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Abstract. Reproducibility imposes some special requirements at different stages of 

each project, including reproducible workflows for the analysis including to follow 
best practices regarding code style and to make the creation of the manuscript 

reproducible as well. Available tools therefore include version control systems such 

as Git and document creation tools such as Quarto or R Markdown. However, a re-
usable project template mapping the entire process from performing the data analysis 

to finally writing the manuscript in a reproducible manner is yet lacking. This work 

aims to fill this gap by presenting an open source template for conducting 
reproducible research projects utilizing a containerized framework for both 

developing and conducting the analysis and summarizing the results in a manuscript. 

This template can be used instantly without any customization. 
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1. Introduction 

The goal of Data Science is to generate new insights from data and encompasses a wide 

spectrum of data handling procedures, from the initial data collection further on to data 

processing and preparation, as well as data exploration and statistical modeling, finally 

to visualization, interpretation and publishing the results [1]. The breadth and complexity 

of data science scenarios requires comprehensive expertise and experience in a wide 

range of related topics and domains, e.g. mathematics, statistics, computer science, 

software development, and domain knowledge of the problem to solve, besides others. 

Simultaneously, there is increasing interest in automating parts of the data science 

process, if not the entire process [1]. Additionally, researchers from a number of 

disciplines in the computer sciences call for reproducibility or reproducible research as 

a minimum achievable standard for assessing the value of scientific claims, especially 

when full independent replication of a study is not possible, for example, due to lack of 

resources such as time and money [2–5]. 
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Reproducibility in this context refers to obtaining consistent results using the same 

input data, calculation steps, methods, and codes, as well as the same analysis conditions 

[6]. As early as 1992, there were detailed ideas and concepts for realizing the goal of 

reproducible science in which authors are able to link the underlying data, parameters, 

and programs to each figure in the manuscript so that recalculations can be initiated with 

the click of a button [7]. In addition, the constantly increasing availability of (big) data 

coupled with rising computing power is enabling ever more complex, automated as well 

as multi-site analyses [8–10]. Although the intention to share data and code openly is 

widely established and a variety of methods and tools have been published to accomplish 

reproducibility in all steps of scientific research, an easy-to-use and publicly available 

project template is yet missing to organize reproducible end-to-end analysis including 

the final manuscript for publishing the results. 

Since reproducible deployments are common in software development and the 

creation of reproducible reports is common in the statistical area, these concepts should 

be merged and the runtime environment in which the analysis was performed should also 

be provided in a reproducible manner to ensure the reproducibility of the entire workflow 

besides the publication of data and code. 

This project template provides such a framework in which both the execution of the 

analysis and creation of the manuscript remain reproducible, including the entire 

software environment required and its dependencies using state-of-the-art tools. 

2. Methods 

Many tutorials, tools, and reports are available to facilitate approaching the topic of 

reproducibility in science [5,11,12]. These reports present in detail tool collections and 

concepts that can be used within the different stages of an analysis: A good data 

management is useful to structure all documents and materials as a basis for effective 

planning of the project which is addressed with a predefined folder structure in the 

template. Since not only the documents and files, but also the program code should be 

neat and traceable, as well as regularly backed up to different locations, GitHub was used 

for decentralised versioning the program code, files and folders in the presented template.  

Intermediate steps of an analysis should be clearly traceable with intermediate 

results [11]. Therefore, all raw data is available in a usable form (accessible, digital and 

non-proprietary) within the template. Ideally, the rationale for decisions made during the 

analysis should be recorded and traceable as well. To this end, a small, annotated demo 

analysis has been integrated into the template, describing the data flow in the code up to 

the final calculation results embedded in the manuscript. The code follows a clean, 

consistent style that is intended to make the code easier to read. Additional repetitive 

tasks are automated using functions. 

Some published methods and guidance on how reproducible research is possible also 

consider the benefits of containerizing the analysis [11]. Thus, with appropriate 

encapsulation of the scripts and the development environment, it can be ensured that not 

only the text, the underlying data and the scripts necessary to reproduce the results are 

available, but also that the complete computational and system environment, including 

all system and package dependencies, can be used in a defined, versionable condition to 
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reproduce the results independently of the local system configuration and time. In the 

provided template, Docker [13,14] was used to implement containerization. 

Even after analysis, the container-based setup can be used to summarize the results 

in a reproducible manuscript format, eliminating the need for manual copying and 

pasting of data into text or tables, or manual creation of figures. From data analysis to a 

dynamic document embedding the results, there are many tools to support the publication 

workflow. In the following, we use Quarto [15], a modern open source scientific and 

technical publishing system built on Pandoc. Various languages such as R [16] and 

Python [17] can be used in conjunction with Markdown [18], to create a publication-

ready manuscript while adhering to accepted standards. 

3. Results 

At first, it is sufficient to have Docker [13] and Git [19] installed locally to use the 

presented framework. The repository of the template (see section “Declarations”) 

contains the structure for an ordered data storage, the code necessary for the analysis, as 

well as a prepared and directly usable container image, in which the analysis can be 

performed directly, independent of the local operating system. The container image 

provided ensures that all packages and system requirements necessary to perform the 

analysis and display the results are uniformly bundled and identical for each execution. 

Next, when analyzing the data, the containerized development environment RStudio 

[20] provides an interface to various programming languages as well as standard code 

development tools such as auto-completion, syntax highlighting, a variable browser and 

plug-ins, as well as publishing tools (see Figure 1).  

The analysis code, the manuscript (including the literature file) and the container 

information are part of the code repository and are therefore version controlled. 

Collaboration with co-authors is easily managed using common Git-based code 

management tools such as branches and merge requests. 

Figure 1. Exemplary workflow to ensure reproducibility in data analysis and manuscript writing. The 
code for pre-processing, analysis and presentation of results in the manuscript (‘code’) is version 

controlled. The build information of the container for the runtime and development environment 

(‘Dockerfile + docker-compose’) is also version controlled. The container image is also version controlled 

and stored in a dedicated online repository. The raw data itself is not version controlled via Git. 

Finally, once the analysis is complete, details such as the correct formatting of 

sources and rendering into the correct output format of the target journal need to be done. 

For this purpose, Quarto offers a way to integrate journal templates [21] or journal-
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specific citation styles [22] without having to change the manuscript text. Once all the 

details used for the analysis and evaluation as well as the Dockerfile required to create 

the container with the underlying runtime environment have been stored in the repository, 

they are shared publicly via the version control system used. To enable reproducibility, 

the container image with all dependencies is stored in a publicly available package 

repository. Further details and instructions on all the necessary steps are described in the 

template. 

4. Discussion 

We here present a project template that includes currently available tools that are required 

for conducting reproducible research. Besides the version control of the analysis code 

and the writing of the manuscript, reproducibility is here extended also to the runtime 

environment in which the former are performed. The presented template uses GitHub 

[23] for version control, R [16] as the main programming language, RStudio [20] as the 

corresponding development environment, and Docker [13] for containerization. 

Nevertheless, further technologies may be used instead. 

Completely reproducible analyses requires all data to be available so that the same 

results can then be obtained with the analysis steps, which need to be published as well. 

However, often the raw data cannot be published due to various reasons (storage 

requirements, data protection, trade secrets). In this case, aggregated data or synthetic 

data with a structure identical to the original data could be provided instead. 

One way to protect intellectual property may be to place restrictions on the 

permissible use of the dataset in a license or as part of a formal agreement between the 

researcher and an applicant [3]. 

5. Conclusions 

The purpose of this article is to summarize current state-of-the-art technologies to ensure 

reproducibility in research and to provide a ready-to-use project template for this purpose. 

In addition to the methods described for publishing the data and code, this template 

provides a framework for extending the concepts of reproducibility to the summary of 

the final results in the form of a manuscript. For this purpose, both a Quarto template 

that connects the manuscript text with the analysis code and dynamically embeds the 

results as well as the underlying runtime environment in the form of a Docker container 

are provided. Together with the publicly available open source software framework used 

for this purpose, this enables timeless reproducibility of research results. 
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