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Abstract

This article investigates the scientization of central banks and analyzes the evolving
knowledge production. Existing literature suggests that scientized knowledge pro-
duction either becomes globally more similar over time or is driven by local political
economy considerations. However, research on the structure of central bank knowl-
edge production is lacking. To address this, | conduct semantic network analysis on
75 000 central bank working papers and articles from top economics journals.
Findings show global organizational forms of knowledge production have diffused,
but semantics remain localized. The semantic structure becomes increasingly clus-
tered over time, with a notable division between the Federal Reserve System (FED)
and non-FED clusters. Only Federal Reserve produces knowledge aligned with top
academic journals. Cluster differences are not solely due to mandates or political
contexts but depend on specific policy environments. This research illuminates the
evolution of knowledge production within central banks and underscores the influ-
ence of organizational and policy contexts.
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JEL classification: Z13: economic sociology; economic anthropology; language; social and eco-
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1. Introduction

Scientization, the adoption of cultural beliefs by modern organization, that rational and sci-
entific knowledge ought to drive organizational behavior has not only been a common fea-
ture of international organizations (Drori and Meyer, 2006; Quark, 2012; Kentikelenis and
Seabrooke, 2017; Zapp, 2018), but has also spread within entire policy making fields
(Marcussen, 2006; Lebaron, 2008; Marcussen, 2009; Claveau and Dion, 2018). Policy
making fields are particularly interesting in this regard, because once scientization has taken
hold, the scientized knowledge produced in these fields continues to be productive and
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2 E. Ibrocevic

subject to internal politics (Ban, 2016; Ban et al., 2016; Kentikelenis and Seabrooke, 2017;
Mudge and Vauchez, 2018; Ibrocevic, 2022; Thiemann, 2022). However, the literature on
the scientization of policy makers focusses either on particular policy programs or on in-
depth case studies of a policy making organization. Studies on the structure of knowledge
production for an entire scientized policy field are still amiss. Studies on global diffusion
mainly concentrate on the spread of organizational forms, rather than the knowledge pro-
duced within such forms, and thereby miss possible variation in the content of policy ideas.
I take up central banks as an extreme case of a scientized field of knowledge production to
fill this gap in our knowledge. In this article, I analyze the semantics produced in the field of
central banking research as the scientization process progresses over time. Thereby, I pro-
vide first insights into the structure of knowledge production on the semantic level during
and after the scientization process has fully established itself within a global policy mak-
ing field.

In recent years, knowledge production within the field of central banking has become a
focus for social scientists. Studies have shown that central banks have increasingly produced
scientized knowledge (Marcussen, 2009; Claveau and Dion, 2018; Thiemann et al., 2018;
Backhouse and Cherrier, 2019; Thiemann et al., 2020). This increased production has coin-
cided with the adoption of organizational forms such as working papers as genre, research
departments, an increase in PhD holders in central banks, and the emergence of coordina-
tion structures for central bank research such as the Central Bank Research Association or
the International Banking Research Network. Furthermore, central bankers have built
knowledge infrastructures in the form of training centers, which are used to diffuse scien-
tized knowledge within their community (Broome and Seabrooke, 2015; Johnson, 2016).
All of this research activity has bled over into academic economics, particularly macroeco-
nomics and finance (Claveau and Dion, 2018). Lastly, several studies show that the research
activity of central banks is not only for show, but can become productive in creating new
organizational norms which transform the policy making field from within (Baker, 2013a;
Ban et al., 2016; Thiemann et al., 2018; 2020; Thiemann, 2022).

While all of these insights have greatly contributed to our understanding of the scientiza-
tion of central banking and the role of science in general for policy makers, a perspective
which puts the organizational field and the semantic structure within this field at its core is
still missing. Semantic structures in this article are understood to be relationships between
closely related concepts produced by actors within an organizational field (Fuhse et al.,
2020). Key questions on the dynamics of knowledge production within a scientized policy
field are therefore left unanswered. For example, the literature on the diffusion of organiza-
tional norms in central banks would suggest that central bank research would become more
similar over time. This is for three possible reasons: First, the type of knowledge produced
in scientized organizations partially depends on organizational and institutional contexts.
Central banks have over time become more similar to each other as research on the world-
wide adoption of central bank independence (Polillo and Guillén, 2005), inflation targeting
(McNamara, 2002; Wasserfallen, 2019) and central banks as organizations (Marcussen,
2005) have shown. Second, central banks orient themselves towards a singular, highly cen-
tralized academic field in economics located in elite US economics department (Fourcade,
2006). Therefore, everybody is considering the same form of knowledge as a legitimate
form of science. Third, the Federal Reserve as the most important central bank in the world
could function as a hegemon within the field of knowledge production and thereby become
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From global diffusion to local semantics 3

the de facto arbiter of what is considered valid research within the central banking field. All
of these factors would suggest that the semantic structure of central bank knowledge pro-
duction would converge over time as scientized knowledge production becomes increasingly
the norm within the organizational field.

This view, however, is contrasted by another literature which suggests that translating
organizational norms like scientization into local context always subjects these organiza-
tional norms to local political struggles. Therefore, the knowledge produced by research
departments would only to some extent adhere to global standards, but rather serve as
resources in these struggles (Maman and Rosenhek, 2009; 2011; Ban, 2016; Mudge and
Vauchez, 2018, 2022; Backhouse and Cherrier, 2019; Mandelkern, 2019; Ibrocevic, 2022).
Hence, even though the organizational and institutional environment of central banks has
become more similar over time, deviations and local varieties in semantics are considered le-
gitimate forms of knowledge within the organizational field (Krampf, 2013; Braun and
Downey, 2020; Wansleben, 2023). Therefore, by looking at the semantic structure of cen-
tral bank knowledge production, we can evaluate whether and how much scientized knowl-
edge production leads to a convergence amongst national central banks. Only by looking at
this semantic structure beyond individual policies or specific central banks, we can under-
stand the general patterns in central banks’ scientization.

In this study, I take a first step in advancing our understanding of the emerging semantic
structure of central bank knowledge production as scientization takes hold. To do so, I col-
lected data on all 33 000 working papers written by the G20 and European Union central
banks in addition to the International Monetary Fund and the Bank of International
Settlement in the period 1991-2020. Understanding the semantic structure of central bank
scientization requires a relational approach, because knowledge produced within working
papers can only be evaluated in the larger context of the organizational field. To facilitate
this relational approach, I rely on more recent advancements in quantitative text analysis
called semantic network analysis (Rule et al., 2015; Bail, 2016). These approaches allow for
a more direct analysis of the similarity in knowledge production in an organizational field.
Beyond revealing the macro-structure of knowledge production within the organizational
field at large, these methods also allow an in-depth analysis of semantic networks produced
by individual central banks or groups of central banks.

My analysis reveals three key features of the semantic structure of scientized central
bank knowledge production: First, while global organizational forms of knowledge produc-
tion have diffused in the central banking field, the semantics, however, remain localized.
This is to say that over time, the semantic structure becomes increasingly clustered roughly
splitting into a cluster for the Federal Reserve System and a non-Federal Reserve System
cluster. The non-FED cluster further splits into multiple smaller clusters over time. Second,
a further analysis of the relationship between central banks and top journals in economics
shows that only the FED system tightly aligns with the knowledge produced in academic
circles. Third, differences emerging in-between clusters are not merely down to variation in
mandates or political economic context, but rather depend on the direct policy environment
of central banks. For example, the comparison between the FED cluster and the cluster in-
cluding the European Central Bank (ECB) shows that individual policy fields are constituted
differently on the semantic level. Beyond differences in how both clusters conceptualize pol-

icy fields, they also show differences in how these policy fields relate to each other.
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4 E. Ibrocevic

The article continues as follows: the first section introduces central banking as a case of
a policy field, which has undergone a scientization process over the past 30 years. The sec-
ond section then conceptualizes this process in terms of dynamics within organizational
fields and posits possible hypotheses on the emerging semantic structure within such a field.
I then introduce my dataset and methods, followed by two analytical sections. The first ana-
lytical section presents the result of the semantic structure on the organizational field level,
while the second section takes the cluster including the ECB and the FED cluster as exam-
ples to present differences on the semantic level itself. I conclude by discussing these results
in the context of the current literature on the scientization of central banks and by provid-
ing possible explanations for the pattern observed in the analysis.

2. The scientization of central banks

The following section will shortly introduce the case of central banks as an organizational
field, which has not only adopted new norms of what is considered authoritative knowl-
edge, but also has adopted formal organizational structures to effectively diffuse norms
within its field.

Central banks as an organizational form have spread in accordance to world-polity style
diffusion processes in the early 20th century (Marcussen, 20035; Singleton, 2010; Martin-
Acena and Tortella, 2016). Since then, we have seen the spread of specific organizational
norms on their institutional embedding within nation states (central bank independence)
and policy framework (inflation targeting) (Polillo and Guillén, 2005; Wasserfallen, 2019).
Norms on knowledge production have followed suit in the mid-90s when central banks
underwent a rapid scientization process. While many central banks have engaged earlier
with academia, the large-scale adoption of scientific knowledge production itself only be-
came a norm in the 90s. This is to say that they began to coach their policy decisions in
technocratic and seemingly scientific language rather than bureaucratic policy making
(Marcussen, 2006, 2009).

This type of shift in knowledge production was made possible by mainly two factors:
first, a general agreement by the stake holders of central banks, financial markets and the
political system that inflation control was the primary task of central banks, inflation target-
ing was a legitimate way of conducting monetary policy and that central bank independence
was the most efficient institutional setting for central banks (Braun and Downey, 2020).
This agreement among the environment of central banks then allowed for the formalization
of inflation targeting as an easily diffusible policy paradigm (McNamara, 2002; Walter,
2019), thereby providing the groundwork for its translation into common approaches
within macroeconomics. Second, in response to the collapse of the Soviet Union, the central
banking community at the same time built a large network of conferences, training sites
and organizational training for the upcoming central banks in post-Soviet states. In the pro-
cess of creating a training program for these new central banks, the global central banking
community agreed upon cultural and organizational norms of central banking, thereby
making them “diffusible” (Broome and Seabrooke, 2015; Johnson, 2016). The intellectual
infrastructure still persists until this day and is one of the underlying reasons central bankers
are often considered a global epistemic community. Since the move towards scientization,
central banks have immensely increased their research capacity and often consider them-
selves as one of the foremost economics departments in their respective countries. Research
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From global diffusion to local semantics 5

on this community of central bank researchers is relatively new, although previous research
established that central bankers themselves either produce knowledge within their organiza-
tional field by themselves or entered into alliances with economists in academia to generate
knowledge in an effort to transform their own organizational field (Baker, 2013b; Ban
et al.,, 2016; McPhilemy, 2016; Claveau and Dion, 2018; Mudge and Vauchez, 2018;
Thiemann et al., 2018; Backhouse and Cherrier, 2019; Thiemann et al., 2020;
Thiemann, 2022).

Understanding the structure of knowledge production is therefore even more important
in this organizational field, because the knowledge produced is not only for show, rather it
can become instrumental in transforming the organizational field itself. However, the litera-
ture on the scientization of policy makers focus either on particular policy programs or on
in-depth case studies of a policy making organization. Studies on the structure of knowledge
production for an entire scientized policy field are still amiss. To gain further insights into
how such a scientization process could be theorized the next section will examine central
banking from an organizational field perspective and leverage this perspective to form
expectations of the semantic structure underlying central bank scientization.

3. Organizational fields and central banks

First insights into the scientization process the central banking field is undergoing and its ef-
fect on the semantic structure of the field can be gained from a neo-institutional perspective
on organizational fields. Organizational fields are defined as “those organizations that, in
the aggregate, constitute a recognized area of institutional life” (DiMaggio and Powell,
1983, p. 148). In the case of central banking, the respective field is global and consists of all
central banks in major economies. The world-polity literature suggests that in such a global
organizational field, we can expect the emergence of a shared culture which diffuses glob-
ally (Strang and Meyer, 1993; Meyer et al., 1997). Scientization is one such cultural norm,
which suggests to policy makers, that their policy making ought to be described in rational-
ized and scientific language. (Drori et al., 2006; Drori and Meyer, 2006). This coaching of
policy decisions is used by policy makers to signal to their environment that policy problems
are dealt with in a rational and scientific way. While scientization as a cultural norm also
includes shared believes in the knowability of the social world, methodology and profes-
sional self-understanding, scientized knowledge “identifies patterns, organizes evidence,
and maps and models relations” (Drori and Meyer, 2006, p. 64). The rationale for scienti-
zation is that decision making based on scientific knowledge purports to be universal, objec-
tive and outside of possible distributional conflicts. The invisibilization of distributional
conflicts through the application of scientific knowledge is what makes it applicable without
any concern over the local context the knowledge is used in. The universality of scientific
knowledge is therefore the property of science, which makes it easily diffusible within orga-
nizational fields such as central banking (Fourcade, 2006). Crucially, such adoptions of cul-
tural norms such as scientization serve to legitimize organizations in the eyes of its
environment as members of the wider organizational field.

Indeed, a range of studies have shown that world-polity style diffusion of organizational
forms has occurred in the central banking field. Marcussen (2005) has shown that central
banks as organizations spread between nation states in the early 20th century (see
Singleton, 2010 for a historical overview). Studies on the spread of central bank

$20Z 1snBny 9z Uo Jasn saNe1o0s Jo ApMS |dIN AG 2S9E€Z/ 2/9709BMW/ISS/S60 1 0 /I0P/a|oNiB-80UBApPE/ISS/W0o dNoolwapeoe//:sdiy Wwol) papeojumoq



6 E. Ibrocevic

independence, the now dominant institutional form of central banks, has shown similar
patterns (McNamara, 2002; Polillo and Guillén, 2005). Beyond pure organizational forms,
policy making practices have spread within the organizational field as well. Studies on the
worldwide spread of inflation targeting have shown that even policy practices spread within
the organizational field of central banks (Johnson, 2016; Wasserfallen, 2019).

Given the state of the literature on organizational fields and central banks, one would
expect a close relationship between the knowledge production of central banks. This expec-
tation is supported by studies showing the creation of an epistemic community of central
banks (Haas, 1992; Kapstein, 1992; Verdun, 1999; Baker, 2013b; McPhilemy, 2016;
Westermeier, 2018). Epistemic communities are considered actors who collectively hold
similar world-views and organize in ways to implement those world-views. Johnson (2016),
for example, shows how central banks in developed countries built training centers (this
came in the form of specialized training centers, workshops, personal exchange to foreign
central banks, training retreats and conferences) for upcoming central banks of post-soviet
countries. As a side product of this training exercise, central bankers created cultural norms
of what good monetary policy ought to be, while at the same time building the infrastruc-
ture to easily and rapidly diffuse policy knowledge within the organizational field. Given
that central banks as an organizational field have built infrastructures of knowledge diffu-
sion, adopted similar organizational forms for policy making and knowledge production it-
self, we would expect that over time the knowledge they produce would become
more similar.

This expectation is, however, contradicted by a secondary literature on policy diffusion.
In contrast to world-polity style diffusion, this literature assumes, that adoption of global
norms requires translation efforts into local institutional contexts. Halliday and Carruthers
(2007) show how changes made during the adoption of a global norm can recursively feed
back into world polity, thereby effectively changing the norm itself. Chorev (2012) ex-
panded on this and showed that nation states are more likely to adopt a global norm once
nation states observe other seemingly similar nation states adopt the global norm with mi-
nor changes without losing legitimacy within world-polity.

The production of scientized knowledge during the scientization process therefore does
not imply that all scientized knowledge produced by central banks has to be considered sci-
entific within the hierarchy of economics for the generation of legitimacy. Within this hier-
archy, only knowledge produced within the top of the profession, that is, the top US
economics departments and journals, is perceived as objective enough to be recognized as
science (Fourcade, 2006). Rather, scientized knowledge production by technocratic central
banks merely signals to their environment that they deal with relevant policy problems in a
rationalized way. For this signaling to produce legitimacy for central banks, it is often
enough to adopt the language at the core of the economics profession without outright pro-
ducing science as perceived in the field of economics (Fourcade, 2009; Reay, 2012;
Schmidt-Wellenburg, 2018). This flexibility in possible forms of knowledge ranging from
the perceived universality of science and the possible particularities of scientized knowledge
production in central bank research departments suggests that economic knowledge is
much more adoptable to context specific policy challenges of central banks without suffer-
ing legitimacy losses. This line of thinking would suggest that the underlying semantic struc-
ture of scientization is localized based on social, political and economic conditions, but not
independent from each other.
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From global diffusion to local semantics 7

This perspective is also supported by the literature on the adoption of organizational
forms and knowledge by central banks. The literature has shown that the adoption of orga-
nizational norms requires a translation process, which in return makes the new organiza-
tional norm subject to political struggles within and outside the organization (Maman and
Rosenhek, 2009, 2011; Ban, 2016; Mudge and Vauchez, 2018, 2022; Backhouse and
Cherrier, 2019; Mandelkern, 2019; Ibrocevic, 2022; Yee, 2023). This notion is also
reflected in studies on scientization in international organizations (Quark, 2012;
Kentikelenis and Seabrooke, 2017; Zapp, 2018). Quark (2012) argues that actors adopt sci-
ence as a standard for knowledge production; however, this in itself leads to scientized poli-
tics, that is, conflicts over what is considered the right science for policy problems. Mudge
and Vauchez (2018), for example, show that the ECB might have taken up science as a
form of knowledge production due to its embeddedness in a global field of central banking;
however, the most important scientific export of the ECB, macroeconomic modelling tech-
niques, was heavily influenced by the position of the ECB within the bureaucratic field of
the EU, its position in global financial markets and the professional field of economics. The
economic object created by these models, the European economy as a macroeconomic ob-
ject separate from its constituent national economies, results in their analysis from the
embeddedness of the central bank itself. Following this line of thinking and the literature of
translation of global norms into local context, one would expect the semantic structure of
scientized knowledge production to be fractured into central banks with similar positions
within their global and national environments. This is to say that the resulting semantic
structure should show a clustering of similar central banks, rather than a global increase
in similarity.

To analyze the semantic structure in which knowledge is produced, I collected all avail-
able working paper written by all G20 and EU central banks in addition to all working
papers by the International Monetary Fund (IMF) and the Bank of International Settlement
(BIS). This dataset allows me to analyze the structural evolution within the organizational
field of central banking within an ideal context for adoption: the production of abstract, sci-
entized knowledge in the form of a well-standardized genre of economics working paper
(Breslau and Yonay, 1999).

4. Data and method

The analysis of the semantic structure of an organizational field like central banking
requires to gather all working papers by central banks. Working paper were collected via
the RePEc database, the biggest database for economics articles available. Some central
banks do not work with the RePEc database, and their working papers are therefore
unavailable. For these central banks I used web-scrapping to collect their working paper in
December 2020. I chose all central banks within the EU and G20 in addition to the IMF
and BIS. This data collection process allowed me to gather 33780 working paper the period
1991-2020. Beyond the publication itself, the data collection yielded the abstract, key-
words, title and authorship data for each publication. For the purposes of this study, only
papers with abstracts were used. The Saudi Central Bank and the Reserve Bank of India are
excluded from this analysis, as their working papers are only available in full-text PDFs.
Establishing the semantic structure of knowledge producing fields usually uses citation
and co-citation analysis. Citation analysis, however, is problematic for the purposes of this
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8 E. Ibrocevic

study, because these analytical tools require a reasonably complete citation record for all
publication. This record is often provided by professional databases like Web of Science,
which itself is provided the reference list by the publisher. This kind of data collection does
not exist for working paper of central banks. While the RePEc database extract references
from full-text PDFs automatically, the coverage ratio is too low to allow for reliable analy-
sis via citation analysis.

Instead of citation analysis, I use quantitative text analysis to infer the relationship be-
tween the knowledge production within the organizational field of central banks. More spe-
cifically, I use semantic network analysis to extract the content and, more importantly, the
structure of the intellectual field created by central banks. Semantic network analysis has
important advantages compared to more common text analysis algorithms. While topic
models work just as well to extract the content of a large corpus of documents, it requires
extra steps to show the relationship between topics, documents, and the organizations they
stem from. Semantic network analysis on the other hand performs just as well at extracting
topics, while at the same time having the relational approach required for the analysis built
in (Roth and Cointet, 2010; Lee and Martin, 2015; Rule et al., 2015; Bail, 2016; Hoffman,
2019; Fuhse et al., 2020).

The specific semantic networks calculated here are similarity networks between the
abstracts of working papers written by central banks’. T use “textnets” an r-package, which
implements the methodology of Bail (2016). I follow the bag-of-words approach, which
assumes that texts can be represented by lists of words, rather than full sentences.
Following this approach, I removed common stop words, numbers, and punctuations from
the texts and lemmatized every token. Finally, I use a speech tagger which identifies nouns,
proper nouns and compound nouns between adjectives and nouns. Previous studies have
shown that it is mostly nouns which make up the important content of documents (Roth
and Cointet, 2010; Bail, 2016). This approach produces a document-term-frequency (DTF)
matrix. The DTF matrix represents all documents as a frequency distribution over all
remaining words in the text corpus. To avoid over-estimating the significance of terms
appearing too often or too rarely, I weight the DTF matrix using term-frequency-inverse
document frequency scores. To infer a network between groupings of documents, the pack-
age then uses the bipartite DTF matrix to link organizations based on the co-presence of
terms within their abstracts. A weight within the grouped network “is defined by the sum of
the term-frequency-inverse document frequency for the overlapping terms” (Bail, 2016, p.
11828). The last step of the analysis is to cluster the resulting network using the Louvain
clustering algorithm.

Beyond calculating relationships between central banks, I also use the method by Bail
(2016) above to determine the periodization for my analysis. For this, I group all texts writ-
ten in one year together and calculate the similarity between all years for the entire period.
Three periods were found by this analysis. The first period ranges from 1991 to 1999—the
period when central banks began adopting institutional norms from their scientific environ-
ment. It is in this period when the working paper as a new genre for the dissemination of
knowledge became established. The next period is between 2000 and2010. During this pe-
riod almost, all central banks have established working paper series. This also maps unto
the time period which is commonly known as the Great Moderation in which the trifecta of
inflation targeting, interest rate control and central bank independence as policy program,
policy instrument and institutional arrangement of modern central banking came to
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From global diffusion to local semantics 9

prominence (McNamara, 2002; Polillo and Guillén, 2005; Wasserfallen, 2019; Braun and
Downey, 2020).

The disruption of the Great Financial Crisis on the organizational and institutional ar-
rangement also shows in the periodization found by my analysis. The last period matches
events in recent economic history. The immediate post-crisis period was marked with a
reconfiguration of large parts of the economics profession and saw the emergence of new
subfields within economics. More importantly, central banks swayed from their heavy use
of macroeconomic models such as Dynamic Stochastic Equilibrium Models (DSGE), which
were partially to blame for the crisis itself (Fligstein et al., 2014). It is also in this period,
when large parts of the transnational regulatory framework were reworked and most cen-
tral banks received mandates for financial stability (Baker, 2013b; McPhilemy, 2016;
Lombardi and Moschella, 2017; Thiemann et al., 2020).

To analyze the network structure, I rely the description of network visualizations and
modularity scores. The visualization of networks requires a sparsification algorithm, be-
cause similarity networks of large quantities of texts are too dense to identify patterns or
find clusters. Following Bail (2016), I use a disparity filter, which removes ties below a
threshold alpha. While the visual analysis provides insights into the relationship between
different organizations to the professional field of economics, the calculation of modularity
scores provides insights into the structure of the network. Modularity scores calculate the
degree to which clusters form within a network. Clusters are defined as groups of nodes,
which have dense connections within groups, but only sparse connections between groups.
If the organizational field of central banks does become more similar over time, modularity
should decrease over time. The results of the analysis are robust for different periodizations
and alpha values (see Appendix A).

5. The semantic landscape of central bank knowledge production

This section shows how the organizational field of central banks has evolved over time. In
the networks, an edge is produced if two organizations produce similar content in their ab-
stract within one period. The thickness of the line indicates the level of similarity, while the
color of the nodes indicates the results of the clustering algorithm.

Figure 1 shows the semantic structure of the central banking field for the entire period
1991-2020. Two large clusters form between the Federal Reserve System and the rest of the
field. The only exception to this pattern is Mexico, which clusters with the Federal Reserve
System. The non-FED cluster is itself split into three separate clusters. The most distant clus-
ter from the Federal Reserve System is the cluster including Germany, Netherlands,
Finland, the ECB and Luxembourg. The second cluster can roughly be described as consist-
ing of Eastern European and Emerging Market economies. This cluster roughly surrounds
the ECB cluster and is itself surrounded by a cluster including international organizations
such as the IMF and the BIS, but also most non-European emerging economies and mid-
sized European countries. This last cluster is also what connects the larger organizational
field with the FED cluster.

Figure 1 already provides us with few indications of the semantic structure underlying
central bank scientization. The large central banks at the top of the monetary hierarchy, the
Federal Reserve, ECB or the Bank of England, are not at the center of the similarity net-
work, which would indicate a role-model position within the organizational field. This role
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Figure 1. Similarity network of central banks between 1991 and 2020. Colors = clusters found by

Louvain clustering. Alpha =0.25.

is also not filled by organizations suggested by a world-polity approach, that is, the two in-
ternational organizations BIS and IMF. Rather, the IMF and BIS at best could be considered
facilitators between the two large clusters (Seitzer et al., 2023). Further, membership in the
European Monitary Union (EMU) does not seem to be a factor for central bank knowledge
production. Central European countries like Luxembourg, Germany and the Netherlands
form a cluster with the ECB; however, other members of the European Monetary Union, in-
dependent of the size of their economies, do not seem to be closely aligned with this “core”
cluster. Lastly, Eastern European central banks seem to cluster in their knowledge produc-
tion, most likely due to their shared training experience in the 90ies, in spite of their vastly
different political economies (Nolke and Vliegenthart, 2009).

While the analysis of the entire period already shows that the field of central bank
knowledge production is not as homogeneous as the literature on diffusion of central bank-
ing norms would suggest, a closer look at the individual periods shows how the semantic
structure becomes more modular over time. Further, the graph shows how late adopters of
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From global diffusion to local semantics 1

central bank scientization embed themselves into the existing field of knowl-
edge production.

Figure 2 shows the semantic network for the first period 1991-1999. At this point in
time, only few central banks have adopted working papers as a genre of writing. Most of
them only have very few working papers; it is mostly the members of the FED system
(FEDs), which have established working paper series. Three aspects appear important in
this first period: First, the FEDs do not all cluster together, but rather are more dispersed be-
tween other central banks. Second, except for the large FED cluster, there does not seem to
be clear cut regional clustering, beyond the fact that with the exception of the Canadian
central bank, only the Federal reserve and ECBs have joined into the scientized knowledge
production of central banks at this point. Furthermore, the IMF and BIS have yet to take
their position at the heart of the semantic network. The results of the first period should not
be overestimated, because some central banks only established research departments during
the period and have published too few working papers to make strong claims about their
similarity to other central banks and presumably an understanding of what constitutes the
genre of central bank working paper has not established itself yet.

Figure 2. Similarity network between central banks in-between 1991-1999. Colors = clusters found by
Louvain clustering. Alpha =0.225. Alpha =0.225. Modularity =0.5.
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12 E. Ibrocevic

Figure 3 shows the network for the period of 2000-2010. By this point in time, most
central banks have adopted working papers as a genre of writing. In contrast to the previ-
ous period, the clustering of the network has progressed, that is, groups have higher in-
group connections than out-group connections. The FEDs largely begin to cluster together;
however, some exceptions remain. The non-FED part of the organizational field is barely
connected to the Federal Reserve System, with the exception of the FED-Dallas and FED-
San Francisco. Eastern European countries begin to cluster together; however, the cluster is
surprisingly not as clear cut as in the network over the entire period or in the last period.
The BIS during this period is closely connected to emerging economies in Japan, South
Korea, Turkey, Mexico and South Africa, while the IMF shows greater similarity
with ECBs.

The last period 2011-2020 continues the trend from previous periods (Fig. 4). The net-
work has become even more clustered. Eastern European central banks form their own clus-
ter, suggesting that the training activities of the central bank community had lasting effects
on the scientized knowledge production by these central banks in spite of differences in the
political economies of Eastern European countries (Nolke and Vliegenthart, 2009). Against
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Figure 3. Similarity network between central banks in between 2000 and 2010. Colors = clusters found
by Louvain clustering. Alpha =0.27. Modularity = 0.488.
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by Louvain clustering. Alpha =0.25. Modularity =0.53.

this backdrop, the inclusion of the Austrian central bank in the Eastern European cluster is
plausible, as one of the primary training facilities for Eastern European central banks is the
Joint Vienna Institute, which itself operates under the auspices of the Austrian central bank
(Johnson, 2016). The ECB still remains their close relationship with the central bank of
Luxembourg, Finland and Germany. Compared to previous periods, the IMF and BIS are
now position close to each other and connect a number of non-European emerging econo-
mies with each other. Most strikingly, the FED system has now split of into their own clus-
ter with the exception of Mexico. The last cluster, however, does not conform to a clear
pattern. While the IMF and BIS are unsurprisingly positioned at the center of mostly emerg-
ing economies or countries which were engulfed in the European Sovereign Debt crisis,
other countries such as Sweden, Belgium, Denmark, Canada and Australia show semantic
similarity without a straight forward explanation.

So far, the analysis of the organizational field of central bank knowledge production has
shown that the semantic structure of the organizational field has not become more homoge-
neous. Rather, the organizational field has clustered into two large clusters. The FED cluster
as a distinct area of economic thinking from the rest of the organizational field. The non-
FED field in return has clustered into three smaller groups based roughly on either regional
similarity in the case of the Eastern European cluster or seemingly similar economic ideol-
ogy in the case of the ECB cluster. The third cluster in part shows a similar pattern. The cen-
tral banks surrounding the IMF and BIS are all either emerging economies or under
conditionality of the IMF (Greece). While the rest of the clusters seem to be rather ambigu-
ous in their relationship towards the rest of the network, none of these clusters are, how-
ever, entirely clear cut. The FED cluster includes Mexico, while the Eastern European
Cluster contains Malta.
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5.1 The exception to the rule: the Federal Reserve System’s position in
academic economics

Even though the above analysis of the semantic network suggests an increased clustering of
central banks into relatively distinct groups of knowledge production, one question
remains: How can the most prolific producer of central bank knowledge the Federal
Reserve System, the guardian of the world currency, be separate from the rest of the organi-
zational field it regularly serves as a role model for?

One plausible explanation lies in the development of the economics profession and its re-
lationship with the US bureaucracies. As Fourcade (2009) argues, the lack of a traditional
role for public servants and a general distrust of state intervention meant that US govern-
ment officials derived their legitimacy as policy makers from their membership in a profes-
sion. The identification with professional standards set within elite US economics
departments (Fourcade, 2006) allowed policy makers to supply seemingly non-partisan,
technical expertise, which would banish political considerations from policy making. Both
state bureaucracies and academic economists view the free market and market economies
as the default reference category for an ideal relationship between the state and
the economy.

Against the historical and institutional background of the US economics profession, one
expectation could be that a scientized Federal Reserve System would align itself with the in-
stitution it partially derives its professional legitimacy from: academia. To test this explana-
tion, I repeated the above analysis, but this time I included the most important journals in
economics, macroeconomic and finance. Academic journals were chosen based on two fac-
tors: their prestige within economics and their topical relation to central banks (macroeco-
nomics and finance). This resulted in the inclusion of the big five journals in economics
(Rath and Wohlrabe, 2016; Wohlrabe, 2016). To determine the top journals in finance and
macroeconomics, I compared rankings and accumulated a list of top journals. Most rank-
ings of economic subfields come to comparable results on the importance of the top journals
(Kodrzycki and Yu, 2006; Kohlscheen, 2011; Rath and Wohlrabe, 2016; Wohlrabe, 2016).
33 664 journal articles were collected.

Figure 5 shows the network for the period 1991-2020. The network does indeed split
into two large clusters: The Federal Reserve System (and Mexico), which is tightly con-
nected to the output of academic journals and the entire rest of the organizational field. The
only smaller cluster left consists of finance journals, which are, however, still mostly con-
nected to the FED/journal cluster.

The semantic network observed between the scientized central banking field and eco-
nomic science and the analysis of the organizational field above indicates that indeed not all
central banks produce knowledge similar to the most prestigious academic outlets in the
economics profession. The Federal Reserves are much more aligned with the knowledge
produced in the prestigious outlets of academic economics, whereas every other central
bank (with the exception of Mexico) is either not willing or able to produce knowledge sim-
ilar to the mainstream of academic economic thinking. One possible explanation relates to
market economies as a reference category developed in the historical and institutional con-
text of the US economics profession. The US economics profession is not faced with the
same policy problems as economists outside the US, due to its position in the international
political economy. Policy areas such as exchange rate regimes, capital flight during financial
crisis, trade imbalances or exchange rate volatility play almost no role for the US, which
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Figure 5. Similarity between central banks and top economics journals in the period in between 1991
and 2020.

controls the global reserve currency and is the biggest economy in the world (Schwartz,
2019; Pape, 2022). Put differently, policy problems faced by central banks outside the US
that deviate from the ideal of a US market economy are seen as pathologies of their political
economies, rather than legitimate ways of organizing the economy from the point of view
of US economic thinking.

This result suggests that these central banks do not produce knowledge akin to what is
perceived by the economics profession as the most scientific form of knowledge, that is, the
most abstract and considered to be the most objective form of knowledge. More impor-
tantly, however, is that the increased modularity in the semantic network indicates not only
that variation in knowledge production remains, but intensifies over time. A crucial ques-
tion remains from the analysis above: if variation in economic thinking persist or even
increases, what are possible explanations for the differences observed on the organizational
level? The next section provides insights into how these differences come about by zooming
into the semantic relationships created by the working papers of the two most distant clus-
ters: the ECB and the FED cluster.

6. Spotting the difference: the meaning-structure within clusters

The above analysis has shown that the meaning-structure of an organizational field such as
central banking does not become more homogeneous over time, but rather splits into
mostly regionalized clusters. However, the analysis itself is rather abstract, since it is not
clear where the difference in the meaning-structure lies. Is it, for example, differences in the
large topics covered or the way similar policy areas are viewed differently in various parts
of the organizational field? To gain insights into these questions, I have constructed word
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16 E. Ibrocevic

co-occurrence networks following the methodology outlined by Rule et al (2015) for the
two clusters furthest apart in the last period of analysis: The FED cluster and the
ECB cluster.

Figure 6 shows the resulting ECB cluster network, while Fig. 7 shows the same network
for the Federal Reserve cluster. Differences appear in almost all meaningful properties of
the semantic network. The structure of the networks themselves differs. While the FED clus-
ter has a number of tightly connected topics surrounding monetary policy (the light green
topic), the ECB cluster is significantly more modular (topics are more distinct from each
other). This suggests that for the ECB macroeconomic policy areas perceived to be semanti-
cally more distinct. While the topics themselves appear to be more distinct, the mere exis-
tence of a wider array of topics covered by the ECB cluster seems to indicate that more
areas of macroeconomic policy making are perceived to be necessary by the ECB cluster to
fulfill its role as a central bank than the FED cluster.

Differences do not only persist between topics covered or their relation to each other,
but also in the way policy areas are constituted on the semantic level. Take for example the
topic for monetary policy, the core policy area for central banks (Figs. 8 and 9). Again, the
FED network includes significantly more words regarding formal modeling compared to
the ECB. Further, the ECB cluster includes a different mix of policy considerations within
their monetary policy topic. It includes words in regard to sovereign debt crisis, that is, fis-
cal policy, but also financial stability and quantitative easing. This indicates that monetary
policy is institutionally inter-twined with other macroeconomic policy areas in spite the
more modular structure of the entire semantic network compared to the FED. Contrast this
with the FED cluster, which only includes fiscal policy as inputs for formal models, while
largely ignoring financial markets and quantitative easing. The only exception to this is ex-
change rate regimes; however, these might appear in the FED cluster due to the inclusion of

Mexico into the analysis of co-word occurrences.

7. Discussion and conclusion

The scientization of central banks has been considered one of the latest shifts in a long line
of organizational transformation within central banking. I have examined scientization as a
dynamic process where organizations adopt norms to signal to their environment a ratio-
nalized handling of policy problems. I go beyond mere adoption to explore the semantic
structure of scientization processes. My findings indicate that while central bank scientiza-
tion may have spread within the central banking field as suggested by world-polity scholars,
the knowledge produced within the field does not align with the same pattern. The analysis
showed that central bank knowledge production becomes more modular over time, that is,
knowledge produced by central banks becomes increasingly distinct. More importantly,
this clustering of central banks into distinct knowledge production clusters progresses even
as other formal organizational variables point towards an increase in scientization. The se-
mantic structure of scientized knowledge production therefore does not follow the same
world-polity style adoption of what are legitimate problems to be researched by central
banks. This is in spite of the wide-spread adoption of organizational norms on how and by
whom scientized knowledge can be produced, the adoption of organizational norms by na-

tion states on the institutional environment of central banks (central bank independence

$20Z 1snBny 9z Uo Jasn saNe1o0s Jo ApMS |dIN AG 2S9E€Z/ 2/9709BMW/ISS/S60 1 0 /I0P/a|oNiB-80UBApPE/ISS/W0o dNoolwapeoe//:sdiy Wwol) papeojumoq



17

From global diffusion to local semantics

Downloaded from https://academic.oup.com/ser/advance-article/doi/10.1093/ser/mwae046/7723657 by MPI Study of Societies user on 26 August 2024

"Alljea1uad ssauusamlaqui = azis [aqe| ‘so1dol = s10]0) *(pueul{ ‘Binoquaxn ‘Auewuan ‘g)3) 181sn|o 33 0Z0Z—L L0OZ J10M18U PIJOAA-0D "9 a4nbig

$101e21pw Bulwem N
sinsopap
iy i i
UONEAWIOD Wk rEme A
- wesea "I e
o g B, s

M1 Linoy VIS ERDGSKICIRIIEINES) mopeys
ey primy s gy ! ads-yueq ~r. o)
e 1 e
weadan o e
ST S g

[puueYyd BuUIpUa) Sueq ]

sajui wiodap 3PP

Epuny ey
JO8SE e u
oy
reae—.
E_.-vvos—»uba’. e »_\én‘_ 5 | v ‘. . K 9L JLIE
. )7 2] 18 EQ},
L o e @l soue|e A TOEIONI|
} VI o LI i i oo srpen Jupussasse | peIo
r—— uBiasenv; g
e g 2108 i el RN ABRIANY
ot e Sy ERET[EEY]
Spla! I qw..
it T e o N\ SIOJSOAUL I IEue
=2 s i £
s, s g e mwmﬂ&%&.wo‘_:a T
= " elwaid ysu ._...i_._.m N
PR ; \ oy o
ey pwsse ° waysihs *cﬂ:iun
SR a0 j0ap uBjEIaNoR  amaa " /1| i -
Koljod Aueysuow o\ - — P —
I Aiey < T »vNO—-w—:_.HUlAIMV\l —— wopepmdde
S n:ozu.n.- - Y% rnwdm:!—uxa e jeaci Uﬂ..n..ﬁuna!gzs oy
s scanBIND 704G \ oo b o o padiiy
33c) upue) | a G .
OIS e . |
SUONE) ea1B
s £) <
e e i it == ya01e
2) 1S2U94 [EUIMOU  3sp & - $400Y r_u-.
~ o <.
gy inba Y R e Sanol N
vogengals " T ® 12230 Ao 0Bi210)

S o apucideon G

~ ha” loifhquyst >
e na-_Uolnquysip ~
- Koijod jeosyy P oeboibbe it i
soswansidues . 7\ N\t = {
e R SAG  apiiins_SMETIG e soujunooueadoung.,
S ppioi, g v S, B w0 L DAY
et o X e I N e \ e
weperaieD 208 SOLJUN0d SN Whsuoo = g —=
awaed : aunj)| Jud
woun AilReuieeE < WU A Srouatoina % ployesnoy. . i <
aouabimas 53Bucy afice: sy Kaains uonduwins uod *P U HTHEN umest Juceads T
e s Huapuodss) UONNGUISID B,

BWOodL
el ousnoutioneindod
S . aeam ata
disiedins” " T kewn - wBlag

smunep A
v ssoupojgIpUl
AL U s
wopans 1oup



E. Ibrocevic

18

Downloaded from https://academic.oup.com/ser/advance-article/doi/10.1093/ser/mwae046/7723657 by MPI Study of Societies user on 26 August 2024

*All|eJjusd ssauusamiaqul = az|s |age| ‘so1do} = $10]0) “191sN|9 34 020Z-L LOZ JJOMIBU PIOAN-0D L danbBig

2.“:%.? soug suogone
sosusdxa syueq AYUNWWoD Sages \
shiojdxe b e SawIINba)
swauRburLe \\
SR ey ippuen  Uonierjaidde
PE— ugpledonmppu \.

si
W RBusiauggauion  Aous

e

"

7 0 \ __suondaosad u&:ﬁEo%ﬂo:Ewt_v.:_.uu:u._oE_mﬁ 1ewndo
ey oo WS wnuqyinbs
N\ G . ABiduinuh yuauysaaul

suoNLj erouRUy
anno snidins. fo_._n — w

n‘gﬁugs_.e_n_u £ ndino o
3 apey 91942 sSallisng 3 -
Eeidies g uonnio
o el AR\ apows E:tﬁ::uu.ﬂuu&uﬂniouav wnLqNba [ejaUal yime:B Indine  suohRNUED ISl o

—sned - yimoub uado dasioe; pazifis woneraGs > o )

‘ ! BRI S,
o KYTRISAPOIA o a0 iy

sano oty
! A AIAIANPOIA 1018) #]0) SIAWOUODD BuiBsa w
C s uoisisdsp %ﬂuwoﬁ _nnu_‘...ww.w.ouo.iz_q:vci IM0IB 4ao feal ‘o -
ptie 6!9&» suoucas1OM! sabueyd ead
sassordua uopanps) " =y304s puewop
suodxe  puiys

susieq  UOMNBHWOR, g seasn % nouBMOl [eded
spue) Uﬁ.=_n=0=l_h xapul aoud
voneaouur ONEIONTE g pan iy

smoyul umopmojs
HUSWHIQEsa

sdnyinw 1a4
sabeyuy



From global diffusion to local semantics 19

real exchange rates. trend inflation

o Phillips curve
small open economy  Pricing model real rates

output gap defiation
multiplier

depreciation inflation rate optimal monetary policy switch
inflation expectations New Keynesian model
respense n i
P real interest rate deficits

rational expectations
exchange rate el P

fiscal policy ~ Private sector

ice lev
i inflation target <
o g expectations 71 o €CONOMY  soesacsemans
inflation /)
nominal interest rates
optimal policy

policy rate
short-term interest rates monetary policy oy government debt
Bullard episodes equilibrium
path target rule
central bank .
Open Markel o tiee e e rate interest rates S
R < constraints commitme"r‘1°tney
objectives 4
principle policymakers pO I |Cy
tools instruments tradeot
interest
Figure 8. Monetary policy topic for the FED cluster.
rate
sovereign debt crisis - bond yields
: ield curve y
euro area sovereign term gtructu © sssdtisiices
announcements
crisis times . ylelds . .
asset purchases  sovereign bondsrisk premia
news
government bolr)dd et ek >
qe ond marketpremia risk premium .
. valuation
appPU rchashe|§ bond"premium equity markets
oldings . H
securities investors
returns stock returns
corporate bonds stock market
eurosystem
operations I/ volatility
e market liquidity
monetary policy instruments |iquidity market ;. .ncia markets
reserve requirements
money market fundamentals
market conditions
reserves liquidity risk .
liquidity provision protection

interbank market

liquidity shocks
risk aversion

flows

Figure 9. Monetary policy topic for the ECB cluster.

and inflation targeting) and the emergence of an epistemic community of central bankers
supported by an infrastructure specifically built to diffuse knowledge.

However, the alternative hypothesis of knowledge being determined by localized political
struggles or the position of a central bank in a variety of overlapping global and local fields is
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20 E. Ibrocevic

not entirely borne out either. The emerging cluster of Eastern European central banks persists
and becomes more distinct from other central banks even though their political economies, po-
sition in monetary hierarchies and economic conditions diverge over time. This might be due to
soviet economic thinking thoroughly being discredited by the fall of the iron curtain. Scientized
knowledge production of central banks in post-Soviet states was therefore not contested by a
local tradition of economics, which co-evolved with the state bureaucracies. Beyond the Eastern
European cluster, central banks within currency areas do not clearly align either. Members in
the European Monetary Union, or for that matter European Union, do not become more simi-
lar over time, nor does the ECB become the most central actor among these central banks.
Rather, a small number surrounding the ECB become more similar over time, but remain dis-
tinct from the rest of the EMU or EU central banks. Among the clusters of central banks, the
Federal Reserve cluster is most distinct from the rest of the field.

The addition of the most prestigious economics journal into the semantic network shows
that the Federal Reserve System closely aligns their knowledge production with the institution
scientized knowledge production mimics: academia. Taken together the analysis of the se-
mantic networks of scientized knowledge production of central banks disprove a number of
commonly assumed properties of scientization: First, central bank scientization does not lead
to homogenization of scientized knowledge production within the central banking field.
Second, the biggest central banks in the world (ECB, FED, Bank of England) are not the most
central actors within the semantic network. Third, central banks are not homogeneous actors
within the semantic network; rather, localized clusters of economic thinking emerge. Lastly,
not all central banks produce knowledge, which is comparable to what is considered the most
scientific knowledge produced in top US journals; this is only done by the Federal Reserve
System and Mexico. These last two points become especially clear in the comparison of se-
mantics within the ECB and FED clusters. The analysis shows that differences do not only
emerge in the economic problems researched by central banks, but also how these economic
problems relate to each other and are themselves constituted. While the ECB cluster produces
knowledge on a wider array of more distinct policy problems, the FED cluster deals with
fewer but fuzzier policy areas. However, while the FED cluster has less distinct topics, it does
include a much higher degree of words relating to DSGE modelling and other formal models
typically considered as “boundary objects” (Gieryn, 1983; Thiemann, 2022) within economic
science. In contrast, the ECB cluster has more distinct topics, but these topics themselves in-
clude words relating to other macroeconomic policy areas. These macroeconomic policies are
in contrast to the FED not coached in the language of formal mathematical models, but rather
in real and local policy institutions within the European Union.

The presence of formal modeling, the purity of macroeconomic policy making and the
position of these clusters in the larger semantic network provide some indication of what
explains the pattern we find in the semantic network of scientized knowledge production.
Macroeconomic policy making within the EMU is institutionally more complex compared
to the USA, especially after the Great Financial Crisis monetary policy has become institu-
tionally more complex. Unconventional monetary policy in the context of the European
Sovereign Debt Crisis has led to a coalescence of previously distinct areas of macroeco-
nomic policy making, which is exacerbated by concerns over financial stability (Gabor,
2016). Conducting “standard” monetary policy within the EMU is therefore much more
“contaminated” by other policy areas. Compared to the US context, where some of these
issues are also true, policy areas are much easier to be purified from each other. This is
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despite the dense relationship between clusters. This purification of policy areas is also what
sets the pre-conditions for the Federal Reserves to produce economic science proper, since
purification of policy areas allows for much easier formalization of policy problems into
economic boundary objects, that is, DSGE and other modelling techniques.

The analysis shows that scientized knowledge production in policy making fields does
not entirely follow a strict policy making logic, nor does it adhere to the hierarchy of knowl-
edge production of economics or the organizational field. Rather, it appears that knowledge
production develops its own logic. Over time, organizations appear to undergo a differenti-
ation process, in which scientized knowledge production develops its own institutional dy-
namics. This result is in line with previous research in the world-polity literature indicating
a regionalization effect in the field of international organizations (Beckfield, 2010). Future
research should treat these emerging dynamics as objects of inquiry in their own right,
rather than seeing them as residues of either the scientific or local field constellations.

While this study was able to empirically show the dynamics of scientized knowledge pro-
duction in a policy making field, it was unable to provide causal explanations of why these
patterns emerge. Future research should investigate plausible explanations further.
Similarity could emerge due to personal overlaps between organizations or fields. For exam-
ple, one could expect that most FED researchers received their PhDs from top US economics
departments. They therefore would have the tacit knowledge of what kind of research is
expected for top journal publications and also co-author with their former colleagues in ac-
ademia. Similarly, authors within the European Monetary Union are more likely to have
been seconded or professionally worked with members of other central banks in transna-
tional working groups, possibly leading to increased co-authorship between central banks
or a common understanding of policy problems and therefore increased semantic similarity.
Future research could for example analyze co-authorship data to establish overlap between
professional networks or collect career histories of economists working in central banks to
see if common educational background leads to increased semantic similarity.

Note

1. Non-English abstracts were translated to English via DeepL (De Vries et al., 2018; Proksch et al., 2019)
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Appendix A

While the graphical depiction of networks for each period provides descriptive insights into
the structure of the organizational field of central banks and its relationship to the academic
field, the depiction itself is the outcome of the sparsification algorithm or the periodization
chosen. To test whether the clustering is a robust finding and not an artifact of either peri-
odization or network sparsification, I calculate the modularity scores for networks in a 5-
year moving time window for different values of the sparsification parameter alpha. As can
be seen in Fig. 10, for reasonable values of alpha, the modularity increases over time. As
expected, the slope of the trend decreases with increases in alpha, because higher values of
alpha lower the threshold for inclusion of a similarity tie within the network. Lastly, modu-
larity also decreases for higher alphas, because the inclusion of more similarity ties increases
the ties between clusters and therefore reduces the total modularity score.

Year-Over-Year Modularity

Figure 10. Modularity scores for moving 5-year time window over the entire period and linear trends
for each value of alpha.
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