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		Abstract

		Stand-alone marketing models are well-suited to deal with different behavioral features such as variation in transaction frequency (customer heterogeneity with latent classes), recency and attrition (“buy ‘till you die” models), and more general changes in customer transaction rates (hidden Markov models, HMMs). We unite these modeling approaches in a integrative framework as special cases or “children” of the HMM. We then selectively constrain the general model to assess the impact of each component on model performance. Instead of selecting latent-state models primarily using likelihood-based criteria, we favor a multi-faceted empirical evaluation using summaries of posterior predictive distributions; thus focusing model checking on managerially relevant features of the data, such as reach, frequency, and “streakiness.”  

We apply our methods to daily viewing incidence data from Hulu.com, a leading U.S. online streaming video provider. We find that increasing model complexity can improve some aspects of model performance (as expected) but worsen others in non-obvious ways. For instance, only models allowing back-and-forth movements among latent states can capture streakiness (a pattern of growing importance given the increasing availability of digital media data); but as a trade-off, these models still perform worse than their simpler counterparts in both forecasting and capturing other audience measurement criteria. Finally, using machine-learning classification techniques, customers are grouped based on similar model fit and features of their past consumption patterns. This allows researchers and managers to portend the “winning model” prior to having to fit the models for all customers. We discuss the generality of the methods and findings for different mixes of patterns of customer behavior. 


	

	

	
		
		


	

	
	

		
		

	
	


	

	
	
	
		
	
	
	

	
	
		
		
			
				
			
		
		Keywords: Hidden Markov Models, Non-Stationarity, Customer Migration, Streakiness, Posterior Predictive Model Checking, Nested Models, Hierarchical Bayes, Machine Learning, Classification Trees

	
	

	
    

    
	

	
	
		JEL Classification: C11, C15, C22, C23, C51, C52, C53, M31

	
	

	
	

























    	
	
	
	
   	
	
	
	
	
	            
	















	











    
    










    
    
    
    
















	



    




	
		Suggested Citation:
		Suggested Citation
	

	
		
			Schwartz,  Eric M. and Bradlow,  Eric and Fader,  Peter and Zhang,  Yao, ‘Children of the HMM’: Modeling Longitudinal Customer Behavior at Hulu.Com (August 1, 2011).  Available at SSRN: https://ssrn.com/abstract=1904562 or http://dx.doi.org/10.2139/ssrn.1904562 
		
	

	

	
	
	

	
		
	

	

	
	
		

	










    
    










    
    
    
    





















	

	

	

	


	























	
	

		

		

		
		
		

		
		
			
				
					
						Eric M. Schwartz (Contact Author)

					
			
		

		
		
		
		

		
		
			
				
					
					
					
					
					
					
					
					
					
						
						
						


						
					
					
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				University of Michigan, Stephen M. Ross School of Business  ( email )

			

			
			
				
				
				
					701 Tappan Street
Ann Arbor, MI MI 48109
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Eric Bradlow

					
			
		

		
		
		
		

		
		
			
				
					
					
					
					
					
					
					
					
					
						
						
						


						
					
					
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				University of Pennsylvania - Marketing Department  ( email )

			

			
			
				
				
				
					700 Jon M. Huntsman Hall
3730 Walnut Street
Philadelphia, PA  19104-6340
United States
215-898-8255 (Phone)

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Peter Fader

					
			
		

		
		
		
		

		
		
			
				
					
					
					
					
					
					
					
					
					
						
						
						


						
					
					
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				University of Pennsylvania - Marketing Department  ( email )

			

			
			
				
				
				
					700 Jon M. Huntsman Hall
3730 Walnut Street
Philadelphia, PA  19104-6340
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Yao Zhang

					
			
		

		
		
		
		

		
		
			
				
					
					
					
					
					
					
					
					
					
						
						
						


						
					
					
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				University of Pennsylvania - The Wharton School  ( email )

			

			
			
				
				
				
					3641 Locust Walk
Philadelphia, PA  19104-6365
United States

				

				
			

			

		

		
	

	





	

	

	
	
		
	

	

	
	




				
				
				









	
	    












    
    






    
    







    









    
        
        
        
            
            

            

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Download This Paper
                    
                
            

        
    
        
    

            
            
                

                

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Open PDF in Browser
                    
                
            

        
    
        
    
            
        

    




















	














	
	    







 



	




	







	







































				

				

				
					
						

						
						

						

						
						

					
				

			


			
				
					
						
						
	










	
	    














	
	    














	
	    







	
		Do you have negative results from your research you’d like to share?

		
			

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Submit Negative Results
                    
                
            

        
    
        
    
		

	



					

				
				
					
					


	












	
	
	








	
		
			Paper statistics

		

	


	
		
		 
			
				Downloads

				    1,069

			

		
		
		
			Abstract Views

			    7,006

		

		
		 
		
			Rank

			   38,123

		

		
	


	
		
            
            	        2 Citations
		

	

	
		
			
				       38 References
		

	



	
		PlumX Metrics

		
			
		

		
			
		

	





				


				
				
				
					

    
        
            Related eJournals

        	
                    The Wharton School, University of Pennsylvania Research Paper Series

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                The Wharton School, University of Pennsylvania Research Paper Series

                                
                                    Subscribe to this free journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                            5,895

                                    

                                    
                                        PAPERS

                                            3,115

                                    

                                

                                
                                    
                                        This Journal is curated by:

                                        Marcella Barnhart at University of Pennsylvania - The Wharton School, Mia Wells at University of Pennsylvania - The Wharton School

                                    

                                
                            

                        

                    

                
	
                    Review of Marketing Science (ROMs)

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Review of Marketing Science (ROMs)

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                            1,654

                                    

                                    
                                        PAPERS

                                              254

                                    

                                

                                
                                    
                                        This Journal is curated by:

                                        Ram C. Rao at The University of Texas at Dallas, Naveen Jindal School of Management

                                    

                                
                            

                        

                    

                


            

            
                
                

                	
                    Marketing Science eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Marketing Science eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              970

                                    

                                    
                                        PAPERS

                                            2,751

                                    

                                

                                
                            

                        

                    

                
	
                    eBusiness & eCommerce eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                eBusiness & eCommerce eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              231

                                    

                                    
                                        PAPERS

                                            7,167

                                    

                                

                                
                                    
                                        This Journal is curated by:

                                        Erik Brynjolfsson at National Bureau of Economic Research (NBER), John Little at Massachusetts Institute of Technology (MIT), Xiaoquan (Michael) Zhang at Chinese University of Hong Kong

                                    

                                
                            

                        

                    

                
	
                    Information Systems & Economics eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Information Systems & Economics eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              224

                                    

                                    
                                        PAPERS

                                           14,554

                                    

                                

                                
                                    
                                        This Journal is curated by:

                                        Erik Brynjolfsson at National Bureau of Economic Research (NBER)

                                    

                                
                            

                        

                    

                



                
            

            
        
        
        
                 
        
        

    


				


				
					
					

















    
        
            Recommended Papers

            	
                        
                        

                        
                        
                        Advertising Bans and the Substitutability of Online and Offline Advertising

                        
                            By
                                
                                
                                    
                                    Avi Goldfarb
                                     and 
                                
                                    
                                    Catherine E. Tucker
                                    
                                
                            

                        
                        
                    
	
                        
                        

                        
                        
                        Privacy Regulation and Online Advertising

                        
                            By
                                
                                
                                    
                                    Avi Goldfarb
                                     and 
                                
                                    
                                    Catherine E. Tucker
                                    
                                
                            

                        
                        
                    
	
                        
                        

                        
                        
                        Targeted Advertising and Advertising Avoidance

                        
                            By
                                
                                
                                    
                                    Justin Johnson
                                    
                                
                            

                        
                        
                    


                    
                        	
                            
                            

                            
                            
                            Targeting in Advertising Markets: Implications for Offline vs. Online Media

                            
                                By
                                    
                                    
                                        
                                        Dirk Bergemann
                                         and 
                                    
                                        
                                        Alessandro Bonatti
                                        
                                    
                                

                            

                            
                            
                        
	
                            
                            

                            
                            
                            Targeting in Advertising Markets: Implications for Offline vs. Online Media

                            
                                By
                                    
                                    
                                        
                                        Dirk Bergemann
                                         and 
                                    
                                        
                                        Alessandro Bonatti
                                        
                                    
                                

                            

                            
                            
                        
	
                            
                            

                            
                            
                            The Impact of Targeting Technology on Advertising Markets and Media Competition

                            
                                By
                                    
                                    
                                        
                                        Susan Athey
                                         and 
                                    
                                        
                                        Joshua S. Gans
                                        
                                    
                                

                            

                            
                            
                        
	
                            
                            

                            
                            
                            Social Networks, Personalized Advertising, and Privacy Controls

                            
                                By
                                    
                                    
                                        
                                        Catherine E. Tucker
                                        
                                    
                                

                            

                            
                            
                        
	
                            
                            

                            
                            
                            Targeting in Advertising Markets: Implications for Offline vs. Online Media

                            
                                By
                                    
                                    
                                        
                                        Dirk Bergemann
                                         and 
                                    
                                        
                                        Alessandro Bonatti
                                        
                                    
                                

                            

                            
                            
                        
	
                            
                            

                            
                            
                            When does Retargeting Work? Information Specificity in Online Advertising

                            
                                By
                                    
                                    
                                        
                                        Anja Lambrecht
                                         and 
                                    
                                        
                                        Catherine E. Tucker
                                        
                                    
                                

                            

                            
                            
                        
	
                            
                            

                            
                            
                            Substitution between Offline and Online Advertising Markets

                            
                                By
                                    
                                    
                                        
                                        Avi Goldfarb
                                         and 
                                    
                                        
                                        Catherine E. Tucker
                                        
                                    
                                

                            

                            
                            
                        



            
            
                 
            
        

    

				

			

		


		
				
					Feedback
					
				

			

			


	
		
		Feedback to SSRN

		
			
				
					Feedback
					 (required)
				
				
			

			
				
					Email
					 (required)
				
				
			

			
				Submit
				
			
		

		

		If you need immediate assistance, call 877-SSRNHelp (877 777 6435) in the United States, or +1 212 448 2500 outside of the United States, 8:30AM to 6:00PM U.S. Eastern, Monday - Friday.

	







	

	
	
		
		

	




	
	





  
  

	
	
		
	


	
	
		
			
			
		
	
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	


	
	
	






		
		














	
		
			
				
                    

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Submit a Paper
                    
                        
                    
                
            

        
    
        
    
					Section 508 Text Only Pages
				

			
			
				SSRN Quick Links 

					SSRN Solutions
	Research Paper Series
	Conference Papers
	Partners in Publishing
	Jobs & Announcements
	Special Topic Hubs


			

			
				SSRN Rankings 

					Top Papers
	Top Authors
	Top Organizations


			

			
				About SSRN 

					Network Directors
	Announcements
	Contact us
	FAQs


			

			
		

			
	
	


		
			
				
			

			
				
					Copyright
					Terms and Conditions
					Privacy Policy
				

				
					All content on this site: Copyright © 2023 Elsevier Inc., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.

					We use cookies to help provide and enhance our service and tailor content.

					To learn more, visit
					Cookie Settings.
					
						
							
							This page was processed by aws-apollo-l100 in   0.109 seconds 
						
					
					

				

			

			
				
			

		

	









	
		
		
		
		


    
        
        
        

        
        
                
                
                    
                
            
    

    

    


		






    























    




    








	


		

		
		
		
		
		
		
		
		
		
		
	
