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Powerful inference for functional data
in complex factorial designs

Functional data analysis (FDA) has become a significant tool in statistics, especially effective when
data are densely sampled. It analyzes data that consist of or can be represented by functions, curves,
or surfaces. The development of highly accurate measurement instruments allows us to observe such
data in many fields of science, such as biology, chemometrics, economics, medicine, and meteorology.
For example, when patients wear a device that automatically measures blood pressure and heart rate
at regular intervals over a 24-hour period, the output is trajectories of these variables, which can
be modeled as functional data. When the frequency of repeated observations over time increases,
functional data analysis has significant advantages over traditional statistical data analysis methods
because it does not assume specific dependency structures or require evenly spaced time points at
which features are measured. This flexibility can lead to better conclusions and allows additional
information to be extracted from the data.

Despite methodological advances, there is still a need to construct efficient methods for the analysis of
functional data to cope with challenges such as missing data, non-normality of the distribution, and
heteroscedasticity of the covariance function. The project aims to develop new statistical methods for
both univariate and multivariate functional analysis of variance or covariance with repeated measures
that are not limited by the assumptions of traditional models. These methods will be constructed to
provide reliable results even in difficult cases such as small sample sizes and partially or completely
missing observations. We will also consider the presence of covariance factors in different factorial
designs and test complex statistical hypotheses involving main and interaction effects in both crossed
and hierarchical models, without assuming a specific probability distribution. The construction of
statistical tests in these models will rely on both traditional and novel estimators, such as the sample
mean and covariance functions, as well as wavelet-based estimators. We will pay special attention
to imputation and statistical methods that enable effective inference in the presence of missing data.
Such missing data can have different characteristics and causes. The first example is the absence of the
entire trajectory, which can occur when the patient had their blood pressure and heart rate measured
for the whole of the day before the start of treatment but did not measure it again after its completion.
The second example results in so-called partially observed functional data, when the patient turns off
the measuring device for several hours, which causes a lack of measurement for a significant part of the
day.

The project provides for a comprehensive study of the theoretical properties of the constructed statistical
procedures and their effectiveness in practice. We plan to use intensive simulation studies to assess
their finite-sample properties. The results will be integrated with practical statistical tools in the
form of efficient software that will find application in real research problems, especially in medicine.
Example applications include the analysis of biomedical and biostatistical data, where missing data
are common and accounting for covariates and the functional structure of repeated measures is crucial
for correct inference.

The project collaboration aims not only to develop methods for the analysis of functional data, focusing
on statistical tests and confidence regions, but also to prepare guidelines for applying these methods
to biostatistical problems. This comprehensive approach aims to bridge the gap between advanced
statistical theory and real-world applications, making it a significant step forward in the field of
functional data analysis.



