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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

* |dentify an example of a data science project amendable to
automation

* Examine data science workflow: data acquisition, data wrangling, data
visualization and communication
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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

e Focus on problem solving
* Self-directed, self-motivated, active learning

* Reproducible, reusable and shareable R code
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Problem-based Learning Design

* [dentify 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
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Data Science Workflow

* lterative cycle of transforming, visualizing and modeling

Transform

G%ﬁo

Communicate ‘

| - | |

Data Repository:

RStudi
REDCap udio
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Getting Started

* Obtain R from Comprehensive R
Archive Network (CRAN)

e https://cran.r-project.org/

* Install Base R
* Open-source software
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[Home]

Download

CRAN

R Project

About R
Logo
Contributors
What’s New?
Reporting
Bugs
Conferences
Search

Get Involved:
Mailing Lists
Get Involved:

The R Project for
Statistical Computing

Getting Started

R is a free software environment for statistical computing and
graphics. It compiles and runs on a wide variety of UNIX
platforms, Windows and MacOS. To download R, please choose
your preferred CRAN mirror.

If you have questions about R like how to download and install
the software, or what the license terms are, please read our
answers to frequently asked questions before you send an email.

News

+ R version 4.6.1 (Happy Hop) has been released on 2026-06-
24.

* R version 4.5.3 (Reassured Reassurer) (wrap-up release)
was released on 2026-03-11.

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

* Obtain and install an Integrated
Development Environment (IDE)

* Visual Studio (VS) Code®

e https://code.visualstudio.com

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

* RStudio® Desktop

* https://posit.co/products/open-
source/rstudio
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RStudio Primary Panes
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> mpg_plot
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> mpg_plot + ggplot(mpg, aes(x = displ, y = hwy)) +
+ geom_point{aes{colour = class))
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®  midsize

40- j:
30- J:l_!,

T SR =
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Base R

* Getting help

* Using packages

* Assigning variables

* Reading and writing data
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# Get help of a function
help("name"

# Download and install a package, REDCapTidieR from
CRAN

install.packages("REDCapTidieR"

# Load the package REDCapTidieR
library(REDCapTidieR

# Load a build-in dataset
data(Indometh

# Assign variable

X <- "name"

# Data frame

df <- data.frame(x = 1:3, y = c('a", 'b',

LIPS |

C

# Read and write data
df <- read.csv(‘filename.csv’
write.csv(df, ‘filename.csv’

10

1N



9/9/2026

Package Item Title Ccsv Doc Rows Cols
. . Pharmacokinetics )
PY R b u I |t_ I n d ata S ets 1035 datasets Indometh of Indomethacin CSV Doc 66 3
Pharmacokinetics .
° 89 datasets 1087 datasets Theoph of Theophylline CSV Doc 132 5
Cohort Study of
- q - the
iggggigzrays :2?;‘2?23:;22‘:182 g:sgzgog:T_gsglnl 2117 medicaldata indometh Pharmacokinetics CSV Doc 66 3
f Int
iotn;on.‘]ohnson Euar'{er}yLEzrnﬁngs pig_l.;oqg;gn & Joh ?ndzniz\:i:z:,s
akeHuron evel of Lake Huron -
LifeCycleSavings Intercountry Life-Cycle Savings Data Cohort Study of
Loblolly Growth of Loblolly Pine Trees the
Nile Flow of the River Nile 2126 medicaldata theoph Pharmacokinetics CSV Doc 132 5
Orange Growth of Orange Trees of Oral
OrchardSprays Potency of Orchard Sprays Theophyline
PlantGrowth Results from an Experiment on Plant Pharmacokinetios
Puromycin Reaction Velocity of an Enzymatic Re 2307 nlme Cefamandole .. . =~ 4ole CoV  Doc 84 3
heoph Pharmacokinetics of Theophylline
2336 nlme Remifentanil Pharmz?cokme:tlcs Csv Doc 2107 12
of Remifentanil
[ ] R d a ta S ets a rc h I Ve 2339 nlme Tetracycline1 grféii;iﬁgeeﬂcs Ccsv Doc 40 4
[ ] 364 8 d ata Set s 2340 nlme Tetracycline2 g?f;:i;iﬁ::ﬁcs Csv Doc 40 4
https://vincentarelbundock.github.io/Rdatasets/index.html
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Practice Datasets

e 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)
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Filters

Keywords

Attributes

Data Type
Image
Multivariate
Sequential
Spatiotemporal
Tabular

Text
Time-Series.

Other

@ Subject Area

Browse Datasets

= SORTBY #VIEWS, DESC © EXPANDALL

Heart Disease

E 4 databases: Cleveland, Hungary, Switzerland, and the VA Long Beach

Q Classification B Multivariate m 303 Instances

B Subject Area 8 Feature Type

Health and Medicine ~ Categorical, Integer, Real  6/30/1988

Breast Cancer Wisconsin (Diagnostic)
E Diagnostic Wisconsin Breast Cancer Database
Q Classification

B Multivariate @ 569 Instances

B Subject Area B Feature Type B Date Donate
Health and Medicine Real 10/31/1995
Diabetes
E This diabetes dataset is from AIM '94
Q Classification B Multivariate, Ti.. @ 1Instances

B Subject Area | Feature Type

Health and Medicine Categorical, Integer NJA

& Date Donated @ Vi

B 13 Features

117M

B 30 Features

707.41K

B 20 Features

251.71K

A

ews

ed @ Views

8 Date Donated @ Views

https://archive.ics.uci.edu

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

GLOBAL FACTORS INITIATION | MAINTENANCE

° FO r. St u dy | n Itlatlo n a n d [] {EARLY PHASE STUDIES (Phase | or I/l) (1 point)

MULTIPLE PROTOCOLS: Nested or umbrella protocol design. No limit. (1

H O int each) 2
m a I nte n a n Ce pomtese Enter number of sub-protocols » |

COMPLEX IP MGMT: more than 1 chemical entity (including placebo if
maintained as separate inventory). No limit. (1 point each) 0

d Categories: IOW’ medium, Or high P Number of ical entities greater than 1 »

COMPLEX IP MGMT: more than 1 strength or presentation for an individual

CO m p | eXity o IP. No limit. (0.5 point each) 1
Enter number of IP with multiple strengths or presentatons b
* Derived from 322 responses

COMPLEX IP MGMT: Individually numbered and tracked inventory units (2 points)

COMPLEX IP MGMT: Retention or return shipping of used vials, drug packaging, or

O

[ ] O bj e Ct ive Iy m e a S u re t h e _I_] patient returns (no immediate disposal on site) (1 point)
O
=

CO m p | exity Of Cl i n ica I t ri a IS COMPLEX IP MGMT: BSL2 handling (1 point)

COMPLEX IP MGMT: Liquid nitrogen or less than minus160 degress Celsius
storage (1 point)

) S p re a d S h e et_ b a s e d d a ta C COMPLEX IP MGMT: Ultracold freezer (-80 degrees Celsius) (1 point)
CO I I e Ct i 0 n ? COMPLEX DISPENSING: Pharmacy adjusted dosing required

COMPLEX DISPENSING: NON-sterile compounding required at time of dispensing
(IP not in ready to dispense form)

AJHP 2023;80:1557-1563 https://doi.org/10.1093/ajhp/zxad138
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Practice Dataset — REDCap Complexity Scores

e All Ul Health IDS active studies

e Data access via APl JSON and
CSV file formats

GLOBAL FACTOR: STUDY DESIGN

Instrument: Vizient Complexity Scoring Tool (vizient_complexity_scoring_tool)

7 o=m

cst_irb_num

Section Header: STUDY INFORMATION

UIC IRB Number

text
Field AHW@CALCTEXT([irb_num])

cst_prot_num

Sponsor Protocol Number

tex
pfld Annotation: @ CALCTEXT([prot_num])

cst_study_title

Study Title

text
Field Annotation: @ CALCTEXT([study._title])

O Yes
Early Phase Studies oNo
(Phase lor I/11) reset
1 point
Multiple Protocols: Nested or umbrella protocol OYes
design ONo
reset
Study Design Subscores
Initiation . . I
View equation
Maintenance - - I
View equation
GLOBAL FACTOR: COMPLEX INVESTIGATIONAL PRODUCT MANAGEMENT
More than 1 chemical entity
B oA O Yes
(Including placebo if maintained as separate No
inventory) ® reset
More than 1 strength or presentation for an OYes
individual investigational product O No
reset

ct_identifier Dose this study has a ClinicalTrials.gov Idengfer? esno
NCT Number 1] ves
0[No
cst_nct_num NCT Number text
- 8-digit Clinical Trial ide Field Annotation: @CHARLIMIT="8"
Show the field ONLY if
[ct_identifier]=1
study_phase Section Header: GLOBAL FACTOR: STUDY DESIGN esno
Early Phase Studies 1| Yes
(Phase | or I/11)
1 point 0|No
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API: Application Programming Interface

IDS: Investigational Drug Service
JSON: JavaScript Object Notation
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APl: Application Programming Interface [j@%

* Enable communication between computers or computer programs

iE PHP Y Perl @ Python # Ruby [&] Java RR [Ec# g cURL

Displayed in the box below is the code you would use to execute this API request in the selected
programming language.

#!/usr/bin/env Rscript
token <- "
url <- "https://www.redcap.ihrp.uic.edu/api/"
formData <- list("token"=token,
content='project',
format='json',
returnFormat="json'

)

response <- |httr::POST(url, body = formData, encode = "form")
result <- httr::content(response)
print(result)

2026 ICHP Annual Meeting
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Data Science Workflow

* lterative cycle of transforming, visualizing and modeling

Transform

G%ﬁo

Communicate ‘

| - | |

Data Repository:

RStudi
REDCap udio
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File Format:
PDF, HTML, DOCX

https://r4ds.hadley.nz/
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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

» forms (optional)

* Pipe |>

._2026 ICHP Annual Meeting

read redcap (

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

_,

forms =
"general study information"
) | >

bind tibbles ()
* Query the REDCap API
* Retrieve, transform and bind data

17
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Assessment 1

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

. Mentor guided

. Solving “real-world” problems

A
B. Promote active learning
C
D. Allthe above

N2 2026 IcHP Annual Meeting
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Assessment 2

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

A.
B.
C.
D.

REDCap projects

Base R and/or R Packages

UC Irvine Machines Learning Repository
All the above

N2 2026 IcHP Annual Meeting
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Assessment 3

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

A.
B.
C.
D.

RStudio IDE

VS Code

Both Aand B
None of the above

«._2026 ICHP Annual Meeting
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Student Experience

Learning to code without prior programming background

2026 ICHP Annual Meeting
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Starting point

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

«._2026 ICHP Annual Meeting
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First Challenge — Understanding the Data

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

General Study Information Study status (Active/Closed)

Complexity Scoring Tool Initial and Maintenance complexity scores

«._2026 ICHP Annual Meeting
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Second Challenge — Finding the Right Records

* | expected to analyze the Complexity Scoring dataset directly

* Problem
e Complexity Scoring: 165 records
 Active studies: 152 records

* Solution: Filter active studies using General Study Information

@2 2026 ICHP Annual Meeting
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* Problem: Active studies and
complexity scores lived in two
separate tables, linked only by
Record ID

* | 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

G2 2026 ICHP Annual Meeting

Third Challenge — Combining Two Datasets

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)

25
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Fourth Challenge — Results mismatched

* Expected: 152 active studies
— Any score (initial or maintenance): ~120

— Both scores: ~101

* Finding: Some studies simply hadn't reached the maintenance-scoring
stage yet.

S 2026 ICHP Annual Meeting
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Fifth Challenge — Handling zero scores

* Problem: score of 0 broke adj init score <-

downstream math and implied if_els? ,(fiflla%_?nit_score ==
"zero complexity" 0, 1, final init score)

— Fix: recode Oto 1

adj maint score <-

if else(final maint score
if else ()= decision-making == 0, 1, final maint_score)
Score =0

- Yes: Replace with 1

No: Keep original score

@2 2026 ICHP Annual Meeting
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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
e Re-run the script

* Lesson: Check the Environment panel first, before assuming the code
itself is broken.

N2 2026 IcHP Annual Meeting
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Putting Everything Together

* After solving these challenges, | combined everything into one
automated workflow.

* Workflow

Clean
missing

Create
‘ X visualizations
Summarize
A scores
Merge values
- 5 datasets
Filter active
studies

‘ Retrieve data
I REDCapAPI

" 9026 ICHP Annual Meeting
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Result

* Automatically generated a reproducible complexity summary for
active IDS studies

* Same report regenerates every week without manual work required

«._2026 ICHP Annual Meeting
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Assessment 4

Which best describes a project suited for automation?

A.
B.
C.
D.

One-time literature review

Recurring report from a live database
One-time analysis for a presentation
Manual audit performed once

2026 ICHP Annual Meeting
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What | 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.

* | learned to understand a database before writing any code.
* | learned to validate data instead of trusting it blindly.

* | learned to build a reproducible workflow that can be rerun
automatically with updated data.

G2 2026 IGHP Annual Meeting
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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
e Quality improvement
* Medication-use evaluation
* Clinical research
e Automated reporting

2026 ICHP Annual Meeting

33

N



9/9/2026

Assessment 5

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

A.
B.
C.
D.

Acquisition
Wrangling
Visualization
Communication

«._2026 ICHP Annual Meeting
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Weekly Complexity Scores

Weekly Complexity Scores

* Slurm Workload Manager

1400-

* Automate R script execution

1 #!/bin/bash
2
3 # 1350-
4 # SLURM JOB CONFIGURATION
5 #
6 # These #SBATCH lines tell SLURM what resources you need o
7 # They MUST come before any other commands (except comments) S
- @
[}
9 #SBATCH --job-name=cst_repeat # Name shown in squeue| 2
10 #SBATCH --time=00:05:00 # Maximum runtime CHH: 1200
11 #SBATCH --nodes=1 B "
12 #SBATCH --ntasks=1 g; #W:ekly) X days Ca0od ¢
13 #SBATCH --partition=batch_gpu M Y”” every A:zs 9;" ?rdwee
14 #SBATCH --gpus-per-node=1 ou can use number of days
15 #SBATCH --account=pmpr_dchan_chi 64 # 4 CHANGE TO YOUR DESIRED NUMBE
16 #SBATCH --mem=4G 65 INTERVAL="7 deS" 1250-
17 #SBATCH --output=logs/job_%j.out 66 # Common examples: "7 days" (wee
18 #SBATCH --error=logs/job_%j.err 67 ;; *
19 | g
SLURM: Simple Linux Utility for Resource Management AR May

Jun

Date

Jul

Aug

9026 ICHP Annual Meeting
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Data Science Workflow

* lterative cycle of transforming, visualizing and modeling

Transform

G%ﬁo

Communicate ‘

| - | |

Data Repository:

RStudi
REDCap udio
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File Format:
PDF, HTML, DOCX

https://r4ds.hadley.nz/

36

R



9/9/2026

Communicate using Quarto

An open source scientific and
technical publishing system

|_PDF 1
. Je
qgqmd Knitr md pandoc m
&

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

«._2026 ICHP Annual Meeting
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Communicate using Q

uarto

Source = Visual

l —

2 title: "Complexity Scores"

3 format: html YAML

4 editor: source

5+ ===

6

7 ## Quarto

8

9 Quarto enables you to weave together content and executable code into a
finished document (@fig-cs).

10

11

12- " "{r CS Ad hoc, echo=FALSE, message=FALSE}
13 #| label: "fig-cs"

15 library tidyverse
16 library REDCapTidieR

18 Record  Boln Lot e e e e e e e e e e R e e e e R e e
19 # Project 15173

21 redcap_url <- "https://www.redcap.ihrp.uic.edu/api/"

"general_study_information") |>

24 bind_tibbles()

25

26 read_redcap(redcap_url, Sys.getenv("token_15173"), forms =
"vizient_complexity_scoring_tool") |>

27  bind_tibbles

28

29 general_df <- general_study_information

30 tool_df <- vizient_complexity_scoring_tool

31

22
23 read_redcap(redcap_url, Sys.getenv("token_15173"), forms = COde

Qutline

Complexity Scores
Quarto

Quarto enables you to weave together content and executable code into a finished document
(Figure 1).

oncology final_init_score final_maint_score total_score
Mode :logical Min. : 1,000 Min. i 1.000 Min. i 2.000
FALSE:61 1st Qu.: 2.000 1st Qu.: 1.000 1st Qu.: 3.000
TRUE :113 Median : 3.500 Median : 4.000 Median : 7.000
Mean : 3.862 Mean : 3.954 Mean 1 7.816

3rd Qu.: 5,000 3rd Qu.: 6.000 3rd Qu.:11.000
Max. :12.000  Max. :13.000 Max. 124.000

IDS Active Studies
category
40- M Initiation
| I Maintenance
(%]
@
330'
o
ks
o 20-
o -
[=
Z
10- I
0- I | . I H -
i 2 3 4 5 6 7 8 9 10 11 12 13

Scores

Figure 1

_2026 ICHP Annual Meeting
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summary

* Ris 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

&2 2026 IGHP Annual Meeting
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Questions?

Acknowledgements:

IDS Pharmacists Students/Trainees
Rebeca Gansari, PharmD, BCPS Kara Brown, PharmD
Brian Leav, PharmD Laila Hammad, PharmD

Neera Kadiyala, PharmD
Jessica Mamalio, PharmD

Tom Szwajnos, PharmD
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