Building adaptable and reusable pipelines for investigating the features
of slow cortical rhythms across scales, methods, and species
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Making progress in neuroscience is increasingly a collaborative effort that requires insights obtained
across data, methodologies, and models. Individual puzzle pieces must eventually be properly related
to one another and integrated to frame the research in a coherent picture. In this process, often three
questions arise: How to make results comparable? How to relate complementary, yet different
methodological approaches to one another? How to incorporate and validate models based on these

findings?

A prominent example of such a scenario is slow cortical waves which are persistently observed in
sleeping and anesthetized subjects of various species and across various measurement techniques
[1,2], as well as being expressed by various models. While slow waves are a ubiquitous phenomenon
with a rich literature basis and have been proposed to be the default activity pattern of the cortical
network [3], the diversity of the experimental data and the numerous different analytical methods,
tools, and even terminologies makes it difficult to rigorously compare and interrelate results from

the various sources to form a coherent understanding.

Here, we present an analysis pipeline for the study of slow wave activity to support quantitative
comparisons of analysis results across data sources and algorithms. A key concept of the pipeline is
modularity at the correct level of granularity in order to flexibly adapt, reuse, and extend it to a wide
range of datasets and research questions. In the spirit of reproducibility, individual analysis blocks
are built on a number of community-driven, open-source software tools, e.g., the workflow manager
Snakemake (RRID:SCR_003475), the Neo (RRID:SCR_000634) library for data representation
[4], the Elephant (RRID:SCR_003833) analysis toolbox, and the pipeline execution can be
captured in the EBRAINS Knowledge Graph (https://kg.ebrains.cu).

This pipeline design enables multi-scale analyses of measured slow wave activity, which we
demonstrate using ECoG [5,6,7] and Calcium Imaging [8,9] data of anesthetized mice.
Furthermore, the integration of model data provides a basis for rigorous validation testing [10,11].
While the ‘same method - different data’ approach enables fair comparisons, the pipeline equally
enables ‘same data - different methods’ benchmarking. Finally, we discuss how the re-usable and
adaptable conceptual design helps to derive analysis pipelines for similar research endeavors to
amplify collaborative research.
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