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

S. Mohamed Nour, Technological Change and Skill Development in Sudan, 215
DOI 10.1007/978-3-642-32811-4_7, © Springer-Verlag Berlin Heidelberg 2013


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

216 7 Relationship Between Skill, Technology and Input—Output Indicators

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
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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.


http://dx.doi.org/10.1007/978-3-642-32811-4_5
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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 respectively.”’ For metal industries the most important

19 As indicated by 89 %, 89 %, 86 %, 84 %, 81 %, 718 %, 76 %, 16 %, 70 % and 65 % of all
respondent chemical firms respectively.

20 As indicated by 89 %, 86 %, 82 %, 75 %, 71 %, 68 %, 68 % and 64 % and 61 % of all respondent
food firms respectively.
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problems are: inadequate skills and lack of trained labour force, inadequate finance
and inappropriate conditions for industrial development, lack of raw materials,
inadequate infrastructure, weak maintenance capability and lack of spare parts,
weak industrial awareness, inadequate management and organisational facilities
and spread of routine and bureaucracy and slow procedures related to industrial
needs respectively.?! For textile industries the most important problems are: inade-
quate finance and inappropriate conditions for industrial development, lack of raw
materials, interruption and inadequate availability and high costs of electricity and
water, weak and narrow marketing opportunities, inadequate skills and lack of
trained labour force, spread of routine and bureaucracy and slow procedures related
to industrial needs, weak maintenance capability and lack of spare parts and weak
industrial awareness respectively.”” For large size firms the most important
problems are: inadequate skills and lack of trained labour force, weak maintenance
capability and lack of spare parts, inadequate finance and inappropriate conditions
for industrial development, lack of raw materials, interruption and inadequate
availability and high costs of electricity and water, spread of routine and bureau-
cracy and slow procedures related to industrial needs, weak industrial awareness,
inadequate management and organisational facilities, inadequate infrastructure and
weak and narrow marketing opportunities respectively.*® For medium size firms the
most important problems are: inadequate finance and inappropriate conditions for
industrial development, spread of routine and bureaucracy and slow procedures
related to industrial needs, interruption and inadequate availability and high costs
of electricity and water, inadequate infrastructure, lack of raw materials, narrow
marketing opportunities, weak industrial awareness, inadequate skills and lack of
trained labour force and weak maintenance capability and lack of spare parts
respectively.”* For small size firms the most important problems are: inadequate
finance and inappropriate conditions for industrial development, spread of routine
and bureaucracy and slow procedures related to industrial needs, interruption and
inadequate availability and high costs of electricity and water, inadequate infra-
structure, lack of raw materials, weak maintenance capability and lack of spare
parts, weak industrial awareness, weak and narrow marketing opportunities, weak
and inadequate economic visibility studies and inadequate skills and lack of trained
labour force respectively.®

2! As indicated by 100 %, 100 %, 89 %, 89 %, 718 %, 718 %, 67 % and 67 % of all respondent metal
firms respectively.

22 As indicated by 100 %, 100 %, 80 %, 80 %, 60 %, 60 %, 60 %, 60 % and 60 % of all respondent
textile firms respectively.

2 As indicated by 91 %, 91 %, 88 %, 84 %, 84 %, 84 %, 81 %, 75 %, 72 %, and 66 % of all
respondent large size firms respectively.

2% As indicated by 88 %, 88 %, 85 %, 81 %, 77 %, 73 %, 73 %, 69 %, and 65 % of all respondent
medium size firms respectively.

%5 As indicated by 85 %, 85 %, 85 %, 80 %, 15 %, 65 %, 65 %, 65 %, 65 % and 60 % of all
respondent small size firms respectively.
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Hence, our results from Table 7.6 and the firm survey (2010) are consistent with
the findings in developing countries and the Sudanese literature that indicate several
problems of industrialisation in Sudan (El-Sayed 1998; Abdel-Salam 2006) similar to
those in the typically developing countries (Ismail 1994). Different from the studies
in the Sudanese literature (El-Sayed 1998; Abdel-Salam 2006) which provide a
somewhat general overview concerning the problems of industrialisation in Sudan,
an interesting and novel element in our analysis is that our findings are based on
recent micro primary data based on the firm survey (2010) and the follow-up
interviews with firm managers, and we present a new and more elaborate interpreta-
tion of the main problems of industrialisation in Sudan from the perspective of the
different industrial firms considering the opinions of a more diversified sample of
industrial firms, defined by industry and size as we explained in Table 7.6 below.”°

Therefore, our findings in this section verify the first hypothesis that high skill
requirements and low skill levels — due to high share of unskilled workers — lead
to skills mismatch and probably contribute to industrial performance and produc-
tivity decline across firms. In the next sections we examine the second and third
hypotheses.

7.4 Upskilling, Improving Industrial Performance and
Relationships Between Required Education (Occupation),
Attained/Actual Education, Experience and Average Wages

Before examining the second and third hypotheses, it is useful to briefly show the
importance of upskilling, because explaining this can be used to prevent the decline
in labour productivity and industrial performance indicators and to enhance the
complementary relationships between skill, technology and upskilling across firms.

7.4.1 Upskilling and Improving Performance of Manufacturing
Industrial Firms

The findings from the firm survey (2010) presented in Tables 7.3, 7.4, 7.5, and 7.6
above, support our argument that low skill levels may contribute to the declining of
labour productivity and other industrial performance indicators including eco-
nomic, productivity, activity and profitability indicators across firms as we
explained above. These findings imply that improving skill level is an important
factor for facilitating improvement of labour productivity and other industrial
performance indicators. Table 7.7 below indicates upskilling or improving skill

26 See for instance, El-Sayed (1998), (pp. 184—188), Abd-Salam (2006), pp. 28-32 and Ismail
(1994), pp. 206-209.
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Table 7.7 The factors facilitating improvement of industrial firms performance and economic
development in Sudan (2008)

Al Industry Size

firms Chemical Food Metal Textile Large Medium Small

Improving and enhancing 91 % 92 % 89 % 89 % 100% 97% 85 % 95 %
adequate availability of
finance and appropriate
conditions for industrial
development

Improving and enhancing 90 % 92 % 82 % 100% 100 % 100 % 85 % 85 %
adequate availability of
local raw materials

Improving and enhancing 90 % 92 % 86 % 100% 80% 97 % 88 % 85 %
adequate availability of
industrial awareness

Improving and enhancing 89 % 92 % 82 % 100% 80% 97 % 81% 90 %
adequate availability of
maintenance capability
and spares parts

Avoiding of routine and 87 % 86 % 89 % 89% 80% 91% 88% 85 %
bureaucracy and speed
up the procedures related
to industrial needs

Improving and enhancing 86 % 92 % 82% 89 % 60% 94% 81 % 85 %
adequate availability of
infrastructure

Improving and enhancing 86 % 84 % 86% 89 % 100% 88 % 81 % 95 %
adequate availability of
electricity and water with
cheap and subsidised
price

Improving and enhancing 85 % 86 % 79% 100% 80 % 100 % 81 % 70 %
adequate availability of
skill and trained labour
force

Improving and enhancing 85 % 89 % 82% T78% 80% 88% 81 % 90 %
adequate availability of
marketing opportunities

Improving and enhancing 81 % 89 % 68% 89 % 80% 100% 65 % 75 %
adequate availability of
management and
organizational facilities

Improving and enhancing 75 % 73 % 5% 89% 60% 88% 62% 75 %
adequate availability of
transportation
equipments

Improving and enhancing 72 % 76 % 1% 67% 60% 84% 58 % 75 %
adequate availability of
economic visibility
studies

Source: Own calculation based on the firm survey (2010)
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level and adequate availability of skill and trained labour force to be amongst the
important factors facilitating improvement of industrial firms performance and
contributing towards economic development in Sudan.”’ For instance, we find
that from the perspective of all respondent firms the most important factors
facilitating improvement are: improving and enhancing adequate availability of
finance and appropriate conditions for industrial development, improving and
enhancing adequate availability of raw materials, improving and enhancing
adequate availability of industrial awareness, improving and enhancing adequate
availability of maintenance capability and spare parts and avoidance of routine
and bureaucracy and speeding up of the procedures related to industrial needs. In
addition to improving and enhancing adequate availability of infrastructure,
improving and enhancing adequate availability of electricity and water with
cheap and subsidised price, improving and enhancing adequate availability of
skill and trained labour force, improving and enhancing adequate availability of
marketing opportunities, improving and enhancing adequate availability of man-
agement and organisational facilities, improving and enhancing adequate availabil-
ity of transportation equipment and improving and enhancing adequate availability
of economic visibility studies (see Table 7.7 below).28 Furthermore, from the firms’
perspective other extremely important enhancing factors for the development of the
performance of the industrial firms include lowering or cancellation of fees, taxes
and levies imposed by the government, establishment of databases, reduction of
government intervention in the industrial activities and improving and accelerating
the procedures for customs clearance of imported raw materials and speeding up of
the process of final export of industrial products. From the perspective of chemical
firms the most important factors are: improving and enhancing adequate availability
of finance and appropriate conditions for industrial development, improving and
enhancing adequate availability of raw materials, improving and enhancing
adequate availability of industrial awareness, improving and enhancing adequate
availability of infrastructure, improving and enhancing adequate availability of
maintenance capability and spare parts and improving and enhancing adequate
availability of marketing opportunities. In addition to improving and enhancing
adequate availability of management and organisational facilities, improving and
enhancing adequate availability of skills and trained labour force, avoidance of
routine and bureaucracy and speeding up of the procedures related to industrial
needs, improving and enhancing adequate availability of electricity and water with

%7 For instance, improving skill level and adequate availability of skill and trained labour force is
one important factor facilitating improvement of industrial firms performance and contribution
towards economic development that is reported by 85 %, 86 %, 79 %, 100 %, 80 %, 100 %, 81 %,
and 70 % of all firms, chemical, food, metal, textile, large, medium and small size firms
respectively.

8 As indicated by 91 %, 90 %, 90 %, 89 %, 87 %, 86 %, 86 %, 85 %, 85 %, 81 %, 75 % and 72 % of
all respondent firms respectively.
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cheap and subsidised prices.”’ From the perspective of food firms the most impor-
tant factors are: improving and enhancing adequate availability of finance and
appropriate conditions for industrial development, avoidance of routine and bureau-
cracy and speeding up of the procedures related to industrial needs and improving
and enhancing adequate availability of industrial awareness. In addition: improving
and enhancing adequate availability of electricity and water with cheap and
subsidised prices, improving and enhancing adequate availability of maintenance
capability and spare parts, improving and enhancing adequate availability of raw
materials, improving and enhancing adequate availability of infrastructure, improv-
ing and enhancing adequate availability of marketing opportunities and improving
and enhancing adequate availability of skill and trained labour force respectively.
From the perspective of metal firms the most important factors are: improving and
enhancing adequate availability of skills and trained labour force, improving and
enhancing adequate availability of raw materials, improving and enhancing ade-
quate availability of maintenance capability and spare parts, improving and enhanc-
ing adequate availability of industrial awareness, improving and enhancing
adequate availability of finance and appropriate conditions for industrial develop-
ment, improving and enhancing adequate availability of infrastructure and avoid-
ance of routine and bureaucracy and speeding up of the procedures related to
industrial needs. In addition: improving and enhancing adequate availability of
electricity and water with cheap and subsidised prices, improving and enhancing
adequate availability of management and organisational facilities and improving
and enhancing adequate availability of transportation equipment’s respectively.”!
From the perspective of textile firms the most important factors are: improving and
enhancing adequate availability of finance and appropriate conditions for industrial
development, improving and enhancing adequate availability of raw materials,
improving and enhancing adequate availability of electricity and water with
cheap and subsidised prices and improving and enhancing adequate availability
of skills and trained labour force. In addition to improving and enhancing adequate
availability of industrial awareness, improving and enhancing adequate availability
of maintenance capability and spares part, improving and enhancing adequate
availability of marketing opportunities, improving and enhancing adequate avail-
ability of management and organisational facilities, avoidance of routine and
bureaucracy and speeding up of the procedures related to industrial needs and
improving and enhancing adequate availability of infrastructure respectively.*?
From the perspective of large size firms the most important factors are: improving

2 As indicated by 92 %, 92 %, 92 %, 92 %, 92 %, 89 %, 89 %, 86 %, 86 % and 84 % of all
respondent chemical firms respectively.

30 A5 indicated by 89 %, 89 %, 86 %, 86 %, 82 %, 82 %, 82 %, 82 and 79 % of all respondent food
firms respectively.

3! As indicated by 100 %, 100 %, 100 %, 100 %, 89 %, 89 %, 89 %, 89 %, 89 % and 89 % of all
respondent metal firms respectively.

32 As indicated by 100 %, 100 %, 100 %, 80 %, 80 %, 80 %, 80 %, 80 %, 80 % and 60 % of all
respondent textile firms respectively.
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and enhancing adequate availability of skills and trained labour force, improving
and enhancing adequate availability of management and organisational facilities,
improving and enhancing adequate availability of raw materials, improving and
enhancing adequate availability of finance and appropriate conditions for industrial
development, improving and enhancing adequate availability of maintenance capa-
bility and spare parts, improving and enhancing adequate availability of industrial
awareness and improving and enhancing adequate availability of infrastructure. In
addition: avoidance of routine and bureaucracy and speeding up of the procedures
related to industrial needs, improving and enhancing adequate availability of
electricity and water with cheap and subsidised prices, improving and enhancing
adequate availability of marketing opportunities, improving and enhancing ade-
quate availability of transportation equipment and improving and enhancing
adequate availability of economic visibility studies respectively.’® From the per-
spective of medium size firms the most important factors are: improving and
enhancing adequate availability of industrial awareness, avoidance of routine and
bureaucracy and speeding up of the procedures related to industrial needs, improv-
ing and enhancing adequate availability of finance and appropriate conditions for
industrial development, improving and enhancing adequate availability of raw
materials and improving and enhancing adequate availability of skills and trained
labour force. In addition to improving and enhancing adequate availability of
infrastructure, improving and enhancing adequate availability of maintenance
capability and spare parts, improving and enhancing adequate availability of
electricity and water with cheap and subsidised prices, improving and enhancing
adequate availability of marketing opportunities and improving and enhancing
adequate availability of management and organisational facilities and availability
of transportation equipment.>* From the perspective of small size firms the most
important factors are: improving and enhancing adequate availability of finance and
appropriate conditions for industrial development, improving and enhancing
adequate availability of electricity and water with cheap and subsidised prices,
improving and enhancing adequate availability of maintenance capability and spare
parts, improving and enhancing adequate availability of marketing opportunities,
improving and enhancing adequate availability of raw materials and improving and
enhancing adequate availability of infrastructure. In addition: avoidance of routine
and bureaucracy and speeding up of the procedures related to industrial needs,
improving and enhancing adequate availability of industrial awareness, improving
and enhancing adequate availability of management and organisational facilities,
improving and enhancing adequate availability of economic visibility studies,
improving and enhancing adequate availability of transportation equipment and

33 As indicated by 100 %, 100 %, 100 %, 97 %, 97 %, 97 %, 94 %, 91 %, 88 %, 88 %, 88 % and
84 % of large size firms respectively.

3 As indicated by 88 %, 88 %, 85 %, 85 %, 81 %, 81 %, 81 %, 81 %, 81 %, 65 % and 62 % of
medium firms respectively.
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improving and enhancing adequate availability of skills and trained labour force
respectively.®

7.4.2 Relationships Between the Required Education
(Occupation), Attained/Actual Education, Experience
and Average Wages

Based on the above findings, in this section we examine a part of the second
hypothesis that an increase in skill levels and firm size leads to improved
relationships between actual and required education, and between actual education,
required education, experience and wages across firms.

We begin with the relationship between occupation and education. Using the
above definitions of occupation and education/actual and required education
respectively, we translate the required qualifications for each of the occupation
groups into average years of schooling and use the OLS regression, assuming that
the required schooling in each occupation class is dependent on the actual/attained
education. Our findings in Table 7.8 and Fig. 7.7 below illustrate that improvement
in occupational status (measured by the required education) is positively and
significantly correlated with education (measured by actual/attained education)
across all firms. In addition, Table 7.8 illustrates that an increase in firm size and
industry level leads to improved relationships between required and actual educa-
tion. For instance, the required education appears to be more sensitive to and
increasing in attained/actual education within both large size and chemical and
food firms, and more sensitive within all firms. This result is plausible since the skill
level — share of high skilled measured by educational attainment — is higher within
large size and chemical and food firms compared to metal and textile, medium and
small size firms (see Fig. 7.1 above). This is also probably because large size firms
are more prevalent in the chemical and food industries (see Table 7.2 above) and
may have more consistent recruitment strategies. These results confirm our earlier
observations that skill levels and requirements (actual and required education) are
non-homogenous across firms and are determined by size and industry.

Concerning the relationship between education, occupation and experience,
Table 7.8 above shows that average years of experience are positively correlated and
increasing in education (i.e. attained/actual education) and occupation (i.e. required
education) respectively. This result is consistent with Fig. 7.5 above, and probably
implies that skill indicators — education and experience — are complementing rather
than substituting each other.

Table 7.9 below illustrates a considerable variation in the distribution of average
wages amongst high, medium and low skill — educational and occupational — levels

35 As indicated by 95 %, 95 %, 90 %, 90 %, 85 %, 85 %, 85 %, 85 %, 75 %, 75 %, 75 % and 70 % of
small firms respectively.
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Table 7.8 Required and actual/attained education and experience across firms (2008)

Coefficient
(t-value) R2 N?
Independent variable
Group of Actual Required
Dependent variable firms and skill education education Constant
Required education. All groups  All firms 0.873%* 2.101 0.759 74
(high, medium and low) (25.172) (4.691)
Large 0. 905%* 1.849 0.772 26
(16.672) (2.627)
Medium 0.864 % 2.291 0.766 18
(14.592) (2.999)
Small 0.825%* 2.297 0.742 15
(11.761) (2.554)
Chemical 0.883%* 1.895 0.731 27
(15.390) (2.540)
Food 0.879%* 2.037 0.777 21
(15.816) (2.850)
Metal 0.814%* 3.262 0.793 7
(9.387) (2.913)
Textile 0.875%* 1.749 0.842 4
(8.338) (1.316)
Average years experience All firms 0.412%%* 0.767 0.056 73
(3.469) (0.505)
All firms Large 0.539%* —0.521  0.102 26
(3.059) (—0.231)
Medium 0.388* 0.777 0.390 18
(1.576) (0.245)
Small 0.295* 2.232 0.306 15
(1.429) (0.852)
Chemical 0.274* 3.424 0.023 27
(1.452) (1.404)
Food 0.617%* —3.065 0.185 21
(4.010) (—1.568)
Metal 0.371 2.131 0.032 7
(0.940) (0.423)
Textile 0.068 3.810 0.003 4
(0.164) (0.724)
All firms 0.641%* —1.810 0.089 71
(4.260) (—0.892)
Large 0.439%%* 0.880 0.070 26
(2.407) (0.354)
Medium 0.566* —0.697 0.043 18
(1.606) (—0.145)
Small 1.156%* —8.273 0.288 15
4.311) (—2.369)
Chemical 0.465* 1.528 0.039 27

(continued)
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Table 7.8 (continued)

Coefficient

(t-value) R2 N?

Independent variable

Group of Actual Required

Dependent variable firms and skill education education Constant
(1.875) (0.458)
Food 0.658%:* —3.490 0.148 21
(3.305) (—1.304)
Metal 1.402%:* —12.262 0.373 7
(3.621) (—2.290)
Textile 0628 —1.047 0.106 4

(1.034) (~0.129)

Correlation is significant * at the 0.05 level (one-tailed); ** at the 0.01 level (one-tailed)

“For this regression we use relatively few observations, because some of the respondent firms were
particularly reluctant to provide adequate quantitative data on skill indicators. Sometimes we
exclude some observations due to inconsistency or unreliability. As we explained in Chap. 4
above, the main problem is the varying response rate for different questions (e.g. to measure
education, occupation and wages) across firms. Moreover, the classification of firms into chemical,
food, metal and textile industries, small, medium and large size also divided the few observations
between them and so allow for only few observations for regression for each group independently.

White collar high  White collar low  Blue collar high  Blue collar low Other workers

18

16 -

14|

12}

10}

Fig. 7.7 The distribution of occupation classes according to the translated average years of
schooling across firms (2008) (Source: Firm Survey (2010))

across firms. When using the occupational rather than the educational definition the
distribution of wages shows less fluctuation across firms. Therefore, the effect of
occupation/required education on the distribution of average wages across firms
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seems to be less sensitive to differences in firm size and industry. In contrast, when
using the educational definition, we observe that the effect of the actual/attained
education on the distribution of average wages across firms seems to be more
sensitive to differences in firm size and industry. Our interpretation of the observed
differences across firms implies the presence of a significant wage differential, the
lack of a coherent, homogeneous, unified and sound wage policy and the lack of
systematic and consistent recruitment strategies across firms that most probably
related to the lack of systematic regulations to organise the labour market in Sudan

The above results are consistent with the OLS regression reported in Table 7.10
below, which indicates that the average wages are positively and significantly
correlated with and more sensitive to attained/actual education. For instance,
Table 7.10 below illustrates that the average wages are increasing in actual/attained
education, experience and its square (cf. Mincer 1974) and therefore, is biased
against less educated and experienced workers. These findings support our results
from the firm survey, which indicate that wages are increasing in education and
biased against low educated workers because the ratio of high skilled to low skilled
wages, which can be interpreted as wages/skills premium, exceeds one (see Fig. 7.8
below).36 These results are consistent with the findings in the new growth literature,
particularly skilled biased technical change theorems (cf. Aghion and Howitt 1992,
1998; Acemoglu 1998; Autor et al. 1998). Our results from Table 7.11, which
indicate that required education also has significant impact on wages, are plausible
and consistent with our expectation in view of the results of the overeducation
literature (Hartog 2000; Muysken and ter Weel 1998; Muysken and Ruholl 2001;
Muysken et al. 2002a, b; Muysken et al. 2003). We find that the positive
correlations between actual education, experience, its square and wages seem
more sensitive to firm size and industry level and are particularly significant for
large and medium size firms and chemical and food industries, which may not be
surprising since these firms have sufficient scope for a coherent wage policy (Nour
2005; Muysken and Nour 2006). This is also probably because large size and
medium size firms and chemical and food industries may have more consistent
recruitment strategies and high skill levels — share of high skilled workers in total
employment (see Fig. 7.1 above and Fig. 7.9 below). These results imply that an
increase in skill level/actual education and firm size and industry leads to an
improved relationship between actual education, experience and wages.

*$ From the firm survey (2010) we find that the proportion of high skilled wages/low skilled wages
accounts for 3.5, 3.7, 3.45, 2.96, 3.6, 4.2, 3.1 and 2.98 for all firms, chemical, food, metal, textile,
large, medium and small size firms respectively. We find that the wage premium for Sudan in 2010
is less than the wage premium which we estimated for the large and medium size firms active in the
chemical and metal industries in the UAE in 2002 (Nour 2005). This result at the micro level is not
surprising and it is expected in view of the observed wage differential between Sudan and UAE at
the macro level; in particular, this result is consistent with the observed differences in per capita
income levels in Sudan and the UAE at the macro level, notably, when using UNDP-HDR (2010)
most recent data on per capita income for the year 2008, we realise the low per capita income level
in Sudan (US$ 1,353) as compared to high per capita income in the UAE (US$ 56,485) at the
macro level.
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4.5 The wage/skill preminum: theration of high skilled wages/low skilled wages
4
3.5
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Fig. 7.8 Differences in wage/skill premium (the ratio of high skilled wages/low skilled wages)
defined by education levels across firms (2008) (Source: Firm Survey (2010))

One interesting observation from the firm survey data (2010) and the follow-up
interviews with firms managers and the results presented in Tables 7.9, 7.10, and
7.11 is that in most cases, the OLS regression results seem to be more significant
when using the education definition as compared to occupation definition. This
finding seems to be consistent with the observations from Table 7.9 above but seem
to be opposite to the observations from the follow-up interviews and the wide belief
among firm managers, which probably implies that across the majority of the
respondent firms, the structure of wage policy is most likely structured to be
more consistent based on occupation definition compared to education definition.
This also implies that from the firms’ perspective the decision of determining wages
levels for workers is most probably determined by the nature of jobs that the
workers will do in the firms rather than the years of schooling the workers have
already obtained. This also most probably implies the positive but weak return and
incentives for additional years of schooling to compensate the costs of additional
years of schooling. Another interesting observation is that for all groups of firms
when using both education and occupation definitions the OLS regression reported
in Tables 7.10 and 7.11 below indicate that the correlations between wages levels
and years of education variable are more significant as compared to the correlations
between wages levels and average years of experience variable. This result implies
that the rate of return to the worker’s average years of education is higher and more
significant than the average years of experience. This finding is also opposite to the
observations from the follow-up interviews and the wide belief among some firm
managers which probably implies that across some firms and from some firms’
perspective, the decisions of hiring and offering wages are largely determined by
experience in the practice of work which is measured by a worker’s average years
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Fig. 7.9 Differences in skill level (share of high skilled) defined by education and occupation
classes across firms (2008) (Sources: Firm Survey (2010))

of experience, which is more important than average years of education for some
firms that prefer to hire more experienced than educated workers for specific fields.
Therefore, our findings in this section corroborate the first part of the second
hypothesis that an increase in skill levels and firm size leads to an improved
relationship between actual and required education and experience and between
actual education, required education, experience, its square and wages. In the next
section we proceed to examine the second part of the second hypothesis that an
increase in skill levels and firm size lead to improved relationships between skill,
upskilling and technology (ICT). Finally, we test our third hypothesis on the relation-
ship between technology (ICT) and input—output indicators at the micro/firm level.

7.5 SKkill, Upskilling (ICT Training), Technology (ICT)
and Input—Output Indicators

Based on the above results, in this section we examine the other part of the second
hypothesis that an increase in skill levels and firm size leads to improved
relationships between skill, upskilling and new technology (ICT) across firms.
Before examining this hypothesis, it is useful to briefly show the variations in the
use of new technology (spending on ICT) and upskilling (spending on ICT training)
across firms, because the observed differences in skill and spending on ICT and ICT
training can be used to interpret the complementary relationships between skill,
technology and upskilling across firms.
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7.5.1 Skill and the Share of Spending on Technology (ICT)
and Upskilling (ICT Training)

Table 7.12 shows considerable variations in the share and trend of total spending on
ICT including computers, telecommunications, training, Internet, maintenance and
other items, defined by firm size and industry. The share of telecommunications
exhibits a continuous increasing trend for all firms, while that of training shows an
opposite declining trend. Table 7.2 above shows that, on average, the share of large
size and food and chemical firms represents about 48 %, 53 % and 23 % of total
spending on ICT respectively and about 75 %, 73 % and 2 % of total spending on
ICT training respectively. However, despite the big share of spending on ICT and
ICT training, large size and food firms experienced declining trends of ICT and ICT
training (cf. Figs. 7.10 and 7.11). The decline in total ICT spending can be
interpreted as being due to a lack of plan for critical expansion in ICT sector or
probably due to a general cutback in total spending across food and large size firms.
The declining expenses on both ICT training and computers follow the general
decline in total ICT spending, which can also be attributed to a lack of plan for
critical expansion and a possible change in the strategy of firms that, having already
established a sound basis for these components, probably need to shift priority to
increase spending on both telecommunications and maintenance.

We now proceed to examine the second part of our second hypothesis that an
increase in skill levels and firm size leads to improved complementary relationships
between skill, technology (ICT) and upskilling (ICT training) (see Table 7.13
below). For instance, we observe the complementary relationship between the
share of high education and the share of expenditure on ICT, which can be seen
and understood as complementarity between skill and technology (cf. Goldin and
Katz 1998; Acemoglu 1998). We find a complementary relationship between the
share of high education and the share of expenditure on ICT training, which can be
interpreted as complementarity between skill and upskilling. Tables 7.13 and 7.14
show complementary relationships between the share of expenditure on ICT and
ICT training, and between spending on computers, telecommunications, Internet
and training, which can be read as complementarity between technology and
upskilling (cf. Colecchia and Papaconstantinou 1996; Bresnahan et al. 1999). Our
findings, that these complementarities are particularly significant for large size
firms, are plausible since these firms have more spending on ICT and ICT training
(see Table 7.2 above) and have high skill levels — share of high skilled workers in
total employment (see Fig. 7.1 above). These results are consistent with the second
part of our second hypothesis that an increase in skill levels and firm size lead to
improved complementary relationships between skill, upskilling and technology
(ICT) (cf. Acemoglu 1998). The results also imply the importance of a good
education/high skill level for the enhancement of skill, technology and upskilling
complementarity at the micro level. That also seems consistent with the
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Table 7.12 Spending on ICT defined by firm size and industry (2005-2008) (% share in total

spending)
Share in total spending Group of  Industry/activity Size
in ICT (%) Firms/
(2005-2008) Years Chemical Food Metal Textile Large Medium Small
Share in total spending 2005 16 % 8% 13% 23% 28% 29% 43 %
in computer (%) 2006 15 % 5% 14% 16% 35% 22% 43 %
2007 32 % 5% 9% 14% 5S0% 6% 45 %
2008 46 % L% 2% 9% 53% 27 % 20 %
Share in total 2005 17 % 5% 24% 3% 51% 5% 44 %
spending in 2006 13 % 64% 21% 2% 24 % 31 % 44 %
telecommunication 2007 26 % 2% 9% 12% 50% 9% 41 %
(%) 2008 29 % 62% 3% 1% 32% 42% 26%
Share in total spending 2005 0% 100% 0% 0% 97 % 0% 3%
in training and 2006 0 % 84 % 16% 0% 9% 16 % 5 %
software 2007 3% 83% 0% 15% 93% 0% 7 %
development (%) 7008 3% 2% 0% 15% 82% 6% 12 %
20052008 2 % B3% 12% 13% 75% 18% 7 %
Share in total spending 2005 25 % 26% 50% 0% 25% 0% 75 %
in internet (%) 2006 19 % 24% 53% 4% 19% 4% 76 %
2007 15 % 37% 26% 21% 57% 0% 43 %
2008 10 % N1% 11% 38% 57% 23% 21 %
Share in total spending 2005 3% 3% 94 % 0% 3% 0% 97 %
in maintenance 2006 17 % 1% 81% 0% 15% 21 % 64 %
services (%) 2007 6 % 1% 33% 61% 61% 0% 39 %
2008 5 % 3% 24% 59% 59% 14 % 27 %
Share in total spending 2005 1 % V% 0% 0% 100 % 0 % 0%
in hosting and 2006 0% Y% 0% 0% 5% 0% 5%
other relevant ICT = 2007 0% 41% 0% 59% 98% 0% 2%
services (%) 2008 4% 8% 0% 671% 9% 4% 1%
Share in total spending 2005 13 % 57% 19% 11% 47% 14 % 39 %
in ICT (%) 2006 12 % 59% 22% 7% 37% 22 % 40 %
2007 22 % 9% 11% 18% 59% 5% 36 %
2008 31 % 52% 4% 14 49 % 30 % 21 %
20052008 24 % 53% 11% 13% 49% 22% 30 %
Share in average total 2005-2008 23 % B3% 11% 13% 48% 21 % 30 %
spending in ICT
(%)
Numbers of 54 27 16 6 5 20 18 16

respondents

Source: Firm Survey (2010)

endogenous growth framework and stylised facts concerning the relationships
between human capital, technical progress and upskilling (see our theoretical
framework in Chap. 3 above).


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

7.5 Skill, Upskilling (ICT Training), Technology (ICT) and Input—Output Indicators 265

70%

60%

50%
= 2005

40%

m 2006

30%

= 2007
20% = 2008

10% ¢

0% "
Chemical Food Metal Textile Large Medium Small

Fig. 7.10 The share and trend of total spending on ICT across firms (2005-2008) (Source: Firm
Survey (2010))
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Fig. 7.11 The share and trend of spending on ICT training across firms (2005-2008) (Source:
Firm Survey (2010))

7.5.2 The Use of Technology, ICT, Skill and the Demand
for Skilled Workers Across Firms

One implication of the above complementary relationship between skill and tech-
nology is that the demand for skilled workers has changed in response to the
increasing uses of ICT and other technologies. For instance, during the period
20062008 the uses of ICT (85 %) increased faster than that of other technologies
(70 %); similarly, the corresponding rise in the demand for skilled workers needed
for ICT (65 %) was more than that for other technologies (61 %) across all
respondents firms (see Fig. 7.12 below). This trend may reflect the fact that the
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Table 7.13 The relationship between ICT, skill and upskilling across firms (2008) (2005-2008)

Independent variables Coefficient (t-value)
Dependent Group of ICT Training
variables firms expenditures expenditures Constant R? N
High education ~ All firms 0.002* 0344  0.014 34
(linear) (linear)®  (1.385) (14.420)
All firms 30963  0.023 44
(linear)® (6.770)
All firms 0.003% 31724 0.052 82
(linear)®  (2.115) (10.198)
Chemical 0.003* 33.111  0.042 36
(linear)®  (1.241) (7.354)
Food 0.002* 29.619  0.051 28
(linear)®  (1.200) (5.387)
Metal 0.001 31.684  0.055 11
(linear)®  (0.764) (3.186)
Textile 0. 001 %% 19.140  0.884 4
(linear)®  (4.773) (3.175)
Large 0.006%* 23384 0351 13
(linear)®  (2.440) (2.740)
Large 0.005% 26992  0.283 16
(linear)®  (2.349) (3.796)
Medium 0.004* 27.875  0.128 27
(linear)®  (1.953) (6.103)
All firms 0.001% 03123 0262 15
(linear)* (2.309) (4.765)
ICT(linear: All firms 1.746% 15135109 0.608 6
2005-2008) (linear)* (4.827) (2.830)
Training All firms 0.349%* —1905361 0.608 6
expenditures (linear)"  (4.827) (—0.653)
All firms 0.054 4407619.75 0.045 6
(linear)®  (0.485) (0.680)
Large 0.473% —3989610.8 0.726 3
(linear)®  (2.301) (—0.536)
Food 0.036 5907673.03 0.017 4
(linear)®  (0.229) (0.565)
All firm 1.018%* —1.077 0.845 6
(log)® (5.218) (~0.762)
Large (log)®  1.258%* —-2.597 0977 3
9.317) (—2.750)
Food (log)®  1.046%* —1.399  0.877 4
(4.627) (—0.851)

Correlation is significant * at the 0.05 level (one-tailed); ** at the 0.01 level (one-tailed)
4(2005-2008).
2008.
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Fig. 7.12 The increasing use of technology, ICT and the demand for high skilled workers across
firms, 2006-2008 (Source: Firm survey (2010))

real demand for skilled workers needed for ICT is more than that of other
technologies across firms, which may not be surprising given the recent rapid
increasing trend of IT diffusion despite the recent history of IT diffusion in
Sudan. For instance, according to the World Development WDI database (2005),
before 2000 the number of users of both mobile phone and Internet per 1,000
population were zero and up until the year 2000 both were only one; in recent years,
Sudan has shown a growing telecommunication network and Internet services but
still the highest price/most expensive Internet services as compared to other African
and Arab and developing countries.

According to the respondent firms, the increasing use of new technologies
caused an increase in both the demand for more skilled workers and the required
skill levels of the respective workers involved with them. Table 7.15 indicates that
the increasing use of new technologies has important effects on increasing the
general skill levels and the demand for skilled workers amongst 88 % and 83 % of
the respondent firms respectively.’” However, it has relatively less important effects
on increasing skill levels mainly for unskilled workers, and decreasing and
substituting the demand for unskilled workers due to reduction and elimination/
substitution of some unskilled jobs. This implies change in the structure of employ-
ment/demand for workers in response to the increasing uses of new technologies
and is also evidence of skilled-biased technical change theorem.*®

37 Firms reported the use of different types of new technologies such as mass chemicals plants,
advanced process controls, food processing machines and plants installation, CNC machines, new
advanced machines and ICT and computer. In addition to the use of modern new packing and
covering machines, modern (cut and wrap) machines and modern tagged machines.

3 This result is consistent with Skilled Biased Technical Change (SBTC) theorem and our earlier
findings indicating that wages are increasing in education and biased against unskilled workers.
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Table 7.15 The effects of new technologies on skill level and the demand for workers in the
Sudan, 2008

The effects of new All

technologies in: firms Chemical Food Metal Textile Large Medium Small

Increasing the general skill 88 % 94 % 2% 64% 80% 91% 88% 89 %
level

Increasing the demand for 83 % 82 % 81% 82% 100% 84 % 88 % 72 %
skilled workers (more
educated, trained and
experienced workers)

Increasing skill level mainly 79 % 85 % 65% 82% 100% 84 % 76 % 72 %
for unskilled workers

Reduction in some unskilled 79 % 85 % 80% 60% 80% 88% 76 % 76 %
jobs

Increasing the demand for 76 % 76 % T7% 82% 60% 72% 80 % 78 %
more professional workers

Decreasing the demand for 74 % 79 % 65% 3% 80% 81 % 72% 67 %
less skilled workers
(less educated, trained and
experienced workers)

Decreasing the demand for 68 % 68 % 69% 64% 80 % 84% 56 % 56 %
production workers

Elimination/substitution of 65 % 68 % 69% 50% 60% T15% 52% 71 %
some unskilled jobs

Substituting the demand for 57 % 53 % 58% 55% 80% 69 % 44 % 50 %
less skilled workers

Total response 76 % 34 % 26% 11% 5% 32% 25% 18 %

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

Moreover, from the firm survey we find that the increasing use of new
technologies has not only raised the demand for high skilled workers in the past
years, but also encouraged firms to predict a future/long run increase in the demand
for high skilled workers. For instance, for 68 % of the respondent firms the
interpretations of the predicted long run increase in the demand for skilled workers
are related to planned/expected expansion of production, product diversification,
implementation of new process, output technologies, purchases of new machines
and equipment and increasing R&D activities.*® This result seems consistent with
the assumption made by Aghion and Howitt (1992) that 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.

39 Moreover, other factors are: the expected increases in market share, turnover, sales, adoption of
international standards and enhancement of production, advanced control systems, shortage of
manpower, competition, increasing motivation to reduce costs, achieving high standard precision
work, improving productivity, quality of work and demand for more specialised skills in IT.
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7.5.3 The Share of Spending on ICT and Input—Output Indicators

Finally, in this section we investigate the third hypothesis on the positive
relationships between new technology (total expenditures on ICT) and input—output
indicators across firms and over time. For instance, when investigating the relation-
ship between ICT and input variables, we find from Table 7.16 that the total
spending on ICT is positively correlated and more sensitive to labour (firm size),
and industry level throughout the period 2005-2008 and also became sensitive to
capital (net worth), notably, throughout the period 2007-2008. Both the total
spending on ICT and ICT training (upskilling) are positively and significantly
correlated and more sensitive to labour (firm size), and capital (net worth) through-
out the period 2005-2008. The relationship between ICT and labour (firm size) is
particularly more significant for the large size, chemical and textile firms. The
different results across chemical and textile or large size firms is plausible and can
be attributed to differences in the skill levels — share of high skilled workers in total
employment (see Fig. 7.1 above). This is also because large size firms are more
prevalent in the textile and chemical industries, they have high share in total ICT
spending, employment, fixed capital, value added and profit (see Table 7.2 above)
and probably have more consistent entrepreneurial/organisational strategies.

We examine the relationship between the use of new technology as measured by
total spending on ICT, profit and output. Table 7.17 illustrates plausible positive
though not significant correlations between the use of new technology (as measured
by total spending on ICT) and capital, labour, total output (as measured by total
sales value), output diversification (as measured by sales diversification), and
productivity (as measured by total sales value/labour ratio) over the period
2007-2008. Moreover, Table 7.17 shows positive significant correlations between
the use of new technology as measured by total spending on ICT and total profit and
value added over the period 2007-2008.* In addition to positive significant
correlations between old technology measured by total spending on machinery
and equipment and total output measured by total sales value, profit and value
added, between value added and old technology measured by total spending on
machinery and equipment, spending on raw materials and capital. For old technol-
ogy measured by total spending on machinery and equipment, the correlation
coefficients are more significant than traditional inputs (labour-capital) over the
period 2005-2008. These results prove our third hypothesis regarding the positive
correlation between ICT and input—output indicators at the micro/firm level.
However, our results should be interpreted carefully as they probably have two-
ways causality and may leave open the possibility for reversed causality. Mainly
because more profit and output would imply more financial capacity that permits
more spending on ICT, on the other hand, more spending on ICT implies higher
costs and lower profit (see Table 7.17 below).

40 Except in 2008, where the correlations between labour and profit, labour, capital, productivity
and diversification are negative.
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Table 7.16 Total spending on ICT, labour and capital across firms (2005-2008)
Coefficient
(t-value)
Independent variables
Dependent variable (ICT expenditures) Labour Capital Constant R? N
ICT All firms (2008) 31189.873%* 4017773.618 0.090 44
expenditures (2.068) (1.286)
Large 39678.002* 659819.035 0.178 16
(1.801) (0.091)
Small 851008.625* —17122964.336 0.132 13
(1.350) (—0.871)
Chemical 16570.802* 1352016.355 0.077 20
(1.261) (0.482)
Food 114796.261 2209388.184 0.106 13
(1.194) (0.205)
Textile 41167.945* 6311339.471 0.505 4
(1.749) (0.678)
ICT 2005 50597.659** 0.00003  200891.316 0.173 23
expenditures (2.047) (0.624) (0.051)
(Al firms) 2006 48260.393*  0.00001 1868612.501 0.132 26
(log)* (1.636) (1.113)  (0.425)
2007 30134.482*  0.00001** 1535671.553 0.266 31
(1.906) (2.779) (0.525)
2008 34994.538** 0.00002** 2453825.412 0.525 35
(2.707) (5.597) 0.941)
ICT Total ICT (log) 0.0077%* 0.0027%* 10.770 0.166 36
expenditures (3.196) (3.514) (24.801)
(AL firms)  Training (log) 0.03%# 0.002%*  6.648 0.655 5
(log) (4.714) (3.791)  (4.155)
(2005-2008)  omputer (log) —0011* 0002  11.516 0.167 30
p g
(—1.649) (3.227) (17.591)
Telecommunication —0.004* 0.002%%* 10.949 0.127 34
(log) (—1.434) (3.02) (24.147)
Internet (log) —0.001 0.001 11.170 0.0394 17
(—0.145) (1.134) (12.641)
Maintenance (log)  0.006 0.0004 9.596 0.0271 11
(0.631) 0.577) (7.641)
Other, web host —0.008 0.0002 11.417 0.0426 6
(log) (—0.745) (0.222) (9.707)

Correlation is significant * at the 0.05 level (one-tailed); ** at the 0.01 level (one-tailed)
“Log value for all estimated variables: ICT, labour and capital.

Our findings concerning the significant positive correlations between ICT and
profit and value added and the insignificant correlation between ICT and output
imply an inconclusive effect at the micro level. These results agree with our
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observations at the aggregate level, which imply that the growing expenditures
on ICT in Sudan raises the shares of the population using the Internet, enhances
e-business, e-education and e-government. However, despite the growing ICT
expenditures, their effects are inconclusive at the aggregate level, probably due
to low spending on ICT, high poverty and illiteracy rates, low skill levels and
inadequate investment in education.*' The macro observations are consistent
with the recent literature indicating the growing but limited effects of ICT
diffusion in the developing countries due to a lack of sufficient investment in
the complementary infrastructure such as education, skills and technical skills
(cf. Pohjola 2002; Kenny 2002). Therefore, these results prove the third hypoth-
esis in Chap. 1 above about the inconclusive effect of ICT at the micro level.

7.6 Conclusions

In this chapter we use the data from the firm survey (2010) to examine skill
indicators, their implications and relationships with average wages, and with
upskilling (ICT training) and technology (ICT), ICT and input—output indicators
at the micro/firm level.

Our findings in Sect. 7.3 illustrate the low skill levels — due to the excessive share
of unskilled workers (Figs. 7.1 and 7.2) — and the implications on skills mismatch
(Fig. 7.6), industrial performance indicators and productivity decline across firms
(Tables 7.3, 7.4, 7.5, and 7.6). 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. These findings together with those in
Chap. 5 above verify hypotheses 3.b and 4.a in Chap. 1 above regarding the
implications of the interaction between the deficient educational system and high
use of unskilled workers. These findings then confirm our first hypothesis, which we
proved in Chap 2 above, concerning the pressing need for upskilling, particularly
within the private sector.

Our results in Sect. 7.4 show positive correlations between actual and required
education, experience and average wages (Tables 7.8, 7.9, 7.10, and 7.11). We
verify hypothesis 4.b. in Chap. 1 above that an increase in skill level and firm size
lead to improved relationships between actual and required education (Table 7.8),
between actual education, experience and wages (Table 7.10) and between required
education, experience and wages (Table 7.11).

“!' Our attempt to examine the effect of ICT at the macro level in Sudan is constrained by the lack
of adequate and reliable data on ICT spending, as the most recent data on the share of spending on
ICT relative to GDP (2010) is available only for two years over the period 2007-2008.
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In Sect. 7.5 our findings with respect to the positive complementary relationships
between skill, technology (ICT) and upskilling (ICT training) and between
computers, telecommunications and ICT training (Tables 7.13 and 7.14) are
consistent with the findings in the new growth literature. We illustrate and corrob-
orate hypothesis 4.c. in Chap. 1 above that an increase in skill level and firm size
lead to an improvement in the complementary relationships between skill,
upskilling and technology (ICT).

Taken together, all these results imply the importance of a good education for
bridging differences between firms and also for enhancing skill, technology and
upskilling complementarity at the micro level. These findings seem consistent with
the endogenous growth framework and stylised facts concerning the relationships
between human capital, technical progress and upskilling and our theoretical
framework in Chap. 3 above.

Finally, our results in Sect. 7.5 indicate positive significant correlations between
total spending on ICT and profit and value added, but insignificant correlations
between total spending on ICT and output at the micro/firm level (Table 7.17). This
result confirms the fifth hypothesis in Chap. 1 above, which implies an inconclusive
effect of ICT at the micro level and supports the observations at the macro level in
Sudan and the recent literature in the developing countries.

Moreover, our results in Sects 7.4 and 7.5 show the relationships between actual
and required education, experience and wages and between skill, technology (ICT)
and upskilling (ICT training), defined by firm size and industry level. These results
are consistent with our findings in Chap. 5 above, which imply that both skill and
technology indicators vary across firms and increase with firm size and industry
level.

Therefore, our findings in this chapter are consistent with hypotheses 3.b. and 4.
a. in Chap. 1 above with respect to the implications of the excessive use of unskilled
workers at the micro level. In addition, our results verify hypotheses 4.b. and 4.c. in
Chap. 1 above concerning the relationships between actual and required education
and experience and between actual education, required education, experience and
wages and the relationships between technology (ICT), skill and upskilling
(ICT training). Finally, we corroborate the fifth hypothesis in Chap. 1 above
regarding the inconclusive effect of ICT at the micro level.
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