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§ Who uses Python or R?

§ Who uses Virtual Environments in their development?

§ Who uses Docker for development?
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Questions



§ Well-known replication problems in traditional quantitative social 
sciences (Open Science Collaboration 2015 et al.)

§ Computational modeling could circumvent theory crisis
(Oberauer & Levandowsky 2019, Guest & Martin 2021)

§ A general lack of computational sociology methodology (Hox 
2017) 

§ Our own experiences in research and teaching of semantic and 
network analysis in contrast to replication courses in statistics

Disclaimer: We focus on R and Python as most common programming language.
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Motivation



§ Reinhart & Rogoff’s (2010) study on the impact of debt on growth 
prime example of irreproducibility partially through under-
documented decisions in spreadsheet analysis 
(Herndon et al. 2014)

§ Breznau et al. (2022) show striking differences in numerical 
results of reproductions of a given study by various research groups

Ø a garden of forking paths (Gelman & Loken 2013)

§ Transparency and reproducibility research practices
§ not adopted widely (Hardwicke et al. 2020) 
§ weakly institutionalized (Freese et al. 2022, Gayle & Conelly

2022)
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Computational Irreproducibility in Social Sciences



§ Computational reproducibility is the ability of others to verify the 
results of a study by repeating the same procedures on the same 
data (Stodden et al. 2016, Freese & Peterson 2017)

§ Previous recommendations focus on
§ reporting (Rahmandad & Sterman 2012),
§ sharing practices (Stodden et al. 2016),
§ calls for containerization (Liu & Salganik (2019)
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Reproducibility in Computational Sociology



§ Complex tools (e.g., high-performance clusters, large analysis 
chains) generally introduce deep variability 

Ø can lead to strong dependency on hardware/software 
environments (Acher et al. 2024) 

§ Random but also chaotic deterministic system models 
susceptible to floating type rounding errors

Ø can lead to statistically distinguishable simulations, see 
EC-Earth3 earth system model (Massonnet et al. 2020)

§ Machine learning models could create new threats to 
reproducibility like “data leakage” (Gibney 2022)

6

New Threats



§ Randomness could happen inside or outside the box
§ Setting independent random number streams e.g. in Monte Carlo simulations 

(Morris et al. 2019) in parallel computing more involved (Hörmann et al. 2004)

§ Difficulties:

§ Combining multiple package managers

§ Non existing-version pinning
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Eliminate Randomness in Your Process

Inputs Outputs



§ Reproducibility: Availability of dependencies at runtime

§ Portability: Your research team likes to have a look

§ Unambiguity: Correct order of execution of scripts 

Implied: Your code (not your environment) adheres to the principles of Clean Code.
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What do we want to ensure for the environment?



1. Documentation for the installation process

2. Versioning (ensuring a history of process)

3. Package Management

4. Virtual Environments

5. Purely functional package management

Steps are cumulative. Minimum is level 3.
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Learning from DevOps



§ Likely better than your bash script

§ Requires deliberation to make somehow reproducible (cf. Boettiger 2015)

§ Not a tool for reproducibility, but a tool for portability and containerization

§ Restrictive institutional administration policies
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Why no Docker?
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#### Begin with a base image containing a specific version of R ####
FROM r-ver:3.4.2
#### Copy the code files from the local file system into the Docker image ####
COPY . /stanescu
WORKDIR /stanescu
#### Install system dependencies ####
RUN apt-get update
RUN apt-get install -y libcurl4-openssl-dev=7.58.0-2
RUN apt-get install -y libssl-dev=1.1.0h-2

### Install the required R packages ####
RUN Rscript -e "install.packages('readr', dependencies=TRUE, repos='http://cran.rstudio.com')"
RUN Rscript -e "install.packages('https://cran.r-project.org/src/contrib/Archive/readr/readr_1.1.1.1.tar.gz')"

RUN Rscript -e "install.packages('Amelia', dependencies=TRUE, repos='http://cran.rstudio.com')"
RUN Rscript -e "install.packages('https://cran.r-project.org/src/contrib/Archive/Amelia/Amelia_1.7.4.tar.gz')"

RUN Rscript -e "install.packages('dplyr', dependencies=TRUE, repos='http://cran.rstudio.com')"
RUN Rscript -e "install.packages('https://cran.r-project.org/src/contrib/Archive/dplyr/dplyr_0.7.4.tar.gz')"

RUN Rscript -e "install.packages('tidyr', dependencies=TRUE, repos='http://cran.rstudio.com')"
RUN Rscript -e "install.packages('https://cran.r-project.org/src/contrib/Archive/tidyr/tidyr_0.8.0.tar.gz')"

RUN Rscript -e "install.packages('glmnet', dependencies=TRUE, repos='http://cran.rstudio.com')"
# If 2.0-16 is no longer the latest version of 'glment', uncomment the line below
# RUN Rscript -e "install.packages('https://cran.r-project.org/src/contrib/Archive/glmnet/glmnet_0.8.0.tar.gz')"

### Downgrade dependencies installed above to the specified version ####
RUN Rscript -e "install.packages('https://cran.r-project.org/src/contrib/Archive/Matrix/Matrix_1.2-11.tar.gz')"
RUN Rscript -e "install.packages('https://cran.r-project.org/src/contrib/Archive/Rcpp/Rcpp_0.12.16.tar.gz')"
# If 1.4.4 is no longer the latest version of 'foreach', uncomment the line below:
# RUN Rscript -e "install.packages(https://cran.r-project.org/src/contrib/Archive/foreach/foreach_1.4.4.tar.gz')"

#### Instruct Docker to start a shell process when an instance of the image is launched ####
CMD ["sh"]

(Liu & Salganik 2019)



§ Available package manager: Guix/Nix

§ Every dependency is explicitly defined and built

§ Determinism through knowledge of all previous instructions

§ Pure evaluation: Nothing besides the existing instructions 
influences the outcome
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Purely Functional Package Management

Environment 
definition

Script Images, tables, 
reports
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Tech. 
Knowledge/Time Short (1-5 years) Long (>5 years)

Low
Docs, Package 

Management and 
version pinning

?

High {v,r}env/Docker Guix/Nix
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Take aways

Evaluate your own time and capacities regarding what is feasible and sensible!



§ Ensuring reproducibility across a longer timespan is a non-trivial 
problem

§ Non-deterministic code and long-term usage

§ Computational literacy in Sociology

§ Nix on MacOS & Linux well supported, less so on Windows 

§ Still no easy solution in sight: 
§ HPCs are still clunky (see Bzeznik et al., 2017; Goswami et 

al., 2022)
§ “Packaging hell“ 
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Stumbling stones
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Further links

§ Example in presentation: https://gitlab.rrz.uni-
hamburg.de/bax8491/nix_r

§ Guix and Reproducibility: https://hpc.guix.info/blog/2023/06/a-
guide-to-reproducible-research-papers/

§ Guix on HPC: Courtès & Wurmus (2015), Vallet et al. (2022)

§ Nix on HPC: Bzeznik et al. (2017), Goswami et al. (2022)
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{
 description = "Initial draft for flake-based Nix&R deployments.";

 inputs = {
  flake-utils.url = "github:numtide/flake-utils";
  nixpkgs.url = "github:NixOS/nixpkgs/nixos-unstable";
 };

 outputs = { self, nixpkgs, flake-utils }:
  flake-utils.lib.eachDefaultSystem (system:
   let
    pname = "runCalc";
    pkgs = nixpkgs.legacyPackages.${system};
    rsienaMod = pkgs.rPackages.buildRPackage {
     name = "rsiena";
     src = pkgs.fetchFromGitHub{
      owner = "Kaladani";
      repo = "rsienafork";
      rev = "37880171c1583f51765c10f0ff6885268103155d";
      hash = "sha256-w24qqI1ujTJHOOEmswW/b5dRG3dzwgyVXjD93LsuZTI=";
     };
     propagatedBuildInputs = with pkgs.rPackages; [ Matrix lattice MASS xtable ];
    };
    R-with-custom-packages = pkgs.rWrapper.override{ packages = with pkgs; [ R rsienaMod ]; };
    customBuildInputs = [
     R-with-custom-packages
    ];
    name = "run-calc";
    rRunCalc = (pkgs.writeScriptBin name (builtins.readFile ./test_rsiena_installation.R));

   in rec {
    defaultPackage = packages.${pname};
    packages = {
     RSiena = rsienaMod;
     ${pname} = pkgs.symlinkJoin {
      inherit name;
      paths = [ rRunCalc ] ++ customBuildInputs;
      buildInputs = [ pkgs.makeWrapper ];
      postBuild = "wrapProgram $out/bin/${name} --prefix PATH : $out/bin";
     };
    };
    devShells.default = pkgs.mkShell {
     packages = [ rRunCalc rsienaMod ] ++ customBuildInputs;
    };
   });

}


