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Background 
 

The problem of missing data and imputation have been widely discussed amongst 
specialists. However, many data scientists and applied statisticians fail to appropriately 
consider this issue. Often, it seems intuitive to discard observations containing missing 
data or simply to substitute means. This can lead to disastrous consequences, 
particularly in an era of exponentially increasing data volumes. In the following, we show 
how inappropriate handling of missing data and an insufficient analysis of the censoring 
mechanism can lead to a bias, overconfidence in the estimation of parameters, could 
challenge the reproducibility of obtained results, and may distort the structure of the 
dataset.  

Methods  The latter is demonstrated to be particularly impactful in unsupervised learning 
approaches, such as clustering or PCA, which aim to describe different aspects of the 
data distribution. Our goal is to provide guidance to practitioners in dealing with missing 
data by 1) summarizing the different mechanisms of missingness and outlining their 
implications, 2) by identifying the role of domain experts and helping statisticians and 
data scientists ask the right questions, 3) by outlining appropriate imputation 
techniques for the remaining cases, which reduce potential biases and tend to impose 
less artificial structure on the data. Lastly, we suggest ways in which to assess and 
incorporate imputation uncertainty. 

Results As data volumes grow, dealing with missing data has become increasingly important. 
We present a pipeline for evaluating and dealing with missingness, incorporating 
valuable inputs from domain experts, and assessing imputation uncertainty. 

Conclusions and 
Significance to the 

Warfighter 

It is demonstrated how this pipeline is employed to impute missing data in a TBI dataset 
to reduce artificial structure which may lead to misidentification and misclassification of 
TBI-subphenotypes (TBI is a common condition for deployed soldiers in war zones). 
Furthermore, the guidance provided in this paper is expected to assist practitioners in 
more accurately assessing uncertainty arising from missing data. Thereby, we hope to 
reduce unidentified biases and analytical errors, while improving the reproducibility of 
obtained results in military and biomedical research leading to more accurate and 
objective models. 

  
Learning 

Objectives 
1. Understanding the mechanisms of missingness and their implications for 

subsequent analyses. 
2. Incorporating knowledge from domain experts to obtain information about the data 

generating process and logical rules applying to the data. 
3. Gaining familiarity with appropriate statistical imputation techniques to reduce 

biases and artificial structure leading to more objective outcomes. 
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