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QA 1: Code
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Best Practices for Writing Research Code
[bookmark: z337ya][bookmark: 3j2qqm3]Using best practices for writing code is important for ensuring that analysis is reproducible, accurate, and easy to maintain over time. While functional code can be written quickly, adhering to standards (Tidyverse style guide or PEP 8 for Python) prevents future errors, facilitates collaboration, and saves time during debugging. Here, we’ll focus on R, but the principles apply to other languages as well.
[bookmark: _er0xfe4sjkz3]
1. Project Organization
Every research project should be a self-contained universe. Best practice is to organize your project folder something like this:
/code/main.r or main.py
/code/data
/code/modules
/code/plots
/code/results

2. Modular Programming
· Modular programming is a software design technique that breaks a complex program into smaller, independent, and reusable parts called modules. Each module handles a specific sub-task, functioning like a building block that contains all necessary components to execute its function. This approach enhances code maintainability, improves readability, and eases debugging. Using the above project structure, you would put various R scripts (e.g., tree_clean.r, plot_data.r) in ./modules and import them into your main script.
· R isn’t good with relative paths. Avoid setting the working directory when possible in R. It makes your code fragile and non-portable because. Instead, install Box into R, which allows for Pythonic modular R code using relative paths. Define your paths at the top of the script.

3. Style and Readability
Always follow formatting standards when coding and be consistant. Follow these rules:
· Header: Start every script with a standardized header.
· Clear dependency management: Load all libraries at the very top of the script. This allows anyone opening the file to see exactly what packages are required immediately.
· Use the right case: snake_case is for variable and function names, CamelCase is used for classes
· Put spaces around operators (e.g., x <- 5 instead of x<-5)
· Do not hard code variable values. Set them at the top of the script or use a YAML settings file (use the yaml package).
· Create sections for easy reading:
# Load Data ----------------------------------------------------
· Pipes (|> or %>%) make code readable by emphasizing a sequence of actions rather than nested functions.

# Title: Devonian Paleobiogeography Modeling
# Author: [Name]
# Date Created: 2026-05-02
# Description: Script to analyze spatial data using Bayesian methods.

# Load libraries
library(tidyverse)

# Get the current directory containing the R file, then set relative project paths
path = box::file()
path_data = box::file("data")
path_plots= box::file("plots")
path_results = box::file("results") 
path_scripts = box::file("scripts") 

# Load & Process Data ----------------------------------------------------
# Load data
df = read_csv(file.path(path_data,"DevonianData.csv"))

# Hard to read
result <- summarize(group_by(filter(df, value > 10), species), mean = mean(mass))

# More readable
result <- df |>
  filter(value > 10) |>
  group_by(species) |>
  summarize(mean_mass = mean(mass))

4. Coding & Performance
· Don't Repeat Yourself (DRY): If you copy and paste a block of code more than once, write a function. This reduces the surface area for bugs and makes updates easier.
· Atomic functions: They should do just one thing. String together multiple functions to perform complex tasks.
· Avoid loops! R and Python are optimized for vectorization. Writing code that leverages this is the difference between a script that takes seconds and one that takes hours. Instead of loops, use the apply family or purrr map functions in R. Better yet, use vectorized operations.

# Slow
for(i in 1:length(x)) { y[i] <- log10(x[i]) }

# Fast (Vectorized)
y <- log10(x)

5. Commenting
All code should have in-line documentation using language-specific tags. This is essential for writing code that is easily understandable by other people. Comment often to:
· Explain why you wrote that part of the code. Avoid commenting on what the code is doing (e.g., # adding 1 to x). Instead, comment on the logic (e.g., # adjust for baseline offset observed in 2024 trials).
· Include a to-do lists, such as refactoring or planning next steps
· Provide reviewer comments
· Attribution if code is borrowed or re-used from another source. Include a hyperlink

6. Reliability and Testing
Research code needs to be "trustworthy" as well as functional. Write unit tests to ensure that your code is doing what it was intended to do each time you start and finish your work by running a suite of unit tests (E.g., If using GitHub, these tests should be automated upon syncing).
· Test your code as you go using temporary print statements, calculations, or assessing object parameters. Does that data frame have the right shape or list have the correct length?
· Assertions: Use the stopifnot() function or the assertthat package to check assumptions. For example, if a column should never have negative values, add a check to stop the script if they appear.
· For larger projects, perform Unit Testing for critical functions. Use the testthat package in R or pytest in Python. https://docs.pytest.org/en/6.2.x/getting-started.html). Write a test script that will run all of your tests at once. This allows you to verify that your functions behave as expected even as the rest of your codebase changes.

7. Version Control and Collaboration
· Local: Save versions regularly. Use major-minor versions for names. E.g., FileName.v1.1
· Github: Use to work on code collaboratively and have fine control of versioning.
· Refactor: The systematic process of restructuring existing computer code — changing the internal structure — without changing its external behavior. It’s like revising your writing. The goal is to improve readability, maintainability, and simplify.

8. AI & Vibe Coding
· Use AI to help comment, find the right libraries and functions, and refactor
· Be very careful about using AI generated code for research – we must understand what our code is doing.
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