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                              	March–April 2024
	Article


                              

                                 Retailers and Health Systems Can Improve Care Together


                              By: Robert S. Huckman, Vivian S. Lee and Bradely R. Staats

                              

                              Health systems are struggling to address the many shortcomings of health care delivery: rapidly growing costs, inconsistent quality, and inadequate and unequal access to primary and other types of care. However, if retailers and health systems were to form strong partnerships, they could play a major role in addressing these megachallenges. While some partnerships do exist, they are rare and have only scratched the surface of their potential. Rather than focusing on the direct-to-consumer model that retailers have largely employed, the partnerships should offer much broader care. Drawing on real-world examples, the authors outline four key actions that retailers and health systems should take: (1) They must move beyond convenience to offer comprehensive care. (2) They should move care from clinics into the home. (3) They should leverage data to improve clinical care and the customer experience. And (4) they should change how—and by whom—health care work is done. Implementing these four actions would generate improvements that would benefit not just patients but also the organizations that pay for their health care.
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                              By: Robert S. Huckman, Vivian S. Lee and Bradely R. Staats

                              

                              Health systems are struggling to address the many shortcomings of health care delivery: rapidly growing costs, inconsistent quality, and inadequate and unequal access to primary and other types of care. However, if retailers and health systems were to form strong partnerships, they could play a major role in addressing these megachallenges. While...

                           

                        

                     

                  
	
                     
                        

                        
                           
                              	March–April 2024
	Article


                              

                                 How Fast Should Your Company Really Grow?


                              By: Gary P. Pisano

                              

                              Growth—in revenues and profits—is the yardstick by which the competitive fitness and health of organizations is measured. Consistent profitable growth is thus a near universal goal for leaders—and an elusive one. To achieve that goal, companies need a growth strategy that encompasses three related sets of decisions: how fast to grow, where to seek new sources of demand, and how to develop the financial, human, and organizational capabilities needed to grow. This article offers a framework for examining the critical interdependencies of those decisions in the context of a company’s overall business strategy, its capabilities and culture, and external market dynamics.
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                              Growth—in revenues and profits—is the yardstick by which the competitive fitness and health of organizations is measured. Consistent profitable growth is thus a near universal goal for leaders—and an elusive one. To achieve that goal, companies need a growth strategy that encompasses three related sets of decisions: how fast to grow, where to seek...
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	Working Paper


                              

                                 Design-Based Inference for Multi-arm Bandits


                              By: Dae Woong Ham, Iavor I. Bojinov, Michael Lindon and Martin Tingley

                              

                              Multi-arm bandits are gaining popularity as they enable real-world sequential decision-making across application areas, including clinical trials, recommender systems, and online decision-making. Consequently, there is an increased desire to use the available adaptively collected datasets to distinguish whether one arm was more effective than the other, e.g., which product or treatment was more effective. Unfortunately, existing tools fail to provide valid inference when data is collected adaptively or require many untestable and technical assumptions, e.g., stationarity, iid rewards, bounded random variables, etc. Our paper introduces the design-based approach to inference for multi-arm bandits, where we condition the full set of potential outcomes and perform inference on the obtained sample. Our paper constructs valid confidence intervals for both the reward mean of any arm and the mean reward difference between any arms in an assumption-light manner, allowing the rewards to be arbitrarily distributed, non-iid, and from non-stationary distributions. In addition to confidence intervals, we also provide valid design-based confidence sequences, sequences of confidence intervals that have uniform type-1 error guarantees over time. Confidence sequences allow the agent to perform a hypothesis test as the data arrives sequentially and stop the experiment as soon as the agent is satisfied with the inference, e.g., the mean reward of an arm is statistically significantly higher than a desired threshold.
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                              Multi-arm bandits are gaining popularity as they enable real-world sequential decision-making across application areas, including clinical trials, recommender systems, and online decision-making. Consequently, there is an increased desire to use the available adaptively collected datasets to distinguish whether one arm was more effective than the...

                           

                        

                     

                  


               

               

            

            

         

      

   

   
      
         
         

         
      

   

   
      

      

      
         
            
               About the Unit

               As the world of operations has changed, so have interests and priorities within the
                  Unit. Historically, the TOM Unit focused on manufacturing and the development of physical
                  products. Over the past several years, we have expanded our research, course development,
                  and course offerings to encompass new issues in information technology, supply chains,
                  and service industries. 
               

               The field of TOM is concerned with the design, management, and improvement of operating systems and processes. As we seek to understand the challenges confronting firms competing in today's demanding
                  environment, the focus of our work has broadened to include the multiple activities
                  comprising a firm's "operating core": 
               

               	the multi-function, multi-firm system that includes basic research, design, engineering,
                     product and process development and production of goods and services within individual
                     operating units; 
                  
	the networks of information and material flows that tie operating units together and
                     the systems that support these networks;
                  
	the distribution and delivery of goods and services to customers. 
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                              Retailers and Health Systems Can Improve Care Together
By: Robert S. Huckman, Vivian S. Lee and Bradely R. Staats

                           	March–April 2024 | 
                              
	Article | 
	Harvard Business Review


                           

                           Health systems are struggling to address the many shortcomings of health care delivery: rapidly growing costs, inconsistent quality, and inadequate and unequal access to primary and other types of care. However, if retailers and health systems were to form strong partnerships, they could play a major role in addressing these megachallenges. While some partnerships do exist, they are rare and have only scratched the surface of their potential. Rather than focusing on the direct-to-consumer model that retailers have largely employed, the partnerships should offer much broader care. Drawing on real-world examples, the authors outline four key actions that retailers and health systems should take: (1) They must move beyond convenience to offer comprehensive care. (2) They should move care from clinics into the home. (3) They should leverage data to improve clinical care and the customer experience. And (4) they should change how—and by whom—health care work is done. Implementing these four actions would generate improvements that would benefit not just patients but also the organizations that pay for their health care.
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By: Gary P. Pisano

                           	March–April 2024 | 
                              
	Article | 
	Harvard Business Review


                           

                           Growth—in revenues and profits—is the yardstick by which the competitive fitness and health of organizations is measured. Consistent profitable growth is thus a near universal goal for leaders—and an elusive one. To achieve that goal, companies need a growth strategy that encompasses three related sets of decisions: how fast to grow, where to seek new sources of demand, and how to develop the financial, human, and organizational capabilities needed to grow. This article offers a framework for examining the critical interdependencies of those decisions in the context of a company’s overall business strategy, its capabilities and culture, and external market dynamics.
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By: Dae Woong Ham, Iavor I. Bojinov, Michael Lindon and Martin Tingley
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	Working Paper | 
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                           Multi-arm bandits are gaining popularity as they enable real-world sequential decision-making across application areas, including clinical trials, recommender systems, and online decision-making. Consequently, there is an increased desire to use the available adaptively collected datasets to distinguish whether one arm was more effective than the other, e.g., which product or treatment was more effective. Unfortunately, existing tools fail to provide valid inference when data is collected adaptively or require many untestable and technical assumptions, e.g., stationarity, iid rewards, bounded random variables, etc. Our paper introduces the design-based approach to inference for multi-arm bandits, where we condition the full set of potential outcomes and perform inference on the obtained sample. Our paper constructs valid confidence intervals for both the reward mean of any arm and the mean reward difference between any arms in an assumption-light manner, allowing the rewards to be arbitrarily distributed, non-iid, and from non-stationary distributions. In addition to confidence intervals, we also provide valid design-based confidence sequences, sequences of confidence intervals that have uniform type-1 error guarantees over time. Confidence sequences allow the agent to perform a hypothesis test as the data arrives sequentially and stop the experiment as soon as the agent is satisfied with the inference, e.g., the mean reward of an arm is statistically significantly higher than a desired threshold.
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                              An Experimental Design for Anytime-Valid Causal Inference on Multi-Armed Bandits
By: Biyonka Liang and Iavor I. Bojinov

                           	2023 | 
                              
	Working Paper | 
	Faculty Research


                           

                           Typically, multi-armed bandit (MAB) experiments are analyzed at the end of the study and thus require the analyst to specify a fixed sample size in advance. However, in many online learning applications, it is advantageous to continuously produce inference on the average treatment effect (ATE) between arms as new data arrive and determine a data-driven stopping time for the experiment. Existing work on continuous inference for adaptive experiments assumes that the treatment assignment probabilities are bounded away from zero and one, thus excluding nearly all standard bandit algorithms. In this work, we develop the Mixture Adaptive Design (MAD), a new experimental design for multi-armed bandits that enables continuous inference on the ATE with guarantees on statistical validity and power for nearly any bandit algorithm. On a high level, the MAD "mixes" a bandit algorithm of the user's choice with a Bernoulli design through a tuning parameter t, where t is a deterministic sequence that controls the priority placed on the Bernoulli design as the sample size grows. We show that for t=o(1/t1/4), the MAD produces a confidence sequence that is asymptotically valid and guaranteed to shrink around the true ATE. We empirically show that the MAD improves the coverage and power of ATE inference in MAB experiments without significant losses in finite-sample reward.
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By: Tu Ni, Iavor Bojinov and Jinglong Zhao

                           	2024 | 
                              
	Working Paper | 
	Faculty Research


                           

                           One of the main practical challenges companies face when running experiments (or A/B tests) over a panel is interference, the setting where one experimental unit's treatment assignment at one time period impacts another's outcomes, possibly at the following time period. Existing literature has identified aggregating units into clusters as the gold standard to handle interference, yet the degree of aggregation remains an open question. In this work, we present a new randomized design of panel experiments and answer this question when all experimental units are modeled as vertices on a two-dimensional grid. Our proposed design has two features: the first feature is a notion of randomized spatial clustering that randomly partitions units into equal-size clusters; the second is a notion of balanced temporal randomization that extends the classical completely randomized designs to the temporal interference setting. We prove the theoretical performance of our design, develop its inferential techniques, and verify its superior performance by conducting an extensive simulation study.
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By: Iavor I Bojinov and Jialiang Mao

                           	2021 | 
                              
	Working Paper | 
	Faculty Research


                           

                           Over the past decade, most technology companies and a growing number of conventional firms have adopted online experimentation (or A/B testing) into their product development process. Initially, A/B testing was deployed as a static procedure in which an experiment was conducted by randomly splitting half of the users to see the control—the standard offering—and the other half the treatment—the new version. The results were then used to augment decision-making around which version to release widely. More recently, as experimentation has matured, firms have developed a more dynamic approach to experimentation in which a new version (the treatment) is gradually released to a growing number of units through a sequence of randomized experiments, known as iterations. In this paper, we develop a theoretical framework to quantify the value brought on by such dynamic or iterative experimentation. We apply our framework to seven months of LinkedIn experiments and show that iterative experimentation led to an additional 20% improvement in one of the firm’s primary metrics.
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By: Michael Lindon, Dae Woong Ham, Martin Tingley and Iavor I. Bojinov
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	Working Paper | 
	Faculty Research


                           

                           Linear regression adjustment is commonly used to analyze randomized controlled experiments due to its efficiency and robustness against model misspecification. Current testing and interval estimation procedures leverage the asymptotic distribution of such estimators to provide Type-I error and coverage guarantees that hold only at a single sample size. Here, we develop the theory for the anytime-valid analogues of such procedures, enabling linear regression adjustment in the sequential analysis of randomized experiments. We first provide sequential F-tests and confidence sequences for the parametric linear model, which provide time-uniform Type-I error and coverage guarantees that hold for all sample sizes. We then relax all linear model parametric assumptions in randomized designs and provide nonparametric model free sequential tests and confidence sequences for treatment effects. This formally allows experiments to be continuously monitored for significance, stopped early, and safeguards against statistical malpractices in data collection. A particular feature of our results is their simplicity. Our test statistics and confidence sequences all emit closed-form expressions, which are functions of statistics directly available from a standard linear regression table. We illustrate our methodology with the sequential analysis of software A/B experiments at Netflix, performing regression adjustment with pre-treatment outcomes.
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By: Michael W. Toffel, Spencer Glendon and Alison Smart

                           	March 2024 | 
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                           This note describes how managers can identify their company’s physical climate risks, which can heighten the risk of business disruption, change the costs of operations and supply chains, and affect the demand for their goods and services. The note also provides a five-step process to help managers identify how the changing climate can create business risks and vulnerabilities—not only to their own operations, but also to their suppliers, customers, and other companies in which they have invested—in order to inform decision-making.
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