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1 Course objectives

Traditionally, one-dimensional or multivariate test statistics have been used to test different hypothe-
ses. Today the handling of the data is more rich, and we can have data that can provide more insight
on the studied phenomena if a functional test statistic is used. But this can be quite challenging:
one has to take care of the multiple testing problem and changes in the distribution across the do-
main; often the test statistic is a specific one so its distribution is not known; and often the user
requires a graphical interpretation of the testing results so that the interpretation of results is more
understandable. Therefore, we have developed a non-parametric method that is based on Monte Carlo
simulations or permutations, which handles all the above challenges. The methodology is implemented
in the freely available R (R Core Team, 2021) package GET (Myllymäki and Mrkvička, 2020; Myl-
lymäki et al., 2017). The official release can be found in Comprehensive R Archive Network (CRAN)
and its development version via a github repository:

• Official release: https://cran.r-project.org/package=GET

• Development version: https://github.com/myllym/GET

We introduced the methodology first for a general Monte Carlo test with any functional test statistic
in the case where the functions are simulated under the null model (Myllymäki et al., 2017).

We have further considered and developed the methodology for general multiple Monte Carlo testing
(Mrkvička et al., 2017), functional ANOVA (Mrkvička et al., 2020) and general linear models (Mrkvička
et al., 2021; Mrkvička et al., 2021), functional outlier detection and clustering (Dai et al., 2020b,a).
The methods have already shown their usefulness in many areas, e.g., spatial statistics (Myllymäki
et al., 2017; Mrkvička et al., 2017; Mrkvička et al., 2016; Myllymäki et al., 2020), functional data
analysis (Narisetty and Nair, 2016; Mrkvička et al., 2020; Mrkvička et al., 2021; Mrkvička et al.,
2021; Racine et al., 2021) and image analysis (Mrkvička et al., 2021) with applications to agriculture,
architecture and art, astronomy and astrophysics, ecology and evolution, economics, eye movement
research, fisheries, forestry, geography, material science, and medicine, health and neurosciences (see
Myllymäki and Mrkvička, 2020, and references therein).

2 Learning outcomes

• The participants will have basic understanding of a Monte Carlo and permutation test based on
a single, multivariate and functional test statistic. They know the basic principles of running a
global envelope test in R, and have tested it in example situations.

• The participants are aware that the global envelope is a general tool that can be used also for
other purposes than testing such as central regions of functional data, functional clustering and
confidence and prediction bands.

3 Prerequisites

We expect the participants have some basic knowledge/understanding of statistics and the R soft-
ware. The course is not intended to discuss very basics of the R code itself. Also the partici-
pants should have the newest version of R (https://cran.r-project.org/), and preferably also Rstu-
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dio (https://www.rstudio.com/), installed on their computers, if they want to test things them-
selves. They could additionally also install the GET library in advance by starting R and typing
install.packages(’GET’) there.
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Dai W, Mrkvička T, Sun Y, Genton MG (2020b). “Functional Outlier Detection and Taxonomy
by Sequential Transformations.” Computational Statistics & Data Analysis, 149, 106960. doi:
https://doi.org/10.1016/j.csda.2020.106960.
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