
    [image: SweetStudy (HomeworkMarket.com)]   .cls-1{isolation:isolate;}.cls-2{fill:#001847;}                 





	[image: homework question]



[image: chat] 
     
         
            .cls-1{fill:#f0f4ff}.cls-2{fill:#ff7734}.cls-3{fill:#f5a623}.cls-4{fill:#001847}.cls-5{fill:none;stroke:#001847;stroke-miterlimit:10}
        
    
     
         
             
             
             
             
             
        
         
             
             
             
        
    



0


Home.Literature.Help.	Contact Us
	FAQ



Log in / Sign up[image: ]   .cls-1{fill:none;stroke:#001847;stroke-linecap:square;stroke-miterlimit:10;stroke-width:2px}    


[image: ]  


	[image: ]    


Log in / Sign up

	Post a question
	Home.
	Literature.

Help.




Attn: Colleen / 2 part assignmentC
[image: profile]
Limerick
[image: ] 
     
         
            .cls-1{fill:#dee7ff}.cls-2{fill:#ff7734}.cls-3{fill:#f5a623;stroke:#000}
        
    
     
         
         
         
         
         
         
         
         
         
    



goedhuys_m._janz_n.__mohnen_p..pdf

Home>Business & Finance homework help>Operations Management homework help>Attn: Colleen / 2 part assignmentC





What drives productivity in Tanzanian manufacturing firms:
technology or business environment?
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Using cross-sectional firm-level data, this paper examines the determinants of productivity
among manufacturing firms in Tanzania. In particular, it seeks to evaluate the relative
importance of technological advances and the business environment in which firms operate in
affecting productivity. Of the technological variables, R&D as well as product and process
innovation, licensing of technology, and training of employees fail to have any impact; only
foreign ownership, ISO certification and higher education of the management appear to affect
productivity. Some important influences from the broader business environment, however,
appear to affect productivity and are robust to different specifications of the model. Credit
constraints, administrative regulatory burdens and a lack of business support services depress
productivity; membership of a business association is associated with higher productivity.


Cet article examine à l’aide de données en coupe transversale les facteurs qui déterminent la
productivité dans les firmes manufacturières en Tanzanie. Plus précisément, nous comparons
l’importance relative des avancées technologiques et du contexte institutionnel comme facteurs
explicatifs de la productivité. Parmi les variables technologiques, la recherche-développement, les
innovations de produits et de procédés, les licences de technologie et la formation des employés
n’ont aucun impact. En revanche, la propriété étrangère, la certification ISO et la formation avancée
des dirigeants d’entreprise semblent influencer la productivité. Certains facteurs institutionnels,
quant à eux, ont une influence sur la productivité qui se manifeste de façon systématique dans
plusieurs modèles. Les contraintes de crédit, la lourdeur administrative de la réglementation et un
manque de services de support aux entreprises sont associés à une faible productivité, alors que
l’appartenance à des associations de commerce caractérise les firmes à forte productivité.
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1. Introduction


Innovation is widely regarded as the key to economic growth in industrialised countries. Firms


invest in R&D to develop new products and/or new processes. They acquire existing technology


through licensing contracts, cooperation agreements, mergers and acquisitions. They train their


workers, invest in new technologies, such as in information and communication technologies


(ICT), or introduce new ways of operating, like selling and buying on the Internet. By


introducing new products, implementing new technologies, and reorganising their way of


operating firms remains competitive; by investing in research, patenting and licensing they stay


at the cutting edge of technologies (Baumol 2002). The empirical evidence demonstrating the


positive effect of these innovation activities on firm performance is overwhelming for


industrialised countries (see, for instance, Kleinknecht and Mohnen 2002).
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Since the publication of influential contributions on technical change in developing


countries (including, among others, Fransman 1985; Katz 1987; Lall 1992) a rich literature


developed, conceptualising innovation and technological change in developing economies. In


developing countries, a majority of firms is operating substantially below the technological


frontier, with lower levels of human capital and older vintage machinery. In this context, firms’


technological efforts are primarily oriented towards developing capabilities to absorb, adapt,


master, and eventually improve technologies developed elsewhere. Several authors (e.g. Enos


1992; Lall 1992; see also UNCTAD 1996 for an overview), following the evolutionary theory


of economic change (Nelson and Winter 1982), termed the technological competences of firms


in developing countries by ‘technological capabilities’, referring to the information and skills –


technical, managerial and institutional – that allow firms to utilise equipment and technology


efficiently. In a more dynamic setting, firms build up competences in a process of technological


learning, by engaging in a wide variety of activities, such as research, training, technology


licensing, investment in new vintage machinery, aimed at introducing products and production


processes that are new to the firm and reinforce the firm’s competitive position.


The performance of firms is also found to be strongly and directly influenced by the wider


business environment, institutional context and socio-economic framework in which firms’


activities are embedded. High regulatory burdens, low levels of educational development, weak


industrial inter-firm linkages and poorly functioning financial markets, that characterise least


developed economies, are likely to hamper firm performance (Goedhuys 1999).


The main objective of this paper is to investigate whether it is the technological activities or


the business environment that influence most productivity of firms in a least developed country,


Tanzania. Tanzania is an interesting representative country as it shares many of its structural


characteristics with other least developed countries in the Sub-Saharan African region. It has


undertaken major reforms since the mid-1980s, aimed at reducing state control over the


economy and increasing the role of private sector firms to achieve economic growth. Despite


policy reforms, improvements in the business environment remain a major policy issue, as an


overwhelming majority of private businesses continue to be small and operating outside the


formal economy. While Tanzanian firms are generally constrained by finance and managerial


and technical skills, policy documents stress the need to improve the business environment


further – such as better infrastructure, market information and reduction of excessive or


conflicting regulation – to unleash productive potential (URT 2006). All this makes the country


an interesting one for our research question on the relative importance of technological efforts in


the context of a constraining business environment.


Notwithstanding an existing rich literature on several aspects of technological learning and


innovation in least developed countries, most of the empirical evidence is based either on case


studies or on small-scale firm surveys, from a particular industry, location or industrial cluster.
1


Moreover, the link between technological activity or innovation on the one hand and firm


performance on the other is rarely analysed. Only a few studies use larger data sets from least


developed countries to explicitly measure the impact of technological variables on quantitative


firm performance indicators such as productivity, efficiency or profitability (e.g. Biggs, Shah and


Srivastava 1995; Bigsten et al. 2000; Sleuwaegen and Goedhuys 2003; Biggs and Shah 2006;


Fernandes 2006). We use firm-level data on Tanzania from the World Bank Investment Climate


Survey (see World Bank 2004a), which contains data on various technological indicators, input


and output data allowing productivity to be measured, and information on the business


environment regarding finance, the labour market, infrastructure and regulations. Our large data


set covers firms from different industries and locations. We use econometric estimation and


testing techniques to address the issue of the relative importance of technology and business


environment for productivity.
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The paper proceeds as follows. Section 2 reviews the literature on factors affecting firm


productivity in developing countries. Section 3 presents some background information on


Tanzania and gives an overview of findings from previous studies on Tanzania relevant to our


analysis. Section 4 presents the econometric specification and the data that underlie our analysis.


Section 5 discusses the results and section 6 concludes.


2. Technological capabilities and productivity in developing countries


Following earlier documents by Fransman (1985), Katz (1987), Lall (1992), a rich literature


developed studying the characteristics of innovation and technological change in developing


economies. A majority of firms in these countries operates substantially below the technological


frontier, with lower levels of human capital and older vintage machinery. Apart from some giant


developing economies such as India or China, where frontier research is conducted in selected


industries, it is unlikely that a country that has a paucity of scientists and engineers and that lacks


the institutions propitious to innovation will organise frontier type of research (Oyelaran-Oyeyinka


2006). This does not mean, however, that less or least developed countries (LDC) cannot benefit


from technological change. Innovation has to do with adopting existing technologies rather than


creating new technologies, i.e. reaching the technological frontier rather than shifting the frontier.


To raise efficiency or establish a better competitive position, firms’ efforts are oriented


towards developing capabilities to absorb, adapt and master technologies often developed


elsewhere in a process of technological learning. Cohen and Levinthal (1989) developed the


concept of ‘absorptive’ capacity to refer to a firm’s ability to assimilate existing technology and


to adapt it to their own environment. For developing countries a nascent literature has started to


investigate the link between technological capabilities, innovation and productivity. So far


results are mixed. Chudnovsky, Lopez and Pupato (2006), using panel data from Argentina, find


that R&D and technology acquisition raise the probability of product and process innovation,


which in turn raises productivity. However, using a similar methodology,
2


Benavente (2006)


found that in Chile firm productivity is not affected by innovation or research expenditures.


Fernandes (2006) found for Bangladesh that firms’ TFP improves with higher levels of human


capital, R&D and quality certification, foreign ownership and exports. For African countries, the


number of firm-level studies is more limited, mostly oriented towards the analysis of exports,


investment and growth (see Bigsten and Soderbom 2006 for an overview), and with strong


emphasis on the role of human capital (see e.g. Bigsten et al. 2000). Goedhuys and Sleuwaegen


(1999) find no significant impact of R&D activity or licensing on labour productivity for


manufacturing firms in Burundi.


This raises the question of what determines productivity in African firms and draws attention


to the argument of institutional economics, that firm performance may also be strongly affected


by the institutional and business environment in which firms operate (Williamson 1987; North


1991; Coase 1998), and which can be particularly constraining in least developed countries. The


institutional environment consists of formal rules, including laws, regulations, and property


rights, or informal rules, such as norms, habits and practices, social conventions. Jointly they


form the basis of the incentive structure in which firms take decisions, they affect transaction and


production costs and shift firm performance. In developing countries, several forms of regulation


on the start-up and scope of business activities and labour regulation still result in severe market


imperfections and create scope for rent-seeking by civil servants (Djankov, La Porta, Lopez-


De-Silanes and Shleifer 2002). This is often reinforced by a deficient contract enforcing system.


As a result, in practice, some groups of entrepreneurs and businessmen have developed business


attitudes by which problems are solved and business deals made on the basis of trust, reputation


and networking in the framework of unwritten values and norms of a more traditional society.
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Banerjee and Duflo (2005) discuss how firm productivity is determined by incentives.


Excessive government intervention, related to a high degree of formalism or burdensome legal


procedures, may create barriers to entry or growth and protect inefficient incumbent firms. Credit


constraints in poorly developed financial markets likewise result in unequal access to finance,


misallocations of capital and productivity differences. In an overview article on the determinants


of the size structure and productivity performance of manufacturing firms across developing


countries, Tybout (2000) also mentions the uncertainty about government policies and demand


conditions, poor rule of law, and corruption as important factors hampering the operations of


firms. Using firm-level data from 15 countries, including several African countries, Eifert, Gelb


and Ramachandran (2005), found that high indirect costs – due to high transportation and utility


costs, bribes, security etc . . . and business environment-related losses depress productivity in


African firms.


A large literature examines the influence of business practices on productivity performance,


i.e. the influence of factors such as family ownership, incentive structures, monitoring activities,


child-care facilities, employee empowerment, flexible working hours and many others (see for


example Ichniowski, Shaw and Prenushi 1977; Bloom and van Reenen 2006). Training is often


classified in these practices. We have considered training as a technological activity. Most of the


other business practices are not recorded in our dataset.


We shall thus examine the importance of technological variables in explaining productivity


of manufacturing firms in Tanzania, while at the same time controlling for several possibly


constraining factors originating from the business environment. Especially in a developing


country firms perceive the institutional framework differently and are thus differentially affected


by them.


3. Tanzanian industry and technology


Tanzania is a representative country for a larger number of Sub-Saharan African countries. Its


economy is heavily based on agriculture, which accounts for 46.1% of GDP in 2005 (World


Bank 2007) while industry accounts for only 16.9% of GDP. After independence in 1960, a


strong socialist centrally planned economy with large state participation was installed, which


was very hostile to private business. Economic activity was to be taking place in state-owned


firms, of which 425 were established by the mid-1980s (Bagachwa 1993, p. 91), about the largest


concentration in the world.


The poor performance of this development policy led to the implementation of reforms since


1985 towards a more liberal market-based economy (for details on the industrial experience and


policy reforms over the last three decades see Bagachwa 1993; Hewitt and Wield 1997; Szirmai


and Lapperre 2001). In the 1990s, a large-scale privatisation programme was also implemented


(Temu and Due 2000), reducing state participation in industrial firms, mainly in favour of


foreign participation. In this process, FDI has increased sharply since 1992,
3


making Tanzania


one of the top African FDI recipient countries (UNCTAD 2002). An important share of this


foreign investment was concentrated in manufacturing, especially in the food and beverages


industry. It was expected that FDI would lead to technological upgrading and transfer of


technology, skills and superior management techniques. A case study by Portelli and Narula


(2006) on two privatised firms shows that productivity and technological upgrading increased


sharply after investment by foreign multinational companies.


At the other end of this spectrum, the industrial private sector is still characterised by a


majority of small local businesses, many of which remain outside the formal economy – 98%


of all businesses are informal (URT 2006), only 1662 establishments are registered in


manufacturing (National Bureau of Statistics 2004). They are characterised by weak inter-firm
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linkages and a low level of technological capabilities. Additionally, there is a strong group of


ethnic minority entrepreneurs of Asian (Indian) origin with a dominant position in light


manufacturing and import/export trade, benefiting from a strong ethnic network (see Hewitt and


Wield 1997; Biggs and Shah 2006).


This industrial structure and performance is also the historical result of a broader policy that


did not support the development of private local firms. Domestic research capability was built in


public research centres, doing research in priority areas determined by the Tanzania Commission


for Science and Technology. The choice of sectors and research areas was supply-driven, rather


than based on an analysis of technological needs and problems of productive private enterprises.


Some state-owned technology-support institutions were established, but they were hardly aware


of private sector needs and resources and lacked the motivation to carry out their mandate


successfully (Bongenaar and Szirmai 2001; Utz, 2006). The linkages between industry,


university and research institutions are weak, as described in Bangens (2004) and Mwamila and


Katalambula (2004).


Low levels of human capital also hamper technological upgrading. Although past education


policies made considerable achievements in basic education and literacy, the educational and


training systems had been insufficiently oriented towards science and engineering that would


generate managerial and technical skills. This also resulted in low technology adoption and slow


technological learning from imported technologies, as Wangwe (1992) demonstrated using four


sector case studies. In addition, the Tanzanian labour force currently struggles with health


problems,
4


due to high incidence of HIV/aids and other tropical diseases that lead to high


absenteeism, not only by people infected, but also their relatives, and reduces the return on


human capital investment.


While insights from the literature stress the importance of local inter-firm networks and


clusters as a mechanism for technological learning (Bell and Albu 1999; McCormick 1999) the


evidence of successful network or industrial linkages is patchy for Tanzania. Comparing the


response of small and medium-sized enterprises (SMEs) to Structural Adjustment in Tanzania


and Ghana, Dawson (1993) concluded that the stronger performance of small businesses in


Ghana could be explained mainly by the fact that these firms had access to modern and


sophisticated technology and to human resources, compared to little technological enhancement


and few linkages in Tanzania. Murphy (2002) uses data from manufacturing firms active in the


Tanzanian region of Mwanza and finds that more advanced social networks are important for


innovation. He also shows that trust in these relations is an important mechanism to improve


the quality of information exchange and collective knowledge creation. However, only about


one-quarter of the sampled businesses appeared to be inserted in a wider social network. Most


entrepreneurs in his sample were socially isolated and the few relationships they had were


centred on access to capital and short-term market competitive advantages.


There are also indications that local firms in Tanzania do not benefit fully from the spillovers


emanating from foreign firms’ backward linkages. Portelli and Narula (2006) found that


backward linkages with foreign firms based in Tanzania were primarily related to the sourcing


of medium technology inputs, whereas vertical linkages with indigenous firms concerned the


sourcing of simple manufacturing inputs, limiting the scope for technological upgrading.


Similarly, Goedhuys (2007) found that foreign innovative firms had stronger vertical linkages


with other foreign firms. There was no evidence that backward linkages of foreign to domestic


firms were strong enough to lead to product innovation in the local firms.


Hewitt and Wield (1997) and Hewitt, Wangwe and Wield (2002) have studied the existence


or the lack of formal networks and industrial linkages. They describe how in recent years more


actors and agents have started to take action in the coordination of industrial development. Not


only the state, but also industrial associations, the Tanzanian Chamber of Commerce, Industry
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and Agriculture, and the Confederation of Tanzanian Industries are playing an increasingly


influential role. Supported by the donor community they embark on negotiations with policy makers


over private sector development issues – such as taxation, regulation, credit, lack of technical and


managerial education, lack of services to business, and deficient infrastructure provision. This


dialogue resulted in the ‘Business Environment Strengthening for Tanzania’ (BEST) Programme


which aims at reducing the cost of doing business by removing regulatory and administrative


barriers to formal businesses, improving the quality and speed of government services including


dispute settlement procedures, and empowering private sector advocacy (URT 2006).


In the presence of weak industrial linkages, low levels of human capital to absorb external


information, and a changing business environment, the question arises whether technological


efforts could eventually result in superior individual firm performance. In what follows we shall


investigate the productivity performance of formal enterprises in 2002 and explore the relative


influence of their technological efforts and of the constraints originating from the business


environment in which they operate.


4. Empirical Approach


4.1 Empirical model


To analyse the effects of technological variables and institutional constraints on firm-level


productivity we use the production function approach. Firms’ value added Yi is a function of the


traditional factors of production, physical capital Ki and labour Li, as well as other factors


explaining differences in productivity, i.e. technological variables Z1,i and firm-level constraints


originating from the business environment Z2,i. We assume that they affect only total factor


productivity, but not the marginal productivity of capital and labour. Within a Cobb-Douglas


framework allowing for non-constant returns to scale we get the following specification


Yi ¼ AðZ1;i; Z2;iÞK
a
i L


b
i e


1i ð1Þ


in which a and b denote marginal productivities of physical capital and labour, respectively.


Constant returns to scale occur if a þ b ¼ 1, which will be tested empirically. A(Z1,i, Z2,i)


characterises differences in total factor productivity (TFP) depending on technological variables


and business environment constraints. The stochastic term 1i summarises other unobservable


factors affecting firms’ output.


As a starting point for our empirical analysis, we get after taking logarithms


ln Yi ¼ ln AðZ1;i; Z2;iÞ þ a ln Ki þ b ln Li þ 1i ð2Þ


This equation can be rewritten in terms of labour productivity in the following way:


lnðYi=LiÞ ¼ ln AðZ1;i; Z2;iÞ þ a lnðKi=LiÞ þ ða þ b 2 1Þln Li þ 1i ð3Þ


The stochastic error term 1i is assumed to be independently and identically normally distributed.


We further assume that TFP is a linear function of technological and business constraints


variables. The coefficient of ln Li measures the deviation from constant returns to scale.


Part of TFP can be attributed to capacity utilisation. When firms operate at higher capacity,


they can produce more with the same amount of inputs. We therefore introduce variable ui
measuring the utilisation of actual capacity:


lnðYi=LiÞ ¼ ln AðZ1;i; Z2;iÞ þ a lnðKi=LiÞ þ ða þ b 2 1Þln Li þ gui þ 1i ð4Þ
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We expect parameter g to be positive, i.e. firms are able to increase labour productivity by using


production capacities more intensively.


To estimate this equation two different estimation techniques are applied: Ordinary Least


Squares (OLS) regression and quantile regression. If we summarise the explanatory variables,


including a constant term, to a row vector Xi, the OLS estimator results from minimising the sum


of squared residuals, i.e. from minimising the criterion function


XN


i ¼1


ðlnðYi=LiÞ 2 XibÞ
2


ð5Þ


where b is the column vector of parameters. Thus, OLS is in fact estimating the mean effects of


explanatory variables Xi on log value added per employee. Heterogeneity in firms’


characteristics and abilities that are not reflected in variables Xi are assumed to be random


and to vanish in the mean. They are not allowed to have an effect on parameters to be estimated.


Possible differences across firms are thus ruled out.


But, at different levels of productivity firms may face different conditions and have to cope


with different problems. Technological activities may be organised differently in high and low


productive firms. High productive firms are likely to have their own R&D department whereas


low productive firms would rather acquire technology by licensing. Institutional conditions, such


as rationing on the credit market and overregulation may be a more severe problem for low than


for high productive firms. Returns to scale may be higher for high productive firms.


Therefore, in addition to OLS we apply quantile regression methods (see Koenker and


Bassett 1978; Buchinsky 1998; Koenker and Hallock 2001) to shed some light on the


heterogeneity of firms and on the technological conditions creating it.
5


Instead of minimising


the sum of squared residuals, quantile regression coefficients result from minimising the


criterion function


XN


i¼1


rjlnðYi=LiÞ 2 XibjIðlnðYi=LiÞ . XibÞ þ
XN


i¼1


ð1 2 rÞjlnðYi=LiÞ 2 XibjIðlnðYi=LiÞ # XibÞ ð6Þ


where I(·) is an indicator function taking the value of 1 if the condition in brackets is met and 0


otherwise, i.e.:


IðlnðYi=LiÞ . XibÞ ¼ 1 if lnðYi=LiÞ . Xib and IðlnðYi=LiÞ . XibÞ ¼ 0 if lnðYi=LiÞ # Xib:


So, the left term is a weighted sum of all positive residuals, i.e. the high productive firms, while


the right term is the weighted sum of all negative residuals, i.e. the low productive firms.


The symbol r is a weighting factor ranging from 0 to 1. In the special case where r ¼ 0.5,


both terms are equally weighted and minimising the criterion function leads to the 50% quantile.


This constitutes the well known Least Absolute Deviation (LAD) or Least Absolute Values


(LAV) estimator. In this case, the procedure will result in the estimation of median effects in


contrast to the mean effects of the OLS estimator. It is well known that this LAD estimator is


robust, i.e. less affected by outliers than other estimators like the OLS estimator. If a few firms,


e.g. foreign-owned firms, behave different from the majority of local firms, this will influence


the mean results of the OLS estimator but not the median results of the LAD estimator. In this


case, the median would be a more adequate measure of location than the mean.


If r ¼ 0.75, the positive residuals in the left term have a higher weight than the negative


residuals in the right term of the expression. Minimising the criterion function will then lead to


estimated coefficients whereby 75% of the residuals are negative. By definition, this is the 75%
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quantile, i.e. the upper quartile. The results of the estimation will show the effect of the


explanatory variables on productivity for the highly productive firms.


Less productive firms can be examined setting r ¼ 0.25. The negative residuals in the right


term have higher weight than the positive ones. Minimising the criterion function will lead to


estimated coefficients where 75% of the residuals are positive, i.e. the distribution is evaluated at


the 25% quantile, the lower quartile. The lower quartile represents the less productive firms.


4.2 Data source and construction of variables


Micro-data are needed to analyse differences in firm-level productivity within a country. While


firm-level data sets are well established for most of the OECD countries, corresponding data of


good quality were hardly available in the past for most developing and especially for least


developed countries like Tanzania. Considerable advances have been made by the World Bank


with the ‘Investment Climate Surveys’ (ICS).
6


They offer harmonised cross-sectional data on


the investment climate, i.e. conditions affecting firm production and investment behaviour, in


developing countries.
7


In general, firm-level panel data would be the optimal data source, since


problems of endogeneity resulting from explanatory variables that are possibly affected by


productivity, could be tackled by using appropriate time-lag structures. Unfortunately, no panel


data sets are available for most Sub-Saharan African countries including Tanzania. The


Tanzanian ICS is therefore an interesting alternative source of recent data, despite its limitations


to interpret causality of relationships in the results.


The Tanzanian ICS, organised and coordinated by the World Bank, was executed in 2003 by


the ‘Economic and Social Research Foundation’, in collaboration with the National Bureau of


Statistics. The Tanzanian ICS is a rich data set gathering plant-level information on the business


environment in which businesses operate, in order to understand how technological conditions


and business environment constraints affect the operations and performance of firms, especially


firm-level investment, growth and productivity. The survey questionnaire includes a series of


questions on firms’ behaviour and their position on financial, labour and sales markets


accompanied by information on infrastructure, regulation, international trade, innovation and


learning as perceived by the firm. To benchmark firms’ performance, another set of variables is


included such as sales and material purchases, which can be used to calculate value added.


The sample in Tanzania includes 275 plants in the manufacturing sector. These are randomly


selected from a sampling frame constructed from different official sources and stratified by


branch of industry, size and location.
8


Plants are selected from 11 different locations


representing the major centres of industrial activity in Tanzania: Dar es Salaam, Arusha,


Morogoro, Mwanza, Kilimanjaro, Tanga, Kagera, Iringa, Mbeya, Mara on the mainland, and the


island of Zanzibar. The manufacturing sector is divided into eight industries: food and


beverages, chemicals and paints, construction materials, metal working, wood working and


furniture, paper and printing/publishing, plastics as well as textiles, garments and leather


products. With respect to size, the sample is representative for the formally registered firms. The


median size of the plants in the sample is 30 employees. The mean size is 125 employees,


showing a highly skewed size distribution with a few very large firms and a majority of small


firms. The very small firms, with less than 10 employees, and the informal firms, which are not


registered with any government agency and tend to be small, are underrepresented in the sample


(World Bank 2004a).


Due to item non-response on variables crucial for the analysis, a number of observations had


to be excluded from the data set, reducing the number to 187.
9


The distribution of the sample


used for the econometric analysis with respect to sectors and size classes is shown in Table 1.


The table also presents the number of firms with some share of foreign ownership. A total of 35
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firms are in this category. Foreign ownership is a minority share in seven firms, a majority share


in 18 firms while ten firms are fully foreign-owned.


The dependent variable is LABOUR PRODUCTIVITY, measured by the value added per


employee in logarithms. Value added was calculated from the data as the value of total sales


minus material purchases and fuel and electricity costs. All values are for the year 2002 and in


logarithmic terms. Value added has two components: prices and quantity. Thus, not only


efficiency, but also conditions affecting firms’ ability to charge higher prices, like market power,


result in higher value added. Information on prices is not contained in ICS datasets.


Labour productivity is a function of the CAPITAL/LABOUR ratio (in logarithm) and a function


of LABOUR (in logarithm) if there are non-constant returns to scale. The variable CAPITAL


represents the firm’s capital stock by end of the year 2002, constructed by the replacement value of


machinery and equipment, plus the net book value of land and buildings. For a number of firms


replacement values were not available. In these cases, information on net and gross book value of


machinery and equipment was used to estimate the capital. Technical details on the construction of


the variable capital are presented in the appendix. Since we have only cross-sectional data, the


capital stock is measured in nominal terms and therefore part of its value could be due to higher


mark-ups on the capital goods market without necessarily better quality equipment. Labour input is


measured by the log value of the total number of employees in 2002, being the sum of permanent


workers and the average number of temporary workers employed in 2002.


As explained in sections 2 and 3, two additional sets of variables were constructed. One set


represents information on firms’ technological activity or sourcing, i.e. ways firms choose to


build up firm-specific skills and increase their knowledge base. Another set of variables is


referring to the business environment the firm is operating in, since perception and degree of


being affected may differ from firm to firm even within one country.


Firms can source technology from abroad through established ownership linkages that


stimulate transfer of production or organisational capabilities. This indeed motivated the large


privatisation programme, which resulted in increased foreign ownership in key industries.


A dummy variable FOREIGN, indicating whether the firm has a positive share of foreign


ownership, captures the potential effect of foreign ownership linkages on productivity.
10


Moreover,


firms can directly make use of external technology through licensing from other firms. The dummy


variable LICENSE marks whether technology has been licensed from a foreign company.


Firms can also build up a stock of technological knowledge through a knowledge


accumulation process. From the set of questions related to the firms’ learning and innovation


Table 1. Composition of sample in terms of sector, foreign ownership, by size class.


Size class (number of employees)


Sector of activity 1 – 9 10 – 29 30 – 99 100þ Total


Agro-industries 7 16 12 22 57
Chemicals and paints 1 3 6 8 18
Construction materials 1 1 4 2 8
Metal working 0 12 4 4 20
Furniture, wood working 11 22 7 3 43
Paper, printing, publishing 2 9 5 3 19
Plastics 0 0 0 4 4
Textiles, garments, leather products 3 4 6 5 18


Foreign-owned firms 0 5 13 17 35


Total 25 67 44 51 187


The European Journal of Development Research 207








activities, variables were constructed to measure the fact of conducting research and


development (R&D), the intensity of doing it and the incidence of product and process


innovation. RD is a dummy variable indicating whether a firm conducts its own R&D. LRDEXP,


the log of the firm’s R&D expenditure, measures the extent of R&D activities.
11


The dummy


variable PRODUCT indicates whether the firm has introduced a product that is new to the firm,


while the dummy variable PROCESS points out whether a firm has implemented a new


production process that substantially changed the way the main product is produced.


The ability of firms to make use of external technologies and to efficiently convert research


results in marketable products depends on their absorptive capacity, especially the educational


level of the labour force and the top manager. This is captured by the variables AVYEDUC,


measuring the average years of education of the work force, and EDUCGM, a dummy variable


for managers with higher education. Increasing the educational level of the labour force through


training, either on the job or through formal training, is generally regarded to be an important


aspect of competence building. The dummy variable TRAINING equals one for firms offering


formal training to their employees. TRAININT measures training intensity by the proportion of


employees that received formal training.


While the use of new information and communication technologies is fully recognised as an


important instrument in the search for information and knowledge, with access and use of the


Internet as a major indicator, ICT is still less widespread in Africa as compared to other developing


regions. Though access to the Internet has increased substantially in urban areas in Africa, and in


Tanzania in particular, it is still limited to a subset of businesses (World Economic Forum 2004).


In our data set, INTERNET, a dummy variable measuring Internet access of firms, captures


this advantage. The technological and organisational level of firms in developed countries is


sometimes accompanied by certification, such as the well-known ISO certification. For firms in our


sample this is shown by the dummy variable ISO. Unfortunately, additional information on


industrial linkages and the quality or intensity of knowledge flows was not available from the


questionnaire. Table 2 gives an overview of all variables considered and how they are defined.


A second set of variables deals with the business environment firms operate in. As in many least


developed countries, many firms – especially small domestic ones – are financially constrained and


have to rely heavily on trade credit or other forms of informal credit to finance business operations.


Only a minority of firms has access to more formal forms of flexible credit. The variable CREDIT


captures the benefit of having access to formal credit, as reported by the firms.


With respect to firms’ relations with the government, two related concerns are mainly


reported: firms complain about red tape and high taxes, combined with poor business


infrastructure and support services (e.g. World Economic Forum 2004; World Bank 2004a).


The extent to which regulation – i.e. the administrative burden associated with custom and


trade regulation, and bureaucratic business licensing procedures – is hampering firms’


operations is captured by a dummy variable REGULATION. The extent to which deficient


business support services hampers operations is taken into account by another dummy variable


LACKSUPPORT.


Given the increasingly important role played by the industry association (Hewitt et al. 2002),


both for policy lobbying and as unique formal industrial network for knowledge and information


exchange, we include a variable BUSASSOC capturing membership to a business association as


an explanatory variable. Like foreign ownership and education of management, membership of


business associations might lead to higher value added because of both higher efficiency and the


ability to charge higher prices for its products and lower prices on the input markets.


This list is completed by a variable referring to the health systems. With high HIV/AIDS


infection rates and the high burden of other diseases, including malaria, absenteeism among the


workers may be depressing firms’ productivity levels. This effect is measured by the variable
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DAYSLOST, the average number of working days lost per employee due to health-related


problems.


Summary statistics of the variables are presented in Table 3. Some of the technological


variables have low values. Only 10 – 20% of the firms have a quality certificate, conduct R&D or


have technology licensed from a foreign company. More common is the introduction of new-to-


the-firm products (61%) and processes (29%) and the use of Internet (47%). A majority (66%) of


managers have higher education and firms engage in the training of their workers (43%).
12


5. Results


The regression results are summarised in Tables 4 and 5. Table 4 reports OLS results for three


different specifications: a simple labour productivity equation without technological and


institutional variables, the extended model including all technological and institutional variables


Table 2. Construction and definition of variables.


Dependent variable:
VA/L Value added per employee (in log.)


Total value added is sales minus material purchases, fuel and electricity expenses


Traditional explanatory variables:
LABOUR (L) Total number of employees, including temporary workers (in log.)
K/L Capital per employee (in log.)


Capital stock includes machinery, equipment, vehicles, land and buildings
CAPACITY
UTILISATION


(Actual output produced)/(maximum output that could be produced with existing
machinery and equipment and regular shifts) [value between 0 and 1]


Technology variables:
FOREIGN Dummy variable equal to 1 if firm has some foreign ownership
ISO Dummy variable equal to 1 if firm has ISO certification
RD Dummy variable equal to 1 for firms investing in R&D or design
LRDEXP Expenditures on R&D and design (in log.)
PRODUCT Dummy variable equal to 1 for firms having developed a major new product line or


upgraded an existing product line in the last three years (2000 – 2002)
PROCESS Dummy variable equal to 1 for firms having introduced new technology that has


substantially changed the way the main product is produced
LICENCE Dummy variable equal to 1 for firms using technology licensed from a foreign-owned


company
INTERNET Dummy variable equal to 1 for firms having internet access
EDUCGM Dummy variable equal to 1 if general manager of the firm has a graduate or


postgraduate degree or diploma of tertiary college
TRAINING Dummy variable equal to 1 for firms offering formal training to their employees
TRAININT Training intensity measured as the proportion of total permanent employees having


received formal training in 2002
AVYEDUC Skills level of the work force, measured as average number of years of education of the


permanent employees


Business environment variables:
BUSASSOC Dummy variable equal to 1 for firms being member of a business association
CREDIT Dummy variable equal to 1 for firms reporting not to be credit constrained
DAYSLOST The number of working days per employee, lost due to HIV and other diseases
REGULATION Dummy variable equal to 1 if the firm reports ‘Customs and Trade Regulation’ and


‘Business licensing and operating permits’ severely hampering the operations and
growth of the firm


LACKSUPPORT Dummy variable equal to 1 if the firm reports lack of business support services as
severely hampering the operations and growth of the firm
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listed in Table 3, and a reduced model where only variables proving to be statistically significant


are included.
13


Starting with the simple specification, we find an elasticity of output with respect to capital of


0.356 and a scale elasticity of 1.154, significantly different from one. Thus, increasing returns to scale


cannot be rejected. Productivity also increases with capacity utilisation. Once we control for


technological and other productivity determinants, the capital elasticity of output drops to 0.261, and


constant returns to scale can no longer be rejected. Increasing returns to scale in the simple production


function framework can be attributed to differences in technology and perceived business


environment. Firms operating on a larger scale are for instance more technology-intensive and more or


less affected by the business environment. Capacity utilisation remains significant, but with a slightly


lower coefficient. In the reduced specification the labour and capital elasticities of output drop even


further, resulting in decreasing returns to scale. The hypothesis of constant returns to scale has to be


rejected at the 5% level. On the basis of the adjusted R-square, this specification would be preferred.


Given the cross-sectional nature of our data set, causality relationships have to be interpreted


carefully. Keeping this in mind, foreign-owned firms have significantly higher productivity than


local firms. Our results support earlier findings from Portelli and Narula (2006) on two case


study firms. According to Portelli and Narula (2006), productivity was raised substantially


following South African and American investment. Also Hewitt and Wield (1997) mentioned


Asian businesses in Tanzanian industry to have ‘access to sources of technology, which are not


so easily available to other Tanzanian industrialists’. Biggs and Shah (2006) equally provide


Table 3. Descriptive statistics on relevant variables.


Mean Standard deviation Lower quartile Median Upper quartile


Dependent variable:
VA/L 14.809 1.484 13.889 14.754 15.714


Traditional variables:
LABOUR 3.618 1.412 2.485 3.401 4.605
K/L 15.826 2.032 14.720 16.030 17.237
CAPACITY UTILISATION 0.587 0.222 0.470 0.600 0.750


Technology variables:
FOREIGN 0.187
ISO 0.112
RD 0.187
LRDEXP 14.808 2.099 12.794 15.177 16.118
PRODUCT 0.610
PROCESS 0.289
LICENCE 0.171
INTERNET 0.471
EDUCGM 0.663
TRAINING 0.428
TRAININT 0.120 0.214 0.000 0.024 0.146
AVYEDUC 8.205 2.400 6.800 8.150 10.000


Institutional variables:
BUSASSOC 0.412
CREDIT 0.198
DAYSLOST 0.577 1.223 0.000 0.045 0.727
REGULATION 0.171
LACKSUPPORT 0.086


Note: Number of observations: 187; for binary variables, only the mean is given. For variable LRDEXP: Values refer to
the sub-sample of 35 R&D performing firms (where RD ¼ 1). For variable TRAININT: Values refer to the sub-sample
of 80 firms that actually report to offer formal training (where TRAINING ¼ 1).
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evidence that Asian ethnic minority firms have superior performance and benefit from various


advantages of being in the network, including access to supplier credit. In a similar way, the


quality of management as reflected in the top manager’s formal education, and the firms’


technological competence as revealed through ISO certifications are robust drivers of firm


productivity. An ISO certification opens the access to international markets, it can act as a signal


of quality, and allows firms to charge higher prices. The managers with higher education


strongly outperform the minority of managers without formal schooling beyond secondary level.


However, the most important result from this estimation is that many of the technology


variables that at least in developed economies are usually found to be strong productivity


determinants do not have any significant coefficient in the productivity equation in Tanzania.


Licensing technology from foreign companies (LICENSE) is not significantly correlated to


higher levels of production.
14


This implies that access to foreign technology mainly runs through


foreign ownership linkages. In contrast to most findings in the literature, the skills level and


training activities of the labour force (AVYEDUC, TRAINING, TRAININT) do not produce


any measurable effect on productivity. Measuring the impact of the skills level on firm


performance is nevertheless a difficult issue. Sutz (2006, p. 8) identifies problems related to the


use of indicators based on the qualification of personnel, and uses the example of ‘proportion of


professionals to total work force’. She explains that for larger firms, due to a large denominator,


Table 4. Results of OLS regressions.


Dependent variable
OLS regressions


VA/L Simple model Extended model Reduced model


Traditional variables:
LABOUR 0.154** 20.151 20.184**
K/L 0.356*** 0.261*** 0.246***
CAPACITY UTILISATION 1.514*** 1.413*** 1.353***


Technology variables:
FOREIGN 0.448* 0.441**
ISO 0.792*** 0.706**
RD 0.481
LRDEXP 0.045
PRODUCT 20.087
PROCESS 20.124
LICENCE 20.032
INTERNET 20.121
EDUCGM 0.791*** 0.743***
TRAINING 0.031
TRAININT 20.160
AVYEDUC 20.024


Institutional variables:
BUSASSOC 0.578*** 0.485**
CREDIT 0.552** 0.534**
DAYSLOST 20.134* 20.136**
REGULATION 20.340 20.388*
LACKSUPPORT 20.462 20.524*


Adjusted R-squared 0.320 0.448 0.467
Numbers of observations 187 187 187


Note: Significant at 1% (***), 5% (**) and 10% (*) levels. All regressions include a constant term and 4 industry
dummies.
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the indicator values are depressed; yet the absorptive capacity can be equally great as in a


smaller firm when a core number of professionals are active in the firm. The same measurement


problem may relate to our variable AVYEDUC. Sutz further proposes the indicator – firms


without a single university trainee – that measures unambiguously difficulties with absorptive


capacity. This effect may indeed be taken up by our variable EDUCGM, in a sense that firms


managed by persons without higher education are also likely to lack highly educated engineers


and professionals, and indeed have lower productivity. Alternatively, it can be that most relevant


skills are learned on-the-job, weakening the real impact of formal years of schooling and formal


training. Regarding training, our measure does not say anything about the quality of training, or


of an eventual stock of competences of the work force. In the same way, the traditional variables


related to R&D and product and process innovation do not produce any measurable effect on


productivity in Tanzania. Since both variables RD and LRDEXP are insignificant, knowledge


accumulation through R&D does not improve production conditions, at least not in the short run.


Even innovations successfully introduced to the market (PRODUCT) or successfully


implemented in the firm (PROCESS) do not raise productivity.


On the contrary, the variables related to the business environment capture a fairly large portion


of the variance of value added. This result is reinforced when the number of explanatory variables


is reduced to those that are significant. First of all, firms that are members of a business association


(BUSASSOC) have significantly higher productivity. Being a member of this network is indeed


important for Tanzanian firms. Various reasons could be invoked to explain the benefit of this


networking effect leading to both higher efficiency and higher prices: access to information,


increased bargaining power with government and foreign competitors, exploitation of synergies


(see Hewitt et al. 2002, for a case of private sector influence on government’s decision to reduce


taxes, through the lobbying of business associations with the help of independent consultant


institutions).
15


Similarly, firms that have access to external financial funds (CREDIT) have higher


productivity. This indicates that some projects that would improve firms’ production technology


Table 5. Results of quantile regressions.


Dependent variable OLS
Quantile regression


VA/L Mean Lower quartile Median Upper quartile


Traditional variables:
LABOUR 20.184** 20.090 20.165 20.237***
K/L 0.246*** 0.221** 0.288*** 0.301***
CAPACITY UTILISATION 1.352*** 1.422** 1.190** 1.173**


Technology variables:
FOREIGN 0.441** 0.293 0.176 0.712*
ISO 0.706** 0.548 1.130*** 0.915***
EDUCGM 0.743*** 0.781** 0.441 0.529


Institutional variables:
BUSASSOC 0.485** 0.437* 0.522** 0.586**
CREDIT 0.534** 0.521* 0.460* 0.419
DAYSLOST 20.136** 20.302 20.639 20.060
REGULATION 20.388* 20.339 20.124 20.545*
LACKSUPPORT 20.524* 20.434 20.189 20.240


Adjusted R-squared 0.467
Pseudo R-squared 0.269 0.268 0.295
Numbers of observations 187 187 187 187


Note: Significant at 1% (***), 5% (**) and 10% (*) levels. Regressions include a constant and 4 industry dummies.
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are not implemented due to lack of financial resources. But, alternatively, high productivity firms


could have easier access to the credit market. Thus, problems of endogenous regressors occur


which cannot be treated straightforwardly with cross-section data. Overregulation of firms


(REGULATION) and deficient business support services (LACKSUPPORT) likewise decrease


firms’ productivity, at least at the 10% level of significance. The same holds for a malfunctioning


health system measured by the number of days lost due to health problems (DAYSLOST).


Thus, to explain productivity differences in Tanzanian firms only a limited number of


technology variables turn out to be significant. Some of the more traditional measures of know-how


and innovation – research and development, product and process innovation, technology licensing,


skills and training – do not produce any measurable impact on the productivity of the firm, in


contrast to what could be expected from the mainstream literature often based on case studies.


In addition, institutional aspects explain a large part of the variation in firms’ value added, giving


weight to the claims made by the private sector to improve the business environment further.


These results are valid for the average firm and this picture seems to be quite homogeneous.


But looking at the quantile regression adds to the information given by OLS. Results for the 50%


quantile, i.e. the median (LAD or LAV estimator), should more or less coincide with OLS results


if the conditional distribution of the log value added was nearly symmetric. But in fact they do


not, since TFP as a rule is skewed to the right. A few highly productive firms face a majority of


low productivity firms. In this case, higher productivity firms have a larger influence on the


results of the OLS estimation, implying the risk that factors affecting these higher productivity


firms are overvalued. Moreover, standard errors are usually higher in quantile regression since


they have to be bootstrapped (Efron 1981). With respect to significance, the results of the


quantile regression are thus more conservative.


In contrast to the average firm, the median firm faces constant returns to scale. Education of


management (EDUCGM) is not a key factor in explaining productivity, nor is foreign ownership


(FOREIGN) important. Thus, the technological variables reduce to ISO certification. For the


median firm, being a member of a business association (BUSASSOC) and having access to


credit (CREDIT) is relevant.


But an interesting picture emerges by comparing the difference in results for low productivity


and high productivity firms reflected by the results of quantile regression for the lower and the


upper quartile. Productivity in low productivity firms is mainly driven by the educational level of


management (EDUCGM). Also access to finance (CREDIT) is a key factor to increase


productivity in low productivity firms, since a lack of credit is preventing them from modernising


and installing more advanced technology. Other institutional aspects like governmental aspects


(REGULATION, LACKSUPPORT) and the health system (DAYSLOST), do not show up as


significant since these firms have to fight more basic deficiencies. ISO certification is not an


option at this level of productivity.


High productivity firms do face other problems. The management is in general well educated


and these firms have access to external finance. For them, ISO certification is a strategic way of


increasing productivity; foreign ownership linkages (FOREIGN) offer access to markets and


technology, which they are able to utilise efficiently. REGULATION is a stumbling block for


higher productivity firms. The only thing which seems to be beneficial for all firms is to join a


business association (BUSASSOC).


6. Conclusions


This study uses the World Bank Investment Climate Survey (ICS) data to investigate the relevance


of technological activities and features of the business environment in explaining productivity


differences among manufacturing firms in Tanzania. ICS datasets provide rich information on firm
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behaviour and the business environment firms are operating in. Due to the cross-sectional nature of


the data and lack of price information, econometric results have to be interpreted carefully.


A direct effect of technology and education can hardly be ascertained. R&D and other


innovation activities – technology variables that are generally regarded as important in


explaining productivity at least in developed economies – are not the main drivers of


productivity in Tanzania. Similar results apply for technology sourcing through licensing from


foreign countries. Even the skills level of the workforce and activities to improve it do not result


in higher productivity.


Only indirect technological influences that may reflect higher output and management


quality, more than product innovations per se, show up as significant determinants of


productivity. Foreign ownership, ISO certification and the educational level of the general


manager boost productivity in Tanzanian manufacturing firms. These attempts to signal quality


are accompanied by networking through business associations that serve as a surrogate for


malfunctioning institutions to reach higher levels of productivity.


But not all shortcomings of the business environment can be absorbed by these business


associations. Over-regulation as well as a lack of government support stand in the way of


efficient production. A deficient health system reduces the availability of the workforce and


leads to production downtimes. An insufficient financial system leading to financial constraints


impedes possible expansion of production facilities.


This comprehensive picture of the Tanzanian manufacturing industry needs to be


differentiated somewhat. Depending on the level of productivity, firms have different types of


trouble. Low productivity firms face basic needs like a well-educated management and


appropriate access to financial resources, whereas high productivity firms are hardest hit by


rudimentary institutions and governmental malfunctioning.


Our econometric study based on a cross-section of firm data confirms some of the findings of


previous studies for Tanzania and are in line with the observed industrial characteristics. The


Tanzanian economic structure is characterised by larger foreign-owned firms and firms belonging


to entrepreneurs of Asian ethnicity, along with a mass of smaller domestic businesses. Previous


studies have shown that the technology gap is large between foreign and domestic firms and that


inter-firm linkages for technological upgrading are weak. The majority of local firms’ linkages are


about reputation and financial issues. On the human capital side, previous studies identify the lack


of managerial and technical training as constraints to technological upgrading process.


This study also shows the usefulness of the Investment Climate Survey data to study


innovation in developing countries, because it sheds light on many different aspects of relevance


to the innovation system that are not provided in the usual innovation surveys.
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Notes


1. In recent years a rich and insightful literature developed on the role of industrial clustering for
knowledge flows and firm learning and provides empirical evidence on this issue (e.g., the work of
Bell and Albu 1999; McCormick 1999; Schmitz and Nadvi 1999).


2. A particular methodology introduced by Crépon, Duguet and Mairesse (1998) is being applied to a
rising number of developing countries, mainly from Latin America and Eastern Europe.


3. In 1992 FDI was US$12 million, but it rose to US$193 million in 2002.
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4. The life expectancy at birth reduced from 55 in 1985 to 46 in 2005 and 55% of female adults (age
15þ) are HIV positive (World Bank 2006). The impact of the HIV pandemic on economic life is
devastating.


5. Quantile regressions have been successfully used to analyse a slightly related problem by Mello and
Perrelli (2003). They examine cross-national differences in growth and apply quantile regression
techniques to pooled cross-national data, while we use cross-sectional firm data within a country.


6. These Investment Climate Surveys (ICS) form the basis for the 2005 World Development Report (see
World Bank 2004b).


7. Firm-level panel data would be an optimal data source since problems of endogeneity resulting from
explanatory variables that are possibly affected by productivity, could be tackled by using appropriate
time-lag structures. Unfortunately, no recent panel data sets are available for Tanzania and are hard to
find for Sub-Saharan African countries more generally.


8. More information on the sampling methodology can be found in the Investment Climate Assessment
Report on Tanzania (see World Bank 2004a).


9. Some of the variables were imputed using secondary information to reduce the number of excluded
observations to a minimum. Information on imputation methods used is delegated to the appendix.


10. Unfortunately, the origin of foreign ownership was not available for all firms (only for firms owned by
individuals) hence we could not test for differences among these groups. Also ethnic minorities may
have the Tanzanian nationality.


11. For firms that do not report to have any R&D activities or expenditures, LRDEXP is set equal to zero.
To correct for this measurement error we include the dummy variable RD.


12. Yet these values are similar to those of other countries in Africa. For instance, in Uganda and Zambia,
respectively 16% and 6% of firms have a quality certificate. In both Kenya and Zambia, 8% of firms
license technology from a foreign company. Training is offered by 48% of firms in Kenya, 30% in
Uganda, and 34% in Zambia. 47% of firms in Uganda, 50% report process innovation in Zambia.


13. We control for industry dummies. After eliminating insignificant dummies, we end up with four
industry dummies: food, chemicals, wood working, and textiles.


14. To control if multicollinearity affects the results, the variable licence was introduced separately and in
combination with a more limited set of variables, but the variable remained insignificant in all
different specifications.


15. Other variables on the benefit of being in informal networks or having informal linkages were tested,
but none of them produced any significant result. One variable was whether firms produced for
multinational companies located in Tanzania; one variable for whether the firm acts as subcontractor
for other firms; one variable for whether the firm cooperates with local producers for borrowing
machinery, product development, market research, training of workers, purchase of inputs, attracting
investment, exchange of information or subcontracting.
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Appendix: Construction of the capital stock


The capital stock used in the estimation is the sum of the value of machinery and equipment and the value of
land and buildings.


To measure the value of machinery and equipment, we used the value of replacement cost of machinery
and equipment in 2002. When replacement value was missing, we used the ‘corrected’ sales value. As a
number of firms provided information on both replacement and sales value, we used the median ratio of
replacement to sales value, at the industry level, to build the ‘corrected’ sales value. If both replacement and
sales value were missing, we used the ‘corrected’ net book value of machinery and equipment in 2002.
Similarly, we used the median ratio of replacement value to net book value, at the industry level, to
construct the ‘corrected’ net book value. If replacement value, sales value and net book value were missing,
we used the ‘corrected’ gross book value of machinery and equipment in 2002. To get to the ‘corrected’
gross book value, we used the median ratio of net to gross book value and additionally the median
replacement to net book value, at the industry level.


To summarise, value of machinery and equipment
¼ Replacement value of machinery and equipment (incl. vehicles)


if missing:
¼ sales * median (replacement/sales)


if missing
¼ net book * median (replacement/net book)


if missing
¼ gross book * median (net book/gross book) * median (replacement/net book)


For land and buildings, replacement and sales value are not available. Hence, we have used the net book
value in 2002, or the ‘corrected’ gross book value, where the correction factor is the median of net to gross
book value at the industry level.
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