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Abstract

We document empirical patterns of the di¤usion of technology and contractual practices

among Ethiopian manufacturers. Our empirical analysis is based on network data indicating

whether any two �rms in our sample do business with each other, whether they buy inputs

from a common supplier, and whether they sell output to a common client. We �nd that

distance and assortative matching matter for whether network links are formed. Our results

also suggest that the modest rate of di¤usion of ideas and technology between connected

�rms is only marginally di¤erent compared to that between unconnected �rms. We also �nd

some evidence that adoption decisions for certain practices are local strategic substitutes, so

that if one �rms adopts, others nearby are less likely to do so.
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1. Introduction

Technological upgrading and institutional innovation are critical to improve productivity and

growth. This is particularly true in Africa where productivity has remained low. This begs

the question of why productivity-enhancing innovations have not di¤used equally to di¤erent

countries or regions (Parente and Prescott 1994).

This question has attracted a lot of attention in economics. One strand of literature has

focused on the transfer of innovations across countries. Researchers have investigated whether

�rms learn from exporting, often arguing that exporting facilitates technology transfer because

it puts �rms in contact with more advanced �rms in other countries. It is suspected that these

contacts provide information about existing technological and institutional innovations while

international competition provides the incentive to adopt them in order to remain competitive

(Tybout 2000, Kray, Soloaga and Tybout 2002). Studies that investigate whether foreign direct

investment raises the productivity of domestic �rms typically follow a similar reasoning. The

implicit assumption is that domestic �rms observe the way foreign �rms operate, and learn from

it. In a similar vein, Casella and Rauch (2002) and Rauch and Casella (2003) examine whether

entrepreneurs with better business contacts abroad behave di¤erently.

Another strand of literature has examined the di¤usion of innovations within countries and

regions. Here too a shared underlying assumption of much of this literature is that, by inter-

acting, �rms learn from each other about technological and institutional innovations that raise

productivity. While there is a body of rigorous research on technology di¤usion among farmers

(Griliches 1984, Young and Burke 2001), much of the existing literature on manufacturing �rms

remains fairly descriptive, relying principally on case studies (Sutton 1998, Sonobe and Otsuka

2011). While much can be learned from such studies, the danger is that too much weight is

given to rare or unusual events. For instance, it has been argued that, by di¤using innovations,
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the sending by Daewoo of Bangladeshi workers to Korea for training played a key role in the

emergence of a successful garment industry in Dacca (Doshi 2011). The problem with this kind

of evidence is that it leaves out many situations in which workers were sent abroad for training

but did not trigger the emergence of a new industry in their home country. Whatever rigorous

evidence there is on the di¤usion of innovations across �rms pertains to developed economies.

Helmers (2010), for instance, documents technology di¤usion across �rms in UK business incu-

bators. There is shortage of rigorous statistical evidence on the di¤usion of innovations across

�rms in developing countries.

The purpose of this paper is to o¤er statistical evidence about the possible di¤usion of

innovations among �rms. Our aim is modest: we examine whether innovative business practices

are correlated more between �rms when they are close in a network or market sense. We

are fully aware that �nding evidence of correlation does not prove di¤usion: business practices

could be correlated across �rms because of contextual e¤ects, such as the in�uence of a common,

and possibly unobserved factor. But �nding no evidence of correlation suggests that business

practices do not di¤use as much or as easily as is often believed.

There are two important caveats to this interpretation. The �rst is that di¤usion be slow

enough to be observed in cross-section data: if new practices di¤use very fast and all �rms belong

to a single connected network, the probability that we would observe an economy in the middle

of a di¤usion process is small. The second caveat is that strategic complementarities in the

adoption of new practices must dominate possible strategic substitution e¤ects between �rms.

Put di¤erently, it must be true that adoption by some raise the incentive for other, proximate

�rms to adopt as well. For the kind of business practices that we study, these two caveats are a

priori likely to be satis�ed.

We also investigate which measure of proximity best accounts for correlation in practices.
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This can suggest possible avenues for future enquiry. For instance, if we �nd that �rms that buy

and sell from each other share certain practices, this suggests that direct contact between �rms

may be important for di¤usion. If in contrast we �nd more correlation in innovative practices

among �rms that sell to the same clients or to clients in the same region, this suggests that

competition for customers may provide a strong impetus for �rms to imitate each other.

We use cross-section survey data collected in Ethiopia and Sudan. These two countries

are good candidates to study di¤usion. First, they cover a very large area and both have a

small manufacturing sector, making interaction between �rms less frequent and di¤usion more

problematic. Given this, it is more likely that we observe di¤erences in business practices across

�rms because di¤usion is not complete. Secondly, the average technological level of the surveyed

�rms is low, thus leaving much room for even simple innovations to boost productivity. Finally,

both countries have little economic contact with the rest of the world. In the case of Ethiopia,

this is partly due to the fact that the country is landlocked and mountainous, partly to a history

of relative economic isolation. In the case of Sudan, the relative lack of economic interaction

with the rest of the world results partly from years of civil warfare, partly from the size of

the country relative to its population, and partly to international sanctions. Relative isolation

means that there is more room for di¤usion to take place among domestic �rms rather than

directly from foreign to individual domestic �rms. Given this, domestic networks should matter

more, facilitating inference.

We �nd some evidence of correlation in business practices. But the evidence is less convincing

than one would expect if di¤usion e¤ects were strong. We also �nd evidence that, along some

dimensions �principally geographical distance, �rms are more similar to distant �rms that to

those located nearby. This suggests that some adoption decisions are local strategic substitutes:

if some �rms adopt a certain practice, this may reduce the incentive for others to do likewise.
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This is partly con�rmed by noting that the practices for which we �nd evidence of strategic

substitutes �R&D, vocational training to workers �are those most vulnerable to free riding by

other �rms.

What should we make of these results? First we again note that correlation in practices

does not imply di¤usion; there may be unobserved contextual e¤ects. Secondly, the evidence

presented here does not imply that the di¤usion of innovation between �rms can never be

important or even critical. We only say that di¤usion between �rms should not be taken for

granted: many of the �rms in our sample follow antiquated business practices even when some

neighboring �rms do not. Thirdly, it is possible that we looked for di¤usion in the wrong place,

i.e., among existing �rms. Perhaps the di¤usion of innovations takes place not so much because

existing �rms learn to imitate each other, but rather because new �rms emerge that adopt

innovative practices. This interpretation is consistent with �ndings reported in the exporting

literature, e.g., there is limited evidence that incumbent �rms learn from exporting, but ample

evidence that �rms that begin exporting are more productive than average, even when they are

new entrants (Fafchamps, El Hamine and Zeufack 2008).

The paper is organized as follows. Section 2 discusses the conceptual framework and some

key methodological issues. Section 3 provides information about the data. Econometric results

are presented in Section 4 while Section 5 concludes.

2. Conceptual Framework

2.1. Di¤usion

In recent years, theoretical models of di¤usion have made much progress thanks to the work

of physicists and epidemiologists working on the spread of diseases. The novelty is to model

di¤usion as operating on a network, where nodes represent individuals and a link between two
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nodes exists if one node can communicate the disease to the other. We refer to Jackson (2009)

and Vega-Redondo (2006) for excellent summaries of this literature. What this work has shown

is that, in the long run, diseases tend to di¤use to all connected nodes. Hence nodes that are

connected, that is, that are in the same component will either all be infected or all be uninfected.

This means that, in the steady state, infection is correlated among nodes in the same component

but, within components, network distance does not matter.

In the short run, however, this is not the case: even within components infection rates are

more similar between nodes that are close to each other in the sense of having a shorter network

distance between them. This is because the disease spreads along the network so that, if a node i

is infected, then it is more likely to have �directly or indirectly �passed or received the disease

to a node j that is close than to a node k that is more distant in the network. This simple

observation forms the basis of our testing strategy.

The circulation of information among economic agents can be modelled in a similar fashion.

Let i and j be two agents in a population of size N and let a link gij exist between them if i

and j share information. Assume that one agent in the population, say k, learns a new piece

of information and shares this information with its network neighbors who, in turn, share it

with their own neighbors, etc. Let yi = 1 if agent/node i knows this information and yi = 0

otherwise. By the same reasoning as in the case of diseases, the new information progressively

di¤uses across all connected nodes until yi = 1 for all nodes directly or indirectly connected to

k. Before the information reaches all nodes in the component, however, we expect that yi and

yj to be more similar (either both 0 or both 1) if i and j are close in the network.1

Now consider that the new information is about the usefulness of an innovation. More

precisely, assume that node k discovers (or learns about) a new pro�table practice. If adoption

1The model also predicts that Pr(yi = 1) is an increasing function of proximity to node k. Since in our data
we do not know the source of the information, we cannot test this prediction so we ignore it here.
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of the new practice is individually optimal for each agent in the di¤usion network, we expect

adoption of the new practice to di¤use in the same way information about its pro�tability

di¤uses, and hence, before the new practice di¤uses to all connected nodes, we expect adoption

to be more similar across proximate nodes than across distant nodes.

2.2. Strategic complements

Whether or not adoption is individual rational may depend on the number or proportion of

adopters in one�s immediate neighborhood. In particular, it is common for innovations to be

strategic complements between �rms: the incentive to adopt a new technology or business

practice often increases with adoption by others nearby. This is especially true for contractual

practices.

To illustrate this, consider invoicing in a world where cash-and-carry is the norm. Relative

to cash-and-carry, it is easier for �rms to conduct business if suppliers invoice clients at the end

of the month for the deliveries made during that month. This is because invoicing decreases

transactions costs and reduces the need to carry and transport large cash balances (Fafchamps

and Minten 2001, Fafchamps 2004). But suppose a single supplier introduces invoicing while

others continue to insist on payment upon delivery. Negative shock to clients�businesses will

trigger defaults or delayed payment towards the invoicing supplier but not towards others. This

means that the invoicing supplier bears all the risk of non-payment. If this risk is large enough,

no supplier will want to switch to invoicing unless other suppliers do the same.

In this case, decentralized di¤usion is still possible but is more di¢ cult. To illustrate this

point, imagine that each client has two suppliers and each supplier has two clients, and that

suppliers and clients are staggered as in Figure 1. Suppliers can either sell with payment upon

delivery or using invoicing, but they must treat all their clients the same. Further assume that a
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supplier is unwilling to switch to invoicing if none of the other suppliers of its two clients o¤ers

invoicing, but is willing to switch if at least one the other suppliers o¤ers invoicing. In this

case, it is possible for invoicing to spread. This is illustrated in Figure 1. Suppose that supplier

S1 adopts invoicing at time t0. It then becomes optimal for supplier S2 to adopt invoicing in

the next period t1. This in turn induces supplier S3 to adopt invoicing at time t2, and so on.

What the Figure illustrates is that, until all suppliers have adopted the new practice, adoption

behavior is more similar between suppliers who share the same clients �or among clients who

share the same suppliers since, in this case, clients enjoy the bene�ts of invoicing from their

suppliers.

2.3. Strategic substitutes

It is also possible for adoption decisions to be strategic substitutes. Since our purpose is em-

pirical, it is beyond the scope of this paper to o¤er a general model of strategic substitutes.

We propose instead to illustrate our reasoning with a simple example. Imagine that two su-

permarkets must locate on a circle. Customers shop at their nearest supermarket to minimize

transactions costs. In the two supermarkets locate as far away from each other as possible,

e.g., North and South, and attract half of the customers. The reason is that territorial overlap

generates more competition and reduces pro�ts. Now introduce small stores that do not directly

compete with the supermarket but bene�t from an agglomeration externality �e.g., a shopping

mall. In equilibrium we expect to observe a combination of supermarket and small stores in

North and South.

To see how this model generates some intuition for innovation adoption, think of super-

markets as modern �rms. They compete with each other for customers and, though some

Schumpeterian process, copy each other�s innovations. Consequently their practices will be sim-
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ilar even though they are located far from each other geographically and do not share customers.

In contrast, think of the small shops as �rms serving a localized niche market. Since they are

not in direct competition with the modern �rm, there is less Schumpeterian pressure for them

to adopt the same practices. Hence they can a¤ord to remain fairly traditional in the way they

operate, free riding on the local externalities generated by the modern �rm. In this world, we

should observe that �rms�business practices are, on average, more similar with those of distant

�rms than with those of neighboring �rms.

For instance, one �rm may set up an R&D department to facilitate the adaptation of in-

novations from elsewhere to its products and production process. This in turn may reduce the

incentive of other nearby �rms to develop their own R&D department because they can free ride

on the technology adaptation and product development of the R&D �rm. Vocational training is

another possible example: if one �rm upgrades the skills of its workers, other nearby �rms may

choose instead to hire trained workers away instead of o¤ering their own training.

Yet another example is reputational punishment. Suppose that one �rm circulates informa-

tion about good and bad clients to other �rms in the vicinity, and refuses to trade with bad

clients. Nearby �rms bene�t from this information because it helps screen out bad clients. They

may also bene�t from the punishment imposed on bad clients if this punishment forces them

out of business. They enjoy these bene�ts even if they do not, themselves, share information on

good and bad clients. They may even �nd that punished bad clients are now willing to accept

less attractive transaction terms from them (Fafchamps 2010).

Much of the literature on the adoption of new institutions and technologies has explicitly or

implicitly assumed that innovations di¤use, which implies that adoption decisions are strategic

complements. Yet we have presented some examples, not altogether unreasonable, in which

adoption decisions are strategic substitutes. It is therefore fair to say that, on a priori grounds,
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we do not know a priori whether all adoption decisions are strategic complements or substitutes

and, if they di¤er, which are more likely to fall into one category or the other.

2.4. Testing strategy

Our testing strategy is inspired of the above reasoning. Each enterprise is a node. We observe

whether an enterprise i has adopted a practice yi. Vector gij represents network links between

two enterprises i and j while dij represents the geographical distance between them. We want

to test whether two enterprises i and j are more likely to have a similar practice if they are close

in a network and geographical sense, that is, if gij = 1 for some element of gij or if dij is small.

We estimate a model of the form:

jyi � yj j = gij�+!dij + xij+uij (2.1)

where xij is a set of control variables included to reduce omitted variable bias and uij is an

error term and the greek letters are coe¢ cients to be estimated. As explained in Fafchamps and

Gubert (2007), equation (2.1) works irrespective of whether yi is a continuos or dichotomous

variable. A negative � in (2.1) means that y is more similar when �rms i and j have a link

gij . For geographical distance dij the interpretation of the sign of ! is reversed. Conversely a

positive � or negative ! means that linked or nearby �rms are more dissimilar. If slow di¤usion

takes place along network gij we expect adoption decisions to be more similar if �rms are linked,

i.e., if gij = 1, and hence we expect � < 0. If di¤usion is faster within a region than across

regions, we expect ! > 0.

If di¤usion is very rapid, we do not expect to observe any di¤erence in behavior between

�rms in the same component. If all �rms belong to the same component then (2.1) reveals

nothing about the di¤usion process. In contrast, if di¤usion is rapid but �rms are in di¤erent
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components, then adoption decisions should be more similar among �rms in the same component.

Since we do not observe the entire relevant network, we do not have the information required

to identify components. But we can hazard some guesses. Given the size of the two countries

we study, arguably the most serious obstacle to di¤usion is geographical distance which, in both

countries, is potentially compounded by ethnic di¤erentiation. If geographical distance divides

�rms into unconnected sub-graphs, then �rms located near each other should be more similar

and we should observe a strong positive !. Similarly, if di¤usion does take place across sectors,

�rms in di¤erent sectors should be more similar to each other than those in di¤erent sectors.

While there is a clear theoretical distinction between rapid di¤usion within distinct compo-

nents and slow di¤usion within a connected network, for our purpose this distinction is empir-

ically irrelevant: if all �rms belong to a single connected network but di¤usion is more rapid

within a region or sector, then our methodology will pick this up, and that is what matters. What

we are ultimately interested in is to identify along which dimensions �geographical, sectoral,

network-based �di¤usion is most likely to take place.

Since by construction, jyi � yj j = jyj � yij, it follows that xij regressors must be formulated

such that:

gij� + xij = gji� + xji

This implies that network and geographical proximity regressors in gij must be undirectional,

i.e., such that gij = gji for each g in g. Similarly we need xji = xij . The purpose of including xij

is to control for similarity in characteristics between �rms that may be correlated with proximity

gij , and hence to reduce omitted variable bias. Let zi denote one such characteristic. To ensure

that xji = xij , we follow Fafchamps and Gubert (2007) and create regressors of the form jzi�zj j.

The estimated model is:

jyi � yj j = gij� + jzi � zjj+uij (2.2)
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A negative and signi�cant  means that �rms that share a similar z tend to have a more similar

y.

Equation (2.2) is a dyadic regression model. The dependent and independent variables are

de�ned for every pair of �rms i, j in the data, which implies there will be n�(n� 1) observations

underlying the regression (n denoting the number of �rms). Dyadic observations are typically

not independent since residual uij is likely to be correlated with uik. This complicates the

computation of standard errors. In particular, robust standard errors must correct for cross-

observation correlation in the error terms involving the same enterprises. To obtain consistent

standard errors, we use bootstrapping. Let b� and b denote the parameter estimates obtained
from estimating (2.2). Bootstrapping is implemented as follows: (i) we draw a random sample s

of n �rms by drawing from the �rm-level dataset with replacement; (ii) for this simulated sample

of n �rms we construct the corresponding n(n� 1) dependent variables jyi � yj js, links gsij and

controls xsij ; (iii) we estimate equation (2.2) for this sample and store the parameter estimates

b�s and bs; (iv) after repeating the process (i)-(iii) J times, we use the standard deviations of b�s
and bs as estimates of the standard errors of b� and b.

As emphasized in the introduction, a signi�cantly positive � does not by itself imply network

di¤usion: �rms i and j may have correlated technology and contractual practices for reasons

other than network or geographical proximity, e.g., because they are subjected to similar con-

textual e¤ects not adequately controlled by xij . If unobserved contextual e¤ects are correlated

with proximity gij , they would bias � above 0. Hence if we �nd a signi�cantly positive �, it may

be due to di¤usion or to unobserved contextual e¤ects. However, if we �nd that � is negative or

not signi�cantly di¤erent from 0, it means that the net e¤ect of di¤usion and contextual e¤ects

is likely to be negative or zero. The only possible exception is if di¤usion is rapid and all �rms

belong to a single connected network, in which case our identi�cation strategy will fail. But
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if di¤usion is rapid among all �rms, then we should observe little variation in practices among

�rms which, as we will see, is not what we �nd. If we believe, as is reasonable, that unobserved

contextual e¤ects could only generate positive correlation in technology and business practices,

then a non-signi�cant � indicates that network di¤usion is 0 while a negative � suggests the

presence of strategic substitution e¤ects in adoption decisions.

3. Data

To implement our testing strategy we use detailed �rm-level data collected under the leadership

of the World Bank in Ethiopia and Sudan. Virtually the same questionnaire and sampling

strategies were used in the two countries. One of the authors was involved in the partial design

of the questionnaire.

For Ethiopia, the data on urban Ethiopian manufacturing �rms were collected as part of the

Ethiopia Investment Climate Survey, �elded by the Ethiopian Development Research Institute

(EDRI) in mid-2006. The survey covered 14 major cities located in seven regions of Ethiopia.

Approximately half of the observations come from Addis Ababa. As shown on the map in Figure

2, the survey has wide geographical coverage, with long distances between some of the �rms in

the sample. The average distance between any two �rms is 282 kilometers. The longest distance

recorded in these data is 876 kilometers, which is the distance between Dilla in the South and

Adrigat in the North. The national manufacturing census provided the sampling frame for the

survey. The survey concentrates on �rms with at least �ve permanent employees, and covers four

sectors: furniture, wood and metal; food and beverages; leather and leather products; and textile

and garment. Three hundred and sixty manufacturing �rms were surveyed. See Mengistae and

Honorati (2009) for more details on the survey methodology.

For Sudan, we use the data on urban Sudanese manufacturing �rms collected as part of the
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Investment Climate Survey launched in November 2007 and conducted by H&H Consultancy,

a Sudanese management consulting �rm with expertise in conducting complex surveys. The

survey covered 432 manufacturing �rms, most of them private, in 8 states. The capital city of

Khartoum accounts for 50% of the sample. The survey concentrates on �rms with permanent

employees, and does not cover microenterprises. The manufacturing survey is very diverse in

terms of sectors �no sector represents more than 20% of the sample, with the largest sectors

being food and beverages (18%) and fabricated metal products (16%). See H&H (2008) for more

details on the survey methodology. After deleting observations with too many missing values,

we obtain a sample of 304 �rms for Ethiopia and 401 �rms for Sudan.

Summary statistics are shown in Table 1. Key �rm characteristics are presented �rst. These

are variables thought to in�uence �or be associated with �innovation adoption. They constitute

our control vector. More experienced �rms and those with a better quality management should

be more adept at recognizing the value of new technologies and practices. Female ownership

is included because, in the study of de Mel, McKenzie and Woodru¤ (2009), female-headed

businesses have been shown to be less growth oriented (see also Fafchamps Ethnicity 2003).

We also include �rm size, as proxied by the (log of) total �rm employment. The average log

employment is 3.37 in Ethiopia, which corresponds to 29 employees. The largest �rm in the

sample employs more than 3,000 employees. For Sudan, the average log size is 2.91 which

corresponds to 18 employees.

Next we report information on �rm technology and business practices. We focus on variables

that show some variation across �rms in the two samples we have. Practices that vary little

across �rms are ignored since they o¤er little or no information about di¤usion. For instance,

most if not all sampled �rms in the two countries have a bank account but virtually none has

14



an ISO certi�cation.2 From the point of view of entrepreneurs in the two study countries, both

practices are innovations but one has been fully adopted by the surveyed �rms3 while for the

latter adoption has barely begun.

In the conceptual section we built on Jackson (2009) to argue that the stronger strategic com-

plementarities are, the harder it is for decentralized di¤usion to take place in loosely connected

networks. We thus begin by reporting variables for which strategic complementarities across

�rms are a priori less strong, such as the adoption of technological innovations; we end with

variables for which strategic complementarities are likely to be largest, such as reputation mech-

anisms. The ordering of the variable in Table 1 is purely for presentational purpose, however,

and it does not a¤ect the analysis in any way. Adoption of any of the practices listed in the Ta-

ble is potentially subject to some strategic complementarities, although these complementarities

may involve agents other than the manufacturing �rms on which we focus.

With this caveat in mind, we begin by reporting variables related to technology broadly

de�ned. The �rst variable is the answer to a question that asked whether the �rm introduced

a new product or technology in the year preceding the survey. Between a third and a half of

surveyed �rms responded positively to this question, implying that the rest, i.e., the majority

of surveyed �rms did not. A non-negligible proportion of surveyed �rms state having an R&D

department, but the overwhelming majority does not. We also note some usage of IT technology,

mostly in the form of email. At the time of the surveys, few manufacturing �rms in Sudan or

Ethiopia had a website.

The development of new products and the adoption of a new production technology po-

tentially generate strategic complementarities across �rms: if other �rms innovate, remaining

2 ISO certi�cation is an internationally recognized third-party guarantee of quality based on external validation
of a �rm�s internal procedures for quality control.

3This is not true for many microenterprises but microenterprises are not included in the analysis since both ICA
surveys condition participation in the survey on respondent �rms having a minimum number of paid employees.
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competitive may require that the �rm innovate as well in order to remain competitive. But the

incentive to innovate nevertheless exists even when other �rms do not innovate. Thus, although

di¤usion may be reinforced by strategic complementarities, if the pro�tability of a product or

technology has been demonstrated by another �rm, copying the same product or technology

generates individual bene�ts that are not subject to coordination failure. Hence there are no

obstacle to widespread di¤usion.

Information on internal governance and investment in human capital is presented next. We

�rst report the ratio of non-production to production workers. Non-production workers include

professionals, managers, administrators, and sales personnel. Fafchamps and Söderbom (2006)

argue that this ratio is related to the ease with which �rms manage their labor force, and they

show that many African �rms are top-heavy, with a high ratio of production-to-non-production

workers in spite of the relative simplicity of their production processes. Here we �nd a higher

ratio in Sudan than in Ethiopia, consistent with �rms�lower capacity to manage their workforce

with a small number of clerks and managers. Labor management can be facilitated if workers

are better trained. Surveyed �rms were asked whether they had provided any in-house training

to their workers, or sent any of them to a formal training course in the year preceding the survey.

In both countries a substantial minority of �rms did provide training to their workers, but the

majority did not.

Workers trained by one �rm may be hired by other �rms, making worker training a strategic

substitute: if other �rms o¤er vocational training, my �rms need not do it if I can hire their

trained workers. This may hinder di¤usion of the practice, or generate negative correlation

across �rms in the same sector, as some �rms free-ride on others. For hierarchical management,

strategic complementarities may arise through the operation of the labor market. If workers are

unused to working in a hierarchical environment, the �rm may need to hire more middle manage-
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ment and clerical workers in information processing, monitoring, and coordination tasks. Hence

a �rm that �rst institutes a multi-tiered structure may bene�t others through the learning e¤ect

it has on the workforce. These e¤ects, however, are likely to extent beyond the manufacturing

sector which, in the two study countries, accounts for a small proportion of total employment.

Still, we may observe some similarities among �rms that are close in a network sense.

The next panel of Table 1 covers contractual practices. Firms were asked whether they

import inputs directly from abroad. The alternative is to source inputs locally or to purchase

inputs from an importer. Buying directly from abroad requires trust but is likely to improve

the adequacy of the raw materials to the �rm�s production process. We �nd some di¤erence

between the two countries, with landlocked Ethiopia lagging behind Sudan. Firms were also

asked whether they sell on credit to any of their customers. The main alternative is payment on

delivery. A majority of manufacturing �rms sell on credit to at least some of their customers,

but a large minority do not. The data also show that sub-contracting part of production to

other �rms is rare.

Importing directly from suppliers abroad � as opposed to buying from a local importer

� requires a modicum of trust that ultimately relies on a good market environment � e.g.,

predictability of the handling and custom operations at the port of entry. Presumably, the more

�rms import directly, the more knowledge they collectively acquire regarding procedures and

sources of supply, and the more this information can di¤use among �rms. There is therefore

room for di¤usion of practices through the di¤usion of information along business networks.

Supplier credit is closely associated with invoicing, and was used in the conceptual section as

example of strategic complementarities across �rms: the more likely other suppliers are to o¤er

supplier credit to clients, the less perilous it is to o¤er supplier credit as well. According to this

reasoning, we expect supplier credit to di¤use more easily among suppliers who have the same
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clients �or clients in the same geographical area.

Next we examine the extent to which surveyed �rms rely on reputation to enforce contracts

with suppliers and clients. Respondents were asked �ve closely related questions as follows:

1. If you have a dispute with a customer, will other customers �nd out?

2. If some other �rm has a dispute with customer, will you refuse to deal with the customer?

3. If you have a dispute with a customer, will other �rms refuse to deal with the customer?

4. If you have a dispute with a supplier, will other suppliers �nd out?

5. If you have a dispute with a supplier, will other �rms refuse to deal with the supplier?

For each of these questions we code y = 2 for yes, y = 1 for maybe / don�t know, and y = 0

for no, hence high values correspond to stronger reputation e¤ects. The summary statistics

presented in Tables 1 and 2 suggest that news about a dispute often travel to customers and

suppliers. They also suggest that the reputational sanction imposed on customers and suppliers

involved in a dispute is not severe: �rms typically continue to deal with customers and suppliers

that have been involved in a dispute. These �ndings suggest that reputation mechanisms are

weak, a point already made by Bigsten et al. (2004) and by Fafchamps (2004) for African

manufacturing.

Firm performance indicators are reported at the bottom of Table 1. The �rst variable in

the list is (the log of) value added per employee, expressed in US$, which is a crude indicator

of productivity.4 The country averages for this variable correspond to USD 1,700 for Ethiopia

and USD 5,900 for Sudan. We also report available information about reported growth in

4Surveyed �rms were asked to estimate the replacement value of their equipment and machinery, but much of
this information is either missing or unreliable. This is hardly surprising given how thin the secondary market for
equipment is in both countries. It is therefore very di¢ cult for respondents to estimate how much it would cost
to replace their �often antiquated �equipment.
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employment and revenue.5 Surveyed �rms often report considerable growth in employment and

revenue, although there is massive variation across �rms and between years, as suggested by the

comparison between the one-year growth and the three-year growth in revenues.

A key module of the survey contains information about the names of the �rms� trading

partners and their approximate geographical location. Respondents were asked to name up to

three clients and three suppliers. They were also asked to provide the geographical location

where each of the listed clients and suppliers is based. Using the information from this module,

we construct simple measures of network proximity between �rms in the two samples. These

measures are reported in Table 2.

We begin by constructing a dyadic dataset of unique �rm pairs. For instance, there are

304 �rms in the Ethiopian sample. This means that there exist 304 � 303=2 = 46; 056 unique

enterprise pairs (i; j) in that sample. For each i; j pairs, we construct dummy variables capturing

di¤erent concepts of network proximity. When two �rms are close in the sense of that network,

we say they are linked. The most direct network proximity measure we use is whether i and j

buy or sell from each other. We are only able to identify a small number of such links in our

data �60 in Ethiopia and 5 in Sudan. That there are so few upstream and downstream links

among sample �rms is partly driven by the focus of the surveys on light manufacturing sector

for which clients seldom are manufacturers.

We also construct dummy variables indicating whether i and j have a common supplier or

a common client. These types of links are more common: there are 481 (171) supplier-based

links and 273 (678) client-based links in the Ethiopian (Sudanese) data, respectively. We also

de�ne proximity dummies for whether two �rms i and j have a supplier (or a client) in the same

geographical area. These types of links are more common, as can be seen in the table. The

5Reported as the log(Xt=Xt�1) where X is employment or revenue, respectively. If the growth g rate of X is
small, then log(Xt=Xt�1) � g.
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last proximity dummy is whether i and j belong to the same manufacturing sector. These �ve

proximity variables constitute our gij vector.

4. Empirical Analysis

As explained in conceptual section, our objective is to test whether the indicators of innovation

adoption listed in Table 1 are more similar among �rms that are close according to the network

proximity variables listed in Table 2. To recall, the model we estimate is of the form:

jyi � yj j = gij�+!dij+jzi � zjj+uij (4.1)

A large value of the dependent variable means that �rms i and j are dissimilar in terms of y.

The vector gij includes dummy variables for whether �rms i and j buy or sell to each other,

have a common supplier, and a common client. The null hypothesis is that di¤erences in the

rate of di¤usion cannot be attributed to network status. This would be the case if technology or

contractual practices, for example, spread equally fast (or slowly) within and between networks.

In contrast, if di¤usion is more rapid within than between networks, E [jyi � yj j] should be lower

across linked than non-linked �rms. In this case, we would obtain a negative coe¢ cient on the

relevant network indicator(s) in the vector gij . For geographical distance dij , de�ned as the log

of the distance between i and j plus one, the interpretation of the sign of ! is the opposite. Note

that the results from our analysis will be uninformative about the absolute speed of di¤usion.

What they do shed some light on is whether there are systematic di¤erences depending on

network status.

The set of control variables z are those reported in the top panel of Table 1; they include a

dummy equal to 1 if i and j belong to the same sector, and absolute di¤erences across i and j in

�rm age, education of the manager, experience of the manager, female ownership, and �rm size
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proxied by the log of the number of employees. A positive coe¢ cient on jzi�zj j thus implies that

the outcome variable y is more similar for �rms that have a similar variable z. We estimate the

model (??) using linear regression (OLS). Standard errors are bootstrapped so as to be robust

to heteroskedasticity and dyadic correlation in the error terms across enterprises.6

4.1. Technology

We begin by investigating how network proximity technology acquisition and usage. We con-

struct dyadic dependent variables using data on whether �rms have introduced a new product

or technology in the year preceding the survey; whether the �rms do any R&D; and the extent

of IT usage.7 Results are shown in Table 3, columns [1]-[3] for Ethiopia and columns [4]-[6] for

Sudan.

The e¤ects of network proximity di¤er quite a bit across the two countries. For Ethiopia, the

coe¢ cients on the dummies for whether i and j trade with each other, have a common supplier,

and a common client are small and statistically insigni�cant throughout. For Sudan, however,

we �nd strong negative e¤ects of trade and having a common supplier on the absolute dyadic

di¤erence in the R&D variable. That is, Sudanese �rms that trade with each other, or have a

common supplier, tend to record a more similar behavior with respect to R&D than other �rms.

These e¤ects are statistically signi�cant at the 1% level. Firms in Sudan that have a common

supplier also tend to di¤er less than other �rms with respect to IT usage.

We further �nd that Sudanese �rms with a common client tend to di¤er more than other

�rms with respect to R&D and IT usage. This could be because clients concentrate purchases of

a certain type of product to a single �rm. For example, suppose a client demands sophisticated

6The reason we use bootstrapping instead of the approach suggested by Fafchamps and Gubert (2007) is that
their formula, based on that of Conley (1999), is not guaranteed to generate positive variances, and this raises
problems in our data.

7Recall we distinguish three levels of IT usage in the data, thus the underlying variable is set to 0 if IT is not
used at all; 1 if the �rm uses e-mail; and 2 if the enterprise has a business website.
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products and simple products. Suppose the client buys all the sophisticated products from a

�rm that specializes in the production of such goods (which requires R&D) and all the simple

products from a di¤erent �rm that specializes in simple goods (which does not require R&D).

In such a case, �rms that share the same client �ll di¤erent, rather than similar, client needs.

This would give rise to the empirical result observed here.

Now consider the role of geographical distance between �rms. As discussed in Section 2,

quite di¤erent mechanisms may be at play in this context. On the one hand, one might expect

geographical distance to be a serious obstacle to technology di¤usion. On the other hand,

adoption decisions may be local strategic substitutes. The regression results suggest that the

e¤ects of strategic substitution dominate those of di¤usion. For Ethiopia, the distance coe¢ cient

is negative and statistically signi�cant at the 10% level or better in all three models. That is,

closer geographical proximity tends to be associated with greater di¤erences, with respect to

technology acquisition. This is consistent with the �supermarket�model discussed in Section 2.

For Sudan the results are similar: the distance coe¢ cient is negative and statistically signi�cant

in the models for R&D and IT usage. Dyadic di¤erences in the introduction of a new technology

or product, however, appear not to be related to geographical distance for Sudan, perhaps

because the e¤ects of di¤usion and strategic substitution cancel each other out in this case.

The control variables in these regressions have some explanatory power. The coe¢ cient on

the dummy for whether i and j belong to the same sector is negative and signi�cant in three of

the speci�cations, suggesting that technology acquisition tends to be more similar across �rms in

to the same sector than across �rms in di¤erent sectors. The coe¢ cient on �rm size is positive in

all speci�cations and statistically signi�cant in �ve of the models considered. This implies that

�rms of similar size tend to record similar patterns of technology upgrading. The coe¢ cient

on gender di¤erence is positive and signi�cant in three of the speci�cations, suggesting that
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individuals of the same sex select similar technology. For the remaining control variables, the

results are weaker and more mixed. Di¤erences in managers�experience do not seem to matter

except for IT usage in Ethiopia where we �nd a positive and signi�cant coe¢ cient. Firm age has

insigni�cant coe¢ cients across all speci�cations except in column (6) where the e¤ect is negative

and signi�cant. The coe¢ cients on managers�experience are insigni�cant throughout.

4.2. Human capital and internal governance

Table 4 shows regression results for models of human capital and internal governance of �rms.

In all models the coe¢ cients on the dummies for whether i and j trade or have a common

supplier are small and insigni�cant. This suggests that the rates of di¤usion across networks

do not di¤er systematically from those within. Moreover, dyadic di¤erences in our measure

of internal governance, i.e. the ratio of non-production workers to total employment, are very

weakly related to the explanatory variables. Indeed, we cannot reject the hypothesis that all

slope coe¢ cients in (1) and (4) are equal to zero.

In the speci�cations modeling training (in-house and external), the coe¢ cients on the dummy

for common client are positive and in two cases it is signi�cantly di¤erent from zero. Firms with

a common client thus appear to have more di¤erent training policies than �rms that are not

connected in this sense. One possible explanation is that buyers do all their purchases of a

particular type of good from one �rm, and rarely switch from one supplier to another. Indeed,

this kind of buyer behavior is consistent with uncompetitive markets and severe information

problems. In a more competitive market featuring better information, one would expect buyers

to source a given type of product from several �rms as a result of a continuous search for the

best deal. The result is also consistent with strategic substitution: �rms with similar human

capital upgrading policies may choose di¤erent clients in order to reduce competition.

23



For Ethiopia the coe¢ cients on distance are negative and highly statistically signi�cant while

for Sudan a similar results applies for in-house training but not for formal training. These results

thus suggest strategic substitution: �rms located close to each other tend to di¤er more with

respect their skills upgrading decisions than �rms located far apart.

Training decisions thus appear to be strategic substitutes. As expected �rms of similar size

tend to adopt more similar training decisions than �rms of di¤ering size. This probably just

re�ects underlying di¤erences in the need for skills across �rms of di¤ering size, which should not

be confused with strategic substitutes. We also note that the coe¢ cients on the other control

variables are mostly insigni�cant; where they are signi�cant, the coe¢ cients are negative, which

further supports the notion that similarities in characteristics sometimes imply di¤erences in

decisions.

4.3. Contractual practices

We proceed by investigating if and how contractual practices correlate across �rms. We focus

on three measures of contractual practices: whether the �rms do any direct imports of inputs;

whether they sell on credit; and whether they sometimes sub-contract production. Results are

shown in Table 5.

For Sudan we �nd strong negative e¤ects of direct trade on the absolute dyadic di¤erence

in direct imports and selling on credit. These e¤ects are statistically signi�cant at the 1% level.

Firms in Sudan that have a common supplier also tend to di¤er less than other �rms with

respect to direct imports, although this e¤ect is only statistically signi�cant at the 10% level.

For Ethiopia, the estimated network e¤ects on contractual practices are weak.

The distance e¤ects on are very mixed: in two cases they are negative and signi�cantly

di¤erent from zero (columns (1) and (6)); in two cases they are positive and signi�cantly di¤erent
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from zero (columns (4) and (5)); and in two cases they are statistically insigni�cant. It is thus

hard to see a pattern here, perhaps because the relative importance of strategic substitution and

di¤usion varies from one contractual practice to another.

4.4. Reputation mechanisms

We now investigate whether there is any evidence in our data that network links facilitate the

di¤usion of ideas as to how relationships with customers and clients are a¤ected by disputes.

We use the data on the perceived consequences of disputes discussed in Section 3. Coding y = 2

for yes, y = 1 for maybe / don�t know, and y = 0 for no, we thus compute jyi � yj j for every

pair of �rms in our data and treat this as our dependent variable. Regression results are shown

in Table 6.

We �nd one case where the coe¢ cient direct trading is negative and signi�cant (column (7))

and one case where the coe¢ cient on having a common client is positive and signi�cant (column

(10)). Except for these results, the network coe¢ cients are insigni�cant throughout in Table 6.

We therefore conclude that, on balance, the di¤usion rates for reputation mechanisms di¤er little

within and between networks. The coe¢ cients on the control variables are also insigni�cant in

the vast majority of cases.

The e¤ects of distance are somewhat mixed but still broadly consistent with our earlier

�ndings. For Ethiopia, the distance coe¢ cient is negative and highly signi�cant in three of the

speci�cations and positive and weakly signi�cant in the remaining two. The principal factor

for these �ve reputation variables, obtained from factor analysis, is negatively and signi�cantly

related to distance.8 For Sudan, the distance e¤ect is negative and signi�cant in two out of �ve

speci�cations, and in the remaining cases it is insigni�cant. Thus, again the results suggest the

8The coe¢ cient on log distance in a regression modeling the principal factor is -0.0287 and the associated
absolute t-value is 3.0.
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e¤ects of strategic substitution dominate those of di¤usion.

4.5. Firm performance and growth

In the analysis above we have focused on modeling outcomes and decisions that we believe

might be in�uenced by network connections, and that are, to a varying extent, related to �rm

performance. While we have found the network e¤ects to be rather weak, we have found some

empirical patterns consistent with strategic substitution. We now investigate whether these

results are mirrored in labor productivity and growth rates, which are crude but more direct

indicators of �rm performance.

In modeling these outcomes, we de�ne the dependent variable as a covariance in order to take

into account the fact that these are continuous and not discrete variables. We thus compute

(yi � �y) (yj � �y) for every pair of �rms in our data and treat this as our dependent variable.

Note that this a¤ects the interpretation of the signs of the estimated coe¢ cients. If di¤usion

is stronger within than between networks, for example, we would expect E [(yi � �y) (yj � �y)] to

be higher across linked than non-linked �rms and thus the coe¢ cient on the relevant network

indicator(s) in the vector gij should be positive.

Results are shown in Table 7. Consistent with the earlier analysis we �nd little evidence of

network e¤ects. For Ethiopia, we obtain a weakly signi�cant, positive coe¢ cient on the dummy

for common client in the model of 3-year revenue growth covariance. For Sudan, we �nd a

positive and highly signi�cant e¤ect of common client on the dyadic covariance of log value-added

per employee. All other network coe¢ cients are insigni�cant. The distance e¤ects are weak

too: negative and signi�cant at the 10% level in two cases, insigni�cant in the remaining four

speci�cations. The overall conclusion from this analysis is that network links and geographical

proximity do not produce convergence in performance across �rms.
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5. Conclusions

In this paper we document empirical patterns of the di¤usion of technology and contractual

practices among Ethiopian manufacturers. Our empirical analysis is based on network data

indicating whether any two �rms in our sample do business with each other, whether they buy

inputs from a common supplier, and whether they sell output to a common client. We �nd that

distance and assortative matching matter for whether network links are formed. Our results also

suggest that the modest rate of di¤usion of ideas and technology between connected �rms is only

marginally di¤erent compared to that between unconnected �rms. We also �nd some evidence

that adoption decisions for certain practices are local strategic substitutes, so that if one �rms

adopts, others nearby are less likely to do so. We note that, in several ways, the empirical results

are out of tune with the present policy discussion of how the economic performance of African�s

manufacturing sector can be improved.
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Table 1. Summary Statistics 
    Ethiopia Sudan   
1. Firm characteristics n.obs. mean std.dev. n.obs. mean std.dev. Description of variable 

 
Firm age 304 17.93 16.14 401 15.21 14.1 Years 

 Education of top manager  303 2.71 1.2 399 2.92 1.25 see note (a) 

 
Experience of top manager 304 14.5 9.77 395 17.2 12.93 Years 

 
Any female owner? 304 23.0% 

 
382 15.2%   0=no; 1=yes 

 
Log(firm employment) 304 3.37 1.66 399 2.61 1.14 

 2. Technology  
   

  
 

  
 

 
Did you introduce a new product or new technology last year? 304 34.9%  391 47.8%   0 = no, 1 = yes 

 
Does the firm do any research and development? 304 13.2%  388 22.9%   0 = no, 1 = yes 

 
IT usage 304 0.586 0.762 401 0.454 0.780 0 = nothing, 1=email, 2=website 

3. Human capital and internal governance 
   

  
 

  
 

 
Ratio of non-production workers to total employment 304 27.2% 0.169 398 42.2% 0.296 Percentage;  see note (b) 

 
Any in-house training of staff last year? 304 28.0%  397 26.7%   0 = no, 1 = yes 

 
Staff sent to formal training course last year? 304 28.0%  398 12.3%   0 = no, 1 = yes 

4. Contractual practices 
   

  
 

  
 

 
Any direct imports of inputs? 304 30.6%  401 50.9%   0 = no, 1 = yes 

 
Do you sell on credit? 304 53.3%  401 64.3%   0 = no, 1 = yes 

 
Does firm sub-contract production? 302 11.6%  382 9.4%   0 = no, 1 = yes 

5. Reputation mechanism 
   

  
 

  
 

 
If you have a dispute with a customer, will other customers find out? 304 1.049 0.948 400 0.808 0.934 0 = no, 1 = maybe, 2 = yes 

 

If another firm has a dispute with a customer, will you refuse to deal 
with that customer? 

304 0.457 0.815 401 0.783 0.954 0 = no, 1 = maybe, 2 = yes 

 

If you have a dispute with a dispute, will other firms refuse to deal 
with that customer? 

304 0.474 0.717 401 0.788 0.899 0 = no, 1 = maybe, 2 = yes 

 
If you have a dispute with a supplier, will other suppliers find out? 304 0.914 0.926 401 0.783 0.925 0 = no, 1 = maybe, 2 = yes 

 

If you have a dispute with a supplier, will other firms refuse to deal 
with that supplier? 

304 0.398 0.682 401 0.656 0.861 0 = no, 1 = maybe, 2 = yes 

6. Firm performance and growth          

 
Log( value-added per employee) 284 7.44 1.268 203 8.680 3.177 Log USD 

 
Employment growth last 3 years 282 0.225 0.605 346 0.040 0.784 Dlog 

 
Revenue growth last year 287 0.251 0.66 301 0.424 1.598 Dlog 

  Revenue growth last 3 years 270 0.493 1.265 259 -0.471 2.212 Dlog 
Notes: (a) 1=less than secondary, 2=secondary, 3=vocational, 4=university. (b) Non-production workers include professionals, managers, 
administrators, sales personnel 



 

 

 

Table 2. Dyadic Data 

  Number of pairs 
 Ethiopia 

 
Sudan 

Number of unique enterprise pairs 46,056 
 

80,200 
i & j trade with each other 60 

 
5 

i & j have a common supplier 481 
 

171 
i & j have a common client 273 

 
678 

i & j have a supplier from same area 17,586 
 

17,121 
i & j have a client in same area 12,484 

 
25,245 

i & j are in the same sector 13,033   9,490 
 

  



Table 3. Correlates of Dyadic Differences: Technology Acquisition 

 

Ethiopia 
 

Sudan 
 

 
[1] [2] [3] [4] [5] [6] 

 

Did you 
introduce a new 
product or new 
technology last 
year? 

Does the firm 
do any research 
and 
development? 

IT usage 
(0 = nothing, 
1=email, 
2=website) 

Did you 
introduce a new 
product or new 
technology last 
year? 

Does the firm 
do any research 
and 
development? 

IT usage 
(0 = nothing, 
1=email, 
2=website) 

 

|yi-yj| |yi-yj| |yi-yj| |yi-yj| |yi-yj| |yi-yj| 

i & j trade with each other 0.049 0.096 -0.070 0.015 -0.339 0.451 

 
(0.389) (0.887) (0.374) (0.038) (8.049)** (0.730) 

i & j have common supplier -0.018 0.046 -0.063 -0.080 -0.183 -0.272 

 
(0.438) (1.131) (0.955) (1.080) (2.828)** (2.502)* 

i & j have common client 0.067 0.011 0.060 0.025 0.123 0.229 

 
(1.136) (0.160) (0.635) (1.105) (3.518)** (3.773)** 

log Distance btw i & j -0.005 -0.010 -0.017 0.000 -0.012 -0.022 

 
(2.008)* (1.926)+ (2.489)* (0.224) (4.061)** (4.158)** 

i & j belong to same sector -0.032 -0.022 -0.057 0.005 -0.013 -0.096 

 
(1.892)* (1.542) (2.023)* (0.455) (0.720) (3.166)** 

Abs diff firm age -0.001 -0.001 -0.002 0.000 0.000 -0.003 

 
(1.067) (0.953) (1.429) (0.427) (0.349) (2.654)** 

Abs diff managers’ education 0.009 -0.010 0.064 0.006 0.008 0.019 

 
(0.953) (1.195) (2.252)* (0.920) (0.816) (1.132) 

Abs diff managers’ experience -0.001 -0.001 -0.001 0.000 0.000 0.000 

 
(0.851) (0.439) (0.584) (0.018) (0.355) (0.013) 

Owners’ gender differ -0.002 -0.006 0.090 0.001 0.098 0.435 

 
(0.079) (0.196) (1.991)* (0.180) (2.470)* (4.784)** 

Abs diff log employment 0.006 0.030 0.190 0.023 0.039 0.167 

 
(0.661) (2.214)* (7.178)** (2.540)* (2.255)* (3.965)** 

Note: The table shows OLS results. A constant is included in all specifications. t-values are based on bootstrapped standard errors that are robust 
to heteroskedasticity and cross-observation correlation in the error terms involving the same individuals. Statistical significance at the 10%, 5% 
and 1% level is indicated by **, * and +, respectively.  
 
  



Table 4. Correlates of Dyadic Differences: Human Capital and Internal Governance 

 

Ethiopia 
 

Sudan 
 

 
[1] [2] [3] [4] [5] [6] 

 

Ratio of non-
production 
workers to total 
employment 

Any in-house 
training of staff 
last year? 

Staff sent to 
formal training 
course last 
year? 

Ratio of non-
production 
workers to total 
employment 

Any in-house 
training of staff 
last year? 

Staff sent to 
formal training 
course last 
year? 

 

(yi-y�)(yj-y�) |yi-yj| |yi-yj| (yi-y�)(yj-y�) |yi-yj| |yi-yj| 

i & j trade with each other 0.003 0.081 -0.045 -0.009 -0.121 0.368 

 
(0.465) (0.754) (0.339) (0.475) (0.422) (1.034) 

i & j have common supplier 0.002 0.044 0.011 0.001 0.031 -0.020 

 
(0.511) (0.928) (0.275) (0.056) (0.372) (0.355) 

i & j have common client 0.007 0.040 0.127 -0.003 0.083 0.021 

 
(1.185) (0.533) (2.026)** (0.790) (2.202)* (0.294) 

log Distance btw i & j 0.000 -0.017 -0.015 0.000 -0.008 0.000 

 
(0.309) (5.613)** (5.260)** (1.446) (2.547)* (0.091) 

i & j belong to same sector 0.002 -0.017 -0.030 0.002 -0.034 -0.009 

 
(1.735)+ (1.409) (1.715)+ (0.780) (1.805) (0.546) 

Abs diff firm age 0.000 0.000 0.002 0.000 0.000 0.001 

 
(0.444) (0.288) (1.583) (0.140) (0.639) (0.889) 

Abs diff managers’ education 0.000 0.011 0.006 -0.001 0.000 -0.015 

 
(0.610) (0.608) (0.402) (0.942) (0.058) (3.051)** 

Abs diff managers’ experience 0.000 -0.002 -0.001 0.000 -0.002 0.001 

 
(0.266) (2.079)* (1.153) (1.063) (3.095)** (0.589) 

Owners’ gender differ 0.000 0.018 -0.012 -0.001 0.045 0.085) 

 
(0.474) (0.702) (0.676) (0.412) (1.191) (1.564) 

Abs diff log employment 0.000 0.088 0.099 -0.001 0.057 0.078 

 
(0.577) (5.659)** (6.916)** (0.966) (3.334)** (3.804)** 

Note: The table shows OLS results. A constant is included in all specifications. t-values are based on bootstrapped standard errors that are robust 
to heteroskedasticity and cross-observation correlation in the error terms involving the same individuals. Statistical significance at the 10%, 5% 
and 1% level is indicated by **, * and +, respectively.  
  



 
Table 5. Correlates of Dyadic Differences: Contractual Practices 

 

Ethiopia 
 

Sudan 
 

 
[1] [2] [3] [4] [5] [6] 

 

Any direct 
imports of 
inputs? 

Do you sell on 
credit? 

Does firm sub-
contract 
production? 

Any direct 
imports of 
inputs? 

Do you sell on 
credit? 

Does firm sub-
contract 
production? 

 

|yi-yj| |yi-yj| |yi-yj| |yi-yj| |yi-yj| |yi-yj| 

i & j trade with each other 0.025 -0.012 0.110 -0.423 -0.436 0.049 

 
(0.209) (0.117) (0.922) (12.13)** (12.61)** (0.132) 

i & j have common supplier -0.019 -0.001 0.076 -0.145 0.015 0.048 

 
(0.371) (0.032) (2.065)* (1.901)+ (0.190) (0.591) 

i & j have common client 0.084 -0.014 0.077 -0.046 -0.008 -0.031 

 
(1.465) (0.265) (1.090) (1.084) (0.177) (0.476) 

log Distance btw i & j -0.012 0.000 0.005 0.008 0.009 -0.009 

 
(2.142)* (0.178) (0.791) (2.591)* (2.171)* (2.078)* 

i & j belong to same sector -0.040 -0.017 -0.002 -0.030 -0.006 -0.006 

 
(2.485)* (1.107) (0.212) (1.902)+ (0.440) (0.435) 

Abs diff firm age 0.000 0.001 -0.002 0.000 0.000 -0.001 

 
(0.527) (0.862) (3.248)** (0.437) (0.141) (1.187) 

Abs diff managers’ education 0.030 0.001 -0.020 0.022 0.006 0.002 

 
(1.506) (0.134) (2.735)** (1.917)+ (0.888) (0.344) 

Abs diff managers’ experience -0.002 0.001 -0.002 0.000 0.000 0.000 

 
(1.948)+ (0.755) (1.479) (0.321) (0.292) (0.627) 

Owners’ gender differ 0.046 0.004 0.024 0.003 -0.016 0.011 

 
(1.541) (0.412) (0.768) (0.380) (1.309) (0.286) 

Abs diff log employment 0.132 0.003 0.015 0.066 0.005 -0.004 

 
(8.740)** (0.547) (1.138) (4.545)** (0.633) (0.323) 

Note: The table shows OLS results. A constant is included in all specifications. t-values are based on bootstrapped standard errors that are robust 
to heteroskedasticity and cross-observation correlation in the error terms involving the same individuals. Statistical significance at the 10%, 5% 
and 1% level is indicated by **, * and +, respectively.  
  



 
Table 6. Correlates of Dyadic Differences: Perceived Consequences of Disputes 

 

 
Ethiopia 

 
Sudan 

 

 
[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] 

 

If you have 
a customer 
dispute, will 
other 
customers 
find out? 

 

If other firm 
has a 
customer 
dispute, will 
you refuse to 
deal with 
customer? 

If you have 
a customer 
dispute, will 
other firms 
refuse to 
deal with 
customer? 

If you have 
a supplier 
dispute, will 
other 
suppliers 
find out? 

If you have 
supplier 
dispute, will 
other firms  
refuse to 
deal with 
supplier? 

If you have 
a customer 
dispute, will 
other 
customers 
find out? 

If other firm 
has a 
customer 
dispute, will 
you refuse to 
deal with 
customer? 

If you have 
a customer 
dispute, will 
other firms 
refuse to 
deal with 
customer? 

If you have 
a supplier 
dispute, will 
other 
suppliers 
find out? 

If you have 
supplier 
dispute, will 
other firms  
refuse to 
deal with 
supplier? 

 

|yi-yj| |yi-yj| |yi-yj| |yi-yj| |yi-yj| |yi-yj| |yi-yj| |yi-yj| |yi-yj| |yi-yj| 

i & j trade with each other -0.187 0.033 -0.050 0.124 0.016 -0.704 -0.209 0.557 0.280 0.367 

 
(0.910) (0.185) (0.303) (0.600) (0.099) (2.906)** (0.305) (1.131) (0.409) (0.519) 

i & j have common supplier -0.016 0.032 -0.061 -0.034 -0.049 -0.154 -0.083 -0.037 -0.105 -0.113 

 
(0.174) (0.358) (0.921) (0.367) (0.658) (0.928) (0.504) (0.254) (0.745) (0.689) 

i & j have common client 0.048 0.029 -0.059 0.008 0.085 0.058 0.033 -0.104 -0.105 0.112 

 
(0.604) (0.227) (0.594) (0.082) (0.768) (1.039) (0.491) (0.900) (0.946) (2.362)* 

log Distance btw i & j 0.011 -0.020 -0.017 0.010 -0.027 -0.007 -0.006 0.000 -0.003 -0.005 

 
(1.964)* (3.422)** (3.515)** (1.918)+ (5.063)** (2.183)* (1.972)* (0.119) (1.055) (0.999) 

i & j belong to same sector -0.008 -0.016 0.002 -0.020 -0.011 -0.009 -0.021 -0.003 -0.001 0.028 

 
(0.306) (0.630) (0.089) (0.793) (0.610) (0.408) (0.755) (0.155) (0.069) (1.682) + 

Abs diff firm age 0.000 -0.001 -0.002 0.001 0.000 -0.001 0.000 0.001 -0.001 0.002 

 
(0.447) (0.418) (1.516) (0.819) (0.039) (1.202) (0.362) (0.562) (0.855) (0.986) 

Abs diff managers’ education -0.004 -0.008 -0.009 -0.005 -0.008 0.001 0.003 0.002 -0.001 0.007 

 
(0.532) (0.673) (0.849) (0.578) (0.715) (0.117) (0.431) (0.288) (0.205) (0.766) 

Abs diff managers’ experience 0.000 -0.001 0.003 0.001 0.003 0.001 0.000 -0.001 -0.001 -0.001 

 
(0.151) (0.430) (1.172) (0.754) (0.917) (0.831) (0.142) (1.615) (0.815) (0.819) 

Owners’ gender differ -0.008 -0.006 0.060 0.018 0.054 0.030 0.002 -0.010 0.016 0.026 

 
(0.599) (0.109) (1.091) (0.615) (0.905) (0.888) (0.056) (0.410) (0.405) (0.566) 

Abs diff log employment 0.002 -0.004 0.009 0.015 0.010 0.022 -0.013 -0.004 -0.027 -0.031 

 
(0.348) (0.232) (0.596) (1.143) (0.538) (1.399) (1.153) (0.372) (3.051)** (2.347)** 

Note: The table shows OLS results. A constant is included in all specifications. t-values are based on bootstrapped standard errors that are robust to heteroskedasticity and cross-
observation correlation in the error terms involving the same individuals. Statistical significance at the 10%, 5% and 1% level is indicated by **, * and +, respectively.  



Table 7. Correlates of Dyadic Differences: Firm Performance and Growth 

 

Ethiopia 
 

Sudan 
 

 
[1] [2] [3] [4] [5] [6] [7] [8] 

 

Log( value-
added per 
employee) 

Employment 
growth last 3 
years 

Revenue 
growth last 
year 

Revenue 
growth last 3 
years 

Log( value-
added per 
employee) 

Employment 
growth last 3 
years 

Revenue 
growth last 
year 

Revenue 
growth last 3 
years 

 

(yi-y�)(yj-y�) (yi-y�)(yj-y�) (yi-y�)(yj-y�) (yi-y�)(yj-y�) (yi-y�)(yj-y�) (yi-y�)(yj-y�) (yi-y�)(yj-y�) (yi-y�)(yj-y�) 

i & j trade with each other 0.362 0.020 -0.016 -0.380 
 

0.031 -0.222 -1.270 

 
(0.711) (0.327) (0.563) (0.927) 

 
(0.575) (0.896) (1.051) 

i & j have common supplier -0.050 0.048 0.082 0.232 5.365 0.053 -0.007 -0.001 

 
(0.376) (1.166) (1.014) (1.831)+ (2.708)** (0.972) (0.020) (0.003) 

i & j have common client 0.210 -0.016 0.105 0.030 -0.201 -0.018 -0.006 0.351 

 
(1.002) (0.466) (0.692) (0.209) (0.222) (0.429) (0.107) (0.637) 

log Distance btw i & j 0.003 -0.005 -0.002 -0.011 -0.216 0.000 -0.002 0.004 

 
(0.684) (1.652)+ (0.702) (1.515) (1.889)+ (0.323) (0.224) (0.404) 

i & j belong to same sector 0.248 0.005 0.007 0.029 0.668 -0.006 -0.037 0.005 

 
(2.734)** (0.539) (0.584) (0.759) (1.174) (0.655) (0.712) (0.032) 

Abs diff firm age 0.001 -0.001 0.000 0.000 -0.012 0.000 0.000 -0.001 

 
(1.732)+ (2.035)* (0.788) (0.222) (0.843) (0.465) (0.235) (0.183) 

Abs diff managers’ education -0.030 0.001 -0.003 0.010 -0.185 0.002 -0.001 0.004 

 
(0.888) (0.162) (0.684) (1.157) (1.040) (0.468) (0.060) (0.114) 

Abs diff managers’ experience 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.001 

 
(0.037) (0.431) (0.788) (0.012) (0.381) (0.204) (0.283) (0.486) 

Owners’ gender differ -0.015 -0.001 0.001 0.004 -0.334 -0.002 0.006 -0.008 

 
(0.403) (0.113) (0.389) (0.418) (0.752) (0.291) (0.273) (0.086) 

Abs diff log employment -0.037 0.003 0.002 0.002 -0.099 -0.022 0.007 0.003 

 
(1.618) (1.398) (0.585) (0.488) (0.695) (2.076)* (0.608) (0.063) 

Note: The table shows OLS results. A constant is included in all specifications. t-values are based on bootstrapped standard errors that are robust to heteroskedasticity and 
cross-observation correlation in the error terms involving the same individuals. Statistical significance at the 10%, 5% and 1% level is indicated by **, * and +, respectively.  

  





 

Figure 2. Survey locations in Ethiopia 

 
 
  



 
Figure 3. Survey locations in Sudan 

 

 
 
 


