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Learning Objectives

• Evaluate problem-based learning as a method for teaching data 
science 

• Demonstrate the use of REDCap and other data source to support 
code learning

• Discuss the R language in the context of data science workflow 
• Identify an example of a data science project amendable to 

automation 
• Examine data science workflow: data acquisition, data wrangling, data 

visualization and communication

“Artwork by Allison Horst”. Licensed for open use CC-BY-4.0. https://allisonhorst.com/allison-horst
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Coding for Pharmacy Students

• No or little background in computer programming
• Special Projects in Pharmacy Practice

• Independent study
• Introduce basic data science skills

• Coding, Data import,  data wrangling (cleaning, preparation), and 
communication 

• Provides a framework for student-centered learning
• Focus on problem solving
• Self-directed, self-motivated, active learning

• Reproducible, reusable and shareable R code

Problem-based Learning Design

• Identify an existing REDCap project for basic data science knowledge 
acquisition
• Complexity scores
• Temperature logs

• Guided discovery and mentoring
• Starter R script, REDCap videos: https://projectredcap.org/resources/videos/
• Reading list
• Technical feedbacks

• Reproducible code to assess reproducibility, quality and credibility of 
an analysis

Data Science Workflow

Data Repository:
REDCap RStudio File Format:

PDF, HTML, DOCX

https://r4ds.hadley.nz/

• Iterative cycle of transforming, visualizing and modeling

Getting Started

• Obtain R from Comprehensive R
Archive Network (CRAN)
• https://cran.r-project.org/

• Install Base R
• Open-source software

https://www.r-project.org
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Getting Started

• Obtain and install an Integrated 
Development Environment (IDE)

• Visual Studio (VS) Code®
• https://code.visualstudio.com

• Positron®
• https://positron.posit.co

• RStudio® Desktop
• https://posit.co/products/open-

source/rstudio

https://docs.posit.co/ide/user/ide/get-started/

RStudio Primary Panes

Base R

• Getting help
• Using packages
• Assigning variables
• Reading and writing data

Practice Datasets from Base R/R Packages

• R built-in datasets
• 89 datasets

• Rdatasets archive
• 3648 datasets

https://vincentarelbundock.github.io/Rdatasets/index.html

Practice Datasets

• UC Irvine Machine Learning 
Repository
• 689 datasets
• 113 datasets in health and 

medicine
• Python import available

• 57 in health and medicine
• Comma Separate Values (CSV)

https://archive.ics.uci.edu
https://archive-beta.ics.uci.edu (beta site)
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Vizient® Complexity Scoring Tool

• For study initiation and 
maintenance
• Categories: low, medium, or high 

complexity 
• Derived from 322 responses

• Objectively measure the 
complexity of clinical trials

• Spreadsheet-based data 
collection

AJHP 2023;80:1557-1563 https://doi.org/10.1093/ajhp/zxad138

Practice Dataset – REDCap Complexity Scores

• All UI Health IDS active studies
• Data access via API JSON and 

CSV file formats

API: Application Programming Interface
IDS: Investigational Drug Service
JSON: JavaScript Object Notation

API: Application Programming Interface
• Enable communication between computers or computer programs

Data Science Workflow

Data Repository:
REDCap RStudio File Format:

PDF, HTML, DOCX

https://r4ds.hadley.nz/

• Iterative cycle of transforming, visualizing and modeling
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Data Import, Tidy and Transform

• R package: REDCapTidieR
• Functions

• read_redcap()
• bind_tibbles()

• Arguments
• uniform resource locator (URL) of 

the REDCap server
• token
• forms (optional)

• Pipe |>

read_redcap(

"https://www.redcap.ihrp.ui
c.edu/api/",

Sys.getenv("token_15173"), 

forms = 
"general_study_information"
) |>

bind_tibbles()

• Query the REDCap API
• Retrieve, transform and bind data

Assessment 1

Identify the components of problem-based learning as a method for 
teaching data science:

A. Mentor guided
B. Promote active learning
C. Solving “real-world” problems
D. All the above

Assessment 2

Where can ”real-world” datasets be obtained directly to support code 
learning?

A. REDCap projects
B. Base R and/or R Packages 
C. UC Irvine Machines Learning Repository
D. All the above

Assessment 3

Which software environment support(s) R language for data science 
projects?

A. RStudio IDE
B. VS Code
C. Both A and B
D. None of the above
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Student Experience
Learning to code without prior programming background

Starting point

• No prior coding experience 
• First real research programming opportunity
• Goal: solve a real IDS workflow problem

First Challenge – Understanding the Data

• Q: How can I identify active IDS studies?
• A: I need to understand how the data was organized in REDCap.

PurposeREDCap Form
Study status (Active/Closed)General Study Information
Initial and Maintenance complexity scoresComplexity Scoring Tool

Second Challenge – Finding the Right Records

• I expected to analyze the Complexity Scoring dataset directly
• Problem

• Complexity Scoring: 165 records
• Active studies: 152 records

• Solution: Filter active studies using General Study Information
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Third Challenge – Combining Two Datasets

• Problem: Active studies and 
complexity scores lived in two 
separate tables, linked only by 
Record ID 

• I needed to combine them 
automatically not by comparing IDs 
by eye

• Result: active study records could 
be linked to available complexity 
scores using Record ID

open_ids <- general_df |>

filter(tolower(ids_status) 
== "open") |>

distinct(record_id) |>

drop_na(record_id)

merged_active <- open_ids
|>

inner_join(comp_scores, 
by = "record_id") |>

drop_na(record_id)

Fourth Challenge – Results mismatched

• Expected: 152 active studies 
→ Any score (iniƟal or maintenance): ~120 
→ Both scores: ~101 
• Finding: Some studies simply hadn't reached the maintenance-scoring 

stage yet.

Fifth Challenge – Handling zero scores

• Problem: score of 0 broke 
downstream math and implied 
"zero complexity" 

→ Fix: recode 0 to 1

if_else()= decision-making
Score = 0
Yes: Replace with 1
No: Keep original score

adj_init_score <-
if_else(final_init_score == 
0, 1, final_init_score)

adj_maint_score <-
if_else(final_maint_score 
== 0, 1, final_maint_score) 

Sixth Challenge – Debugging my code

• Problem: filter() stopped working
• Cause: The REDCap data had not been imported because those lines 

were commented out
• Solution:

• Reload the data 
• Clear the Environment
• Re-run the script

• Lesson: Check the Environment panel first, before assuming the code 
itself is broken.
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Putting Everything Together

• After solving these challenges, I combined everything into one 
automated workflow.

• Workflow

REDCapAPI

Retrieve data

Filter active 
studies

Merge 
datasets

Clean 
missing 
values

Summarize 
scores

Create 
visualizations

Result

• Automatically generated a reproducible complexity summary for 
active IDS studies

• Same report regenerates every week without manual work required

Assessment 4

Which best describes a project suited for automation?

A. One-time literature review
B. Recurring report from a live database
C. One-time analysis for a presentation
D. Manual audit performed once

What I learned

• This project taught me that data science isn't about knowing every 
function upfront.

• It's about learning to ask the right question, debug patiently, and 
verify before trusting your data.

• I learned to understand a database before writing any code.
• I learned to validate data instead of trusting it blindly.
• I learned to build a reproducible workflow that can be rerun 

automatically with updated data.
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Why It Matters

• This same pattern — pull, clean, verify, report — applies anywhere 
data needs to be tracked automatically over time

• Example use cases
• IDS operations
• Quality improvement
• Medication-use evaluation
• Clinical research
• Automated reporting

Assessment 5

Which step prepares raw data for analysis by cleaning and organizing 
records?

A. Acquisition
B. Wrangling 
C. Visualization
D. Communication

• Slurm Workload Manager
• Automate R script execution

Weekly Complexity Scores

SLURM: Simple Linux Utility for Resource Management

Data Science Workflow

Data Repository:
REDCap RStudio File Format:

PDF, HTML, DOCX

https://r4ds.hadley.nz/

• Iterative cycle of transforming, visualizing and modeling
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Communicate using Quarto

https://quarto.org/docs/get-started/hello/rstudio.html

An open source scientific and 
technical publishing system

Communicate using Quarto
YAML 

Code

Text 

Summary

• R is relatively easy to learn, and R packages provide add-on functions 
that are sharable and reusable

• Learning R is an iterative process by solving challenges

• Coding with the R imparts essential computing skills that are 
necessary for working with data

Questions?

Students/Trainees
Kara Brown, PharmD
Laila Hammad, PharmD
Neera Kadiyala, PharmD
Jessica Mamalio, PharmD
Tom Szwajnos, PharmD

IDS Pharmacists
Rebeca Gansari, PharmD, BCPS
Brian Leav, PharmD

Acknowledgements:
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