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What is Data Science?
Data Science is an interdisciplinary field that combines 
statistics, computer science, and domain knowledge to extract 
insights and make predictions from data

Core Data Science Elements:
 Data Wrangling → cleaning, organizing, transforming 

raw data
 Statistics and Machine Learning → methods to model 

uncertainty, find and test patterns in the data, and make 
predictions

 Programming (R, SAS, C, Python,…) → software used for 
analysis

 Domain Expertise → meaningful and actionable results



Why is Data Science important?
 Data wrangling - ensures analyses are built on clean, 

consistent inputs
 Transparent methods - coding in R/Python/SAS 

make results reproducible
 Statistical rigor - guards against false positives, p-

value hacking, and overfitting
 Generalizable models - improve confidence that 

findings hold beyond a single dataset
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Why is Data Science Important?

Reverse-coded variables:
Researchers used incorrectly coded variables in their analysis causing their conclusions 
to be the complete opposite of what the data actually supported. 



Good Data Science leads to 
Scientific Advancement

“The bottom line…..is that when science is done well, it 
produces believable, replicable, and generalizable 
findings”  
 
-Jon Krosnick, the Frederic O. Glover Professor of 
Humanities and Social Sciences in the Stanford School of 
Humanities and Sciences

https://profiles.stanford.edu/jon-krosnick?releaseVersion=10.5.2
https://profiles.stanford.edu/jon-krosnick?releaseVersion=10.5.2


Why this series?

To bridge theory and application:

 Lunch & Learn sessions → concepts + discussion
 R workshops → hands-on practice (Spring, 2026)
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Why is Data Wrangling our first 
lecture?
 Admittedly, not the most exciting part of data science 

compared to Machine Learning or Omics
 But it is the absolute foundation:

 Every analysis depends on clean, reliable data.
 Without it, even the most complex and sophisticated 

models will fail.
 In this lecture you will:

 Learn how to recognize and handle messy, real-world data.
 Build skills that you’ll apply in every other session 

(biostats, ML, EHR , omics).



Juan Lin
Department of Epidemiology and Population Health

Oct. 22,2025



Introduction
 What is Data Wrangling?

 The process of cleaning and transforming raw data into 
a format suitable for analysis

 Why Data Wrangling Matters?
 Most datasets are not clean
 >50% of analysis time is spent cleaning data
 Poor wrangling → flawed analysis → retracted papers, 

while tidy data → reliable analysis



Survey Data



Biomedical data



Common Problems in Raw Data 
 Missing values
 Inconsistent formats
 Categorical chaos
 Typos and spelling variants
 Duplicates
 Mismatched IDs in linked datasets



Missing Data: Types
 The types of missingness

 Partial missingness

 Structural missingness (due to logic skips)

 Dropout in longitudinal study

 Representations 

 Blanks 

 Placeholders ("NA", "N/A", "n.a.“,”999”) 

 Hidden text(”refused to answer”, "not applicable", 
"unknown")



Missing Data: Fixes
 Fix

 Identify missingness
 Standardize missing codes

 Assess if missingness is informative

 Decide what to do next
 Exclude

 Impute

 Flag for stratified analysis 



Inconsistent formats
 What does it mean?

 Dates : “03/10/25", "10-Mar-2025", "20250310", “10/03/25” 
 Numerical and text variables: "50“vs"$50“, "1000" vs 

"1,000“,“3” vs “>2” 
 Identifiers: "00123" vs "123"; confusing the letter “O” with 

the number “0”
 Units / Measurements:  “180 mg/dL” vs 180; “5.6 mmol/L” 

vs “101 mg/dL” (in same column)



Fix inconsistent formats
 Format Column names
 Recommended format: lowercase letters; avoid special 

characters; short but meaningful
 Examples: Age at diagnosis → age_dx; DOB (Date of 

Birth) → dob; Cholesterol(mg/dL) →chol

 Format Columns 
 Sort and filter to reveal inconsistent formats
 Pick one format
 Standardize (remove hidden spaces, currency, commas, 

or percent symbols)



Categorical chaos and typos
 Examples
 Same categories coded inconsistently: "Male", "male", 

"M", "m"
 Typos: “diabetes”, “daibetes”, “diabtes”, "diabetees"
 Inconsistent casing: “COVID-19”, “covid19”, “COVID19”

 Fix
 Group and review unique values
 Re-check categories and frequencies after recoding to 

ensure consistency
 Validate data ranges and flag outliers



Duplicates and mismatched IDs 
 Examples

 Duplicates: Two rows with same Patient_ID, DOB, visit 
number, but different lab results

 Mismatched IDs: "00123" in one dataset vs "123" in 
another (leading zeros dropped); "C-456" vs "C456" 
(punctuation differences); IDs stored as numbers in one 
file and as text in another

 Fix
 Define duplication criteria, remove exact duplicates and 

flag /manually check near-duplicates
 Fix IDs before merging



Excel and R for data wrangling
Feature Excel R

Ease of Use Intuitive GUI Steeper learning curve

Speed with Large Data Slower, limited by memory Fast and efficient

Reproducibility Hard to track manual steps Fully scriptable and 
reproducible

Error-prone? High (manual edits, 
copy/paste) Lower (if code is correct)

Visualization Charts, conditional formatting ggplot2, custom plots

Good For... Quick reviews, small datasets Automation, large/complex 
data

This session Next session: Introduction to 
Tidyverse and data wrangling in R



Case Study: Survey Data
Respondent_ID Q1 Q2 Time-stamp

R001 1 Agree 2023-07-01 08:30
R007 1,3 Agree 2023-07-01 10:00
R002 2 Strongly Agree 2023-07-01 08:45
R003 refuse to answer Neutral 2023-07-01 09:00
R-004 1 Disagree 2023-07-01 09:15
r005 1,2,3 N/A 2023-07-01 09:30
R006 3 see above 2023-07-01 09:45
R010 NA Disagree 2023-07-01 10:45
R008 2 2023-07-01 10:15
R009 3 Neutral 2023-07-01 10:30

respondent_id Full Name Date of Birth Gender Group Code
R001 Alice Smith 01/02/1990 Male A_1
R002 Bob Johnson 1991-03-04 female A_1 
R003 Charlie Lee March 5, 1992 M A1
R004 Dana White F B-2
R005 Eve Black 03-06-1993 FEMALE B2
R006 Frank Wright 07/07/1990 m B-2
R007 Grace Kim N/A Male C3
R008 Hank Brown 1990/08/08 Other C_3
R009 Ivy Zhao 09-09-1991 F C-3
R010 John Wu unknown f C3

I. survey answers

II.  
Participants 
Information



Respondent_ID Q1 Q2 Time-stamp
R001 1 Agree 2023-07-01 08:30
R007 1,3 Agree 2023-07-01 10:00
R002 2 Strongly Agree 2023-07-01 08:45
R003 refuse to answer Neutral 2023-07-01 09:00
R-004 1 Disagree 2023-07-01 09:15
r005 1,2,3 N/A 2023-07-01 09:30
R006 3 see above 2023-07-01 09:45
R010 NA Disagree 2023-07-01 10:45
R008 2 2023-07-01 10:15
R009 3 Neutral 2023-07-01 10:30

respondent_id Full Name Date of Birth Gender Group Code
R001 Alice Smith 01/02/1990 Male A_1
R002 Bob Johnson 1991-03-04 female A_1
R003 Charlie Lee March 5, 1992 M A1
R004 Dana White F B-2
R005 Eve Black 03-06-1993 FEMALE B2
R006 Frank Wright 07/07/1990 m B-2
R007 Grace Kim N/A Male C3
R008 Hank Brown 1990/08/08 Other C_3
R009 Ivy Zhao 09-09-1991 F C-3
R010 John Wu unknown f C3

Missing 
data

I. 

II.  



Q1 Q2 Date of Birth
1 Agree 01/02/1990

1,3 Agree 1991-03-04
2 Strongly Agree March 5, 1992

Neutral
1 Disagree 03-06-1993

1,2,3 07/07/1990
3

Disagree 1990/08/08
2 09-09-1991
3 Neutral

Q1 Q2 Date of Birth
1 Agree 01/02/1990

1,3 Agree 1991-03-04
2 Strongly Agree March 5, 1992

refuse to answer Neutral
1 Disagree 03-06-1993

1,2,3 N/A 07/07/1990
3 see above N/A

NA Disagree 1990/08/08
2 09-09-1991
3 Neutral unknown

Tidy



Respondent_ID Q1 Q2 Time-stamp
R001 1 Agree 2023-07-01 08:30
R007 1,3 Agree 2023-07-01 10:00
R002 2 Strongly Agree 2023-07-01 08:45
R003 Neutral 2023-07-01 09:00
R-004 1 Disagree 2023-07-01 09:15
r005 1,2,3 2023-07-01 09:30
R006 3 2023-07-01 09:45
R010 Disagree 2023-07-01 10:45
R008 2 2023-07-01 10:15
R009 3 Neutral 2023-07-01 10:30

respondent_id Full Name Date of Birth Gender Group Code
R001 Alice Smith 01/02/1990 Male A_1
R002 Bob Johnson 1991-03-04 female A_1 
R003 Charlie Lee March 5, 1992 M A1
R004 Dana White F B-2
R005 Eve Black 03-06-1993 FEMALE B2
R006 Frank Wright 07/07/1990 m B-2
R007 Grace Kim Male C3
R008 Hank Brown 1990/08/08 Other C_3
R009 Ivy Zhao 09-09-1991 F C-3
R010 John Wu f C3

Inconsistent 
format

II.  

I. 



respondent_id q1 q2 timestamp

respondent_id full_name dob gender group_code

Respondent_ID Q1 Q2 Time-stamp

respondent_id Full Name Date of Birth Gender Group Code

Tidy

Tidy



dob
1/2/1990
3/4/1991
3/5/1992

3/6/1993
7/7/1990

8/8/1990
9/9/1991

q1_1 q1_2 q1_3
1 0 0
1 0 1
0 1 0

1 0 0
1 1 1
0 0 1

0 1 0
0 0 1

Date of Birth
01/02/1990
1991-03-04

March 5, 1992

03-06-1993
07/07/1990

1990/08/08
09-09-1991

Q1
1

1,3
2

1
1,2,3

3

2
3

Tidy Tidy



respondent_id full_name dob gender group_code
R001 Alice Smith 1/2/1990 Male A_1
R002 Bob Johnson 3/4/1991 female A_1 
R003 Charlie Lee 3/5/1992 M A1
R004 Dana White F B-2
R005 Eve Black 3/6/1993 FEMALE B2
R006 Frank Wright 7/7/1990 m B-2
R007 Grace Kim Male C3
R008 Hank Brown 8/8/1990 Other C_3
R009 Ivy Zhao 9/9/1991 F C-3
R010 John Wu f C3

Categorical 
chaos

II. 



gender
male

female
male

female
female
male
male
other

female
female

gender
Male

female
M
F

FEMALE
m

Male
Other

F
f

Tidy

group_code
A_1
A_1
A1
B-2
B2
B-2
C3

C_3
C-3
C3

group_code
A1
A1
A1
B2
B2
B2
C3
C3
C3
C3

Tidy



respondent_id q1_1 q1_2 q1_3 q2 timestamp
R001 1 0 0 Agree 2023-07-01 08:30
R007 0 1 0 Agree 2023-07-01 10:00
R002 Strongly Agree 2023-07-01 08:45
R003 1 0 0 Neutral 2023-07-01 09:00
R-004 1 1 1 Disagree 2023-07-01 09:15
r005 0 0 1 2023-07-01 09:30
R006 1 0 1 2023-07-01 09:45
R010 0 1 0 Disagree 2023-07-01 10:45
R008 0 0 1 2023-07-01 10:15
R009 Neutral 2023-07-01 10:30

respondent_id full_name date_of_birth gender group_code
R001 Alice Smith 1/2/1990 male A1
R002 Bob Johnson 3/4/1991 female A1
R003 Charlie Lee 3/5/1992 male A1
R004 Dana White female B2
R005 Eve Black 3/6/1993 female B2
R006 Frank Wright 7/7/1990 male B2
R007 Grace Kim male C3
R008 Hank Brown 8/8/1990 other C3
R009 Ivy Zhao 9/9/1991 female C3
R010 John Wu female C3

Mismatched 
IDs

I. 

II. 



Tidyrespondent_id
R001
R007
R002
R003
R-004
r005
R006
R010
R008
R009

respondent_id
R001
R007
R002
R003
R004
R005
R006
R010
R008
R009



patient_id clinic visit_date dob gender systolic_bp diastolic_bp hypertension
A001 A 7/1/2023 5/12/1990 male 120 80 no
A002 A 7/2/2023 12/6/1985 male 125 82 no
A002 A 7/2/2023 12/6/1985 male NA NA NA

patient_id clinic visit_date dob gender systolic_bp diastolic_bp hypertension
A001 A 7/1/2023 5/12/1990 male 120 80 no
A002 A 7/2/2023 12/6/1985 male 125 82 no



Structuring Data for Analysis 
 Even once the data is clean, structure matters. Analysis 

often requires reshaping
 Wide to long, long to wide, 
 Splitting columns (‘Full_name’ → first_name, 

last_name)
 Merging datasets with consistent IDs



date time first_name last_name
7/1/2023 8:30 Alice Smith
7/1/2023 8:45 Bob Johnson
7/1/2023 9:00 Charlie Lee
7/1/2023 9:15 Dana White
7/1/2023 9:30 Eve Black
7/1/2023 9:45 Frank Wright
7/1/2023 10:00 Grace Kim
7/1/2023 10:15 Hank Brown
7/1/2023 10:30 Ivy Zhao
7/1/2023 10:45 John Wu

timestamp full_name
2023-07-01 08:30 Alice Smith
2023-07-01 08:45 Bob Johnson
2023-07-01 09:00 Charlie Lee
2023-07-01 09:15 Dana White
2023-07-01 09:30 Eve Black
2023-07-01 09:45 Frank Wright
2023-07-01 10:00 Grace Kim
2023-07-01 10:15 Hank Brown
2023-07-01 10:30 Ivy Zhao
2023-07-01 10:45 John Wu



respondent_id q1_1 q1_2 q1_3 q2 date time
R001 1 0 0 Agree 7/1/2023 8:30
R007 0 1 0 Agree 7/1/2023 8:45
R002 Strongly Agree 7/1/2023 9:00
R003 1 0 0 Neutral 7/1/2023 9:15
R004 1 1 1 Disagree 7/1/2023 9:30
R005 0 0 1 7/1/2023 9:45
R006 1 0 1 7/1/2023 10:00
R010 0 1 0 Disagree 7/1/2023 10:15
R008 0 0 1 7/1/2023 10:30
R009 Neutral 7/1/2023 10:45

respondent_id first_name last_name dob gender group_code
R001 Alice Smith 1/2/1990 male A1
R002 Bob Johnson 3/4/1991 female A1
R003 Charlie Lee 3/5/1992 male A1
R004 Dana White female B2
R005 Eve Black 3/6/1993 female B2
R006 Frank Wright 7/7/1990 male B2
R007 Grace Kim male C3
R008 Hank Brown 8/8/1990 other C3
R009 Ivy Zhao 9/9/1991 female C3
R010 John Wu female C3

I. 

II. 



responde
nt_id q1_1 q1_2 q1_3 q2 date time first_name last_name dob gender group_code

R001 1 0 0 Agree 7/1/2023 8:30 Alice Smith 1/2/1990 male A1

R002 0 1 0 Strongly 
Agree 7/1/2023 8:45 Bob Johnson 3/4/1991 female A1

R003 Neutral 7/1/2023 9:00 Charlie Lee 3/5/1992 male A1
R004 1 0 0 Disagree 7/1/2023 9:15 Dana White female B2
R005 1 1 1 7/1/2023 9:30 Eve Black 3/6/1993 female B2
R006 0 0 1 7/1/2023 9:45 Frank Wright 7/7/1990 male B2
R007 1 0 1 Agree 7/1/2023 10:00 Grace Kim male C3
R008 0 1 0 7/1/2023 10:15 Hank Brown 8/8/1990 other C3
R009 0 0 1 Neutral 7/1/2023 10:30 Ivy Zhao 9/9/1991 female C3
R010 Disagree 7/1/2023 10:45 John Wu female C3



Ready for analysis!
respondent_id q1_1 q1_2 q1_3 q2 date time first_name last_name dob gender group_code

R001 1 0 0 Agree 7/1/2023 8:30 Alice Smith 1/2/1990 male A1

R002 0 1 0 Strongly 
Agree 7/1/2023 8:45 Bob Johnson 3/4/1991 female A1

R003 Neutral 7/1/2023 9:00 Charlie Lee 3/5/1992 male A1
R004 1 0 0 Disagree 7/1/2023 9:15 Dana White female B2
R005 1 1 1 7/1/2023 9:30 Eve Black 3/6/1993 female B2
R006 0 0 1 7/1/2023 9:45 Frank Wright 7/7/1990 male B2
R007 1 0 1 Agree 7/1/2023 10:00 Grace Kim male C3
R008 0 1 0 7/1/2023 10:15 Hank Brown 8/8/1990 other C3
R009 0 0 1 Neutral 7/1/2023 10:30 Ivy Zhao 9/9/1991 female C3
R010 Disagree 7/1/2023 10:45 John Wu female C3



Best Practices 
 Some quick survival tips

 Know your data’s context - Talk to clinicians and data 
owners — numbers alone can lie.

 Document everything - You will not remember why 
you recoded ‘999’ as ‘NA’ two months from now

 Keep originals - Never overwrite raw data. You’ll need 
it. 

 Visual checks help - Use plots, summaries, or 
tabulations to catch errors.

 Cross-check data with your team - More eyes = fewer 
mistakes.



Biostatistics resources @ Einstein
 Einstein BERD house, 

online statistics resource 
(https://einsteinmed.edu
/centers/ictr/biostatistics
-epidemiology-research-
design-core/berd-house/)



Wrap-Up
 Wrangling may not be glamorous, but it’s the foundation of 

reliable analysis
 Most of your analysis time will be here
 Clean, well-structured data leads to solid science and fewer 

embarrassing mistakes



Image source: “Data Scientist – What People Think I Do / What I Really Do” meme, adapted from the original ‘What People 
Think I Do’ meme series (2012), circulated widely online.
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