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  Agent-based model of tobacco use within a social network 

‒ Information about tobacco product use flows among individuals in network 

‒ This information affects individuals’ decisions to start or stop using tobacco 

 Media influences 

‒ Public Health messages 

‒ Industry advertisements    

 Incorporates Risk 

‒ Product Risk Perception 

‒ Individual Risk Affinity 

 Model used to:  
Explore effects of market and regulatory changes on tobacco use 

 

SnapDragon Models Tobacco Use 
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“The evidence is sufficient to conclude that there is a causal 
relationship between peer group social influences and the 
initiation and maintenance of smoking behaviors during 
adolescence.”    

- Surgeon General’s Report, 2012 

 

Social networks: one way to understand tobacco use 
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Opinion Drives Behavior Transitions 
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Many Factors Contribute to Behavior Change 
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    : Out-degree neighbors within tolerance   

Tobacco Opinion Moves on Social Networks 

ε: Tolerance  
µ: Plasticity  
x: Opinion  

     Set of out-degree neighbors  Si: 

Update Rule: Adjust individual’s opinion by mean scaled opinion 
differences of opinion and neighbors’ 

Effect of tolerance:  Ignore neighbors whose opinion is outside 
individual’s tolerance.  
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Opinion to Behavior Mapping with Addiction 
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9 

Opinion to Behavior Mapping with Addiction 
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Modeling Media and Education  
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Information sources modeled 
as social network nodes 
broadcasting messages to 
individuals 

 Pro-tobacco information 
sources represented as 
high-opinion messages,  
values closer to 1.0 

 Public-health information 
sources represented as 
low-opinion messages,  
values closer to 0.0 



 Risk can be a key component in modeling behavior change in 
multiple-product regimes 

‒ Risk affinity: Property of individuals 

‒ Risk perception: Property of a class  
of products 

 Assumptions:  

‒ Risk-tolerant individuals neglect 
potential harm and will use products  
with high perceived risk 

‒ Risk averse individuals will use  
only products with low perceived risk 

 Incorporating risk can provide comparative values for use of 
multiple products 

 

Modeling Risk to Address Multiple Products 
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Lower perceived risk increases modeled prevalence for the same ranges of risk 
affinity and broadcast opinion (greater volume under the surface)  

Preliminary Results: Effect of Perceived Risk on Modeled Prevalence 
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 Agent based models notoriously difficult to validate 

‒ Abstract software representation of complex real-world psychological and 
sociological phenomena 

‒ Survey data are often incomplete and noisy 

 Compare results against real-world datasets 

 Validating individual assumptions contained within the model 

Ongoing Validation of SnapDragon 
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Example NYTS results 

NYTS: National Youth Tobacco Survey High school social network from Valente et al., in press 



Adolescent tobacco users preferentially associate with other 
tobacco users. 

 

Example Statistical Validation of Model Assumption 

never smoked

1-2 days

once last month

2-3 days a month

1-2 days a w eek

3-5 days a w eek

Everyday

* From Variations in network boundary and type: A study of adolescent peer influences, Thomas W. Valente et 
al., [in press: Social Networks, an international journal of structural analysis]. Support for this research was 
provided by NIH/NCI grant #CA157577-02S1 (Valente, PI) 

 

 

Validation Data 
 

Social Network (links):  
Friendship nominations 
within senior class at a Los 
Angeles area High School 
 

Tobacco Use (colors): 
Response to question:  
How many times have you 
smoked in the last 12 
months? 

https://public.era.nih.gov/grantfolder/piAppDetails/genericStatus.do?encryptedParam=xcPSjt2QEpc.tBP8fg7Ghsj8KBnHwd7B2W8-S6W3bhW5HK_euyJ2hNM.
https://public.era.nih.gov/grantfolder/piAppDetails/genericStatus.do?encryptedParam=xcPSjt2QEpc.tBP8fg7Ghsj8KBnHwd7B2W8-S6W3bhW5HK_euyJ2hNM.
https://public.era.nih.gov/grantfolder/piAppDetails/genericStatus.do?encryptedParam=xcPSjt2QEpc.tBP8fg7Ghsj8KBnHwd7B2W8-S6W3bhW5HK_euyJ2hNM.


 Assortativity is bias in favor of connections between network 
nodes with similar characteristics 

 Traditionally measured with Assortative Mixing Coefficient 
(Newman 2003) 

‒ Correlation between two nodes at end of every graph edge 

‒ Analogous to Pearson’s Correlation Coefficient (R) applied to network 

‒ Defined for continuous, not interval data 

‒ No rigorous test of statistical significance 

 Ideal method would be: 

‒ More flexible to data type and relationships 

‒ Robust to outliers and skewed distributions 

‒ Clearly defined significance test 

 

 

 

Network metric of interest: Assortativity Coefficient 
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Possible Alternative Methods for Assortativity Coefficient 
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Comparing Robustness of Assortativity Methods 

 Distributions after perturbing a single node from our 
network with an extreme value (outlier) 

 Fuzzy gamma rank correlation coefficient most robust 
estimation of correlation based on smoking behavior 
 

17 



 Permutation test advantages for assortativity coefficient 

‒ Distribution free approach 

‒ Independent of sample size. 

 Randomize nodal attributes in the network. 

 If there is no assortativity, then the distribution of the 
correlation coefficient should not change under random 
permutations 

      : There is no assortative mixing by smoking habits 

 The p-value is the probability that assortativity under the null 
distribution exceeds the observed assortativity in the network 

Permutation Significance Test  

0H



 1000 random permutations without replacement  

 The standard assortativity method (Pearson) is the only 
method that is not statistically significant at p=0.01 

 

Permutation Test Results 

Correlation Coefficient Observed P-value 

Pearson 0.1105843 0.01389861 

Kendall 0.1470971 0.0019998 

Spearman 0.1589439 0.00239976 

Fuzzy Gamma 0.1425991 0.00229977 



 Snapdragon is an agent-based social-network model 
of tobacco use 

 Model is currently under validation 

 Example validation task showed 

‒ Standard method of network assortativity measurement is 
not well suited to interval-based validation data 

‒ Test of four possible assortativity metrics showed Fuzzy 
Gamma is most robust to outliers and skewed distributions 

‒ Permutation method useful for significance testing 

‒ Proposed alternative assortativity measurements have 
smaller p values than standard method. 

 

Conclusions 
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