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Introduction: My name is Reut Snir and I am a Ph.D. student at Bar Ilan University Law School.  I have been studying the field of nanotechnology regulation since 2006 while I was doing my Master degree at the George Washington University in DC. 
The paper I will be presenting today – on Global Nanotechnology Regulatory Governance from a Network Analysis Perspective - is a collaboration between myself and Dr. Gilad Ravid from the Ben-Gurion University of the Negev. Gilad is a Social Network Analysis researcher and he brings to this collaboration his rigor statistical modeling and analysis skills to analyze my empirical data. 


My research: Global Nanotechnology Regulation

e Governance by Disclosure: Transnational Convergence in the
Field of Nanotechnology (Published in TEL 2013).

e Trends in Global Nanotechnology Regulation: The Public-
Private Interplay (Forthcoming in JETLaw, 2015).

 Global Nanotechnology Regulatory Governance from a
Network Analysis Perspective.
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The first part focuses on Governments’ regulatory approaches for the field of nanotechnology, based on their rhetoric and practices.

The second part focuses on the overall trends in the development of public and private global nanotechnology regulation.

The third and final part which is the subject of this presentation focuses on the network aspect of the global nanotechnology regulatory governance, and the role of key organizations in initiating and diffusing occupational safety and health policies. 


Background

“ITlhe emerging system is highly pluralized, with
significant and growing number of schemes, none
of which has the authority over the other (...). The
result is that different types of schemes frequently
operate in parallel in pursuit of shared objectives,
albeit with significant variation in norms and
procedures.”

(Abbott & Snidal, 2009; p, 542)
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In the last decade, we have witnessed a proliferation of nanotechnology regulatory initiatives, developed to ensure responsible development of nanotechnologies. These regulatory initiatives have been developed by various actors (public, private and hybrid) at different levels (organizational, sectoral, municipal, national, regional and international) covering variety of scopes (occupational health, industrial chemicals, food, cosmetics, etc.) and using a range of regulatory strategies (data-collection, information-disclosure, best-practices guidance, product control, emission standards etc.). This led to the evolution of a dense and polycentric regulatory governance of nanotechnology. 

While this phenomenon is not unique to nanotechnology, it raises stronger concerns that under conditions of scientific uncertainty, in the absence of scientific guideline, regulatory demands and norms may take even more divergent form, which imposes greater challenge for companies pressured to comply with multiple regulatory schemes.



Research Goal

To understand the dynamics of global
nanotechnology regulatory development.
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Therefore, the goal of this study is to better understand the dynamics of global nanotechnology regulatory development, with the focus on the patterns of governance interaction and knowledge diffusion in this field. 


Research Question

Is global nanotechnology regulatory governance
fragmented (i.e., uncoordinated, overlapped and competitive)
or characterized by transnational collective
learning and collaboration?
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A core question is to what extent the observed global nanotechnology regulatory governance is indeed uncoordinated, overlapped and competitive; or rather it is characterized by transnational collective learning and collaboration. 

Specific research questions are: 
- Who are the actors who form and shape the global nanotechnology regulatory governance and influence the knowledge flow dynamics within it?
- What drives nanotechnology regulatory governance interaction?
How interaction is changed overtime?

To answer these question, the article examines the level of fragmentation/connectivity (or coordination) of- and the dynamics of knowledge flow within- the global nanotechnology regulatory governance network. Drawing on a citation network analysis of nanotechnology regulation globally, the article analyzes the role of key organizations at multiple levels and their interplay in initiating and diffusing occupational safety and health (OSH) policies.


Theoretical Framework

* Regulatory Fragmentation — study the phenomenon of
governance schemes diversity that operate in parallel, and its
consequences.

E.g., legal pluralism, polycentric governance, decentralization , regime
complexes.

e Governance Interaction — study the nature, level, drivers and
outcome of institutional and regulatory interaction.

E.g., institutional interaction, public-private governance interplay, policy
and knowledge diffusion.

 Network theory and methodology — study inter-organizational
relationships, network structure through which diffusion can
occur, and how position in the network affects control.

E.g., social network analysis -
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The theoretical framework is built on three threads of academic literature.
Literature discussing regulatory fragmentation – including legal pluralism, polycentric governance, decentralization and regime complexes. 
Literature discussing governance interaction – including institutional interaction, public-private  governance interplay, policy and knowledge diffusion.
Literature conceptualizing and measuring network dynamics.


Research Hypotheses and Methods (1)

* Hypothesis 1: private authority, in particular international
organizations, has a high probability to be influential in the
development and diffusion of knowledge and policy in the
global regulatory governance.

* Method 1: centrality parameters that identify important
actors:

— Authority and Hub
— Core-Periphery

— Betweeness
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As I go through the next few slides, I will show all of our research hypotheses but focus on a selected outcomes.  

To test our first hypothesis we apply the node-level analysis. We measure various centrality parameters that help identifying important actors in the network and their influence on the diffusion process based on their position:

Authority and Hub centrality is used to identify the strongest authoritative sources in the network. Nodes that are cited by many other nodes are called authorities; nodes that cite many other nodes are called hubs. Good authorities mean they have significant influence on the development of knowledge and policy. The authority ranking of private authorities in the network would be one indication for their level of influence on the knowledge and policy development.  Tracking authority scores over time may reveal strong consistent leadership as well as shifts in authoritative influence over time. 

Core and Periphery  measurement is used to find whether a network structure consist of sources that are tightly connected to each other (the core) and sources that are connected to the core but not to each other (the periphery). Where existed, this type of structure provides the core with the opportunity to control the flow of information.

Betweeness centrality is used to identify nodes that serve as ‘brokerages’ in directed networks. It helps identifying structural holes – nodes that serve as a bridge and therefore play significant role in diffusing knowledge and policies through the network. 


Research Hypotheses and Methods (2)

* Hypothesis 2: geographic, cultural and institutional proximity
has no significant affect on the tendency to cite requlation.

* Method 2: modularity and assortativity measures that identify
communities structure in the network and their
carachteristics:

— Modularity and Communities

— Homophily
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To test our second hypothesis we apply the group-level analysis. 

Modularity and Communities  measures are used to identify the appearance of densely connected groups of vertices, with only sparser connections between groups. The finding that a network contains tightly-knite groups could indicate that the development and diffusion of knowledge and policy in the regulatory governance network is mainly occurring within communities with some degree of independence. This, for example, may question globalization theories that argue for high level of global interdependency. 

Homophily  measures are used to identify specific patterns in regulatory citation. Whether proximity has or has not higher probability to affect citation patters in the network. The models we use compare the observed network structure to possible alternative network configurations, which allows a statistical determination of the structural tendencies that underline the diffusion processes.

We combine the community results with the assortativity results to check for an overlap that would indicate that the development and spread of knowledge and policy occur within defined communities that share similarities. Finding no distinctive overlap would prove out hypothesis that globalization forces are stronger than the homophily drives that are emphasized in the policy diffusion literature. 


Research Hypotheses and Methods (3)

* Hypothesis 3: even in the absence of supreme direction,
informal coordination among requlatory initiatives and
organizations has a high probability of occurring over time.

* Hypothesis 4: the temporal aspect has no significant affect on
the tendency to cite reqgulation over time.

* Method 3-4: Network topology that measure the degree and
patterns of connectivity in network ties over time:

— Strongly connected components
— Percolation robustness
— Geodesic distance

— Degree distribution
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To test our third and forth hypothesis we apply a network-level analysis. We measure the degree and patterns of connectivity in network ties over time and their probability to occur.

Strongly connected components measure the strength of the network connectivity. A directed network is strongly connected if it contains a directed path from every node to every other node in the network. Strongly connected network implies more efficient transfer of information throughout the network, which in turn can facilitate collaboration and coordination as well as a process of knowledge and policy convergence.

Percolation robustness measure the fraction of nodes needed to be removed from the network in order to disintegrate its giant strongly connected components into small components. Relatively large fraction means that the network is robust to the percolation process and there for the diffusion of information throughout the network will occur even without the participation of significant number of actors and no actor is essential for the function of the network as a whole. If, on the other hand, the removal of a small fraction of nodes disintegrate the network, there is an indication for the existence of brokerage actors that are necessary for the network functionality.

Geodesic distance measures the shortest path between two nodes in the network – i.e., the number of degrees of separation. If the average geodesic distance is relatively short, there is an indication that the observed network follows the properties of small world networks . This means that information percolates in a random way, and hence it is efficiently exchanged over the network.

Degree distribution  measure the distribution of the number of edges coming in or out of each node in the network. Very skewed distribution sometimes follows a power-law, which means that the network can be regarded as scale-free network.  This means that no matter how much the network grow the same core actors are going to control the process of knowledge production and diffusion within the network. Furthermore, positive correlation between in- and out- degree distribution highlights the importance of specific actors as both the developers of the knowledge and the diffusers. Similarly, finding assortativity by degree would also mean that these actors tend to collaborate and coordinate their policies.


Data Compilation

e Dataset:

— 128 OSH -related nano-specific regulatory initiatives
— 92 organizations

— During 2000-2012.

e Source of information:

— documents and electronic materials
— mostly available in English on publicly accessible websites.

— From European countries and the EU, the United States, Canada
and Australia; sporadically from Asian and Middle East
countries.

e Limitations of the database

— Access and language barriers
— not reflection for continuity over time
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128 OSH -related nano-specific regulatory initiatives introduced by 92 organizations between 2000 and 2012 worldwide.  

The dataset was retrieved from a larger database of Global Nanotechnology Regulations (GNR) that is analyzed  elsewhere (Snir, 2015, Forthcoming  in JETLaw).
The source of information are documents and electronic materials mostly available in English on publicly accessible websites.

Data was collected mainly from European countries and the EU, the United States, Canada and Australia, and only sporadically from Asian and Middle East countries. 

Data was doubled checked with information reported in official OECD reports, External Liaison Report to ISO/TC 229 'Nanotechnologies‘ ,and other independent reviews – e.g., ObservatoryNANO. 

Limitations of the database: language barriers; does not reflect continuity over time; and no indication for initiatives’ effectiveness.





Overview of Finding (1)
Networks Overview (2012)

Edges | Diameter | Avg. Connected
Path Component

Initiatives 262 3.166 34 /4 /92
Organizations 92 202 6 2.513 26/3 /64

Initiatives
%

Organizations
B—

70% of the network
is tightly connected
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In the initiative network we have 128 initiatives of which 98 make 262 cross-references with a maximum distance between any two initiatives of 8 and an average path about 3. The largest component of the network contains 92 initiatives.

In the organization network we have 92 organization of which 64 make 202 cross-references with a maximum distance between any two organizations of 6 with an average path of 2.5. The largest component of the network contains 64 organizations.

Compare to a random network with similar nodes and edges – our network clearly shows that citation patterns in the network are not random and that the citation indeed indicate an authoritative judgment. While about 25% of the network is completely fragmented (isolated regulation) about 70% of it is tightly connected in a density much higher than any random network. 


Overview of Finding (2)

Network Growth Over Time: The Public-Private Interplay
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Looking at network growth over time with the emphasis on the interaction between public and private actors shows that the connectivity of the network has grown over time – starting with organizations acting independently from each other, mainly in the private sector. As time went by more organizations have joined the network and increased their interaction with other organization in the network. As a result the network developed a large connected component of public, private and hybrid organization closely interplaying.  


Overview of Finding (3)
Network Topology: Degree Distribution

Power Law
X_min |alpha
Initiative In 1 2.199
Out 4 3.579
All 5 2.646
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Core players control
information flows in the
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The network structure we looked at so far does not tell us how links are distributed within the network. We know it is relatively highly connected but we don’t know if it contain core strong actors that control the information flows.

To identify whether the network has influential actors we first look at the in-degree distribution of the network – the number of citation each initiative or organization receives and their distribution. 

Without getting into too much details we can see that for example in the graph at the bottom right side that the in-degree distribution in the initiatives network is very skewed – meaning few number of initiatives get many citations with large number of initiatives are getting small number of citations.  This may imply a power law distribution which we tested separately. Alpha between 2-3 means that power law is affecting the information flow in the network and therefore we have a free scale network. No matter how many new initiatives will join the network the development and diffusion of policy is controlled by small number of actors.


Overview of Finding (4)

Key Players: Authority Rank
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To find out who are the core actors that control the information flaw in the network we use several centrality measures as I mentioned earlier. One of them is the authority rank.

I have highlighted only the top 6 initiatives; of which 4 are addressing a similar scope (OSH risk management practices) by different organizations. This may reveal a potential competition among these organization over the global policy supremacy in that area.

Looking at the organizations network reveals that the same four organizations – NIOSH, ISO, BSI and the German partnership between BAuA and VCI -  are ranked at the top as the most authoritative source of information in the network.


ing (5)
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To find out whether these organizations actually compete or collaborate we wanted to find out whether the networks contain a core of actors that are tightly connected to each other and whether our key actors are part of this core.

We found that in both networks we have a core of four initiatives and organizations that may imply collaboration rather than competition among them. We can see that three initiatives and organizations that have previously received the highest authority score are included in the core – NIOSH, ISO, and BSI. This may suggest that these three organizations tend to collaborate on their policies rather than compete each other. On the other hand, the German partnership is not included in the core and this may reveal some degree of competition with the other three. Also, giving its high authority score but still being in the network periphery may suggest that there is a community in the periphery of the network that this partnership is at its center. But I don’t want to get into more details on that.


Discussion Highlights

Network analysis demonstrates and measures the
interdependency of regulatory schemes.

Currently, occupational governance the global actors are highly
connected; Connectivity has grown over the years.

Public and private actors have been interplaying in the developing
occupational governance.

Network structure reveals that occupational regulatory norms are
produced and diffused by a small number of actors who are
controlling the information flow.

Using authority rank and core-periphery analysis reveals the key
actors and their collaboration.

Using other centrality measures provide additional analysis to the
specific role of the key actors in the network.



Preliminary Conclusions

 Network analysis is a useful tool to understand
governance interactions among organizations and
regulatory initiatives.

 Regulatory governance in nanotechnology-OSH has
been developing rapidly by many actors
internationally. Yet, only are few are significantly
influencing the development of regulatory norms in
the field, diffusing them to the rest of the network.



Questions?
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