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1.  INTRODUCTION 

 There is no more important question in Sub-Saharan Africa today than how to raise 
the productivity of manufacturing firms.  In the wake of policy reform programs, African 
firms are being compelled to compete both at home and abroad with stronger, more 
experienced rivals.  If ways are not found to raise the technical capabilities of African 
enterprises, international competition may deindustrialize Africa rather than provide the 
driving force for new growth and higher living standards.  The central question for public 
policy makers is:  What is the best way to support enterprise efforts to raise productivity in 
this more competitive environment? 

 This paper focuses on the private “learning” mechanisms by which firms build up 
their technical capabilities and create competitive advantage.  Specifically, we examine 
efforts inside the firm to promote technical learning, such as worker training and direct 
acquisition of superior foreign know-how in the form of technical assistance and technology 
license agreements, and measure their effects on enterprise productivity.  In terms of public 
policy, knowledge of the extent to which private learning mechanisms contribute to 
enterprise productivity, is a prerequisite to assessing the need for any kind of public support. 
Demand for public support is, among other things, a function of the extent and effectiveness 
of existing private initiatives.  Where private learning mechanisms are doing the job of 
raising firm capabilities to adequate competitive levels, public support programs are in lower 
demand.  But they can also be complementary.  Even where existing private learning efforts 
are working well, markets often fail to provide a socially optimal amount of investment in 
private technical efforts, like training.  In such cases, public support services can complement 
private initiatives to increase training further toward optimal levels. 

 In developing countries, particularly those in the early stages of industrialization, 
advances in productivity come largely by way of imported equipment and ideas.  Firms can 
increase productivity by making purposive investments to increase the inflows of technology.  
Acquisition of foreign technology licenses and technical assistance contracts are two 
examples of this type of investment.  Further gains in enterprise productivity can be realized 
by investing in worker training. Training not only enhances employee technical skills, for 
example, in operating existing equipment more efficiently, but also increases the firm’s 
ability to adopt new technologies.1  Training associated with the introduction of new 
technology has been shown to have a crucial impact on productivity, since the productivity 
advantage of new technology over existing technology is seldom realized without a learning-
intensive process of experimentation, modification and adaptation to the specific 
circumstances of the firm (Enos 1992; Aw and Tan 1995). 

 To date, there has been little empirical research on the training role of firms and the 
links between firm-based training, technology and productivity growth in developing 
countries.  In Africa, one can extend this gap a bit farther and say that, to our knowledge, 
there has been no empirical research on the subject.  This African gap is particularly 
                                                 

1 Welch (1970) finds that increased worker education has two effects:  the productivity of the worker increases, 
the “productive” effect, and the ability of the worker to deal with new technical information increases the 
“attention” effect. 
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important.  The few firm-level studies on the links between firm-based training, technology 
and productivity that do exist have been done in developed and semi-industrial countries in 
the US, Europe and Asia.2  There is reason to believe that the outcomes of firm investments 
in training and in technology may be somewhat different in low income Africa.  In 
environments where overall economic growth rates are low, where firms are purported to 
have lower technical capabilities, where training resources are of lower quality and where 
markets exhibit many more distortions, one might expect to observe much smaller returns to 
these investments than in more advanced countries. 

 In this paper, we examine the impact of firm-based training and investments in 
technology on enterprise productivity in three African countries:  Ghana, Kenya and 
Zimbabwe.  These three countries provide a representative sample of Sub-Saharan African 
industrial development problems today.  All three of these countries have initiated extensive 
policy reform programs; they span the diversity of per capita incomes and industrial 
development levels in the Sub-Saharan Africa region; and they exhibit different levels of 
interaction within world markets, as indicated in Table 1.1 below. 

 
Table 1.1 

Basic Economic Data Comparisons — Zimbabwe, Kenya and Ghana 
 

 Zimbabwe Kenya Ghana 
GDP/Population, 1992 (US$ millions) 580 330 460 
Population (millions) 10.4 24.7 15.8 
MVA/GDP, 1991 26% 12% 10% 
Manuf. Exports/Total Merchandise Exports 38% 22% 1% 
 
Source: World Bank (1993), World Development Report: World Development Indicators. New York: Oxford 

University Press. 
 
 Four questions provide the framework for our analysis.  First, what do the incidence 
and patterns of enterprise training look like in Sub-Saharan Africa?  Do they conform to the 
incidence and patterns found in industrialized and semi-industrial countries?  Second, what 
are the main determinants of the likelihood that firms will invest in worker training?  Third, 
what is the effect of worker training on firm productivity?  Fourth, are the productivity effects 
of training different for firms investing in new technologies? 

 The remainder of the paper is organized as follows.  Section Two begins with a brief 
description of the data used for this study.  We then present a basic description of the patterns 
of investment in training and technology acquisition in manufacturing firms in the three 
countries. Section Three presents an econometric model which analyzes the determinants of 
enterprise investments in training and technology, as well as the differential effects of these 
investments on enterprise productivity.  In Section Four, we present the statistical results and 

                                                 

2 Bartel (1991) examined the links between training and productivity in the US; Griliches et al (1984) examined 
technology investments and productivity growth also in the US; Aw and Tan (1994) investigated the links 
between firm training, technology and productivity in Taiwan.  All find a positive effect. 
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compare them with other studies.  Lastly, Section 5 discusses some policy implications of our 
findings. 

 

2.  ENTERPRISE LEARNING EFFORTS:  
INVESTMENTS IN TRAINING AND FOREIGN TECHNOLOGY ACQUISITION 

 African enterprises, like enterprises in other countries, invest in efforts to build their 
technological capabilities.  Acquisition of technical know-how from abroad — by way of 
purchasing technical licenses, or hiring specialized technical expertise — and employee 
training are two of the most prominent.  Within Africa, however, one observes a good deal of 
heterogeneity in the magnitude of these investments across firms, industries and countries.  
We begin with investments in worker training. 

ENTERPRISE TRAINING IN AFRICA:  INCIDENCE AND PATTERNS 

 What does the pattern of training look like in low-income Africa?  Do observed inter-
firm and inter-sectoral variations in firm-based training found in Africa conform to the 
patterns found in industrial and semi-industrial countries?  Before we answer these questions, 
let us briefly review what one expects to find based on the training literature in more 
developed countries. 

 Studies in industrialized countries cite several reasons why one might expect to 
observe considerable variation across firms and sectors in the amount and type of training 
provided.  First, firms may be reluctant to invest in training if employee turnover is high.  
When employees leave the firm, the gains from training leak out and may even be enjoyed by 
rivals. 

 Second, training itself may contribute to employee turnover:  if the skills imparted by 
training are valued by other firms, then the firm risks having employees “poached” by others.  
As a result, investments in non-portable, firm-specific training are more attractive to firms 
than investments in general training.  Consequently, both employee turnover and the risk of 
poaching can lead to a failure of the market to provide optimal amounts of training, general 
training especially. 

 Third, firm size affects investments in training.  Small firms often have higher 
training costs per employee than larger firms, because they can not spread the fixed costs of 
training over a large group of workers.  The loss in production from having a worker in off-
site training may also be higher for small enterprises than for large ones.  Additionally, small 
firms, on average, exhibit higher employee turnover.  For all these reasons, smaller firms 
generally train a smaller percentage of workers than do larger firms:  for example, 26 percent 
of workers in large firms report receiving formal company training in the US, compared to 11 
percent in small firms (Bowers and Swain 1992). 

 Fourth, employers are more likely to train workers who seem trainable.  Evidence 
indicates that skilled workers, like technicians and managers, get more training than unskilled 
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or manual workers (Lynch 1994).  Consequently, the percentage of unskilled workers 
employed in firms will have an additional impact on the amount of training provided. 

 Fifth, enterprise training will also be influenced by the amount and quality of 
education workers receive before entering the work force, and by the training available to 
workers in the early years of their employment.  That is, what happens in schools influences 
how much training employers must do and how much it will cost to achieve the skill quality 
of employee they require (Lynch 1994). 

 Lastly, as we noted earlier, the amount firms invest in new technologies is closely 
linked to the amounts they invest in training (Aw and Tan 1994).  This suggest that inter-firm 
and inter-industry variations in training are driven partly by the skill requirements of adopting 
and implementing technical change. 

 The extent of market failure in the provision of training would be abated if capital 
markets were more perfect and workers could borrow to finance more training, if the state 
subsidized training, or if employers could pay workers lower wages during training periods.  
To some degree, in all countries, capital markets, governments and employee compensation 
schemes do play an important role in reducing market failures in enterprise training.  But, in 
Africa, capital markets suffer from greater imperfections, the state has not done a good job in 
providing effective vocational training or training incentives to firms, and government 
regulations and unions have constrained employer wage flexibility.  As a result, the failure of 
markets to provide optimal amounts of training goes largely unabated. 

 In addition, Africa’s manufacturing sectors are populated by relatively large groups of 
small enterprises and by unskilled workers, reducing overall incentives for firm-based 
training.  Small-scale enterprises also commonly suffer greater financing difficulties which 
may lead to under-investment even in specific training by such firms.  Furthermore, the 
number of students enrolled in schools of all kinds in Africa is relatively low and the quality 
of education in these schools is comparatively lower.  Consequently, the levels of training 
needed to develop internationally competitive skill proficiencies is higher than in other 
regions of the world.  Hence, while equal investments in training would have a “bigger bang 
for the buck” in Africa, the size of investments needed to reach comparable levels of 
competitiveness may be too large for African firms to undertake.  As a result of these factors, 
one might expect that market failures in the provision of firm-based training in Africa are 
greater than in other parts of the world, and therefore one would expect to observe lower 
levels of training and perhaps higher inter-firm and inter-sectoral variance in training. 

 The data we gathered on enterprise training in Africa comes from firm-level surveys 
in four manufacturing sub-sectors in Ghana, Kenya and Zimbabwe.  In each country, we 
surveyed 200 randomly selected firms, using a bore hole approach which sampled down 
through the size distribution of firms from large to very small.  The labor market section of 
the survey questioned both managers and workers.  Training information about shop-floor 
employees was also obtained by randomly selecting a sample of workers in each firm and 
interviewing them about their current training experience in the enterprise.  Data was 
collected regarding formal and informal training in firms in all three countries.  In the end, 
formal, in-house training was observed in only a few large enterprises.  As a consequence, the 
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training variable we use in this study includes both formal and informal types of training, but 
distinguishes between training conducted inside the firm and training conducted externally. 

 For new entrants to the work force, virtually all firms in the sample put shop-floor 
employees through some kind of training.  The duration, rigorousness and formality of the 
training depend to a large extent on the nature of the tasks to be learned and the size of the 
firm doing the training.  Multinationals and larger domestic firms are the only enterprises, as 
we noted above, that conduct any formal training.  Entry-level, in-house training in many of 
these enterprises tends to include a combination of some formal training (usually very little) 
and some informal, on-the-job training.  Smaller enterprises engage in less structured, on-the-
job training. 

 Most new shop-floor workers in medium and large firms are designated “trainees” 
and receive a training wage, which is lower than the wage for a more experienced employee.  
In small enterprises, particularly in West Africa, apprenticeship is also quite important.  
Apprenticeships are most prevalent in informal, small firms, which seem to operate as both 
training and manufacturing businesses in many cases.  In Ghana, apprenticeship has become a 
kind of semi-formalized, informal training system, whereby young, primary or middle school 
leavers pay firms  to learn from master craftspersons or technicians.  Apprentice training is 
largely training-by-working, working alongside an experienced person.  Unlike its European 
counterpart in, say, Germany, the apprenticeship generally involves little or no further formal 
education (although some apprentices do take courses on their own at Polytechnics on a part-
time basis) and is geared towards transferring relatively simple manufacturing skills, which 
do not change much over time. 

 Apprenticeships vary in duration by sector — 6 months to 2 years or so for furniture, 
2 to 5 years for metal-working.  As the apprentice progresses into more advanced stages of 
the program, he or she is often given a small allowance by the firm, if and when business is 
good, but this allowance is generally much less than the going wage.  Apprentices are found 
most often in small garments, furniture and metal-working firms.  The structure of the 
apprenticeship system, as constituted in West Africa, is not well-suited to training more 
educated workers for skills needed for modern manufacturing, and thus is not generally used 
by larger enterprises.  It should be noted, however, that apprenticeship is also known in 
Zimbabwe, where government parastatals have traditionally had limited, entry-level 
apprentice programs.  This form of apprenticeship is somewhat different than its West 
African counterpart, in that apprentices do not pay the employer to enter the program.  In fact, 
the apprentice is paid the entry-level wage.  The Government of Zimbabwe has largely 
discontinued this program in recent years.  Apprenticeship can also be found in some 
informal microenterprises in Kenya and often operates like it does in Ghana, in that workers 
pay employers to be apprentices.  However, apprenticeship in Kenyan firms appears to be on 
a much smaller scale than in Ghana. 

 Another form of firm-based training conducted by manufacturing enterprises in 
Ghana, Kenya and Zimbabwe is of a more continuous nature.  Firms invest in continuous 
training of existing, experienced workers to maintain and upgrade skills and/or to impart new 
skills.  Tables 2.1 and 2.2 present data on the proportion of firms engaged in this type of 
training and the proportion of employees involved in training at the time of the interviews. 
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 As Table 2.1 indicates, there is a great deal of variation across firms in the incidence 
of continuous training.  In all three countries, it is the larger enterprises, as expected, which 
invest in training experienced workers.  The training can be both formal and informal 
(depending on the firm size), of widely varying duration and is geared largely to the specific 
production requirements of the firm, rather than aimed at any general upgrading of personnel.  
In many large firms, in-house training is often conducted using experienced expatriate 
personnel who are brought into the firm to be production managers as well as trainers.  In the 
case of multinationals, the pattern most often followed is that parent company personnel are 
sent to Africa periodically to run training courses for local staff in areas like quality control 
and other production-related topics.  If small enterprises do any in-house continuous training, 
it is generally training-by-watching on the job. 

Table 2.1  
Proportion of Firms Currently Engaged in Continuous Training 

for Shop Floor Workers 
(By Firm Size and Sector — Percent) 

 
 Zimbabwe Kenya Ghana 
 In-House External In-House External In-House External 

Firm Size       
<10 4.4 11.1 8.2 2.7 4.9 1.6 
10-49 20.6 26.5 12.2 16.3 21.9 6.2 
50-99 29.0 41.9 16.2 32.4 31.2 31.2 
100-249 46.7 62.2 34.1 41.5 50.0 31.8 
250+ 58.1 74.4     
Sector       
Food Processing 28.6 49.0 14.6 18.8 15.8 7.9 
Textile and Garments 31.8 44.7 10.2 14.3 8.8 2.9 
Wood-working 23.1 34.6 18.0 28.0 23.9 15.2 
Metal-working 43.2 40.5 20.8 17.0 28.9 13.3 
 
Source: Regional Program on Enterprise Development Survey Data (1992-93).  World Bank, Africa Technical 

Department. 
 

 The fact that more firms in Zimbabwe are engaged in continuous in-house training of 
shop floor workers appears to be a reflection of its higher level of industrial development, its 
large average firm sizes and the complexity of its product mix.  Zimbabwe is often cited as 
one of Sub-Saharan Africa’s industrial leaders.  As Table 1.1 indicated, its manufacturing 
sector today contributes about 26 percent of GDP at factor costs, more than twice the average 
for the region (Kenya’s manufacturing share in GDP is approximately 12 percent and 
Ghana’s is about 10 percent).  It produces an impressive array of diversified products.  Its 
exports include a large component (about 38 percent) of manufactured items, decidedly 
uncharacteristic of the region (Kenya’s manufactured export share is 22 percent and Ghana’s 
is about 1 percent).  And, it is the home of some of Africa’s largest enterprises, such as Anglo 
American, Rio Tinto and Delta Corporation. 

 African firms also send workers for external training.  The courses attended range 
from one-day training exercises to longer-term programs at local technical schools.  External 
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training is carried out domestically and sometimes abroad.  For example, multinationals often 
send employees for foreign training to the parent company headquarters.  By country, the 
extent of external training depends importantly on the availability of local institutions 
providing industry-specific courses.  In this respect, Zimbabwe’s more extensive array of 
technical schools and privately-provided training courses provide more training alternatives 
than do institutions in Kenya and Ghana.  Ghana has relatively few institutions which provide 
industry-specific training. 

 External training, as the data indicate, is more prevalent in Zimbabwe and Kenya than 
in-house training.  One would presume that the reason for this is that the cost of formal in-
house training induces firms to search for external alternatives.  Both large and small firms 
engage in more external training, however, more larger enterprises send employees for 
external courses than do small enterprises.  The relatively low numbers for external training 
in Ghana appear to reflect the lack of external, industry-specific training courses available to 
firms there compared to the alternatives available in Zimbabwe and Kenya, as noted above. 

 In addition to workers, entrepreneurs also attended external training courses (Table 
2.3).  Almost half of the entrepreneurs in Zimbabwe attended external training courses in 
1992.  Most of these courses were in the field of general management (42 percent) rather than 
of a technical nature (only 18 percent).  Fewer entrepreneurs went outside the firm for 
training in Kenya and Ghana, but, when they did, it was generally to attend management 
rather than technical courses.  On average, across all the countries, entrepreneurs from 
smaller firms went to external training more than entrepreneurs from larger firms.  Given that 
most of these small enterprises are run by African entrepreneurs, it is not surprising to find 
that Africans make up a large proportion of the entrepreneurs attending external courses in 
Zimbabwe and Kenya. 

 In terms of the number of shop-floor workers engaged in training at any point in time, 
firm size appears to be the most important determinant.  Larger firms in each country have 
the highest proportion of workers in training (see Table 2.2).  And, on average, with the 
exception of Ghana, there are more employees engaged in external training than in-house 
training.  Again, Zimbabwe’s firms appear to have the largest number of employees involved 
in training at any time. 

 Sectorally, the picture is somewhat mixed, but firms in metalworking have slightly 
more firms and employees engaged in training than other sectors, followed by food 
processing and wood working.  This outcome is not surprising considering the relative 
ranking of the technological complexity of these industries. 

 What seems important from the training data we have been able to gather in Africa is 
that firms appear willing to expend resources on training their workers.  While it is difficult 
to measure the quality of in-house and external training programs undertaken, evidence 
shows that firms are trying to raise worker capability.  To give some perspective to the 
African training data, we can compare them with some figures available for advanced and 
semi-industrial countries. 
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Table 2.2  
Proportion of Shop Floor Employees Currently Engaged in Continuous Training 

(By Firm Size and Sector — Percent) 
 

 Zimbabwe Kenya Ghana 
 In-House External In-House External In-House External 

Firm Size       
<10 1.4 2.4 3.3 0.9 3.1 4.0 
10-49 6.6 4.6 2.3 2.8 3.3 3.1 
50-99 4.9 5.9 2.1 6.1 5.9 3.0 
100-249 10.7 12.5 6.0 6.8 8.5 5.1 
250+ 14.2 22.9     
Sector       
Food Processing 9.2 14.7 3.7 4.0 4.4 3.1 
Textile and Garments 6.8 10.2 2.2 3.7 2.6 .9 
Wood-working 5.7 7.7 3.8 6.1 8.9 4.1 
Metal-working 13.5 10.9 4.1 4.1 9.6 4.4 
 
Source: Regional Program on Enterprise Development Survey Data (1992-93).  World Bank, Africa Technical 

Department. 
 

 Overall Incidence of Training:  Comparisons can be made first with rough measures 
of formal enterprise training in advanced countries (Table 2.4)  Considering that our data for 
Africa is almost all informal training, the first thing that Table 2.4 indicates is that firms in 
advanced countries do much more formal training of workers.  Only large multinationals in 
Africa engage in any formal training, and even here the number of workers trained in each 
firm is nowhere near the number trained in firms in advanced countries.  Taking the formal 
training data for Japan, which is approximately comparable with our survey data, in that it 
examines the proportion of workers receiving training within the recent past, the average for 
Zimbabwe for total training (formal and informal, in-house and external) is only about one-
fifth the number of workers trained in Japan. 

 While the incidence of training appears lower in Africa, the inter-firm and inter-
sectoral patterns appear similar.  Enterprise size is an evident determinant of firm-based 
training in Africa and this squares with what is found in advanced countries.  Tan and Batra 
(1995), for example, found that in semi-industrialized countries, like Taiwan, 38 percent of 
large firms (formally) train workers in-house, while the corresponding figure for small firms 
is only 4 percent.  In Zimbabwe, the comparable average figures (which include formal and 
informal training) are 52 percent for large firms and 17 percent for small; in Kenya, 34 
percent for large and 12 percent for small; in Ghana, 50 percent for large and 18 percent for 
small.  Looking at this issue in terms of the number of workers trained, comparisons can be 
made again with Japan.  At any point in time, large firms in Japan (1,000 or more employees) 
have about 18 percent of their employees engaged in in-house, on-the-job training programs 
and 30 percent engaged in in-house, off-the-job training, for a total of 48 percent.  The 
comparable figures for small firms (30-99 employees) are 8 percent involved in in-house, on-
the-job training and 24 percent in in-house, off-the-job training (Dore and Sako 1992). Thus, 



 

Table 2.3  
Zimbabwe, Kenya and Ghana — Entrepreneurs Attending External Training Courses in 1992 

(Percent) 
 

 Proportion Type Firm Size Ethnicity 
 of all 

Entrepreneurs 
 

Management 
 

Technical 
 

Other1 
 

1 
 

2 
 

3 
 

4 
 

1 
 

2 
 

3 
 

4 
Zimbabwe 43 42 18 40 31 22 18 29 16 40 40 4 
Kenya 25 58 24 18 38 31 20 11 40 0 60 0 
Ghana 19 43 33 24 24 43 14 19 n/a n/a n/a n/a 
 
1Accounting and courses on marketing, etc. 
Firm Size: 1 = <10 employees; 2 = 11-49 employees; 3 = 50-99 employees; 4 = 100-249 employees in Zimbabwe in Kenya; for Ghana, 4 = 100 employees or 

greater (No owner-entrepreneurs were found in the >250 employee size category) 
Ethnicity: 1 = Asian; 2 = European; 3 = African; 4 = Other 
Source: Regional Program on Enterprise Development Survey Data (1992-93).  World Bank, Africa Technical Department. 
 



 

large firms in Zimbabwe or Kenya train only a fraction of the workers in-house that Japanese 
small firms train, but a similar differential is evident between in-house training in large and 
small firms, although the differential in the proportion of workers trained is much larger in 
Africa. 

Table 2.4  
Enterprise Training in Advanced Industrial Countries 

 
Country Individuals Receiving Formal Training (Percent) 
United States: 1983 11.8a 
  1991 16.8b 
Canada:  1985 6.7b 
West Germany:  1989 12.7b 
Great Britain:  1989 14.4b 
France:  1990 32c 
Netherlands:  1986 25.0b 
Sweden:  1987 25.4b 
Japan:  1989 36.7d 
Australia:  1989 34.9e 
Norway:  1989 33.1b 
 
Note: aReceived training at any time in current job 
 bOf all employed workers 
 cOf all workers in firms employing 10 or more employees 
 dReceived training within the past two years 
 eReceived in-house training  

Source Lisa Lynch, ed., Training and the Private Sector, NBER Comparative Labor Market Series, University 
of Chicago Press, 1994. 

 

 Tables 2.5-2.7 sets out comparable enterprise training figures for several low income 
and semi-industrial countries in Asia and Latin America.  In terms of in-house formal 
training, African firms continue to appear low, although we do not have precise figures for 
Africa.  However, Columbia, Indonesia and Mexico do not seem to be much farther advanced 
in formal training.  If we assume that all external training in Africa is formal training 
(probably not a bad assumption, considering that workers are usually attending courses at 
formal training institutions), then Africa compares favorably with these other countries.  
Zimbabwe even outperforms some of its Asian and Latin American rivals. 



 

 
Table 2.5  

Incidence of Training by Type and Source 
(Percent of Firms Training) 

 
 Columbia 

(1992) 
Indonesia 

(1992) 
Malaysia 

(1994) 
Mexico 
(1992) 

Taiwan 
(1986) 

Zimbabwe 
(1993)a 

Kenya 
(1993)a 

Ghana 
(1994)a 

Sample Size 500 300 2,200 5,072 56,047 200 223 179 
% Informal Training 75.9 18.5 83.1 11.3 n.a. 32.3 16.0 23.7 
% Formal Training from any 
Source 

49.6 18.9 34.7 10.8 9.29 n.a. n.a. n.a. 

% Internal Formal Training 3.7 9.7 25.2 5.8 n.a. n.a. n.a. n.a. 
% External Formal Training 48.7 14.2 20.4 7.9 n.a. 43.9 19.5 12.7 
 
Note: aFor Africa, we assume that all internal training is informal and all external training is formal.  However, some (very few) large multinational firms have 

internal formal training courses. 
 
Source: For Columbia, Indonesia, Malaysia and Mexico:  Hong Tan and Geeta Batra (1995).  “Enterprise Training in Five Developing Countries:  Overview of 

Incidence, Determinants and Productivity Outcomes.”  Paper presented at the Conference on Enterprise Training Strategies and Productivity, Private 
Sector Development Department , World Bank, Washington, DC. 
 
For Zimbabwe, Kenya and Ghana:  Regional Program on Enterprise Development Survey Data (1993-94).  World Bank, Africa Technical Department. 



 

 
Table 2.6  

Incidence of Informal Training by Firm Size 
(Percent of Firms Training) 

 
 

Firm Size 

Columbia 
(1992) 

Indonesia 
(1992) 

Malaysia 
(1994) 

Mexico 
(1992) 

Firm Size 
(Africa) 

Zimbabwe 
(1993)a 

Kenya 
(1993)a 

Ghana 
(1994)a 

<15 67.6 n.a. 56.5 7.4 <10 4.4 8.2 4.9 
21-100 77.8 15.7 80.5 36.1 10-49 20.6 12.2 21.9 
101-250 88.6 32.6 88.8 44.7 50-99 29.0 16.2 31.2 
>250 87.2 16.1 92.4 30.4 100-249 46.7 34.1 50.0 
     >250 58.1   
 
Note: aFor Africa, we assume that all internal training is informal and all external training is formal.  However, some (very few) large multinational firms have 

internal formal training courses. 
 
Source: For Columbia, Indonesia, Malaysia and Mexico:  Hong Tan and Geeta Batra (1995).  “Enterprise Training in Five Developing Countries:  Overview of 

Incidence, Determinants and Productivity Outcomes.”  Paper presented at the Conference on Enterprise Training Strategies and Productivity, Private 
Sector Development Department , World Bank, Washington, DC. 
 
For Zimbabwe, Kenya and Ghana:  Regional Program on Enterprise Development Survey Data (1993-94).  World Bank, Africa Technical Department. 



 

 
Table 2.7  

Incidence of External Training by Firm Size 
(% of firms training) 

 

Firm Size 

Columbia 
(1992) 

Indonesia 
(1992) 

Malaysia 
(1994) 

Mexico 
(1992) 

Firm Size 
(Africa) 

Zimbabwe 
(1993)a 

Kenya 
(1993)a 

Ghana 
(1994)a 

<15 32.8 n.a. 5.1 3.9 <10 11.1 2.7 1.6 
21-100 50.9 10.9 8.1 30.1 10-49 26.5 16.3 6.2 
101-250 76.8 17.7 25.6 45.7 50-99 41.9 32.4 31.2 
>250 81.3 28.8 50.8 40.2 100-249 62.2 41.5 31.8 
     >250 74.4   
 
Note: aFor Africa, we assume that all internal training is informal and all external training is formal.  However, some (very few) large multinational firms have 

internal formal training courses. 
 
Source: For Columbia, Indonesia, Malaysia and Mexico:  Hong Tan and Geeta Batra (1995).  “Enterprise Training in Five Developing Countries:  Overview of 

Incidence, Determinants and Productivity Outcomes.”  Paper presented at the Conference on Enterprise Training Strategies and Productivity, Private 
Sector Development Department , World Bank, Washington, DC. 
 
For Zimbabwe, Kenya and Ghana:  Regional Program on Enterprise Development Survey Data (1993-94).  World Bank, Africa Technical Department. 
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 Looking at the more comparable informal training figures, Africa seems to compare 
very closely with Indonesia and Mexico, while more industrialized countries, like Malaysia 
and Columbia, have higher overall incidence.  Again, the pattern of training across firm size 
classes appears very similar across all the countries. 

 All in all, Africa does not come out as poorly as one might expect in this comparison 
of training incidence.  One notable fact is the similarity between Indonesia and Africa.  In 
almost all categories, Indonesian firms appear similar to African firms.  In the most 
comparable category of informal training, Zimbabwean firms even outperform Indonesian 
firms on average.  It would appear that countries with similar per capital incomes and firm 
size distributions have similar levels of training incidence. 

 Who actually receives training is another important issue.  In the US, the workers who 
receive enterprise training are primarily technical and managerial employees with university 
degrees (Bartel 1991).  Non-managerial and non-technical workers receive more training in 
Europe and Japan than in the US, but still much less than managerial and technical 
employees.  In Africa, the same holds true.  Table 2.8, 2.9 and 2.10 present data on in-house 
and external training by type of worker.  In each of the countries, training is lavished mostly 
on skilled personnel.  Administrative and clerical staff, skilled production workers and 
machinery operators, and technicians, like electricians and plumbers, received about 65 
percent of the training provided in each country. 

 

Table 2.8  
Workers Currently Receiving Training in Zimbabwe, by Job Category 

(Percent) 
 

Worker Category In-house External 
Management 8 12 
Administrative/Clerical 16 27 
Supervisory/Foremen 13 7 
Skilled Production Workers 17 11 
Other Production Workers 10 8 
Support Staff  6 
 
Source: Regional Program on Enterprise Development Survey Data (1993).  World Bank, Africa Technical 

Department. 
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Table 2.9  

Workers Currently Receiving Training in Kenya, by Job Category 
(Percent) 

 
Worker Category In-house External 
Management 11 16 
Skilled Administrative/Clerical 18 28 
Supervisory/Foremen 7 7 
Skilled Production Workers 7 4 
Other Production Workers 6 7 
Support Staff  6 
 
Source: Regional Program on Enterprise Development Survey Data (1993).  World Bank, Africa Technical 

Department. 
 

Table 2.10  
Workers Currently Receiving Training in Ghana, by Job Category 

(Percent) 
 

Worker Category In-house External 
Employed Management 3 5 
Technician 1  
Skilled Office and Accounting 15 24 
Assistant and Specialized Sales 6 5 
Foremen and Supervisors 6 5 
Electricians and Plumbers 12 3 
Machine Operators 12 13 
Laborers and Helpers 4 3 
Ind. Specially Skilled 22 22 
 
Source: Regional Program on Enterprise Development Survey Data (1992).  World Bank, Africa Technical 

Department. 
 

 In sum, an examination of enterprise training in Africa indicates a number of 
similarities with the rest of the world, but also a number of important differences.  To begin, 
patterns in the incidence of training across firms are similar:  small firms train much less than 
large firms; foreign-owned firms train more than local firms; and exporters are more likely to 
train than domestic producers (See Table 2.11).  Training methods are also similar in that 
African firms also use in-house and external sources to train workers and rely heavily on on-
the-job training.  African firms, like firms the world over, also train managers and skilled 
workers more than their non-managerial, non-technical compatriots.  Where African firms 
appear to differ most from those in other regions is in the overall incidence of training, both 
formal and informal.  Enterprise training appears much lower in Africa, formal training in 
particular.  This deficit in training is even greater when one considers the need for training to 
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reach internationally competitive skill proficiencies, given the lack of experience in 
manufacturing and the quality of vocational and general education available.  This is a 
subject to which we now turn. 

Table 2.11  
Training by Foreign-Owned Firms and Exporters in Zimbabwe, Kenya and Ghana 

(Full Sample — Percent) 
 

Firms In-House External 
Foreign-owned 47 9 
Domestic 17 27 
Exporters 38 31 
Non-exporters 18 8 
 
Source: Regional Program on Enterprise Development Survey Data (1992-93).  World Bank, Africa Technical 

Department. 
 
 
Scarcity Factors in the Pool of Work Force Talent and the Need for Training 

 The effectiveness of training in a firm and its impact on learning will depend on the 
firm-specific assets it can employ in the learning process and on the external learning sources 
it can draw upon.  The firm’s assets include the quality of the workers it is able to recruit, the 
quality of the training staff it can deploy to train workers and the training methods they can 
effectively utilize, as well as the commitment of management to developing a “learning 
organization,” including the incentives it can provide workers to learn — for example, paying 
for off-the-job learning time and linking newly gained qualifications with marginal pay 
boosts.  In most cases, these internal resources will not be sufficient to meet the firm’s needs 
and must be supplemented and reinforced by external resources.  Industry-specific technical 
courses, linkages with other firms in the business, interaction with buyers and suppliers and 
direct support services from government and business associations are all potential external 
resources firms can draw on. 

 Scarcity factors in the pool of shop floor talent are a big problem in Africa.  In terms 
of all the basic indicators, such as the adult literacy rate, educational attainment of target 
populations, pupils enrolled in vocational education and the stocks of technical and scientific 
personnel, Sub-Saharan Africa lags the rest of the world (Appendix Tables A1, A2, A3 and 
A4).  Zimbabwe, Kenya and Ghana all do much better than the average for the region in these 
areas, but they fall far short of the rest of the world.  Only Zimbabwe has been able to reach 
Latin American averages for primary and secondary educational attainment.  In vocational 
training, and general science and engineering, the comparative statistics reveal an even larger 
gap.  What these numbers imply is an extremely ill-educated industrial labor force.  This, and 
the fact that accumulated industrial experience is also low, has important implications for 
enterprise training needs and for the cost and effectiveness of training methods. 

 The critical need for training is evidenced by the fact that in all three countries, 
employee training is invariably at the top of the list of managers’ most desired support 



4 

services (see Tables 2.12 and 2.13 for Zimbabwe and Kenya).  Moreover, respondents also 
stressed that low levels of education and accumulated production experience of shop floor 
workers increased substantially the requirement for supervision in their factories.  Plants in 
Africa, we were told by expatriate managers, require more supervisors, foremen and 
managers per shop floor worker than plants in other parts of the developing world and this 
has detrimental effects on production costs. 

Table 2.12  
Zimbabwe — Highly Desired Support Services 

 
 No. of Firms 

Interested 
No. of Firms 
Ranking It 

 
Weighted Rank 

Productivity Techniques 28 25 2.97 
Employee Training 24 22 2.51 
Quality Control Testing 14 14 1.55 
Process Improvement 19 14 1.51 
Product Design 18 13 1.23 
Repair and Maintenance 13 11 1.12 
Troubleshooting Assistance 13 11 1.1 
Energy Saving 12 8 0.83 
Labor Relations 8 4 0.64 
Pollution Control 7 5 0.46 
Tools, Dies or Fixtures 7 4 0.43 
Safety 5 4 0.33 
Pilot Plant Experimentation 4 1 0.06 
Instruments Calibration 2 0 0 
 
Source:  Regional Program on Enterprise Development Case Study Data (1993).  World Bank, Africa Technical 

Department. 
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Table 2.13  
Kenya — Highly Desired Support Services 

 
 No. of Firms 

Interested 
No. of Firms 
Ranking It 

 
Weighted Rank 

Employee Training 19 16 2.48 
Repair and Maintenance 14 13 2.08 
Productivity Techniques 14 13 1.95 
Tools, Dies and Fixtures 15 11 1.68 
Quality Control Testing 16 11 1.45 
Troubleshooting Assistance 9 8 1.17 
Labor Relations 9 6 0.92 
Energy Saving 9 6 0.88 
Safety 11 6 0.86 
Process Improvement 10 5 0.60 
Product Design 7 4 0.56 
Pollution Control 5 2 0.30 
Pilot Plant Experimentation 2 1 0.07 
Instruments Calibration 6 0 0 
 
Source: Regional Program on Enterprise Development Case Study Data (1993).  World Bank, Africa Technical 

Department. 
 
 
 Training methods and costs are affected by the pool of shop-floor talent.  Using Japan 
again to make a comparison, the formal education system in Japan produces a very high level 
of general literacy in the work force.  Workers are capable of following very detailed and 
complex written instructions.  This means that a lot of learning is based on informal 
production of job specifications and procedures manuals meticulously written out by 
supervisors and used as teaching material for self-teaching by newcomers to a job.  A junior 
employee does not just stand by the supervisor; he or she reads what the supervisor has 
thoughtfully and meticulously written about what he or she knows (Dore and Sako 1989, p. 
16).  In Africa, very little of this type of learning takes place because the level of general 
literacy is so low.  In both Zimbabwe and Kenya, 50 percent of the firms surveyed used no 
technical documentation or procedures manuals and another 30 percent used very little 
documentation.  In Ghana, the use of documentation and procedures manuals is even lower 
(Biggs, Shah and Srivastava 1995).  Thus a focus on high literacy and numeracy in the school 
system can lower the cost of a firm’s investments in training and productivity improvement.  
Because of the high level of basic knowledge the work force shares in Japan, firms can rely 
more on informal learning and on individual study for technical training. 

 Hence, underinvestment in training in Africa can take two forms.  Firstly, African 
firms are generally spending less and providing workers with lower quality training than 
competitors in other developing countries.  Secondly, the level of spending or training quality 
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might be the same, but because of lower human capital at entry training is still not sufficient 
to achieve the skill proficiencies found in competitor countries. 

 Scarcity factors in technical personnel are also constraining in Africa.  Without 
adequate supplies of such key personnel, the effectiveness of enterprise training and 
supervision is reduced and is often more costly because it has to be outside the firm.  Table 
2.14 shows the proportion of technical personnel found in the case studies in all three 
countries.  The totals are exceptionally low, even compared to other developing regions.  
Zimbabwe, again, for each industrial category, has a higher level of human resources 
available.  The proportion of technical personnel employed in all sectors averages about twice 
that of Ghana.  This gives Zimbabwe an important manpower advantage. 

Table 2.14  
Technical Personnel as a Percentage of Total Personnel 

in Zimbabwe, Kenya and Ghana 
 
Sector Ghana Kenya Zimbabwe 
Food Processing 2.9 5.3 7.2 
Textile and Garments 2.1 3.1 4.3 
Wood-working 2.0 1.2 12.4 
Metal-working 5.4 6.8 7.6 
Total 3.1 4.1 7.9 
 
Source: Regional Program on Enterprise Development Case Study Data (1992-93).  World Bank, Africa 

Technical Department. 
 
 Another important pool of talent, where scarcity factors can be observed in Africa, is 
management.  The RPED surveys gathered information on the educational attainment of 
owner-entrepreneurs across the countries.  These data are shown in Tables 2.15-2.17.  The 
surveys assessed the general level of education, as well as the proportion of entrepreneurs 
attending technical schools.  Firm size and ethnic backgrounds of entrepreneurs were also 
taken into consideration. 

 Looking first at the proportion of entrepreneurs with higher levels of education in 
each country, it is clear that Zimbabwe’s entrepreneurs, on average, embody superior 
accumulations of human capital.  More than 80 percent have secondary or university degrees, 
as against 70 percent and 40 percent in Kenya and Ghana, respectively.  It is interesting to 
note, however, that African entrepreneurs in Zimbabwe have slightly lower general 
educational attainments than African entrepreneurs in Kenya (unfortunately, we have no 
comparable data for Ghana).  As one might expect, the tables also indicate that entrepreneurs 
running large firms are more likely to have higher education than entrepreneurs running small 
firms in all countries.  Additionally, Asian and European managers in these countries have 
higher average educational attainments than African managers. 



7 

 

Table 2.15  
Zimbabwe — Education of Entrepreneurs 

(Percent) 
 

 Proportion Firm Size Ethnicity 
 of all 

Entrepreneurs 
 

1 
 

2 
 

3 
 

4 
 

1 
 

2 
 

3 
 

4 
No Education 2 3 5 0 0 0 0 5 0 
Primary 21 43 14 13 6 10 6 40 33 
Secondary 53 40 52 65 45 32 58 49 33 
University 31 13 29 22 48 58 35 5 33 
 
Firm Size: 1 = <10 employees; 2 = 11-49 employees; 3 = 50-99 employees; 4 = 100-249 employees 

(No owner-entrepreneurs were found for enterprises with 250 or more employees) 
Ethnicity: 1 = Asian; 2 = European; 3 = African; 4 = Other 
Source: Regional Program on Enterprise Development Survey Data (1993).  World Bank, Africa Technical 

Department. 
 

Table 2.16  
Kenya  — Education of Entrepreneurs 

(Percent) 
 

 Proportion Firm Size Ethnicity 
 of all 

Entrepreneurs 
 

1 
 

2 
 

3 
 

4 
 

1 
 

2 
 

3 
 

4 
No Education 2 3 4 0 0 2 0 3 0 
Primary 27 49 13 14 7 13 0 47 100 
Secondary 45 40 49 54 45 52 90 38 0 
University 25 8 34 32 48 33 10 13 0 
 
Firm Size: 1 = <10 employees; 2 = 11-49 employees; 3 = 50-99 employees; 4 = 100-249 employees 

(No owner-entrepreneurs were found for enterprises with 250 or more employees) 
Ethnicity: 1 = Asian; 2 = European; 3 = African; 4 = Other 
Source: Regional Program on Enterprise Development Survey Data (1993).  World Bank, Africa Technical 

Department. 
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Table 2.17  
Ghana — Education of Entrepreneurs 

(Percent) 
 

 Proportion Firm Size 
 of all 

Entrepreneurs 
 

1 
 

2 
 

3 
 

4 
No Education 7 10 7 0 0 
Primary 54 65 57 22 22 
Secondary 25 21 30 56 0 
University 13 4 7 22 78 
 
Note:  Data on Ethnicity was not collected in Ghana. 
Firm Size: 1 = <10 employees; 2 = 11-49 employees; 3 = 50-99 employees; 4 = 100-249 employees 

(No owner-entrepreneurs were found for enterprises with 250 or more employees) 
Ethnicity: 1 = Asian; 2 = European; 3 = African; 4 = Other 
Source: Regional Program on Enterprise Development Survey Data (1992).  World Bank, Africa 

Technical Department. 
 

 Lastly, about one-quarter to one-third of the entrepreneurs surveyed attended technical 
school, depending on the country of origin (Table 2.18).  Zimbabwe had a slightly higher 
number of technical school graduates.  Of the 33 percent of entrepreneurs attending technical 
school in Zimbabwe, 43 percent were Europeans and 40 percent were African.  In Kenya, it 
was 53 percent Asians and 44 percent Africans.  These figures, however, do not tell the 
whole story of the importance of vocational school for African entrepreneurs.  Given that 
African entrepreneurs make up a smaller proportion of the manufacturing firm population in 
each country, one must ask the question:  What is the likelihood that any African 
entrepreneur would have a technical school education?  The answer in Zimbabwe is that 
about 40 percent of all African entrepreneurs have a technical school education (30 percent 
for European entrepreneurs), while in Kenya it is 26 percent (20 percent for Asians).  Also, 
Table 2.18 indicates that small firm entrepreneurs are more likely to have technical school 
educations than large firm entrepreneurs. 
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Table 2.18  
Zimbabwe, Kenya and Ghana — Entrepreneurs with Technical School Education 

(Percent) 
 

 Proportion Firm Size Ethnicity 
 of all 

Entrepreneurs 
 

1 
 

2 
 

3 
 

4 
 

1 
 

2 
 

3 
 

4 
Zimbabwe 33 31 26 17 26 17 41 40 0 
Kenya 25 42 24 18 16 53 2 44 0 
Ghana 25 36 36 18 11 n/a n/a n/a n/a 
 
Firm Size: 1 = <10 employees; 2 = 11-49 employees; 3 = 50-99 employees; 4 = 100-249 employees 

(No owner-entrepreneurs were found for firms with 250 or more employees) 
Ethnicity: 1 = Asian; 2 = European; 3 = African; 4 = Other 
Source: Regional Program on Enterprise Development Survey Data (1992-93).  World Bank, Africa 

Technical Department. 
 

Institutional Supports for Firm-Based Training 

 Firm training is supported by a range of institutions in most advanced countries.  
There are government subsidies for in-house training, particularly for small firms, in Europe, 
Japan and several of the East Asian NICs (newly industrialized countries), like Korea, 
Taiwan and Singapore.  There are long standing links between firms and particular schools, 
universities and vocational schools — in Europe and Japan, for example.  Banks in Germany 
have traditionally taken a longer view towards firms’ investments in R&D and training.  In 
Japan, links between large companies and their suppliers facilitate training.  For example, 
many large firms will train workers of their small suppliers to maintain quality standards and 
to overcome constraints smaller firms face in training their own workers.  Lastly, unions, 
business associations and governments in many countries influence training incidence and 
quality by certifying particular skills. 

 Many of these external supports to enterprise training found in other countries are 
missing in Africa.  But this is not to say that supports do not exist.  Government in all three 
countries has supported vocational and firm-based training to varying degrees.  Training 
taxes have been levied to pay for state-sponsored vocational education and apprenticeship 
programs in Ghana, Kenya and Zimbabwe.  Also, government has been involved in 
qualification and certification of skills — for example, the Government of Zimbabwe has 
been heavily involved in classifying workers and certifying their skills, both as an instrument 
of employment policy and as an instrument of social policy to better the position of black 
African workers.  State-sponsored unions have also been involved in training policy, 
particularly in Ghana and Zimbabwe.  However, notwithstanding this direct involvement in 
support of in-service training, one cannot argue that it has been a great success. 

 A central problem in all three countries is the lack of public and private cooperation 
in training.  Firm based training, training in vocational schools and privately provided courses 
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in vocational schools and elsewhere require a degree of cooperation between business and 
government.  Although some large private enterprises have managed high-quality in-house 
training programs in Africa, most firms need the help of outside training institutions.  
Similarly, for government vocational training institutions to be effective and market-oriented, 
they need to work closely with private business.  Unfortunately, much of the interaction 
between business and government in the training area in all three countries has been 
adversarial.  In Zimbabwe, for example, government has expected widespread commitment 
by industry to more training at all levels to prove its commitment to black African 
advancement.  And, in all three countries, there has been political pressure for firms to absorb 
graduates from vocational schools while at the same time industry has been pushed aside 
from having a say in the organization and curriculum of training programs in these schools 
and kept out of debates on how training taxes are spent. 

 In all three countries, private sector sources have picked up some of the slack in 
meeting external training needs of firms.  The most impressive example in Sub-Saharan 
Africa is Zimbabwe’s large correspondence schools and growing network of private tutorial 
colleges and training centers.  But, these kinds of private training institutions also exist in 
Kenya and Ghana.  Zimbabwe has an extraordinary tradition of interest in professional and 
educational improvement (King 1990, p. 15).  Part-time students range from the highest 
office holders down to the operators of handmade machinery in the informal sector.  The 
great majority of the tens of thousands who are pursuing part-time courses are also working 
as employees or are self-employed (this accounts for the high proportion of workers on 
external training).  But, here too, these private schools and the government have often been in 
conflict.  The schools are sometimes characterized by the authorities as not offering quality 
programs, while the government is perceived by private trainers to be more concerned with 
control and regulation than with understanding private contributions to human capital 
development. 

 Generally speaking, then, while external supports to enterprise training exist in 
Africa, they are weak. On the whole, public sources of support need upgrading in all 
countries.  In addition, greater public and private collaboration is needed to make vocational 
and other kinds of worker training more effective in meeting private sector needs.  Also, 
private training sources need support and a better environment within which to operate.  
Moreover, changes in the financial system are needed to assist individuals in making private 
investments in training, something which is quite underdeveloped in Africa. 

ACQUISITION OF TECHNOLOGY 

 Another important private learning mechanism involves investments in the 
acquisition of technology and know-how locally and from abroad.  For African firms, the 
most important investments in new technology are made in the form of importation of new 
foreign equipment, research and development, and the purchase of foreign technology 
licenses and technical assistance contracts.  We turn to R&D investments first. 

 Since most technology is imported from more advanced countries in Africa, one 
would not expect to find much innovation-oriented R&D going on in Zimbabwe, Kenya or 
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Ghana.  One does expect, however, to observe technical efforts going on to modify imported 
equipment, to differentiate local product designs, to re-engineer or copy foreign machinery 
and goods, and so on.  Indeed the RPED surveys and case studies did pick up such activities.  
A good deal of what might be called informal tinkering, imitating, adapting and 
experimentation is evident in African firms of all sizes.  Only a few large firms, however, 
conduct any formalized R&D in the sense that personnel are more or less assigned, on a 
continuing basis, to such tasks and there is a fixed budget applied to the activity. 

 In the 1993 RPED survey, firms were asked whether they had undertaken any 
systematic activity in 1992 to increase the stock of knowledge in the enterprise, including 
fundamental research, applied research and experimental development leading to new 
machinery or other devices, products or processes.3  They were also asked how many 
employees spent time in these activities and what were their educational backgrounds, as well 
as how much was spent on these activities?  The results are reported in Tables 2.19 and 2.20. 

Table 2.19  
Proportion of Firms Involved in R&D Activity, 1992 

 
Country Percentage 
Zimbabwe 26 
Kenya 15 
Ghana 10 
 
Source: Regional Program on Enterprise Development Survey Data (1992-93).  World Bank, Africa 

Technical Department. 
 

Table 2.20  
Average Expenditure on R&D by Sector, 1992 

(Current US$ per Worker) 
 

Sector Zimbabwe Kenya Ghana 
Food 37.8 10.8 0 
Textile and Garments 18.6 4.8 0 
Wood 41.6 2.2 2.7 
Metal 31.6* 6.0 0.9 
 
Note: aOne very large firm spent more than US$2 million in 1992 on R&D.  This outlier was removed. 
Source: RPED Survey, 1993. 
 

 As Table 2.19 indicates, a very small proportion of firms engage in formal R&D.  
Zimbabwe has the highest proportion of firms involved in formal R&D and these firms, on 
average, spend more on these activities than firms in Kenya and Ghana.  This holds across 

                                                 

3 Respondents were prompted not to consider as R&D any routine maintenance or quality control activities, 
even if scientists or engineers were employed in carrying it out. 



12 

each of the sectors.  Food processing, wood-working and metal-working are the industries 
where most of Zimbabwe’s R&D activity takes place, as might be expected by the 
concentration of the country’s scientists and engineers in these sectors (see Table 2.21).  
Similar patterns of activity hold for Kenya and Ghana.  Ghana’s lack of organized R&D 
activity and Zimbabwe’s higher levels of R&D are not surprising.  Zimbabwe is better off 
than Ghana in terms of the human capital in industrial enterprises and, as noted earlier, 
produces a more complex and diverse set of products.  In terms of human capital, the 
educational attainment of Zimbabwe’s population is higher; the number of trained scientists 
and engineers working in industry is greater; and measurable outputs of scientific and 
technological patents and publications are more numerous (see Appendix Tables A1-A5).  
Through the experience of the trade blockade in the UDI4 years, Zimbabwean firms also 
learned from necessity to be quite self-sufficient in equipment maintenance and 
troubleshooting, as well as to produce spare parts and some light machinery.  These 
endowments put Zimbabwe in a better position than other countries in the region to engage in 
technical efforts to learn.  But Zimbabwe’s relative advantages in Sub-Saharan Africa do not 
translate into advantages in the rest of the world.  By international standards, Zimbabwe’s 
R&D efforts appear relatively small, even for developing countries (Appendix Table A3).  
Many of its firms do not have the capability to carry out sophisticated R&D activities.  
Zimbabwean firms, with the exception of a few large multinational corporations and business 
groups, have very few personnel with the experience and qualifications to undertake R&D 
activities.  While Zimbabwe is better off than Kenya and Ghana, Table 2.22 also indicates 
that Zimbabwe’s current stock of scientists, engineers and technicians is exceedingly low as a 
percentage of total employment.  Moreover, most of these scarce key personnel are 
concentrated in a few big firms (see Table 2.23) and in a few sectors, like food processing, 
where scientists spend most of their time doing quality control lab tests and not R&D. 

Table 2.21  
Zimbabwe — Employment of Scientists, Engineers and Technicians, By Sector 

 
 Total Scientists Engineers Technicians 

Sector Employment No. % No. % No. % 
Food 15,983 103 0.64 22 0.14 280 1.75 
Textiles 2,496 1 0.00 38 0.12 58 2.32 
Wood 32,411 0 0.00 3 0.12 353 1.09 
Metal 5,479 1 0.02 31 0.57 115 2.10 
Total 56,369 105 0.19 94 0.17 806 1.43 
 
Source: Regional Program on Enterprise Development Survey Data (1993).  World Bank, Africa Technical 

Department. 

                                                 

4 The Unilateral Declaration of Independence in 1963. 
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Table 2.22  

Technical Personnel as a Percentage of Total Personnel 
in Zimbabwe, Kenya and Ghana 

 
Sector Ghana Kenya Zimbabwe 
Food Processing 2.9 5.3 7.2 
Textile and Garments 2.1 3.1 4.3 
Wood-working 2.0 1.2 12.4 
Metal-working 5.4 6.8 7.6 
Total 3.1 4.1 7.9 
 
Note: Technical personnel include scientists, engineers and highly-educated technicians 
Source: Regional Program on Enterprise Development Survey Data (1992-93).  World Bank, Africa Technical 

Department.  
 

Table 2.23  
Zimbabwe — Concentration in Employment of Scientists, Engineers and Technicians 

 
 
 

Personnel 

 
 

Total No. 

 
No. of 

Employing Firms 

No. Employed by 
Three Largest 

Employers 

 
% of Total 
Number 

Scientists 105 8 91 86.67 
Engineers 94 21 50 48.08 
Technicians 806 52 373 46.28 
 
Source: Regional Program on Enterprise Development Survey Data (1993).  World Bank, Africa Technical 

Department.  
 
 
 Investments in foreign technology licenses and technical assistance contracts have a 
similar pattern as investments in R&D in the three countries.  Relatively few firms invest in 
these learning mechanisms invest in these learning mechanisms and the investment that does 
occur is concentrated in large enterprises.  Only 15 percent of sample firms (29 firms) held 
foreign technology licenses in Zimbabwe, 5 percent (10 firms) in Kenya and 11 percent (20 
firms) in Ghana.  Most of the firms which purchased foreign technology licenses were larger 
companies in food processing or metal-working (see Table 2.24).  The average amount spent 
by a firm on these foreign licenses was approximately US$50,000 annually.  A majority of 
firms holding licenses also had foreign equity or were foreign joint ventures.  Along with 
licenses, training and technical assistance was often included, but not in every case. 

 As for technical assistance contracts, only 13 percent of the Zimbabwe sample (27 
firms) reported having a foreign assistance contract, 17 percent in Kenya (35 firms) and 10 
percent in Ghana (20 firms).  Again, most of these contracts are concentrated in large firms, 
many with foreign ownership shares, in the food processing and metal-working sectors (see 
Table 2.24)  The average expenditures on such services in the companies with foreign 
assistance contracts was about 1 percent of sales. 
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Table 2.24  
Use of Technical Assistance Contracts and Foreign Technology Licenses 

in Zimbabwe, Kenya and Ghana, by Firm Size and Sector 
(Percent of Firms) 

 
 Zimbabwe Kenya Ghana 
 Foreign 

License 
TA 

Contract 
Foreign 
License 

TA 
Contract 

Foreign 
License 

TA 
Contract 

Firm Size       
<10 0 2.3 0 0 1.5 0 
11-49 0 2.6 4 2 4.1 1.4 
50-99 6.7 3.3 10.5 16 16.7 11.1 
100-249 13.3 15.6 6.5 21.7 21.7 13.1 
>250 44.2 34.9     
Sector       
Food Processing 20.4 20.4 5.7 7.5 9.8 4.9 
Textile and Garments 14.9 9.2 0 3.6 0 0 
Wood-working 0 7.7 3.3 6.7 5.7 1.9 
Metal-working 10.8 13.5 7.0 12.3 10.4 6.3 
 
Source: Regional Program on Enterprise Development Survey Data (1992-93).  World Bank, Africa Technical 

Department. 
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3.  TRAINING TECHNOLOGY AND ENTERPRISE PRODUCTIVITY: 
AN ECONOMETRIC MODEL 

 In this section we turn to an econometric analysis of the effects of enterprise training 
and of investment in technology on firm productivity.  In addition, we also explore the  
determinants of enterprise investment in worker training and in new technology.  The 
econometric methodology employed below is influenced by two factors. First, investments in 
worker training and technology are endogenous variables in the firm’s manufacturing 
decisions.  Second, the firm’s decisions to invest in training and in technology may be jointly 
determined.  That is, because the returns to investment in new technologies are significantly 
influenced by efforts to modify and adapt these technologies to the firm’s specific 
circumstances, more technologically progressive firms are more likely to train their workers.  
As a consequence, estimates of the effects of training on productivity must account for 
selectivity biases that arise from firm choices about training and technology. 

 Following Aw and Tan (1993), we use a basic selectivity model for treatment effects 
to evaluate the impact of investments in training and in technology. Ignoring, for the moment, 
investments in technology by the firm, let the relationship between training and value added 
be represented by 

 Q X Traini i i i= ′ + +γ γ ε1 3 2  (1) 
 

which is a standard production function augmented by a dummy variable, Train, denoting 
firm’s investments in worker training; Xs are the exogenous explanatory variables, and Qi is 
the log of value added of the ith firm. 

 If training is defined as an endogenous variable, we can specify the observed dummy 
variable as given by 

I X u* '= +α 1   (2) 
Train = 1 if I*> 0,  

      = 0 otherwise. 
 
where the firm subscript is dropped.  I* denotes the unobserved net benefits of worker 
training and is a linear function of observed variables, X1, and unobserved variables, u.  
Positive training investments are observed when I* is positive. Substituting this training 
decision equation into the firm’s production function and taking expectations, we observe: 
 

E Q I X Train E u X( | * ) ( | )> = ′ + + > −0 1 3 2 1γ γ ε α    

or E Q I X Train u, ( | * )> = ′ + +0 1 3 2γ γ ρ σ λε ε   (3) 

where X
X

λ φ α
α

= ′
′

( )
( )

1

1Φ
.   
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λ represents the inverse Mills ratio, and is a measure of the likelihood of having positive 
training expenditures. The covariance between the error terms ε and u will bias the estimates 
of the coefficients of the production function, the direction of the bias depending on the sign 
of ρ.  To eliminate the bias, the predicted value of training from equation (2) above can be 
used as instrument in a two-stage least squares approach. This would yield unbiased 
estimates of the parameters of interest. 

 The determinants of technology can be analyzed in a similar manner by including an 
additional dummy variable Tech in equation (1) above and defining it, analogously to the 
training dummy, as: 

 Z X v* = ′ +β 2    (4) 
    Tech = 1 if Z*> 0,  
      = 0 otherwise. 
 
This multiple-selectivity model now consists of the production function (equation 1) with 
two auxiliary equations (equations 2 and 4) determining firm training and investment in 
technology.  Since investments in technology are also endogenous, production function 
estimates of the productivity impact of training, treating technology investments as 
exogenous, will also lead to biased estimates. Thus, firm-specific differences in management 
ability, or factors such as differences in firm decisions about borrowing, could result in firms 
self-selecting themselves into one technology regime or another: a “high-tech” (i.e., positive 
investments in technology acquisition) and a “low-tech” group (with zero investment).  The 
result would be a sample selection bias in ordinary least squares estimates of the productivity 
effect of training and investments in technology. 
 
 Following Maddala (1983), the impact of the two endogenous dummy variables can 
be estimated in a two-stage procedure using instrumental variables.  Specifically, one can 
estimate probits for training and investment in technology and use the resulting inverse Mills 
ratios in a subsequent ordinary least squares regression to derive consistent estimates of the 
parameters.  An important issue in this estimation arises from the fact that the errors in 
equations (2) and (4) may be correlated.  However, estimation of (2) and (4) jointly assuming 
bi-variate normal distribution for the errors yielded extremely low value for the coefficient of 
correlation which was statistically almost completely insignificant.  This suggests that for the 
sample of African firms, there are no unobserved, firm-specific characteristics that increase 
the firm’s likelihood of investing in both training and technology.  Consequently, the probits 
in (2) and (4) are estimated independently and the resulting estimated values for training and 
technology investment are used as instruments in a second-stage least square regression. 
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 For reference with the results, the variables used in the regressions are defined as 
follows: 

LVADD  represents log of Value Added, defined as total output minus raw material and 
other indirect costs 

LogCapital  is log of the replacement cost of  a firm’s capital stock 
LogLabor  is the logarithm of the total number of  workers in a firm. 
Export is measured as dummy variable, equal to 1 if the firm exports any part of its 

output, 0 otherwise.  
Tech is a variable capturing Technology Investments, equals 1 if the firm either 

incurs R&D expenditures, or invests in foreign licenses or foreign technical 
assistance contracts.  

Train is a dummy variable, equal to 1 if the firm’s workers receive inside and 
outside training.  

Caput  measures Capacity Utilization, as reported by the firm.  
Food  Food Sector dummy, =1 if the firm belongs to the food sector 
Metal  Metal Sector dummy = 1 if the firm belongs to the metal sector 
WoodFurn Wood & Furniture sector dummy = 1 if the firm belongs to this sector  
TextGarm Textile and Garments sector, this is the excluded category.  
Ghana   Dummy representing Ghanaian firms, this is the excluded country dummy.  
Kenya  Dummy representing firms in Kenya  
Zimbabwe Dummy representing firms in Zimbabwe 
Shrfor  Percentage of foreign equity ownership  
Micro Dummy variable, =1 if a firm has less than 10 employees - excluded category 
Small  Dummy=1 if total number of firm employees ranges between 10-49  
Medium  Dummy, = 1 if total number of firm employees ranges between 50-99 
Large  Dummy, =1 if total number of firm employees is greater than 100.  
Permwk Percentage of permanent workers in a firm - value ranges form 0 - 1  
Lage  Log value of firm’s age.  
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4.  THE EMPIRICAL RESULTS 

 We begin by examining the OLS specification of the production function, augmented 
by training and technology variables, which are treated as exogenous, to obtain some initial 
indications of the influence of training and technology on enterprise productivity.  In the 
production function specification, in addition to capital and labor, we also hold constant:  
capacity utilization (CAPUT), labor quality (SKILLRATIO), and whether or not the firm 
exports (EXPORT).  Dummy variables are also included for industry sub-sectors and 
countries.  The function is augmented by indicator variables for training, technology and a 
combination of the two.  The variable TRAIN takes on a value of 1 if the firm was training 
workers at the time of the interviews; otherwise, it takes a value of zero.  TECH takes a value 
of 1 if the firm invested in technical licenses, technical assistance contracts and R&D in the 
calendar year previous to the interviews; otherwise, it equals zero.  TRAINTECH equals 1 if 
the firm both invests in technology and trains workers; otherwise it equals zero. 

 As the regression results in Column 1 of Table 4.1 indicate, a large percentage of the 
variation in value added is explained by the explanatory variables.  In addition to capital and 
labor, capacity utilization and the skill ratio are also significant in determining value added.  
Relative to the textiles and garments sub-sector, value added is 42 percent higher in the food 
processing industry, and 20 percent higher in the metal-working industry.  There is no 
significant difference between the wood and furniture industry and the textile and garment 
industry in terms of their value added.  Overall, productivity in Zimbabwean and Kenyan 
manufacturing is respectively 101 percent and 50 percent higher than in Ghanaian 
manufacturing.5 

 The coefficient for worker training is large and statistically significant at the 5% level.  
The estimated coefficient indicates that training increases enterprise value added by 49 
percent.  High technology firms, which have invested in R&D, foreign technical licenses and 
technical assistance contracts, have significantly higher productivity than low technology 
firms.  These investments in technology add about 25 percent to value added.  However, 
firms which invest in both training and technology do not have significantly different levels 
of productivity than firms that invest in training or technology only.  The sign of the 
interaction term (TRAINTECH) is positive, but insignificant. 

 Turning now to the case where training and technology are defined as endogenous to 
the firm’s decision choice, we estimate the full model given by equations (1), (2) and (4).  As 
noted already, the joint estimation of (2) and (4) as bivariate probit yields a correlation 
coefficient that is insignificant quantitatively as well as statistically.  Consequently, equation 
(1) is estimated via two-stage least squares estimates using the fitted values of training and 
                                                 

5  Biggs, Shah and Srivastava (1995) provide estimates of technical efficiency for this sample of firms which 
show that firms in food processing sector have relatively higher technical efficiency on the average compared to 
all others while metal-working firms show slightly higher relative technical efficiency than the other two sectors.  
In addition, cross-country comparisons show the highest technical efficiency for firms in Zimbabwe in all four 
sectors.  Similarly, firms in Kenya display higher relative technical efficiency than those in Ghana in two of the 
four sectors. 
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technology from separate probit regressions.  Furthermore, since the interactive term with 
technology and training (TRAINTECH) is insignificant in the OLS regression, it is dropped 
from the 2SLS estimates.  The results are presented in column 2 of Table 4.1. 

Table 4.1  
Production Function Regressions 

 
OLS 2SLS 

Constant 2.65* 2.67* 
(.32) (.32) 

LogCapital .41* .40* 
(.04) (.04) 

LogLabor .69* .67* 
(.07) (.07) 

SkillRatio 1.02* .81 
(.48) (.54) 

Export -0.13 -0.19 
(.11) (.12) 

Tech 0.29* .05 
(.13) (.46) 

Train .49* 1.27* 
  (.15) (.59) 
Train*Tech 0.12 - 

(.22) - 
Caput .58* .60* 

(.19) (.20) 
Food .42* .44* 

(.12) (.13) 
Woodfurn -0.08 -.11 

(.13) (.13) 
Metal .20 0.16 

(.13) (.14) 
Kenya .50* .50* 

(.12) (.13) 
Zimbabwe 1.01* .92* 

(.11) (.14) 
Lamda - - 

  
  

Adj. Rsq 0.89 0.89 
  

N 417 417 
Note: Figures in parentheses denote standard errors  
 Heteroscedasticity corrected standard errors are presented.  
 Two stage least squares model uses instruments for Training and Technology variables.  
 * indicates significance at 5% level.  
 ** indicates significance at 10% level.  
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 Once again the equation provides a good fit overall and most of the variables that are 
statistically significant in the OLS regression are significant in this specification also.  The 
only exceptions are the variable adjusting for labor quality (SKILLRATIO) and investment in 
technology.  The impact of training on value added is much higher now and statistically 
significant at the 5 percent level.  Thus, adjusting for the endogeneity of training and 
investment in technology leads to an increase in the magnitude of training’s contribution to 
enterprise productivity.  On the other hand, the contribution of investments in technology to 
value added, though positive, is no longer statistically significant. Productivity in the 
technology investments only group is thus explained largely by capital, labor and capacity 
utilization, after controlling for sector and country differences. 

 Two observations about these results on the impact of firm training and investment in 
technology are worth considering.  Firstly, the size of the training coefficient in both 
regressions above may have a positive bias if the data on firm expenditures on labor are 
biased downward by the fact that trainees in large firms receive a “training wage” that is 
lower than the market wage.  However, the extent to which this bias is a problem will depend 
upon whether or not the trainees work full-time while in training and the gap, if any, between 
their marginal product and the training wage.  We intend to investigate these issues in later 
research.  Given the magnitude of the training impact, however, it would be reasonable to 
conclude that training is likely to show a significant impact on value added even after 
adjusting for any downward biases in labor expenditures.  

 Secondly, the low correlation of investments in training and technology and the 
insignificant impact of the interaction of training and “high-tech” firms is curious.  Without 
further work on the data, we find it is difficult to come up with satisfactory reasons for this 
result.  One possibility is that, since structural adjustment programs have affected negatively 
the larger domestic firms, which make up a large portion of the group of firms both training 
and investing more than other firms, the result is an artifact of this shock (this is confirmed 
by an examination of qualitative data for these firms — especially in Zimbabwe, where both 
drought and recession have shocked profits.  Hence, these results may be picking up a short-
run effect). 

 Finally, we also consider the determinants of firms’ investment in training and 
technology for the sample of African enterprises.  Examining the probit results on the 
determinants of training, it can be seen that the likelihood of training increases with firm size 
(see Column 1 of Table 4.2). Comparing other size categories to the excluded category of 
micro firms (firms with less than 10 employees), we see that the likelihood of training is 
highest for large firms, followed by medium enterprises. This confirms that there are 
economies of scale in training.  Firms with a larger share of skilled workers are likely to 
provide more training, ceteris paribus. Similarly, more worker training is likely in firms in 
Zimbabwe compared to those in Ghana and Kenya.  Since firms in Zimbabwe, on average, 
can be classified as technologically more sophisticated in their operations compared to those 
in Kenya and Ghana (see Biggs, Shah and Srivastava 1995), this result provides some indirect 
evidence suggesting that training and technology are linked positively in Africa. 
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 The determinants of technology investments are measured in a similar manner, using 
probit regression (see Column 2 of Table 4.2). We see that the likelihood of technology 
investments is highly correlated with firm size, with the largest firms most likely to make 
these investments. Other factors determining technology investments are exports, foreign 
ownership  and firm age. Whether or not a firms exports any of its output is insignificant in 
determining either value added or investment in training.  However, firm’s participation in 
foreign markets is clearly associated with a greater likelihood for investing in technology.  
Lastly, after controlling for these factors, it is evident that there exists an insignificant 
difference in the likelihood of technology investments between Ghana, Kenya and 
Zimbabwe.  The implication is that it is differences in firm level characteristics that drive the 
choice of technology, rather than country-specific characteristics. 

Table 4.2  
Probit Regressions 

 
 Training Technology 

Constant -4.20*  -2.77* 
 (.95)  (.48) 

Small 0.39  - 
 (.36)   

Medium 1.20*  1.09* 
 (.38)  (.24) 

Large  1.68*  1.24* 
 (.41)  (.26) 

Export 0.36  .45* 
 (.24)  (.23) 

SkillRatio 4.1*  0.91 
 (1.3)  (1.16) 

ShrFor 0.18  .81* 
 (.33)  (.29) 

Perm.Wker% 0.69  - 
 (.77)   

LogAge   .23** 
   (.12) 

Food -0.24  0.35 
 (.33)  (.27) 

WoodFurn 0.47  -0.04 
 (.30)  (.29) 

Metal 0.46  0.19 
 (.30)  (.28) 

Kenya 0.39  -0.02 
 (.38)  (.28) 

Zimbabwe 1.04*  0.02 
 (.32)  (.27) 

 
 Note: * indicates significance at 5% level.  
  ** indicates significance at 10% level.  
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5. CONCLUDING REMARKS 

 This paper has provided a comprehensive overview of firm investments in training 
and technology in three sub-Saharan African economies.  It shows that African 
manufacturing enterprises, like their counterparts in the rest of the world, are extensively 
engaged in internal and external training of their workers.  The patterns in the incidence of 
training are also similar to those found in other countries; large firms, in particular, train 
more than small ones.  Where African firms differ, however, from those in other countries is 
in the overall incidence and quality of their efforts at training and investment in technology. 

 The analysis also evaluated the impact of training and investment in technology by 
firms on productivity.  It was seen that both training and technology investments have a 
positive impact on firm value added.  In a more general framework, incorporating the 
endogeneity of these two variables, the impact of training is seen to increase even more 
although firm investments in technology are not statistically significant in this case.  In 
addition, the interaction of investments in training and technology is found to be weak in this 
sample of firms and has limited impact on firm value added. 

 Finally, the analysis of determinants of investments in training and technology 
showed firm size as a major determinant of firms’ likelihood of training workers.  On the 
other hand, in addition to firm size, the likelihood of firm investment in technology is also 
positively affected by firm age, whether or not it has foreign ownership and whether or not it 
is connected to foreign markets through exporting. 

 Investments in technology and worker training are both examples of a broad set of 
”learning” activities that firms undertake to increase their overall technological capabilities.  
These capabilities are an important component of the human capital employed within the 
firms and, ultimately, a critical determinant of firm productivity.  It is increasingly being 
recognized that long-run growth, of the type seen in East Asia most recently, stems from 
sustained increases in firm productivity through increasing accumulation of human capital in 
firms; the role of capital-embodied technical change is minimal (Lucas 1993).  The analysis 
in this paper provides evidence supporting the role of human capital accumulation in 
increasing firm productivity through worker training and investments in technology in 
African manufacturing firms.  Any attempts at enhancing the productivity of African firms, 
and their prospects for long-run growth, will therefore have to emphasize policies that enable 
firms to further expand their efforts at increasing their technological skills and learning 
abilities.  At the firm-level, policies to enhance worker training and investments in 
technology are thus a sound idea for African manufacturing. 
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Appendix Table A-1  

Comparative Educational Attainment, 1970-1990 
(Enrollment in percentages of target population) 

 
 Primary Secondary Tertiary Adult Illiteracy 
Country 1970 1990 1970 1990 1970 1990 Rate (1990) 
Ghana 64 75 14 39 2 2 40 
Kenya 58 94 9 23 1 2 31 
Zimbabwe 74 117 7 50 1 5 33 
SSA 46 68 6 17 1 2 50 
Bolivia 76 82 24 34 17 23 23 
Colombia 108 110 25 52 10 14 13 
Peru 107 126 31 70 19 36 15 
Latin America 95 107 28 49 15 16 16 
Indonesia 80 117 16 45 n.a. n.a 23 
Philippines 108 111 46 73 3 27 10 
Sri Lanka 99 107 47 74 3 4 12 
East Asia 88 127 24 49 4 5 24 
 
Source: World Bank (1993).  World Development Report.  New York:  Oxford University Press. 

Table 29, p. 294-5 
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Appendix Table A-2  

Tertiary Students in Technical Fields in Selected African Countries 
(in Numbers & Percentages of Total Population) 

 
   

 
General Science1 

Natural Science, 
Mathematics & 

Engineering 

 
 

Engineering Only 
Country Year No. % No. % No. % 

Ghana 1987 3,516 0.02 1,886 0.01 722 0.005 
Kenya 1987 12,588 0.05 5,470 0.02 3,438 0.01 
Zimbabwe 1987 1,723 0.02 888 0.01 389 0.005 
Côte d'Ivoire 1987 6,344 0.05 2,574 0.02 365 0.003 
Nigeria 1987 45,018 0.04 23,524 0.02 8,068 0.008 
Cameroon 1980 3,127 0.03 1,983 0.02 373 0.005 
South Korea 1988 609,650 1.45 320,666 0.76 227,640 0.543 
 
Note: 1Includes natural science; mathematics and computer science; medicine; engineering; architecture; 

trade and crafts; transport and communications; agriculture, forestry and fishing. 
Source: UNESCO (1990).  Statistical Yearbook.  Paris: United Nations. 
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Appendix Table A-3  
Pupils Enrolled in Vocational Education in Selected African Countries 

 
 
Country 

 
1975 

 
Latest year  

Latest year as % of 
population 

Ghana 18,819 14,915 0.10 
Kenya 5,468 8,880 0.04 
Zimbabwe 1,312 11,104 0.12 
Côte d’Ivoire 15,758 25,328 0.24 
Nigeria 27,843 87,846 0.09 
Cameroon 36,262 93,651 0.88 
South Korea 436,538 723,193 1.72 

 
Source:  UNESCO (1990).  Statistical Yearbook.  Paris: United Nations. 
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Appendix Table A-4  

Research Publications in Selected SSA Countries, 1981-86 
 

 
Country 

 
Total 1981-86 

 
Mean 1981-86 

 
Percent of Total 

Cumulative 
Percent 

Nigeria 4,529 755 47 47 
Kenya 1,454 242 15 62 
Zimbabwe 407 68 4 66 
Tanzania 393 65 4 70 
Ivory Coast 290 48 3 73 
Zambia 172 29 2 75 
Other 2,400 400 25 100 
 

Source: Zymelman, M. (1990).  “Science, Education, and Development in Sub-Saharan Africa.”  World Bank 
Technical Paper No. 124.  Washington, DC. 
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