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Objectives

• Apply methods and measures of social network analysis 
for quantitative assessment of interorganizational public 
health partnership networks 

• Find a feasible method for obtaining network data from 
key players in public health systems

• Identify aspects of interorganizational networks that are 
relevant to public health system partnership 
effectiveness
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Motivation 
• The need for a “systems” approach to public health is emphasized in the 

recent report from Institute of Medicine (IOM), “The Future of the Public’s 
Health in the 21st Century”

• Need to develop framework for quantitative evaluation of the multiplicity 
of interactions between public health systems partners

• Intensity of interorganizational and personal partnership relationships 
within health systems may have positive effects on:

• performance of public health entities
• preparedness of public health systems  
• health outcomes
• Public health system is a collection of partnerships 
• Each partnership can be viewed as social network
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Benefits of Social Network Analysis for 
Partnerships Evaluation

• Assess partnerships as social networks
• Map existing partnerships
• Identify partnership network characteristics
• Provide metrics for quantitative assessment of 

partnership networks
• Determine which structures foster success
• Assist in development of network building strategies

Copyright 2007, Sergey Sotnikov, ann0@cdc.gov



6

Types and Levels of Social Relations
• Types of social relations

– Dyadic
• Friendship, coworker, advice
• Competitive

– Groupwise
• Common membership or identity
• Adversarial memberships or identities

– Structural
• Equivalencies, dependencies, linked processes

• Levels of collectivity
– Individuals
– Groups and organizations
– Multidimensional systems (collections of individuals and organizations 

operating within definable boundaries, wherein they contribute or receive 
resources)
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Levels of partnerships: individual and 
interorganizational

Organization  A

Organization C

Organization  B

Individuals

Ties (resource flows)

Gatekeeper

Broker

Structural hole

Clusters
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General Forms of Networks

Most networks 
combine aspects 
of these forms.
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Methods

• A combination of qualitative (case study) and quantitative 
(social network analysis) methods was used to analyze four 
types of interorganizational networks in Cobb county, Georgia

• We interviewed principal collaborators from: the county board 
of health, tobacco prevention program, health promotion 
program for kids and  county chamber of commerce about the 
types and intensities of their partnership relations 

• We created graphs of four networks and calculated 
quantitative measures of partnership network structures used 
in social network analysis (density, centrality, betweenness) 

• We evaluated associations of these structural measures with 
measures of performance of the county public health system
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What interactions are we measuring?

How often does your organization communicate with 
… on public health related issues? 

• No interaction – 0
• Once per year – 1
• Quarterly – 2
• Monthly – 3
• Weekly – 4
• Daily - 5
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Software

VISONE

Available for free for academic and research purposes
at http://visone.info
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The basic network data are usually 
represented as an N x N directed matrix for 

the N nodes or actors

Tobacco Use American LAustell ComCobb and DCobb and DCobb Colla Cobb CounCobb CounCobb Care Cobb UndeDouglas CODouglas CoGeorgia All Georgia/CoKennesaw Mental Hea
Tobacco Use Prevention 3 2 3 5 2 2 1 3 3 3 2 3 2 2 2
American Lung Associ 3 1 2 3 1 1 1 1 1 1 5 2 1 1
Austell Community Tas 2 1 1 3 3 2 1 1 2 1 1 1 2 1 2
Cobb and Douglas Am 3 2 1 3 1 2 1 1 1 2 2 3 2 2 1
Cobb and Douglas Boa 5 3 2 2 2 3 2 3 3 3 2 3 2 2 2
Cobb Collaborative 2 1 3 1 3 2 1 1 1 1 3 3 3
Cobb County School S 2 1 2 2 3 3 1 2 3 1 4 3 3
Cobb County Safe and 1 1 2 1 2 2 2 1
Cobb CareKids Coalitio 3 2 5 1 3 2 2 1
Cobb Underage Drinki 3 2 3 2 3 2 3 3 2 3
Douglas CORE ( comm 3 2 3 3 2 2 2
Douglas County Schoo 2 1 1 3 1 3 1 3 2
Georgia Alliance for To 3 5 3 3 2 2
Georgia/Cobb PTA 2 2 2 1 3 1 3 1 1 2 2 1
Kennesaw State Unive 2
Mental Health, Develop 2 2 1 3 3 3 4 1 3
Powder Springs Comm 3 1 2 3 2 1 2 2 2 2 1
Wellstar Health System 4 3 2 3 3 3 2 5 1 2 2 3 1 3

C o p y r i g h t  2 0 0 7 ,  S e r g e y  S o t n i k o v ,  a n n 0 @ c d c . g o v
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Network measures

• Density
• Degree
• Indegree
• Outdegree
• Betweenness
• Closeness
• Centralization
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Network measures: Density

• The density measure describes general level of 
linkage among the actors in the community. This 
measure compares the number of actual ties in a 
network to theoretically possible number of relations 

• Higher density indicates a greater degree of 
interaction among the network members in the 
process of making decisions

Copyright 2007, Sergey Sotnikov, ann0@cdc.gov



15

Network measures: degree centrality

• Degree centrality measures the number of direct 
connections a node (organization) has with other 
nodes (organizations)

• Degree centrality is a general measure of how 
connected an organization is to others in the network
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Network measures: Indegree and Outdegree
centrality

• Indegree is a count of the number of ties directed to 
your organization. Indegree is usually interpreted as a 
form of popularity, prestige, i.e., a measure of  how 
many other organizations see themselves as partners  
with your organization

• Outdegree is the number of ties that our organization  
directs to others. It is a measure of outward social 
interaction, i.e., a measure of  how many other 
organizations your organization regards as partners
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Network measures: Betweenness

• Betweenness is calculated as the number of times an 
organization in the network stands along the shortest 
path between two other organizations, with the two 
organizations holding no connection with one another 

• Betweenness is a measure of a 'broker' role in the 
network. The higher the value of betweenness, the 
more potential an organization has to control third-
party relationships and transfers of information
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Network measures: Closeness

• Closeness is defined as the mean geodesic path (i.e
the shortest path) between a partner and all other 
partners reachable from it

• Closeness can be regarded as a measure of how long 
it will take information to spread from a given partner 
to others in the network. The higher the value of 
closeness, the shorter are the paths to the organization 
relative to other entities in the community
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Network measures: Centralization

• Network centralization (or global centrality) measures the 
degree to which an entire network is focused around a few 
organizations. A very centralized network is dominated by one 
or very few partners. 

• Centralization scores are calculated for each of centrality 
measures and represent deviation of centrality scores from the 
mean. For example, a low closeness centralization score 
implies low levels of centralized access to information 
resources. The betweenness centralization score is small if the 
network does not exhibit much control by a few organizations
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Typ es o f qu estio ns that can  b e an sw e red b y  
u s in g re levan t so c ia l ne tw ork  m ea sure s  

 
R ese arch  que stion s  N etw ork m ea sure  

 
H ow  w e ll de veloped /con nect ed  is  the  partne rsh ip  
n etw ork?  

 
D ensi ty 

 
W hat i s the  ov erall conf iguratio n  o f the n etw ork 
(d ece ntraliz ed  vs . ce ntrali ze d)?  

 
C en tra liz ation   

 
W hich  organ iza tion  is the  m o st po w erfu l in  the  
n etw ork (m ost conn ecte d)?   

 
D egre e ce ntral ity 

 
W hich  organ iza tion  e ve rybo dy w an ts to  w ork 
w ith ?  (ha s m o st in wa rd  co nne ction s to )   

 
Ind egree  ce ntralit y 

 
W hich  organ iza tion  is the  m o st e age r to  w ork 
w ith   o th er o rgan iza tions ?  (ha s m ost o utw ard  
c onne ction s)   

 
O utdeg re e c entral ity 

 
W hich  organ iza tion  is in  a p osit ion  o f bein g  a 
g atek eep er/brok er/in term e diary?  

 
B etw ee nnes s 

 
W hich  organ iza tion  p ro vid es th e s hortes t pat h  fo r 
rea ch ing  a ll ne tw ork m em b ers?  

 
C lo sene ss  

 

Copyright 2007, Sergey Sotnikov, ann0@cdc.gov



21

Examples of existing networks of different density in Cobb 
county, GA

Tobacco Pre vention Network (Density – 69.49%)

Chamber of Commerce Network (Density – 23.81%)
Board of Health Network (Density – 87.14%)

Safe Kids Network (Density – 85.26%)
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Results of ego-network study: 
network level

• The density of collaborative networks differs 
considerably from 22% for Chamber of Commerce to 
87% for Board of Health

• The four networks seemed to operate independent of 
each other. Only weak connections between the four 
networks are provided through their joint partnerships 
with insurance providers and hospitals  
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B o a rd  o f H e a l th  P u b lic  H e a l th  In fo rm a t io n  N e tw o rk  
d e n s i ty  8 7 .1 4 %

n o d e d e g re e in d e g re e o u td e g re e b e tw e e n n e s s c lo s e n e s s
F a ith  B a s e d  O r g a n iz 4 .5 5 % 5 .2 5 % 3 .8 4 % 1 0 .4 5 % 8 .1 6 %
D F C S 5 .2 5 % 3 .8 4 % 6 .6 7 % 8 .6 2 % 6 .0 5 %
E m e r g e n cy  S e r vic e s 5 .3 5 % 5 .6 6 % 5 .0 5 % 8 .7 3 % 7 .4 2 %
D H R -D PH 5 .3 5 % 4 .2 4 % 6 .4 6 % 4 .3 0 % 6 .5 3 %
H o s p ita l S ys te m s 5 .4 5 % 4 .0 4 % 6 .8 7 % 6 .3 5 % 6 .2 8 %
P riv a te  H e a lth  C a re 6 .1 6 % 4 .8 5 % 7 .4 7 % 8 .1 3 % 6 .0 5 %
C o b b  C o m m u n ity C o lla b 6 .2 6 % 8 .8 9 % 3 .6 4 % 6 .9 8 % 8 .1 6 %
S c h o o ls 6 .2 6 % 6 .4 6 % 6 .0 6 % 1 .4 5 % 6 .5 3 %
A ID S  S e r vic e 6 .3 6 % 8 .0 8 % 4 .6 5 % 9 .5 8 % 8 .1 6 %
S ta te  A g e n c ie s 6 .4 6 % 5 .4 5 % 7 .4 7 % 1 7 .8 5 % 6 .5 3 %
C o u n ty G o ve r n m e n t 6 .7 7 % 6 .4 6 % 7 .0 7 % 1 .4 1 % 5 .6 3 %
P u b lic  H e a lth  A ss o c i 6 .9 7 % 8 .6 9 % 5 .2 5 % 3 .7 9 % 7 .4 2 %
J a il 7 .0 7 % 7 .8 8 % 6 .2 6 % 3 .0 1 % 6 .2 8 %
B o a rd  o f  H e a lth 8 .1 8 % 7 .0 7 % 9 .2 9 % 0 .0 0 % 3 .7 1 %
1 8  H e a lth  D is t ric ts 1 3 .5 4 % 1 3 .1 3 % 1 3 .9 4 % 9 .3 4 % 7 .1 0 %

m in im u m 4 .5 5 % 3 .8 4 % 3 .6 4 % 0 .0 0 % 3 .7 1 %
m a xim u m 1 3 .5 4 % 1 3 .1 3 % 1 3 .9 4 % 1 7 .8 5 % 8 .1 6 %
c e n t r a liza t io n 7 .3 6 % 6 .9 3 % 7 .7 9 % 1 1 .9 9 % 1 .6 0 %
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S a f e  K id s  P u b l i c  H e a lt h  In f o rm a t io n  N e t w o rk  
d e n s i ty  8 5 .2 6 %

n o d e d e g re e in d e g re e o u t d e g re e b e tw e e n n e s s c lo s e n e s s
T o b a c c o  U se  P re ve n t i 5 .9 5 % 7 .4 3 % 4 .4 6 % 2 0 .5 7 % 9 .9 8 %
C o b b  C o  9 1 1 6 .1 3 % 7 .0 6 % 5 .2 0 % 9 .9 6 % 8 .3 2 %
S K G A  -  S a fe  K id s  i f 6 . 8 8 % 7 .8 1 % 5 .9 5 % 1 8 .7 5 % 8 .3 2 %
D F C S  - D e p a r tm e n t o f 7 .4 3 % 7 .8 1 % 7 .0 6 % 3 .7 5 % 7 .1 3 %
P u b lic  S a fe t y 7 .4 3 % 7 .0 6 % 7 .8 1 % 7 .2 8 % 6 .8 0 %
C o b b  f ire  d e p a r tm e n t 7 .6 2 % 7 .8 1 % 7 .4 3 % 7 .9 5 % 6 .8 0 %
G irls  In c 7 .6 2 % 6 .3 2 % 8 .9 2 % 7 .5 7 % 8 .8 1 %
M e t ro  E M S 7 .6 2 % 4 .8 3 % 1 0 .4 1 % 6 .9 4 % 7 .4 9 %
D H R  -  D e p a rtm e n t  o f 7 .6 2 % 8 .5 5 % 6 .6 9 % 2 .9 4 % 7 .4 9 %
W e lls t a r  H e a lt h  S ys t 8 .3 6 % 7 .8 1 % 8 .9 2 % 3 .0 3 % 7 .1 3 %
A d o le s c e n t  H e a lt h 8 .5 5 % 7 .4 3 % 9 .6 7 % 4 .5 3 % 7 .1 3 %
S m yr n a  f ir e  d e p a rtm e 8 .7 4 % 1 0 .0 4 % 7 .4 3 % 5 .0 1 % 7 .4 9 %
B u ck e ll  E M S 1 0 .0 4 % 1 0 .0 4 % 1 0 .0 4 % 1 .7 2 % 7 .1 3 %

m in im u m 5 .9 5 % 4 .8 3 % 4 .4 6 % 1 .7 2 % 6 .8 0 %
m a x im u m 1 0 .0 4 % 1 0 .0 4 % 1 0 .4 1 % 2 0 .5 7 % 9 .9 8 %

c e n t ra l iza tio n 2 .5 4 % 2 .5 4 % 2 .9 4 % 1 3 .9 5 % 2 .4 8 %
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Chambe r of Com merc e Public He alth Inform ation Network 
densi ty  23.8 1%

node de gree indegre e outdegre e be tweennes s clos eness
Cha mb er 7.35 % 0 .00% 14.7 1% 0.0 0% 35.86%
H.Board 1 0.29 % 5.88% 14.7 1% 0.0 0% 5.5 8%
W ellsta r 1 0.29 % 20.59% 0.0 0% 0.0 0% 0.00%
CFam Res 1 1.76 % 11.76% 11.7 6% 0.0 0% 12.5 5%
Sa lA rm y 1 1.76 % 11.76% 11.7 6% 0.0 0% 12.5 5%
B&GirlsC 1 3.24 % 14.71% 11.7 6% 27.2 7% 12.5 5%
UnitedW ay 3 5.29 % 35 .29% 35.2 9% 72.7 3% 20.9 2%

minimu m 7.35 % 0.00% 0.0 0% 0.0 0% 0.0 0%
ma xim um 3 5.29 % 35.29% 35.2 9% 72.7 3% 35.8 6%

centralization 2 4.51 % 24.51% 24.5 1% 68.1 8% 25.1 7%
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T o b a c c o  U s e  P re v e n t io n  P u b li c  H e a l th  In fo rm a t i o n  N e t w o rk  
d e n s i ty  6 9 . 4 9 %

n o d e d e g re e i n d e g re e o u t d e g re e b e tw e e n n e s s c l o s e n e s s
K e n n e s a w U n iv 2 . 5 5 % 5 . 1 0 % 0 . 0 0 % 0 . 0 0 % 0 . 0 0 %
S a f e D r u g F r e e  S c h o o ls 3 . 3 2 % 3 .5 7 % 3 . 0 6 % 1 3 .0 7 % 6 .3 5 %
D o u g la s S c h o o ls 3 . 9 5 % 3 .5 7 % 4 . 3 4 % 3 .0 5 % 6 .5 6 %
D o u g la s  C O R E 3 . 9 5 % 3 . 8 3 % 4 . 0 8 % 0 .2 3 % 4 .3 7 %
G e o r g ia T o b a cc o P re v e n 4 . 9 7 % 5 . 3 6 % 4 . 5 9 % 0 .2 3 % 3 .7 1 %
P o w d e r  S p r in g s T F o r ce 5 . 2 3 % 5 . 3 6 % 5 . 1 0 % 2 .4 5 % 6 .5 6 %
A m L u n g A s s 5 . 3 6 % 4 . 3 4 % 6 . 3 8 % 1 2 .3 6 % 8 . 5 5 %
A u s te l lT F o r c e 5 . 7 4 % 5 . 1 0 % 6 . 3 8 % 1 1 .9 1 % 8 . 5 5 %
C a re K id s 5 . 8 7 % 5 . 8 7 % 5 . 8 7 % 2 .7 7 % 5 .4 6 %
C D o u g la s A m C a n c e rS o c 5 . 8 7 % 4 . 5 9 % 7 . 1 4 % 1 4 . 6 2 % 7 .8 7 %
U n d e ra g e D rin k in g T F 6 . 1 2 % 5 . 6 1 % 6 . 6 3 % 3 .0 9 % 4 .9 2 %
M e n ta l H e a lt h 6 . 2 5 % 6 . 1 2 % 6 . 3 8 % 2 .6 8 % 5 .1 8 %
C o b b C o lla b o r a t iv e 6 . 8 9 % 6 . 3 8 % 7 . 4 0 % 1 3 .9 1 % 7 .2 9 %
G e o r g ia / C o b b  P T A 6 . 8 9 % 8 . 1 6 % 5 . 6 1 % 1 4 .1 4 % 7 .5 7 %
C o b b S ch o o ls 7 . 6 5 % 7 . 1 4 % 8 . 1 6 % 2 .9 6 % 6 .5 6 %
W e lls t a r 8 . 9 3 % 8 . 9 3 % 8 . 9 3 % 2 .5 2 % 5 .4 6 %
C D B o a rd H e a lt h 1 0 . 4 6 % 1 0 . 9 7 % 9 . 9 5 % 0 .0 0 % 5 .0 4 %

m in im u m 2 . 5 5 % 3 . 5 7 % 0 . 0 0 % 0 .0 0 % 0 .0 0 %
m a x im u m 1 0 . 4 6 % 1 0 . 9 7 % 9 . 9 5 % 1 4 .6 2 % 8 .5 5 %

c e n t r a l iza t io n 4 . 8 6 % 5 . 4 0 % 4 . 3 2 % 9 . 2 8 % 2 . 8 4 %
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Summary of relevant network measures across 4 networks
Networks

Research questions Measures Tobacco Health Board Safekids Chamber

How well developed/connected is the partnership 
network?

Density high high high low

What is the overall configuration of the network 
(decentralized vs. centralized)?

Centralization decentralized decentralized decentralized centralized

Which organization is the most powerful in the 
network (most connected)? 

Degree centrality Board of Health Health district Emergency 
medical 
services

United Way

Which organization everybody wants to work with? 
(has most inward connections to)  

Indegree centrality Board of Health Health district Emergency 
medical 
services, Fire 
department

United Way

Which organization is the most eager to work with  
other organizations? (has most outward connections)  

Outdegree centrality Board of Health Health district Emergency 
medical 
services

United Way

Which organization is in a position of being a 
gatekeeper/broker/intermediary?

Betweenness Cobb American 
Cancer Society, 
Cobb PTA, Cobb 
Collaborative, 
SafeDrug Free 
schools, American 
Lung association

State health 
agency

Tobacco use 
prevention, 
Safe Kids

United Way

Which organization provides the shortest path for 
reaching all network members?

Closeness American Lung 
Association, City of 
Austell

Faith-based 
organizations, 
AIDS coalition, 
Cobb collaborative

Tobacco use 
prevention

Chamber of 
Commerce
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Network centralization and perceived public health system 
performance
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Results of ego-network study: individual 
organization level

• The following major players (most connected) organizations  have been identified 
for each of 4  networks: 

1. Health district (Board of Health Network), 
2. Board of Health (Tobacco Prevention Network), 
3. EMS (SafeKids Network), 
4. United Way (Chamber of Commerce Network).
• United Way and State health agency are identified as brokers in Chamber of 

Commerce and Board of Health Networks. SafeKids and Tobacco Prevention 
Networks have multiple brokers

• The most “close” members of network, i.e. the ones that others can be more 
easily reached through are: 

1. Faith–based organizations (Board of Health Network), 
2. American Lung Association (Tobacco Prevention Network), 
3. Tobacco Prevention Network (SafeKids Network), 
4. Chamber of Commerce (Chamber of Commerce Network). 
• Positive association between centralization and perceived public health system 

performance has been observed across 4 networks
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Implications for public health practice

• Social network analysis is a useful tool for revealing 
partnership network configurations and measuring 
network attributes

• Quantitative framework for evaluation of 
interorganizational cooperation in public health 
developed in the study may enable more targeted 
approach for promoting and evaluating partnerships 
that may lead to improved community health 
outcomes
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Thank you for your support

• Cobb County Board of Health

• CDC-Georgia State University Seed Grant 
Awards in Social and Behavioral Sciences
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Further Resources
General information about network analysis:

International Network for Social Network Analysis 
http://www.insna.org/
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