
Contents

Part I Introduction

1 General Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.2 Research Problem, Importance, Relevance and Method . . . . . . . 3

1.3 Objectives, Hypotheses and Questions of the Research . . . . . . . . 8

1.4 Structure of the Research . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

2 Economic Development Challenges in Sudan and the Need

for Skill Upgrading and Technological Development . . . . . . . . . . . 15

2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2.2 Economic Characteristics and Strategic Problems for Development

in Sudan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

2.2.1 General Political Context and Socio-Economic

Characteristics of Sudan . . . . . . . . . . . . . . . . . . . . . . . . . 17

2.3 Overview on the Importance and Impact of Oil in Sudan . . . . . . 20

2.3.1 Overview on the Importance and Historical Background

About Oil in Sudan . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

2.3.2 The Role of China in the Exploration, Production

and Export of Sudanese Oil . . . . . . . . . . . . . . . . . . . . . . 23

2.3.3 Overview on the Oil Impact, Opportunities and Challenges

for Development in Sudan . . . . . . . . . . . . . . . . . . . . . . . 25

2.4 Structural Problems of Labour in Sudan . . . . . . . . . . . . . . . . . . . 44

2.4.1 Demographic Structure, Participation Rate and the

Declining Productivity of Labour and Economic Growth

in Sudan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

2.4.2 The Low Skill Level and Brain Drain Problem

in Sudan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

2.4.3 The Unemployment, Youth Unemployment and Skill

Mismatch at the Macro Level in Sudan . . . . . . . . . . . . . . 55

xiii



2.5 Overview on the Recent Restructuring and Challenges for

Development in Sudan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

2.6 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

Part II Conceptual and Theoretical Framework

3 Technological Change and Human Capital: Conceptual Framework,

Theoretical and Empirical Literature . . . . . . . . . . . . . . . . . . . . . . . 77

3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

3.2 Conceptual Framework: Technological Change

and Human Capital . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

3.3 Theoretical Framework: Technological Change, Human Capital

and Economic Growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

3.3.1 Economic Growth Theory and Exogenous Technical

Change . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

3.3.2 Economic Growth Theory and Endogenous Technical

Change . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

3.3.3 Human Capital and Economic Growth . . . . . . . . . . . . . . 83

3.3.4 The Relationship Between Technological Progress,

Human Capital (Skill) and Skill Upgrading . . . . . . . . . . . 88

3.4 Measurement of Technological Change and Human Capital . . . . 91

3.4.1 Measurement of Science and Technology Indicators . . . . 91

3.4.2 Measurement of Technological Change . . . . . . . . . . . . . 94

3.4.3 Measurement of Human Capital (Human Skills) . . . . . . . 96

3.5 Endogenous Growth and Public Policy . . . . . . . . . . . . . . . . . . . 100

3.6 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

Part III Empirical Application

4 Research Methodology and Methods of Data Collection . . . . . . . . . 115

4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115

4.2 Motivation and Selection of a Case Study . . . . . . . . . . . . . . . . . 116

4.3 The Selection of the Sample and Composition of the Surveys . . . 126

4.4 Structure and Design of the Questionnaire . . . . . . . . . . . . . . . . . 133

4.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137

5 Assessment of Skill and Technology Indicators . . . . . . . . . . . . . . . . 139

5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139

5.2 Causes and Consequences of Deficient Educational System . . . . 140

5.2.1 Causes of Deficiency in the Educational System . . . . . . . 140

5.2.2 Consequences of the Deficient Educational System . . . . . 143

5.2.3 Consequences of the Low Educational Qualifications

of Unskilled Workers at the Micro/Firm Level . . . . . . . . 151

xiv Contents



5.3 The Impacts of Skill Upgrading and Technological Upgrading:

Micro–Macro Views . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164

5.4 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168

6 Assessment of Science and Technology Indicators and the Need

for Science and Technological Development in Sudan . . . . . . . . . . 171

6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171

6.2 General Socio-Economic Characteristics of Sudan and S&T

Indicators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173

6.3 S&T Indicators in Sudan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174

6.3.1 Governance of S&T . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175

6.3.2 Human and Financial Input Indicators . . . . . . . . . . . . . . . 176

6.3.3 Science and Technology Output Indicator and Impact . . . 192

6.4 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211

7 Relationship Between Skill, Technology and Input–Output

Indicators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215

7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215

7.2 Data, Definition of Variables and General Characteristics

of Firms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 218

7.2.1 Data and Definition of Variables . . . . . . . . . . . . . . . . . . 218

7.2.2 General Characteristics of Firms . . . . . . . . . . . . . . . . . . . 220

7.3 Differences in Skill Level and Requirements and the Implications

Across Firms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223

7.3.1 Differences in Skill Level and Requirements (Education

and Experience) Across Firms . . . . . . . . . . . . . . . . . . . . 224

7.3.2 The Implications of Low Skill Levels Across Firms . . . . 228

7.4 Upskilling, Improving Industrial Performance and Relationships

Between Required Education (Occupation), Attained/Actual

Education, Experience and Average Wages . . . . . . . . . . . . . . . . 246

7.4.1 Upskilling and Improving Performance of Manufacturing

Industrial Firms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246

7.4.2 Relationships Between the Required Education

(Occupation), Attained/Actual Education, Experience

and Average Wages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 251

7.5 Skill, Upskilling (ICT Training), Technology (ICT)

and Input–Output Indicators . . . . . . . . . . . . . . . . . . . . . . . . . . . 262

7.5.1 Skill and the Share of Spending on Technology (ICT)

and Upskilling (ICT Training) . . . . . . . . . . . . . . . . . . . . 263

7.5.2 The Use of Technology, ICT, Skill and the Demand

for Skilled Workers Across Firms . . . . . . . . . . . . . . . . . . 265

Contents xv



7.5.3 The Share of Spending on ICT and Input–Output

Indicators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272

7.6 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 277

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 278

8 The Importance (Impacts) of Knowledge at the Macro–Micro

Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 281

8.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 281

8.2 Definition, Importance, Sources and Measurement

of Knowledge in the Growth Literature . . . . . . . . . . . . . . . . . . . 282

8.3 The Hypothesis, Stylised Facts and Data . . . . . . . . . . . . . . . . . . 285

8.3.1 The Importance (Impacts) of Knowledge

at the Micro–Macro Levels in Sudan . . . . . . . . . . . . . . . 285

8.3.2 Definition of Data and Variables . . . . . . . . . . . . . . . . . . 286

8.4 The Empirical Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 287

8.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 306

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 307

Part IV Policy Recommendations, Summary and Conclusions

9 Education, Training and Skill Development Policies in Sudan:

Macro–Micro Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 313

9.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 313

9.2 Characteristics of Educational Policies in Sudan: Supply,

Demand, Quality and Impacts . . . . . . . . . . . . . . . . . . . . . . . . . . 316

9.2.1 Characteristics of Educational Policies in Sudan . . . . . . . 316

9.2.2 The Supply Side of Educational Policies: Financial and

Human Resources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 317

9.2.3 The Demand Side of Educational Policies: The Demand

for and Enrolment in Education . . . . . . . . . . . . . . . . . . . 336

9.2.4 Return, Efficiency and Quality of Educational Policies . . . 358

9.2.5 The Impacts of Educational Policies on Literacy

and Access to Schooling (School Life Expectancy) . . . . . 372

9.3 Characteristics of Training Policies and The Impact of Educational

Policies on Training Policies: Large Mixed and Private Firms and

Public Policies of Training and Skills Upgrading in Sudan . . . . . 374

9.3.1 Characteristics of Training Policies in Sudan . . . . . . . . . . 374

9.3.2 The Impact of Educational Policies on Training Policies:

Large Mixed and Private Firms and Public Policies

of Training and Skills Upgrading . . . . . . . . . . . . . . . . . . 375

9.4 Plans and Policies and Mechanisms for Skill Development:

The Macro–Micro Views . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 382

9.4.1 Plans for Skill Development: The Macro–Micro Views . . . 382

9.4.2 Policies and Mechanisms for Skill Development:

The Macro–Micro Views . . . . . . . . . . . . . . . . . . . . . . . . 391

xvi Contents



9.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 399

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 403

10 Summary and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 409

10.1 Research Problem, Methodology and Major Findings . . . . . . . . 409

10.2 Relevance and Contribution of the Research . . . . . . . . . . . . . . 418

10.3 Policy Recommendations . . . . . . . . . . . . . . . . . . . . . . . . . . . . 425

10.4 Direction for Future Research . . . . . . . . . . . . . . . . . . . . . . . . . 429

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 429

Appendices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 431

Appendix A: Questionnaire of the Firm Survey (2010) . . . . . . . . . . . . 431

Appendix B: Questionnaire of the Macro Survey (2010) . . . . . . . . . . . 459

Appendix C: Questionnaire of the R&D Survey (2010) . . . . . . . . . . . 473

About the Author . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 477

Contents xvii



http://www.springer.com/978-3-642-32810-7


