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Project layout and reproducibility for R analyses
A data analysis is reproducible when another person can rerun it from the raw data and obtain the same
result. One that depends on the state of an interactive session (loaded packages, defined objects, working
directory, options) is not, and the discrepancy is not obvious. The remedy is a folder layout that keeps raw
data, code, and derived outputs apart, a record of the software environment, and scripts that run from a
fresh session (Wilson et al., 2017). The layout applies in any language; in R, usethis sets up the project
folder, here the file paths, and renv or Conda the environment.
Familiarity with Conda environments � SOP0042 and Git � SOP0101 is recommended but not required.
The protocol is for users who know R, or are learning it from an introduction such as R for Data Science: Im­
port, Tidy, Transform, Visualize, and Model Data (Wickham et al., 2023), but have not yet organized an analysis
beyond a single script.

Risk assessment

– An edited raw data file cannot be reliably restored, and results derived
from it are not reproducible.

⊳ Treat data/raw/ as read-only.
Reviewed: May 14, 2026

Procedures

� Starting a new project

(1.) Decide whether the project uses Conda, which pins the R version and system libraries � SOP0042,
and Git, which tracks the code history � SOP0101. If plain R is sufficient, skip the optional steps.

(2.) Create a project folder.
◯ In RStudio, choose "New Project" and a (new) directory. For Git, tick "Create a git repository".

◯ Otherwise, create and navigate to the project folder in a terminal:

mkdir my-project && cd my-project

�(3.) Optional: With Conda, create an environment named after the project folder and activate it.

mamba create -n my-project r-base=4.5 r-usethis r-here
mamba activate my-project

Hint: Start minimal; add packages as scripts require them.

� �(4.) Optional: Initialize Git and add a .gitignore (see Supplementary Resources) before the first commit.

git init -b main

Hint: Track code, documentation, the sample sheet, and the environment files. Derived data and output stay untracked,
because the script that regenerates them is tracked. Force an exception with git add -f.

(5.) Install the packages the scripts need, never from inside a script.
◯ With Conda, install into the environment from a terminal, for example:

mamba install -n my-project r-dplyr r-tidyr r-readr r-ggplot2 r-broom r-knitr r-rmarkdown r-waldo

◯ Otherwise, install the packages from within an R session, for example:

install.packages(c("dplyr", "tidyr", "readr", "ggplot2", "broom",
"knitr", "rmarkdown", "waldo", "usethis", "here"))

(6.) Start R in the project folder. In R, create an .Rproj file and an empty R/ subfolder for function defini­
tions, and turn off saving and restoring of the workspace.
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usethis::create_project(getwd(), rstudio = TRUE)
usethis::use_blank_slate() # RStudio: never save or restore .RData

Hint: The .Rproj file marks the project root. A project made with "New Project" in RStudio already has its .Rproj file: skip
the first line and add R/ by hand. From a terminal, rstudio = TRUE writes the .Rproj instead of .here.

�Critical: With Conda, start R from the terminal with the project environment activated. To use RStudio for editing, run open
-a RStudio my-project.Rproj (macOS only) once the file exists. RStudio started any other way runs the system R.

� Folder conventions

(1.) Create the folders the project needs from this layout; a small analysis uses only some of them:

my-project/
├── .gitignore # with Git
├── conda-lock.yml # with Conda: locked environment
├── environment.yml # with Conda: direct dependencies

5 ├── my-project.Rproj
├── README.md
├── data/
│ ├── raw/ # this project's own data; read-only
│ │ ├── README.md # provenance of each file

10 │ │ └── samples.csv # sample sheet
│ ├── external/ # obtainable again from a named source
│ │ └── README.md # source, version, and date of each file
│ └── processed/ # derived; regenerated by the pipeline
├── R/ # function definitions, one file per purpose

15 │ ├── preprocess.R
│ └── model.R
├── scripts/ # runnable steps, numbered in execution order
│ ├── 00_params.R # pinned values, each with its source
│ ├── 01_filter.R

20 │ ├── 02_model.R
│ ├── 03_figures.R
│ └── 99_checks.R # assertions over the derived outputs
├── notebook/ # log and notebooks
│ ├── _log.md # running record

25 │ └── report.qmd
└── output/ # figures, tables, reports; regenerated

(2.) Document raw data provenance and anything that affects interpretation in data/raw/README.md.

plate_1.csv
Source: Plate reader export, BMG CLARIOstar, 2026-04-15
Obtained: 2026-04-15 by BB
Notes: Unmodified export; well assignment in data/raw/samples.csv.

�Critical: Sensitive data (patient identifiers, unpublished sequences, restricted-access metadata) must not be tracked!

(3.) Map samples and experimental factors in data/raw/samples.csv (Broman and Woo, 2018).

plate,well,sample_id,replicate,concentration_uM
plate_1,A1,control,1,1000
plate_1,A2,control,1,100
plate_1,A3,control,1,10

5 plate_1,A4,control,1,1
plate_1,A5,control,1,0

(4.) Copy or fetch files that come from another project or a public source into data/external/, and record
source, version, and date in data/external/README.md.

�Critical: Do not read another project’s files by a path that leaves the project root: the path breaks when either folder moves,
and the input changes without notice when the other project is rerun.
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Writing an analysis script

�(1.) Critical: Keep setwd(), rm(list = ls()), attach(), and install.packages() out of every script.
Each depends on or alters state outside the script: one user’s folder layout, the session, the search
path, the package library.

�(2.) Begin each script with a one-line purpose, the libraries, the parameters, and the functions it uses.

# 01_filter.R — import the plate, annotate the wells, drop failed readings
library(dplyr)

source(here::here("scripts", "00_params.R"))
5 source(here::here("R", "preprocess.R"))

Hint: Attach with library() only the packages used throughout, and call the rest as package::function(): the prefix shows
where a function comes from and prevents one package from masking another, as dplyr::filter() does to stats::filter().

(3.) Read data inputs at the top of the script, by paths relative to the project root with here::here(), so
dependencies are easily discovered.
# inputs
samples <- readr::read_csv(here::here("data", "raw", "samples.csv"))
plate <- readr::read_csv(here::here("data", "raw", "plate_1.csv"))

(4.) Write every output at the bottom of the script. Save an intermediate R object with readr::write_rds():

# outputs
readr::write_rds(filtered, here::here("data", "processed", "filtered.rds"))

Export a result that is read outside R as CSV, here from 02_model.R:
fit <- lm(signal ~ sample_id, data = filtered)

broom::tidy(fit) |>
readr::write_csv(here::here("output", "tables", "02_model_summary.csv"))

This is why: The RDS format preserves R types exactly (integers, factors, dates), which a round trip through CSV does not.
Base saveRDS() writes the same format but compresses by default, which is slower.

(5.) Save each figure from code with explicit dimensions. Name every file in output/ after its script.

p <- ggplot2::ggplot(filtered,
ggplot2::aes(concentration_uM, signal, colour = sample_id)) +

ggplot2::geom_point()

5 ggplot2::ggsave(here::here("output", "figures", "03_titration.pdf"),
plot = p, width = 85, height = 60, units = "mm")

(6.) Collect pinned values (thresholds, reference versions, the random seed) in scripts/00_params.R
with their source. The file computes nothing.
# 00_params.R — pinned values, each with its source
params <- list(
seed = 20260514L, # arbitrary; fixed for all stochastic steps
min_signal = -0.5, # QC threshold; notebook/_log.md, 2026-05-12

5 n_boot = 2000L # bootstrap resamples; notebook/_log.md, 2026-05-13
)

Hint: A choice between analyses is also a parameter, not a line commented in and out. A single named list keeps the pinned
values under one name, so a search for params$ finds every use.

(7.) Set the seed of the random number generator once in each script that draws random numbers (boot­
straps, permutations, simulations), after library() and source():
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set.seed(params$seed)

�Critical: Do not set the seed inside a function or a sourced file. Resetting the random number generator there silently couples
unrelated random draws.

(8.) Replace constructs that go wrong without an error:
Construct Use instead What goes wrong
as.numeric(f) on a factor as.numeric(as.character(f)) Returns the internal level codes, not the values.
x == y on decimal numbers dplyr::near(x, y) sqrt(2)^2 == 2 is FALSE.
1:length(x) seq_along(x) Counts 1, 0 when x is empty.
T and F TRUE and FALSE Ordinary variables that any script can overwrite.
sapply() vapply() with the type declared The type of the result depends on the input.

(9.) When joining data tables, state the expected relationship, so that duplicated or unmatched keys stop
the script instead of adding or losing rows:
annotated <- readings |>
inner_join(samples, by = c("plate", "well"),

relationship = "one-to-one", unmatched = "error")

This is why: Here every reading must match exactly one row of the sample sheet, and every row one reading.

(10.) Check for missing values and decide what they mean before filtering or summarizing; do not pass
na.rm = TRUE by default. Report how many rows each filter removes.
stopifnot("signal has missing values" = !anyNA(annotated$signal))

n_before <- nrow(annotated)
filtered <- drop_low_signal(annotated, params$min_signal)

5 message("low signal: removed ", n_before - nrow(filtered), " of ", n_before, " rows")

This is why: dplyr::filter() drops a row whose condition is NA without a message, so the check comes first. stopifnot()
prints the name when its condition is false, so the name states the failure.

(11.) Write each function in R/ so that it takes its data as arguments and returns a value. It reads no variable
from the calling script and writes no file.
# R/preprocess.R
drop_low_signal <- function(data, min_signal) {
dplyr::filter(data, signal >= min_signal)

}

(12.) State what must hold for the derived outputs as assertions in scripts/99_checks.R:

# 99_checks.R — assertions over the derived outputs
filtered <- readr::read_rds(here::here("data", "processed", "filtered.rds"))
estimates <- readr::read_csv(here::here("output", "tables", "02_model_summary.csv"))

5 stopifnot(
"a reading appears twice" = !anyDuplicated(filtered[c("plate", "well")]),
"an estimate is not finite" = all(is.finite(estimates$estimate))

)

�Critical: Run after every code change. When a check fails, fix the analysis or record why the check is expected to fail. Do not
loosen a check to make it pass. Remove a check that cannot fail.
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� Running the pipeline

(1.) Create the folders for derived files and run the numbered scripts from the project root, in order:

mkdir -p data/processed output/figures output/tables

Rscript scripts/01_filter.R
Rscript scripts/02_model.R

5 Rscript scripts/03_figures.R
Rscript scripts/99_checks.R

This is why: Rscript starts a fresh session; a script that runs interactively but fails here relies on session state.

�(2.) Optional: When tracking stale outputs by hand becomes error-prone, let a workflow manager do it:
targets for R, snakemake for pipelines in several languages.
This is why: targets derives the dependency graph from the code and reruns only what a change invalidates; its plan replaces
the numbered scripts.

From exploration to pipeline

(1.) Keep each file in notebook/ to one of three purposes.

• To explore: a dated notebook (Quarto, R Markdown, or Jupyter), notebook/eda_<date>_<ques­
tion>.qmd, with the question above each chunk and the observation below it.
## Do the edge wells read low?

```{r}
readings |> group_by(edge = row %in% c("A", "D")) |> summarize(mean(signal))

5 ```

Observation: the edge rows read lower than the rest of the plate.

• To record: a running log, notebook/_log.md, with dated entries stating the question, what was
run, what was found or retracted, and what comes next (Noble, 2009).

• To report: notebook/report.qmd, which combines narrative and analysis.

�(2.) Critical: Render a notebook from the project root before closing or sharing it, and repair or delete what
fails. Rendering starts a fresh session and writes to output/.
quarto render notebook/eda_2026-05-12_edge-wells.qmd --output-dir ../output

(3.) Move settled code from a notebook into a numbered script as soon as something else depends on its
result (another notebook, a figure, a statement in the log), or as soon as it is slow enough to be skipped
on a rerun. The script saves an intermediate output to data/processed/; the notebook reads it.

(4.) Copy a function that a second project needs into that project, with its origin and commit in the header.

# R/read_platereader.R — copied from my-project, commit 3f2a9c1

When a third project needs the code, turn it into a package (usethis::create_package()) with
tagged versions, and install a named tag in each project. From the R console:
remotes::install_github("my-lab/platereader@v0.2.0")

This is why: A package is worth the step even when its only user is one lab or one person: it gives the code a version, a place
for tests, and an install at a named release.

Hint: Conda does not record a package installed from GitHub; use renv, or state the install line in the README.
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Capturing the environment

(1.) Record the R version, the packages, and the system libraries the analysis needs.

• With Conda, re-export and re-lock after every change to the installed packages, and commit
environment.yml and conda-lock.yml � SOP0042.

• Without Conda, or with packages from CRAN or GitHub, use renv to take a snapshot. Commit
renv.lock, .Rprofile, renv/activate.R, and renv/settings.json.
renv::init() # creates renv/library/ and renv.lock
renv::snapshot() # writes the current state to renv.lock

# on another machine:
5 renv::restore() # rebuilds the library from renv.lock

• Without a lockfile, write a sessionInfo() record at the end of each script.

writeLines(capture.output(utils::sessionInfo()), here::here("session_info-02_model.txt"))

This is why: Each Rscript run is its own session and records only the packages that script loaded.

� Documenting the project

(1.) Write a README.md at the project root covering what the analysis does, how to recreate and run it,
where the data comes from, and which files are not in the repository.
# my-project

Bootstrap confidence intervals for binding affinity from titration curves (Expt 042, 2026).

5 ## Recreate the environment

```bash
conda-lock install --name my-project conda-lock.yml
mamba activate my-project

10 ```

## Run the pipeline

From the project root:
15

```bash
mkdir -p data/processed output/figures output/tables
Rscript scripts/01_filter.R
Rscript scripts/02_model.R

20 Rscript scripts/03_figures.R
Rscript scripts/99_checks.R
```

## Data
25

Provenance in `data/raw/README.md`; sample identity in `data/raw/samples.csv`.

## Files not in git

30 | pattern | where it lives | how to get it back |
|------------------------------|-----------------------|---------------------|
| `data/raw/**/*.tif` | lab file share | copy from the share |
| `data/external/` | sources in its README | fetch again |
| `data/processed/`, `output/` | local disk only | rerun the pipeline |
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� Case study: updating an upstream function mid-analysis

(1.) In a project under Git, open a new branch. Keep a copy of the output the edit should change, edit the
function in its file under R/, and rerun the affected scripts.
git checkout -b fix-preprocess
cp data/processed/filtered.rds data/processed/filtered.rds.bak
# ... edit R/preprocess.R, then rerun the pipeline ...

�Critical: Edit in place; Git holds the old version. A drop_low_signal_v2() alongside the original becomes dead code, and
which of the two is active depends on what was sourced last.

(2.) Compare the regenerated output with the copy taken before the edit.

waldo::compare(
readr::read_rds(here::here("data", "processed", "filtered.rds.bak")),
readr::read_rds(here::here("data", "processed", "filtered.rds"))

)

(3.) Delete the copy, commit the function edit, and merge the branch � SOP0101.

rm data/processed/*.bak
git add R/preprocess.R
git commit -m "drop_low_signal(): exclude readings equal to the threshold"

Resources

Starting a new project

# R session and history
.Rhistory
.RData
.Rproj.user

5
# operating-system metadata
.DS_Store

# regenerated by the pipeline
10 data/processed/

output/

# obtainable again; sources listed in data/external/README.md
data/external/*

15 !data/external/README.md

# large raw files kept elsewhere; listed in the README
# data/raw/**/*.tif

20 # targets store, if targets is used
_targets/

In Step 4: A minimal .gitignore for an R analysis. To keep one file inside an ignored folder, ignore the
folder’s contents (folder/*), not the folder; a negation cannot re-include a file from an excluded directory.
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Writing an analysis script

# 01_filter.R — import the plate, annotate the wells, drop failed readings
library(dplyr)

source(here::here("scripts", "00_params.R"))
5 source(here::here("R", "preprocess.R"))

# inputs
samples <- readr::read_csv(here::here("data", "raw", "samples.csv"))
plate <- readr::read_csv(here::here("data", "raw", "plate_1.csv"))

10
# one row per well
readings <- plate |>
tidyr::pivot_longer(-row, names_to = "column", values_to = "signal") |>
mutate(plate = "plate_1", well = paste0(row, column))

15
annotated <- readings |>
inner_join(samples, by = c("plate", "well"),

relationship = "one-to-one", unmatched = "error")

20 # quality control
stopifnot("signal has missing values" = !anyNA(annotated$signal))

n_before <- nrow(annotated)
filtered <- drop_low_signal(annotated, params$min_signal)

25 message("low signal: removed ", n_before - nrow(filtered), " of ", n_before, " rows")

# outputs
readr::write_rds(filtered, here::here("data", "processed", "filtered.rds"))

In Step 2: The complete scripts/01_filter.R, assembled from the steps of this procedure. 02_model.R
and 03_figures.R follow the same pattern: header, inputs, analysis, outputs.
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Change log
2026-05-14 Benjamin C. Buchmuller Initial commit; scope and structure informed by canonical R-community references: Jennifer

Bryan, "Project-oriented workflow" (tidyverse.org, 2017); Hadley Wickham & Garrett Grole­
mund, "R for Data Science" (2nd ed., 2023, cited in body); Will Landau, "targets" package
documentation.
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