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Abstract. Inter-organizational coordination in large pandemic outbreaks such as 
swine influenza (H1N1) in 2009 which became a global phenomenon is considered 
to be challenging and complex operation. We investigate the inter-organizational 
coordination dynamics during the H1N1 2009 outbreak using social network 
analysis and propose a theoretical framework to model the coordination structure. 
Using the measures of social network analysis such as degree centrality, 
connectedness and tie strength, we provide an empirical investigation to pandemic 
coordination performance. For this empirical investigation, we develop survey 
instrument and conduct extensive interview with health professionals who 
participated in H1N1 2009 pandemic. Results show that pandemic coordination 
performance is correlated to connectedness and tie strength between the 
organizations but does not correlated to their degree centrality. We then provide 
rationale for these results and propose a way to move forward in the research. 

Keywords. Social Networks, Disease outbreak coordination, H1N1 intervention, 
disaster coordination.  

Introduction 

Inter-organisational coordination is an ongoing challenge in complex environments and, 
in particular, in the health domain. One of the main challenges is  that coordination is 
theoretically a multidiscipline domain [29]. Disease outbreak coordination adds 
complexity by mandating the interaction of different types of organizations that are 
multi-skilled, with different internal structures and communication systems to create a 
mesh of evolving network to detect, and contain a dynamic crisis. 

 
1. Brief review of the literature 
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1.1. Disease outbreaks 

 
The World Health Organization (WHO) defined a disease outbreak as “the occurrence 
of cases of disease in excess of what would normally be expected in a defined 
community, geographical area or season” [50]. An outbreak may occur in a restricted 
geographical area, or may extend over several countries. It may last for a few days or 
weeks, or for several years. A single case of a communicable disease long absent from 
a population, or caused by an agent (e.g. bacterium or virus) not previously recognized 
in that community or area, or the emergence of a previously unknown disease, may 
also constitute an outbreak and should be reported and investigated [49]. Such 
outbreaks are usually beyond the capacity of single jurisdiction or agency. Rather, they 
require the collaboration of a distinctive pool of skills, resources and authorities. The 
success of such coordination effort requires that “all relevant agencies be involved in 
the response and that effective structures are in place to coordinate them” [22]   . 

1.2.  Disasters in the medical context 

Disaster management is inherently complex due to the interdependent nature of the 
responses from multiple organizations that have responsibility for dealing with the 
situation collectively [9]. Parker [35] reviewed the concept of disaster. He suggested 
that the preferred definition of disaster is an “unusual natural or man-made event, 
including an event caused by failure of technological systems, which temporarily 
overwhelms the response capacity of human communities, groups of individuals or 
natural environments and which causes massive damage, economic loss, disruption, 
injury, and/or loss of life”. This definition encompasses medical accidents and disasters 
such as “ whooping cough vaccine and HIV/AIDS haemophilic cases” [43]. Here, the 
concept of disaster is broadened beyond the agents that create physical destruction to 
those that creates social disruption such as disease outbreaks.  

An infectious disease outbreak creates special dynamics that might be different 
from other forms of disasters. It is distinct from earthquakes, bushfires or floods, which 
affect only a particular geographical area (that might be large but is bounded). Another 
difference is that the microbial world is complex, dynamic and constantly evolving. 
Pathogens proliferate rapidly, mutate frequently, and mutate with relative ease to new 
environments and hosts as well as developing resistance to the drugs used to treat them. 
The phenomenal growth of international travel has vastly increased the speed with 
which pathogens, incubating in unsuspecting human beings and animals, can cross 
continents, invade new territories and set up residence [19] 

Infectious or communicable diseases have been a risk to human society since the 
onset of the human race. The large-scale spread of infectious disease can have a major 
impact on the society and individuals alike, and sometimes has determined the course 
of history [31]. Infectious disease can originate from natural causes or be introduced by 
terrorists who may choose to attack by deliberate transmission of infectious disease 
using biological agents. Whether the origin of the infectious disease is natural or 
bioterrorism, it can spread at a rapid rate due to expanded trade and travel, resulting in 
potentially significant loss of life, major economic crises, and political instability [5]. 

Disaster usually puts into action an emergency response system which is regarded 
by many researchers as a complex adaptive system (CAS) [47]. However, can the 



standard top-bottom mechanistic hierarchal command and control structure deal with 
such complexity? 

The Discussion of disasters leads directly to the discussion of responses. Comfort 
summarized the debate and challenge of effective disaster response well: “Creating 
effective organizational response under the complex, uncertain operating conditions of 
a major disaster poses a sobering challenge to public service” [8]. The generic approach 
for managing response to disaster is the command and control one. 

David Neal [34] contended, “ The bureaucratic, command and control approach 
can provide an effective means for accomplishing goals under two conditions. The 
organizational environment around the bureaucracy must be both predictable and 
stable.” [37] . However, these structures are not designed for effectiveness in dealing 
with complex situations such as disasters [36] . 

Yet, “four decades of systematic research show that rigid, bureaucratic command 
and control approach to emergency management generally leads to an ineffective 
emergency response.” [34]. Other researchers and organizational theorists have a 
negative view of command and control as the basis for disaster management or as a 
basis for management in general [47]. Drabek and McEntire [12], Denis [11], Comfort 
[6], Wise [51], Takeda and Helms [45], Neal and Phillips [34], Mendonca, Jefferson 
and Harrald [32] have criticized the command and control. Comfort and Kloos [8]  
elucidated the argument neatly: “The emergency response process, initially designed in 
standard, hierarchical organization format for reactive agency operations, demands 
careful consideration in the rapidly changing, increasingly independent social 
environment of 1980s”. Quarantelli , a sociologist and disaster researcher, explained 
that even though there is strong tendency to assume that the best model for disaster 
organizational preparedness and management is what has been called the command-
and-control model which adopted from the military a top-down, rigidly controlled, and 
highly structured social organization, direct studies in disaster areas have shown not 
only that command and control models are seldom organizationally viable, but also that 
they are poor models for disaster planning [39].  

2. Modeling inter-organizational disease outbreak coordination using social 
networks 

The problem during disasters is that of coordination, not of control [40]. Coordination 
means that different players will be interacting together using sophisticated means to 
achieve a certain task. One of the challenges remaining is how to model this process: 
and what is the best representation of the structures and processes of coordination. New 
methods to achieve successful coordination in disasters have been proposed, namely 
using social network analysis to model networked coordination [7; 23; 26; 33; 47].  

Organizational network analysis has been extensively used in political and private 
organizational analysis but has only recently appeared in public health studies [3]. 
These studies have looked at specialized public health collaboration systems such as 
AIDS service organizations [25; 44; 52] , services for the mentally ill and mental health 
[1; 24], health policy [4], services for the social wellbeing [42] and health promotion 
[2] . Coordination in the case of disease outbreak has been explored mostly from the 
surveillance and evaluation perspective [28]. Here the focus is to extend the 
management and intervention perspective.  



We utilise social networks to investigate the coordination structure and dynamics 
between different organizations that form together a coalition network during the 
outbreak. Then propose a model to tie this structure to pandemic coordination 
performance. This theoretical structure is then verified by building a social-network-
based survey tool to interview multijurisdictional and multi-skilled health professionals 
that were part of the coordination structure with New South Wales (NSW) in Australia 
during the H1N1 2009 outbreak. 

The network model has its origins in the social network structure where nodes 
represent individuals and links indicates relationships between them. This modeling 
approach focuses on the horizontal pattern of exchanges, interdependent flows of 
resources and reciprocal lines of communication [38]. This approach de-layers the 
coordination structure. An inter-agency network is modeled as a pattern of inter-
relationships between meshed organizations in a social system of exchange to attain 
collective and self-interest goals or to solve specific problems for the target population 
[48]. It is not unusual to use networks to model interagency coordination in normal or 
crisis situations [18; 25]. 

One of the advantages of such a method is that it develops systems level 
understanding that facilitates analysing how different parts relate to each other [9]. So 
the question “Which agency is located on the top layer of the coordination hierarchy?” 
can be reframed as “Which agency is more central in the coordination structure?” 
where centrality is determined by the number of links to and from this agency 
(represented as node). These new questions can also be extended further by 
investigating connections as being either outbound – established by the organization to 
seek information or resources – or inbound – other organizations seeking information 
or resources from this agency. This depicts an emergent bottom-up coordination 
architecture that can be envisioned as agents interacting on a need basis rather being 
dictated as to whom to interact with. This framework better suits multi-resourced multi-
skilled decentralized environments, disaster management being one clear example of 
such systems. 

By adopting social networks to model coordination, we utilize the measures of 
social networks and correlate them with the coordination performance. This provided 
two outcomes, first, the validity of this modeling technique and second, a novel 
interpretation of the outcome of such correlations. 

2.1. Measures of social network analysis  

In this study, we use degree centrality, tie strength and tier connectedness as 
measures of social networks, which are discussed below:  

2.1.1. Degree centrality 

Degree centrality is the number of links to and from a node. Degree centrality is a 
local centrality measure because it can be calculated without reference to the overall 
structure of the network. In an asymmetric (directed) network, in-degree is defined as 
the number of ties received and out-degree is the number of ties sent or initiated by the 
node outwardly [13]. 



2.1.2. Tie strength 

Tie strength expresses the excellence of connection between two nodes in a 
network. According to Granovetter [16], the strength of the relationship between two 
nodes can be expressed as a mixture of the amount of time and the mutual services that 
distinguish the link between them. Extending Granovetter’s theoretical concept of tie 
strength, Marsden and Campbell [30] established that “emotional closeness” was the 
most effective indicator of tie strength, in preference to the other indicators “frequency 
of contact”, “reciprocity of services” and “intimacy” (mutual confiding). Besides 
emotional closeness, frequency of contact is extensively used as a measure of tie 
strength [15]. 

2.1.3. Tier connectedness 

Tier connectedness refers to the layer in which an organization exists, such as 
federal, state, local, private or other types. Tier connectedness can be used as a measure 
to assess the current state of actor involvement. It has been suggested that by increasing 
the efficiency of an actor’s tier connectedness within the network, an increase in the 
potential for the network to coordinate effectively may be found. Tier connectedness, 
henceforth called connectedness, works as an enabler of coordination efficiency rather 
than an inhibitor, by limiting the network involvement to the needs of a given tier, thus 
preventing the circulation of redundant or unnecessary information through the 
network as a product of excessive ties [21]. 

2.1.4. Coordination performance 

The dependent variable for the coordination during disease outbreak should be a 
clear indicator of performance results. In this research, we decided to use the speed 
with which the coordination began after the outbreak was announced. This is an 
indication of the efficiency of the node as to how fast it has joined the social structure 
of coordination. 

3. Hypotheses 

In this section, several hypotheses are proposed that is either validated or disproved by 
using the correlation analysis. The hypotheses propose that there exist a significant 
relationship between the network measures discussed previously and coordination 
performance. 

3.1. Hypothesis 1 

 
There is a correlation between degree centrality in network structure and the 

coordination performance 
In an organizational environment, an actor with high degree centrality would be ‘in 

the thick of things’ [13]. Hence, it is expected that when a node is well connected to 
other nodes it will be better equipped and prepared to start the coordination process or 
join an emerging coordination process due to its high number of links.  These high 



numbers of links are expected to expedite the transfer of information from that node to 
others. 

3.2. Hypothesis 2 

Tie strength in network structure is positively correlated with coordination 
performance. 

It has been shown in coordination preparedness that the greater the strength of the 
relation of an actor in the network, the more frequently it can share information with 
others [46]. Tie strength defines the quality of a relationship and is a source of different 
kinds of information required for information exchange. Weak ties represent 
relationships that might be less efficient and might not be well maintained, whereas 
strong ties depict frequent and stable relationships. It is expected; therefore, that if a 
network has already forged strong ties between its nodes then it will better prepared to 
initiate the coordination process when needed, and is better equipped to meet 
coordination challenges that might arise later. 

3.3. Hypothesis 3 

Tier connectedness in network structure is positively correlated with coordination 
robustness. 

Tier connectedness is considered a measure of the variance of the nodes to which 
an agency is connected during the event. Hence, it is used as a measure of a node’s 
multi-tiered relationships. For example; if an organization operating at the local level 
can establish and maintain relationships with agencies at different jurisdictional levels 
(international, federal, state, etc.), the result is that this organization will have access to 
diverse sources of information and resources. It is originally anticipated that the 
network will operate at different jurisdictional levels, creating an interconnecting mesh 
that crosses tiers, as well as the cliques that usually exist within the network greater 
structure [21]. 

4. Data collection 

4.1.  Designing data collection instrument 

Data collection was conducted through designing a quantitative survey that was 
used to interview a diversity of health workers who had participated in the H1N1 2009 
outbreak. Designing a quantitative survey based on the relational quality of network 
methods requires a shift in thinking when it comes to research methodology. The 
network approach focuses on relations between nodes (organizations in this case) rather 
than between subjects’ attributes. Hence study design, data collection, and data analysis 
incorporated this relational perspective, requiring unique approaches to each [27]. Data 
collection focused on data about nodes and their relations with each other. The survey, 
“A national assessment of State and Local law enforcement preparedness” prepared by 
RAND Corporation was adopted as the basic structure for the survey developed for this 
research [41]. Interestingly RAND’s survey and the dataset it generated have been used 
in many other studies and several papers [10; 14; 20; 21]. The RAND survey contained 



questions developed to investigate the relationships between organizations at different 
jurisdictional levels and how they communicated with each other during preparation for 
terrorism response planning. In the present research, it was customized to suit inter-
organizational coordination in a multi-networked environment. These are the main 
questions that were used to elicit information about the network structure and links. For 
this paper, we discuss the questions related only to the discussed social network and 
coordination performance measures.  

Coordination: three questions all focused on networking. Here is where networking 
information of the respondent was captured. More meta-information questions were 
included about each link, so as to capture the following details: 

 
• Tie strength as the frequency of communication (daily, weekly, monthly, semi-

annually, and annually). 
• Tier connectedness by asking about the jurisdictional level of the organization 

with which the respondent communicated (international, federal, state, local, 
private, and other). The federal, state and local categories were used for public 
agencies (education department, health departments, etc.) and private was for 
non-public corporations. 

• Centrality: Names of the organizations that the respondent communicated with, 
hence by knowing the how many were these, and then the centrality of the 
organization can be determined. 

• Coordination performance: how long it took coordination to begin after the 
outbreak was announced.  

4.2. Collecting data 

Egocentric approach was used to determine the respondents to be interviewed. This 
allowed the egos to freely recall alters and then target officials who have participated in 
the H1N1 2009 outbreak. The second step was to discuss with them introducing their 
alters to the research so that they might participate in the survey. The matrix of 
expertise targeted is shown in table 1 below. 
 

Table 1. Overview of positions surveyed 

Working Field Positions Example 
Clinical care Doctors, nurses  
Policy decision-makers Senior public health officials  
Emergency management Emergency care professionals, 

intensive care unit professionals, 
clinicians 

Logistics Ambulance services 
Public health Public health unit, epidemiologists 
Detection and surveillance Laboratories, GPs, infectious 

disease centres, intensive care units 

A total of 70 professionals, health workers and bureaucrats from a broad spectrum of 
the health industry within the state of New South Wales (NSW) in Australia were 
interviewed, and all the responses have been recorded to be used for correlation analysis.  



5. Results 

Pearson Correlation was used to explore the statistical relationship between the 
independent variables (such as degree centrality) and the dependent variable 
(coordination performance). SPSS software package was used for the statistical analysis. 
Results will be presented and discussed in the three sections below. 

5.1. Hypothesis 1 – Degree centrality and coordination 

Correlation results are presented in table 2 below. 
Table 2. Correlation between degree centrality and coordination for formal coordination during outbreak 

Control Variables Coordination 

Degree 
centrality  

Correlation 0.019 

Significance (2-tailed) 0.891 

 
During the disease outbreak, nodes might tend to increase their centrality by 

extending and initiating new links to new alters. There may be different reasons for this, 
such as providing or seeking information, resources, decisions, etc. But, will this 
actually increase the efficiency of the coordination as a whole? 

According to the correlation results, increasing centrality does not correlate with 
better performance. One reason might be that many of these links are actually 
redundant, as respondent “Jack” – all respondents’ real names are masked- reported: 

"Duplication of information happened because PHU were also getting information 
from hospitals and sending it to the state. It was a mess. Infection control people used 
to give us information and we sent it to the bunker. They collated info from ICU – 
Intensive Care Unit - ... And sent to us, we aggregated them and sent them to the 
bunker. We sent copy to (PHU)….” 

Also respondent John: 
“We get information from multiple channels; I will get the same email six times 

per day. From PUH, NSW Health, etc…There were lots of emails flowing around.” 
Such result conforms to the findings of Guetzkow and Simon [17] that 

decentralized structures work better than centralized structures when tasks become 
more complex. Decentralized network structure can minimize the problems associated 
with a centralized structure of having a single point of vulnerability by modularizing a 
centralized network into smaller stars connected with additional links. A decentralized 
structure provides a better opportunity for organizations to maintain self-reliance 
because emergency management personnel are adapted to working independently. A 
decentralized network can also make decisions more quickly, allowing the structure to 
react quickly to emergencies. 

5.2. Hypothesis 2 – Tie Strength and coordination 

Correlation results are presented in table 3 below. 
 



Table 3. Correlation between tie strength and coordination for formal coordination during outbreak 

* indicates the existence of correlation 

Control Variables Coordina
tion 

Tie 
strength  

Correlation 0.288* 

Significance (2-
tailed) 0.036 

 
The tie strength correlation value (𝜌 =2.88 significance = 0.036) indicates there is 

significance and association between tie strength and coordination performance during 
the outbreak, and hypothesis H2 is invalid. In other words, the more frequent 
communication was with other organizations, the faster coordination was achieved.  

Tie strength was defined as the frequency of communication between the nodes 
during the coordination process. Tie strength is indicative of the quality of the 
relationship between two nodes. Several studies have focused on the strength of 
network ties as a source of different kinds of information exchange [21]. In the disease 
outbreak context, as in any disaster situation, it is expected that high frequency of 
communication is needed and frequent communication provides an ideal atmosphere 
for effective communication exchange. This also means improved access to 
information of better quality and faster, which in turn enables health staff to perform 
their role better due to the information sharing that needs to be turned into performable 
actions in this phase. Actions need resources that must also be mobilized, distributed 
and utilized as quickly as possible, because of the expected impact on human life and 
welfare if delayed. Hence, the results of this study indicate that more frequent 
communication means that organizations perform their role better, leading to improved 
access to and distribution of resources desired as an enabler of better communication 
and hence coordination. 

5.3. Hypothesis 3 – Tier Connectedness and coordination 

Correlation results are presented in table 4 below. 
Table 4 Correlation between tie strength and coordination for formal coordination during outbreak 

* Indicates the existence of correlation 

Control Variables Coordin
ation 

Tier 
connectedness 
 

Correlation 0.387* 

Significance (2-tailed) 0.01 

 
The correlation result (ρ=0.387 significance = 0.01) shows that there was a 

significant and positive correlation between tier connectedness and coordination 
performance. This invalidates the null hypothesis and consequently validates 
Hypothesis 3.This practically means that the more organizations connect to “one tier up” 
nodes, the better they will coordinate. This might be obvious due to many reasons; the 
main one is that usually those “one-tier-up” organizations are expected to have more 



resources. Local level organizations need to connect to state level ones that in turn 
connect to federal level organizations to provision these needs. 

There may be some cases in which a local agency is connected to many other local 
ones; this means that if it requires more resources it will need to arrange them from 
local agencies that in turn connect to the state level organizations. 

Tier connectedness can also be designed to increase network efficiency, as discussed 
in the previous section. Hence, one authoritative node might step in to aggregate many 
links in order to save communication resources between lower level ones, as in this 
example from respondent “Melanie”: 

“LABS: That was more done directly through Health Protection. We were 
encouraged as Public Health units not to have each of the Public Health units ringing 
and harassing the LABS because they were so overwhelmed. So if there was anything 
specifically that we wanted we did it by Health Protection and they just had one person 
who liaised with laboratory.” 

Due to some previous relationships, different tier connectedness might also help 
organizations solve issues that are outside their jurisdiction, as respondent “Ying” 
explained: 

“Our relationship with 3M and other private bodies has helped a lot because org_x 
[name changed] didn’t pay their bills so the private companies wanted to stop their 
supply.” 

Health professionals were aware of the concept of connectedness and they used it 
when they needed it, as per respondent’s “Mary” comment: 

“The communication channels were there but haven’t been really used. The 
communication lines existed but we escalated them when the pandemic was declared.” 

As expected, connectedness can also be used for cross-jurisdiction coordination, as 
explained by respondent “Bruce”: 

"...even asking for assistance from their agencies [Food Authority] if it’s something 
outside our jurisdiction like inspections of premises" 

The result is that Hypothesis H2 is valid during the outbreak. A practical implication 
would be that during the outbreak; coordination can be enhanced by incorporating a 
formal one-tier-up connection as part of the operating procedures. 

6. Conclusion and future research 

The use of social networks cannot be discounted when it comes to investigating 
coordination in complex environments such as coordination during disease outbreaks. 

The results emphasize the importance of quick communication (tie strength) 
during disease outbreaks. However, upon comparing centrality to other measures, it is 
recommended that organizations should not increase their links to numerous other 
ones; rather they should increase the frequency of communication with key 
organizations. 

Further, diversifying the formal links between different tiers of organizations 
would help to ensure the communication of novel data between different tiers (local, 
state, federal, others). 

It would be interesting to perform comparative studies using the same model and 
constructs with other health systems such as that in the state of Victoria in Australia to 
provide further empirical generalisations.  
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