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Problem statement
What is the size of the analysis search space of randomly selected studies cited in Expert
testimony to courts about air quality—adverse health effects?

Narrative

In the epidemiological analysis of large, complex data sets, many questions of interest can arise,
and each question can be examined by a statistical analysis (e.g., Gelman and Loken 2019,
Young and Kindzierski 2019a,b).

P-hacking, a practice of manipulating data or analysis to find a publishable result, poses a
significant threat in the context of air quality-adverse health effect research. With numerous
questions asked of a data set, there is a high risk of p-hacking (Stefan and Schonbrodt 2023). If
there is no statistical correction for multiple testing and multiple modeling, then bias can

result. -This can lead to a multitude of false positive results being taken as true, which in turn can
lead to a false claim being canonized (Smaldino and McElreath 2016, Nissen et al. 2016).

If a random sampling of air quality—adverse health effect scientific papers (observation studies)
provided to courts by an Expert reveals a significant, statistical search space and there is no
correction for multiple testing and multiple modeling bias, then the entire observation study
literature cited by the Expert could be viewed as a part of a potentially false canonization of air
quality—adverse health effect research claims.

For example, an expert provides the court with a list of 500 scientific papers claiming adverse
health effects of air quality. A 5-20% sample from a population whose characteristics are known
is considered acceptable for most research purposes as it allows for generalizations about the
population (Creswell 2003).

It is of utmost importance to ensure that the 500 papers had sufficiently known characteristics by
the Expert that are relevant to the court case (i.e., they are about some aspect of air
quality—adverse health effects). Why else would these papers be offered to the court by the
Expert? Given this assumption and the large number of papers (500), a random sampling and
evaluation of ~5% (24) papers should be adequate to be able to describe a feature of interest
common to all 500 scientific papers.

This feature is the statistical reliability of claims that poor air quality is associated with poor
health conditions. A large analysis search space and the absence of correction for multiple testing
and multiple modeling bias in the papers in the random sample implies irreproducibility
(falseness) of claims in the scientific papers provided to the court.

Methods



The number of research questions asked (i.e., hypotheses test performed) will be counted out for
representative papers to assess the reliability of claims that poor particulate matter (PM2.5) air
quality is associated with adverse health.

1. Secure list of papers provided to the court.

2. Randomly select ~5% of the papers with the aim of choosing 24 suitable papers for
review. If a paper is unacceptable (i.e., not a published paper, not dealing with air quality
and human health effects, not accessible for review), the next paper on the list will be
reviewed. We purposely excluded chamber, panel, and genetic studies as less relevant
than environmental epidemiology studies.

3. Features to document during the review:

a. 1% author.
b. Email address of the corresponding author.
Year of publication.
Title.
Funding: gov, industry, other.
Note if authors make their data public.
Note if any statistical analysis was undertaken to correct for multiple testing and
multiple modeling bias.
4. Counts to collect (following Young and Kindzierski 2019b, 2022; Kindzierski et al.
2023):
a. # of outcomes, O
b. # of predictors, P
c. # of covariates, C
5. Report the analysis search space (number of statistical hypotheses tests performed) = O x
P x 2¢
6. Note if any of these selected key papers with negative findings about particulate
matter—adverse health effects were cited (i.e., Styer 1995, Chay 2003, Enstrom 2005,
Young 2017).
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