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Abstract
Despite globalization, innovative activities remain concentrated in a handful

of high-income countries. Leveraging knowledge and resources in these locations
through ties in the global network presents opportunities for emerging economies.
This dissertation consists of three essays studying the role of international ties in
the development of scientific capacity in sub-Saharan Africa. Each chapter helps to
uncover a different feature of the way in which, and the scope by which, international
ties impact African science, and ultimately facilitate technological catch-up and eco-
nomic growth. Chapter 1 is an introductory chapter, and chapters 2-4 are specific
research applications. Chapter 2 explores the value of international relationships
to African scientists leveraging a unique opportunity afforded to some scientists
to develop these relationships: the 2014 Ebola epidemic. Chapter 3 studies the
spillover impact of the return home of American trained scientists to African insti-
tutions. Chapter 4 explores a macro-association between foreign knowledge stocks
and African scientific productivity.
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Chapter 1

1 Introduction

1.1 Background

This dissertation explores the role of international ties in the development of scientific

capacity in low-income countries.

While it is well established that science and innovation are central drivers of economic

growth (Schumpeter 1942; Solow 1957; Abramovitz 1986; Romer 1990; Jones 1995), the

production of new knowledge is dominated by a handful of countries. Scientific produc-

tivity around the world is highly skewed, with over 60% of global scientific publications

emanating from countries that are part of the Organizational for Economic Co-operation

and Development (OECD). In contrast, some countries and regions of the world are lag-

ging far behind in terms of scientific output. Despite being home to over one billion

people, sub-Saharan Africa (excluding South Africa) accounts for less than 0.5% of global

scientific publications, and not one person born or living in these countries has ever been

awarded a Nobel prize in science. Per capita, OECD countries produce over 45 times the

number of publications of African countries (Figure 1), and this skew is greater than that

of other economic activities (Figure 2). That said, the difference in the relative scientific

productivity between African and OECD countries has declined over the last 20 years

(Figure 2).

One popular approach to thinking about the determinants of scientific and innovative

activity in countries or regions of the world, is to examine country level institutions. The

national systems of innovation (and related) approaches (Freeman 1987; Lundvall 1992;

Nelson 1993; Furman and Hayes 2004; Hu and Mathews 2005) describes variation in in-

novative activity as a function of domestic institutions and the linkages between these

institutions in a country or region. While this approach has made significant progress in

describing a relationship between innovation and location, my central argument is that

science is a global effort, and so an examination of domestic institutions could be insuf-
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ficient. I consider science as a global system, with for the most part pooled inputs, and

a shared audience around the world. This is particularly true for African country scien-

tists – who have little to no domestic funding or outlets for science, and so rely on the

rest of the world. One particular pooled input worth mentioning, which is shared even

if countries do have adequate funding and outlets, is knowledge. If we think of scientists

as standing on the shoulders of other scientists, global knowledge production is a crucial

input into subsequent knowledge generation. However, knowledge doesn’t travel very well

over geographic distance and national borders, so for scientists and innovators located far

from the predominant sources of production, it can be a challenge to access this input into

the ideas production function.

Compounding the difficulties associated with geographic distance from dominant pro-

ducers and users of knowledge, I argue that there is a global status ordering of scientists.

Status can drive access to shared knowledge, resources and recognition (Merton 1968;

Cole and Cole 1968; Zuckerman 1970, 1988; Allison et al 1982; Podolny 1993), therefore

for those outside of exclusive circles, it can be a challenge to access crucial inputs to do

frontier science. So, if location determines relative position in the global status ordering,

and this drives access to knowledge, resources and recognition, this could account in part

for the observed skew in scientific production around the world. With African scientists by

many measures less elite than their global peers, this could present additional difficulties

in improving their scientific performance.

One way to overcome the disadvantages of stratification that social or physical outsiders

in a system may experience, is to develop relationships with insiders who can in theory

share their advantage, either by sharing knowledge or resources, or transferring status

(Blau 1964; Granovetter 1973; Goode 1978; Marsden 1983; Latour 1987; Burt 2010). In

part due to declining communication costs, African scientists are increasingly developing

relationships with scientists from high income countries, or insiders in global science. In

fact, rates of international collaboration amongst African scientists are the highest in the

world, with over 80% of African publications coauthored by extra-regional collaborators.

In this thesis I ask several inter-related questions surrounding the role of international

relationships in the development of scientific capacity in sub-Saharan Africa. Each chapter
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helps to uncover a different feature of the way in which, and the scope by which, inter-

national ties impact African science, and ultimately facilitate technological catch-up and

economic growth. I use empirical methods and novel data to ascertain for the most part a

causal association between relationships and performance of African scientists, and com-

bine this with qualitative data and a deep understanding of the context that I gathered

over a total of nine months in the field.

1.2 Overview of Chapters

In the first chapter of the thesis I explore whether ties with international scientists impact

the productivity of African scientists. Relationships with international scientists – who

are more prominent by many measures – can be a central source of productivity and

influence. Observational evidence from the scientific setting and beyond finds that ties

with prominent affiliates have a positive impact on the performance of lower status actors.

In practice though, relationships with those more elite are limited to high achieving or

high potential individuals, making their causal value very hard to measure. Moreover,

observational evidence that relies on samples of actors that have already formed and

maintained such relationships cannot issue predictions about what the impact of such

ties would be on those who don’t yet have them. I address this measurement problem

by examining the impact of an unexpected opportunity to build relationships with more

prominent affiliates. The 2014 West African ebola epidemic afforded scientists working in

endemic countries an unexpected opportunity to build relationships with more prominent

affiliates from around the globe. I estimate the impact of the ebola epidemic on publication

rates and international collaborations of 52 endemic country scientists by comparing the

change in their outcomes before and after the epidemic with that of a matched sample

of 250 similar scientists from non-endemic countries. I find evidence of a persistent post-

epidemic boost in publication rates and international collaborations for endemic country

scientists. However, these results are only found for those endemic country scientists

who were already well connected with international scientists – with social capital – and

working in disease areas similar to ebola – with intellectual capital – before the epidemic.

This evidence highlights the importance of opportunities to build relationships with more
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prominent affiliates, but at the same time raises concerns over the potential implications

of networks on inequality within groups outside the exclusive elite.

Driven by the observation that ties can create inequality amongst African scientists,

in the second chapter of the thesis I assess whether one scientist’s international ties can

have a spillover impact on the performance of other African scientists. Prior research

focusing on the ability of ‘brokers’ – actors that span networks – to share their networks

and knowledge renders mixed findings. While in theory a broker could share networks and

knowledge, in practice there are incentives not to share or borrow, and for challenges to

arise. However, there are conditions under which we would expect such sharing to exist,

namely: (a) when knowledge is codified and freely available; (b) when brokers have in-

centives to share; and (c) for ‘outsiders’ in a network who otherwise cannot access central

resources and knowledge. One setting that meets these three conditions is returnee scien-

tists moving back to African institutions following training in the United States forming

what I call a ‘core/periphery bridge’. I assess whether returning scientists who have de-

veloped international ties can share their knowledge and connections with non-migrants

in the institutions they return to. Specifically, I study the effect of the return home of

112 HIV researchers trained in top universities in the United States under the National

Institute of Health Fogarty AIDS International Training and Research Program between

1988-2014. I construct a panel dataset of 1,657 non-migrant African scientists who are

affected by these return events in that they are working in related fields in the institution

to which the American-trained scientist returns. I compare changes in publication out-

comes of scientists working in institutions receiving an American-trained return migrant

before and after the return event with those of observably similar scientists in African in-

stitutions not receiving a return migrant. The results reveal increases in the rate at which

non-migrant scientists collaborate with scientists from the American training institution

of the returning scientist following the return event. Non-migrants also increase citation

rates to publications’ of scientists based in the American training institution of the return-

ing scientist. Furthermore, non-migrants experience a persistent increase in publication

output following the arrival home of an American-trained scientist, particularly in HIV

research. The effect is most pronounced for non-migrants who are not connected to OECD

country scientists prior to the return event. The findings support the idea that a returning
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scientist forming a core/periphery bridge benefits periphery actors. In settings where ‘out-

siders’ struggle to access knowledge and resources that are usually reserved for exclusive

‘insiders’, this kind of bridge in the network can help through providing legitimacy to the

outsiders.

In order to ascertain whether these dynamics observed at the micro-level hold at a coun-

try level and contribute towards macro-level improvements in scientific capacity, the third

chapter of the thesis assesses the association between international knowledge spillovers,

cross country teams and African publication output. In this chapter I estimate the pa-

rameters of the ideas production function for African countries. I do so by considering

international knowledge spillovers and cross-country teams as core determinants of tech-

nological catch-up, and estimate the elasticity of African publication output to foreign

knowledge production. Using data of sub-Saharan African countries’ scientific output

between 1976 and 2016, I provide evidence for three main findings. First, the level of pro-

duction of scientific output increases with the stock of ideas already discovered in a given

country, as well as the level of human capital devoted to the scientific sector. Second,

the level of production of scientific output is declining in the worldwide stock of ideas.

That being said, the level of production of scientific output of African countries increases

with the stock of ideas discovered in the ex-colonial power, as well as the levels of R&D

funding of the ex-colonial power. This relationship is growing stronger over time, and is

moderated by the size of the African country and their distance to the frontier. Third,

the rate of collaboration between African and international scientists, particularly those

from ex-colonial countries, is increasing over time. However, once this calendar trend is

accounted for, international collaborations are more common for countries further behind

the frontier. In an attempt to reconcile the findings, I find that the positive relationship

between frontier country knowledge stocks and African publication output is moderated

by the proportion of the African country scientific workforce that is involved in teamwork

with the frontier country. I argue that international teamwork facilitates benefits from

international knowledge spillovers and subsequent technological catch-up, particularly at

earlier stages of development and for smaller countries. Overall, these findings are con-

sistent with the concept that the rate of developing economy technological catch-up is

associated with the production of knowledge in those developed countries with which they
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have relationships. Moreover, the findings suggest that knowledge, even that captured in

scientific publications, is not easily accessible beyond these bilateral relationships, which

has implications for programs and policies aiming to facilitate technological catch-up.

1.3 Conclusion and Future Directions

In conclusion, the ambition of this research is to better understand the drivers of innovation

in emerging economies, and specifically how international ties can shape access to crucial

inputs and thus facilitate technological catch-up. One important next step in this agenda

is to understand how international ties shape the direction of innovation in low-income

countries. While each of the essays point to a relationship between international ties

and research direction, future research will explore how international relationships drive

scientific specialization in low-income countries, and potential implications of these shifts

in research direction. Another next step in this agenda is an exploration into the boundary

conditions of the benefits of international ties, and the scope of activities that generate

similar outcomes to those observed in the cases studied in this thesis.

In parallel to this line of research, two important lines of inquiry that I hope to pursue

merit mentioning.

First, measuring emerging economy science and innovation is a challenge. Classic mea-

surements of both innovation inputs and outputs designed for more advanced economies

may be less applicable in this setting. Prior research on clinical trial infrastructure in

Africa (Fry 2016) reveals that an index developed to predict clinical trial activity in more

developed countries provides less explanatory power for African countries. Moreover, the

use of patents and publication counts to measure innovation output in emerging economies

presents an issue. Patenting is rare in this context, and coauthoring a publication with

international collaborators can mean many things in terms of actual innovative capacity.

Further study should design and test some more appropriate measurements that capture

inputs as well as outputs, incorporating both brand new to the world innovation as well

as a measure of innovations that have been adapted from elsewhere.

Second, it is crucial that we have a better understanding of the consequences of sci-
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ence and innovation activities for emerging economies. A core question of policy makers,

business leaders and donors is what innovative activities to engage in (initially) in a given

location. For emerging economies, these considerations must include competitive advan-

tage, national priorities, existing strengths and what they can borrow from elsewhere.

Future research should design and implement projects that can inform this question and

subsequent decision making.
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Figure 1: Skew of Publications Across OECD and African Publications

Note: Distribution of publications per capita across OECD and African countries across ten year periods.

Figure 2: Ratio of Publications and GDP Per Capita OECD:African Countries

Note: Ratio of publications per capita and GDP per capita of OECD to African countries across ten year periods.
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Chapter 2

2 Viral Privilege: Evidence from the Ebola Epidemic

Abstract

Relationships with more prominent affiliates can be a central source of productiv-
ity and influence. In practice, relationships with those more elite are limited to high
achieving or high potential individuals, making their value very hard to measure. I
address this problem by examining the impact of an unexpected opportunity to build
relationships with more prominent affiliates. The 2014 West African ebola epidemic
afforded scientists working in endemic countries an unexpected opportunity to build
relationships with more prominent affiliates from around the globe. I estimate the
impact of the ebola epidemic on publication rates and international collaborations
of endemic country scientists by comparing outcomes of endemic country scientists
with outcomes of a matched sample of scientists from non-endemic countries be-
fore and after the outbreak. I find evidence of a persistent post-epidemic boost
in publication rates and international collaborations for endemic country scientists.
However, these results are only found for those endemic country scientists who were
already well connected with international scientists and working in disease areas
similar to ebola before the epidemic. This evidence highlights the importance of
opportunities to build relationships with more prominent affiliates, but at the same
time raises concerns over the potential implications of networks on inequality within
groups outside the exclusive elite.
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2.1 Introduction

‘Never Let a Good Crisis Go To
Waste’

Winston Churchill

Status orderings are a feature of economic and social life. The advantage of status, and

in particular how status matters independently from quality in competitive outcomes, is of

significant interest as it plays a role in generating and sustaining inequality. Where there is

uncertainty about the underlying quality of a producer, market participants rely on status

signals to make inferences about quality (Podolny 1993) or to co-ordinate actions (Correll

et al 2017). Insofar as perceptions reinforce the initial signal, through the allocation

of recognition or resources, status orderings self-perpetuate and the connection between

actual quality and the status distribution will weaken.

One way that actual quality and status can decouple is that actors with higher status

receive greater recognition, holding quality constant. Although challenging, scholars have

made progress on finding causal evidence of this phenomenon in the real world (Simcoe

and Waguespack 2011; Azoulay et al 2014; Kim and King 2014). A second way that the

link between quality and status can loosen is through relationships. Relationships with

more prominent affiliates that transfer status and serve as a channel for resources can

have a real impact on performance. Past research has advanced our understanding of this

feature of status hierarchies and documented a linkage between relationships with more

prominent affiliates and performance (Long et al 1979; Stuart et al 1999; Burton et al

2002).

However, making progress on this line of research is difficult because of the link between

relationships, quality, and performance in real-world settings. First, while researchers have

documented that actors with a greater quantity and quality of relationships with higher-

status actors have superior performance (Long et al 1979; Stuart et al 1999; Burton et

al 2002), it is hard to disentangle whether that superior performance reflects differences

in the likelihood of more able individuals to establish and maintain such relationships

or whether such relationships directly contribute to performance itself. Second, there is
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good reason to doubt that just anyone can be placed in, and benefit from these kinds of

relationships. Insofar as an actor’s reputation is determined by the status of its affiliates,

high status actors have a reason to avoid relationships with lower status actors due to

the risk to their own reputation (Podolny 1993). It is possible that actors would need

skills and know-how to be able to leverage a relationship with more prominent affiliates.

Therefore, particularly in contexts where decisions are justified on meritocratic grounds,

we might expect a limit to the benefit of such relationships.

To identify the impact of relationships with prominent affiliates on performance, it

would be important to be able to observe an individual’s relationships and performance,

whereby relationship formation is independent of underlying quality. An ideal experiment

would somehow allow some individuals (but not others) to establish relationships with

more prominent affiliates and in so doing so the researcher could evaluate the perfor-

mance of individuals both before and after the relationship is established, as compared to

individuals not subject to such relationships.

The purpose of this paper is to implement this logic using an unanticipated ebola

epidemic that affected some nations and not others, and provided scientists working in

endemic countries an opportunity to build relationships with more prominent affiliates,

whilst scientists in non-endemic but otherwise similar countries were left unaffected. The

2014 ebola epidemic in West Africa caused scientists from around the world to turn their

research agendas to focus on ebola. With unique access to patient populations, local knowl-

edge and a presence on the ground, endemic country scientists experienced an unprece-

dented opportunity to build relationships with more prominent scientists from around the

globe. I compare changes in publication rates and international collaborations of endemic

country scientists before and after the epidemic to those of observably similar scientists in

non-endemic countries.

In a test of the proposition that an opportunity to build relationships with more

prominent affiliates can improve performance, this paper finds that an opportunity can

help, but that an average effect hides striking heterogeneity. I find that an individual’s

ability to leverage an opportunity to build relationships with more prominent affiliates is

shaped by their intellectual and social capital. Specifically, I find that scientists in endemic
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countries with both prior tropical disease focus – intellectual capital – and international

connections – social capital – experience large and persistent increases in publication rates

and international collaborations following the ebola epidemic, whereas those without such

intellectual or social capital experience negligible, or negative effects. Thus, the findings

support the idea that relationships with more prominent affiliates can increase inequality

amongst groups of less elite individuals. This additional layer of stratification amongst

less elite groups has been overlooked in the literature and could go some way to explaining

persistent stratification across a variety of social systems.

The rest of the paper proceeds as follows. Section 2 reviews the literature on status,

relationships with prominent affiliates and performance. Section 3 presents the setting

and describes the natural experiment exploited in the paper, the 2014 West African ebola

epidemic. Section 4 describes the data, measures and statistical methods. Section 5

discusses the results. Section 6 concludes and outlines implications of the findings.

2.2 Theoretical Framework

Academic work building on the observation that status orderings are pervasive has explored

the link between status and performance and its role in perpetuating inequality, arguing

that (1) where there is uncertainty about the underlying quality of a producer, social

positions influence beliefs about an actor, and (2) beliefs impact outcomes. An association

between belief and outcomes can cause status orderings to self-perpetuate through the

allocation of resources and attention, resulting in cumulative advantage (or disadvantage).

Merton coined the phrase the ‘rich get richer and the poor get poorer’, sometimes referred

to as the Matthew effect, to describe the phenomenon.1

The idea that social cues weaken the link between actual quality and status and re-

inforce unequal advantage has motivated two distinct streams of literature that aim to

understand the mechanisms driving this uncoupling. In one type of status advantage a

shift in status increases the attention and resources given to an actor, holding quality

1The term ‘the Matthew effect’ was coined by Robert Merton in 1968, who credited Harriet Zuckerman
as a co-author of the concept, to describe inequality in the way scientists are recognized for their work.
It is now applied to cumulative advantage of economic capital more generally. It takes its name from the
parable of the talents in the Gospel of Matthew.
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constant. Quasi-experimental studies find that status matters in the allocation of atten-

tion and recognition, and that this is mostly true for actors or products with which there

is greater ex-ante uncertainty (Simcoe and Waguespack 2011; Azoulay et al 2014; Kim

and King 2014). Moreover, status influences the allocation of resources (Sorenson and

Waguespack 2006), which can reinforce the distribution through actual improvements in

outcomes.

Another type of advantage associated with status is not a focal actor’s own status,

but rather the possibility that relationships with more prominent affiliates can influence

outcomes. There are two possible mechanisms by which relationships with those more

prominent can improve outcomes. First, prominent affiliates can share their knowledge

and resources. It is well established that knowledge and resources flow through relation-

ships (Granovetter 1973; Marsden 1983). Thus under the logic that prominent actors have

superior access to knowledge and resources as a consequence of their position in the status

ordering, this can be transferred to their less prominent affiliates. Second, prominent affil-

iates can act as ‘sponsors’ to those less elite (Blau 1964; Merton 1973; Goode 1978; Latour

1987; Podolny 1993; Burt 2010). A number of scholars have argued that perceptions of

an actor’s quality can be shaped by their affiliates, particularly when there is uncertainty

surrounding the true quality – which is often the case for new or less distinguished actors.

This implicit transfer of status can serve to signal the less elite’s quality (Spence 1974),

and subsequently influence their access to connections, knowledge, resources and atten-

tion. Regardless of the pathway, one would expect that actors with prominent affiliates

have superior access to connections, knowledge, resources and attention that may lead to

subsequent actual or perceived improvements in performance.

To build on these ideas, researchers have sought to document the link between re-

lationships with prominent affiliates and performance. In a study on job placements of

graduate students, Long et al (1979) find that the prestige of a doctoral department

and mentor is correlated with the success of the placement of the graduate student in

their first job. Beyond the scientific setting, Stuart et al (1999) measure relative out-

comes for entrepreneurial firms that are affiliated with prominent partners, and find that

entrepreneurial firms with more prominent associates go to initial public offering (IPO)

faster than comparable firms without such prominent associates. Relatedly, Burton et al
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(2002) measure outcomes for new ventures with more prominent prior employers, finding

that new firms coming out of more prominent firms are more likely to pursue innovative

strategies and to attract external financing.

Although this literature provides many insights into the link between relationships and

performance, some issues remain unresolved. First, Stuart and Sorenson (2007) highlight

the difficulty in attributing an individual’s outcomes to their relationships. Second, the

conditions under which a relationship with more prominent actors is most beneficial has

not yet been explored.

Challenges in Measuring the Value of Relationships

The establishment of a causal link between relationships and performance is extremely

difficult (Manski 1993; Mouw 2006). Researchers using the standard approach of mea-

suring a link between relationships and performance of actors in observational data face

three major challenges. First is the problem of unobserved heterogeneity. Even if the

researcher carefully controls for individual level attributes, unobservable features of an in-

dividual could drive both the ability of that individual to form and maintain relationships

with more prominent affiliates, as well as performance. If this takes place, researchers

could conflate the impact of relationships on performance with underlying features of the

individual. Second is the problem of reverse causality; superior performance could lead to

relationship formation instead of the other way round. In this instance, researchers could

be over-estimating the value of relationships. Third, a common problem in studies of this

kind is selection on the dependent variable. An examination of outcomes of those who al-

ready have relationships makes it extremely difficult to both understand what happens to

those who have relationships that do not survive to observation, and to define an accurate

control group who are comparable on every dimension aside from having the relationships.

One approach to overcome these challenges is to manipulate relationships with more

prominent affiliates, holding all else constant. In this study, I focus on evaluating the

impact of an opportunity that is randomly presented to some individuals to build rela-

tionships with more prominent affiliates. Thus I am able to measure the causal impact

of relationships with more prominent affiliates, allowing for attrition of the relationship,
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as well as allowing for the possibility that it is not activated into an observable relation-

ship. This allows for a realistic estimate of the role of relationships with more prominent

affiliates, and a test of the following hypothesis:

Hypothesis 1 (H1) An opportunity to build relationships with more prominent affil-

iates improves performance.

Limits to Opportunities to Build Relationships

There is an argument to be made that the effects of an opportunity to build relationships

with those more prominent may differ across subsets of the population. This may not have

been picked up in studies using observational evidence if opportunities to build relation-

ships were unequally distributed in the first place across groups of actors, or if inclusion

in study samples was dependent on having an observable relationship.

Relationships are costly to form and maintain (Burt 1995; Jackson et al 2008; Rivera

et al 2010), and by the converse of the logic outlined above, high status actors have

an incentive to avoid relationships with less elite actors as it could threaten their own

status (Podolny 1993). It is plausible that even once given an opportunity to build a

relationship, there are limits to the extent to which individuals are able to take advantage of

it. Recent studies that estimate the causal impact of peers on student and entrepreneurial

outcomes report variation in the effectiveness of randomly assigned ties (Carrell et al 2013;

Koning 2016; Hasan and Koning 2019). The authors of these studies attribute any failure

to benefit from randomly assigned peers to endogenous patterns of social interactions

following randomization. In other words, even once provided with a relationship, there is

variation in the extent to which individuals activate and leverage the relationship.

To investigate the heterogeneous effect of an opportunity to build relationships with

more prominent affiliates, I focus on two attributes of an individual that could moderate

the impact of an opportunity: intellectual and social capital.

Intellectual Capital. Relationships provide a way to access complementary knowledge

and skills (Jones 2009). Scientists self-report that they form collaborations based on

shared interests and complementary skills (Hara et al 2003), and inter-firm alliances are
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observed more often when information on the potential partner’s capabilities and resources

is available (Gulati 1999), or when the stock of knowledge of the potential partner is greater

(Ahuja 2000). With the local nature of many forms of knowledge (Nelson and Winter 1982;

Levinthal 1997), the potential partner’s stock of knowledge relative to the problem the

partnership is trying to solve is likely to affect the value they bring to the partnership.

Thus, the likelihood that a relationship actually forms and endures, and the subsequent

benefit that an opportunity to build relationships has on performance should be greater

for those with more relevant intellectual capital.

Social Capital. The overlap in social networks of potential partners can reduce search

and co-ordination costs of a new relationship. Potential partners within the same social

network are likely to have more access to information on each other, and ‘embedded’ rela-

tionships within the same network are more likely to be reliable and benefits from shared

norms (Gulati 1995; Ahuja 2000; see Stuart and Sorenson 2007 for a review of embedded

exchange). In particular, new relationships within the same network are more likely to be

perceived to be reliable as cohesive networks increase the likelihood of sanctions against

individuals violating norms (Coleman 1988), and enable communication of reputation ef-

fects (Reagans and McEvily 2003). In settings with high uncertainty, such as the scientific

setting, referrals and trust that come with embedded relationships are likely to be of par-

ticular importance in the formation and maintenance of relationships. That being said,

the greater the overlap in social network – or the more relevant the social capital is – be-

tween a focal actor and more prominent affiliates, the more likely it is that the relationship

forms and endures, and that any performance benefits arise from an opportunity to build

relationships.

In arguing that relevant intellectual and social capital of an individual limit the benefit

from an opportunity to build relationships with more prominent affiliates, I expect the

following relationship to hold:

Hypothesis 2a (H2a) Relevant intellectual and social capital moderates the positive

impact of an opportunity to build relationships with more prominent affiliates.

Given that H2a suggests limits to the impact of an opportunity to build relationships

with more prominent affiliates, to the extent that those better positioned to leverage the
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opportunity are also those who are already better performing, inequality amongst groups

of less elite is increasing in the presence of such an opportunity. One setting in which

this idea has been explored is that of the impact of globalization on low-income countries.

Recent models support macro-level evidence of the impact of globalization on inequality

within low-income countries (Kremer and Maskin 2006; Maskin 2015). Kremer and Maskin

(2006) propose a skills matching model to explain this phenomenon. Specifically, the

model proposes that high-skilled workers in a low-income country are able to benefit from

globalization as they collaborate with high-income countries, but those individuals who

are low-skilled are not able to participate and thus are excluded from the benefits of

globalization. This is summarized in the following quotation from Kremer and Maskin

(2006):

‘The key insight is that the globalization of the production process may benefit

only those in the developing country with a skill level sufficiently close to that

of their rich country collaborators, thus marginalizing low-skill workers in the

developing country.’

The prediction of this skill matching model is that globalization – or an opportunity

to build relationships – increases inequality in low-income countries, and that those low-

skilled prior to the opportunity are left behind. In a continuation of the argument above,

I suggest that in addition to the level of skill, or intellectual capital, prior social capital

determines who benefits from an opportunity to build relationships. Thus in a group

of less elite individuals to the extent that individuals with relevant intellectual and social

capital are also higher performing ex-ante, an opportunity to build relationships with more

prominent affiliates will increase levels of within group inequality. This leads me to my

final hypothesis:

Hypothesis 2b (H2b) An opportunity to build relationships with more prominent

affiliates increases inequality amongst less elite groups.

The remainder of this paper tests these propositions through examining the impact

of an unexpected opportunity to build relationships with more prominent affiliates. The

next section provides details of the empirical setting and approach.

27



2.3 Setting and Empirical Approach

This study exploits a unique natural experiment that provided a group of scientists the

opportunity to build relationships with more prominent affiliates. This research design

differs from extant research in two main ways. First, the natural experiment employed

provides a plausibly random allocation of an opportunity to some scientists to build re-

lationships with more prominent affiliates. Second, I create a sample of matched control

scientists who did not receive the opportunity to build relationships with more prominent

affiliates, but in every other way are observably similar prior to the event. This results

in a sample consisting of scientists who are subject to the opportunity and those who are

not with which to assess whether the opportunity to build relationships with more promi-

nent affiliates affects performance. I analyze the change in performance of an individual

after the opportunity, compared to that of a control scientist, in a difference-in-differences

framework to avoid bias due to any constant, unobserved differences between scientists.

The remainder of this section describes the setting and the natural experiment studied, in-

corporating a discussion of the broad empirical approach. The following section describes

details of the data and statistical methods used.

West and Central African Scientists

The setting for the empirical work is academic scientists in West and Central Africa. The

study’s focus on this setting can be justified on substantive grounds. A long history of

academic work has explored the sciences as a context for studying the effects of status

(Merton 1968; Cole and Cole 1968; Zuckerman 1970, 1988; Allison et al 1982). While many

of these studies have focused on status orderings of scientists within a country or region,

in many respects science is a global community, with a global status ordering. Scientists

around the world move freely between nations, compete for the same journal space and

resources, and seek recognition and reward from the same gatekeepers. Within academic

sciences, institutional affiliation is a primary determinant of status of an individual. With

no university in West or Central Africa ever ranked in the top 800 research universities
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in the world,2 as well as no Nobel prizes in science ever awarded to scientists from the

region, by many measures scientists in West and Central Africa can be considered less

elite than scientists from other regions of the world. The position of West and Central

African scientists in a global status ordering is particularly visible when comparing to

scientists based in OECD countries. OECD countries are home to the world’s elite research

institutions, and scientists located in these countries account for well over 60% of global

publications and possess the majority of global resources for science.

As well as being arguably less distinguished than their global counterparts, scientists

from the region rely heavily on international connections to access resources necessary for

scientific production. High quality training for scientists in the region is scarce, labs are

poorly equipped, and domestic funding for science is negligible. In a survey of around

500 West African scientists carried out by the author in 2017, it was discovered that just

under 50% of respondents carried out their graduate studies in Organization for Economic

Cooperation and Development (OECD) countries, and that the predominant funders of

science in the region are American and European funders, including the Wellcome Trust,

the US National Institutes of Health (NIH), the Bill and Melinda Gates Foundation, and

the European and Developing Country Clinical Trials Partnership (EDCTP).

Given these contextual factors, any change in West or Central African scientists’ op-

portunities to build relationships with scientists from elsewhere in the world, particularly

from OECD countries, provides the ideal conditions under which we would expect the

hypotheses outlined above to hold. The remainder of this paper focuses on one change

in the opportunity to build relationships with more prominent affiliates: the 2014 West

African ebola epidemic.

The 2014 West African Ebola Outbreak

Ebola virus disease is characterized by severe and mostly fatal outcomes. The disease is

spread through direct contact with infected people or animals and tends to affect popu-

lations in sudden increases in incidences over a short space of time and space in the form

2https://www.usnews.com/education/best-global-universities/articles/methodology accessed on 3.5.20
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of an outbreak. With no approved vaccination or treatment for the disease, outbreaks are

catastrophic. Following its discovery in 1976 in the country known then as Zaire, there

have been around twenty outbreaks throughout Africa. In March 2014 the World Health

Organization (WHO) reported the first cases of an ebola outbreak in Guinea, West Africa

and by August 2014 the WHO had declared ebola a Public Health Emergency of Interna-

tional Concern. Two years later, when the last case was confirmed in 2016, the virus had

spread to ten other countries, but was concentrated in three countries at the epicenter:

Guinea, Liberia and Sierra Leone. Over 30,000 cases and 11,000 deaths were attributed to

the disease in these three countries (Figure 1). Experts associated the devastating impact

to population movement across the porous borders between the countries. The epidemic

had been the world’s largest and deadliest in recorded history, with a WHO statement in

2014 recognizing that ‘the ebola epidemic ravaging parts of West Africa is the most severe

acute public health emergency seen in modern times.’

The nature of the symptoms and spread of the disease captured the attention of the

globe’s media, policy makers and donors and the world watched as the epidemic in West

Africa intensified. While public health interventions scaled, science was being touted

as one of the potential solutions to the ghastly epidemic. With very little published

research on the disease, a better understanding of the virus, its spread and mutations, and

development and testing potential vaccinations and cures was one of the more hopeful

avenues to contain the epidemic.

Scientists around the world turned their research agendas to focus on the disease (Mut-

ters et al 2018) and global funders increased resources available. An estimated USD $435

million was spent in 2014 and 2015 on ebola alone (Fitchett et al 2016), the majority of

which came from OECD countries, and particularly from the US government (Moran et al

2014). A number of foreign scientists took an interest in, started projects on, and visited,

the endemic countries. The following quotation from a West African scientist illustrates

the level of engagement of the international research community and the sudden attention

given to endemic countries:

‘During ebola a lot of scientists came in. It was quite a chaotic environment.

Ebola was exciting for the research community. It is dangerous, little research
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had been done, there is no approved treatment. Ebola had all the right reasons

to attract international researchers to Sierra Leone.’

Many of the foreign scientists researching the ebola outbreak worked together with local

researchers and made use of pre-existing institutions in order to efficiently gain access to

populations, gather samples,3 obtain local knowledge and streamline their own research

process. The local scientists who were well embedded in the hospitals and laboratories as

well as the government (which can have complex research clearance procedures) were in

high demand as collaborators to the foreign researchers. A small group of scientists in the

endemic countries suddenly found themselves at the epicenter of the subject of some of

the most topical research at the time. Two West African scientists confirmed their value

as collaborators during the epidemic:

‘You cant just go to a place to conduct research. They [the foreign researchers]

were trying to attract locals therefore.’

‘You want someone on the ground who can help you to achieve your aim and

make things happen.’

This international interest in the outbreak and affected countries generated new re-

lationships between endemic countries and global scientists and afforded scientists in en-

demic countries an opportunity to build relationships with more prominent affiliates from

around the world.

Control Scientists

It might be reasonable to expect that a comparison of the outcomes of endemic country

scientists before and after the epidemic, i.e. before and after they were provided with

the opportunity to build relationships with more prominent affiliates, would give a causal

estimate of the impact of the opportunity. However, there is the concern that career age

3These samples were frequently sent back to the researcher’s home country for analysis.
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trends as well as general improvements in regional capacity could conflate the role that

relationships play with improvements that may have occurred absent the opportunity. To

alleviate this concern, I use a control group that consists of carefully matched group of

scientists from non-endemic, but otherwise similar, countries within West and Central

Africa. The inclusion of these control scientists in the empirical framework allows to

account for underlying trends in career age, field and general regional changes. The next

section describes how the treated and control scientists are selected and the statistical

framework by which the impact of the epidemic is estimated.

2.4 Data and Statistical Estimation

Data

In order to measure the impact of the ebola epidemic on endemic country scientists I

generate a sample of endemic and comparable non-endemic country scientists who are

actively publishing at the time of the epidemic. Each scientist in the sample is linked to

their full publication history and their collaboration patterns and publication rates traced

year to year.

The challenges in generating a sample of scientists in a particular location and linking

this with their full publication record are considerable. First, generating a scientist level

publication record is complicated by the fact that scientists may have common names

(for example, Smith J). Therefore it can be difficult to determine which Smith J pub-

lished which paper, or a single scientist may go by more than one version of a name.

Second, knowing where scientists are located in the absence of administrative or resume

data is difficult. Fortunately, the first issue is resolved using the Elsevier Scopus publica-

tion database’s author identifier, which is a unique identification number for each author

contained in the database. The author identifier is developed using an algorithm that

incorporates scientist name, coauthors and topic type and allows for scientists to change

affiliations across publications. This identifier allows me to track publications for every

researcher captured in the database. The second issue is resolved using author affiliation

data in the Elsevier Scopus database. To ensure that a scientist’s affiliation in a given
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publication represents their actual location and not a visiting appointment or remote af-

filiation I use a rule of thumb – if a scientist classifies her affiliation as being in a certain

country in over 75% of her publications over a four year period, she is considered in this

database as being based in that country in that time period.

I extract scientists based in West and Central African countries in 2010-2013 according

to the procedure described above. I exclude scientists who have not published in biomedical

or social sciences (assuming that engineers, for example, are less likely to be impacted by

the epidemic). I also exclude scientists who are never first or last author in the four years

prior to the outbreak (to exclude technicians) and those who stop publishing before 2013

(to exclude those who retired/deceased/moved before the outbreak). From this sample of

6,758 West and Central African scientists (Table 1), I identify the 61 ‘treated’ scientists

based in endemic countries: Sierra Leone, Liberia and Guinea.

To construct the control group I select a suitable sample from the entire set of scientists

located in the other nineteen countries across West and Central Africa (Table 1). The

control scientists are chosen using a coarsened exact matching procedure (Iacus et al

2011) so that their average career age, productivity, research area, rate of international

collaborations and country level variables such as GDP per capita and number of scientists

mirrors that of the treated scientists (see Appendix A for more details on the construction

of the control group). At least one match (and up to 18 matches for each treated scientist)

is found for 52 (85%) treated scientists, giving 250 control scientists based in non-endemic

countries (Table 2).

Each treated and control scientist is linked to its full publication history and year to

year activity traced. The final estimation sample includes observations for each treated and

control scientist 4 years before and 6 years after the epidemic. The result is a balanced

panel dataset with 3,020 scientist-year observations. In addition to publication data, I

conducted 35 interviews with scientists from both West Africa and OECD institutions in

July-August 2018, as well as site visits to both treated and control country sites. The

interviews ranged from 1 to 2 hours, with site visits ranging from a half day to a week.
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Measurement

I conduct two main analyses of scientist’s performance. In the first analysis, the depen-

dent variables are centered around measurements of publication rates, as is standard in

studies on scientists’ performance. In the second part of the analysis, the measures focus

on international collaborations. It is possible that an opportunity to build relationships

results in collaborative publications with more prominent, international scientists. As

past studies have identified evidence of the connection between international collabora-

tions and research impact (Van Raan 1998; Wagner and Leydersdorff 2005; Jonkers and

Tjissen 2008), this is an important outcome to measure in its own right. A description of

how the variables are generated is provided below.

Publication Rates Measures corresponding to the rate of publication include the number

of publications in an observation year that a scientist is an author on, and an additional

measure weighting each publication by its journal impact factor (JIF) – a measure of the

frequency with which the average article in a journal has been cited in a particular year.

These count measures have been used widely in previous studies of scientific productivity

(Ding et al 2010; Azoulay et al 2010). Additional analysis using variations of measures,

such as scientist role on projects, as well as topic choice are provided in Appendix C.

International Collaborations Measures corresponding to the rate of international col-

laborations of a focal scientist in an observation year are generated by extracting coauthor

names and affiliations from the focal scientist’s publication record. I focus on collabo-

rations with OECD based scientists. With 63% of the global count of publications in

2013 containing authors affiliated with countries that are part of the OECD, the scientific

ecosystems in OECD countries are regarded to be the central locations for the majority

of scientific research. Collaborations with OECD based scientists are measured in two

main ways: (1) the number of publications in an observation year with at least one OECD

coauthor, and (2) the number of new OECD coauthors (i.e. OECD based scientists that

the focal scientist had not previously coauthored with) in an observation year.
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Descriptive Statistics

The descriptive statistics in Table 3 pertain to the set of 52 + 250 matched treated and

control scientists. The covariates of interest are measured at baseline, just prior to the

epidemic (end of 2013). A number of the covariates are balanced by construction, due to

the coarsened exact matching procedure, for instance, the career age and collaboration

patterns of scientists, but I also find balance of other key covariates that is not guaranteed

by the matching procedure. Two features of the sample of scientists are worth pointing out.

Around half of the sample scientists collaborate with OECD scientists in the year prior to

the outbreak, although the median number of new OECD coauthors is zero. This suggests

that although some scientists are connected with more prominent affiliates, the flow of

new relationships is actually quite minimal at baseline. Interestingly, less than than 8%

of endemic country scientists had experience in viral hemorrhagic disease research, which

is a family of viral diseases including ebola. A broader categorization of research topic

that incorporates ebola is neglected tropical diseases. Almost 30% of scientists published

in neglected tropical disease areas in the year prior to the outbreak.

Statistical Estimation

In order to identify the effect of the ebola epidemic on endemic country scientists, I

compare an endemic country scientist’s outcomes after the epidemic relative to before,

using a scientist fixed effect specification. The estimating equation (equation 1) relates

endemic country scientist i ’s outcomes in year t to the epidemic.

E [yit|Xit] = exp
[
β0 + β1AFTER EPIDEMICt × ENDEMIC COUNTRYi

+ f(AGEit) + δt + γi

] (1)

Where y is the outcome measure, AFTER EPIDEMIC denotes an indicator variable

that switches to one the year the ebola epidemic began (2014).4 ENDEMIC COUNTRY

denotes an indicator for if the scientist is affiliated with an institution in an ebola endemic
4The post treatment variable considers the years 2014-2019 in the data as post epidemic. Generally
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country. f(age) corresponds to a flexible function of the scientist’s career age5 as is standard

to include in studies of scientist productivity (Levin and Stephan 1991) and γt stands for a

full set of calendar year indicator variables to account for the fact that aggregate research

activities may vary over time. δi correspond to scientist fixed effects, consistent with my

approach to analyze changes in the scientist’s output following the epidemic. Standard

errors are clustered at the level of the individual scientist.6

The majority of the dependent variables of interest are skewed and non-negative (Figure

2 illustrates the distribution of publications prior to the epidemic (2010-2013 inclusive)).

Due to the large number of zero’s in the dataset, and following tradition in the study

of scientific and technical change, I mostly present quasi-maximum likelihood (QML)

estimates based on the fixed-effects Poisson model developed by Hausman et al (1984)

(Appendix B provides estimates based on the fixed-effects Ordinary Least Squares models

with (i) inverse hyperbolic sine transformation of the dependent variables and (ii) log

transformation of the dependent variables).

2.5 Results

As a preliminary step I analyze whether a scientist’s location at the time of the ebola epi-

demic influences the rate of ebola publications coauthored with OECD based scientists.

Figure 3 illustrates average publication rates in ebola related research with OECD collab-

orators for endemic and non-endemic country sample scientists between 2010 and 2019.

there is a lag period of around a year between when scientific work is carried out and when the publication
appears in a journal. However, interviews uncovered that during the ebola outbreak journals fast-tracked
the relevant publications and published them in real time. Some scientists even noted that they worked
with the journals to provide updates as the research went on. For this reason, the year that the epidemic
started, 2014, is considered the first year when an effect could be seen.

5Data on actual career age is not available and so I deduce career age as the years passed since the
first observable publication of a focal scientist as found in the Elsevier Scopus publication database.

6A threat to the empirical design exists if scientist’s standard errors are correlated within a country
due to the existence of country-level time-varying unobservables (Donald and Lang 2007). However, with
just 10 countries, clustering the standard errors at the country level would not meet the asymptotic
convergence assumption. Moreover, clustering at this aggregate level can lead to incorrectly estimated
standard errors that are upwardly biased (Abadie et al 2017). Thus, given the fact that the sampling
strategy does not exclude observations from the population that could be similar, I cluster the standard
errors at the level of the individual.
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Endemic country scientists experience a sharp increase in these publications following the

start of the epidemic in 2014, while the rate of these publications for non-endemic country

scientists remains relatively flat. This evidence aligns with the qualitative evidence on

the increase in visibility and attention from the international scientific community, par-

ticularly OECD based scientists, that endemic country scientists experienced during the

outbreak, and the rest of this section explores the impact of that opportunity to build

relationships with more prominent affiliates on performance outcomes.

The Effect of an Opportunity to Build Relationships with More
Prominent Affiliates (H1)

Figure 4 reports the trend in publication output and collaboration rates for endemic

country scientists, and matched control scientists from non-endemic countries. The figure

provides descriptive support for hypothesis 1, which states that an opportunity to build re-

lationships with more prominent affiliates improves performance, measured as publication

rates and international collaborations. Following the epidemic began in 2014, the publi-

cation and collaboration outcomes of endemic country scientists are consistently higher

than that of non-endemic country scientists. Interestingly, comparing panels (a) and (b)

suggests that this performance improvement was mostly in the quality of publications,

evidenced through the relative increase in journal impact factor weighted publications,

as compared to simple counts of publications. However, this raw comparison does not

include any adjustment for career age or calendar year, and could be driven by differences

in the baseline of scientists. I control for these differences using the scientist fixed effect

treatment model described above.

Table 4 presents the core results estimating the specification presented in equation

1. Consistent with the raw data, I find support for H1, that an opportunity to build

relationships impacts publication rates (columns 1 and 2) and international collabora-

tions (columns 3a-b and 4), as indicated by the estimates for AFTER EPIDEMIC ×
ENDEMIC COUNTRY being positive and mostly significant across outcomes measured.

I find a sizable 22% increase in the annual number of publications of an endemic coun-

try scientist following the epidemic (column 1), as compared to a non-endemic country
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scientist. Although the coefficient is not significant owing to the large amount of varia-

tion across scientist years, this is a relatively large increase in the number of publications.

Given the baseline publication rate prior to the epidemic of around 0.73 publications per

scientist per year, this would equate to around one additional publication per scientist

in the six year period following the epidemic. To verify that this increase isn’t driven

by an increase in publications in low quality journals, column 2 measures the change in

publications weighted by their journal impact factor. The even greater statistically signif-

icant 68% increase for the treated group as compared to the control group suggests that

scientists mostly increase the quality of their publications following the epidemic. The

results show that endemic country scientists publish with OECD based coauthors at a

rate relatively greater than control scientists following the epidemic (column 3a). A rate

that isn’t matched by an increase in non-OECD coauthored publications (column 3b).

Moreover, I find that following the epidemic, endemic country scientists form more than

120% more new OECD coauthors a year as compared to non-endemic country scientists

(column 4). This amounts to around 2.5 additional new collaborations per year, which in

the six year period following the epidemic gives over 15 additional collaborations formed.

Appendix C provides additional results measuring changes in endemic country scientist’s

project role and research topic as a result of the epidemic.

The Moderating Effect of Intellectual and Social Capital (H2a)

The results up until this point show an average effect of the opportunity to build rela-

tionships with more prominent affiliates. The subsequent analysis examines whether the

magnitude of the impact of the epidemic correlates with pre-epidemic attributes of the

scientists.

Table 5 evaluates the moderating effect of intellectual capital on an opportunity to

build relationships with more prominent affiliates. As a proxy for a scientist’s relevant

intellectual capital prior to the epidemic I construct a dummy variable that takes a value

of 1 if the scientist has any publication in neglected tropical disease related research in the

four years prior to the epidemic. Ebola is categorized as a neglected tropical disease, and

given that very few researchers around the globe had experience in ebola research prior
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to the 2014 outbreak, many scientists turned their agendas from other neglected tropical

diseases (such as malaria) to ebola. Thus in this definition of intellectual capital I assume

that the knowledge required to research neglected tropical diseases is more transferrable

to ebola research than the knowledge required to research, say, diabetes or cancer. The

median likelihood of a sample scientist publishing in neglected tropical diseases prior to

the epidemic is 0, and so this gives roughly similar sizes of sub-groups.

I split the sample of treated and control scientists into those who have a publication

record in neglected tropical diseases prior to the epidemic, and the rest of the sample, and

run the same specification on the two samples separately for selected outcomes. The results

in the table illustrate that those endemic country scientists with a publication record

in tropical diseases benefit the most from the epidemic. Moreover, the results suggest

that intellectual capital predominantly influences quality (JIF-weighted publications) of

publications, as well as the quantity of new OECD collaborators. Not only do those with

relevant intellectual capital experience a greater positive impact from the epidemic, but

those without such experience in neglected tropical disease related research – in columns 2,

4, and 6 – experience a decline in their performance following the epidemic, as compared to

comparable non-endemic country scientists. During the epidemic, scientists who weren’t

well positioned to participate in the epidemic science with foreign scientists reported that

they were compelled to stop their research projects due to safety concerns. Thus I interpret

this as a lack of a positive impact of the opportunity, and the negative coefficients are a

feature of the specific event studied and not necessarily generalizable beyond this setting.

Table 6 provides evidence of the moderating effect of social capital on an opportunity

to build relationships with more prominent affiliates. As a proxy for a scientist’s relevant

social capital, I generate a dummy variable indicating whether the scientist has all of

their publications coauthored with OECD based scientists in the four years prior to the

epidemic. In doing so I assume that embeddedness with any OECD based scientists implies

a sharing of norms and communication patterns with other OECD based scientists, an

assumption that was verified during interviews. I choose this definition that requires a

scientist to have published all of their publications with OECD based scientists in order

to distinguish between those who are truly embedded, and those who have participated in

research projects but may not be as familiar with norms and routines associated with the
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OECD network of scientists. Almost all scientists have coauthored with OECD scientists at

some point and the median proportion of OECD coauthored publications across scientists

in the four years prior to the epidemic is 1. However, field work highlighted variation in the

approach of West African scientists to collaborative field work. Some scientists consider

themselves as working in the same lab (albeit remotely) as OECD based scientists, sharing

equipment and funding with frequent visits between labs. These scientists tend to publish

all of their publications together, while other scientists have more ad-hoc collaborative

relationships with OECD based scientists. It is the former category of scientists – which

encompasses 63% of the study sample – who have embedded relationships with OECD

based scientists that I consider having relevant social capital during the epidemic.

Again, I split the sample into those who have significant experience publishing with

OECD coauthors, and those who don’t, prior to the epidemic. Table 6 illustrates that

those endemic country scientists with a significant OECD collaboration record experience

a greater positive effect of the epidemic than those without, although the benefit is much

smaller than that of the intellectual capital (and not statistically significant in the dif-

ference between those with social capital and without). However, qualitatively there is a

difference. The results suggest that embeddedness in the OECD scientific network pre-

dominantly influences the number of new OECD collaborators formed during the epidemic.

While this could be due to a variety of factors, one possibility is that OECD connections

can provide a referral, or endorsement, for new relationships to form. One scientist based

in the United States describes how her coauthored publications with her West African col-

laborator prior to the epidemic played a role in the connections her African collaborator

made during the epidemic:

‘I got a lot of calls from people at medical schools in the US who wanted to be

involved because they thought it [ebola research] was cool... I think I got more

calls than [West African collaborator]. People saw that I had the American

looking name so (thought) I must be in charge.’

Not only is there suggestive evidence that foreign scientists search for African collab-

orators through leveraging the existing network, but West African researchers also used

40



their pre-existing network to filter through requests for partnerships during the outbreak.

Several West African scientists reported that they received many unsolicited requests for

collaborations from foreign scientists during the outbreak. The scientists replied to re-

quests from scientists who were known by their prior collaborators. For example, one

endemic country scientist spoke about how s/he turned down a request from an ‘out-of-

network’ foreign scientist ’one contacted me from [foreign country], he was evidently a

rogue scientist who wanted ebola samples.’ Interestingly, the results in table 6 suggest

that social capital alone has a limited impact on both the quantity and quality of output.

Finally, I explore whether intellectual and social capital are complementary forms of

capital, or substitutable. Is it enough to just have one or the other, or do scientists

need both? To understand the dynamics between different forms of capital I split the

sample into four mutually exclusive groups: (i) scientists with neglected disease experience

and a significant OECD coauthor record prior to the epidemic; (ii) scientists with a

record in neglected tropical disease research but without always having coauthored with

OECD based scientists: (iii) scientists who have coauthored all of their publications with

OECD based scientists, but with no record in neglected tropical disease research: and

(iv) scientists with neither neglected disease experience nor having coauthored all of

their publications with OECD based scientists. I run the same specification on each

sub-sample in Table 7 for selected outcomes. I find that scientists with both experience

in neglected tropical disease research and OECD collaborations are able to benefit the

most from the opportunity to build relationships (columns 1 and 4). This suggests that

intellectual and social capital are complements to one another, consistent with the idea

that it getting ahead is ‘what you know and who you know’. Scientists with a publication

record in neglected tropical diseases, but without significant experience publishing with

OECD based collaborators also benefit from the epidemic, albeit to a much lesser extent

than those with both types of capital. The outcome that suffers the most from not having

relevant social capital is the number of new OECD coauthors. This is not a surprise if

we expect that new coauthors are mostly formed through a referral system. On the other

hand, scientists without a publication record in neglected tropical diseases, regardless

of whether they have experience publishing with OECD scientists don’t benefit at all

from the epidemic (columns 3, 4 and 7, 8). This last result suggests that the minimum
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and sufficient criteria to benefit from an opportunity to build relationships with more

prominent affiliates is relevant intellectual capital, while relevant social capital is a less

binding constraint. However, having both intellectual and social capital is optimal.

To summarize, the impact of an opportunity to build relationships with more prominent

affiliates on performance, as measured by publication rates and international collabora-

tions, is positive and significant. The impact is greater for individuals with more relevant

intellectual and social capital. While intellectual capital appears to be more important

than social capital in driving improvements in both quantity and quality of output, the

best position to be in in order to benefit from an opportunity to build relationships is to

possess both forms of capital. This implies that programs and policies supporting democ-

ratization through network based interventions may not have the same impact for less well

positioned groups individuals, and that additional support should be provided to balance

the disadvantages of stratification.

The Effect of an Opportunity of Within Group Inequality (H2b)

Tables 5, 6 and 7 all illustrate increasing inequality within endemic countries following the

epidemic. Not only do the tables provide evidence that those with prior tropical disease

research experience and significant experience publishing with OECD based scientists ex-

perience the greatest positive impact of the epidemic, they also show that those endemic

country scientists without such experience are either not at all, or negatively affected

by the epidemic. Given the relative advantages that already exist for West and Central

African scientists who are connected with OECD based scientists described in section 3,

this additional ability to leverage the opportunity further exacerbates inequality amongst

endemic country scientists. Whether this inequality smooths out or intensifies over a

longer time period than the study period is an important question for future research.

Mechanisms

The mechanism(s) driving the observed performance effect is explored in interviews and

site visits. In section 2 I propose two possible channels that could drive any observed
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performance benefits arising from an opportunity to build relationships with more promi-

nent affiliates. First, more prominent affiliates can share their knowledge and resources.

Second, more prominent actors can transfer their status to their affiliates. This sponsor-

ship can signal quality under conditions of uncertainty, which can subsequently improve

access to connections, knowledge, resources and attention. While these are very difficult

to separate empirically (particularly as the latter results in the same measurable outcomes

as the first), I find qualitative evidence supporting the existence of both channels during

the ebola outbreak.

Numerous examples support the idea that endemic country scientists had new access

to resources during the outbreak, obtained through their relationships with the global

scientific community. For example, the team at the Broad Institute in the United States

and their West African collaborators negotiated the donation of three Illumina Miseq

genomic sequencers (each valued at around USD $100,000) to West African laboratories

during the outbreak. Two West African scientists confirmed that the opportunity provided

them with equipment, skills and funding more generally, stating:

‘We got software by projects to help with analysis, and data collection equip-

ment... we were given a projector.’

‘There was all this funding around capacity building and health systems strength-

ening that people benefited from.’

Endemic country scientists also had new access to knowledge through their global re-

lationships. One endemic country scientist described the process of observing and partici-

pating in the research process with the international scientists that came into the country

during the outbreak, and summarized the new skills and knowledge gained through this

process by saying: ‘During ebola we learnt how to do research.... it’s not rocket science.’

Although harder to observe, there is suggestive evidence that the status of the global

scientists who engaged in the ebola epidemic science with West African scientists played a

part in endemic country scientist’s subsequent access to resources and attention. Endemic

country scientists, some for the first time, applied for international research grants, and
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targeted publications in top international journals with their new collaborators that they

generated during the epidemic. Consistent with evidence on the importance of reputation

in accessing crucial resources in science (Simcoe and Waguespack 2011; Azoulay et al

2014), a West African scientist recounted the value of their new collaborator’s reputations

in accessing crucial resources:

‘I feel that the connection with international partners is necessary. Because

they have the reputation to get funding...’

Longer Term Impacts

Figure 4 provides descriptive evidence that the boosts in publication rates and interna-

tional collaborations experienced during the ebola epidemic for endemic country scientists

are sustained through 2019. Outcomes for endemic country scientists are consistently

higher than those of matched, non-endemic scientists. I explore the persistence of these

effects further in Table 8. Using a reduced sample of endemic and non-endemic country

sample scientists who publish with OECD coauthors in the two years following the start

of the epidemic, I run cross sectional logit regressions to estimate average differences in

outcomes of these scientists in the years 2016-2019 (after the epidemic ended) between

endemic country and control country scientists. Using this later time period I’m able to

discern whether the effects were limited to the ebola time period (when there was, un-

derstandably) significant focus on ebola-related publications, or whether there are longer

lasting effects. I find limited evidence that endemic country scientists are significantly

more likely to have a publication in general (column 1). However, examining the role of

scientists on projects, as proxied through their position on the publication, tells a different

story. Although endemic country scientists are no more likely to be the first author on

publications (a proxy for the role on projects as predominant data collector) (column 2a),

or middle author (often technician roles) (column 2b), they are significantly more likely

to be the last author on publications following the epidemic (column 2c). The coefficients

can be interpreted as log odds, implying that endemic country scientists are around 2.4

times more likely to be the last author on a publication in a given year between 2016-2019.

This suggests longer term positive consequences of the epidemic on endemic country sci-
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entists in terms of intellectual contribution to products, and the ability to secure funding.

Furthermore, endemic country scientists are more than twice as likely to have a ‘hit’ pub-

lication than non-endemic country scientists in a given year (Table 8 column 3), which I

define as having a publication in a journal that is within the 95th percentile of the citation

distribution amongst fields that the sample scientists are publishing in. A West African

scientist confirmed these longer term impacts of the epidemic on his career:

‘My ebola papers took me to bigger journals. I had not published in the Lancet

before. It was ebola that took me to the Lancet... I am an editor for PlosOne

now because of my publications (during ebola)’.

These longer term results are striking, and imply that relationships with prominent

affiliates can help scientists to move up the skill/hierarchy ladder within project teams.

Alternative Mechanisms and Robustness Checks

I conduct several alternative estimations to test the robustness of the results. First I

consider an alternative explanation that one could be concerned about driving the results.

Second I probe the robustness of the experimental approach.

We might be concerned that the endemic countries also increased their domestic invest-

ment in science around the time of the epidemic, and so the observed effect could be in part

driven by this, biasing the result of the impact of the opportunity to build relationships

with more prominent affiliates. To alleviate this concern I explore two sources of data on

science and R&D funding in West and Central African countries. First, I examine the

Policy Cures online database on neglected disease R&D funding. The database provides

results from a comprehensive annual survey of global funders, including governments, on

the levels of spending into neglected disease R&D. None of the endemic countries fea-

ture in the database between 2007 and 2017 and I interpret this as preliminary evidence

that levels of domestic investment in R&D are not obviously increasing from these en-

demic countries as a result of the epidemic. Second, I examine the UNESCO Institute

for Statistics database on gross domestic expenditure on R&D per year. Again – none of
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the endemic countries have any data between 2007 and 2018, and so levels again are not

obviously increasing from these endemic countries. Numerous publicly available reports

on the state of African science and field work observation confirms that the levels of R&D

spending by African governments are extremely low, or negligible, and have not changed

significantly in the last 10 years. I therefore find it difficult to believe that the observed

effect is being driven by a change in domestic R&D spending in endemic countries.

I probe the robustness of the main results, that endemic country scientists experience

increases in publication outcomes following the epidemic, in a variety of difference-in-

differences regressions with the outcome of JIF weighted publications presented in Table

9. First, I estimate a placebo experiment using a placebo epidemic year for the full sample.

Using just the pre-epidemic data I use an event date of 2010, and estimate the before after

impact for endemic country scientists. This tests whether endemic country scientists

outcomes were improving prior to the epidemic, which, if true, could bias my results

upwards. Reassuringly, the effect of being in an endemic country in a placebo epidemic

year is smaller than the benchmark and statistically insignificant (column 2). Next I

examine the possibility that the result is being driven by a handful of more productive

scientists. I estimate the specification without the inclusion of scientists who have more

than 5 publications in the four years before the epidemic – which is the 90th percentile

of all sample scientists (column 3). This additional specifications does not change the

findings of the main models.

2.6 Discussion

Benefits arising from relationships with more prominent affiliates may be one of the causes

of persistent inequality in economic and social life. To the extent that prominent affiliates

transfer status and resources, a pattern of cumulative advantage is set in motion for those

with such relationships, leaving others behind. In this paper I propose that an opportunity

to build relationships with more prominent affiliates can improve performance, but that

the intellectual and social capital of a focal actor moderate the extent to which they can

leverage such an opportunity to their advantage. Given that not everyone benefits equally,

I further propose that not only do relationships with prominent affiliates create a wedge

46



in between actual quality and outcomes, but they can also increase inequality amongst

groups of less elite actors.

To test this proposition I make use of a unique natural experiment. The 2014 West

African ebola epidemic provided scientists in countries most affected an unexpected op-

portunity to build relationships with more prominent affiliates. Scientists from around

the world flooded into endemic countries looking for collaborators and research project

assistance, and paid unique attention to the work and environment of scientists in these

countries. I measure publication rates and international collaborations for endemic country

scientists as compared with scientists in similar countries that weren’t affected by the epi-

demic. The size of the effect is large. Endemic country scientists with relevant intellectual

and social capital generate over 250% more journal impact factor weighted publications

a year following the epidemic, and form an average of around fifteen more collaborations

with scientists from OECD country institutions. Longer term, these positive benefits are

maintained - and furthermore, endemic country scientists occupy different, and potentially

more prominent, roles on scientific projects. However, those scientists in endemic countries

without the relevant intellectual or social capital prior to the opportunity experienced no,

or negative, effects of the epidemic. This implies increasing inequality within endemic

country scientists as compared to non-endemic countries, and evidence for the concept

brought into the forefront of our view of economic and social life many decades ago: ‘the

rich get richer and the poor get poorer’.

This manuscript makes several contributions. First, at a theoretical level, these results

contribute to a central concept in sociology: the uncoupling between quality, status and

performance. I provide evidence that the link between these concepts can be weakened

by relationships with more prominent affiliates, and that heterogeneity in the ability to

leverage such relationships can lead to self-reinforcing dynamics in the maintenance of

a status distribution. At a more applied level the findings suggest that the standard

approach to estimating the effect of relationships with more prominent affiliates on per-

formance through measuring whether individuals with higher quality and quantity of such

relationships perform better is likely to overstate the causal influence. This could be for

two reasons: (1) it is difficult to control for underlying quality of an individual, and so it

is hard to tell if a measurement of better performance is reflecting an underlying quality
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difference that leads to both an individual’s ability to establish and maintain relationships

or the impact of the relationship itself, and (2) causality could be flowing in the oppo-

site direction: performance could determine relationships, which would bias any results

based on observational evidence. For these reasons, much of the existing empirical litera-

ture could be overstating the true impact of relationships with prominent affiliates. This

paper’s finding that an opportunity can only be leveraged for advantage by those with

relevant intellectual and social capital has important implications for our understanding

of network based advantage and the design of social interventions. This is consistent with

prior research that finds that peer effects are hard to replicate in field experiments due to

post-randomization, endogenous sorting of relationships (Carrell et al 2013; Koning 2016;

Hasan and Koning 2019).

Second, the results are consistent with theoretical and macro-level evidence suggest-

ing that globalization can increase inequality amongst low-income countries. By using

micro-level evidence at the level of individuals who are subject to an opportunity to build

relationships with global counterparts, I can identify the role of both intellectual and social

capital in determining the beneficiaries of globalization, and quantify resulting inequality

that such an opportunity creates.

Third, to the best of my knowledge this is one of the first studies providing causal evi-

dence of a channel by which scientific capacity in low-income countries can be developed.

Despite the increasing attention from policy makers and donors on this important topic,

we know surprisingly little about what works to build scientific capacity in low-income

countries. I show that connections with more prominent scientists in higher income coun-

tries can help the careers of some scientists in countries with emerging ecosystems, but at

the same time affect the system in unexpected ways.

The findings from this research have their limits. Pragmatically, the study is limited

by the short time period available following the epidemic, and relies on publication out-

comes, which may be a noisy reflection of true scientific capacity. The study also relies on

a relatively small sample of 52 treated scientists. On a policy level, relationships between

African and foreign collaborators can be problematic. These relationships are frequently

described using such terms as ‘parachute science’, ‘extractive relationships’, and there are

48



concerns of African collaborators assisting with field work and data collection, receiving

little to none of the credit (Boshoff 2009). While this study is not able to tease apart

involvement in a publication, or exploitative relationships, from actual scientific capacity,

this is an important avenue for future research. Finally, this study is unable to discern the

relative contribution of each proposed mechanism driving observed performance benefits:

whether access to resources and knowledge, or endorsements and status transferral pre-

dominantly drives improvements in performance is an important question that deserves

attention.

That said, I interpret the empirical results as providing support for the insights in

the theoretical framework. Since Merton’s seminal work (Merton 1968) on stratification

in science, scholars have had an interest in the mechanisms driving such stratification in

the scientific setting and others. While we know that those at the ‘top’ or the exclusive

elite benefit from their position in the status ordering, we know surprisingly little about

how those less elite can overcome the disadvantages of cumulative advantage. This study

is a first step towards understanding the causal role of inter-status relationships in the

trajectory of those less elite. I show that relationships with more prominent affiliates can

improve performance, but that these benefits are reserved for those who already have rele-

vant intellectual and social capital. This finding has significant implications for the design

of policy measures aiming to promote development for groups outside of the elite, as well

as for strategic measures implemented by those less elite. While cautious about making

claims for the general applicability of these findings, particularly for settings without such

high levels of uncertainty, I believe that the effects shown here can help provide a better

understanding of why stratification remains pervasive across a variety of social systems,

and the challenges that those less elite face in overcoming the disadvantages of status

orderings.

49



References

Abadie, A, et al., 2017 When Should You Adjust Standard Errors for Clustering? NBER

Working Paper No. w24003

Ahmadpoor, M., Jones, B.F., 2018 Team Output and Individual Productivity in Science

and Invention Working Paper

Ahuja, G., 2000 The Duality of Collaboration: Inducements and Opportunities in the

Formation of Interfirm Linkages Strategic Management Journal 21: 317-343

Allison, P.D., Long, J.S, Krauze, T.K., 1982 Cumulative Advantage and Inequality in

Science American Sociological Review 47 (5): 615-625

Azoulay, P., Zivin, J.G., Wang, J., 2010 Superstar Extinction Quarterly Journal of Eco-

nomics 125(2): 549-589

Azoulay, P., Stuart, T., Wang, Y., 2014 Matthew: Effect or Fable? Management Science

60(1): 92-109

Azoulay, P, Liu, C.C., Stuart, T.E., 2017 Social Influence Given (Partially) Deliberate

Matching: Career Imprints in the Creation of Academic Entrepreneurs American Journal

of Sociology 122(4): 1223-1271

Blau, P.M., 1964 Exchange and Power in Social Life New York: Wiley

Blau, P.M., 1977 Inequality and Heterogeneity: A Primitive Theory of Social Structure

Vol. 7. New York: Free Press

Boshoff, N., 2009 Neo-colonialism and Research Collaboration in Central Africa Sciento-

metrics 81: 413

Burt, R.S., 1995 Structural Holes: The Social Structure of Competition Harvard Univer-

sity Press

Burt, R.S. 2002 Bridge Decay Social Networks 24(4): 333-363

50



Burt, R.S., 2010 Neighbor Networks: Competitive Advantage Local and Personal Oxford

University Press

Burton, M.D., Sorenson, J.B., Beckman, C.M 2002 Coming from Good Stock: Career

Histories and New Ventures Formation In Social Structure and Organizations Revisited.

Vol. 19, Research in the Sociology of Organizations, ed. Michael Lounsbury & Mark J.

Ventresca, 229-262. Greenwich, CT: JAI Press

Carrell, S.E., Sacerdote, B.I., West, J.E., 2013 From Natural Variation to Optimal Policy?

The Importance of Endogenous Peer Group Formation Econometrica 81(3): 855-882

Cole, J.R., Cole, S., 1973 Social Stratification in Science Chicago: University of Chicago

Press

Coleman, J.S., 1988 Social Capital in the Creation of Human Capital American Journal

of Sociology 94: S95-S120

Correll, SJ., et al. 2017 It’s the Conventional Thought That Counts: How Third-Order

Inference Produces Status Advantage American Sociological Review 82(2): 297-327

Ding, W.W., et al. 2010 The Impact of Information Technology on Academic Scientists’

Productivity and Collaboration Patterns Management Science 56(9): 1439-1461

Donald, S.G., Lang, K., 2007 Inference with Difference-in-Differences and Other Panel

Data The Review of Economics and Statistics 89(2): 221-233

Fitchett, J.R., et al., 2016 Ebola Research Funding Journal of Global Health 6: 020703

Goldsmith-Pinkham, P., Imbens, G.W., 2013 Social Networks and the Identification of

Peer Effects Journal of Business & Economic Statistics 31(3): 253-264

Granovetter, M.S., 1973 The Strength of Weak Ties The American Journal of Sociology

78(6): 1360-1380

Goode, W.J., 1978 The Celebration of Heroes: Prestige as a Social Control System Berke-

ley, CA: University of California Press

51



Gould, R.V., 2002 The Origins of Status Hierarchies: A Formal Theory and Empirical

Test American journal of sociology 107(5): 1143-1178

Gulati, R., 1999 Network Location and Learning: The Influence of Network Resources

and Firm Capabilities on Alliance Formation Strategic Management Journal 20: 397-420

Hasan, S., Koning, R., 2019 Prior Ties and the Limits of Peer Effects on Startup Team

Performance Strategic Management Journal 40(9): 1394-1416

Hara, N., et al. 2003 An Emerging View of Scientific Collaboration: Scientists’ Perspec-

tives on Collaboration and Factors that Impact Collaboration Journal of the American

Society for Information science and Technology 54(10): 952-965

Hausman, J., Hall, B.H., and Griliches, Z., 1984 Econometric Models for Count Data

with an Application to the Patents-R&D Relationship Econometrica 52(4): 909-938

Iacus, S.M., King, G., Porro, G., 2011 Multivariate Matching Methods that are Monotonic

Imbalance Bounding Journal of the American Statistical Association 106(493): 345-361

Jackson, M.O., Wolinsky. A., 1996 A Strategic Model of Social and Economic Networks

Journal of Economic Theory 71(1): 44-74

Jackson M.O., et al., 2008 Social and Economic Networks Volume 3 Princeton University

Press, Princeton

Jones, B.F., 2014 The Knowledge Trap: Human Capital and Development Reconsidered

Working Paper

Jones, B., 2009 The Burden of Knowledge and the ‘Death of the Renaissance Man’: Is

Innovation Getting Harder? Review of Economic Studies 76(1): 283-317

Jonkers, K., Tjissen, R., 2008 Chinese Researchers Returning Home: Impacts of Interna-

tional Mobility on Research Collaboration and Scientific Productivity Scientometrics 77:

309 - 333

Kim, J.W., King, B.G., 2014 Seeing Stars: Matthew Effects and Status Bias in Major

League Baseball Umpiring Management Science 60(11): 2619-2644

52



Koning, R., 2016 Do Network Dynamics Undermine Idea-based Network Advantages?

Experimental Results from an Entrepreneurship Bootcamp Working Paper

Kremer, M., 2006 Globalization of Labor Markets and Inequality Brookings Trade Forum:

211-228

Latour, B., 1987 Science in Action Cambridge MA: Harvard University Press

Levin, S.G., Stephan, P.E., 1991 Research Productivity over the Life Cycle: Evidence for

Academic Scientists American Economic Review 81: 114-132

Levinthal, D.A., 1997 Adaptation on Rugged Landscapes Management Science 43(7):

934-950

Long, J.S., Allison, P.D., McGinnis, R., 1979 Entrance into the Academic Career Amer-

ican Sociological Review 44(5): 816-830

Manski, C.F., 1993 Identification of Endogenous Social Effects: The Reflection Problem

The Review of Economic Studies 60(3): 531-542

Marsden, P.V., 1983 Restricted Access in Networks and Models of Power American Jour-

nal of Sociology 88: 686-717

Maskin, E., 2015 Why Haven’t Global Markets Reduced Inequality in Emerging

Economies? The World Bank Economic Review 29(1): S48-S52

Merton, R.K., 1968 The Matthew Effect in Science Science 159(3810): 56-63

Merton, R.K., 1972 Insiders and Outsiders: A Chapter in the Sociology of Knowledge

American Journal of Sociology 78(1): 9-47

Moran, M., et al 2014 Neglected Disease Research and Development: Emerging Trends

G-Finder 2014 Policy Cures

Mouw T., 2006 Estimating the Causal Effect of Social Capital: A Review of Recent

Research Annual Review of Sociology 32: 79 -102

53



Mutters, N.T., et al., 2018 Evaluation of the Scientific Impact of the Ebola Epidemic: A

Systematic Review Clinical Microbiology and Infection 24: 573-576

Nelson, R., Winter, S., 1982 An Evolutionary Theory of Technical Change Cambridge,

Ma, Beknap Harvard

Pfeffer, J., 1983 Organizational Demography Research in Organizational Behavior

Podolny, J.M., 1993 A Status-Based Model of Market Competition American journal of

sociology 98(4): 829-872

Reagans, R.E., Burt, R.S., 1998 Homophily, Legitimacy, and Competition: Bias in Man-

ager Peer Evaluations Annual meetings of the American Sociological Association

Reagans, R., B. McEvily. 2003 Network Structure and Knowledge Transfer: The Effects

of Cohesion and Range Admin. Sci. Quart.48240–267

Rivera, M.T., Soderstrom, S.B., Uzzi, B., 2010 Dynamics of Dyads in Social Networks:

Assortative, Relational, and Proximity Mechanisms Annual Review of Sociology 36: 91-

115

Simcoe, T.S., Waguespack, D.M, 20111 Status, Quality and Attention: What’s in a (Miss-

ing) Name? Management Science 57(2): 274-290

Spence, A.M., 1974 Market Signaling Cambridge, MA: Harvard University Press

Sorenson, O., Waguespack, D.M., 2006 Social Structure and Exchange: Self-confirming

Dynamics in Hollywood Administrative Science Quarterly 51(4): 560-589

Stuart, T.E., Hoang, H., Hybels, R.C., 1999 Interorganizational Endorsements and the

Performance of Entrepreneurial Ventures Administrative Science Quarterly 44(2): 315-

349

Stuart, T.E., Sorenson, O., 2007 Strategic Networks and Entrepreneurial Ventures Strate-

gic Entrepreneurship Journal 1: 211-227

Wagner, C.S., Leydesdorff, L., 2005 Network Structure, Self-organization, and the Growth

of International Collaboration in Science Research Policy 34(10): 1608-1618

54



Van Raan, A.F.J., 1998 The Influence of International Collaboration of the Impact of the

Research Results Scientometrics 42(3): 423-428

Zuckerman, H., 1970 Stratification in American Science pp 235-57 in E.O. Laumann

(ed.). Social Stratification. Indianapolis: Bobbs-Merrill

Zuckerman, H., 1988 The Sociology of Science In Handbook of Sociology, edited by N.J.

Smelser. Newbury Park, CA: Sage

55



Figure 1: 2014 West Africa ebola outbreak - cases by country

Note: This figure represents official World Health Organization statistics of number of total cases (suspected, probable,
confirmed) by the end of the outbreak in 2016.

56



Figure 2: Histogram of Annual Publication Rate

Note: I compute the number of publications per year authored by the 302 sample treated and control scientists prior to the
epidemic (2010-2013).
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Figure 3: Mean Number Ebola Publications with OECD Coauthors Authored by Sample
Scientists

Note: Average number of ebola publications co-authored between OECD and sample scientists in the year of observation
are calculated for endemic country and control country scientists and plotted above. The lighter gray bars correspond to
the mean number of ebola publications for endemic country scientists, and the darker black bars correspond to the mean
number of ebola publications for control country scientists. The ebola epidemic struck in 2014.
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Figure 4: Outcomes for Endemic Country Scientists vs Non Endemic, Control Country
Scientists Following Ebola Epidemic

(a) Number of publications
(b) Number of Journal Impact Factor (JIF)
weighted publications

(c) Publications with OECD coauthors (d) Number new OECD coauthors

Note: Raw averages of outcomes each year are calculated for endemic country scientists and control country sample scientists
and plotted above. The solid lines correspond to mean outcomes for endemic country scientists, and the dashed correspond
to mean outcomes for control country scientists. The vertical dotted line illustrates the year that the ebola epidemic struck
(2014).
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Table 1: Details of West and Central African Countries Included in Analysis

Country Nb. ebola
cases

(confirmed
and

suspected)
(2014-2016)

GDP per
capita

Population
(in

millions)

Nb.
biomedi-
cal/social

scientists in
2014

Treated
Sierra Leone 14,124 788 6.2 28
Liberia 10,678 461 4.4 6
Guinea 3,814 550 12.0 27

Control
Nigeria 20 3,185 178.5 3,327
Mali 8 766 15.8 133
Senegal 1 1,071 14.6 434
Gabon 0 10,067 1.7 88
Angola 0 5,936 22.1 12
Congo, Republic 0 3,100 4.6 86
Cote d’Ivoire 0 1,646 20.8 359
Ghana 0 1,462 26.4 726
Cameroon 0 1,426 22.8 455
Mauritania 0 1,270 3.9 7
Chad 0 1,053 13.2 7
Benin 0 825 10.6 397
Burkina Faso 0 720 17.4 306
Togo 0 646 6.9 105
Guinea-Bissau 0 586 1.7 12
Congo, Democratic Republic 0 475 69.4 89
Niger 0 441 18.5 53
Gambia, The 0 423 1.9 78
Central African Republic 0 379 4.7 23

Note: Details of the countries included in the sample before the matching procedure are given in the table. The column
‘nb. biomedical or social scientists in country at time of ebola outbreak’ provides numbers of all possible treated and
control scientists in each country on which the matching procedure will take place. This full set of possible study scientists is
identified as those publishing in the Elsevier Scopus database prior to 2014 and publishing at least once after 2012 (to exclude
retired scientists). Further inclusion criteria is that scientists publish at least three times during their entire publication
history and are first or last author at least once on a publication (to exclude lab technicians). Their country of residence is
determined as a rule of over 75% of their affiliations being based in a particular country between 2010 and 2014.
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Table 2: Study Sample

Country Nb. scientists in study
sample

Treated
Sierra Leone 25
Guinea 21
Liberia 6

Total 52

Control
Mali 62
Congo, Democratic Republic 53
Togo 50
Gambia, The 38
Niger 33
Central African Republic 9
Guinea-Bissau 5

Total 250

Note: This final study sample is a subset of the sample provided in Table 1 following the coarsened exact matching procedure.
The matching procedure identifies comparable treated and control scientists based on covariates such as country specific
features, and researcher specific features such as career age and publication record, and excludes scientists for whom an
appropriate match cannot be found.
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Appendix A: Construction of the Control Group

I detail the procedure implemented to identify the control scientists that help to account

for life-cycle and secular trends in the difference-in-differences specification. Publication

outcomes might be subject to life-cycle patterns, with outcomes reflecting the trends of

the age of the scientist. Also - scientific productivity, particularly in Africa, is rapidly

changing over time. Therefore it is important to fully capture these time-varying omitted

variables.

To address this concern, I create a sample of control scientists to account for time

varying variables in the difference-in-differences specification. Specifically I identify control

scientist(s) who is(are) ‘similar’ to each treated scientist. The control scientists are selected

from a universe of possible biomedical or social scientists who are based West or Central

African countries that are not considered highly epidemic during the 2014 West Africa

ebola epidemic.

The universe of possible control scientists is generated using affiliation data from Else-

vier Scopus publication database with inclusion criteria such that the scientist must have

published at least three times in their lifetime and at least once as first or last author (to

remove technicians or incidental publishers) and published at least once in biomedical or

social sciences. The country of each scientist is determined as being the country in which

they are affiliated with in a given time period in over 75% of their publications (to avoid

visiting or honorary appointments).

The list of covariates used to identify ‘similar’ control scientists for each treated scientist

such that the following conditions are met:

1. treated scientists are located in similar countries in terms of GDP and size of the

scientific workforce at the time of the epidemic;

2. treated scientists exhibit no differential output trends relative to control collabora-

tors up to the time of the epidemic;

3. treated scientists exhibit no differential trends in terms of international, particularly

OECD, collaborations relative to control collaborators up to the time of the epidemic;
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4. treated scientists exhibit no differential trends in terms of their field of study relative

to control collaborators up to the time of the epidemic;

5. the distribution of career age at the time of the epidemic are for similar treated and

control scientists.

Coarsened exact matching. To meet these goals, I implement the nonparametric ‘coars-

ened exact matching’ (CEM) procedure (Iacus et al 2011) to identify at least one control

scientist for each treated scientist. The first step is to select a set of covariates on which

to guarantee balance, and the second is to create a large number of (coarse) strata that

covers the entire support of the joint distribution of the covariates in the previous step. In

a third step, each observation is allocated to a stratum and for each treated observation,

control observations are selected from the same stratum. If the treated observation is

unmatched it is removed from the sample.

Implementation I identify controls based on the following set of covariates: GDP per

capital and number of scientists at the end of 2013; career age in 2014, the number of

publications in the years 2010-2013 inclusive, the number of journal impact factor weighted

publications in each year 2010-2013 inclusive, a dummy variable if the scientist published

with OECD based collaborators in the years 2010-2013 inclusive, and the percentage of

publications in neglected tropical diseases in years 2010-2013 inclusive.

70



Appendix B: Alternative Functional Form Specifica-

tions
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Appendix C: Additional Outcomes

Additional analysis is carried out on further outcomes, namely - author position and

topic of publications. First, the probability that a scientist is first, one of the middle, or

last author is measured as a proxy for their contribution to the article (with first authors

generally contributing the ground work and last authors generally contributing intellectual

oversight as well as funding). Because of the rare occurrences (particularly of last authors)

in the study sample, I use a dummy variable that takes the value of 1 if a scientist is first,

any middle, or last author on a publication in a given year, and 0 otherwise. Finally, I

carry out key word searches of the title, abstract and keywords of each publication for

a sample scientist in an observation year to ascertain their research area. Specifically I

am interested in whether scientists are switching their research areas in response to the

epidemic. I measure the probability that a scientist publishes in neglected tropical diseases

(the broader category of diseases that ebola falls under), and non-neglected tropical disease

areas. Table 11 provides the results of a linear probability model estimating the change

in the likelihood of these outcomes after the epidemic, as compared to control scientists.
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Chapter 3

3 Building Bridges: The Impact of Return Migration

by African Scientists

Abstract

Despite significant interest in the potential for ‘returnee’ scientists moving back
to developing countries to connect developed and developing countries, prior work
has found limited evidence of success. I shift the focus to the broader network of
the returnee, and study the extent to which the return home of American-trained
HIV researchers to African institutions impacts publication outcomes of non-migrant
scientists in Africa. I find that following the arrival of a returnee in their institu-
tion, non-migrants experience increased productivity, mostly in HIV research. I find
strong evidence that the mechanism driving this effect is that of the returnee pro-
viding a bridge to their central connections and subsequent knowledge and resources
thus affecting outcomes. In settings where ‘outsiders’ struggle to access knowledge
and resources that are usually reserved for exclusive ‘insiders’, this kind of bridge in
the network can help through providing legitimacy to the outsiders. These findings
inform a network perspective on the consequences of the mobility of skilled individ-
uals, the development of national innovation ecosystems, and the globalization of
knowledge production.
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‘I was a big go-between...if people (at
my institution) are specialized in
different ways from me, and people
from the United States reach out to
me, I introduce them.’

Returning African scientist3.1 Introduction

The consequences of the global movement of high-skilled workers has animated much

research.7 In particular, return migration of high-skilled workers from more developed

countries to developing countries has received renewed interest in recent years (Borjas

and Bratsberg 1996; Zucker and Darby 2007; Dustmann et al 2011; Gaule 2014). Great

hope is attached to these return migrants and their role in transforming their home country

economy through brokering access to knowledge and resources in more developed countries

(Saxenian 2006).

Celebrated cases of returnees contributing towards home country economies (Saxenian

2006), and empirical evidence of returnees bringing back knowledge and resources (Jonkers

and Tjissen 2008; Choudhury 2015; Gianetti et al 2015) support the image of return mi-

grants as successful brokers. But another line of research provides evidence that returnees

face challenges in their brokerage role due to a variety of individual and interpersonal bar-

riers, including the presence of other returnees, home country xenophobia, and challenges

in maintaining ties at home and abroad (Obukhova 2012; Wang 2015). Returnees working

in knowledge production may face additional challenges due to the limited availability of

resources and collaborators at home, geographic concentration of knowledge flows, and

bias based on institutional or geographic affiliation. Indeed, evidence of declining pro-

ductivity of scientists as they move home to developing countries seems to confirm that

benefits to brokerage are limited in this setting (Gibson and McKenzie 2014; Kahn and

MacGarvie 2016a).

It may be, however, that this reflects a narrow view of brokerage and diverts our

attention from a broader set of causal pathways by which bridges across disparate parts of

a system can benefit those who are impacted by the bridge. In particular, and following

Burt’s notion of ‘second-hand brokerage,’ it could be that while the returnees themselves

benefit relatively little from the connections they make, their associates in developing

countries do indeed benefit. Evidence that a broker’s connections, and subsequent access

to knowledge and resources, can be shared with their associates is limited (Burt 2007,

7Kerr 2008; Oettl and Agrawal 2008; Hunt and Gauthier-Loiselle 2010; Agrawal et al 2011; Borjas and
Doran 2012; Kogut and Macpherson 2011; Moser et al 2014; Ganguli 2015
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2010). However, there is strong theoretical and empirical reason to expect such a benefit

when the bridge allows ‘outsiders’ in a system access to connections, knowledge or resources

otherwise restricted to legitimate ‘insiders’ (Burt 1997, 1998, 2010; Stuart et al., 1999).

Moreover, recent research (Fry 2019) documents such sharing in the context of scientific

collaboration across the divide between developed and developing countries.

By developing and applying Burt’s idea of second-hand brokerage in the context of

global science, which exhibits a core/periphery network structure (Crane 1965; Cole and

Cole 1973; Zuckerman 1988; Zelnio 2012), we can more clearly illuminate how brokers

impact systems more generally. Core/periphery structures are characterized by densely

connected core actors (insiders) and loosely connected peripheral actors (outsiders) (Bor-

gatti and Everett 1999). The selective core represents influential actors and their position

is associated with privilege, control and prestige (Clauset et al 2015). An actor’s net-

work position relative to the core, and thus their access to central connections, resources

and knowledge, has consequences for creative and innovative output (Cattani et al 2014;

Cattani and Ferriani 2008). An examination of the extent to which periphery actors can

access connections, knowledge and resources of an actor who forms a bridge between the

core and the periphery - a “core/periphery bridge” - holds promise in this setting and

others.

It is difficult to identify the causal impact of such sharing. Actors in a network may have

features unobservable to the researcher that have both determined their network structure

and position as well as their outcomes. This suggests that an examination of a periphery

actor’s connection to a core/periphery bridge and their outcomes may conflate the role the

network plays with innate qualities of the individual (Manski 1993; Jackson and Wolinsky

1996; Goldsmith-Pinkham and Imbens 2013). Furthermore, network studies generally

examine connections that already exist. Therefore identifying a comparable control group

is extremely difficult, as those with connections are likely different from those without

connections.

To overcome these empirical challenges, I exploit variation in the timing of the for-

mation of a core/periphery bridge through evaluating the impact of the return home of

a foreign trained scientist to developing countries on outcomes of non-migrants affiliated
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with the institutions they return to. Scientists returning from developed countries back

home to developing countries can be considered insiders whose return home results in the

formation a core/periphery bridge for peripheral non-migrant scientists.

Specifically, I study the effect of the return home of 112 HIV researchers trained in

top universities in the United States under the National Institute of Health Fogarty AIDS

International Training and Research Program between 1988-2014. I construct a panel

dataset of 1,657 non-migrant African scientists who are affected by these return events in

that they are working in related fields in the institution to which the American-trained

scientist returned. Matching with scientists from other institutions in Africa that do not

receive a returning trainee, I am able to control for career, field and temporal trends

in research output. Difference-in-differences regressions compare within scientist changes

in publication outcomes of active researchers in institutions following the return of an

American-trained researcher with changes in publication outcomes of observably similar

researchers in other African institutions.

The results reveal increases in the rate at which non-migrant scientists collaborate with

scientists from the American training institution of the returning scientist following the

return event. Non-migrants also increase citation rates to scientists based in the American

training institution of the returning scientist following the return event. Furthermore,

they experience a persistent increase in publication output following the arrival home of

an American-trained scientist, particularly in HIV research. The effect is most pronounced

for non-migrants who are not connected to developed country scientists prior to the return

event. The findings support the idea that a returning scientist forming a core/periphery

bridge benefits periphery actors. Potential mechanisms are explored, and evidence is found

in support of two possible drivers of the effect. Non-migrants can both access knowledge

that the return migrant has access to, as well as the connections of the return migrant.

The rest of the paper proceeds as follows. Section 2 discusses the theoretical frame-

work. Section 3 describes empirical setting, the National Institute of Health Fogarty AIDS

training and research program. Section 4 describes the data and provides some descriptive

statistics. Section 5 presents the results and section 6 concludes and outlines implications

of the findings.
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3.2 Theoretical Framework

Can Returning Scientists Broker?

Skilled migrants moving back to developing countries would seem to be in an ideal position

to bridge developed and developing country networks and transfer connections, knowledge

and resources back home. In her book ‘The New Argonauts’, Saxenian (2006) places

considerable weight on this phenomenon amongst entrepreneurs moving back to Taiwan

following experience in Silicon Valley:

‘But these highly skilled emigrants are now increasingly transforming the

brain drain into “brain circulation” by returning home to establish business

relationships or start new companies while maintaining their social and pro-

fessional ties to the U.S.’

Yet despite this potential for return migrants to bring connections, knowledge and

resources back home, recent work suggests the difficulties in this brokerage role amongst

scientists. Kahn and MacGarvie (2016a) study the movement home of Fulbright scholars

following American training and find that the returnees to developing countries experience

a significant decline in their productivity as compared to carefully matched scientists who

remain in the United States. They ascribe this to distance from resources and knowledge

production which can limit the ability of scientists to fully transfer connections, knowledge

and resources back to developing countries. Accordingly, Gibson and McKenzie (2014) find

a productivity decline for scientists trained abroad returning to the Pacific Islands, even

after controlling for negative selection of the returnees. Together these results suggest

that the benefits from being a broker between foreign and home locations of returning

scientists are limited and that the net effect is negative.

Second-Hand Brokerage

But these discouraging findings may reflect a conception of brokerage that is overly narrow.

In particular, there is reason to think that returnee scientists are especially likely to

facilitate what Burt (2007) called ‘second-hand-brokerage’.
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Burt introduced the concept of second-hand brokerage to capture the possibility that

actors associated with a broker might be able to effectively access a broker’s connections,

knowledge and resources. Figure 1 illustrates this concept, where nodes B, C and D are ‘at

risk’ of accessing A’s connections, knowledge and resources - or to become ‘second-hand

brokers’.

Figure 1: Illustration of Potential for Second-Hand Brokerage

There are two possible mechanisms whereby second-hand brokers can benefit: (1)

accessing knowledge through the broker, (2) accessing the connections of the broker.

Accessing Knowledge The first of the two mechanisms assumes that knowledge can flow

freely through indirect ties (Granovetter 1973; Watts and Strogatz 1998), and therefore

second-hand brokers have access to the knowledge the broker has access to. As an example,

node D in Figure 1 could access information from B and C, via A.

Accessing Connections The second mechanism assumes that networks are not static.

In particular, brokerage positions can close over time (Burt 2002) as brokers connect

previously unconnected actors (Obstfeld 2005). The broker can close the gap between

disconnected actors, providing endorsements, knowledge about each other or introductions.

This closing of the gap can result in actors on each side of the broker to form direct

relationships with each other (or closing the triad). As an example, node D in Figure 1

could create relationships with the connections of broker A in a second time period. This

mechanism subsumes the first mechanism as both result in access to the knowledge that
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broker A originally had access to.

Together, these mechanisms suggest that association with a broker can enhance ac-

cess to connections, knowledge and resources that may lead to subsequent improvements

in performance. In practice though, evidence on second-hand brokerage is limited (Burt

2007). Burt has offered two reasons why sharing connections, knowledge and resources

might be difficult. First, if the potential second-hand broker can build their own brokerage

position, then there is no additional advantage to second-hand brokerage. If a potential

second-hand broker can observe the structure of the network and wants to build relation-

ships such that they are a broker, second-hand brokerage is redundant. Second, the extent

to which knowledge is ‘sticky’, or hard to communicate, can overwhelm the possibility of

second-hand brokerage. Another possible reason why second-hand brokerage might be

limited is that the broker themselves requires an incentive to share their knowledge and

connections with potential second-hand brokers. To the extent that the broker can extract

rents from their position bridging disparate parts of a system, it is näıve to think that they

would give that up and share their position with potential second-hand brokers without

receiving something in return (Reagans and Zuckerman 2008).

Whilst each of the foregoing three considerations imply that second-hand-brokerage

will have limited benefits, they also imply three contextual factors that can enhance its

value. First, whereas it might often be true that potential second-hand brokers can build

their own brokerage position, this is sometimes not the case. Outsiders in a system face

barriers in taking advantage of their own network position due to a lack of legitimacy, and

subsequent mistrust, amongst the community.8 However, being associated with an insider,

or a sponsor can allow them to take advantage of borrowed social capital (Burt 2010).

Second, whereas key knowledge and knowhow is often local, there exist settings where

organizations and routines exist to transfer knowledge. For example, within organizations

(Burt 2010; Choudhury 2015) or science (Mohnen 2016). And third, when the broker

has an incentive to share knowledge and connections or can take credit for the success

of someone else, or when they are constrained to take full advantage of their brokering

position, sharing of knowledge and connections might take place. Examples of such settings

8The idea that insiders have some privileged access to knowledge within the community of knowledge
producers was formalised in Merton (1972), who attributes differences in status to trust.
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are those between mentors and their protégé (Burt 2007; Choudhury 2015), or within teams

(Mohnen 2016).

Burt (2010) provides a case of female managers in an electronics manufacturing firm

to illustrate the potential benefit to second-hand brokerage in a setting that meets the

three conditions described above. Women, who he considers outsiders here, in the firm

who had male sponsors who were invested in their careers and central to other individuals’

networks were promoted sooner. Burt attributes this difference to male sponsors sharing

their social capital. This sponsorship, or endorsement, from an insider reduced legitimacy

problems that the women in the firm originally had and enabled them to take advantage

of the connections made as a result.

Further evidence supports this interpretation of second-hand brokerage for outsiders.

Entrepreneurial firms affiliated with more prominent exchange partners have a faster rate

of initial public offering and earn greater valuations at IPO than similar firms without

such connections (Stuart et al 1999). Graduate students with prominent advisors tend

to find better initial job placements than comparable students without such prominent

advisors (Long et al 1979), and West African scientists experiencing a random shock to

their ties with developed country scientists as a result of the ebola outbreak experience

improvements in their publication output (Fry 2019).

Although not framed in terms of second-hand brokerage, two recent studies provide

support that association with a brokering individual in knowledge production can impact

outcomes. Choudhury (2015) finds that returnee managers moving back to India within a

multinational enterprise exert positive benefits onto their R&D employees through forming

a bridge between knowledge generated in the headquarters in the United States to R&D

employees located in India. Mohnen (2016) finds that the impact of the death of star

scientists on their collaborators is more negative if the star is a broker in the network, and

if the collaborator is younger or more isolated.

While this prior literature has established an empirical relationship between second-

hand brokerage and performance of outsiders, the scope of this effect, particularly in

global science, may still be quite limited. Within an organizational or team context there

are routines and incentives to transfer knowledge and motivation to see others succeed.
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Amongst scientists there aren’t always natural routines for sharing knowledge, and there

is a great deal of competition between individuals. That being said, science is highly

codified and there are incentives for scientists to distribute their knowledge, and so one

might expect knowledge to flow through the network more easily than in other settings.

Furthermore, there are some relationships amongst scientists - for example, the mentor-

protégé relationship - in which incentives do exist to share knowledge and connections

with the outsider. Together with the existence of insiders and outsiders, global science

provides an interesting case in which to explore the possibilities of second-hand brokerage.

Core/Periphery Bridges in Global Science

Global science demonstrates a network structure with insiders and outsiders crudely clas-

sified by their geographic location. Classic accounts of global science networks describe

the structure as core/periphery, with the majority of citations, collaborations, publications

and patents occurring in more developed countries in the world, with the gap widening

over time (Wagner and Leydesdorff 2005; Leydesdorff and Wagner 2008; Hwang 2008;

Zelnio 2012). Peripheral actors in this system suffer from a lack of access to resources,

central knowledge and other benefits.

In light of the discussion above on the relevance of second-hand brokerage for insid-

ers and outsiders in a system, a core scientist forming a bridge to periphery scientists (a

“core/periphery bridge”) provides an opportunity to test ideas about sponsorship. Pe-

riphery scientists associated with the bridge can access a core scientist’s knowledge, con-

nections and resources. Additional features of the scientific setting give further insight as

why the presence of a core/periphery bridge could result in improved access, and as to the

dominant mechanism(s) driving any observed changes.

Given that scientific knowledge is codified and incentives exist to distribute it widely

(Stephan 1996; DasGupta and David 1987), the presence of a core/periphery bridge should

facilitate flows of knowledge across disparate parts of the system. Additionally, scientists

act as mentors to others as a way to build a legacy. With the assumption that scientists

would like to leave behind a legacy (or that they are helpful), periphery scientists associated

with the core/periphery bridge could access their knowledge and connections. In light of
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this, and given previous evidence demonstrating the positive impact of access to the core

on periphery scientist performance (Fry 2019), performance of the periphery scientist

associated with a core/periphery bridge should be positively impacted.

To this point, the discussion has assumed that core/periphery bridges are built some-

how - an assumption to which I will return momentarily. For now, assuming that such a

bridge is built, this implication follows: periphery scientists associated with a core/periphery

bridge can access connections, knowledge and resources of the broker, resulting in improved

performance of these scientists.

Returning Scientists as Core/Periphery Bridges

But can core/periphery bridges be built? And if they are, will they have a causal impact?

These implications are challenging to test because the network surrounding an individual

is rarely randomly determined (Manski 1993; Jackson and Wolinsky 1996; Goldsmith-

Pinkham and Imbens 2013). Actors in a network have qualities that determine both their

network and their outcomes, conflating the role of the network in outcomes with innate

qualities. Furthermore, because we generally observe actors with a given network, it is

very difficult to define a comparable control group, as by the time they are observed they

have already experienced different paths.

I exploit a setting in which I can isolate the timing of the formation of a core/periphery

bridge, and then examine the outcomes accruing to the peripheral scientist associated with

the bridge before and after the shock. This longitudinal contrast removes omitted vari-

able bias that cross-sectional comparisons face. However, if one expects that the timing of

the formation of a core/periphery bridge is endogenous to expected performance improve-

ments, then this difference-in-differences estimate could be biased. That is, connections

to particular periphery scientists could be made if core scientists expect that those pe-

riphery scientists will perform well. If the best selected scientists are also those who are

subject to the formation of a core/periphery bridge, estimation of the change could reflect

positive selection as opposed to a causal effect of the core/periphery bridge. To remedy

this problem, I pair each treated scientist with a control scientist who exhibits almost-

identical performance prior to the potential formation of a core/periphery bridge, and
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analyse the data at the individual level of analysis in a difference-in-difference framework.

This provides a reliable way to evaluate the effect of the formation of a core/periphery

bridge.

The return home of scientists to developing countries provides an ideal setting for this

study. Past research has demonstrated that mobile scientists take their networks with

them (Azoulay 2012; Scellato et al 2015). In addition, co-location increases the proba-

bility of forming a social relationship (Boudreau et al 2017; Catalini 2018), particularly

within the same institution (Azoulay et al 2012). Together, this suggests that a scien-

tist who returns to a developing country from a developed one occupies a position in the

core/periphery network whereby they are considered an insider, and form a bridge between

two disparate parts of the system. For periphery non-migrant scientists, the return home

of a scientist from more developed countries to their institution implies the formation of

a core/periphery bridge.

To illustrate this idea, consider Figure 2. This figure, in which nodes represent scientists

and ties their connections presents a core/periphery network structure. The darker nodes

at the center of the figure (individual B and A) represent core scientists, and the lighter

colored node (individual C) represent periphery scientists (without loss of generality, core

scientists are those based in the United States and periphery scientists are those based

in Zimbabwe). Panel A represents the pre-return state, where periphery scientists are

unconnected with the core. Panel B represents the network after the return home of the

scientist (scientist a) from the United States. Taking her connection to core scientist B

with her, and forming a new relationship with periphery scientist C, the return home of

scientist A to Zimbabwe from the United States provides a bridge between the core and

periphery. Specifically - scientist C, the second-hand broker, who is connected to returnee

A can share the returnee’s access to knowledge, connections and resources in the core.

The return home of a scientist from a more developed country implies a shift in oppor-

tunity to periphery non-migrant scientists in their institution to access central connections,

knowledge and resources. As such, it provides a lens to examine how performance is af-

fected by second-hand brokerage. Specifically, the presence of a core/periphery bridge in

the form of a returning scientist may result in improved access to knowledge, collabora-
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Figure 2: Core/Periphery Bridge Formation

tors and resources from the core, which in turn may result in improvements in publication

outcomes, particularly in the research area of the returning scientist.

Whilst reflecting on how the return home of American-trained scientists to developing

countries have impacted their home countries, one American-based mentor I interviewed

stated:

‘...there is an impact of the returning trainee. One is the contribution of that

individual is from teaching and publishing, and one is the bridging....this bridg-

ing is particularly important when you have minimal resources for research.’

Another American-based mentor I interviewed described how returnees bridge his own

institution with their network back at home:

‘Just last year we were give some money by a private corporation to do some

capacity building in low income countries – I was looking at who could we

recruit to come here for training, and I relied on my network who had been

here [in the United States] who are back in country...’

As described earlier, there are two main ways that the return home of a scientist
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from developed to developing countries can impact non-migrant scientists in developing

countries. The first possibility is that the non-migrant can access the knowledge that the

return migrant has access to, subsequently affecting the performance of the non-migrant

(Hoenen and Kolympiris 2018; Ganguli 2015; Kahn and MacGarvie 2016b; Singh 2005;

Agrawal et al 2006). The second is that in addition to access to their knowledge, the non-

migrant can access the connections of the returning scientist, which can affect subsequent

performance due to new collaborative relationships (Azoulay et al 2010; Wuchty et al

2007) and/or benefits from elevated status (Azoulay et al 2013).

Although these mechanisms are very hard to separate, because by definition the ex-

istence of the second mechanism obscures the existence of the first within an individual,

direct measurement of knowledge flows and collaborations (which imply the existence of

each mechanism, respectively) and contextual factors may help to distinguish them. There

is reason to think that access to connections and subsequent new relationships, which is

based on reputation inferred from association with the broker, is particularly important

for those with which there is the greatest uncertainty (Stuart et al 1999). Furthermore,

ceiling effects to reputation have been found in sciences (Azoulay et al 2013). Both of

these imply that if the non-migrants accessing the connections of the return migrant, non-

migrant scientists with previous connections to central actors - who already provide a

signal of quality to the community - would not benefit as much from the arrival home of a

return migrant from more developed countries. As such, it will be important to examine

which non-migrant scientists are most impacted by the return migrant.

The remainder of the paper tests these propositions through examining a program that

systematically supports low income country scientists to study in the United States and

return home following their studies. The next section provides details of the program.

3.3 Empirical Setting

The empirical setting for this paper is that of life sciences research in African institutions,

and the return home of African scientists who took part in long-term training in the United

States supported by the National Institute of Health (NIH) Fogarty International Center

AIDS International Training and Research Program (FIC AITRP).
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AIDS International Training and Research Program

Established in 1968, the NIH Fogarty International Center (FIC) funds around 500

research and training projects across 100 American universities, and 120 countries. With

a budget of just over USD $75 million in 2018, they boast having contributed towards

major advances in global health and Low and Medium Income Country (LMIC) scientific

capacity development.

The flagship program when it comes to human scientific capacity building LMICs is

the AIDS International Training and Research Program (AITRP) (now known as the HIV

Research Training Program). Started in 1988, this program was developed in response

to the HIV epidemic and the perceived need for strengthened scientific capacity in AIDS

endemic countries around the world.

‘But it really changed with the AIDS epidemic, and the realization that to ad-

dress this particular epidemic we had to change our style of conducting research

internationally. We had to overtly move away from the ‘colonial’ research, or

the ‘parachute’ approach, and really get into collaborative research and capacity

building on site.’ Gerald Keusch, MD, Director of FIC 1998-2003

AITRP provides grants to principal investigators (PIs) in American universities to work

with LMIC sites (universities, hospitals and research centers) in strengthening their human

capacity through training of scientists, clinicians and allied health workers in research.

This training is offered as short or long-term (graduate and non-degree studies, generally

over 6 months in duration) programs, usually with a combination of American and field

site location. The American-based PIs apply for, and receive, grants in five year cycles,

of around USD $500,000 a year, renewable upon re-competition. While the first cycle

in 1988 involved eight American institutions, this has now expanded to include around

thirty American institutions offering a variety of HIV related research (with TB added in

later on) training programs across the world. The American universities involved in the

program are some of the leading educational and research institutes: including Harvard

University, Johns Hopkins University, Brown University and many more. Between 1988

and 2010 FIC claims to have contributed towards training 1,559 LMIC researchers in
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long-term AITRP programs with a cost of just over USD $200 million under the AITRP.

The United States based PIs are at liberty to design the training program, across any

HIV/AIDS related fields. Most run a variety of short-term programs (workshops, summer

courses usually at the LMIC site), although the long-term, degree level (Ph.D, masters)

as well as non-degree (including post-doctoral), training for individuals from the LMIC

site is generally the focus of the program. In the earlier days of the program, many of the

longer term trainees came from institutions in LMICs other than the main site described

in the grant.

FIC specifies in the grant announcements that the long-term trainees should be given

incentives to go back to their country of origin. A survey carried out by FIC in 2002 found

that a return rate of over 80% at that time.9 This return home is not necessarily to take

up a research position, or to the LMIC site involved in the program, moreover FIC prides

itself on graduating trainees assuming high level positions in government and multilateral

organizations. Incentives to return home include ‘sandwich training’, strategic selection

of trainees, re-entry funding, visa restrictions and formal return agreements and contracts

with their training institution.

The returning trainees studied in this paper are those African scientists who partici-

pated in long-term FIC AITRP supported training at American institutions between 1988

and 2014 inclusive. The FIC AITRP program was one of the first programs around the

world to engage researchers from Africa in systematic training in frontier research, and

has boasted as contributing towards enormous achievements in terms of research and pub-

lic health outcomes, HIV and otherwise, in African countries. As just one example, FIC

AITRP trainees and collaborators were responsible for the landmark 2011 study HPTN

05210 which revealed the personal and public health benefits of early treatment and led

to treatment guidelines on treatment as prevention. At the time, Executive Director of

UNAIDS, Michel Sidibé, described the results of HPTN 052 as a ‘breakthrough’ and ‘a

serious game changer [that]. . . will drive the prevention revolution forward.’11

9https://www.fic.nih.gov/News/GlobalHealthMatters/july-august-2012/Pages/hiv-aids-aitrp-
program-anniversary.aspx last accessed 10-8-19

10https://www.annalsofglobalhealth.org/articles/10.5334/aogh.2432/
11https://www.unaids.org/en/resources/presscentre/
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3.4 Data and Sample Characteristics

This section provides a detailed description of the process through which the data used

in the econometric analysis are assembled. I describe (1) the sample of returning African

scientists trained in the United States; (2) the sample of non-migrant African scientists

affected by these returns, and the set corresponding control scientists to which they will

be compared; (3) outcome variables used in the study. I also present relevant descriptive

statistics.

Sample of Returning African Scientists Trained in the United States

Names of African trainees participating in the FIC AITRP program are gathered di-

rectly from the records of American institutions involved. The 20 (out of 29 total univer-

sities and 2 training hospitals identified receiving AITRP grants) American universities

involved in the AITRP with African trainees are contacted, and 14 of these universities

provide data on their long-term African trainees. The universities provide the names,

home country, degree (if any) and year(s) of training for their long-term African trainees

between 1988 and 2014.12 The names of the trainees are then matched with publication

data, if any, using the Elsevier Scopus database, and information on institution of return

for each trainee is gathered based on publication affiliations post graduation. Resumes of

trainees are gathered using a combination of internet searches and direct email correspon-

dence to ascertain the returnee’s role in the institution of return, as well as institutions of

non-publishing returnees.

The sample of trainees contains 421 African researchers who took part in long-term

training in the United States over the full time period (1988-2014). Trainees are from a

range of African countries, with each American university hosting trainees from a variety

of countries. I identify those trainees who returned home to Africa following graduation

using affiliation information from publication data and information on graduation year.

The trainee is considered to have returned home if they published following the year of

graduation from the training program and their affiliation was in their home country. Out

of 284 returnees with a publication record with affiliation details following graduation,

12Some of the universities state that their records of trainees in the 1990s is poor - and so it is possible
that the sample is biased towards more recent time periods.
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242 trainees (85% of all those continuing to publish, or 57% of all trainees) in the sample

returned home, while 34 of them remained in a developed country (mostly the United

States), and 8 moved to African countries other than their home country. Because some

returnees are affiliated with more than one institution in their home country after training,

I identify 316 unique return events across institutions in 15 African countries between 1988

and 2014 (Figure 3; Table 1). As the timing of the return home cannot be ascertained

precisely from publication records I use the year of graduation from the American program

as a proxy year for return events.

Sample of Treated, Non-Migrant African Scientists

I measure the impact of exposure to American-trained scientists returning to African

institutions on local scientists. Therefore I focus on scientists working in the institutions

in Africa at the time of return of the FIC AITRP trainee. Those scientists affiliated with

the institution that the FIC AITRP trainee moves (back) to (publishing within the 3

years before the FIC AITRP trainee graduates, with over 75% of publications in those 3

years affiliated with that African institution), and working in HIV related research (i.e.

published at least one HIV related publication in the 3 years prior) are considered treated

by the return event of the American-trained scientist.

In order to identify those scientists treated by the return event of American-trained

scientists I use publication data in the Elsevier Scopus database to generate a sample

of scientists and associated publication history affiliated with each African institution

between 1988 and 2014.

The use of publication data in studies of this type (namely, in generating a plausible set

of scientists in a particular location associated with their full publication record) comes

with two major challenges. First, generating a full scientist level publication record is

complicated by the fact that scientists may have common names (for example, Smith J),

therefore it is difficult to determine which Smith J published which paper, or a single

scientist may go by more than one version of a name. Second, understanding where

scientists are located given that an affiliation in a publication may not accurately represent

the full-time location of a scientist, and that the scientist needs to publish in order for the

researcher to see their affiliation — which for the African scientists is not always the case
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in each year. Fortunately, the first issue is resolved using the Elsevier Scopus publication

database which provides an author identifier for each author in every publication contained

in the database. The author identifier is developed using an algorithm that incorporates

scientist name, coauthors and topic type and allows for scientists to change affiliations

across publications. The second issue is resolved using a rule of thumb — if a scientist

classifies her affiliation as being in a certain country in over 75% of her publications over a

defined, multi year period, she is considered as being based in that institution in that time

period. The first year of treatment is considered as the treatment in the main analysis.

A single scientist can be treated by multiple returnees coming from multiple American

institutions in the same year.

Carrying out this procedure gives 1,740 scientists treated at some point during their

career by a return event of a FIC AITRP trainee. As the first year of treatment is the

main event considered, several of the returnees drop out of the sample (those who were

the second or third trainee to return to the same institution within the career of a treated

non-migrant), leaving 112 returning FIC AITRP trainees considered in the main analysis.

This gives a median of 11 scientists (mean 19) treated by the return of a single FIC AITRP

trainee (Figure 4). I match the list of treated non-migrant African scientists with their full

publication record and generate variables of publication rate, collaboration outcomes and

content of the research. The complete list of references used in each scientist’s publications

are also gathered from Elsevier Scopus database.13

Sample of Control Scientists

In order to identify the effect of return of an American-trained scientist I could examine

changes in non-migrant African scientist’s output after the return event, relative to before

the return. However, because the return event is correlated mechanically with career age,

and calendar year, the specifications must include life cycle and period effects (Levin and

Stephan 1991). The control group that pins down the counterfactual age and calendar

time effects are those scientists who never experience the return of a sample FIC AITRP

trainee in their institution.

Publication data in the Elsevier Scopus database is again use to generate a sample

13using code developed by Rose and Kitchin (2019)
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of scientists affiliated with institutions in countries that were at some point involved in

the FIC AITRP (to ensure that scientists included are from countries that are similarly

connected with the United States and equally economically and politically stable). The

control scientists are culled from this universe of African scientists who are affiliated with

institutions that did not receive a returning FIC AITRP trainee in the time period of

the scientist’s career. The control scientists are chosen using a coarsened exact matching

procedure so that their involvement with American-based scientists (from American FIC

AITRP training institutions and any other American institutions), type of research (HIV

or otherwise), and publication rate matches that of the treated scientists at the counterfac-

tual date of treatment (Appendix A provides more details on construction of the control

group). Combining the treated and control samples allows me to estimate the effect of the

return of an American-trained scientist in a difference-in-differences framework.

In addition to quantitative data on publication outcomes, I conducted 16 interviews

with NIH FIC staff, American-based scientists and administrative staff involved in the

FIC AITRP grants, as well as with African trainees and other scientists in institutions

receiving returnees. These interviews were carried out on the telephone, or in person

where possible. They ranged from 30 minutes to 2 hours, and the primary purpose of

the interviews is to illuminate mechanisms of impact of the FIC AITRP and returning

trainees.

Measurement

I use a variety of different measures all of which are generated using publication records

of the non-migrant African scientists. First, I generate a number of publication count

measures to identify changes in publication rate of scientists. Second, I measure collabo-

ration patterns. Finally, I measure knowledge flows between returning trainees and their

American-based networks using a variety of approaches.

Measurements can be divided into more general measurements (such as publication

counts and collaborations with any American-based scientist), and measurements that

incorporate the returnee or the returnee’s American training institution (such as rate of

collaboration with the returning scientist or returnee’s American training institution). As
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the treated scientists are matched one to one with control scientists in the CEM match-

ing procedure based on pre-treatment (or counterfactual year of treatment) variables, a

counterfactual year of return, returnee and returnee’s American training institution is

given to each control scientist. The control scientists are then assigned to their matched

treated scientist’s returnee and associated American training institution, and measure-

ments based on the specific (counterfactual) returnee can be generated for both treated

and control scientists. For those treated and control scientists who experience more than

one (counterfactual) returnee in a given year, outcomes are measured for each returnee,

and associated American training institution, and the maximum value is taken.

Rate of Publication

Measures corresponding to the rate of publication include the number of publications

each year a scientist is an author on, and an additional measure weighting each publication

by its journal impact factor — a measure of the frequency with which the average article

in a journal has been cited in a particular year. Key word searches of the title, abstract

and keywords in each publication in a given year for a sample scientist gives publication

outcomes in a given research area. The probability that at least one of these publications

contains keywords associated with HIV related research is measured.

Collaboration Rates

Collaboration patterns of non-migrant African scientists is measured using co-authoring

patterns in publication data. Using author written parsing script I extract coauthor names

and affiliations from the scientist’s publication record to generate collaboration counts

(both absolute and dummy indicator) across a variety of groups.

Measures of collaboration rates with any American-based scientist, or any scientist

affiliated with an American training institution involved in the FIC AITRP are gener-

ated. In addition to collaboration rates with these two groups of scientists, more specific

measures based on collaboration rates with the returning trainee and scientists from their

American training institution are generated.

Knowledge Flows

I measure knowledge flows between the sample scientist and the returning trainee, the
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returnee’s American training institution and any American-based scientist. Following a

long line of research, I use publication to publication citations to measure knowledge flows

among scientists (Jaffe et al 1993; Jaffe and Trajtenberg 1999). Taking the non-migrant

scientist’s full list of references used in their publications, I measure the extent to which

they cite publications authored by the returning trainee, the returning trainee’s American

institution, as well as any American-based scientist14 in each year before and after the

return event.

Measurements for control scientists are made in a symmetric way, using the counter-

factual return event date, returning trainee and American training institution.

Descriptive Statistics

I identify 1,740 distinct scientists who are affiliated with an African institution at the time

of the return of a FIC AITRP trainee. The matching procedure identifies a control scientist

for 1,657 (95%) of the treated scientists, treated by 112 unique FIC AITRP trainees.

FIC AITRP Trainees

Figure 5 illustrates the publication trends of the 288 FIC AITRP trainees who have

a publication record following graduation. The differential trends of trainees known to

return home versus those remaining in developed countries shown in the figure is most

likely due to a selection effect resulting in different types of trainees not returning home.

One important point to note from the figure (panel d) is that the returning trainees

continue their collaborative relationship with their American training institution following

graduation.

Descriptive statistics for the sample of 112 FIC AITRP trainees used in the main

analysis is provided in Table 2. The average returnee graduated from their fellowship in

2004. 65% of returnees returned to institutions with broader institutional programs,15

14Just publications authored by returnee and American scientists in the 5 years prior to the return event
are considered in order to account for the possibility that the publication themselves may be influenced
by the return (as per Azoulay et al 2012).

15FIC AITRP grants pre-specify at least one institution in Africa in which the United States based
grant holder carries out a variety of shorter term programs in.
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and almost 80% returned to institutions in which there had been previous returnees from

the FIC AITRP program. In the five years following return home, most of the returning

scientists publish some research (with an average of 5.5 publications in the five years after

return), particularly in HIV. 63% of returnees continue to co-author with scientists from

their American training institution, and 75% co-author publications with scientists from

the institution they return to.

Non-Migrant African Scientists

The descriptive statistics in Table 3 pertain to the set of 2 × 1,657 = 3,314 matched

treated and control scientists. The covariates of interest are measured prior to the return

of the trainee (or counterfactual). A few of the covariates are balanced between treated

and control scientists by virtue of the CEM procedure — for instance, the career age at

the time of return. However, the observed balance in other statistics, such as the five

year stock of number of American coauthored publications, number of any FIC AITRP

American institution co-authored publications, and number of HIV publications at time

of (counterfactual) return is not guaranteed.

While publication outcomes are well matched at baseline, there are differences between

the mean likelihood of treated and control scientists to co-author with the returnee, and the

returnee’s training institution. This is consistent with the view that moves are not random,

and that there are some people in destination locations who a mover is already connected

to. Because these baseline differences make it difficult to ascertain co-authoring behavior

in the absence of the return event, those non-migrant scientists who have co-authored with

the trainee or the trainee’s American training institution are removed from the analysis

in robustness checks.

The estimation sample includes observations 5 years before and after the return event

(or counterfactual). The result is a balanced panel dataset with 36,454 scientist-year

observations.
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3.5 Results

Econometric Framework

In order to identify the effect of the return of an American-trained scientist, I compare a

non-migrant African scientist’s outcomes after the return of the American-trained scientist

to their institution relative to before, using a scientist fixed effect specification. The

estimating equation (equation 1) relates non-migrant African scientist i ’s outcomes in

year t to the return of a FIC AITRP trainee in their affiliated institution.

E [yit|Xit] = exp
[
β0 + β1AFTER RETURNit

+ β2AFTER RETURNit ×RETURN INSTITUTIONi

+ f(AGEit) + δt + γi

] (1)

Where y is the outcome measure, AFTER RETURN denotes an indicator variable

that switches to one the year after the FIC AITRP trainee returns to the home country,

RETURN INSTITUTION is an indicator variable that switches to one if the sample sci-

entist is treated. f(AGE) corresponds to a flexible function of the non-migrant African

scientist’s career age, with calendar year fixed effects and non-migrant African scientist

fixed effects. Standard errors are clustered at the level of the institution.

The majority of the dependent variables of interest are skewed and non-negative (Figure

6 illustrates the distribution of publications the year of the return (or counterfactual)).

Due to the large number of zero’s in the dataset, most of the specifications are estimated

in two ways; first using an inverse hyperbolic sine ordinary least square estimate. And

second, outcomes are converted into dummy outcomes (given a 1 if they happen at all in

a given year), and a second set of estimates use a linear probability model.
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The Impact of a Returnee on Non-Migrant African Scientist Per-
formance

Table 4 presents the core results estimating the specification presented in equation 1.

These provide strong support for the expectations of the paper, that return home of an

American-trained scientist results in an increase in performance of non-migrant scientists

as well as a relative increase in performance in the field of the returning scientist. Overall,

I find that non-migrant scientists increase their rate of publications following the return

home of a FIC AITRP trainee, as indicated by the estimates for AFTER RETURN ×
RETURN INSTITUTION being positive and statistically significant (column 1, 2, 3, 7).

I find a sizable and significant 6% increase in the annual number of publications of a

non-migrant scientist following the return of an American-trained scientist, as compared

with a scientist not subject to the return of an American-trained scientist (column 1).

To verify that this isn’t driven by an increase of publications in low quality journals,

column 3 measures the change in publications weighted by their journal impact factor.

The significant increase for the treated group as compared to the control group suggests

that scientists increase both quantity and quality of publications following the return

event. The increases in rate of publication are due mostly to increases in HIV related

research (column 4, 6). Column 6 shows that treated scientists are 3.6 percentage points

more likely to publish in HIV related research following the return event. With the average

probability of publishing in HIV related research of 0.32, this post return increase is around

a 10% increase on the mean. However, the non-migrants do not experience a significant

increase in the probability that they have first, or last, authored publications (column 7

and 8), which raises questions on the role of the African scientists on projects, and the

possibility that they are a ‘long-arm’ of the American labs, a concern of which I return to

in the discussion.

I explore the dynamics of these effects in Figure 7. I estimate a specification in which

the treatment effect is interacted with a set of indicator variables corresponding to a

particular year relative to the trainee return. Three points worth noting from these figures:

(1) effects do not appear to be transitory; (2) although the results are noisy due to the small

sample, there does not appear to be a pre-trend; and (3) the impact appears immediate
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following the return event. At first glance this seems confusing due to an assumed lag

between the start of projects and publication time. There are two potential reasons for

this observations. Scientists could be joining projects near to the end of the project

(which if they are primarily co-ordinating field work it is entirely possible they are not

engaged in the grant writing and design stage of the project). The other possibility is

that the returnee is connecting non-migrants and American-based scientists prior to their

return. The program studied encourages trainees to return to their home countries during

the program to carry out field work, therefore it is possible that in the last stages of

the program they are already acting as a broker. The rest of the paper explores the

mechanisms by which a return migrant impacts non-migrant performance.

Return Migrant as a Core/Periphery Bridge

Figure 8 illustrates initial support that the return migrant provides a core/periphery bridge

between institutions in Africa and the United States. Depicting the institutional collab-

orative network both before the FIC AITRP program begins (panel a), and after (panel

b), the figure shows that following the program, treated institutions (lighter gray circles)

become more central to the full network of African and American institutions, as com-

pared to the control institutions (white circles). The figure also illustrates that all of the

African institutions in the sample become more connected over the full time period. This

fact further necessitates the use of control scientists in the sample to account for this

trend. Subsequent evidence that the return migrant is providing a core/periphery bridge

is explored through unpacking each of the proposed mechanisms by which second-hand

brokerage can operate.

Accessing Knowledge

I first test whether knowledge flows from the returnee’s network in the United States

increase after the returnee’s arrival. This would be suggestive of a bridge being formed,

and the broker sharing access to their knowledge with their affiliates.

I find that treated scientists tend to cite publications authored by scientists from the

returnee’s training institution (or counterfactual) more following the return event (Table 5
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column 2, 3, 4). With an increased probability of citing the American training institution

of the returning scientist of 2.2 percentage points, this gives an economically significant

29% increase over the mean. Interestingly, this increase in citations to the returnee’s

training institution is even observed for publications that are not coauthored with the

training institution (column 5). This implies that the non-migrants are learning about

the research taking place in the training institution either in coauthored publications and

carrying it over, or directly.

Accessing Connections

Second, I assess whether association with a broker allows actors to access their connec-

tions through measuring non-migrant African scientist’s collaboration rates with American-

based scientists that the returnee is connected to.

Figure 9 depicts the collaboration rates of treated scientists with various different

groups of American scientists. Panel B illustrates that the treated scientists are more likely

to coauthor a publication with an American-based scientist affiliated with a FIC AITRP

training institution after the return event. Table 6 provides the regression counterpart to

Figure 9, and columns 1, 2 and 3 illustrate that non-migrant scientists are more likely to

collaborate with scientists from the United States, in particular those from the training

institution of the returnee (or counterfactual). Treated scientists are 33% more likely

to publish with the American training institution following the return event (column 4).

These are mostly new collaborators for these non-migrants (Table 6 column 5, 6). This

provides supporting evidence that under certain conditions, actors associated with a broker

can access their connections.

As discussed in Section 2, one would expect non-migrants with fewer connections to the

core prior to the return event to experience greater improvements to their performance

if the return migrant allows the non-migrant to share their connections through some

kind of sponsorship. Tables 7 explores heterogeneity in the effect of the returnee through

separating the treated and control scientists into three groups based on their network prior

to the return: 1. those who publish with the returnee’s American training institution

prior to the return, 2. those who publish with OECD based scientists in over 75% of their
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publications prior to the return,16 and 3. the remainder. The same difference-in-difference

regression is run on the three groups separately. As seen in columns (3) and (6), the

greatest impact of the returnee is felt by those scientists less well connected with OECD

scientists prior to the return. This also serves as a robustness check as the movement of

the returning scientist to an institute is likely to be endogenous to the scientists in the

institute who were already within the same close network. The fact that the greatest effect

is not experienced by those non-migrants with a collaborative history with the returnee’s

American training institution (columns 1 and 4) is comforting.

Another piece of supporting evidence that the impact of a return event is at least in part

due to sharing the returnee’s connections is the differential impact of a returnee according

to their role back home. One the one hand, if the non-migrants benefit predominantly

from accessing the knowledge of the returnee, it might be expected that the benefits are

greater when the returnee is an active scientist. On the other hand, if the non-migrants

benefit predominantly from accessing connections of the returnee, it might be expected

that the benefits are greater when the returnee has more of an administrative, or outward

facing role in their institution. Interviews suggest that the latter is true, and the following

quotation from an interview with an American-based PI involved in the FIC AITRP

confirms how the role of a returnee can influence their impact:

‘One of my trainees was chairman of the School of Medicine.... He had a

credible skill set, but he was not able to put his skill set to use because he was

16I choose this definition that requires a scientist to have published 75% of their publications pre-return
event (or counterfactual) with OECD based scientists in order to distinguish between those who are truly
embedded in OECD scientific networks, and those who have incidentally participated in collaborative
research projects. Almost 80% of sample scientists have coauthored with OECD scientists at some point
prior to return events (or counterfactual) and the median proportion of OECD coauthored publications
across scientists in the five years prior to return events is 0.56. However, field work highlighted variation
in the approach of African scientists to collaborative field work. Some scientists consider themselves as
working in the same lab (albeit remotely) as OECD based scientists, sharing equipment and funding with
frequent visits between labs. These scientists tend to publish the majority of their publications together,
while other scientists have more ad-hoc collaborative relationships with OECD based scientists. It is
the former category of scientists – which encompasses 62% of the study sample – who have embedded
relationships with OECD based scientists that I consider prior OECD connections. That being said,
variations of the definition of ‘connected to OECD’ are used – in particular defining this group as those
with more than 50%, 60% and 90% of their publications with OECD coauthors – with qualitatively similar
results.
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more administrative. He called on us. The next thing we knew we were doing

in-country training at his behest..... He was able to nurture a mini [American

institution] back home. He was able to do that because of his position.’

Results in Table 8 are consistent with the qualitative evidence. For a sub-sample

of returnees for whom full career information was obtained, cross-tabs of the post-pre

difference in treated non-migrant outcomes are calculated according to the role that the

returnee assumes on returning home. Table 8 shows that there is a larger positive change

for non-migrants who have returnees who are occupying administrative positions on their

return home. Although the sample of returnees is extremely small, and thus any findings

must be taken with a grain of salt, this suggests that those in an administrative position

are able to exert greater positive spillovers onto the non-migrants in their institution.

Alternate Explanations

I consider two alternative explanations that could be driving the observed effect. Namely,

team work with the returnee, and knowledge flows from the returnee.

Team Work Benefits

Science is increasingly carried out in teams (Wuchty et al 2007). Prior work finds

that the co-location of scientists results in increased collaboration rates, and more cor-

related research trajectories (Catalini 2018). On this basis, and the significant frictions

associated with collaborating with scientists in developing countries, the return home of

a scientist should result in increasing rates of collaboration between the returnee and the

non-migrants. This increased collaboration could increase the rate of publication out-

comes, particularly of those in the field of the trainee, due to improvement in the skills

within the team. However, theory relating to complementary skills suggests that the for-

mation of teams between a specialist trained abroad, and a generalist trained in the home

country may be challenging (Jones 2008). Furthermore - assortative matching theory

suggests that the combined output is that of the least productive member of the team

(Jones et al 2008; Ahmadpoor and Jones 2018), dis-incentivising the returnee to collab-

orate with home country scientists. Consistent with Catalini 2018, Figure 10 illustrates
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that treated scientists are much more likely to co-author with the returnee following their

return. However, very few people actually collaborate with the returning trainee, just 66

treated scientists (less than 4%). And this is mostly people who collaborated with FIC

AITRP trainees before the event. I consider if it is these people driving the result in Table

9. Splitting the sample into two groups: those who have pre-return characteristics that

are correlated with collaborating with the returnee (columns 1 and 3) and those who don’t

(columns 2 and 4). If benefits from team work with the returnee are driving the main

result, I would expect that those with the characteristics correlated with collaborating

with the returnee are also the ones who benefit the most from the arrival of the returnee

in their institution. However, table 9 shows a different story. Those scientists who are less

likely to co-author with the returnee (or counterfactual) experience the greatest positive

impact from the return event. Furthermore, the results are robust to removing publica-

tions coauthored with the returnee (Table 4, column 2). I therefore do not think that

team work benefits are driving the observed results.

Knowledge Flows from the Returnee

Economic geography has long documented a relationship between physical proximity

and knowledge transfer (Jaffe et al 1993). Mobile scientists carry knowledge with them,

and knowledge flows in the form of citations to a mover’s pre-move publications are found

to increase in the destination following a move (Azoulay et al 2012; Ganguli 2015). If

this is new knowledge, this could improve publication outcomes of non-migrants. I mea-

sure changes in citation rates to the returning trainee’s (or counterfactual) pre-graduation

publications. If benefits from knowing about the returnee’s research are driving the main

result, this may cast doubt on the hypothesis that non-migrant benefit from the formation

of a core/periphery bridge, as it could just be due to new knowledge coming into the

institution, irrespective of the involvement of the core. However, table 5 column 6 illus-

trates the citation rates to the returnee’s publications do not increase for treated scientists

following the return.
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Robustness and Sensitivity Checks

The main threat to identification in this study is the possibility that the treated institutions

are getting better, and particularly that they are becoming more internationally connected,

just prior or at the same time as the return home of the Fogarty trainees. A few tests help

to understand if this is driving the observed results. First, I re-match the 1,740 treated

scientists with the same individual level pre-return covariates, and this time overlay pre-

return institution level covariates of institution size, productivity and collaboration rates

with OECD country institutions. This results in a smaller sample of treated and control

scientists (due to the difficulty in finding a similar scientist in a similar institution at the

same time) of 2,780 scientists (matches are found for 80% of the treated scientists). I

run the main specification regressions on this sample of individual and institution-level

matched scientists in Table 10. The results are very similar on this matched sample,

providing support that the effect is not driven by selection of the returnees to better

performing, or better connected, institutions.

Table 11 provides additional evidence to ascertain the robustness of the results. First

I verify that the effect is not driven by a few returnees affecting a large number of non-

migrants. Column (2) provides the estimate without returnees who affect large numbers

of non-migrants. I remove scientists who have a returnee (and counterfactual) that is in

the 95th percentile in terms of the number of non-migrants they impact. The finding is

robust and actually greater without these returnees. To provide further evidence that the

effect is driven by the returnee and not other institutional factors, I verify that the effect is

sensitive to the qualification of the returnee, by removing those returnees who received a

Ph.D during their studies in the United States in column (3). As expected, the coefficient

is smaller than the baseline which is in line with expectations that those returnees with

more experience in the United States, and thus more embedded in the network, exert

a greater spillover. Column (4) includes country time trends, and column (5) institution

time trends, to remove concerns that the effect is driven by improvements in country level,

or institution level capacity that coincides with the timing of the return. The inclusion

of the time trends doesn’t change the coefficient of interest by much, which is reassuring,

but it does increase the standard errors (which is not surprising as it is a demanding
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specification) which leaves an insignificant finding. To verify that the control sample

is not contaminated by the treatment as well — biasing the result, column (6) removes

from the sample those scientists that are ever collaborators with the treated scientists. The

large increase in the coefficient following the removal of this group of contaminated control

scientists suggests that their inclusion biases the result downwards, and so the main result

is a conservative estimate. Finally, in columns (7) and (8), I conduct simulation studies to

validate the quasi-experiment exploited in the paper. In column (7) I keep just the pre-

event data, and generate a placebo return year two years prior to the actual return year. I

run the baseline specification with this placebo return year and find a precisely estimated

zero effect. This is reassuring that the returnees are not returning to institutions that are

improving in the years before the return. In column (8), I keep the control sample only

and generate placebo return years for control scientists, where dates are drawn at random

from the empirical distribution of return events for the actual returnees. I replicate the

main specification but limit the sample to the set of 1,657 control scientists. The effect of

return is again reassuringly precisely estimated at zero.

Attrition of trainees arising from the use of just trainees with a publication record

post-graduation creates two potential concerns. First, the results could suffer from selec-

tion bias. Trainees without publication records following program participation, or those

not returning home, differ systematically from those that return home and continue to

publish. Although the data on pre-return characteristics are limited, trainees who return

and publish are more likely to have studied for a PhD in the United States and to have

published prior to their graduation. They are also more likely to be from a country with

a greater level of scientific capacity. There are no significant differences in the period of

the fellowship or the US institution that they attended. If these differences are indicative

of differences in a trainee’s potential impact on non-migrants, the results would be biased

and should be interpreted as conditional on trainees returning home and continuing to

actively publish. I run regressions with interactions of pre-return trainee covariates to

assess the hypothesis that pre-return characteristics of trainees affects the magnitude of

the impact on non-migrants (Appendix B: Table B1). There is no discernible difference

in impact according to the returnee pre-return characteristics. One point to note, how-

ever, is that although the main result is relatively stable to inclusion of covariates of the
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returnee publication record during their fellowship and PhD degree status, the inclusion

of a dummy variable reflecting scientific advancement of the home country reduces the

main coefficient. Although inconclusive due to the noisy nature of the estimates, this

does suggest that the findings in this paper are more relevant for low income countries

with relatively more advanced scientific capacity, which is an interesting avenue for future

research. Second, those without a publication record may move to institutions in which

non-migrants in the control group are working. This is a threat to identification because

the control group may be affected by the treatment, although the implications depend on

how they impact non-migrants. Unfortunately, this is not testable, but a lack of research

productivity, and alumni surveys finding that many take up senior positions in govern-

ment or non-profits (which are not the same institutions as the control group) suggests

that their impact may be minimal.

3.6 Discussion

This paper offers a new perspective on the consequences of return migration of high-

skilled workers from developed to developing countries, exploring how returnees can pro-

vide a bridge in the network affecting the performance of developing country non-migrants.

Through an examination of the impact of the return home of African scientists after train-

ing in the United States on non-migrant scientists working in the institutions they return

to, the results show that the publication rates of African non-migrant scientists increase

following the return event. Furthermore, this increase in publications is mostly in the

field of study of the returning scientist. The relationship is contingent on a lack of prior

connectivity of the non-migrant.

These findings shed light on the phenomenon of association with a broker, a poten-

tially critical but under-recognized mechanism that shapes the performance of outsiders.

Although extant research has long explored the impact of networks on performance, par-

ticularly in knowledge production, it has generally considered actors within a network

as a function of their ties. Failure to account for the notion that broader features of a

network — including the structure (in particular where there are insiders and outsiders -

or core/periphery), as well as indirect ties — can also affect performance would lead to
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an incomplete understanding of how individuals affect the performance of others.

To examine the effects of association with a broker within a core/periphery network,

I introduce the concept of a core/periphery bridge. With many network exhibiting a

core/periphery structure, the impact of an individual bridging the core and periphery is

less well understood. Beyond documenting the performance implications of association

with a core/periphery bridge for periphery actors, I also provide supporting evidence of

the existence of two concurrent mechanisms driving the impact: (1) accessing the broker’s

knowledge, and (2) accessing the connections of the broker.

The findings inform the topical debate on immigration and mobility, in particular

the impact of migration of high-skilled individuals in and out of developing countries.

To date, much research on this topic has focused on the mobile individual themselves.

The clarification of conditions under which non-migrants benefit from return migration of

others, and when they can access the knowledge and connections of a return migrant —

or broker — provides an opportunity to analyse spillovers from migration. The extent to

which second-hand brokers can adopt their own brokerage position in the absence of the

return migrant, the codified nature of knowledge being transferred, as well as the motives

and incentives of the return migrant to both share knowledge and connections should be

important considerations of future research and program design aimed to promote sharing

of a returnee’s access.

The magnitude of the results, as well as the finding that the impact is greatest for more

peripheral scientists, are consistent with research on the removal of frictions to accessing

inputs for scientific production. Ding et al (2010), for example, studied the impact of the

arrival of information technology, in the form of BITNET and Domain Name System, in an

American institution on scientists’ productivity and collaboration patterns. They found

that the arrival of the internet had a positive impact on publication and collaboration

rates, particularly for female or scientists in lower tier institutions. That improvements

in scientists’ access to inputs particularly affects those traditionally more marginalized

suggests a need for policy interventions targeting access to collaborations, resources and

knowledge for ‘outsiders’ in an innovation system.

This study has four major limitations. The main challenge, as with many network

107



studies is assessing whether the shock affected the control scientists as well. Given that

the control and treated scientists are loosely in the same network (global science) it is

plausible to think that there may be ripple effects. If it affects them positively — I

provide an underestimate of the main effects. Limitations in the data also prevent me

from controlling for the return home of non-FIC AITRP scientists. If other returnees are

arriving in the institutions at the same time this could be problematic for the estimate.

Second, the FIC AITRP studied is specifically designed to engage developing country

sites. Thus the question of whether these results are generalizable to other forms of

training programs is unclear. Third, the study is limited to returning HIV researchers in

Africa in a time when HIV research, particularly that done in or on African populations,

was very topical. Whether these findings are generalizable to other fields and countries

is also unclear. Fourth, I use publication records as a proxy for performance. Whether

this is a true reflection of performance is unclear. It is difficult to distinguish between

capacity to do science, and a capacity to publish in international journals. Returnees

and international collaborators could be sharing knowledge that is more centered around

the publication process (as opposed to scientific knowledge), which could explain the rise

in publication output. Moreover, particularly concerning is the fact that first (and last)

authored publications do not significantly increase following return events. This raises

questions on whether capacity is actually improving — or whether the relationship with

American-based scientists is one in which African scientists carry out low-skilled field

work tasks to deliver samples to the United States for analysis. Future work using more

reflective measures of actual scientific capacity is necessary.

Despite the above mentioned limitations, the findings have important implications for

the valuation of international training programs and policies on bringing people home,

decisions on engagement with international scientists and for developing country science

more generally. The majority of impact evaluations and cost benefit calculations from

international training programs of developing country high-skilled workers just pertain

to the individual trained. The benefits to non-migrants estimated in this study suggest

that re-conceptualizing the unit of analysis of such estimates is important to understand

‘bang for the buck’ of programs sending individuals abroad, and the relative merits of

incentivizing the return home of high-skilled nationals.
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A back of the envelope calculation finds that one returnee contributes around 4 addi-

tional publications of non-migrants in the five years after returning. With the returnee

publishing an average of 5 publications in the five years after return, this spillover effect is

80% of the effect of the returnee themselves on the institution’s innovation output. Given

that the average cost of one within sample Fogarty trainee is around USD $144,000 (in to-

day’s USD), this suggests that the cost of one African publication, including the returnee’s

publications as well as the spillover, is approximately USD $16,000. While this estimate

does not incorporate re-direction of research funding dollars to the treated institutions,

and so is not an absolute measure of cost per African publication, it is interesting to note

that this is a fraction of estimates of the cost of other programs designed to encourage

publication output. As two examples, Myers (2018) estimates that the cost to the NIH of

a single publication coming out of their R01 grant program is between USD $344,000 and

$665,000, and Jacob and Lefgren (2011) estimate the cost to the NIH of one publication

is $1.7 million. It is important to note as well that my estimate is likely to be an under-

estimate of the spillover effect. The sample of scientists treated by the returnee in this

study is very narrowly defined. I only consider those already publishing at the time of the

returnee, thus this estimate doesn’t include future students of the returning trainee.

Not only are there a plethora of programs, initiatives and strategies around the world

targeting global training or experience for individuals, employees and firms, but the find-

ings of this study are general and applicable to a range of settings. First, I anticipate

that alternative programs and policies creating core/periphery bridges under similar con-

ditions would result in similar outcomes. Second, the findings are relevant across a variety

of settings that exhibit core/periphery structures. As just one example, hiring strategies

of firms, particularly of entrepreneurial firms, should consider how to best leverage bridges

with the central network.

This paper raises more questions than it answers. Is the same phenomenon observed

if the foreign trained remains abroad? A body of research on the benefits of a skilled

diaspora to developing countries has documented the role these individuals play in knowl-

edge flows, remittances and trade. But an understanding of the dynamics in terms of the

network is less well understood. Are bridges to the center more important for periphery

actors operating in industries or settings that have a dense center? And what happens
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in settings with more tacit knowledge, or uncertainty? Future work should seek to ex-

plore these questions and further our understanding through leveraging the concept of a

core/periphery bridge.
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Figure 3: Number of FIC AITRP Trainee Returnees to African Countries

Note: The overall count in each country of the 242 sample FIC AITRP trainees known to return back to Africa between
1988-2014.
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Figure 4: Histogram of Number of Non-Migrants Each Returnee Impacts

Note: I compute the number of treated non-migrants in the sample affected by each FIC AITRP trainee.
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Figure 5: Publication Trends for FIC AITRP trainees

(a) Mean number of publications (b) Mean number of HIV publications

(c) Mean number of publications with
American-based coauthors

(d) Mean number of publications with Ameri-
can training institution

Note: Publication trends for the 284 FIC AITRP trainees who have a publication record following graduation (242 who
return home, 34 who remain in a developed country, 8 who move to another African country) are plotted for the five years
before and after graduation.
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Figure 6: Histogram of Non-Migrant Publication Rate at the Time of Return

Note: I compute the number of publications in the year of return authored by the 3,314 sample treated and control non-
migrant scientists.
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Figure 7: Impact of FIC AITRP Trainee Return on Non-Migrant African Scientists’ Pub-
lication Outcomes

(a) Number of publications (b) Any publication

(c) Number of HIV publications (d) Any HIV publication

Note: The solid blue dots in the above plots correspond to coefficient estimates in panels (a) and (c) stemming from
conditional (scientist) fixed effects ordinary least squares specifications in which inverse hyperbolic sine outcomes are regressed
onto year effects, article age effects, as well as 10 interaction terms between treatment status and the number of years
before/after the return of a trainee (the indicator variable for treatment status interacted with the year of return is omitted).
And coefficient estimates stemming from conditional (scientist) fixed effects Linear Probability Model specifications in panel
(b) and (d) in which publication dummy variables are regressed onto year effects, article age effects, as well as 10 interaction
terms between treatment status and the number of years before/after the return of a trainee (the indicator variable for
treatment status interacted with the year of return is omitted). All specifications also include a full set of lead and lag terms
common to both the treated and control articles to fully account for transitory trends in citations around the time of the
return. The 95% confidence interval robust standard errors clustered around the institution is plotted with light blue bars.
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Figure 9: Impact of FIC AITRP Trainee Return on Non-Migrant African Scientists’ Col-
laborations

(a) Any publication with United States based
coauthors

(b) Any publication with American FIC
AITRP institution coauthors

(c) Any new United States based coauthor
(d) Any new American FIC AITRP institution
coauthor

Note: The solid blue dots in the above plots correspond to coefficient estimates stemming from conditional (scientist) fixed
effects Linear Probability Model specifications in which coauthoring dummy variables are regressed onto year effects, article
age effects, as well as 10 interaction terms between treatment status and the number of years before/after the return of a
trainee (the indicator variable for treatment status interacted with the year of return is omitted). The specifications also
include a full set of lead and lag terms common to both the treated and control articles to fully account for transitory
trends in citations around the time of the return. The 95% confidence interval robust standard errors, clustered around the
institution is plotted with light blue bars.
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Figure 10: Non-Migrant African Scientist’s Probability of Publishing with FIC AITRP
Trainee Before and After Return Event

Note: The average probability of a scientist in the treated sample to publish with the returning FIC AITRP trainee in each
year before and after the return is plotted.
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Table 1: FIC AITRP Returnees by Country and American Training Institution

Country Number of Returnees

Kenya 73
Uganda 60
Zambia 35
Tanzania 20
Botswana 19
Malawi 9
Senegal 6
Nigeria 5
Mozambique 4
Rwanda 3
Zimbabwe 3
Ethiopia 2
Central African Republic 1
Burkina Faso 1
Lesotho 1

American Training Institution

University of Washington 84
Case Western Reserve University 40
Harvard School of Public Health 26
Johns Hopkins University 21
Vanderbilt University 16
University of Alabama at Birmingham 15
Baylor College of Medicine 8
Dartmouth College 7
Duke University 7
Brown University 5
University of Nebraska, Lincoln 4
Emory University 3
State University of New York at Buffalo 3
University of Maryland Baltimore 3

Note: This table provides details on the sample of 242 scientists who are trained in the United States in long-term training
programs supported by the FIC AITRP and return home following their graduation (graduating between 1988 and 2014).
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Table 9: Breakdown of Outcomes by Non-Migrant African Scientist Likelihood to Coau-
thor with Returnee

Ordinary least Linear probability
squares model model

(IHS-transformed
dependent variable)

(1) (2) (3) (4)
num pubs HIV pub

high
probability

low
probability

high
probability

low
probability

AFTER RETURN ×
RETURN
INSTITUTION 0.015 0.064* 0.024 0.036**

(0.11) (0.034) (0.053) (0.017)

Mean of the dependent variable 3.06 1.40 0.63 0.30

Chi2 0.59 0.03
p>.05 p>.05

Number of scientists 261 3,053 261 3,053
Number of scientists ×
year observations 2,871 33,583 2,871 33,583

Number of institutions 83 431 83 431

Number of returnees 73 112 73 112

[a] A predicted probability of coauthoring with the returning trainee is generated by assigning linear predictions from a fitted
logit model of pre-return scientist characteristics (collaboration and publication record) on the probability of collaborating
with the returning trainee. The sample of scientists is split into two groups: those who have a high predicted probability (in
the 95th percentile of the distribution) to coauthor with the returning trainee (or counterfactual) in columns (1) (3), and
the rest of the sample in columns (2) (4).
[b] Estimates stem from fixed effects ordinary least square specifications with dependent variables being inverse hyperbolic
sine of counts of outcomes per scientist per year in columns (1) (2). Estimates stem from fixed effects linear probability
model specifications with dependent variables being dummy outcomes of the event occurring in columns (3) (4). All models
incorporate a full suite of calendar year, career age and scientist fixed effects.
[c] Heteroskedastic robust standard errors, clustered at the institution, are given in parentheses. *, **, *** denote statistical
significance at p-values of 0.1, 0.05 and 0.01 respectively.
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Table 10: Main Specification Using Reduced Sample with Individual and Institution
Re-Return Characteristics Match

Ordinary least Linear probability model
squares model

(IHS-transformed
dependent variable)

(1) (2) (3)
num pubs any HIV pub collaborate with any

U.S. training
institution coauthor

AFTER RETURN ×
RETURN INSTITUTION 0.062* 0.030 0.018**

(0.035) (0.019) (0.0082)

Mean of the dependent
variable

1.50 0.32 0.10

Number of scientists 2,780 2,780 2,780
Number of scientists ×
year observations 30,580 30,580 30,580

Number of institutions 233 233 233

[a] Estimates in column (1) stem from fixed effects ordinary least square specification with dependent variable being
inverse hyperbolic sine of counts of outcomes per scientist in a given year. Estimates in columns (2) and (3) stem
from fixed effects linear probability model specifications with dependent variables being dummy outcomes. All models
incorporate a full suite of calendar year, career age and scientist fixed effects.
[b] Heteroskedastic robust standard errors, clustered at the institution, are given in parentheses. *, **, *** denote
statistical significance at p-values of 0.1, 0.05 and 0.01 respectively.
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Appendix A: Construction of the Control Group

I detail the procedure implemented to identify the control scientists that help to account

for life-cycle and secular trends in the difference-in-differences specification. Publication

outcomes might be subject to life-cycle patterns, with outcomes reflecting the trends of

the age of the scientist. Also - scientific productivity, particularly in Africa, is rapidly

changing over time. Therefore relying on scientists treated earlier or later as an implicit

control group may not fully capture these time-varying omitted variables.

To address this concern, I create a sample of control scientists to account for time vary-

ing variables in the difference-in-differences specification. Specifically I identify a control

scientist who is ‘similar’ to each treated scientist and assign to them their matched treated

scientist’s counterfactual return event (returning scientist / return year / American train-

ing institution). The control scientists are selected from a universe of possible scientists

who are based in FIC AITRP countries and affiliated with institutions that never receive

a FIC AITRP returnee in their career lifetime.

The universe of possible control scientists is generated using affiliation data from Else-

vier Scopus publication database with inclusion criteria such that the scientist must have

published at least three times in their lifetime and at least once as first or last author

(to remove technicians or incidental publishers). The institution of each scientist is deter-

mined as being the institution in which they are affiliated with in a given time period in

over 75% of their publications (to avoid visiting or honorary appointments).

The list of covariates used to identify ‘similar’ control scientists for each treated scientist

such that the following conditions are met:

1. treated scientists exhibit no differential output trends relative to control collabora-

tors up to the time of return (or counterfactual);

2. treated scientists exhibit no differential trends in terms of international, particularly

American, collaborations relative to control collaborators up to the time of return

(or counterfactual);

3. treated scientists exhibit no differential trends in terms of their field of study relative
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to control collaborators up to the time of return (or counterfactual);

4. the distribution of career age at the time of return (or counterfactual) are for similar

treated and control scientists.

Coarsened exact matching. To meet these goals, I implement the nonparametric ‘coars-

ened exact matching’ (CEM) procedure (Iacus, King and Porro 2011) to identify a control

scientist for each treated scientist. The first step is to select a set of covariates on which

to guarantee balance, and the second is to create a large number of (coarse) strata that

covers the entire support of the joint distribution of the covariates in the previous step. In

a third step, each observation is allocated to a stratum and for each treated observation,

a control is selected from the same stratum. If there are multiple choices possible, one is

selected randomly. If the treated observation is unmatched it is removed from the sample.

In this implementation, control scientists are recycled, and so a small number serve as the

control for several treated observations (which is accounted for in the specification through

the use of scientist specific identifiers by which to cluster standard errors).

Implementation I identify controls based on the following set of covariates (t denotes

year of return): career age at t, a dummy for any HIV publication in the four years before

t, a dummy for any publications with United States based coauthors in the four years

before t, a dummy for any publications with coauthors at American institutions involved

in FIC AITRP program in the four years before t, and dummy for any publications with

United States based coauthors in years t-1, t-2 ,t-3 and t-4.

I implement the CEM procedure year by year, with replacement. Specifically, in year

t, I

1. eliminate from the set of potential controls all those who begin their publication

record after year t-1;

2. create the strata using the variables described above;

3. identify within each strata a control for each treated unit, randomly selecting one if

there are more than one match;
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4. assign the control a counterfactual returnee/year of return/returnee American train-

ing institution based on the matched treated returnee;

5. repeat these steps for year t + 1

I match 1,657 of 1,740 treated scientists (95%). In the sample of 1,657 treated + 1,657

controls = 3,314 scientists, there is no evidence of preexisting trends in output (figure

A.1).
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Figure A1: Publication Trends for Treated and Control Scientists

(a) Mean number of publications (b) Any HIV publication

(c) Any publication with American-based coau-
thors (d) Any new American-based coauthors
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Appendix B: Additional Results
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Chapter 4

4 Knowledge Production in Sub-Saharan Africa

Abstract

This paper enhances our understanding of the ideas production function for de-
veloping economies. It does so by considering international knowledge spillovers and
cross-country teams as core determinants of technological catch-up. Using data of
sub-Saharan African countries’ scientific output between 1976 and 2016, I provide
evidence for three main findings. First, the level of production of scientific out-
put increases with the stock of ideas already discovered in a given country, as well
as the level of human capital devoted to the scientific sector. Second, the level of
production of scientific output is declining in the worldwide stock of ideas. That
said, the level of production of scientific output of African countries increases with
both the stock of ideas discovered in the ex-colonial power, and the levels of R&D
funding of the ex-colonial power. This relationship is growing stronger over time,
and is moderated by the size of the African country and their distance to the fron-
tier. Third, the rate of collaboration between African and international scientists,
particularly those from ex-colonial countries, is increasing over time. However, once
this calendar trend is accounted for, international collaborations are more common
for countries further behind the frontier. In an attempt to reconcile the findings,
I find that the positive relationship between frontier country knowledge stocks and
African publication output is moderated by the proportion of the African country
scientific workforce that is involved in teamwork with the frontier country. I ar-
gue that international teamwork facilitates benefits from international knowledge
spillovers and subsequent technological catch-up, particularly at earlier stages of de-
velopment and for smaller countries. Overall, these findings are consistent with the
concept that the rate of developing economy technological catch-up is associated
with the production of knowledge in those developed countries with which they have
relationships. Moreover, the findings suggest that knowledge, even that captured in
scientific publications, is not easily accessible beyond these bilateral relationships,
which has implications for programs and policies aiming to facilitate technological
catch-up.
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4.1 Introduction

Innovation is broadly regarded as a central driver of economic growth and the competi-

tiveness of nations (Schumpeter 1942; Solow 1957; Abramovitz 1986; Romer 1990; Jones

1995). However, much of the world’s new knowledge is produced in a handful of countries

at the global technological frontier. In more recent years, the share of other countries in

global knowledge production, in particular China and Korea, has grown significantly. But

some of the world’s countries, particularly those in sub-Saharan Africa, remain lagging

far behind. International convergence in productivity, innovation output and economic

growth ultimately depends on whether the knowledge generated in frontier countries can

‘spill-over’ to countries lagging behind.

Knowledge is inherently non-rival in its use, and Romer’s model of endogenous in-

novation based growth is predicated on the notion that ‘anyone engaged in research has

free access to the entire stock of knowledge’. However, access to new knowledge is highly

imperfect (Griliches 1957; Jaffe et al 1993; Audretsch and Feldman 1996; Jaffe and Tra-

jtenberg 1999), and is likely to be particularly difficult for countries lagging behind the

frontier (Cohen and Levinthal 1990; Jones 2014). Moreover, the contribution of interna-

tional knowledge spillovers into production, i.e. foreign knowledge as a direct input into

another country’s production function, often embodied in capital goods, might differ from

spillovers into research, i.e. foreign knowledge affecting another country’s production by

influencing its research productivity (Griliches 1979; Park 1995). Given challenges in dif-

fusing knowledge around the globe, the latter is of critical importance to ensure long-run

economic growth of a nation. This paper explores the role of international knowledge

spillovers in innovative activities in countries lagging behind the frontier.

The extent to which countries lagging behind can utilize foreign knowledge to catch-up

is a subject of much debate amongst researchers. On the one hand, the ‘advantages of

backwardness’ (Gerschenkron 1962) imply that countries further behind can use knowledge

generated elsewhere to skip some of the stages of development and catch-up. But on the

other hand, scholars have argued a need for capabilities at the domestic level in order

to benefit from catch-up growth (Abramovitz 1986). One approach to understanding

the possibility of catch-up growth in scientific and innovative capacity is to focus on
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the domestic institutions required to support innovative activities, or national innovation

systems (Freeman 1987; Lundvall 1992; Nelson 1993; Furman and Hayes 2004; Hu and

Mathews 2005). While this literature has greatly advanced our understanding of the role

of domestic institutions and capabilities in catch-up, studies in this tradition consider the

country lagging behind as the unit of analysis, and implicitly assume that global knowledge

production remains constant, or that it is independent of catch-up.

An alternative approach to the question is to document the implications of foreign

knowledge stocks on domestic productivity. However, previous literature that has exam-

ined the role of international knowledge spillovers in innovation in countries lagging behind

the frontier render mixed findings. Micro-level studies tracing knowledge flows into coun-

tries lagging behind find that knowledge, as measured through patent citations, can flow

through social networks or migration of individuals (Singh 2005; Saxenian 2006; Oettl and

Agrawal 2008; Kerr 2008; Choudhury 2015; Kahn and MacGarvie 2016). But connecting

these knowledge flows to actual improvements in macro-level innovative performance has

been more difficult. Several studies find limited evidence of a positive impact of trade

or intellectual property protection, argued channels of knowledge spillovers, on developing

country innovation outcomes (Park and Ginarte 1997; Schneider 2005; Kyle and McGahan

2012).

Two major challenges in these studies can go some way to explaining the mixed find-

ings. First, studies of this kind typically use patents, or R&D spending, as a measure of

innovation. The use of these measures could conflate innovation with competitive dynam-

ics, trade relationships or pricing externalities (see Pavitt 1985 for an early summary of

bias inherent in the use of patents as innovation indicators). Second, the latter studies

tend to consider all foreign knowledge stocks as homogeneous, and assume that spillover

benefits are determined by receiving country features. Given the micro-level evidence

that knowledge flows through specific channels, it is possible that these findings could be

masking heterogeneity in bilateral relationships and specific sending country knowledge

stocks.

Fry (2020a) explores the impact of international knowledge spillovers on countries lag-

ging behind the frontier using an innovation measurement that is arguably more indepen-
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dent from market forces and capital goods, scientific publications. The study examines the

impact of the return home of U.S. trained scientists to African institutions on non-migrants

affiliated with the institution they return to, and finds that non-migrant scientific output

increases following the return event. The study finds empirical support for the hypoth-

esis that knowledge spillovers from the specific U.S. training institution of the returning

scientist are accessed through international teams. Whether this relationship holds at the

aggregate level, and generalizes beyond returning scientists is the motivation behind this

paper.

This paper estimates the shape of the scientific production function of countries lagging

behind the frontier by differentiating between domestic and a variety of foreign knowledge

stocks. I base the analysis on the conceptual framework outlined in Porter and Stern

(2000), which evaluates the drivers of ideas sector productivity by allowing for separate

contributions from the country-specific and rest-of-world knowledge stocks. This enables

the evaluation of the relative importance played by international and domestic knowledge

spillovers in fostering the production of new ideas in countries lagging behind the frontier.

To evaluate this empirically, I employ a panel dataset of 45 sub-Saharan African coun-

tries between 1976 and 2016. I explore the relationship between the flow of scientific

publications for the African countries in the dataset in each year and the stock of both

domestic and international knowledge. I document that (1) scientific productivity is in-

creasing with domestic stocks of knowledge and human capital devoted to the scientific

sector, but (2) declining in the worldwide stock of knowledge. To further explore the

relationship between African publication output and foreign knowledge stocks I separate

knowledge stocks by groups of countries. Foreign countries are grouped into three main

categories as a preliminary exploration of mechanisms by which countries lagging behind

the frontier benefit from international knowledge spillovers. First, in a test of whether

geographic proximity influences benefits from international spillovers I measure the re-

lationship between knowledge stocks in other African countries and African publication

output. Second, in a test of whether a few frontier countries drive benefits from interna-

tional knowledge spillovers I measure the relationship between OECD country knowledge

stocks and African publication output. Third, in a test of whether bilateral relationships

drive benefits from international knowledge spillovers and with enduring relationships be-
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tween African and ex-colonial countries, particularly in science (Nagtegaal and de Bruin

1994; Staniland 1987), I measure the relationship between African publication output and

the knowledge stocks in their ex-colonial power. I find that (3) scientific productivity

is declining with respect to other African country knowledge stocks, and OECD country

knowledge stocks, but (4) increasing with respect to ex-colonial country knowledge stocks

and R&D spending, and that this relationship becomes more positive over the study time

period.

The second objective of the study is to investigate the variation in the association

between different foreign knowledge stocks and African publication output. Specifically,

I hypothesize that international teamwork with specific frontier countries play a role in

driving benefits from spillovers from those countries. With a rapid growth in international

teams in global science, particularly those involving scientists from developing countries,

teams can contribute to transferring knowledge, providing incentives to develop specialized

skills, and ultimately enabling catch-up. I find descriptive evidence supporting this hy-

pothesis. Once knowledge stocks in OECD countries are weighted by the proportion of sci-

entific teamwork with that country, the relationship between the foreign knowledge stock

and African scientific productivity becomes more positive. In exploring which African

countries benefit from international teamwork, I find that frontier country-African coun-

try teams are more common for African countries with lower knowledge stocks, and that

are smaller.

These findings are consistent with work that emphasizes the important role of ex-

colonial countries in African science (Nagtegaal and de Bruin 1994; Staniland 1987). Al-

though there is some debate about the nature and value of these relationships to African

countries, I provide aggregate level evidence that African and ex-colonial countries knowl-

edge production is at the least inter-related. More generally, relationships between frontier

and African countries shape the extent to which African countries benefit from frontier

country knowledge production in their own innovative activities.

The approach in this paper combines a formal model with insights from micro-level

diffusion literature and accounts for some trends in relative innovation capabilities of coun-

tries lagging behind the frontier. It complements a vast body of literature that explores
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the determinants of national innovative output and technological catch-up from a single

country perspective through highlighting the role of bilateral relationships and foreign in-

novative activities in domestic innovative capacity. Specifically the framework informs the

finding that the innovative capacity of countries behind the frontier is increasing in the ex-

tent to which it has connections with high as opposed to low innovative frontier countries.

This suggests that a focus on domestic institutions provides an incomplete explanation of

the growth in innovative output of emerging economies in the last fifty years.

The remainder of the paper is structured as follows: Section 2 discusses prior literature

on foreign knowledge and technological catch-up, Section 3 introduces the conceptual

framework that drives the analysis. Section 4 outlines the empirical approach, data and

measures. Section 5 presents results and Section 6 concludes and outlines implications of

the findings.

4.2 Foreign Knowledge and Technological Catch-Up

A core economic issue is whether poor and rich countries will ultimately converge in the

levels of income per capita and productivity. Since Solow (1957) and Abramovitz (1956)

identified the importance of technology in economic growth, debates about the role of

innovation in catch-up and convergence have intensified.

On the one hand, original models of technology driven economic growth categorized

technology as a public good due to its non-rival nature. The conceptualization of technol-

ogy, or knowledge, as freely available lends itself to potential ‘advantages of backwardness’

(Gerschenkron 1962) that implies that poorer countries can use knowledge generated else-

where to skip some of the stages of development and catch-up.

But on the other hand, Gerschenkron (1962) himself noted that despite the promise

of catch-up there are various challenges that could limit these theoretical benefits. Subse-

quent scholarship identified a need for capabilities at the domestic level in order to benefit

from catch-up growth (Abramovitz 1986), and a tradition of research was born whereby

scholars argue that creation and use of innovation is tied to economic institutions (Nelson

and Winter 1982; Ames and Rosenberg 1963; see Fagerberg 1994 for a deeper review).
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One progeny of this research is the national innovation systems approach, which focuses

on relationships between firms, networks and institutions and their role in determining

variation in innovative outcomes across countries (Freeman 1987; Lundvall 1992; Nelson

1993). While original research on the national systems of innovation had a bias towards

more developed countries, and was traditionally more qualitative in methods, a small body

of more recent quantitative evidence documents that domestic institutions are valuable

in determining the rate of catch-up in innovative capacity in some of the rapidly growing

Asian economies (Furman and Hayes 2004; Hu and Mathews 2005).

This nuanced perspective on the factors driving innovation and economic growth has

developed alongside formal modeling of economic growth. In particular, models in the

‘new growth theory’ tradition attribute differences in economic development across coun-

tries to endogenous accumulation of knowledge (Romer 1990; Grossman and Helpman

1991). These models predict that a country’s knowledge stock is of paramount impor-

tance in subsequent knowledge generation and that the level of the knowledge stock can

go some way in explaining variation across countries in their ability to generate and use

new innovations. While these models imply the critical role of factors affecting the mobil-

ity of knowledge across borders – which would lead to greater stocks – there is a level of

abstraction that does not capture diffusion parameters.

These complementary perspectives that analyze single country models of economic

growth and technological catch-up are supplemented by a deep and varied body of aca-

demic work documenting the implications of foreign knowledge stocks on domestic pro-

ductivity, or international knowledge spillovers. These studies tend to fit into two main

categories: micro studies that trace knowledge flows directly through measuring citations

between countries and studies that take a macro perspective evaluating the role of knowl-

edge flows, as proxied through trade, FDI or disembodied spillovers, on productivity at

the country, or country-industry level.

Zvi Griliches’ (1957) pioneering work demonstrating the diffusion of hybrid corn seeds

stimulated a variety of studies focused on understanding the parameters affecting the dif-

fusion of knowledge. Research tracing flows of knowledge using citation patterns document

that flows of knowledge are mediated in large part by geographic distance (Jaffe et al 1993;

149



Zucker et al 1998; Jaffe and Trajtenberg 1999). This suggests that for countries lagging

behind that are also far away from frontier countries, access to frontier knowledge can be

extremely challenging. However, recent research suggests that knowledge can flow into

countries and regions lagging behind through other channels, including social networks,

migration and ethnic diaspora in frontier countries (Singh 2005; Saxenian 2006; Oettl and

Agrawal 2008; Kerr 2008; Choudhury 2015). While the evidence that knowledge can flow

into countries lagging behind the frontier through specific channels has been at the micro-

level of the piece of knowledge, studies connecting knowledge flows to actual productivity

gains have largely been at the level of the country, or country-industry.

Econometric research on international knowledge spillovers at the macro level was

spurred by Coe and Helpman (1995), who find large spillovers from foreign knowledge

stocks on domestic total factor productivity (TFP) in 22 developed countries, where foreign

knowledge stocks are constructed using the weighted sum of trade partners’ cumulative

R&D spending. Extending this, Coe et al (1997) test for the presence of North-South R&D

spillovers using a sample of 77 developing countries, again finding substantial spillovers.

In a complementary approach, Eaton and Kortum (1996; 1999) model R&D and the dif-

fusion of knowledge using international patenting rates, and document significantly larger

productivity growth from foreign R&D than domestic R&D for OECD countries. Subse-

quent research explores the role of trade, FDI and communication patterns in international

knowledge spillovers (see Keller 2004 for a comprehensive summary of this empirical litera-

ture). Although there is some level of disagreement on the precise measures, the literature

converges on the idea that knowledge produced elsewhere can have an impact on produc-

tivity in a focal country, and that access to foreign knowledge can be shaped by bilateral

relationships.

Beyond the general relationship between international knowledge stocks, bilateral re-

lationships and productivity, there is a role for domestic capabilities in determining the

level of benefit from international knowledge spillovers. In theory, the higher the level

of capabilities, or absorptive capacity, of a country the more it will benefit from foreign

R&D (Cohen and Levinthal 1989), and empirical work confirms this idea. Blomstrom et al

(1994) explore the role of FDI on productivity growth and find that the impact of FDI on

growth is greater the higher the level of development of the host country. Similarly, Coe
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et al (2009) find that domestic institutions mediate the extent of benefits from knowledge

spillovers from trade, and Eaton and Kortum (1996) find that a country’s level of educa-

tion plays a role in the ability to absorb foreign ideas. Kerr (2008) explores the transfer

of knowledge through ethnic communities in the U.S. to their home countries and finds

that manufacturing productivity improvements arising from knowledge transfer through

ethnic networks are lower for less developed countries. To the extent that domestic capa-

bilities shape benefits from international knowledge spillovers, catch-up is not automatic

and could present particular challenges for countries lagging farthest behind the frontier.

Furthermore, spillovers into research may be different from spillovers into production.

The distinction between the two is important. First, if benefits from knowledge spillovers

are embodied in capital, such as a piece of equipment, the spillover may take the form of

a pricing externality, would have different consequences for endogenous growth (Griliches

1979). Second, the direction of the spillover may be different. While benefits from foreign

knowledge spillovers can provide a valuable input into the production of new knowledge

and technological catch-up (Romer 1990), the creation of foreign knowledge can raise the

bar for new knowledge production making it harder for countries to catch-up (Jones 2009;

Bloom et al 2017). The relative strength of these opposing effects will determine the

possibility of convergence in innovation output.

Empirical work exploring this tension renders mixed findings. While Park (1995) finds

a positive correlation between foreign R&D spending – weighted by bilateral technological

distance – and domestic R&D spending in OECD countries, Kyle et al (2017) report a neg-

ative relationship between foreign R&D spending and domestic R&D spend in neglected

disease R&D. Similarly, Porter and Stern (2000) examine innovation output as measured

through patents of OECD countries as a function of domestic and foreign knowledge stocks,

and find a negative relationship between global knowledge stocks and domestic innovative

output, concluding that the crowding out effect of foreign knowledge stocks dominates any

benefits from knowledge spillovers.

While these studies use samples of OECD, or frontier, countries to explore international

knowledge spillovers into research, it is possible that countries lagging behind the frontier

benefit even less from knowledge spillovers. Innovation at the global frontier requires a
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level of skill and codified, or tacit, knowledge that might not be available in developing

countries. Empirical evidence supports this theory. Schneider (2005) examines the rela-

tionship between knowledge spillovers, proxied by trade flows, and innovation outcomes

in both developed and developing countries, finding a much weaker relationship between

the two in developing countries. Similarly, while studies exploring the consequences of

trade liberalization policies find a positive impact in developed countries, the results are

more bleak in developing countries, documenting a limited impact of trade policies on

developing country knowledge production (Park and Ginarte 1997; Kyle and McGahan

2012).

To advance our understanding of the determinants of technological catch-up in coun-

tries lagging behind the frontier I take a different approach from the extant literature. In

doing so I extend and bring together the two lines of research on international knowledge

spillovers discussed above that have mostly developed in isolation. Through evaluating

the production function of ideas focusing specifically on the role of foreign knowledge this

paper is designed to contribute to our understanding of the role of international knowledge

spillovers in the production of new knowledge in countries lagging behind the frontier.

4.3 Conceptual Approach

The approach to assessing national innovative productivity is based on the ideas produc-

tion function articulated by Romer (1990) and Jones (1995) and extended by Porter and

Stern (2000) to include international knowledge spillovers. I first describe a production

function for brand new ideas for countries lagging behind the frontier:

Ȧjt = δHγ
jtA

θ
jtS

σ
−jt (1)

where for each country j in year t, Ȧjt represents the flow of brand new ideas, and Hjt

is the quantity of human capital devoted to the ideas-producing sector. The flow of new

knowledge is described as a function of the stock of previous knowledge generated in the

country, Ajt, and in the rest of the world, S−jt, which is global knowledge stocks across
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countries other than (j). Conceptually, together knowledge stocks (A + S) have opposing

effects: they could facilitate the production of new knowledge (standing on the shoulders

of giants), or they may make the production of new ideas more difficult (fishing-out effect).

The sign on θ and σ nets out the opposing effects. If they are positive, the standing on

the shoulders dominates. If they are negative, the fishing-out dominates.

The magnitude of both θ and σ are crucial to the debate about convergence in ideas

production. In the original Romer (1990) model of ideas production, θ = σ = 1. This

implies that a percentage increase in the stock of ideas anywhere in the world result in

a proportional increase in the productivity of the ideas sector. Under this assumption,

policies that shift the scientific workforce (even temporarily) would permanently shift the

growth rate of ideas production. Jones (1995) relaxed the assumption of proportional

increase and suggested that the strength of spillovers could be less than proportional.

This implies that with weaker spillovers in ideas if there are no increases to the scientific

workforce, growth rate in ideas production will be zero. Similar to Porter and Stern (2000)

I further extend the Romer-Jones models to allow for both concavity of ideas production

as well as heterogeneity in the strength of spillovers from domestic and foreign knowledge

stocks.

The extent to which countries lagging behind the frontier benefit from international

knowledge spillovers and subsequently catch-up depends on the level of accessibility of

foreign knowledge stocks. The ideas production function can be enhanced by incorporating

parameters for the accessibility of specific foreign knowledge stocks. Superior access and

use of foreign knowledge would imply greater values of σ. Most earlier research attempting

to understand international knowledge flows focuses on access to foreign knowledge and

subsequent spillovers through channels such as bilateral trade, foreign direct investment

(FDI), technological proximity, migration and social networks. The emphasis of this paper

is on how the stock of international ideas can be accessed through international teamwork.

International Teamwork Driving Benefits from Knowledge Spillovers

The rate of international collaborative teams in science and innovation, particularly those

involving innovators from countries lagging behind the frontier, has grown significantly
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over the last fifty years (see Wagner and Leydesdorff 2005 for a summary).

For innovators in countries lagging behind, collaborative teamwork with frontier coun-

tries can help in two main ways. First, knowledge and resources flow through ties (Gra-

novetter 1973; Singh 2005; Agrawal et al 2008; Fry 2020b), particularly collaborative ties

(Singh 2005). Second, knowledge workers have endogenously acquired skills, and inter-

national teamwork can provide complementary skills to stimulate domestic workers into

specializing and participating in frontier innovation (Wuchty et al 2008; Jones 2014). It

follows, therefore, that an increase in cross-country teamwork with a frontier country im-

plies an increase in the benefits from knowledge spillovers from that country. Similarly,

an increase in knowledge stocks of a frontier country raises the benefits to countries that

are engaged in cross-country teamwork with them.

Given the intuition that an increase in cross-country teamwork between a frontier coun-

try and a country lagging behind increases the potential benefits from knowledge spillovers,

I propose a functional form based on the Romer-Jones-Porter/Stern model allowing for

heterogeneous benefits from foreign knowledge stocks as a function of bilateral teamwork.

I draw from classical models estimating the benefits of international knowledge spillovers

in production started with Coe and Helpman (1995) in which foreign knowledge stocks

enter separately and are weighted by the level of access to the stock. The weight in these

macro-studies is traditionally a measure of bilateral trade or foreign direct investment. I

extend the production function of ideas through weighting each foreign country’s stock of

knowledge with a measure for the extent to which the African country is engaged in col-

laborative teamwork with that country. Consider the national ideas production function

for country j,

Ȧjt = δHγ
jtA

θ
jtSw

σ′

−jt (2)

where again Ȧjt represents the flow of brand new ideas, and Hjt is the quantity of

human capital devoted to the ideas-producing sector, and the flow of new knowledge

is described as a function of the stock of previous knowledge generated in the country,

Ajt. Unlike equation (1), Sw−jt is defined as the sum of foreign countries’ knowledge
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stocks, with each country’s stock i at time t weighted by the percentage of publications

coauthored between country i and j at time t (similar to the weighting scheme in Coe and

Helpman 1995 used for import shares). In notational terms this is
∑

i 6=j(sit × (fraction of

coauthored publications between i and j in year t)) whereby sit is country i’s cumulative

number of publications at time t. If international teamwork is associated with benefits

from international knowledge spillovers I would expect σ′ > σ.

There is also an argument to be made that the effects of teams with frontier country sci-

entists may differ over time, and across countries lagging behind. From the perspective of

the country lagging behind, teams with frontier countries form, and enable improvements

to innovative output if the benefit outweighs the cost. Costs can considered as predom-

inantly those associated with communication. With declining communication costs over

time, it is likely that international collaborative teams, and thus international knowledge

spillover benefits, are increasing over time (Ding et al 2010). Benefits to international

teamwork are likely to be associated with both how far a country is from the frontier

(Branstetter et al 2018), as well as how large the scientific workforce is within a coun-

try (Jones 2014). That being said, I would expect the following relationship to hold:

International teams spanning frontier and countries lagging behind are most valuable for

countries in later time periods, and for countries that are smaller and lagging further be-

hind the global frontier. Thus the expectation is that σ′ is greater in later time periods,

for smaller countries and for countries lagging further behind the frontier.

4.4 Empirical Approach

I derive the link between the national ideas production function and international knowl-

edge. In doing so, I develop an econometric model to estimate the parameters of (1) and

(2). There are several issues that the econometric model must account for. I take each

issue in turn to arrive at an estimating equation that can be applied to data on innovation

in countries lagging behind the frontier.

First, the model must account for the relationship between innovation measures and

market dynamics. It is standard to measure innovation output at the country level using

counts of international (usually U.S.) patents. However, it is extremely difficult to distin-
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guish true innovation from market dynamics using these measures. Given that patenting

often captures innovations embodied in capital goods, the use of patents as a measure

for both innovation output and knowledge stocks can be misleading. Country X could be

applying for U.S. patents more frequently than country Y because it would like to trade

with the U.S., independent of whether it is more innovative than country Y. Moreover,

for countries lagging behind the frontier, where resources are scarce, the cost associated

with patenting in the U.S. can be prohibitive. It is also very difficult to disentangle knowl-

edge spillovers from pricing externalities when using patents as a measure of international

knowledge stocks. Therefore I use scientific publications as a measure of innovation in this

study for two main reasons: (1) scientific publications are less likely to be contaminated

by market dynamics than patents are; (2) knowledge captured in scientific publications is

less likely to be ‘wrapped up’ in a capital good than knowledge captured in patents.

Second, there is likely to be variation across countries, and across time in terms of

propensity to publish. Thus an identification challenge in this study arises if the same

observed or unobserved factors affect either a country’s publication output across years,

or both the focal and the foreign countries’ publication output in a given year. As a source

of statistical identification, I employ a panel dataset and take advantage of both cross-

sectional and time series variation in estimating the parameters of the equations above. I

employ both country and year fixed effects in the majority of specifications which accounts

for any underlying heterogeneity at the country level, as well as any trends that could affect

the whole world simultaneously. This allows the interpretation of the coefficients as within

country changes accounting for overall global trends.

Third, it is important to capture the lag in time necessary from starting to innovate

to observation of a scientific publication. I impose a lag of two years between observed

publications and the variables associated with national ideas production.

Assuming that the terms are complementary with one another, denoting the natural

logarithm of A as LA, I suggest the specification to estimate the parameters in equation

(1):
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LȦjt+2 = δt + λj + γLHjt + θLAjt + σLS−jt + ejt (3)

And the specification in equation (2) reduces to the following form:

LȦjt+2 = δt + λj + γLHjt + θLAjt + σ′LSw−jt + ejt (4)

Using a least squares method, the log-log form of these specifications allow many of the

variables to be interpreted in terms of elasticities. I employ a panel dataset over a time

period of 41 years for 45 African countries to estimate the parameters in the equations (3)

and (4). The remainder of the section describes the data used and how the measures are

constructed.

Data and Measures

The empirical setting for this study is African science. Although countries lagging behind

the frontier are growing at a rate relatively faster than those at the frontier (OECD

countries) in the period 1976-2016, compared to countries with similar initial levels, and

particularly per capita, both the productivity and growth of countries in sub-Saharan

Africa is extremely low (Table 1; Figure 1). Furthermore, domestic funding for science and

R&D in African countries is extremely low, and policies and programs supporting science

and R&D are mostly driven by foreign partners. This provides a motivation to examine

the extent to which African countries are able to benefit from international knowledge

spillovers.

The data consists of a novel dataset of publication activity from 1976 through 2016 for

all sub-Saharan African countries, excluding South Africa.17 Table 2 provides definitions

and sources, and Table 3 presents summary statistics. To estimate the production function

17South Africa is at a very different stage of development in terms of its innovative capacity from the
remainder of the continent, and so is excluded from the analysis.
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for new ideas, the data include (a) the flow of publications in each African country in

each year, (b) measures of the factor inputs into ideas production, (c) publication level

measurements on team composition.

Publications. The principal dependent variable, Publicationsjt+2, is the number of

publications (articles) with authors affiliated with a given country j in year (t+2) as found

in the Elsevier Scopus database. The average number of publications produced by an

African country in a given year between 1976 and 2016 in the sample is 177, with a standard

deviation of 523. Distinguishing those publications in regional versus international journals

(a rough proxy for local versus global frontier work) gives an average of 158 international

journal publications a year per country. The bottom five rows of Table 1 illustrate that this

variation across African countries in growth rates is not driven by population differences

alone, and not only does the absolute level of publication output differ across the continent,

but also the growth rate. The empirical work explores this heterogeneity amongst African

countries in terms of structural factors.

Factor Inputs for the Ideas Production Function. I estimate the sensitivity

of the production of ideas to human capital and both domestic and foreign knowledge

stocks. I measure human capital using the number of unique names associated with a

focal country affiliation captured in publications in year t. There is a lack of data on

innovation in general, particularly labor market data, in sub-Saharan Africa and so this

gives a consistent measure across countries. The key assumption I am making is that each

active scientist is publishing at least one publication a year. This assumption is hard to

verify, but this can be considered the threshold of the definition of a scientist in this study.

This averages at 228 scientists in a country year in the sample (89% of which publish in

international journals).

The domestic stock of knowledge is defined as each country’s cumulative publication

stock, which is the sum of all publications for all years prior (since 197618). I extend

the ideas production function to separate out the effects of the within-country publication

stock from international publication stocks. The world publication stock is the cumulative

sum of publications over all countries in a given year, but from the point of view of the

18Chosen for reliability of the data as there are few publications in Elsevier Scopus database earlier
than 1976.
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country j, the relevant concept is ‘Rest of World’ publication stock (world publication

stock - own publication stock). I also separate foreign knowledge stocks into categories

of foreign countries to distinguish between different mechanisms that could drive interna-

tional knowledge spillovers. Three main groups of countries are used: (a) the knowledge

stock for the rest of Africa (excluding South Africa), which is calculated as the total num-

ber of publications with African affiliated authors minus the focal countries publications;

(b) OECD country knowledge stocks; and (c) the knowledge stock of the focal country’s

(most recent) ex-colonial power.

A second measure of knowledge stocks is given by R&D funding levels. Data on R&D

funding by African countries is limited, however in reality expenditures are negligible and

so can be ignored. Data on R&D funding at the OECD country level is measured using

2010 USD for consistency and gathered from the OECD stat. database. I incorporate the

sum of funding across all OECD countries in a given year, and by groups similar to that

outlined above for publication stocks in the framework.

Descriptive statistics on knowledge stocks and R&D funding across all ex-colonial

OECD countries are provided in Table 5. Two things to note: (1) the scientific output

in these OECD countries is orders of magnitude greater than that in African countries;

and (2), there is significant variation in scientific output and R&D funding amongst the

ex-colonial OECD countries. This variation is exploited in several of the specifications.

Weights for International Knowledge Stocks. The latter part of the analysis

incorporates measurements for the composition of teams of African country publications.

I capture teamwork with OECD scientists through extracting affiliation countries of coau-

thors in the focal African country’s publications. Table 4 provides summary statistics

across all publications across the African countries in the time period. 42% of all African

publications are co-authored with any OECD country based scientists, and 14% with ex-

colonial based scientists, with the rate of collaborations increasing over time (Figure 2).

Again, there is considerable variation in collaboration rates with OECD countries across

the African countries. Over the sample period, the rate of collaboration ranges from as

low as 0% to 100% in some country years. In the earliest time period (1986-1995), al-

most half of the countries had a rate of less between 25-35%, while less than a quarter
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of countries had more than 75%. To calculate the weights used in the model, for a given

focal country year, I calculate the proportion of publications coauthored with scientists

with affiliations from each OECD country in turn. OECD country knowledge stocks in

that year are then multiplied by that proportion, and this weighted knowledge stock is

summed over all OECD countries.

4.5 Results

The results proceed in several steps. First, I provide evidence for the association between

foreign knowledge and domestic knowledge production in countries behind the frontier.

In particular I find that there is heterogeneity in the sensitivity of domestic knowledge

production to foreign knowledge stocks according to the ‘sending’ country. Specifically,

publication output in African countries is positively associated with ex-colonial country

knowledge stocks, but negatively associated with the rest of the global knowledge stock.

Second, I find descriptive support for the hypothesis that international teams are a way

to access foreign knowledge stocks, and to benefit from international knowledge spillovers.

The Ideas Production Function

The econometric analysis applies the specification in equation (3) to the core dataset of

1,845 observations. Table 6 presents several models providing the primary production func-

tion results, reproducing the Romer-Jones-Porter/Stern ideas production function model.

Namely, a log-log regression of the flow of publications in an African country on the amount

of labor in the scientific sector, a measure of the stock of knowledge, and some controls for

country and year. The baseline specification (6-1) includes fixed effects for both country

and year. The results show that number of scientists, and knowledge stock in a country

have a significant and economically important relationship with publication output. The

coefficient on LHjt, or domestic human capital, implies that a 10% increase in scientists

is associated with a 2.6% increase in publication output, and the coefficient θ on LAjt,

or country level knowledge stock, implies that a 10% increase in the knowledge stock is

associated with a 3.5% increase in publication output. Importantly, future production is
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concave in both past stock and scientific workforce, contrary to Romer (1990) that pre-

sumed that the production of new ideas is growing proportionally with the stock of ideas

discovered in the past. This suggests that for the sample of African countries in this study

ideas are getting harder to find, and that this effect dominates an effect of ‘standing on

the shoulders’ of prior knowledge, limiting the possibility of endogenous growth in ideas

production. This result is consistent with the documented rates of growth in publication

output in Table 1: that countries with lower levels of absolute production of ideas per

capita experience higher rates of growth in production of ideas.

In model (6-2) I relax the controls accounting for heterogeneity across years and coun-

tries by including just a baseline year dummy, a year trend and a baseline country proxy

(log GDP in 1976). While there is a decline in the sensitivity of knowledge production

to the scientific workforce, there is a substantial increase in the sensitivity to the knowl-

edge stock. The increase in θ depends mostly on the exclusion of country-specific effects.

Thus the support in favor of a ‘standing on the shoulders’ mechanism driving knowledge

production is stronger when relying on cross-country variation. Model (6-3) confirms

this interpretation. The inclusion of country fixed effects, a baseline year dummy, and

a year trend into the model again reduces the sensitivity to the knowledge stock. But

the difference in θ in models (6-1) and (6-3) also suggests that variation over time that

isn’t captured in a year time trend can explain a significant portion of the sensitivity to

knowledge stocks. Together, these results suggest that publication productivity in African

countries is mostly driven by time-invariant differences across countries, but there is also a

reasonable amount of variation that can be explained by changes over time. Another point

worth noting, is that even with only a handful of regressors, nearly all of the variance in

publication rates (R2 > 0.9) is explained.

Model (6-2) also shows a downward evolution in publication productivity over time

(although this evolution is small at around 0.6% a year). This result, together with the

positive and significant coefficient on country knowledge stock, suggests that time-series

variation in publication productivity is a tension between the positive impact of a country’s

knowledge stock, and an overall negative effect year to year. So while convergence amongst

countries behind the frontier seems possible, whether the negative trend of productivity is

an African specific trend or a global trend will determine the rate of convergence between

161



countries at the frontier and those lagging behind. The remainder of the table explores

this through highlighting the role of international knowledge spillovers.

In (6-4, 6-5, and 6-6) I follow the specification suggested in equation (3) and include

variables for the rest of the world knowledge stock. Note that the coefficient on S−jt is

not separately identified from individual time effects, because own knowledge stock plus

rest of the world stock is constant across countries in a given year. Therefore, because

the level of publications across countries grow at a relatively constant rate across years,

I capture variance through the inclusion of an overall time trend as opposed to year

fixed effects. The results show that publication output of African countries is negatively

correlated with knowledge stocks in the rest of the world (ideas are getting harder to

find) (6-4), and the rest of Africa (albeit less of a negative relationship) (6-5), and OECD

countries knowledge stock (6-6). This suggests that the impact of international knowledge

production raising the bar for new knowledge production dominates a positive impact of

international knowledge spillovers.

Separating OECD knowledge stocks into distinct categories and including them in the

preferred specification with country and year fixed effects (which allows for more flexibility

in the data), (6-7) illustrates that African publication output is negatively correlated

with OECD country (excluding their ex-colonial power) knowledge stocks. However,(6-8)

reports that a 10% increase in the knowledge stock of the ex-colonial power amounts to

a 2.4% increase in the output of the African country. This is almost the same elasticity

to its own country knowledge stock. In contrast to previous literature that finds no or

negative effects of foreign knowledge on domestic productivity, this captures the evidence

of positive spillovers from specific countries.

Table 7 explores the relationship between foreign R&D spending and African publi-

cation output. (7-1) provides the baseline specification including year and country fixed

effects. (7-2) includes covariates for the sum of OECD country (excluding the specific

ex-colonial country) R&D spending in a given year to the main specification, and reports

that the relationship between OECD spending and African publication output is nega-

tive. Column (4) includes R&D spending of the ex-colonial country into the specification,

and reports that the relationship to publication output in Africa is positive. The coef-

162



ficient on LRnD−jt implies that a 10% increase in ex-colonial country R&D funding is

associated with a statistically significant 3.9% increase in African publication output. In

order to understand whether the observed relationship between international funding and

African publication output is driven by indirect changes to the international knowledge

stocks, models (7-3) and (7-5) control for publication stock in OECD countries and the

ex-colonial country, respectively. With the coefficient on the R&D funding in ex-colonial

country decreasing significantly with the addition of this control variable, I interpret that

the majority of the association between African publication output and ex-colonial R&D

funding is via the ex-colonial country knowledge stock.

Considering that countries may go through different stages of development and that

stage of development as well as temporal trends may influence the association between

foreign knowledge stocks and African publication output, Table 8 reports results for sep-

arate time periods. A few trends merit discussion: (1) the association between African

publication flows and domestic knowledge stocks increases over time, (2) the association

between OECD country (excluding ex-colonial power) knowledge stocks and African publi-

cation output become more negative over time, and (3) the association between knowledge

stocks in ex-colonial powers and African publication output becomes more positive over

time. This suggests that while there is in theory an overall raising of the bar to produce

new knowledge, the benefits from knowledge spillovers from both own-country knowledge

stocks and ex-colonial power stocks increase in more recent time periods.

In order to better understand which kinds of countries benefit more from foreign knowl-

edge stocks, I first split the sample into above and below median sized as per population,

and run the main specification on each sample separately (Table 9). Consistent with Coe

and Helpman (1995), the relationship between ex-colonial knowledge stocks and scientific

productivity is driven by smaller African countries, while larger countries rely more on

their own stock than foreign stocks. Importantly, the relationship between OECD country

(excluding ex-colonial power) knowledge stocks and African publication output is more

negative for larger countries. This points to the idea that the tension between benefit-

ing from international knowledge stocks and ideas getting harder to find is moderated

by country level features, a finding of which is explored in the latter part of the paper.

Second, I split the sample into those further behind the frontier, and closer to the frontier
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according to their publication flow per capita in a given year. Table 10 reports the results

of the specification on these separate samples, and highlight that the association between

foreign knowledge stocks and publication output is stronger for those countries lagging

further behind. This is surprising, given that prior literature documents the importance

of absorptive capacity or country level capabilities to benefit from international knowledge

spillovers. However, if we expect that there are specific channels by which countries be-

hind the frontier can benefit from international knowledge spillovers, and countries lagging

behind invest relatively more in those channels, this could go some way to reconciling this

seemingly contradictory evidence.

The remainder of this paper explores whether there is an association between interna-

tional teamwork, foreign knowledge stocks and African publication output.

The Role of International Teams in Catching-Up

First I explore whether the relationship between ex-colonial countries and African publi-

cation output is related to a greater propensity to collaborate with the ex-colonial country

than other OECD countries. Figure 3 shows that for African countries, collaborative

teams amongst their ex-colonial country are much more prevalent than teams amongst

other countries. Table 11 provides the regression counterpart to this figure. I use a

dataset at the level of African/OECD country pair year, and regress the probability that

the African country coauthors with that specific OECD country on a dummy for whether

the OECD country is the ex-colonial power. Column (1) illustrates that African coun-

tries have a significant propensity to collaborate with an OECD country given that it is

the ex-colonial power. I run a variety of specifications with different control variables to

verify that this relationship isn’t driven by features of the ex-colonial country as opposed

to a true propensity to collaborate with the specific ex-colonial country. In column (2)

I account for the size of the OECD country in the model, to verify that the observed

relationship is not driven by the possibility that ex-colonial countries are larger than other

OECD countries. The results remain robust. Column (3) adds in controls for the size of

the knowledge stock of the OECD countries to account for the possibility that ex-colonial

powers are leaders in terms of scientific output and that this could be driving the observed
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relationship. The results remain robust. Finally in column (4) I incorporate year fixed

effects into the specification to verify that the relationship isn’t driven by macro-level

trends. Again the results are robust. Thus I can say with some confidence that African

countries have a higher propensity to collaborate with ex-colonial country scientists than

any other OECD country scientists.

Table 12 uses a dataset at the African publication level and estimates the propensity

for collaboration with OECD scientists as a function of time, country size and country

knowledge stock. The table shows that OECD coauthors are more likely to be found on

an African publication in later time periods, and on publications emanating from smaller

African countries, and countries lagging further behind the frontier (as shown by the neg-

ative and statistically significant coefficient on log knowledge stock, even when controlling

for population). The same trends are found for ex-colonial country coauthors, although

the relationship between coauthoring patterns and both time and country features are less

strong. As African countries have a long history of relationships with ex-colonial countries

in a variety of formats, the reduced reliance of the formation of collaborative relationships

on global trends and country features is not surprising. That being said, these results

are consistent with the theory that international teams, particularly between lagging and

frontier countries are both a way to access frontier knowledge, as well as to complement

domestic knowledge workers.

Building on these observed trends of coauthoring patterns, I seek to explore if there

is a relationship between international knowledge spillovers and international teamwork.

In doing so I calculate bilateral team shares for all African-OECD country pairs and in-

corporate them as weights of the OECD country knowledge stocks in the main regression

model. Table 13 reports the results from the specification in equation (4). Column (1)

and (2) provide the baseline results of the association of African publication output and

OECD country knowledge stocks. As described earlier, African publication output is neg-

atively correlated with OECD country (excluding ex-colonial power) knowledge stocks.

A 10% increase in OECD country knowledge stocks correlates with a 2.8% decline in

African publication output. Once the OECD country knowledge stocks are weighted for

the proportion of publications that include collaborators from the specific OECD country

(column 3), this relationship becomes less negative. I interpret this as the positive benefits
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from international spillovers increasing, while the negative effects of ‘fishing out’ of global

knowledge stocks remain constant. Once similarly weighted ex-colonial country knowledge

stocks are included (column 4) the relationship becomes even less negative – a precisely

estimated zero. In this instance the positive benefits of international spillovers counter-

balance the negative effects of fishing out. Columns (5) and (6) explore a model excluding

year fixed effects, and instead include a year time trend and a dummy for the baseline year.

This allows me to separately identify the relationship between African publication output

and unweighted knowledge stocks from all OECD countries (column 5). Similar to the

baseline specification, there is a negative relationship between African publication output

and OECD country knowledge stocks. However, once OECD country knowledge stocks

are weighted as before in column (6), this negative relationship again becomes a precisely

estimated zero. Again - I interpret this as international teamwork facilitating the access of

international knowledge stocks, and once this access is accounted for, the negative effect

from fishing out is counterbalanced by the positive impact of accessing foreign knowledge

through international collaborative teams.

These results of the elasticity of domestic innovation to foreign knowledge stocks are

surprisingly small given that Coe et al (1997) who use a similar weighting scheme find that

total factor productivity in developing countries is positively and significantly related to

R&D in their industrial country trade partners, and to their imports of equipment from

industrial countries. This implies two possible interpretations of the relative role of foreign

knowledge in developing country innovation as compared to production: (1) the fishing out

effect in innovation is significant, or (2) for domestic production of ideas to benefit from

foreign knowledge production an additional level of tacit knowledge is required beyond that

which is required to use equipment or machinery in production. Distinguishing between

the two is beyond the scope of this paper, but is an important avenue for future research.

I explore potential mechanisms driving this observed association between foreign knowl-

edge stocks and African publication output. In Table 14 I estimate the baseline production

function with a variety of different outcomes. First, I assess whether the association be-

tween ex-colonial knowledge stocks and domestic productivity is direct or indirect. Direct

would imply that the African country and the ex-colonial country co-produce knowledge

together at a greater rate with greater knowledge stocks, while indirect implies that there
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is a knowledge spillover to non co-produced output. Table 14 column (2) reports the as-

sociation between ex-colonial knowledge stocks and the production of papers coauthored

with OECD based scientists, and column (3) publications coauthored with ex-colonial sci-

entists. The negative relationship in both specifications implies that co-production is not

driving the results. This suggests an indirect knowledge spillover is more salient. Second, I

assess whether the African country is benefiting through reproducing the same knowledge,

or producing brand new to the world knowledge. Using publications in regional journals

as a proxy for reproduction (brand new to the region, but not necessarily brand new to

the world), column (4) illustrates that again, this is not driving the result, suggesting that

the African countries are producing more brand new to the world knowledge.

In sum, I find support for the theoretical expectation that international teams, particu-

larly those spanning frontier countries and countries lagging behind the frontier, are a way

to access international knowledge and complementary skills required to achieve growth in

knowledge production. Moreover, I find that international teams spanning frontier and

developing countries are most valuable for countries lagging further behind the global

frontier, and for smaller countries.

Robustness

In this paper I document a previously unexplored phenomenon: the positive association

between particular foreign knowledge stocks, and technological catch-up in ideas produc-

tion, and I find supportive evidence that one factor driving this relationship is the partic-

ipation in international teams. Although I attribute this phenomenon to a mechanism of

knowledge transfer and co-specialization benefits, there are other possible explanations. I

explore a few of these below and in Table 15.

There could be the concern that the relationship between ex-colonial and African

country productivity is driven by heterogeneity in underlying institutions in some African

countries (Acemoglu et al 2001), which is correlated with the colonialists who tend to

produce and transport more knowledge abroad. In order to consider if this is driving the

results, I first use country fixed effects to account for underlying institutions. Second I use

a proxy for underlying institutions that should be unrelated to the knowledge producing
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behavior of the ex-colonial power: white settlement (Acemoglu et al 2001). A dummy

variable at the level of the African country is generated that takes the value of 1 if there

was significant white settlement in colonial times, which in turn led to stronger institution

building by the settlers. Interacting the dummy for white settlement with the knowledge

stocks from the ex-colonial power I am able to deduce whether countries with better

institutions are driving the result. Table 15 column (2) finds that those countries without

white settlement actually drive the results – the opposite of what we would expect if

ex-colonial power institutional development is driving the results.

Another possibility is that the results are being driven by other bilateral relationships

that happen to be correlated with team composition. This could include trade relation-

ships. I add a control variable of ex-colonial knowledge stocks weighted by the proportion

of imports in the focal African country year from the ex-colonial country (similar to Coe

and Helpman 1995; Coe et al 1997) in column 3. The association between African publica-

tion output and ex-colonial knowledge stocks remains robust after controlling for imports.

Finally, I consider the possibility that results are driven by common language. The

concern is that I could be picking up an association between ex-colonial country knowledge

stocks and African productivity due to their shared language as opposed to bilateral

relationships. To verify that this isn’t the case I measure the association between African

country publication output and knowledge stocks in OECD countries that share a common

language, excluding the ex-colonial power, in Table 15 column 4. The negative coefficient

on the knowledge stock in these OECD countries suggests that it is not common language

driving the results.

4.6 Conclusion

This paper contributes to a long line of research investigating factors affecting national

innovative output, and technological catch-up of countries lagging behind. While pre-

vious literature has focused on country level investments (Furman and Hayes 2004; Hu

and Matthews 2004), I explore the role of international knowledge spillovers. Using an

approach combining formal economic modeling and insights from more micro-level tradi-

tions, I examine the production of scientific output in 45 sub-Saharan African countries
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during the years 1976-2016, and the relationship between publication output at the African

country level and domestic and foreign knowledge stocks.

A number of observations emerge: (1) scientific productivity is increasing with domes-

tic stocks of knowledge and human capital devoted to the scientific sector, but (2) declining

in the worldwide stock of knowledge. To explore the relationship between foreign knowl-

edge stocks and African publication output I separate foreign knowledge stocks by groups

of countries: (a) knowledge stocks in other African countries; (b) knowledge stocks in

OECD countries; and (c) knowledge stocks in ex-colonial powers. Each of these categories

highlights a slightly different hypothesized mechanism by which countries can benefit from

international knowledge spillovers, namely (a) geographic proximity, (b) frontier country

dominance, and (c) bilateral relationships. I find that (3) scientific productivity is declin-

ing with respect to other African country knowledge stocks, and OECD country knowledge

stocks, but (4) increasing with respect to their ex-colonial country knowledge stocks and

R&D spending, and that this relationship is growing over the study time period.

In the latter part of the paper I hypothesize that international teams play a role

in driving benefits from international knowledge spillovers, and that this could go some

way to explaining the observations above. In an exploration of this hypothesis I weight

OECD country knowledge stocks by the proportion of bilateral teamwork between the focal

African country and the OECD country. Inclusion of the sum weighted stocks of foreign

knowledge results in the relationship between the weighted knowledge stock and African

scientific output becoming more positive. Moreover these relationships are more positive

for African countries that engage in relatively more international teamwork, namely those

that are smaller and further behind the frontier. Although preliminary, these results are

consistent with the theory that countries lagging behind the frontier can use international

teamwork as a way to transfer knowledge and build complementary skills.

One of the more surprising findings is the negative association between African publica-

tion output and foreign knowledge stocks in OECD countries other than their ex-colonial

power. This finding provides support for complementary interpretations: that foreign

knowledge production raises the bar for new ideas production, and that international

knowledge spillovers are relatively weak. Scientific progress therefore is a tension between
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these two competing dynamics. The positive association between African publication out-

put and their ex-colonial country knowledge stocks illustrates a tip in this balance. Given

that the positive association does not hold for countries other than the ex-colonial power,

the only explanation is that relationships with ex-colonial powers strengthen benefits from

international knowledge spillovers. This is consistent with the voluminous body of research

that highlights the difficulties in global knowledge diffusion (Jaffe et al 1993; Zucker et al

1998; Jaffe and Trajtenberg 1999). At the same time, it can help to reconcile the incon-

clusive evidence on the relevance of foreign knowledge for domestic innovation (Park and

Ginarte 1997; Porter and Stern 2000; Kyle and McGahan 2012; Fry 2020). In particular,

the results highlight that the capacity to produce ideas depends critically on the existence

of channels by which foreign knowledge is accessed.

These findings inform a large debate on the feasibility of convergence. The ‘advantages

of backwardness’ (Gerschenkron 1962), and the promise of technological catch-up, partic-

ularly in an increasingly globalized world, have not been realized in practice. Today there

remain just under 750 million people living on less than $2 a day, more than half of whom

live in sub-Saharan Africa.19 The critical feature of any model of convergence is that

ideas generated in the world are freely available. However, scholars have made significant

progress on documenting the limits to knowledge availability. Therefore the feasibility of

convergence, and the conditions under which it could happen, is an open question. This

paper contributes to this debate in a few ways. First, I examine the role of international

knowledge in knowledge generation in countries lagging behind the frontier, which is dis-

tinct from the role of international knowledge in production, and arguably could lead to

greater levels of convergence if pricing externalities exist in the latter (Griliches 1979).

Second, I measure innovation using scientific publications in order to reduce the bias as-

sociated with strategic and trading relationships between countries inherent in the use of

patents as innovation output. And third, I consider bilateral relationships, specifically the

prevalence of cross country teams, as a way to access foreign knowledge and benefit from

international knowledge spillovers. The findings from this study are able to reconcile some

of the mixed evidence between micro- and macro- level studies in this area, and highlight

that foreign knowledge stocks do matter for technological catch-up, but that there are

19https://www.worldbank.org/en/topic/poverty/overview
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limitations in the extent to which countries lagging behind the frontier are able to access

and use foreign knowledge.

More broadly, the approach helps to explain some of the variation in innovative capac-

ity amongst the world’s poorest countries. Specifically, innovative capacity of a country

lagging behind the frontier is increasing in the extent to which it has connections with

high- as opposed to low- innovative frontier countries. I show that domestic institutions

provide at best an incomplete explanation of the growth in innovative output of emerg-

ing economies in the last fifty years. This implies that programs and policies supporting

the development of innovative capacity through strengthening cross-country relationships

could have a large positive impact.

This study has a few major limitations. The main limitation of the study is the de-

scriptive nature of the data. While the use of country and year fixed effects attempt to

account for some unobserved bias that could be driving the results, the findings should be

interpreted as descriptive. Future research should seek to unpack some of these findings

using experimental methods to tease out causal processes driving the observed relation-

ship between foreign knowledge stocks and the scientific performance of countries lagging

behind. Other major limitations of the study relate to the measurement of innovation

and inputs into the ideas production function. I use publication records as a proxy for

performance. Whether this is a true reflection of innovative performance is unclear. Simi-

larly, the use of publication data to gather statistics on the scientific workforce in Africa is

problematic, particularly if this does not capture scientists who are less productive. Given

data constraints these seemed like the best measures available that would be consistent

across countries, but again, future research can consider alternative metrics to measure

innovative performance.

This paper raises more questions than it answers: Is there variation by resource in-

tensity of the field? Are similar relationships observed amongst multi-national firms?

Do other drivers of foreign knowledge access, such as the diaspora or migration, explain

variation in innovative output? Future work should seek to explore the role of interna-

tional knowledge to further our understanding of the development of innovative capacity

in countries lagging behind the frontier.
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Figure 1: Publication Trends Worldwide

Note: The absolute number of publications per year is plotted for economic and geographic regions of the world.
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Figure 2: Average Percentage of Publications with Foreign Teams Across Sub-Saharan
Africa

Note: The average number of publications across all African countries co-authored with each foreign group in a given year
is plotted.
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Figure 3: Percentage of Publications with ex-Colonial Country Coauthors

Note: The graph shows the average percentage of publications per year co-authored with specific OECD country scientists,
aggregated by colonial origin of African country. On the x-axis is the colonial origin, over which African countries are
grouped - on the y-axis is the average percentage of articles coauthored with given country over African countries in the
group between 1976 and 2016. For example, the first dark gray bar provides the proportion of publications with British
coauthors (1976-2016) amongst African countries that were under Belgium rule.
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Table 9: International Spillovers and Scientific Productivity in Sub-Saharan Africa: by
African country size

Dependent Variable =
log(publication count)

(1) (2) (3) (4) (5) (6)
below median sized countries above median sized countries

LHjt 0.18***
(0.025)

0.17***
(0.025)

0.25***
(0.031)

0.33***
(0.026)

0.34***
(0.027)

0.33***
(0.027)

LAjt 0.38***
(0.036)

0.38***
(0.036)

0.32***
(0.039)

0.43***
(0.057)

0.40***
(0.063)

0.42***
(0.059)

LS−jt OECD countries
(excl ex-colonial power)

-0.027*
(0.015)

-3.52
(2.90)

LS−jt ex-colonial power 0.27***
(0.074)

0.071
(0.066)

Controls
Log population -0.27*

(0.16)
-0.24
(0.16)

-0.26*
(0.16)

1.12***
(0.24)

1.08***
(0.024)

1.09***
(0.24)

Year fixed effects yes yes yes yes yes yes
Country fixed effects yes yes yes yes yes yes

R2 0.91 0.91 0.91 0.95 0.95 0.95
Adjusted R2 0.90 0.90 0.90 0.94 0.94 0.94

Number of observations 901 901 901 944 944 944

Note: Estimates stem from fixed effects ordinary least square specifications with dependent variables being log of counts of
outcomes of country j in year t+2. Robust standard errors are given in parentheses. *, **, *** denote statistical significance
at p-values of 0.1, 0.05 and 0.01 respectively.
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Table 10: International Spillovers and Scientific Productivity in Sub-Saharan Africa: by
African country distance to frontier

Dependent Variable =
log(publication count)

(1) (2) (3) (4) (5) (6)
countries lagging behind countries forging ahead

LHjt 0.21***
(0.024)

0.21***
(0.024)

0.21***
(0.024)

0.29***
(0.021)

0.29***
(0.021)

0.31***
(0.025)

LAjt 0.27***
(0.037)

0.27***
(0.037)

0.25***
(0.038)

0.32***
(0.035)

0.32***
(0.035)

0.30***
(0.039)

LS−jt OECD countries
(excl ex-colonial power)

0.025
(0.046)

0.0050
(0.016)

LS−jt ex-colonial power 0.12**
(0.058)

0.083
(0.071)

Controls
Log population 0.99***

(0.020)
0.99***
(0.020)

0.93***
(0.20)

0.053
(0.11)

0.053
(0.11)

0.061
(0.11)

Year fixed effects yes yes yes yes yes yes
Country fixed effects yes yes yes yes yes yes

R2 0.93 0.93 0.93 0.98 0.98 0.98
Adjusted R2 0.92 0.92 0.92 0.97 0.97 0.97

Number of observations 943 943 943 902 902 902

Note: The sample is split into countries above median publication flows ‘forging ahead’ and below median ‘lagging behind’ in
each year, and the main specification is estimated separately on these sub-samples. Estimates stem from fixed effects ordinary
least square specifications with dependent variables being log of counts of outcomes of country j in year t+2. Robust standard
errors are given in parentheses. *, **, *** denote statistical significance at p-values of 0.1, 0.05 and 0.01 respectively.
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Table 11: Propensity for African Scientists to Collaborate with Ex-Colonial Country
Scientists

Dependent Variable = coauthored
publication proportion

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

Ex-colonial country 0.18***
(0.0017)

0.18***
(0.0017)

0.18***
(0.0017)

0.17***
(0.0017)

L(OECD country population) 0.27***
(0.0062)

0.31***
(0.0064)

0.34***
(0.019)

L(OECD country knowledge stock) -0.002***
(0.000)

-0.002***
(0.000)

Controls
Year fixed effects yes

R2 0.19 0.22 0.22 0.25
Adjusted R2 0.19 0.22 0.22 0.25

Number of observations 44,832 44,832 44,832 44,832

Note: Estimates stem from fixed effects ordinary least square specifications with dependent variables being log
of counts of outcomes for a given country j/OECD country pair in year t+2 Robust standard errors are given in
parentheses. *, **, *** denote statistical significance at p-values of 0.1, 0.05 and 0.01 respectively.
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