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1 Introduction 

Suppose that we want to fit and validate a model using a single dataset. Two example 
scenarios are as follows: 

Scenario 1. We want to use the data both to generate and to test a hypothesis. 

Scenario 2. We want to use the data both to fit a complicated model, and to 
obtain an accurate estimate of the expected prediction error. 

In either case, a naive approach that fits and validates a model on the same data is 
deeply problematic. In Scenario 1, testing a hypothesis on the same data used to 
generate it will lead to hypothesis tests that do not control the type 1 error, and to 
confidence intervals that do not attain the nominal coverage (Fithian et al., 2014). And in 
Scenario 2, estimating the expected prediction error on the same data used to fit the 
model will lead to massive downward bias (see Tian, 2020; Oliveira et al., 2021, for 
recent reviews). 

In the case of Scenario 1, recent interest has focused on selective inference, a 
framework that enables a data analyst to generate and test a hypothesis on the same 
data (see, e.g., Taylor and Tibshirani, 2015). The main idea is as follows: to test a 
hypothesis generated from the data, we should condition on the event that we selected 
this particular hypothesis. Despite promising applications of this framework to a number 
of problems, such as inference after regression (Lee et al., 2016), changepoint 
detection (Jewell et al., 2022; Hyun et al., 2021), clustering (Gao et al., 2024; Chen and 
Witten, 2022; Yun and Barber, 2023), and outlier detection (Chen and Bien, 2020), it 
suffers from some drawbacks: 

1. To perform selective inference, the procedure used to generate the null 
hypothesis must be fully-specified in advance. For instance, if a researcher 
wishes to cluster the data and then test for a difference in means between the 
clusters, as in Gao et al. (2024) and Chen and Witten (2022), then they must fully 
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https://anna-neufeld.github.io/datathin/
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Fig. 2 Type 1 error rate of naive (Algorithm 2), order-preserved sample splitting 
(Algorithm 3), and generalized data thinning (Algorithm 4) approaches to testing for a 
change in variance, in a setting where the variance is truly constant. 
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Fig. 3 Results for the wind speed analysis in Section 7. In each panel, the x-axis 
indexes the days. First three rows: Wind speed data over time with results of each 
approach (Algorithms 2, 3, and 4) overlayed: Vertical lines indicate changepoints 
estimated and asterisks indicate those estimated changepoints for which the computed 
p-value was below 0.05 divided by the number of detected changepoints. Fourth row: 
We binned the 2,000 days into 10-day windows. For each 10-day window, we display 
the percentage of replicates of the generalized data thinning approach for which at least 
one changepoint was estimated on the training set. Dashed lines are drawn every 365 
days. Fifth row: For each 10-day window, we display the percentage of replicates of the 
generalized data thinning approach for which at least one changepoint was estimated 
on the training set and that estimated changepoint had a test set p-value below 0.05 
divided by the number of detected changepoints. 
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