
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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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.1

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.

0
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Public expenditure on R&D as % of GDP in Sudan (%) (1996–2006)

0.47
0.44

0.39

0.34

0.29 0.29 0.28

0.1

0.2

0.3

0.4

0.5

0.6

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))

1 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.

174 6 Assessment of Science and Technology Indicators and the Need for Science. . .

http://dx.doi.org/10.1007/978-3-642-32811-4_3
http://dx.doi.org/10.1007/978-3-642-32811-4_5


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

6.3 S&T Indicators in Sudan 175



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.2 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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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,

World
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All developing countries

Middle income
Low income
South Asia

Latin America /Caribbean
Tunisia

Morocco
Kuwait
Egypt

Sudan

0.00 0.50
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0.70
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The Percentage of Spending on R&D to GDP (%)

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)

6.3 S&T Indicators in Sudan 179



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).

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)

Per

capita

(PPP$)

GERD by sector of performance (%)

Local currency

(Sudanese dinar)

(000)

PPP$

(000)

As

percentage

(%) of GDP

Business

enterprise

(%)

Government

(%)

Higher

education

(%)

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 38.9 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 38.3 28.1

2005 19,284,000 179,085 0.28 4.9 33.7 39.2 27.1

Source: UNESCO R&D Statistics (2006)
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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.3

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.4

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).
4 See 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)6 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).
6 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

andMediterranean 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,7 technical enrolment index, engineering

enrolment index, gross enrolment ratio at tertiary education and the share of tertiary

students in science, mathematics and engineering.8 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

7According 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)

Country

Skill indices (1995)

Gross enrolment

ratio (%) at

tertiary

education

Share tertiary

students in science,

math and

engineering

Harbison

Myers

Indexa

Technical

enrolment

indexa

Engineering

enrolment

indexa 1998b 1994–1997b

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

countries

13.425 17.0775 13.7825 21.35 24.5

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

Mediterranean

14.19 27.64 19.22 20.33 28.17 %

Other Arab countries

Libyan Arab

Jamahiriya

Na Na Na 56 Na.

Jordan 18.55 39.27 27.64 291 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

countries

12.01 20.48 14.92 19.636 12.091

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 84.29 636 32 %

Japan 30.05 63.54 63.54 44 23 %

Korea, Republic

of

36.10 132.06 113.83 71.691 34 %

Iran 14.30 37.58 30.03 101 36 %

Sources: aLall (1999), bUNDP (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&T9. The international standard rate is 70–80 researchers 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.10

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

9 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.
10 See Sudan Ministry of Science and Technology (2008), p.65
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(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 2003–2007.11 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

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)

11 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.13 The low number of

12 See 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_13add1.doc, Accessed 02 February 2008.
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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. 6.3 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))
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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.14 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).
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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)

14 See for instance, Haddad (2001), Lall (1999).
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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

Table 6.11 Real GDP growth and GDP per capita annual growth rates in the Sudan and Arab

countries (1975–2001)

Country

GDP per capita annual

growth rate (%)a Real annual GDP growth (%)b

1975–2001 1990–2001 1995–2000 Average 1999 2000 2001

Sudan 0.8 3.2 6.3 6.9 6.9 5.3

Arab Gulf (GCCc)

Bahrain 1.1 1.9 4.3 4.3 5.3 4.8

Kuwait �0.7 �1.0 3.8 �2.9 2.9 �0.6

Oman 2.3 0.6 3.6 �0.2 5.1 7.3

Qatar NA NA 9.4 5.3 11.6 7.2

Saudi Arabia �2.1 �1.1 1.9 �0.8 4.9 1.2

UAE �3.7 �1.6 5.7 3.9 5.0 5.1

Total GCC �0.6 �0.2 4.8 1.6 5.8 4.2

Arab Mediterranean

Algeria �0.2 0.1 2.9 2.3 2.8 3.4

Egypt 2.8 2.5 5.3 6.0 5.1 3.3

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 2.7

Tunisia 2.0 3.1 5.1 6.1 4.7 5.0

Total Mediterranean 1.8 2.0 3.4 2.2 2.3 3.8

Arab State 0.3 0.7 3.9 2.4 4.1 3.8

Developing countries 2.3 2.9 5.3 3.9 5.7 4.0
aUNDP (2003).
bIMF (2002).
cGCC Gulf Cooperation Council.

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.16 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 BTI implies the lower the capacity and resources for high-technology development.
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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.18

Table 6.12 Demand for and supply of technologies in the Sudan (1992–2010) (%)

Demand for technologies Supply of technologies

(1) (2) (3) (4)

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 SudanMinistry 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)

18 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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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.19 As for the contribution of R&D, the majority of the respondents

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 (BTI)a

Basic education (enrolment in primary

schools)a
3,966,944 4,299,737 4,785,952 5,800,000

Secondary education (enrolment in

Secondary schools)a
546,305 637,812 636,156 753,000

Health (Physicians Per thousand people)

of Populationa, d
20 22.6 29.9 30

Communications (main telephone lines per

thousand people)a, d
29 18 30

(b)High Technology Infrastructure (HTI)b

R&D investment: R&D expenditure as %

of GDP (2004–2005)e
0.29 0.28

R&D scientists and engineers per million

peopleb (1996–2000)b
225

(c)Technology Achievement Index c

(TAI) TAI rank valuec 0.071

Diffusion of recent: innovationsc

High- and medium technology exports

(as % of total goods exports) 1999c, f
0.4 0.6 29

Diffusion of old innovationsc

Telephones (mainline and cellular, per

1,000 people)c, f
1,029 570 345 370 375

Electricity consumption(kilowatt-hours per

capita)c
67 79 96 114

Human skillsc

Mean years science of schooling(age 15

and above) 2000c–2011 d
2.1 3.1

Gross tertiary enrolment ratio (%)

(1995–1997)c
0.7 5.9

aSudan Central Bureau of Statistics (2010).
bUNDP (2003).
cUNDP (2001).
dUNDP (2011).
eUNESCO (2006).
fWB-WDI (2012).

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.20 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.21

Moreover, the lack of human resources (researchers and qualified worker in R&D

fields) is also mentioned but of somewhat less importance.22 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.23 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.24 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).25 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

20As indicated by 72 %, 56 % and 48 % of the respondents respectively.
21 As indicated by 100 %, 100 % and 92 % of the respondents respectively.
22 As indicated by 88 %, 84 % and 88 % of the respondents respectively.
23 As indicated by 100 % of the respondents.
24 As indicated by 96 % of the respondents.
25 As indicated by 92 %, 92 % and 88 % of the respondents respectively.
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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

Table 6.14 The importance and contribution of R&D to satisfy the economic development in

Sudan (2010)

Important

Officials and

experts (%)

Private

universities (%)

Public

universities (%)

All

(%)

(a) The importance of R&D

Satisfying the needs for economic

development

100 100 93 96

Development of local

technologies

80 100 80 84

Adaptation to imported foreign

technologies

80 100 67 76

(b) The contribution of R&D

Satisfying the needs for economic

development

80 40 80 72

Development of local

technologies

60 20 53 48

Adaptation to imported foreign

technologies

20 40 73 56

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)

Officials and

experts (%)

Private

universities

(%)

Public

universities

(%)

All

(%)

Satisfying the requirements of economic

development

Lack of human resources (researchers and

qualified worker in R&D fields)

100 80 87 88

Lack of finance to cover the high costs of

R&D

100 100 100 100

Development of local technologies

Lack of human resources (researchers and

qualified worker in R&D fields)

100 60 87 84

Lack of finance to cover the high costs of

R&D

100 100 100 100

Adaptation to imported foreign technologies

Lack of human resources (researchers and

qualified worker in R&D fields)

100 60 93 88

Lack of finance to cover the high costs of

R&D

100 100 87 92

Source: Own calculation based on Nour (2010) “Sudan R&D Survey 2010”
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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.26 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.27 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

Table 6.16 The main problems of R&D in Sudan (2010)

Officials and

experts (%)

Private

universities

(%)

Public

universities

(%)

All

(%)

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

qualified workers in R&D fields)

80 60 100 88

Lack of management and organization ability and

lack of coordination

100 100 93 96

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

100 100 100 100

Lack of favorable conditions and the necessary

facilities

100 80 93 92

Lack of R&D culture 100 100 93 96

Lack of awareness and appreciation of the

economic values of R&D

100 80 93 92

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

26As indicated by 100 % of the respondents.
27 As indicated by 96 % of the respondents.
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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

Table 6.17 The main suggestions for enhancing the development of R&D in Sudan (2010)

Extremely important moderately important

Officials and

experts (%)

Private

universities

(%)

Public

universities

(%)

All

(%)

Availability of sufficient finance from public

sector

100 100 100 100

Availability of sufficient of finance from private

sector

100 100 100 100

Offering incentives and motivation and making

availability of sufficient human resources

(researchers and qualified workers in R&D

fields)

100 100 100 100

Improvement of management and organization

ability and coordination

100 100 100 100

Improvement and strengthen 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

100 100 100 100

Creation of more favorable conditions and

offering all the necessary facilities

100 100 93 96

Improvement of R&D culture 100 100 93 96

Improvement of awareness and appreciation of

the economic values of R&D

100 100 100 100

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