer of the negative habits from
other old firms due to potential conflict to new training strategy in the new firms).
We observe that the expected future rise in the demand for high skilled workers
across firms is reasonable since increased use of skilled workers in the past has had
significant effects. In particular, there has been increase in firm production,
improvements in product quality, improvement in the level of competitiveness in
the local market, utilisation of technology and faster adaptation of foreign technol-
ogy.** Further to the introduction of networks, the increasing intensity in the use of
modern new technologies, new and more sophisticated machines and machinery,
updated equipment, readymade programmes applications and specialised produc-
tion systems and operating machines related to industrial activities and production
all imply the need to hire skilled and trained workers to work with them and that led
to increased demand for skilled workers in the firm.** In addition, from the firms’
perspective the other positive impacts of hiring skilled workers, scientists and
engineers include for example, the positive impacts on those Sudanese affected
by the positive performance of foreign skilled workers and experts in organisation,

43 As indicated by 83 %, 81 %, 73 %, 73 % and 65 % of the respondent firms respectively.

“For instance, from the firms’ perspective the increasing need for updating or upgrading the
packing machine, the use of communication and information technology and computer technology
in production for productive work and the use of production or work-related machines led to
increase in production and all has increased the demand for skilled workers. In addition, the
introduction of new production lines, the increasing use of modern packaging and covering
machines, the use of modern (cut and wrap) machines, the use of modern tagged machines all
require a high-technical skilled workers and all led to increase in the demand for skilled workers to
facilitate work and increase production. From the firms’ perspective for the previous 3 years the
important factors for the impact of the use of new technology on causing constant demand for
skilled workers related to the use of machines is relatively new, as the introduction of new
machinery reduced the number of workers. In addition, from a few firms’ perspectives, for the
previous 3 years the important factors for the stability in the demand for skilled workers are due to
the stability or limited increasing use of new technologies, machines and other technology-related
production, that have no effect on increasing the demand for skilled workers and also because the
use of the automatic packing machines motivated few firms to reduce employment. Moreover,
from a few firms’ perspectives, for the previous 3 years the important factors for the impact of the
use of new technology on decreasing demand for skilled workers is attributed either due to the
decreasing use of machines, equipment and new technology that required the use of high skilled
workers for few firms, or because the limited use of new technology replaced the use of workers
because the use of new technology is easy to operate in wide areas.
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Table 5.8 The shortage of skilled workers and effects across firms in the Sudan, (2006-2009)

Shortage of skilled workers  All
and effects on firm projects firms Chemical Food Metal Textile Large Medium Small
Shortage of skilled workers 41 % 44 % 43% 36% 20% 47 % 39 % 37 %
Effects of shortage of skilled
workers on firm projects
Serious delay of firm project 31 % 39 % 21% 45% 0% 31% 25% 42 %
Abolishment/cancellation of 24 % 23 % 21% 9% 0% 22% 22 % 16 %
firm project
Constrained the R&D units to 74 % 68 % 80% 75% 75% 81 % 67 % 70 %
adapt the imported
technologies
Total response 82 36 29 12 5 32 28 20

Source: Own calculation based on the firm survey (2010)

management and administration. In addition, others positive impacts include the
technical update, acquisition of experience in manufacturing of products and the
introduction of new industrial activities that were not available in the past, enhanc-
ing the local maintenance, educating and learning or teaching of workers new ways
to work faster and better and increase the need for continuous development.*’ On
the other hand, our results from the firm survey indicate that the relative shortage of
skilled workers amongst 41 % of the respondent firms leads to serious delay, slight
abolishment/cancellation of project implementation and constrains the R&D units
in adapting imported technologies (see Table 5.8 below).*®

Our analysis of the shortage in skilled workers is based on the economic
interpretation and definition of ‘skilled shortage’ as scarcity or lack of sufficient
skilled workers needed, mainly because the supply of skills (as shaped by systems
of education and training) has not responded fully to the rising demand across firms.
However, managers may have a different interpretation and understand this as a
lack of sufficient skilled workers in conjunction with wages constraints, due to
limitations on their ability to pay higher wages for the high skilled workers they
demand. This may constitute a limitation and appropriate caution should be
exercised in interpreting our results with respect to skilled shortage, mainly because
the firms answered the questionnaires do not really make it very clear how they
have perceived the shortage of skilled workers and their further consequences.

3 From the firms’ perspective the negative impacts of skilled workers are reported by few firms
and seems to be limited; this includes for example: the potential increasing unfair and intense
competition between workers that probably caused a decline in productivity; the shortage of some
skilled workers that probably caused high wages and that probably caused increase in production
cost, and the increasing possibility of sagging employment because skilled workers do not
continue to work for a long time in the same firm and move to work in other competing firms
that probably caused increasing uncertainty and instability of production.

46 As indicated by 31 %, 24 % and 74 % of the respondent firms respectively.
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5.3 The Impacts of Skill Upgrading and Technological
Upgrading: Micro—Macro Views

In view of the above findings and our results in Chap. 6 below on poor skill and
technology indicators, it is therefore essential to recommend further incentives to
upgrade both skill and technology levels at both micro and macro levels. From that
perspective, our findings in Table 5.9 below show that at the micro level the
upskilling plan amongst 54 % of the respondent firms induced significant effect
in enhancing firm production, facilitating the effective utilisation and upgrading of
technologies and upskilling national workers in the firm. But it has only a slight
effect on reinforcing the employment for the national Sudanese workers, hiring
more skilled national workers and reducing the future demand for foreign workers.
Moreover, technological upgrading induced significant effects in enhancing firm
production and upskilling via raising skill levels and upskilling national workers in
the firms, but it has a relatively slight effect on both reinforcing firm ability to
promote the local technology and hiring more skilled national workers.

At the micro level, Fig. 5.2 below compares the plans of public and private firms
to depend on national skills. It predicts consistency between private and public
firms that appears from the potential strong commitment to completely rely on
national skills in the short, medium and long run plans in the large public firm.
Moreover, our results from the firm survey and Fig. 5.2 below show that managers
of private firms have a somewhat optimistic view regarding self-reliance on local
skills and the potential role of both technological upgrading and upskilling in
reinforcing the self-reliance strategy. For instance only 90 % of the respondent
firms have supported the argument in favour of adequate availability of Sudanese
national skilled workers and 94 % of the respondent firms have plans to rely on
national skilled workers even in restricted fields. Amongst all the respondent firms
the plan for completely depending on national skills (by 100 %) over the long run
reached 74 % of the total skilled workers. From the firms’ perspective since there is
no difference between Sudanese workers and foreign workers in the industry, it is
better to rely on Sudanese workers, so raising Sudanese workers would imply
commitment to work for bringing all the benefits to contribute to their country’s
progress. This also implies the possibility of bringing in more skilled workers and
new foreign engineers for a specific period on a temporary basis provided that they
return back after achieving the work.

In strong consistency and similarity to the above view, the macro survey shows
that the respondent policy makers and experts are highly optimistic regarding the
interactions between technological upgrading and upskilling and their roles in
reinforcing economic growth, self-reliance on local skills and restructuring the
labour market at the aggregate/macro level. For instance, Table 5.10 below shows
that the large majority of all respondent policy makers and experts predict strong
linkages between both upgrading of technology and upskilling of labour force to
reinforce each other and to have a similar large significant effect on reinforcing the
self-reliance strategy and reducing the unemployment rate. The official view
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Table 5.9 The effect of upskilling plan and technological upgrading across firms in the Sudan,
2010: micro view

All
firms Chemical Food Metal Textile Large Medium Small

(a) Upskilling plan and its impacts, self-reliance strategy
General upskilling plan 54 % 46 % 2% 8% 60% 5% 59 % 42 %
Self-reliance on national 90 % 89 % NB% 91% 80% 81% 96% 94 %
skills-adequate
availability of national
workers
Self-reliance on national 94 % 92 % 93 % 100% 100% 94 % 96 % 89 %
skills: plan for
dependence on national
skill even in restricted
fields
Self-reliance on national 86 % 85 % 991 % 80% 92% 8% 91% 92 %
skills — in the short,
medium and long run
(b)The effect of general upskilling on
Enhancing firm production 92 % 92 % 89 % 100% 100% 94 % 89 % 95 %
Facilitating effective 95 % 97 % 8% 100% 100% 97 % 100% 82 %
utilization and
upgrading of

technologies

Hiring more skilled 63 % 64 % 9% 64% 80% 69% 59 % 58 %
national workers

Upskilling national 89 % 89 % 81% 100% 100% 94 % 78 % 95 %

workers in the firm

Reducing future demand 61 % 53 % 0% 5% 80% 78% 52% 42 %
for foreign workers

Reinforcing the 79 % 88 % 67% T73% 100% 81 % 78 % 76 %
employment of
Sudanese national skill
workers

(c) The effects of technological upgrading in:

Enhancing firm production 99 % 100 % 100% 92% 100 % 100 % 96 % 100 %

Raising skill level 94 % 92 % 100% 83% 100% 91% 93 % 100 %

Reinforcing firm ability to 83 % 89 % 80% 83% 60% 80% 89% 80 %
promote the local
technology

Upskilling national 93 % 95 % % 75% 100% 97% 93 % 85 %
workers in the firm

Hiring more national skill 82 % 78 % 80% 92% 100% 89 % 75% 80 %
workers

Total response 84 37 30 12 5 35 28 20

Source: Own calculation based on the firm survey (2010)

predicts that the effect of upskilling is stronger than the effect of technological
upgrading in both reinforcing economic growth and solving the mismatch and
imbalances in the labour market and so reducing the future demand for foreign
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Fig. 5.2 Short, medium and long run plans of self-reliance on national skills across public, mixed
and private firms in Sudan (Source: Firm survey 2010)

Table 5.10 The effects of technological upgrading, skill upgrading at the aggregate level in the
Sudan 2010: macro view

The effects of technological upgrading % The effects of skill upgrading %
Enhancing/accelerating upskilling 94 Enhancing/accelerating technological 100
upgrading
Increasing/reinforcing economic growth 97 Increasing/reinforcing economic growth 100
Reinforcing self-reliance strategy 97 Reinforcing self-reliance strategy 94
Reducing the future demand for foreign 92 Reducing the future demand for foreign 94
skilled workers skilled workers
Reducing unemployment rate 94 Reducing unemployment rate 94
Solving the mismatch problem in the 97 Solving the mismatch problem in the 100
labour market: by increasing the match labour market: by increasing the match
between educational and training between educational and training
output to match with the needs in labour output to match with the needs in labour
market market

Source: Own calculation based on the macro survey (2010)

skilled workers. Moreover, upskilling is also essential for enhancing productivity,
poverty alleviation and for supporting a comprehensive plan on sustainable
balanced development for Sudan.

This consistency in optimistic views at the macro and micro levels, regarding the
self-reliance on local skills and the role of both technology and upskilling in
reinforcing it, imply that the self-reliance strategy is probably not only a preferred
government strategy, but also probably favoured by firms. This is consistent with
the observation that 92 % of the respondent firms are private firms dominated by
low skilled workers and probably realise the negative consequences of the lack the
incentives/interests to rely on upskilling workers, mainly due to high costs of
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training and high salary requirements for high skilled workers. The majority of the
respondent firms probably are confronted with the challenge to initiate new plans
for skill upgrading, while few of the respondent firms probably faced with the
difficulties to maintain the already existing upskilling efforts. For instance, our
findings from the firm survey indicate that the lack of finance to cover the high cost
of training is mentioned by 69 % of all the respondent firms amongst the important
factors hindering the provision of training and hence upskilling of workers across
firms at the micro level (see Table 5.4 above). The respondent firms, which are costs
minimisers/profits maximisers, are probably willing to continue hiring cheap ready-
made skilled workers instead of incurring expensive costs by hiring, training and
upskilling unskilled workers. From the firms’ perspective, for a few firms skill
upgrading is not important for affecting the strategies of firms because few firms are
mainly focusing on private profit goals; skill upgrading is not important because the
nature of the production in these few firms does not need for raising the skills and
the lack of attention to spend on skill upgrading because of the expectation from the
past experiences that both the workers and staff are not continuing in the work for a
long time period in these few firms.

5.4 Conclusions

This chapter uses the results of the macro and firm surveys to show the interaction
between the deficient educational system and the high incidence of unskilled
workers and their implications.

Our results confirm a part of the second hypothesis in Chap. 1 above: that in the
short- and medium-term, Sudan is unable to rely on local technologies and remain
heavily dependent on foreign technologies at the micro level. The major reasons are
low levels of both skill and technology due to the deficient educational system and
the high incidence of unskilled workers and their implications.

On the one hand, from the demand perspective, the results of the firm survey can
be used to argue that firm demand for low skilled workers, weak technology
indicators and dependency on foreign technology led firms to demand and rely
heavily on low skilled workers. On the other hand, from the supply perspective, our
findings in Sect. 5.2 show that the deficient educational system — due to low quality
of education — and the excessive share of unskilled workers has led to low skill
levels, poor provision of training, serious skills mismatch, weak linkages, lack of a
networks and hindered the transfer of knowledge. These factors have interacted
with each other and led to poor technology indicators, poor indigenous capability to
build the local technology and a heavy dependence on foreign technology. These
results prove hypotheses 3.a—3.b in Chap. 1 above concerning the low skill and
technology indicators at the micro-macro levels: the serious implications of the
interaction between the causes and consequences of the deficient educational
system and the high use of unskilled workers. We confirm hypothesis 3.c. in
Chap. 1 above that the major causes of low level of local technology are low/a
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lack of R&D activities due to a lack of skills, transfer of knowledge, networks and
collaborations between universities and industry/firms.

Our findings show one surprising contradicting macro—micro view. Notably,
contradicting optimistic—pessimistic micro and macro views regarding the inci-
dence and success of knowledge transfer/external schooling effect implies that,
probably, the transfer of knowledge/the external effects of schooling is successful
within firms but is unsuccessful within society at large. This is probably because the
transfer of knowledge is hindered by: low quality of education; the weak linkages
and lack of networks between universities, colleges, technical and training institutes
and the productive sectors; and the imbalanced structure of population and labour
market. We show that the major cause behind the low transfer of knowledge/
external schooling effect is low educational qualifications, and deficient educational
and training systems. The major consequences are the lack of networks and
collaboration between universities and firms, low R&D efforts and low technology
indicators. These results prove part of the sixth hypothesis in Chap. 1 above with
respect to the failure and the factors hindering the transfer of knowledge/external
schooling effect at the macro level. But, on the other hand, our findings surprisingly
reject a part of the sixth hypothesis in Chap. 1 above concerning the failure of the
transfer of knowledge/external schooling effect at the micro level.

Our results prove part of our hypothesis 8.c. in Chap. 1 above concerning the
consistency and similarity optimistic macro and micro views concerning the self-
reliance on local skills, and the role of both technological upgrading and upskilling
in reinforcing it, implies that the self-reliance strategy is probably not only a
preferred government strategy, but probably is also one followed by private firms.
Though driven by profit-maximising considerations, private firms are likely to
continue in hiring cheap readymade skilled workers rather than in hiring, training
and upskilling workers with expensive costs. From these observations, our results
accept hypothesis 8.c. in Chap. 1 above about the consistency of upskilling and
transfer of knowledge at the macro—micro levels.
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Chapter 6

Assessment of Science and Technology Indicators
and the Need for Science and Technological
Development in Sudan

Abstract This chapter investigates the status of S&T indicators in Sudan. We
explain that the combination of poor S&T inputs/resources (both financial and
human resources) together with an inadequate economic system as a whole, results
in Sudan producing poor S&T outputs/performances. Moreover, we find that most
R&D and S&T activities and (FTER) employment in Sudan occurs within the
public and university sectors, while the private sector and industry make only a
minor contribution. We find that the main problems hindering R&D include: the
lack of finance from public sector; lack of management and organisational ability;
lack of coordination and weak relationships, network and consistency and coopera-
tion between universities and higher education institutions on the one side and the
productive sector on the other side; lack of R&D culture; lack of finance from
private sector; lack of favourable conditions and the necessary facilities; lack of
awareness and appreciation of the economic values of R&D; and lack of human
resources (researchers and qualified workers in R&D fields) respectively. Hence,
our analysis indicates that in order to improve S&T performance, Sudan needs to
invest heavily in both financial and human resources as well as to learn from the
lessons of the advanced and developing S&T nations.

6.1 Introduction

Chapter 5 uses the data and results of the firm and macro surveys set out in Chap. 4
to assess skill and technology indicators and to examine the serious implications of
the interaction between the deficient educational system and the high incidence of
unskilled workers and skill mismatch. To complete our earlier analysis in Chap. 5
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above, in this chapter we use the most recent secondary data to discuss science and
technology development indicators at the macro level in Sudan, compare the status
of Sudan with the rest of the world and highlight the need for technological
development and policies to enhance science and technology performance in
Sudan. Our analysis in this chapter differs in several ways from the several studies
in the literature, which provides an interesting analysis of S&T indicators and
performance in the Arab, developing countries and Sudan. First, different from
the studies in the Arab literature (Nour 2004, 2005a, b) we provide a more indepth,
comprehensive and up to date assessment of S&T input and output indicator by
focusing only on Sudan as a new case of the Arab countries. Secondly, we extend
our analysis to compare the case of Sudan with other Arab, African and world
countries. Given the recent progress of economic globalisation coupled with the
emergence of new nations active in S&T in different parts of the world, our analysis
in this chapter extends the comparison to include these new countries as well as
those in Europe, the United States and Japan, and then draws some policies and
recommendations for ways to enhance S&T performance in Sudan. Thirdly, differ-
ent from the studies in the Sudanese literature we provide a more comprehensive
analysis by including both S&T input and output indicators using more up to date
data wherever possible. This is so we can help to improve understanding about the
urgent need and necessity to stimulate S&T development and support new policies
that aim to enhance S&T performance in Sudan and poor countries. Our study
highlights recent efforts to create an active Sudanese S&T base but also emphasises
the need to improve the quality of resources devoted to S&T development, which
will ultimately contribute to and accelerate development in the country. Further-
more, it also helps to encourage the government to provide more incentives for the
promotion of S&T indicators in Sudan to obtain the most positive impact possible
from technological progress in terms of growth, employment and the wellbeing of
all poor Sudanese citizens. Finally, different from the studies in the Sudanese
literature, a novel element in our analysis is that we use new survey data based
on primary data and 25 face-to-face interviews with the official policy makers and
experts in the government and the academics and university staff in the public and
private universities to examine the main factors hindering and those contributing
towards the promotion of R&D and hence S&T development in Sudan. As men-
tioned in Chap. 4 above, the main purpose of this survey is to collect primary
data to examine the causes of poor R&D activities and then to provide some
recommendations to improve R&D and hence S&T indicators in Sudan.

The rest of this chapter is organised as follows: Sect. 6.2 shows the inter-
action between general socio-economic characteristics of Sudan and S&T.
Section 6.3 discusses S&T development indicators in Sudan, including a com-
parison of the indicators for Sudan with the rest of the world. Finally, Sect. 6.4
draws conclusions and proposes policies to enhance S&T performance in Sudan,
based on the results of the Sudan R&D survey and the experiences of other
countries.
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6.2 General Socio-Economic Characteristics of Sudan
and S&T Indicators

S&T performance is often closely related not only to the resources directly devoted to
its development but also to the whole economic structure that supports it. Therefore,
before assessing S&T performance in Sudan it is useful to explain the interaction
between the general socio-economic characteristics of Sudan and S&T indicators. In
Chap. 2 above we show the general socio-economic characteristics and lower
standards of economic development as measured by GDP per capita and human
development index of Sudan as compared to African and Arab countries and the
world regions. We explained that after the exploitation of oil in 1999 Sudan economy
become increasingly dependent on oil exports, and the economy turned into an oil
dependent economy. In recent years the increasing dependence on oil has led to
sound economic growth, measured by GDP growth at 6.1 % in 2003 and averaged
about 9 % during (2005-2007). However, unfortunately it is only unsustained growth,
mainly because of uncertainty and high fluctuation in oil price in the international
market, for instance, the recent global financial and economic crisis and related shock
in 2008 and 2009 resulted in low global oil prices, lead to significant negative impact
on Sudan economy, stagnating domestic oil production and caused reduction in GDP
growth rate that dropped from 10.5 % in 2007 to 7.8 % and 5 % in 2008 and 2009
respectively (see Table 2.2 and Fig. 2.2 above).

We are aware of the fact that it may be useful to depart from the analysis of
general standardise S&T indicators and to use indepth economic, historical and
social evidence to extend our analysis to focus more explicitly on whether the
production and export of oil (natural resource-based exports) affected the R&D
infrastructure and the growth and development trajectory of Sudan economy. We
are aware of the fact that it may be particularly important and interesting to explain
the impact of oil in R&D and S&T, but due to practical problems related to
availability of adequate and reliable data, unfortunately it will not be possible to
discuss this issue in this chapter, so we leave that for a more indepth analysis in our
future research. Furthermore, we believe that most probably the impacts of oil in
R&D and S&T might be still very limited in view of the very recent start of
production and exports of oil just 11 years previous in 1999. Moreover, although
oil led to increases in public spending and increases in the share of development
expenditure as a percentage of total public expenditure from 9 % in 1999 to around
31 % in 2004, its share declined and sustained at 24 % from the total public
spending over the period 2006-2009. Furthermore, the development expenditures
include all public spending in development issues including public spending on
education, health, etc. Therefore, this implies that it is not at all clear and it is
somewhat problematic to distinguish the share and growth of spending on R&D that
is mainly attributed to production and export of oil, but it is important to realise that
at the macro level the share of spending on R&D as a percentage of GDP most
probably remained below the United Nations (UN) (1970) standardised level of
spending 1 % of GDP on R&D in the pre- and post-oil periods (see Fig. 6.1 below).
In addition, also due to practical problems related to availability of adequate and
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Fig. 6.1 The rate of public expenditure on R&D as a percentage of GDP in Sudan (%)
(1996-2006) (Source: UNESCO R&D Statistics (2006))

reliable data unfortunately it will not be possible to give an indepth analysis of the
private spending on R&D or the impact of oil companies on R&D at the micro
level. So, we hope to cover these issues in our future studies when adequate and
reliable data is available. Hence, apart from the limited impact of oil, the next
section of this chapter examines whether this economic background affects S&T
performance in Sudan.'

6.3 S&T Indicators in Sudan

Based on the definition of S&T indicators provided in Chap. 3 above and the
explanation of the interaction between the general socio-economic characteristics
of Sudan and S&T indicators provided in Sect. 6.2 above, this section extends our
assessment of technological indicators at the micro level presented in Chap. 5 above
by explaining the technological indicators at the macro level. It is useful to start by
explaining the governance of S&T; next we examine input indicators (financial and
human resources) and output indicators (scientific and technological performance)
required to measure S&T performance at the macro level in Sudan.

! One limitation of the comparison in our analysis is that we use data and information from two
different local and international sources; the scarcity of data and information covering all
indicators limited our attempt to use a unified source.
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6.3.1 Governance of S&T

In Sudan the history of S&T governance dates back to the 1970s, when the National
Council for Research (NCR) was established in 1970 as a governmental body
responsible for formulating policies and plans and coordinating national efforts in
this respect. The mandate of NCR was transferred to the Council of Higher
Education and Scientific Research in 1991-1992. In S&T education, the govern-
ment has expanded higher education institutions, there are 85 universities and
colleges (private and public), 40 universities and colleges are in the field of applied
sciences and about 25 colleges in the fields of engineering and technology. The
Sudanese government has also realised the importance of creating high level
national science bodies by establishing two important institutions: the National
Council for Science and Technology (NCST) and the Ministry of Science and
Technology (MOST). The role of the NCST is to formulate the policies of S&T,
organise R&D and implement the country’s strategies in S&T and to ensure that
S&T is utilised in the plans, projects and institutions of the government. A signifi-
cant development in terms of institutional framework for S&T development in
Sudan was the establishment of MOST in 2001. The formation of MOST signified
the high priority and importance attached to the promotion of science and technol-
ogy and to coordinate efforts of national and international links and formulate
national strategy for S&T. It led to the centralisation of the public research institutes
under the supervision of MOST whereby the public research institutes in the
various fields were previously under the jurisdiction of their respective ministries.
Scientific research is conducted and governed in three levels: (a) basic research
conducted by universities and governed by the Council of Ministry of Higher
Education and Scientific Research; (b) R&D research conducted by corporations
and centres, governed by MOST, advised by a council and a number of committees;
and (c) applied research conducted in some technical department of ministries,
administered by the executive authority of each ministry. Given the division among
the three sectors, under the new institutional framework, MOST faced the
challenges to work as government high coordinating body to coordinating the
various diverse fields of research and meeting the needs of the various ministries
and industries. MOST includes some specialised research institutes and centres
including: Agricultural Research Corporation (ARC); Animal Resources Research
Corporation (ARRC); National Centre for Research (NCR); Industrial Research
and Consultancy Centre (IRCC); Sudan Atomic Energy Corporation (SAEC);
Sudanese Metrology Authority (SMA); Central Laboratories (CL); Sudan Academy
of Sciences (SAS); and Social and Economic Research Bureau (SERB).

In terms of S&T planning and in view of the increasingly competitive global
environment and rapid advance in technology and increasing importance of S&T in
accelerating economic growth and development, the previous comprehensive
National Strategy (1992-2002) and current National Quarter Century Strategy
(2007-2031) give long-term perspective of S&T development in Sudan. The
previous comprehensive National Strategy (1992-2002) provided comprehensive
strategies for Science and technology (S&T) development through the preparation



176 6 Assessment of Science and Technology Indicators and the Need for Science. . .

of a national plan for scientific research, development of information centres and
scientific research as well as the establishment of a national information network,
adoption and modification of the important technology system to suit national
environment, development of capabilities to invent technology and the maximum
utilisation of technology in Sudan. In light of the 25 year long-term strategy, a 5
year strategy was identified and implementation work plan is developed. The 5-year
work plan is targeting eight key areas including information, communications and
technology and development of scientific research. The plan aims to promote
S&T by: promulgating the legislations, laws and regulations conductive to the
enhancement of scientific research; recruiting personnel with high abilities and
competencies in the fields of scientific research; adopt innovative means to encour-
age the private sector to participate in scientific research, funding it and benefiting
from it; utilising the results of scientific research and modern technology
in decision—-making and sustainable development planning; developing and
disseminating science and knowledge among the people; benefiting from the
experience of others in scientific research and also contributing to the advancement
of basic sciences.” Unfortunately, the implementation of these comprehensive
strategies, however, was not fully carried out mainly due to the inadequate financial
and human resources needed for S&T development as we explain below.

6.3.2 Human and Financial Input Indicators

In terms of both financial and human S&T input/resource indicators there are some
differences between Sudan, and the Arab and Sub-Saharan African countries as
well as between them and other countries around the world. Table 6.1 shows that
both financial and human S&T input indicators in Sudan lag behind the advanced
and leading developing countries.

6.3.2.1 Financial Input Indicators

As for the financial resources in S&T, as in most other typically developing
countries the Sudanese government seem to afford only a limited budget for
S&T. For instance, in 2006, the rate of spending on R&D as a percentage of GDP
in Sudan was only 0.2 %, falling behind the standard rate of the world, Arab
countries, developing countries, East Asia, Pacific, Latin America and the Carib-
bean, South Asia, middle income and even low income countries, which spend on
R&D as a percentage of GDP about 2.3 %, 0.6 %, 1.0 %, 1.6 %, 0.6 %, 0.7 %, 0.8 %,
0.7 % respectively (see Fig. 6.2 below). The rate of spending on R&D as a
percentage of GDP in the developing countries is five times the rate of spending
in Sudan. This reflected negatively on the number of researchers and publications,
as we will explain below.

2 See Sudan Ministry of Science and Technology (2008), pp. 3-6.
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Fig. 6.2 The rate of spending on R&D as a percentage of GDP in Sudan compared to other Arab
and world regions (2006) (Source: UNDP, HDR 2007/2008, Table 13: 273-276. P. 240 Arab
Human Development Report 2009)

In Sudan the implementation of the comprehensive strategies in the field of S&T,
was not fully carried out mainly due to the inadequate financial and human
resources. The S&T indicators showed that S&T development was relatively low
compared with the average for Arab countries. This was evident as the percentage
expenditure in research to total government expenditure in 1998 for Sudan was only
0.04 % compared with the average for seven Arab countries, which was 1.2 %. In
terms of expenditure on both education and R&D as percentage of GDP, Sudan
performs less than Arab countries. In particular, Table 6.1 shows that the financial
resources devoted to S&T, as measured by the percentage share of GDP spent on
R&D are poor in Sudan and Arab countries, compared to both advanced and leading
developing countries like Singapore and Korea. For instance, in the period
1996-2000, Sudan devoted only 0.1 % compared to Arab countries that devoted
an average of only 0.3 % of their GDP to R&D whereas Sweden, one of the leading
advanced industrial countries, spent 3.8 % of GDP on R&D. Similarly, spending on
education, as measured by percentage of both GDP and total government expendi-
ture, for Sudan was found to be less than Arab countries and the advanced countries.

Comparing S&T indicators between Sudan and other Arab countries, data for
2006 shows that the rate of spending on R&D as a percentage of GDP in Sudan is
comparable to the rate of spending in Egypt and Kuwait, but falls behind the rates of
both Morocco and Tunisia, notably, the rate of spending on R&D as percentage of
GDP in Morocco and Tunisia is three times the rate of spending on R&D in Sudan,
Egypt and Kuwait (see Fig. 6.2 above). Moreover, statistics indicate a very high
dependence on the public sector on the financial support to S&T (near to 95 % of
total financial support to S&T) compared to a very low contribution of the private
sector in Sudan (near to only 5 % of total financial support to S&T). There is thus a
need to adopt new policies for partnership with the private sector. Investigation of
the sectoral distribution of R&D spending by sources of funding in Sudan in 2005
indicates that the public sector is responsible for the majority of R&D activities,
accounting for 39.2 % of all Gross Domestic Expenditure on Research & Develop-
ment (GERD) (see Table 6.2 below). Next to public sector, private sector
contributes 33.7 % of GERD; the universities make only a minor contribution,
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Table 6.2 Gross domestic expenditure on R&D (GERD) by sector of performance (%) in Sudan
(1999-2005)

Total gross domestic expenditure on

R&D (GERD) GERD by sector of performance (%)
Local currency As Per Business Higher
(Sudanese dinar) PPP$ percentage capita  enterprise Government education
(000) (000) (%) of GDP (PPP$) (%) (%) (%)
1999 14,300,000 195,816 0.53 6.0 31.5 38.5 30.1
2000 14,900,000 191,746 0.47 5.7 31.5 389 29.5
2001 15,240,000 196,190 0.44 5.8 31.5 39.3 29.2
2002 15,400,000 186,387 0.39 5.4 31.8 39.0 29.2
2003 15,650,000 176,066 0.34 5.0 31.9 39.0 29.1
2004 16,373,000 165,184 0.29 4.6 33.6 383 28.1
2005 19,284,000 179,085 0.28 4.9 33.7 39.2 27.1

Source: UNESCO R&D Statistics (2006)

accounting for 27.1 % of GERD. These findings for the case of Sudan seem
consistent with the results in Nour (2004, 2005), which implies that in Sudan as
in the Gulf and Mediterranean Arab countries the public sector is responsible for the
majority of R&D activities and government seems to play a major role in R&D
compared to higher education. Moreover, despite the fact that the contribution of
the private sector (business enterprises) is near to one third and exceeds the
contribution of higher education institutions in Sudan however, this should not
hide the fact that business does not seem to play a major role in R&D compared to
government. Our findings imply that Sudan is similar to Arab Mediterranean
countries, which appear to be more dependent on the public sector than the Arab
Gulf countries, reflecting a lack of incentives for private sector institutions to invest
in R&D in Sudan and Mediterranean countries compared to the Gulf. The minor
contribution of the private sector to R&D activities and spending in Sudan and Arab
countries compares poorly to most of the industrialised countries, where more than
half of R&D expenditure is financed by industry (OECD1997).

A further problem concerning research funding in Sudan is that not only is
Sudan’s total GERD is rather fair at about 0.5 % GDP, but also there has been a
steady decline in Sudan’s total GERD during the 1999-2005 period (see Table 6.2
below). This declining trend implies that the heavy reliance on the limited govern-
ment and public funding was risky and resulted in poor S&T indicators and
inadequate finance for R&D activities that is apparent from the low rates of both
the actual received budget relative to approved budget and the approved budget to
the proposed budget. For instance, for all institutions of MOST, although the rate of
actual received budget relative to approved budget increased from near to 25.7 % in
2003 to 74.7 % in 2009, the actual received budget relative to approved budget
covered only 74.7 % of the approved budget in 2009. Implementation of projects is
most probably constrained by inadequate finance, for instance, over the period
2003-2009 the average rate of implementation for national ministries and northern
states is 60 % (see Table 6.3 below).
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6.3.2.2 Human Resources Input Indicators

The human capital for S&T includes human resources in higher education, Master’s
and doctoral enrolments and the size of the university workforce and research and
development personnel. Table 6.1 shows that there are a low number of scientists
and engineers in R&D in Sudan and the Arab countries compared to both advanced
and leading developing countries. We explain below about human resources in
S&T, higher education and research institutions in Sudan.

Beginning with human resources in higher education institutions in Sudan, in the
early 1990s, enrolment in both general education and higher education rapidly
increased. For instance, during the period 1992-2000 the enrolment rates in both
primary (basic) education and in higher secondary education rapidly increased by
54 % and 154 % respectively. As for higher education, following the higher
education revolution in the early 1990s, notably 1992/1993, the total number of
universities and colleges increased by more than three fold, notably, from 25 in
1993 to 85 in 2008; the number of public government universities increased from 6
universities in 1990 to 14 in 1993 and to 28 in 2008; the private universities and
colleges increased from 11 in 1993 to 57 in 2008. The higher education revolution
together with the implementation of economic liberalisation and privatisation
policies and their related consequences in higher education, led to significant
structural change in the share of public and private sectors in higher education
institutions in Sudan. For instance, the share of the public government universities
declined from 56 % in 1993 to 33 % in 2008, whereas the share of private
universities and colleges increased from 44 % in 1993 to 67 % in 2008. The
expansion in higher education in the period 1992-2007 led to significant increases
in both student enrolment and graduation rates in higher education and universities
by 73.78 % and 189.9 % respectively. Student intake jumped from 6,080 in 1989 to
25,018 in 1992/93 and to 43,477 in 2007. The number of female students rose to
40 % of total enrolment in 1995. However, the continued increase in the proportion
of female students has not been accompanied by a comparable increase in their
representation amongst the faculties: merely 13 % in 1995. The number of students
enrolled in private higher education institutions increased nearly nine fold within 4
years: from 2,686 in 1990-1991 to 23,476 in 1994—1995 (see Table 6.4 below). As
for Master’s and doctoral enrolments, generally, there is remarkable increase in the
number of people who participate in postgraduate studies in Sudanese institutions
(see Table 6.4 below). The distribution of students enrolled in postgraduate
programmes in 24 universities in Sudan indicates that the share of postgraduate
students enrolled in 18 universities located in Khartoum state is higher than the
share of postgraduate students enrolled in 14 universities located in other Sudanese
states. Furthermore, the intensity of students enrolled in the Master’s programmes is
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higher than the intensity of students enrolled in the doctoral and higher diploma
programmes in other Sudanese states.”

As for human resources for R&D in higher education and universities, many
studies indicated a positive relationship between science and technology achieve-
ments and the number of engineers and scientists. Despite the significant expansion
of higher education and graduate training in the last two decades, the lack of
human resources still remains a serious problem that has hindered the promotion
of S&T and R&D in Sudan. In particular, despite the presence of 28 public
universities and 57 private universities with a capacity of more than 500,000
students, universities produce many more graduates in social sciences than in
engineering and science (see Table 6.5 below). Furthermore, many graduates lack
the skills to effectively use modern tools and equipment, not to mention develop
them. The number of postgraduate and Master’s degree graduates in engineering
per year is very low, the overall ranking is low, and is continually slipping
and consequently, the universities have weak research culture and capabilities.*
According to the international standard, the number of engineers and scientists per
10,000 people is often used as an international standard indicator of achievement of
an acceptable level of research and development. For instance, the presence of less
than 10 engineers and scientists per 10,000 people implies weak performance and
the presence of gaps in all research sectors; the presence of 15 engineers and
scientists per 10,000 people implies a critical level of performance; the presence
of 30 engineers and scientists per 10,000 people implies an acceptable performance
in science and technology; and the presence of more than 30 engineers and
scientists per 10,000 people implies an advanced level in research and develop-
ment. In Sudan, according to the comprehensive strategy (1992-2002) the standard
was 0.02 per 10,000 people. This implies that in Sudan, in order to have satisfactory
performance in the science and technology system by applying the international
indicator of 30 scientists and engineers per 10,000 people, and based on the last
population census (2008), Sudan should have 120,000 scientists and engineers. But
the actual number is less than 20,000. This implies that more efforts, resources and
time are needed to be equal or near to the international standard. In Sudan the
implementation of comprehensive strategies in the field of S&T was not fully
carried out mainly due to inadequate financial and human resources. Notably, the
ratio of full time researchers in Sudan was 0.2 per 10,000 people in 1990 compared
with the average for Arab countries, which was 1.7 per 10,000 people. The ratio
of engineers and technicians in 1990 was 1 per 3,000-5,000 people in Sudan,
compared with the Arab countries average of 1 per 1,000-2,000 people. In 2008,

3 See Nkwelo (2008). Naturally, the University of Khartoum — the biggest in Sudan — has the most
postgraduate students and one would expect that its science faculties (Engineering and Architec-
ture, Mathematical Sciences, Sciences, Dentistry, Medicine, Medical Laboratory Sciences, Phar-
macy, Agriculture, Animal Production, Forestry and Veterinary Science) contribute significantly
to the high numbers of postgraduate students (Nkwelo 2008).

4See Hassan, A. O. (2009a).
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the number of researchers per 10,000 people in Sudan was only 0.7, which is very
low compared to Arab countries (1.7) and developed countries (75).5

When comparing Sudan with the Arab countries, we find that the latter show
better performance than Sudan in terms of the total number of scientists and
engineers in R&D. In terms of the human resources devoted to R&D (defined by
the total number of full time equivalent researchers (FTER)® and their distribution
within R&D organisations), we find that the majority of researchers (FTER) are
employed by the higher education and government public sectors. In Sudan the
percentage share of researchers (FTER) in the higher education is estimated to be
87 % and 78 % in 2001 and 2002 respectively. Next to the university sector, it is the
public or government sector that has the second largest percentage share of
researchers (FTER): at 13 % and 20 % in 2001 and 2002 respectively, while the
private sector accounts for only 1 % and 2 % of total researchers (FTER) in 2001
and 2002 respectively in Sudan. These results for the case of Sudan seem consistent
with the results in Nour (2004, 2005) regarding distribution of researchers (FTER)
by employment institutions, which implies greater dependence in the public sector
on the employment of researchers (FTER) and small contribution of the private
sector in the employment of researchers (FTER). Again, it is the lack of incentives
for private sector institutions to hire that leads to this disparity.

Moreover, despite the growth in the size of the university workforce and
research and development personnel and the number of academic staff according
to academic professional positions in higher education institutions, data from the
Ministry of Higher Education and Scientific Research indicates clearly that at all
the institutions, males still strongly dominate positions, with virtually no female
representation at some institutions in Sudan. Furthermore, UNESCO information
on the numbers of R&D workforce in Sudan from 1999-2005 indicates a very low
number of female personnel even though there has been an increase over the years.
Moreover, the share of females is not only low but also declined from 14.8 % in
1999 to 13 % in 2005 in total R&D personnel, and from 30.3 % in 1999 to 20.2 % in
2005 in total researchers. Despite the increase in the number of researchers and
technicians, their respective shares in total R&D personnel over the period
1999-2005 remained at 49 % and 20 % respectively (see Table 6.5 below).
Moreover, the distribution of staff and human resources in some institutions’
units in the MOST over the period 2003—-2008 indicates that the share of researchers
in the workforce increased from 14 % in 2003 to 20 % in 2008, whereas, the share
of technicians declined from 31 % in 2003 to 20 % in 2008 and the share of labour
increased from 54 % in 2003 to 60 % in 2008. This implies that the majority of the
workforce is labour that constitutes about 60 %, whereas the share of both
researchers and technicians together constitutes only 40 % of the total workforce
employed in MOST over the period 2003-2008 (see Table 6.6 below).

5 See Elamin (2009).

$The concept of full time equivalent researchers (FTER) is adopted by UNESCO statistics on
R&D personnel.
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In addition, there are fewer human resources in S&T in Sudan, and both the Gulf
and Mediterranean Arab countries compared to more developed countries, shown in
Table 6.7 above. Sudan and the Arab countries score poorly compared to Korea and
Singapore for the Harbison Myers Index,’ technical enrolment index, engineering
enrolment index, gross enrolment ratio at tertiary education and the share of tertiary
students in science, mathematics and engineering.® Hence, these findings imply the
insufficiency of human resources necessary for the promotion of R&D and S&T in
Sudan.

6.3.3 Science and Technology Output Indicator and Impact

As we explained briefly in Sect. 6.2, the literature distinguishes between S&T
outputs, which can be measured in terms of publications and patents, and S&T
impact, which can be measured in terms of economic growth. This section discusses
S&T output as measured by the number of patent filings and scientific publications
(in the international literature) but discusses S&T impact as measured only by the
share of high-technology manufacturing exports. Owing to limitations concerning
data availability it is not possible to address the impact of technological develop-
ment on economic/productivity growth in much detail.

We integrate the findings in Sect. 6.3, concerning the general economic
characteristics of the Sudanese economy, with those of Sect. 4.2 regarding S&T
input indicators. Using a systematic approach we assess S&T performance in terms
of inputs and the economic system as a whole. Our analysis aims to explain the
connection between the S&T system, S&T profile and the economic or productive
structure of Sudan. For example, Table 6.1 shows that for both patent numbers and
the percentage of high-technology exports, Sudan and the Arab Gulf and Mediter-
ranean countries are substantially lagging behind the advanced and leading devel-
oping countries.

In our view, which is backed up by general S&T literature, the weakness of the
S&T base in Sudan and the Arab regions should be interpreted not only in terms of a
lack of appropriate inputs but also in relation to a poor economic system as a whole.
Measuring the strength of the economic and welfare systems using income per
capita implies that Sudan shows low per capita income and also exhibits low S&T
activity; this seems consistent with the idea that strong S&T is necessary for
economic growth and development. Prior to the heavy dependence on oil, the
poor economic structure in combination with inadequate resources devoted to

7 According to Lall (1999): “Harbison Myers Index is the sum of secondary enrolment and tertiary
enrolment times five, both as a percentage of age group. Technical enrolment index is tertiary total
enrolment (times 1000) plus tertiary enrolment in technical subjects (times 5000), both as a
percentage of population. Engineering skills index is the same as the previous index, with tertiary
enrolments in engineering instead of enrolment in technical subjects”. See Lall (1999), p.52.

8 See also Muysken and Nour (2006) and UNDP-AHDR (2003).
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Table 6.7 Skills indicators in the Sudan Arab and World countries (1992-2000)

Gross enrolment  Share tertiary

ratio (%) at students in science,
tertiary math and
Skill indices (1995) education engineering
Harbison Technical Engineering
Myers enrolment enrolment
Country Index®  index® index® 1998° 1994-1997°
Arab Gulf (GCC)
Bahrain Na Na Na 25.2 NA.
Kuwait 19.10 36.49 30.57 21.08 23
Oman 8.95 5.35 4.44 NA 30
Qatar Na Na Na 27.66 NA.
Saudi Arabia 13.45 18.96 14.42 20.71 18
UAE 12.20 7.51 5.70 12.10 27
Average Gulf 13.425 17.0775 13.7825 21.35 24.5
countries
Arab Mediterranean
Algeria 11.65 31.14 21.55 15 50 %
Egypt 16.45 16.10 13.87 39 15 %
Lebanon 21.60 46.89 34.60 36 17 %
Morocco 9.55 23.73 11.46 9 29 %
Syria 13.35 23.47 17.67 6 31 %
Tunisia 12.55 24.49 16.15 17 27 %
Average 14.19 27.64 19.22 20.33 28.17 %
Mediterranean
Other Arab countries
Libyan Arab Na Na Na 56 Na.
Jamabhiriya
Jordan 18.55 39.27 27.64 29! 27
Iraq Na Na Na 13 Na
Sudan 2.80 3.50 2.92 7 Na
Yemen 4.45 4.60 4.17 11 6
Mauritania 3.55 5.28 3.74 6 Na
Average all Arab 12.01 20.48 14.92 19.636 12.091
countries
Other advanced
countries
Norway 38.85 73.52 60.25 64.83 18 %
Sweden 34.45 64.50 49.94 62.3 31 %
Canada 62.05 103.02 86.01 58.93 Na.
USA 50.25 88.10 68.98 75.66 Na.
UK 37.55 68.69 49.83 58.39 29 %
Australia 50.55 112.70 84.29 63° 32 %
Japan 30.05 63.54 63.54 44 23 %
Korea, Republic ~ 36.10 132.06 113.83 71.69" 34 %
of
Iran 14.30 37.58 30.03 10' 36 %

Sources: *Lall (1999), "UNDP (2002), Human Development Report (2002)
(1) Data refer to the year 1999
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S&T development leads to poor S&T performance in Sudan compared to advanced
and developing world countries. After the heavy dependence on oil, and despite the
growing wealth from oil Sudan still lacks well-defined, targeted plans, policies and
proper incentives to promote S&T performance. Sudan needs to benefit from the
experience of other countries, for instance, other Arab countries, for while the Gulf
countries perform better than the Mediterranean countries in economic terms they
lag behind in measurements of S&T performance. Therefore, the big wealth from
oil, far from contributing to the improvement of S&T performance in the Gulf may
actually hinder it as it masks the need to develop incentives and effective policies to
enhance S&T development.

6.3.3.1 Scientific Publications

As for research output and scientific publications, as an output indicator the number
of scientific publications depends on input financial and human resources devoted
to S&T’. The international standard rate is 70-80 rtesearchers for every 10,000
people; currently in Sudan the rate is 0.2. This reflected negatively on the number of
publications per researcher per year, which is 0.03 in average compared to the
international rate of 2 papers for each researcher.'®

In terms of research outputs and publications, according to the Institute for
Scientific Research, Sudan has produced quite a number of publications between
the years 1994-2004, even though the numbers are very low for a country with so
many tertiary and research institutions. The publications of selected research
institutes involved in R&D as cited by ISI gives the impression that Sudan has a
strong inclination towards health related research, followed by agricultural
research, and to some extent nuclear related research. Table 6.8 shows that the
number of scientific publications for Sudan and the Arab countries grew over the
period 1970-1995; Egypt and Saudi Arabia show the largest overall number. Sudan
performed better than some Arab countries, but meanwhile, perform less than
Egypt, Saudi Arabia, Kuwait, Algeria, Morocco, Tunisia, Jordan and Iraq in
terms of the number of scientific publications, which could be a consequence of
the superiority of these countries compared to Sudan in terms of most of the S&T
indicators: total expenditure on both education and R&D; number of R&D
employees; and number of R&D scientists and engineers. Moreover, Table 6.9
indicates that in terms of the average share of Sudan and African countries in world
share of Institute for Scientific Information- science and engineering papers

®The OECD (1997) report indicates that prizes awarded to individual scientists is an extreme
indicator of S&T performance and is one way of measuring R&D output. Of all scientific prizes,
the Nobel Prizes for science, which have been awarded to scientists in the fields of chemistry,
physics and medicine/physiology since 1901, are probably the most prestigious. The Arab
countries have only received one Nobel Prize between them: in 1999 an Egyptian scientist
received the Nobel Prize for chemistry.

19See Sudan Ministry of Science and Technology (2008), p.65
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Table 6.9 The average share of Sudan and African countries in world share of ISI-listed S&E
papers (2003-2007)

Africa World share (%)
1. South Africa 0.372
2. Egypt 0.272
3. Tunisia 0.111
4. Morocco 0.089
5. Nigeria 0.088
6. Algeria 0.074
7. Kenya 0.054
8. Cameroon 0.029
9. Tanzania 0.029
10. Ethiopia 0.026
11. Uganda 0.024
12. Ghana 0.019
13. Senegal 0.018
14. Zimbabwe 0.016
15. Burkina Faso 0.012
16. Cote d’Ivoire 0.012
17. Botswana 0.011
18. Malawi 0.011
19. Madagascar 0.011
20. Sudan 0.010

Rest of Africa (33 countries) 0.096

Total Africa 1.383

Source: Third World Academy of Sciences (TWAS) (May 2008) (See M.H.A. Hassan (2009b)

(ISI-listed S&E papers) over the period 2003—2007, of the African countries, South
Africa has the best percentage share of total world scientific publications; it is
followed by Egypt, Tunisia and Morocco respectively. However, the average share
of Sudan is very low, for instance, Sudan is ranked 20 after Madagascar, and
contributed only about 0.01 % of world share of ISI-listed S&E papers over the
period 2003-2007."" This implies the problem of knowledge gaps even between
Sudan and some African countries.

6.3.3.2 Patent Applications

Table 6.1 above shows the low number of patent applications made by Sudan and
the Arab countries compared to advanced and leading developing countries like
Singapore, Korea and China. In light of our earlier findings, this can be attributed to

"'The Institute for Scientific Information (ISI) offered bibliographic database services, it
maintains citation databases covering thousands of academic journals, indexing service the
Science Citation Index (SCI), as well as the Social Sciences Citation Index (SSCI), and the Arts
and Humanities Citation Index (AHCI), ISI-listed S&E papers offers citation of science and
engineering papers.
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Sudan and the Arab countries’ low percentage share of GDP spent on R&D and the
small number of scientists and engineers in R&D. The low number of patent
applications implies a low level of innovative activities in Sudan and the other
Arab countries compared to both advanced and developing countries.

Regarding the use of the number of patent applications as a measure for S&T
output indicators, Nour (2004, 2005a, b) shows the low number of patent
applications over the period 1990-1999 and hence S&T output indicators, across
all the Arab countries (168), Arab Gulf countries (150), Arab Mediterranean
countries (41) compared to advanced and leading developing countries like
Singapore (27), Korea (931) and China (793).12 Nour (2004, 2005a, b) finds that
the poor application to patent rate can be attributed to the low percentage share of
spending on R&D to GDP and the number of scientists and engineers in R&D in the
Arab countries compared to advanced and developing countries like Singapore,
Korea and China. The low patent applications imply the low innovative activities
across the Arab countries compared to both advanced and leading developing
countries like Singapore, Korea and China. In addition, Table 6.10 below shows
the number of patent applications made between 2007-2010 in Sudan and the Arab
countries, by residents and non-residents of Sudan and the Arab countries. During
that period residents made fewer patent applications than non-residents in all Arab
countries. Among the Arab countries in 2007-2010, the highest number of patent
applications was filed by residents in Egypt followed by either Saudi Arabia or
Morocco, followed by Algeria and Jordan; the highest number of patent
applications was filed by non-residents in Egypt followed by Morocco, Algeria,
Saudi Arabia and Jordan. In 2007 the lowest numbers of patent applications were
filed by residents and non-residents in Yemen and Sudan. The low number of patent
applications from residents than those of non-residents of Sudan and all the Arab
countries is consistent with the findings in the literature, which indicate that in
developing countries patent applications made and patents held by residents of
developing countries (domestic applications or patents) are few. Patents are over-
whelmingly foreign resident-owned. In most developing countries, domestic
applications accounted only for 1-8 % of total applications. Thus, the role of the
patent system is less visible to domestic users of the patent system in developing
countries. The reason for the low level of patenting in developing countries by their
nationals and residents can be explained by a number of reasons, including non-use
of the system by universities and local research institutions.'* The low number of

'2See for example, US Patent and Trademark office website: www.uspto.gov, Accessed 9 Sep-
tember 2005.

13 See for instance, ‘WIPO Patent Agenda Study’ by Getachew Mengistie, the Ethiopian Intellec-
tual Property Office, A/39/13 Add.1 available at: http://www.wipo.int/documents/en/document/
govbody/wo_gb_ab/doc/a_39_13addl.doc, Accessed 02 February 2008.


http://www.uspto.gov
http://www.wipo.int/documents/en/document/govbody/wo_gb_ab/doc/a_39_13add1.doc
http://www.wipo.int/documents/en/document/govbody/wo_gb_ab/doc/a_39_13add1.doc
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Fig. 6.3 Patents applications (Filing) and granting in Sudan at home level (1990-2010) (Source:
Unpublished data and statistics from the General Registrar of IPR Sudan Office (2010))

patents filed by residents of Sudan and the Arab countries can be related to low S&T
activity in the countries. The low number of patents recorded by non-residents,
however, needs a different interpretation. It is partially because there is a lack of
adequate patent legislation, but more importantly it is also due to the lack of an
economic structure within which to take advantage of patents. Foreign companies
will only register a patent in a country if they fear that a local competitor might
exploit their technology without paying for it. Therefore the low number of patents
filed by non-residents in Sudan implies that Sudan lacks industries that are interna-
tionally competitive, which can also be interpreted in terms of there being a poor
economic structure. Moreover, Table 6.10 shows that Sudan and the African
countries together have filed far fewer patents than South Africa; the highest
numbers of patent applications were made by South Africa, followed by Zimbabwe,
Mali, Tunisia, Tanzania, Sudan and Libya. According to the United States Patent
and Trademark Office (USPTO) report, Sudan produced only seven patents in about
40 years, with no patents at all in the period 1992—-1995 and this puts it much lower
than most African countries in terms of patents (see Table 6.10 below).

The low number of patents is probably due to Sudan’s insufficient science and
technology infrastructure. For instance, Fig. 6.3 indicates the growth in both the
filling and granting of patents over the period 1990-2010 at the home level, but this
should not hide the fact that the granting of international patents is very limited. For
instance, Fig. 6.4 below shows the limited international application for Sudan’s
application for PCT International patent by residents during the period 2003-2007.
In addition, according to IPR-Sudan Profile (2003) patents applications filed and/or
registered by ARIPO imply that applications by residents are less than by non-
residents in 2001 and 2002 respectively.
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Fig. 6.4 The application for Sudan’s application for PCT international patent by residence
(2003-2007) (Source: WIPO (2007) Statistics on Applications for PCT)

6.3.3.3 Share of High-Technology Manufacturing Exports

When comparing the average share of exports of high-technology goods
manufactured, our findings in Table 6.1 above indicate that in 2001 the highest
share of high-technology exports was made by Morocco, followed by Sudan and
then other Arab countries. According to Table 6.1 above, Sudan is similar to the
Arab countries in having a low share of high-technology manufacturing exports
compared to advanced and leading developing countries. In addition, the share of
high-technology manufactured goods in Sudan and all the Arab countries in
1995-1997 is well below that of the world average or the corresponding figures
for Brazil, Korea, Latin America and the Caribbean, Mexico and Singapore. 4 This
can be explained in relation to our earlier findings concerning Sudan’s inadequate
economic structure, poor spending on R&D, low number of scientists and engineers
in R&D and low patent filings.

6.3.3.4 Productivity Growth

In terms of S&T impact as measured by economic growth, Table 6.11 shows
significant increase in annual growth rate for average GDP per capita in Sudan
during the periods 1975-2001 and 1990-2001 and the average real GDP growth
rate during the period 1995-2000 in Sudan is higher than the average for the Arab
countries. However, during 1999-2001, Sudan shows a slight drop in the trend of
real annual GDP growth rate, whereas the rate of Sudan is higher than the average
for developing countries. Sudan is experienced rapid economic growth followed by
slight slow down, that most probably due to its heavy dependence on oil (see
Fig. 6.1 above).

14 See for instance, Haddad (2001), Lall (1999).
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Table 6.11 Real GDP growth and GDP per capita annual growth rates in the Sudan and Arab
countries (1975-2001)

GDP per capita annual

Country growth rate (%)* Real annual GDP growth (%)b
1975-2001 1990-2001 1995-2000 Average 1999 2000 2001
Sudan 0.8 32 6.3 69 69 53
Arab Gulf (GCC*)
Bahrain 1.1 1.9 43 43 53 48
Kuwait -0.7 —-1.0 3.8 —-29 29 —-0.6
Oman 2.3 0.6 3.6 -02 51 73
Qatar NA NA 94 53116 72
Saudi Arabia —2.1 —1.1 1.9 —08 49 12
UAE -3.7 —1.6 5.7 39 50 5.1
Total GCC -0.6 -0.2 4.8 1.6 58 42
Arab Mediterranean
Algeria —0.2 0.1 29 23 28 34
Egypt 2.8 2.5 53 6.0 51 33
Lebanon 4.0 3.6 2.3 1.0-0.5 2.0
Morocco 1.3 0.7 1.9 —-0.1 1.0 6.5
Syria 0.9 1.9 3.0 -2.0 0.6 27
Tunisia 2.0 3.1 5.1 6.1 47 50
Total Mediterranean 1.8 2.0 34 22 23 38
Arab State 0.3 0.7 39 24 41 38
Developing countries 2.3 2.9 53 39 57 4.0
“UNDP (2003).
IMF (2002).

“GCC Gulf Cooperation Council.

6.3.3.5 Demand for and Supply of Technologies, Technology Infrastructures,
and Technology Achievement Index

We measure the demand for and supply of technologies in Sudan using the
measurement of demand for and supply of technologies in the Gulf countries
discussed in Muysken and Nour (2006).15 Our results show that on the demand
side when using the share of chemicals, manufactured goods, machinery and
equipment, transport equipment, petroleum products in total imports as a measure
of the demand for imported technology or dependence on foreign technologies, we

15 According to the UNDP (2001), the technology achievement index (TAI) focuses on four
dimensions of technological capacity that are important for reaping the benefits of the network
age. TAI includes: (1) Creation of technology as measured by the number of patents granted per
capita and receipt of royalty and licenses fees from abroad; (2) Diffusion of recent innovations as
measured by diffusion of Internet and export of high and medium technology products as a share of
all exports; (3) Diffusion of old innovations as measured by diffusion of telephone and electricity;
and (4) Human skills as measured by mean years of schooling and gross enrolment ratio of tertiary
students enrolled in science, mathematics and engineering (UNDP 2001).
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find heavy dependence on imported technology or dependence on foreign
technologies in Sudan. It may be interesting to complement our analysis by also
examining the supply side. We measure the supply side by multiplying the
manufactures/GDP ratio taken from the Central Bank of Sudan Annual Reports
Issues (2000-2002), by value added in machinery and transport equipment as a
percentage of value added in total manufactures using World Development
Indicators (WDI) (2010) data for 2000 and Sudan Ministry of Industry (2005)
Comprehensive Industrial Survey data for (2001); the result is value added in
machinery and transport equipment/GDP, which we use as a measure of
specialisation in production related to technology.'® When using this measure,
our results show a low technological specialisation in Sudan, which is most
probably attributed to lack of both basic and high-technology infrastructure (BTI
and HTI) (see Tables 6.12 and 6.13 below).17 On average both the BTI and HTI for
Sudan are poor. Overall, poor BTI is to blame for the low HTI (Rasiah 2002).
Consequently, due to lack of both basic and high-technology infrastructure and the
low technological specialisation, Sudan shows poor performances in terms of
technology achievement index. According to the UNDP (2001) HDI classification
of world countries according to technology achievement index, Sudan is classified
as being a marginalised adopter of new technologies; amongst marginalised adopter
countries in terms of the technology achievement index, Sudan is ranked 71 and
placed between Tanzania and Mozambique. Sudan’s poor performance lags far
behind the world’s advanced and leading developing countries which are either
leaders or potential leaders in technology. In fact, Sudan also lags behind the
countries classified as being dynamic adopters of new technologies in both Arab
and African regions, notably: Tunisia (51); Syria (56); Egypt (57); Algeria (58);
Zimbabwe (59); Senegal (66); Ghana (67); Kenya (68); and Tanzania (70) (see
Table 6.13 below).

16 Since the recent data from the WDI (2010) is available only for 2000, we therefore use an
additional and alternative set of indicators from Sudan Ministry of Industry (2005) ‘Comprehen-
sive Industrial Survey Data for 2001°. The observed differences in both measures are most
probably because of the differences in the definitions used by both sources. For instance, the
only available data from the Sudan Ministry of Industry (2005) ‘Comprehensive Industrial Survey
Data for 2001 is based on the International Standard Industrial Classification of all economic
activities according to ISIC 1968 rather than ISIC Rev 3.

17 Rasiah (2002) defines basic technology infrastructure (BTI) as weighted proxies representing
basic education (enrolment in primary schools), health (physicians per thousand people) and
communications (main telephone lines per thousand people), and defines high-technology infra-
structure (HTI) as weighted proxies representing R&D investment and R&D scientists and
engineers per million people. Rasiah also argues that BTI is an essential but not sufficient
condition for economies to achieve advanced technological capacity; the incidence of economies
generating innovation is higher when they also have the high-technology support institutions. The
lower the BTT implies the lower the capacity and resources for high-technology development.
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Table 6.12 Demand for and supply of technologies in the Sudan (1992-2010) (%)

Demand for technologies Supply of technologies
) 2 3 )
1992 39 56 84
1993 47 62 84
1994 49 56 76
1995 52 62 78
1996 51 60 80
1997 48 59 77
1998 57 67 80
1999 50 60 73
2000 54 64 71 30
2001 54 67 73 8
2002 57 67 72
2003 58 72 78
2004 59 77 80
2005 61 78 83
2006 61 80 85
2007 65 82 85
2008 61 73 80
2009 62 74 77
2010 56 67 71
1992-2010 55 68 78 19

(1) The share of chemicals, manufactured goods, machinery and equipment in total imports (2)
The share of chemicals, manufactured goods, machinery and equipment, transport equipment in
total imports (3) The share of chemicals, manufactured goods, machinery and equipment, transport
equipment, petroleum products in total imports (4) The supply side refers to technological
specialization and is measured by the share of value added in machinery and transport equip-
ment/GDP

Source: (a) The demand for technology is calculated from the Sudan Ministry of Foreign Trade and
Central Bank of Sudan Annual Foreign Trade Statistical Digest various issues (1992-2010) (b) the
supply of technology is calculated from the Central Bank of Sudan Annual Reports Issues
(2000-2002), the World Bank-WDI-World Global Development Finance (2010) data for (2000)
and the Sudan Ministry of Industry (2005) the Comprehensive Industrial Survey data for (2001)

6.3.3.6 S&T, R&D, Economic Development, Adaptation to Foreign
Technologies and Development of Local Technologies

Based on the above findings, this section uses new survey data based on primary
data and 25 face-to-face interviews with the official policy makers and experts
in the government and academic staff in the public and private universities.'®

'8 The interviews were conducted with officials and experts (20 %), and academics in the public
(60 %) and private (20 %) universities. The interviews were conducted with academic staff in the
fields of science (36 %), engineering (36 %) and social sciences (8 %) including both males (80 %)
and females (20 %). The distribution of the interviewed institutions includes public universities
represented by Khartoum University (60 %), private universities represented by University of
Medical Sciences and Technology (20 %), Ministry of Science and Technology (12 %) and
Ministry of Higher Education and Scientific Research (8 %).
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Table 6.13 Basic and high technology infrastructure and technology achievement index in Sudan
(2004-2010)

2004 2005 2007 2009 2010

(a) Basic Technology Infrastructure (BTD)*
Basic education (enrolment in primary 3,966,944 4,299,737 4,785,952 5,800,000
schools)®

Secondary education (enrolment in 546,305 637,812 636,156 753,000
Secondary schools)®

Health (Physicians Per thousand people) 20 22.6 29.9 30
of Population™ ¢

Communications (main telephone lines per 29 18 30

thousand people)™

(b)High Technology Infrastructure (HTI)b

R&D investment: R&D expenditure as %  0.29 0.28
of GDP (2004-2005)°

R&D scientists and engineers per million 225
people® (1996-2000)"

(c)Technology Achievement Index ©

(TAI) TAI rank value® 0.071
Diffusion of recent: innovations®
High- and medium technology exports 0.4 0.6 29

(as % of total goods exports) 1999 f
Diffusion of old innovations®

Telephones (mainline and cellular, per 1,029 570 345 370 375
1,000 people)® !

Electricity consumption(kilowatt-hours per 67 79 96 114
capita)®

Human skills®

Mean years science of schooling(age 15 2.1 3.1
and above) 2000°-2011 ¢

Gross tertiary enrolment ratio (%) 0.7 5.9

(1995-1997)°
#Sudan Central Bureau of Statistics (2010).
PUNDP (2003).
CUNDP (2001).
JUNDP (2011).
*UNESCO (2006).
fWB-WDI (2012).

The main purpose of this survey is to collect primary data to examine the causes and
consequences of poor R&D activities, to examine the main factors hindering and
those contributing towards the promotion of R&D and then to provide some
recommendations to improve R&D and hence S&T development in Sudan.

As for the importance of R&D the majority of the respondents indicate the
importance of R&D in satisfying the needs for economic development, followed by
development of local technologies and finally adaptation to imported foreign
technologies.'” As for the contribution of R&D, the majority of the respondents

19 As indicated by 96 %, 84 % and 76 % of the respondents respectively.
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indicate the contribution of R&D in satisfying the needs for economic development,
followed by adaptation to imported foreign technologies and finally development of
local technologies.”® When comparing the points of views of the different
respondents we find that from the perspective of the private universities, the
importance of R&D is viewed with high importance compared to both public
universities and officials and experts. However, from the perspective of the private
universities, the contribution of R&D is still susceptible, especially with regards to
the role of R&D in the development of local technologies; by contrast the views of
the public universities, official and experts seem to be somewhat optimistic regard-
ing the role of R&D (see Table 6.14 below).

Regarding the main problems hampering the important contribution of R&D in
satisfying the needs for economic development, development of local technologies
and adaptation to imported foreign technologies, the majority of the respondents
indicate the lack of finance to cover the high costs of R&D as the main problem.”'
Moreover, the lack of human resources (researchers and qualified worker in R&D
fields) is also mentioned but of somewhat less importance.”> When comparing the
points of views of the different respondents we find that the views of the private
universities, public universities, official and experts seem to be consistent and in
agreement with regards to the serious problem of the lack of finance in hampering
R&D; from the perspective of both private universities and officials and experts, the
importance of the lack of finance in hampering R&D for adaptation to imported
foreign technologies is viewed with high importance compared to public universities.
However, from the perspective of the private universities, the importance of the lack
of human resources seems to be somewhat less compared to the opinions of both the
public universities and official and experts (see Table 6.15 below).

As for the main problems hindering R&D, the majority of the respondents
indicate the lack of finance from public sector and the weak relationship, network
and consistency and cooperation between universities and higher education
institutions on the one side and the productive sector (agriculture, industry,
services) on the other side.”” This is followed by the other problems such as the
lack of finance from the private sector; the lack of management and organisational
ability; and the lack of coordination and R&D culture.** Finally the less important
factors include the lack of favourable conditions and the necessary facilities; the
lack of awareness and appreciation of the economic values of R&D; and the lack of
human resources (researchers and qualified workers in R&D fields).”> When com-
paring the points of views of the different respondents we find that from the
perspective of the public universities, the lack of favourable conditions and the

20 As indicated by 72 %, 56 % and 48 % of the respondents respectively.
2! As indicated by 100 %, 100 % and 92 % of the respondents respectively.
2 As indicated by 88 %, 84 % and 88 % of the respondents respectively.
23 As indicated by 100 % of the respondents.

% As indicated by 96 % of the respondents.

%5 As indicated by 92 %, 92 % and 88 % of the respondents respectively.
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Table 6.14 The importance and contribution of R&D to satisfy the economic development in
Sudan (2010)

Officials and Private Public All

Important experts (%) universities (%) universities (%) (%)

(a) The importance of R&D

Satisfying the needs for economic 100 100 93 96
development

Development of local 80 100 80 84
technologies

Adaptation to imported foreign 80 100 67 76
technologies

(b) The contribution of R&D

Satisfying the needs for economic 80 40 80 72
development

Development of local 60 20 53 48
technologies

Adaptation to imported foreign 20 40 73 56
technologies

Source: Own calculation based on Nour (2010), Sudan R&D Survey 2010

Table 6.15 The main problems hindering the role of R&D and contribution to satisfy the
economic development in Sudan (2010)

Private Public
Officials and  universities  universities  All
experts (%) (%) (%) (%)
Satisfying the requirements of economic
development
Lack of human resources (researchers and 100 80 87 88
qualified worker in R&D fields)
Lack of finance to cover the high costs of 100 100 100 100
R&D
Development of local technologies
Lack of human resources (researchers and 100 60 87 84
qualified worker in R&D fields)
Lack of finance to cover the high costs of 100 100 100 100
R&D
Adaptation to imported foreign technologies
Lack of human resources (researchers and 100 60 93 88
qualified worker in R&D fields)
Lack of finance to cover the high costs of 100 100 87 92
R&D

Source: Own calculation based on Nour (2010) “Sudan R&D Survey 2010”

necessary facilities; the lack of awareness and appreciation of the economic values
of R&D; lack of management and organisational ability and the lack of coordina-
tion and the lack of R&D culture seems to be the less important problems, whilst
from the perspective of the officials and experts the less important problems are the
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Table 6.16 The main problems of R&D in Sudan (2010)

Private Public
Officials and universities universities All
experts (%) (%) (%) (%)
Lack of finance from public sector 100 100 100 100
Lack of finance from private sector 80 100 100 96
Lack of human resources (researchers and 80 60 100 88
qualified workers in R&D fields)
Lack of management and organization ability and 100 100 93 96
lack of coordination
Weak relationship, network and consistency and 100 100 100 100
cooperation between universities and higher
education institutions on the one side and the
productive sector (agriculture, industry,
services) on the other side
Lack of favorable conditions and the necessary 100 80 93 92
facilities
Lack of R&D culture 100 100 93 96
Lack of awareness and appreciation of the 100 80 93 92

economic values of R&D
Source: Own calculation based on Nour (2010) “Sudan R&D Survey 2010”

lack of finance from the private sector and the lack of human resources (researchers
and qualified workers in R&D fields). Finally, from the perspective of the private
universities the less important problems are the lack of favourable conditions and
the necessary facilities; the lack of awareness and appreciation of the economic
values of R&D; and the lack of human resources (researchers and qualified workers
in R&D fields) respectively (see Table 6.16 below).

As for the main suggestions and solutions to improve R&D, the majority of the
respondents indicate the availability of sufficient finance from public sector; avail-
ability of sufficient finance from private sector; offering incentives and motivation
and making availability of sufficient human resources (researchers and qualified
workers in R&D fields); improvement of management and organisational ability
and coordination; improvement and strengthening the relationship, network and
consistency and cooperation between universities and higher education institutions
on the one side and the productive sector (agriculture, industry, services) on the other
side; and improvement of awareness and appreciation of the economic values of
R&D.? This is followed by other solutions such as the creation of more favourable
conditions and offering all the necessary facilities and improvement of R&D cul-
ture.”” When comparing the points of view of the different respondents we find that
the views of the private universities, public universities, officials and experts seem to
be consistent and in agreement with regards to the suggestions and solutions for
improvement of R&D. However, different from the opinions of both the private

%6 As indicated by 100 % of the respondents.
7 As indicated by 96 % of the respondents.
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Table 6.17 The main suggestions for enhancing the development of R&D in Sudan (2010)

Private Public
Officials and universities universities All
Extremely important moderately important experts (%) (%) (%) (%)
Availability of sufficient finance from public 100 100 100 100
sector
Availability of sufficient of finance from private 100 100 100 100
sector
Offering incentives and motivation and making 100 100 100 100
availability of sufficient human resources
(researchers and qualified workers in R&D
fields)
Improvement of management and organization 100 100 100 100
ability and coordination
Improvement and strengthen the relationship, 100 100 100 100
network and consistency and cooperation
between universities and higher education
institutions on the one side and the productive
sector (agriculture, industry, services) on the
other side
Creation of more favorable conditions and 100 100 93 96
offering all the necessary facilities
Improvement of R&D culture 100 100 93 96
Improvement of awareness and appreciation of 100 100 100 100

the economic values of R&D
Source: Own calculation based on Nour (2010) “Sudan R&D Survey 2010”

universities and official and experts, and from the perspective of the public
universities, the suggestions with regards the creation of more favourable conditions
and offering all the necessary facilities and the improvement of R&D culture seems to
be less important compared to other suggestions (see Table 6.17 below).

6.4 Conclusions

This chapter shows the status of S&T indicators in Sudan. From our analysis it
is clear that Sudan lags behind the world’s developed and leading developing
countries in terms of the same S&T input and output indicators. We explain
that the combination of poor S&T inputs/resources together with an inadequate
economic system as a whole, results in Sudan producing poor S&T outputs/
performances. Moreover, we find that most R&D and S&T activities and (FTER)
employment in Sudan occurs within the public and university sectors, while the
private sector and industry make only a minor contribution.

When comparing the same S&T input and output indicators of Sudan with those
of the Arab countries and world’s other developed and developing countries, our
findings indicate that Sudan lags behind in terms of most S&T input indicators
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(both financial and human resources). That also holds for the average share of high-
technology exports, GDP per capita growth, number of scientific publications, level
and share in international publications and number of patent filings.

Our findings indicate that despite the important role of R&D in satisfying the
needs for economic development, development of local technologies and adapta-
tion to imported foreign technologies. However, the contribution of R&D seems to
be constrained mainly by the lack of finance to cover the high costs of R&D as the
main problem, moreover, the lack of human resources (researchers and qualified
worker in R&D fields) is also mentioned but is of somewhat less importance. We
find that the main problems hindering R&D include: the lack of finance from public
sector; lack of management and organisational ability; lack of coordination and
weak relationships, network and consistency and cooperation between universities
and higher education institutions on the one side and the productive sector (agricul-
ture, industry, services) on the other side; lack of R&D culture; lack of finance from
private sector; lack of favourable conditions and the necessary facilities; lack of
awareness and appreciation of the economic values of R&D; and lack of human
resources (researchers and qualified workers in R&D fields) respectively.

Our results show that the main suggestions to improve R&D include: availability
of sufficient finance from public and private sectors; offering incentives and
motivation and making availability of sufficient human resources (researchers and
qualified workers in R&D fields); improvement of management and organisational
ability and coordination; improvement and strengthening of the relationships,
network and consistency and cooperation between universities and higher educa-
tion institutions on the one side and the productive sector (agriculture, industry,
services) on the other side and improvement of awareness and appreciation of the
economic values of R&D. This is followed by the creation of more favourable
conditions and offering all necessary facilities and improvement of R&D culture.

Hence, our analysis indicates that in order to improve S&T performance, Sudan
needs to invest heavily in both financial and human resources as well as to learn
from the lessons of the advanced and developing S&T nations. Such investment can
be more effective if they are made according to targeted, well-defined plans that
connect with policies covering industry, science and technology and accompanied
by an improvement in the economic system, there is thus a need to adopt new
policies for partnership with the private sector. Sudan needs to form a body to
formulate a policy on manpower resources for S&T, and suggest measures to
minimise brain-drain impacts. Sudan needs to continue building relatively well-
developed S&T infrastructure, and a sufficient number of highly qualified univer-
sity and R&D personnel to put the country in a good position in terms of globally
competing in S&T.

So far Sudan does not possess all the human and financial resources necessary to
promote S&T. However, Sudan could have a wider range of capabilities to promote
S&T if it pooled and integrated its resources. Reforming the economic system,
encouraging the private sector, implementing effective S&T cooperation and inte-
gration with other Arab and African countries will most likely enhance S&T
development and hence long-term harmonious development in Sudan.
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Our results in this Chapter at the macro level is consistent with the findings at the
micro level presented in Chap. 5 above and support our third and second hypotheses
in Chap. 1 above concerning the low skill and technology levels at the macro and
micro levels and that in the short- and medium-term, Sudan is unable to rely on
local technologies and will remain heavily dependent on foreign technologies
respectively. Our findings in this Chapter is consistent with the findings concerning
the low skill level and need for skill upgrading presented in Chap. 5 above and also
support our first hypothesis in Chap. 1 above that Sudan needs to promote local
skills and local technologies in order to implement the five strategies of: reducing
poverty; achieving economic diversification; reducing unemployment and restructuring
the labour market; building local technological capacity; and achieving long-term
stabilised, sustainable and balanced economic growth and development.
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Chapter 7
Relationship Between Skill, Technology
and Input—Output Indicators

Abstract This chapter uses the data from the firm survey (2010) to examine skill
indicators, their implications and relationships between skill, technology and input-
output indicators at the micro/firm level. We illustrate the low skill levels —due to the
excessive share of unskilled workers and the implications on skills mismatch,
industrial performance indicators and productivity decline across firms. These
results are consistent with the micro-macro findings in Chap. 5 above, which
indicate the low share of high skilled in total population and employment — measured
by both educational and occupational levels — and the serious implications on skills
mismatch and the macro-micro duality with respect to upskilling efforts. We find
that an increase in skill level and firm size lead to improved relationships between
actual and required education, between actual education, experience and wages and
between required education, experience and wages. Our results concerning the
positive complementary relationships between skill, technology (ICT) and
upskilling (ICT training) and between computers, telecommunications and ICT
training are consistent with the findings in the new growth literature. We illustrate
that an increase in skill level and firm size lead to an improvement in the comple-
mentary relationships between skill, upskilling and technology (ICT) at the micro
level.

7.1 Introduction

Earlier findings in Chap. 5 show the serious implications of the deficient educational
system and excessive use of low educated workers, and illustrate one surprising
contradicting macro—micro view regarding the transfer of knowledge/external
schooling effects. This surprising result from Chap. 5 motivates our research to
attempt a more comprehensive analysis of skill problem and implications of unskilled
workers at the micro level/across firms. Hence, the aim of this chapter is to broaden
our earlier analysis in Chap. 5 by providing an indepth analysis of skill and technology
indicators and the relationship between them and the implications of the prevalence
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of low-skilled workers at the micro level. In addition, we examine the relationships
between: skill indicators (education/actual education and occupation/required edu-
cation respectively and experience) and average wages; between skill, upskilling
(spending on ICT training) and technology (spending on ICT); and between tech-
nology (spending on ICT) and input—output indicators across firms. We also
compare the relevance of our results to the theoretical framework in Chap. 3 and
the findings concerning these relationships in the new growth literature.

Prior to investigating the relationships between skill, upskilling, technology and
input—output indicators across firms, it is convenient to begin with explaining the
importance of the industrial sector across firms, because understanding the impor-
tance of the industrial sector from the perspective of the industrial firms can help in
supporting the potential contribution of the industrial sector in enhancing economic
development in Sudan. Beginning with the importance of the industrial sector for
economic development in Sudan, our results from the firm survey (2010) imply that
the respondent firms seem to be highly optimistic regarding the potential contribu-
tion of the industrial firms in achieving not only the traditional microeconomic aim
of maximising private industrial profit but also in achieving the macroeconomic
development aims, provided that the appropriate conditions for industrial develop-
ment is created. For instance, the potential contribution of the industrial sector in:
increasing output and income; increasing employment opportunities for present and
future labour force (in response to potential population increase); satisfying domes-
tic consumption and achieving self sufficiency by offering the basic and necessary
goods for the Sudanese; achieving industrial profit; improving production
relationships between workers; and enhancing local technological capability build-
ing by adaptation of imported technologies to fit with local needs. This is in addition
to: contribution to economic growth through enhancing industrial linkages;
reforming the structural imbalances in Sudan economy; decreasing imports; and
enhancing optimal and full utilisation of natural resources and local raw materials;
enhancing local capability; enhancing development of local technologies to fit with
local development needs; supporting development and urbanisation of all regions in
Sudan; enhancing local industrialisation using local raw materials; and enhancing
economic growth by increasing industrial exports. Finally, meeting the needs and
enhancing linkages with other sectors specially agriculture, are also mentioned but
are of somewhat less importance (see Table 7.1 below).!

The rest of this chapter is organised as follows: Sect. 7.2 defines the variables
used in our analysis and the general characteristics of firms; Sect. 7.3 presents our
hypotheses and discusses differences in prevalent skill levels and requirements and
the implications of low skill levels on skills mismatch, industrial performance

' As indicated by 97 %, 91 %, 84 %, 81 %, 81 %, 13 %, 67 %, 67 %, 67 %, 66 %, 63 %, 61 %, 57 %,
49 %, 49 % and 42 % of all the respondent firms respectively.
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Table 7.1 The importance of the industrial sector for economic development in Sudan (2008)

Economic development
aims

All
firms

Industry

Size

Chemical Food

Metal

Textile

Large

Medium Small

Increasing output and
income

Increasing employment
opportunities for present
and future labour force
(in response to potential
population increase)

Satisfying domestic
consumption and
achievement of self
sufficiency by offering
basic and necessary
goods for Sudanese

Achieving industrial profit

Creation of improved
production relationships
between workers

Enhancing local
technological capability
building by adaptation
of imported
technologies to fit local
needs

Enhancing economic
growth by enhancing
industrial linkages

Contribution to reform
structural imbalances in
Sudan economy

Contribution to economic
growth by decreasing
imports

Supporting the optimal and
full utilisation of natural
resources and local raw
materials

Enhancing local capability

Enhancing local
technological capability
building and reducing
technological
dependence by
development of local
technologies

Supporting development
and urbanisation of all
regions in Sudan

97 %

91 %

84 %

81 %
81 %

73 %

67 %

67 %

67 %

66 %

63 %
61 %

57 %

97 %

89 %

92 %

75 %
86 %

78 %

61 %

69 %

72 %

69 %

72 %
61 %

64 %

96 %

93 %

82 %

86 %
75 %

64 %

71 %

68 %

54 %

68 %

50 %
57 %

54 %

100 %

90 %

60 %

100 %
80 %

70 %

70 %

50 %

80 %

40 %

50 %
80 %

60 %

100 %

100 %

80 %

60 %
80 %

100 %

80 %

80 %

80 %

80 %

100 %
40 %

20 %

100 %

88 %

84 %

81 %
81 %

91 %

69 %

72 %

59 %

69 %

78 %
72 %

66 %

96 %

92 %

85 %

85 %
85 %

65 %

58 %

62 %

77 %

65 %

54 %
46 %

54 %

100 %

100 %

84 %

74 %
84 %

63 %

84 %

74 %

63 %

63 %

58 %
68 %

53 %

(continued)
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Table 7.1 (continued)

Economic development Al Industry Size
aims firms Chemical Food Metal Textile Large Medium Small
Enhancing economic 49 % 44 % 54% 30% 100% 63 % 46 % 32 %

growth by local
industrialisation of local
raw materials that was
earlier exported in the
form of raw materials
Enhancing economic 49 % 56 % 46% 40% 40% 53% 42% 47 %
growth by increasing
industrial exports
Enhancing economic 42 % 44 % 46 % 30% 20% 53% 35% 37 %
growth by meeting the
need and enhancing
linkage with other
sectors especially
agriculture
Number of respondents 79 36 28 10 5 32 26 19

Source: Own calculation based on the firm survey (2010)

indicators and productivity decline across firms; Sect. 7.4 examines the relationships
between actual and required education, experience and wages; Sect. 7.5 shows the
relationships between skill, technology (spending on ICT) and upskilling (spending
on ICT training) and between technology (ICT) and input—output indicators;
Sect. 7.6 concludes.

7.2 Data, Definition of Variables and General Characteristics
of Firms

Before commencing with the empirical analysis, it will be useful to briefly explain
the data used in our analysis and the general characteristics of firms.

7.2.1 Data and Definition of Variables

Our analysis in this chapter uses the data from the firm survey (2010), which
provides us with three sets of micro variables.” The first set includes skill variables,

2 All data, information and analysis in this chapter are based on the results covering 45 firms
obtained from the firm survey (2010).
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while the second and third sets include both technology and input—output and
performance related variables respectively. We define skill variables by educational
attainment, occupational level (measured by the required qualifications/schooling
years) and average years of experience.” We use the total spending on machinery
and equipment to define “old technology” and also we use the total spending on
ICT* to define “new technology”, the share of spending on ICT training as a
percentage of total spending on ICT to define “upskilling”, total sales value to
define “output”, total profit and total value added to define “performance”, in
addition we use economic, productivity, activity and profitability indicators to
define industrial performance indicators, and total employment and net worth to
define “labour” and “capital” inputs, respectively.’

We use the first set of skill variables in Sect. 7.3 to discuss hypotheses 3.b. and
4.a. in Chap. 1 above regarding the implications of unskilled workers across firms.
We use input—output and performance indicators to illustrate the decline in indus-
trial performance and productivity indicators and ratios. Next, in Sect. 7.4, we test
hypothesis 4.b. in Chap. 1 above about the relationships between actual and
required education and experience and wages. In Sect. 7.5, we use the first and
second sets of variables including skill, ICT and the share of spending on ICT
training to test hypothesis 4.c. in Chap. 1 above regarding the relationship between
skill, technology (ICT) and upskilling. Next, we use the second and third sets of
technology and input—output variables to test the fifth hypothesis in Chap. 1 above
about the relationship between technology (ICT) and input—output indicators.°

3We classify the educational qualifications of workers into three groups: high skilled (H) with
postgraduate, university and diploma degree (more than 12 years of schooling), medium skilled
(M) with secondary education (12 years of schooling) and low skilled (L) with less than secondary
education (less than 12 years of schooling). We define the occupational status according to five
categories, including: white collar high (managers, professionals, management executives,
scientists, technicians and engineers); white collar low (clerical and administrative); blue collar
high (skilled craftsmen); blue collar low (plant machinery operators, assemblers and elementary
occupation); and other workers. We define the required qualifications by required years of
schooling including: postgraduate/Ph.D. (19-20 years); professional, MSc/postgraduate
(18 years); university graduate (16 years); diploma (14 years); higher secondary schooling
(12 years); and less than secondary schooling (less than 12 years). We measure the average
wages by average monthly wages (in Sudanese Pounds), and average years of experience by
both actual and required average years of experience for both educational and occupational
definition respectively.

4ICT is the sum of total expenses on computers, telecommunications, Internet, training, mainte-
nance and other related items.

5We measure output by the total sales value because the measurement units of sales value is
unified (in local currency) across firms, while the measurement units of output in physical terms
(tonnes, litres, etc.) varies enormously across firms.

SWe use few observations in the estimated equations, due to limited availability of reliable data
covering these indicators, because some of the respondent firms were particularly reluctant to
provide adequate reliable quantitative data covering these indicators.
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7.2.2 General Characteristics of Firms

Table 7.2 presents the main general characteristics of firms and economic indicators
such as the share of firms in total employment, capital, profit and output (total sales
value), and their differences defined by firm size and industry level. We observe
that the market size or structure (defined by the share in total employment, raw
materials, profit, fixed capital and value added) seems biased toward large size and
chemical and food firms respectively. For instance, on average, the large size and
chemical firms respectively employ 74 % and 50 % of total workers, absorb 99 %
and 73 % of total raw materials, and therefore, it is not surprising that they
constitute 99 % and 72 % of total profit. While small size and food industries
absorb 99 % and 99 % of total capital, large size and food industries absorb 84 %
and 83 % of total fixed capital in the form of machinery and equipment, hence, it is
not surprising that they constitute 84 % and 84 % of total value added respectively.”
In addition, medium size and food industries constitute 63 % and 75 % of total
output (total sales value). These differences in market size leads to several
implications, as we explain below and in the next sections.

From Table 7.2 we observe the limited contribution of public sector and high
share of private sector in the metal, food, chemical and textile industries and
medium, small and large size firms respectively. We also note the high share of
local ownership and also a limited share of foreign and mixed ownership, which
implies the limited dependency on foreign capital and foreign workers. We find that
the share of firms in local ownership decreases and so the share in foreign owner-
ship increases with firm size and to some extent with industry level. But despite
the presence of foreign capital, there is limited contribution of multinational
companies; however, such contribution is diversified as the sources of foreign
capital of multinational companies originates from different countries and increases
to some extent with industry level and to less extent with firm size. We also observe
limited changes in the general structure of firms during the period 2005-2008,
which may indicate a lack of dynamism, particularly with respect to the distribution
of economic indicators, i.e. total employment, capital and output/sales value across
firms. The reported change since establishment in ownership, nationality of main
owner and length of years in operation (age) varies across firms and generally
increases with firm size and industry level; it was observed only in some of the
chemical industries and large and small size firms. In addition, the geographical

7We believe that our results should be interpreted carefully, notably when explaining our results
related to the share of firms in total capital, which indicate the large share of small size and food
industries that absorb 99 % and 99 % of total capital. In particular, we interpret these results due to
the relative availability of information and quantitative data covering these financial indicators,
notably, due to relatively more response to provide information and quantitative data covering
these financial indicators for small size and food industries as compared to other firms, particularly
because some of the firms seem to be more reluctant to provide adequate reliable information and
quantitative data covering these financial indicators for medium and large size, chemical, metal
and textile firms.
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distribution of firms indicates that most are clustered in two main locations and only
a few of the chemical, food and metal industries and large and medium size firms
have branches in cities other than the main location, though the probability of
clustering to some extent increases with firm size and industry, and the probability
of having branches increases with firm size but to lesser extent increases with
industry. Moreover, we realise the limited scope for diversification as measured
by sales and employment indices across firms.® The average diversification index
increases to some extent with firm size but only to a lesser extent increases with
industry; this implies that metal and chemical industries and large size firms have
more interest in diversification, whereas food and textile industries and medium
size firms have less interest in diversification and more interest in concentration and
specialisation. As expected, large size firms reported more interest in diversification
than medium and small size firms. Somewhat surprising and in contrast to our
expectations, the findings across firms indicate that metal firms reported more
interest in diversification more than chemical, food and textile firms, moreover,
somewhat surprising was that small size firms indicated more interest in diversifi-
cation than medium size firms.

7.3 Differences in SKkill Level and Requirements
and the Implications Across Firms

Our earlier findings in Chap. 5 indicate that the share of high skilled workers in total
employment, the total number of full time equivalent researchers (FTER), R&D
and ICT expenditure, patent, product and process innovations are higher within
large size and chemical firms when compared to medium and small size and food,
metal and textile firms. Our result with respect to R&D and chemical sector is
consistent with the standard classification developed by the OECD in the mid-
1980s, which distinguishes between industries in terms of R&D intensity
(cf. OECD 1997). For instance, in the mid-1980s, the OECD classification distin-
guished between industries in terms of R&D intensity, considering pharmaceutical
and ICT as high-technology, chemical and vehicle as medium-technology and food
and textile as low technology (cf. OECD 1997). Our findings with respect to firm
size are consistent with the literature and the Schumpeterian hypothesis, which
indicates that large size/market concentration is conducive to R&D investment
(cf. Braga and Willmore 1991). For instance, Kumar and Saqib (1994) suggest
that the probability of undertaking R&D increases with firm size only up to a certain

8 We use a modified definition of the diversification index developed by Utton (1979). We define
the diversification index by output/ sales diversification Di = [[P1 + 2 P2 + 3P3 + 4P4] —1/ 2],
where Pi refers to the percentage share of diversified sale product in total sale products within
firms. Ranked from large to small, when Di = 1, Di =4 and 1 < Di < 4, it implies complete
specialisation, complete diversification and some degree of diversification respectively. We apply
the same definition for employment diversification index. Cf. Utton (1979), pp. 15-16, 104-105.
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level, while R&D intensity increases with it linearly. However, one should also
expect that these results could imply a possibility for reversed causality, mainly
because R&D is a fixed cost that requires high financial capacity, which is most
likely to be strong amongst large size firms.

In addition to earlier findings, we observe that skill levels and requirements (actual
and required education and experience) and skills mismatch are not homogenous
across firms and vary with industry and size. As we explained in Sect. 7.3, these
findings can be used to test the hypotheses 3.b. and 4.a. in Chap. 1 above that,
irrespective of these differences, high skill requirements and low skill levels — due to
high share of unskilled workers — lead to skills mismatch and also contribute to
industrial performance indicators and productivity decline across firms. In Sects. 7.4
and 7.5, we then examined hypotheses 4.b. and 4.c. in Chap. 1 above that an increase in
skill levels and firm size lead to improved relationships between actual and required
education and experience, between actual education, experience and wages and
between skill, upskilling and technology (ICT). Finally, in Sect. 7.5, we also
investigated the fifth hypothesis in Chap. 1 above concerning the relationships between
technology (the use of ICT) and input—output indicators at the micro/firm level.

7.3.1 Differences in Skill Level and Requirements (Education
and Experience) Across Firms

Prior to investigating the first hypothesis on the extended implications of low skill
levels as presented above, it is convenient to begin with explaining differences in
skill levels and requirements across firms because understanding why and how they
vary with industry and firm size can help in investigating both the first and second
hypotheses.

In Figs. 7.1, 7.2, and 7.3 below we explain differences in skill levels and
requirements and low skill levels (defined by education and occupation groups)
across firms (defined by size and industry).’ Figures 7.1 and 7.2 show the low share
of high skilled — high educated and white collar — workers, differences in skill levels
according to education and occupation definitions and differences across firms. For
instance, Fig. 7.1 indicates that for 55 % of all respondent firms, the share of high
skilled (educated) represents 1-30 % of total employed workers. For a further 20 %
of all respondent firms, the share of high skilled (educated) represents 31-50 % of
total employed workers, but for the remaining 25 % the share is more than 50 % of
the workforce. Figure 7.2 shows, for example, that for 66 % of all respondent firms,

°In Figures 7.1-7.3, the horizontal axis defines firms, industry, size (chemical, food, metal and
textile, large, medium and small), and skill level (high (H), medium (M) and low (L)). The vertical
axis defines the intensity/share of H, M and L across firms. The information in the right margin
defines the distribution of workers in Figures 7.1-7.2, and the average required years of education
in Figure 7.3.
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Fig. 7.1 Differences in the distribution of workers by educational level across firms (% share)
2008 (Source: Firm Survey (2010))
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Fig. 7.2 Differences in the distribution of workers by occupational level across firms (% share)
2008 (Source: Firm Survey (2010))

the share of white collar (WC) represents 1-30 % of total employed workers; for
21 % of all respondent firms the WC share is 31-50 % and for 13 % the figure stands
at 50 % of total employed workers. The results show that the incidence of high
educated and white collar workers constituting more than half of total employment
is observed only within 25 % and 13 % of all respondent firms respectively. They
also indicate that the share of high skilled — measured by education — is less than



226 7 Relationship Between Skill, Technology and Input—Output Indicators

100% ¢
90%
80% !
70% -
60% !
50% |
40% |
30% |
20% !

10% |
N = 16 and
Ul above

Average required
years of
education

® between 9
and 12

® 12 and
above

Food
Metal
Textile

= 18 and
above

Small

Chemical
Large
Small
Chemical
Food

ALL Firms

Medium
Metal
Textile

ALL Firms

Fig. 7.3 Differences in the educational requirements by occupational level across firms (% share)
2008 (Source: Firm Survey (2010))

one third of total workers for 55 % of all firms and the share of high skilled — white
collar measured by occupational level — is less than one third of total workers for
66 % of all firms. That means that across all firms the share of high educated and
white collar respectively are less than one third and two thirds; therefore, the
majority of employed workers are low and medium skilled.

Figures 7.3 and 7.4 show that skill requirements — average required years of
schooling — vary and increase with occupational level across firms.' For instance,
Fig. 7.3 indicates that for 26 % of all respondent firms the average required years of
education for white collar (WC) is 12 and above; 68 % of all respondent firms require
an average of 16 years; whilst 6 % of all respondent firms put this figure at 18 and
above. Moreover, Fig. 7.4 indicates that for 16 % of all respondent firms the average
required years of education for white collar high (WCH) is 14 years (diploma degree),
for 47 % the requirement is 16 years (university degree) and for 37 % the requirement
is 17—-19 years and above (postgraduate degree). The figures show that the university
degree is the major preferred required qualification only within the first and second
occupational groups, while for the other occupational groups either a diploma or
secondary or less than secondary schooling is required.

Figure 7.5 below indicates the variation in skill requirements (required years of
experience), defined by educational and occupational levels. For instance, for 36 %
of all respondents firms the average required years of experience for high education
is 2-5 years; for 39 % the experience requirement stands at 5—10 years, for 17 %
the experience requirement stands at 10-15 years and for 8 % the figure is 16 years

19 White collar (WC) includes white collar high and low. Blue collar (BC) includes blue collar high
and low.
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and above. Moreover, for 19 % of all respondent firms the average required years of
experience for white collar high (WCH) is 2-5 years, for 37 % the experience
requirement stands at 5—10 years, for 26 % the experience requirement stands at
10-15 years and for 18 % the figure is 16 years and above. Figure 7.5 illustrates that
average years of experience are increasing in educational and occupational levels
respectively. In the next section, we explain the relationships between required
education/actual education, occupation/required education and experience and
wages across firms.
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7.3.2 The Implications of Low Skill Levels Across Firms

In this section we examine the first hypothesis that, irrespective of the observed
differences in skill levels and requirements and as we explained above, the low skill
levels — due to high share of unskilled workers — lead to skills mismatch and
probably contribute to industrial performance indicators and productivity decline
across firms.

7.3.2.1 Low SKkill Levels and Skills Mismatch (Differences in Required
and Attained Education)

When comparing the required schooling with the actual/attained schooling, we find
that differences in schooling requirements across firms have caused considerable
variations between the required and actual/attained schooling for high, medium
and low skilled groups. When we interpret the required schooling as the demand
for skills and the actual/attained schooling as the supply of skills, we observe that
the inconsistency between the required and actual/attained schooling indicates
an inconsistency between the demand for and supply of skills, which can be interpreted
as skills mismatch.'" For instance, Fig. 7.6 below illustrates the differences between
the required and actual/attained schooling across firms, defined by firm size and
industry level and skill levels. We observe that the inconsistency between the demand
for and supply of skills, or skills mismatch, is particularly higher/serious within both

"1 Our definition of actual education refers to educational attainment classified under three groups:
high (post secondary) educational attainment: university degree and above (16 years of schooling);
medium educational attainment: secondary education (12 years of schooling); and low educational
attainment: less than secondary education (9 years of schooling). We define the required education
by the translated merged required qualifications for each occupation group defined by average
years of schooling. The occupational classification includes the following five categories/ groups:
(1) managers, professional, management executive, scientific, technical and engineers; (2) clerical
and administrative; (3) skilled craftsmen; (4) plant machinery operators, assemblers and elemen-
tary occupation; and (5) other workers. We translate the required qualifications associated with
each occupational class into average years of schooling and group them in the following way:
(1) PhD/postgraduate (19-20 years); (2) professional, MSc/ postgraduates (18 years); (3) univer-
sity graduates (16 years); (4) Diploma (14 years); (5) higher/ secondary schooling (12 years); and
(6) less than secondary schooling (9 years). We then merge the required qualifications into three
groups, assuming that the high occupation group includes both the first and second occupation
categories, the medium occupation group includes both the third and fourth occupation categories
and, finally, the low occupation group includes the fifth occupation category. We then use this
definition to compare between the required education for each occupation class and actual/attained
education, and we assume that the difference between these indicates the presence of skills
mismatch between jobs requirements and educational attainment.
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high and low skilled groups respectively and across medium, small, chemical, food
and metal firms respectively. We find mismatch amongst all employment categories,
especially within high, medium and low skilled labour; for instance, we observe that
for all firms, on average, the intensity of mismatch for high, medium and low skill
groups accounts for 40 %, 31 % and 45 % respectively. This implies that the educa-
tional attainment amongst high, medium and low skilled labour does not match the
required skills/educational level for high, medium and low skilled jobs across approx-
imately 40 %, 31 % and 45 % of total respondents firms respectively. The mismatch is
highest for high, medium and low skills, probably because of both insufficient educa-
tional attainment and high educational requirements for high, medium and low skills
(see Fig. 7.3 above). Moreover, the intensity of mismatch is more prevalent across
small size and medium size and chemical, metal and food firms compared to large size
and textile firms. For instance, for medium size firms, on average the mismatch
intensity for high, medium and low skill groups accounts for 44 %, 38 % and 39 %
respectively, while for small size firms the figures are 22 %, 44 % and 71 % respec-
tively, whereas for large size firms the figures are 38 %, 24 % and 39 % respectively.
Moreover, for the chemical industries, on average the mismatch intensity for high,
medium and low skill groups accounts for 60 %, 20 % and 60 % respectively, while for
food industries the figures are 58 %, 30 % and 43 % respectively, whereas for metal
industries the figures are 36 %, 40 % and 53 % respectively, while for textile industries
the figures are 17 %, 13 % and 38 % respectively. Hence, our results in this section
concerning the presence of serious skills mismatch due to the excessive share of
unskilled foreign workers at the micro level are consistent with our earlier findings
in Chap. 5 above, which indicates the presence of serious skills mismatch at the
macro level.
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7.3.2.2 Low SKkill Levels and the Declining Trend of Labour Productivity
(Output/Labour Ratio)

The low skill levels may contribute to productivity decline across firms.'? Table 7.3
below illustrates considerable variation in the value and trend of labour productivity
(total output/labour ratio) in physical term, in particular, considerable decline in
labour productivity (output/labour ratio) for numerous firms over the period
2005-08.">'%13

The declining labour productivity across many firms may not be surprising since
the majority of employed workers are low skilled/educated workers — see our result
above — and a low skill level may lead to further decline in productivity. For
instance, Table 7.3 below shows that over the periods 2005-2006, 2006-2007
and 2007-2008, the declining trend of labour productivity is reversed across
8 out of 37 (22 %) of all respondent firms and the increasing trend continues across
16 out of 37 firms (43 %); however, the increasing trend turns into a declining one
across 11 out of 37 firms (30 %), or the declining trend continues across 2 out of 37
(5 %) of all respondent firms. Hence, for the majority 24 out of 37 (65 %) of all
respondent firms either the declining trend turns into an increasing one or the
increasing trend continues, but for the remaining 13 out of 37 (35 %), i.e. for
more than one third of all firms either the increasing trend turns into a declining one
or the declining trend continues. For chemical firms over the periods 2005-2006,
2006-2007 and 2007-2008, the declining trend of labour productivity is reversed
across 5 out of 18 (28 %) of the chemical firms and the increasing trend continues
across 9 out of 18 firms (50 %); however, the increasing trend turns into a declining
one across 2 out of 18 firms (11 %), or the declining trend continues across 2 out
of 18 (11 %) of the chemical firms. Thus, for the majority 14 out of 18 (68 %) of the
chemical firms either the declining trend turns into an increasing one or the
increasing trend continues, but for the remaining 4 out of 18 (22 %), i.e. for more
than one fifth of the chemical firms either the increasing trend turns into a declining
one or the declining trend continues. For food firms over the periods 2005-2006,

'2 Productivity is measured in physical terms (tonnes, litres, etc.) for selected firms according to
availability of data.

'3 The results from the firm survey (2010) indicate that the declining labour productivity seems to
be more sensitive to industry level and less sensitive to firm size as reported by 35 %, 22 %, 42 %,
67 %, 50 %, 47 %, 20 % and 33 % of all firms, chemical, food, metal, textile, large, medium and
small size firms respectively.

'“Due to the small number of observations on the declining trend of labour productivity, our
results should be interpreted carefully as probably this may not be the only case; other possible
explanations are either the steady or increasing trends amongst the non-respondent firms.

'51n Table 7.3 we limit our analysis of the productivity decline to compare only the change in
labour productivity over the periods 2005-2006, 2006-2007 and 2007-2008 across 42 of the
respondent firms. Since our data only reflects skill levels for the year 2008, but does not reflect the
change in skill levels over the period 2005-2008. That means we cannot compare the change in
productivity with the change in skill levels, so as to attribute the declining trend in productivity
over the period 2005-2008 to the declining trend in skill levels.
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2006-2007 and 2007-2008, the declining trend of labour productivity is reversed
across 1 out of 12 (8 %) of the respondent firms and the increasing trend continues
across 6 out of 12 firms (50 %); however, the increasing trend turns into a declining
one across 5 out of 12 firms (42 %). Therefore, for more than half or the majority
7 out of 12 (58 %) of the food firms either the declining trend turns into an
increasing one or the increasing trend continues, but for the remaining 5 out of 12
(42 %), i.e. for more than one third and near to one half of the food firms either the
increasing trend turns into a declining one or the declining trend continues. For
metal firms over the periods 2005-2006, 20062007 and 2007-2008, the declining
trend of labour productivity is reversed across 1 out of 3 (33 %) of the metal firms;
however, the increasing trend turns into a declining one across 2 out of 3 (67 %) of
the metal firms. Hence, for the majority 2 out of 3 (67 %), i.e. for more than two
third of the metal firms the increasing trend turns into a declining one, but for the
remaining 1 out of 3 (33 %) the declining trend turns into an increasing one. For
textile firms over the periods 2005-2006, 2006-2007 and 2007-2008, the declining
trend of labour productivity is reversed across 1 out of 4 (25 %) of the textile firms
and the increasing trend continues across 1 out of 4 firms (25 %); however, the
increasing trend turns into a declining one across 2 out of 4 firms (50 %). Thus, for
the first half (2 out of 4 or 50 %), i.e. for one half of the textile firms either the
declining trend turns into an increasing one or the increasing trend continues, while
for the other half (2 out of 4 or 50 %) the increasing trend turns into a declining one
For large size firms over the periods 2005-2006, 2006-2007 and 2007-2008, the
declining trend of labour productivity is reversed across 4 out of 15 (27 %) of the
large size firms and the increasing trend continues across 4 out of 15 firms (27 %);
however, the increasing trend turns into a declining one across 6 out of 15 firms
(40 %), or the declining trend continues across 1 out of 15 (7 %) of the large size
firms. Thus, for the majority 8 out of 15 (53 %), i.e. for more than one half of
the large size firms either the declining trend turns into an increasing one or the
increasing trend continues, but for the remaining 7 out of 15 (47 %) either the
increasing trend turns into a declining one or the declining trend continues. For
medium size firms over the periods 2005-2006, 2006-2007 and 2007-2008, the
declining trend of labour productivity is reversed across 3 out of 10 (30 %) of the
medium size firms and the increasing trend continues across 5 out of 10 firms
(50 %); however, the increasing trend turns into a declining one across 2 out of
10 (20 %) of the medium size firms. Thus, for the majority 8 out of 10 (80 %) of the
medium size firms either the declining trend turns into an increasing one or the
increasing trend continues, but for the remaining 2 out of 10 (20 %), i.e. for one fifth
of the medium size firms the increasing trend turns into a declining one. For small
size firms over the periods 2005-2006, 2006-2007 and 2007-2008, the declining
trend of labour productivity is reversed across 1 out of 12 (8 %) of the small size
firms and the increasing trend continues across 7 out of 12 firms (58 %); however,
the increasing trend turns into a declining one across 3 out of 12 (25 %) of the small
size firms, or the declining trend continues across 1 out of 12 (8 %) of the small size
firms. Thus, for the majority 8 out of 12 (67 %) of the small size firms either the
declining trend turns into an increasing one or the increasing trend continues, but
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for the remaining 4 out of 12 (33 %), i.e. for one third of the small size firms either
the increasing trend turns into a declining one or the declining trend continues.

Therefore, our results in this section concerning the declining labour productiv-
ity are consistent with our results regarding the declining industrial performance
indicators that we measure by three sets of economic-productivity, activity
and profitability indicators at the micro level as we show in the next section
(see Tables 7.4 and 7.5 below).

7.3.2.3 Low Skill Levels and the Declining Trend of Other Industrial
Performance Indicators

The low skill levels may contribute to the decline of industrial performance
indicators across firms. The trend of these indicators show considerable variation
across firms and in most cases seem to be more sensitive to differences in firm size,
industry and sector, in particular, the average performance ratio for different
indicators for numerous firms show a considerable decline over the period
2005-2008. Tables 7.4 and 7.5 below illustrate an assessment of the value and
trend of industrial performance indicators across firms over the period 2005-2008,
which we measure by three different sets of economic and productivity indicators,
activity indicators and profitability indicators. Using Al-Quraishi’s (2005) defini-
tion of industrial performance, first we measure the first set of economic indicators
by three indicators including first the degree of industrialisation that is indicated by
the ratio of total value added as a percentage of total output measured by total sales
value, and second the capital intensity level indicators that we measure by the
ratios of capital and fixed capital — measured by total spending in machinery and
equipment — as percentages to total labour respectively. We define the third
economic indicator by a set of productivity indicators that we measure by: labour
productivity indicator measured by the ratio of total value added as a percentage to
total labour; capital productivity indicator measured by the ratio of total output
measured by total sales value as percentages of total capital; fixed capital produc-
tivity indicator measured by the ratio of output measured by total sales value as a
percentage of fixed capital or machinery and equipment; wage productivity indica-
tor that we measure by the total output measured by total sales value as a percentage
of total wage; and raw materials productivity indicator measured by the ratio of
total output measured by total sales value as a percentage to total spending on raw
materials. Second, we measure the second set of activity indicators or ratios by first
the fixed capital turnover ratio that we measure by the ratio of total sales value as a
percentage of fixed capital, and second the capital turnover ratio that we measure by
the ratio of total sales value as a percentage of total capital. Third, we measure the
third set of profitability indicators by three indicators including first the rate of
return on labour that we measure by profit/labour ratio, second the rate of return on
capital that we measure by the ratio of profit as a percentage to capital and third
profit margin indicator that we measure by the ratio of profit as a percentage to total
sales value (Al-Quraishi 2005: 249-277).
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Beginning with the first set of economic indicators, we find that for all firms the
trend of value and growth rate of the economic indicator as measured by the degree
of industrialisation as measured by the value added/sales value (output) ratio,
showed a negative decreasing trend over the periods 2005-2006 and 2005-2008
but that again turned into a positive increasing trend over the periods 2006-2007
and 2007-2008. In particular, we find that the economic indicator as measured by
the degree of industrialisation as measured by the value added/sales value (output)
ratio varied across firms over the period 2005-2008, for instance, either the
declining trend continued or the increasing trend turned into a declining trend for
metal and textile industries, small size and mixed firms, while by contrast either the
increasing trend continued for food industries or the declining trend turned into an
increasing trend for all firms, chemical industries and medium size and large size
and private firms. Moreover, as for the second economic indicator of capital
intensity and productivity indicator as measured by capital/labour productivity
indicator or ratio, we find that for all firms the trend of value and growth rate of
capital/labour ratio showed a negative decreasing trend over the period 2005-2006
that turned into a positive increasing trend over the periods 2006-2007, 20072008
and 2005-2008. In particular, we find that the capital intensity and productivity
indicator measured by capital/labour ratio varied across firms over the period
2005-2008, for instance, either the declining trend continued for the chemical
industries or the increasing trend turned into a declining trend for textile industries
and medium size firms, whereas by contrast either the increasing trend continued or
the declining trend turned into an increasing trend for all firms, food and metal
industries and small size and large size and private and mixed firms. Moreover, we
find that for all firms the trend of value and growth rate of the second economic
indicator of capital intensity and productivity indicator measured by fixed capital/
labour ratio measured by machinery and equipment/labour ratio showed a negative
decreasing trend over the periods 2005-2006, 2006-2007 and 2005-2008 that
turned into a positive increasing trend over the period 2007-2008. In particular,
we find that the capital intensity and productivity indicator measured by fixed
capital/labour ratio measured by machinery and equipment/labour ratio varied
across firms over the period 2005-2008, for instance, either the declining trend
continued for the chemical industries or the increasing trend turned into a declining
trend for the medium size firms, whereas by contrast either the increasing trend
continues or the declining trend turned into an increasing trend for all firms, food,
metal and textile industries, small size and large size, private and mixed firms. In
addition, we find that for all firms the trend of value and growth rate of raw
materials/labour ratio showed a positive increasing trend over the periods
2005-2006 and 2005-2008 that turned into a negative decreasing trend over the
periods 2006-2007 and 2007-2008. In particular, we find that the raw materials/
labour ratio varied across firms over the period 2005-2008, for instance, either the
declining trend continues or the increasing trend turned into a declining trend for all
firms, food and textile industries and medium size and mixed firms, while by
contrast either the increasing trend continued for the chemical industries, large
size and private firms or the declining trend turned into an increasing trend for metal
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industries and small size firms. Moreover, we find that for all firms the trend of
value and growth rate of wages/labour ratio showed a negative decreasing trend
over the periods 2005-2006 and 2005-2008 that turned into a positive increasing
trend over the periods 2006-2007 and 2007-2008. In particular, we find that wages/
labour ratio varied across firms over the period 2005-2008, for instance, either the
declining trend continued or the increasing trend turned into a declining trend for
food and textile industries and medium size firms, while either the increasing trend
continued for the chemical and metal industries and small size and private firms, or
the declining trend turned into an increasing trend for all firms, large size and mixed
firms. Moreover, we find that for all firms the trend of value and growth rate of sales
value (output)/labour ratio showed a negative decreasing trend over all the periods
2005-2006, 2006-2007, 2007-2008 and 2005-2008. In particular, we find that
sales value (output)/labour ratio varied across firms over the period 2005-2008, for
instance, either the declining trend continued for all firms, food industries, medium
size, and mixed firms or the increasing trend turned into a declining trend for private
firms, while by contrast either the increasing trend continued or the declining trend
turned into an increasing trend for the chemical, metal, textile industries and small
size and large size firms. Moreover, we find that for all firms the trend of value and
growth rate of value added/labour ratio showed a negative decreasing trend over the
periods 2005-2006 and 2005-2008 that turned into a positive increasing trend over
the periods 2006-2007 and 2007-2008. In particular, we find that the value added/
labour ratio vary across firms over the period 2005-2008, for instance, either the
declining trend continued or the increasing trend turned into a declining trend for
chemical and food industries, medium and large size and mixed firms, while by
contrast either the increasing trend continued for metal industries and small size
firms or the declining trend turned into an increasing trend for all firms, textile and
private firms (see Table 7.4 above). Moreover, we find that for all firms the trend of
value and growth rate of other productivity indicators as measured by the wage
productivity ratio as measured by sales/wage ratio showed a negative decreasing
trend over the period 2005-2006 that turned into a positive increasing trend over all
the periods 2006-2007, 2007-2008 and 2005-2008. In particular, we find that the
other productivity indicators as measured by the wage productivity ratio as
measured by sales/wage ratio varied across firms over the period 2005-2008, for
instance, either the declining trend continued or the increasing trend turned into a
declining trend for food industries and small size and mixed firms, while by contrast
either the increasing trend continued for metal industries or the declining trend
turned into an increasing trend for all firms, chemical and textile industries and
medium size and large size and private firms. Moreover, we find that for all firms
the trend of value and growth rate of other productivity indicators as measured by
the raw materials productivity as measured by the sales/raw materials ratio showed
a positive increasing trend over the period 2005-2006, that turned into a negative
decreasing trend over the period 2006-2007 but that again turned into a positive
increasing trend over the periods 2007-2008 and 2005-2008. In particular, we find
that the other productivity indicators as measured by the raw materials productivity
as measured by the sales/raw materials ratio varied across firms over the period
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2005-2008, for instance, either the declining trend continued or the increasing trend
turned into a declining trend for food, metal and textile industries and small size and
large size and mixed firms, while by contrast either the increasing trend continued
or the declining trend turned into an increasing trend for all firms, chemical
industries and medium size and private firms. Moreover, we find that for all firms
the trend of value and growth rate of the second set of indicators (the activity
indicators as measured by fixed capital turnover ratio as defined by the sales/fixed
capital (machinery and equipment) ratio) showed a positive increasing trend over
the periods 2005-2008 and 2005-2006, that turned into a negative decreasing trend
over the period 2006-2007 but that again turned into a positive increasing trend
over the period 2007-2008. In particular, we find that the activity and other
productivity indicators as measured by the fixed capital turnover ratio as measured
by the sales/fixed capital ratio as measured by machinery and equipment varied
across firms over the period 2005-2008, for instance, either the declining trend
continued or the increasing trend turned into a declining trend for food industries
and small size firms, while by contrast either the increasing trend continued for
mixed firms or the declining trend turned into an increasing trend for all firms,
chemical, metal and textile industries and medium size and large size and private
firms. Moreover, we find that for all firms the trend of value and growth rate of
activity and other productivity indicators, defined by capital turnover ratio, defined
by sales/capital ratio showed a positive increasing trend over the period 2005-2006,
that turned into a negative decreasing trend over the periods 2006-2007,
2007-2008 and 2005-2008. Particularly, we find that the activity and other produc-
tivity indicators, defined by capital turnover ratio, defined by sales/capital ratio vary
across firms over the period 2005-2008; for instance, either the declining trend
continued for medium size firms or the increasing trend turned into a declining
trend for all firms, food industries and small size and private firms, while by contrast
either the increasing trend continued for textile industries or the declining trend
turned into an increasing trend for chemical and metal industries and large size and
mixed firms (see Table 7.5 below).

As for the third set of profitability indicators from Table 7.5, we find that for all
firms the trend of value and growth rate of profitability that we measure by the rate
of return on labour or profit/labour ratio showed a positive increasing trend over the
periods 2005-2006, 2006—2007 and 2005-2008 that turned into a negative declining
trend over the period 2007-2008. In particular, we find that profit/labour ratio
varied across firms over the period 2005-2008, for instance, either the declining
trend continued for mixed firms or the increasing trend turned into a declining trend
for all firms, chemical, food and textile industries, large size and private firms,
while by contrast either the increasing trend continues or the declining trend turned
into an increasing trend for metal industries, small and medium size firms. In
addition, we find that for all firms the trend of value and growth rate of profitability
as measured by the rate of return on capital as measured by profit/capital ratio
showed a positive increasing trend over the periods 2005-2006 and 2006—-2007 that
turned into a negative decreasing trend over the periods 2007-2008 and 2005-2008.
In particular, we find that profitability as measured by the rate of return on capital
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measured by profit/capital ratio varied across firms over the period 2005-2008,
for instance, either the declining trend continued for medium size firms or the
increasing trend turned into a declining trend for all firms, food and textile
industries and private firms, while by contrast either the increasing trend continues
or the declining trend turned into an increasing trend for chemical and metal
industries and small size and large size and mixed firms. Moreover, we find that
for all firms the trend of value and growth rate of profitability measured by profit
margin that we measure by profit/sales ratio showed a negative decreasing trend
over all the periods: 2005-2006, 2007-2008 and 2005-2008. In particular, we find
that profitability as measured by profit margin as measured by profit/sales ratio
varied across firms over the period 2005-2008, for instance, either the declining
trend continued for chemical and food industries, large size, medium size and
private firms or the increasing trend turned into a declining trend for all firms,
metal and textile industries and small size, while by contrast the declining trend
turned into an increasing trend only for mixed firms.

We find that in most cases the trend of these indicators seem to be more sensitive
to differences in firm size, industry and sector. In particular, the industrial perfor-
mance indicators that seem to be more sensitive to differences in firm size, industry
and sector include the economic indicator as measured by the degree of industria-
lisation that we measure by the ratio of total value added as a percentage of total
output measured by total sales value. Moreover, other industrial performance
indicators that seem to be more sensitive to differences in firm size, industry and
sector include three productivity indicators: capital productivity indicator (total
output (measured by total sales value)/total capital); the fixed capital productivity
indicator (total output (measured by total sales value)/fixed capital (machinery and
equipment)); and the wage productivity indicator (total output (measured by total
sales value)/total wage). In addition to the activity indicators or ratios measured by
fixed capital turnover ratio, measured by the ratio of total sales value as a percentage
of fixed capital, and capital turnover ratio measured by the ratio of total sales value
as a percentage of total capital, in addition to the profitability indicator measured by
the rate of return on capital measured by the ratio of profit as a percentage to capital.
We find that the industrial performance indicators that seem to be to some extent
sensitive to differences in firm size but less sensitive to industry and sector include
the economic or capital intensity level indicator measured by both the ratio of total
capital as a percentage to total labour and the ratio of fixed capital or total spending
in machinery and equipment as a percentage to total labour. Moreover, we find that
the industrial performance indicator that seems to be sensitive to only differences in
industry is the raw materials productivity indicator measured by the ratio of
total output measured by total sales value as a percentage to total spending on
raw material. We find that the industrial performance indictors that seem to be
insensitive to differences in firm size, industry and sector include the labour
productivity indicator measured by the ratio of total value added as a percentage
to the total labour and profitability indicators that we define by profit/labour ratio
and profit margin indicator measured by the ratio of profit as a percentage to total
sales value. These results imply that in most cases an increase in skill level — share
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of high skill in total employment — firm size and industry most probably leads to an
improvement in most of industrial performance indicators (see Tables 7.4 and 7.5
below).

7.3.2.4 Low SKkill Level and Declining Performance of Manufacturing
Industrial Firms

The findings from the firm survey (2010) and Table 7.6 below support our argument
that the low skill levels may contribute to declining industrial performance
indicators: economic, activity, profitability and labour productivity across firms as
we explained above. Table 7.6 below shows that the low skill level is indicated by
firms among the important problems that are hindering industrial performance and
contribution towards economic development in Sudan.'® For instance, we find that
from the perspective of all respondent firms the most important problems are:
inadequate finance and inappropriate conditions for industrial development, spread
of routine and bureaucracy and slow procedures related to the industrial needs,
interruption and inadequate availability and high costs of electricity and water, lack
of raw materials, inadequate infrastructure, weak maintenance capability and lack
of spare parts, inadequate skills and lack of trained labour force, weak industrial
awareness, weak and narrow marketing opportunities, weak and inadequate eco-
nomic visibility studies, inadequate management and organisational facilities and
inadequate transportation equipment respectively (see Table 7.6 below).!” More-
over, from the firms’ perspective other extremely important factors hindering
contribution of the industrial sector in economic development in Sudan include
the lack of support from Ministry of Industry and the government, and high
production costs caused by the imposition of high taxes, fees, levies and customs
for clearance of imported raw materials, machines, machinery and equipment
imposed on the industrial firms in Sudan.'® For chemical industries the most
important problems are: interruption and inadequate availability and high costs of
electricity and water, spread of routine and bureaucracy and slow procedures
related to industrial needs, lack of raw materials, inadequate finance and inappro-
priate conditions for industrial development, inadequate infrastructure, weak indus-
trial awareness, inadequate skill and lack of trained labour force, weak maintenance

' For instance, inadequate skills and lack of trained labour force is important problem that
reported by 75 %, 76 %, 68 %, 100 %, 60 %, 91 %, 69 % and 60 % of all firms, chemical, food,
metal, textile, large, medium and small size firms respectively.

'7 As indicated by 86 %, 85 %, 84 %, 78 %, 16 %, 15 %, 75 %, 73 %, 67 %, 61 %, 57 % and 52 % of
all respondents firms respectively.

18According to respondent firms 95 % of industrial firms in Khartoum North industrial area are
closed due to high production costs.
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Table 7.6 The factors constraining improvement of industrial firms performance and economic
development in Sudan (2008)

Al Industry Size

firms Chemical Food Metal Textile Large Medium Small

Inadequate finance and 86 % 84 % 82 % 100 % 100 % 88 % 88 % 85 %
inappropriate conditions
for industrial
development

Spread of routine and 85 % 89 % 89 % 67% 60% 84% 88 % 85 %
bureaucracy and slow
procedures related to
industrial needs

Interruption and inadequate 84 % 89 % 86 % 56% 80% 84% 85% 85 %
availability and high costs
of electricity and water

Lack of local raw materials 78 % 86 % 61% 89 % 100% 84% 77 % 75 %

In adequate infrastructure 76 % 81 % 1% 89 % 40% T2% 81% 80 %

Weak maintenance capability 75 % 76 % 5% 7% 60% 91 % 65% 65 %
and lack of spare parts

Inadequate skill and lack of 75 % 76 % 68% 100% 60% 91 % 69 % 60 %
trained labour force

Weak industrial awareness 73 % 78 % 68% 8% 60% 81% 73 % 65 %

Weak and narrow marketing 67 % 70 % 64% 56% 80% 66% T3 % 65 %
opportunities

Weak and in adequate 61 % 65 % 61% 5S6% 40% S9% 62% 65 %
economic visibility
studies

Inadequate management and 57 % 65 % 46% 67% 40% T15% 46 % 45 %
organizational facilities

Inadequate transportation 52% 51 % 46 % 67% 60% 59 % 50 % 45 %
equipments

Source: Own calculation based on the firm survey (2010)

capability and lack of spare parts, weak and narrow marketing opportunities and
inadequate management and organisational facilities respectively.'® For food
industries the most important problems are: spread of routine and bureaucracy
and slow procedures related to industrial needs, interruption and inadequate avail-
ability and high costs of electricity and water, inadequate finance and inappropriate
conditions for industrial development, weak maintenance capability and lack of
spare parts, inadequate infrastructure, inadequate skills and lack of trained labour
force, weak industrial awareness, weak and narrow marketing opportunities and
lack of raw materials respectiv