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INTRODUCTIONS



OUTLINE/OVERVIEW

Why data management?
Spreadsheet data best practices
Data dictionaries

Tidy Data principles
What is Tidy Data?
Why use Tidy Data?
Making your data tidy
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DATA MANAGEMENT FOR YOURSELF

Efficiently find your files Avoid data loss

Track your methods for reproducibility Document your data for your own

) recollection, accountability, and re-use
Better version control of data

Gain credibility and recognition for
your science efforts through data
sharing!

Quality control



DATA MANAGEMENT FOR SCIENCE

Data is a valuable asset. It is expensive and time consuming to collect, take good care of it!
Well-managed data:
improves quality, accuracy, and integrity of your research
maximizes the effective use of data
ensures appropriate use of data and information
strengthens the reliability of the research - promotes transparency, encourages accountability,
reduces bias and errors

ensures sustainability and accessibility allowing others to reproduce your findings



RESEARCH REPRODUCIBILITY

Reproducibility is the ability for other researchers to reach similar results when using the same
methods and data.

Replicability is achieving similar results by conducting a new study with different methods or approaches

Accurate, comprehensive, and transparent reporting allows for reproducibility.



DATA MANAGEMENT CHALLENGES

Good data management take time and planning
Researchers may lack knowledge about best practices in handling data
General lack of incentives for doing good data management

There can be a cost to managing data (human, technology, etc.)
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USING SPREADSHEETS TO ENTER, STORE, AND
ANALYZE RESEARCH DATA

How do you use spreadsheets in your research process?
Qualtrics /other survey software
Entering raw data
Cleaning data
Data storage

Data analysis

Ideally, each column is a variable with its name on the top row, and each row is an
observation

Some metadata are stored in the spreadsheet, but some need to be stored
separately



BEST PRACTICES FOR SPREADSHEET DATA

What are your best practices?

Taken from: Broman, K. W., & Woo, K. H. (2018). Data Organization in Spreadsheets.
The American Statistician, 72(1), 2—10.
https: //doi.org/10.1080/00031305.2017.1375989

Be consistent

Choose good names for things
Write dates as YYYY-MM-DD
No empty cells

Put just one thing in a cell

S T o

Make it a rectangle


https://doi.org/10.1080/00031305.2017.1375989

BEST PRACTICES FOR SPREADSHEET DATA (CONT.)

/. Create a data dictionary

8. No calculations in the raw data files

?. Do not use font color or highlighting as data
10. Make backups

11. Use data validation to avoid errors

12. Save the data in plain text files (CSV/TSV)

Interested in learning more? We will be talking about this more in depth in our Data
Carpentry session on Wednesday, March 4™!



https://tufts.libcal.com/event/16268599
https://tufts.libcal.com/event/16268599

WHAT IS METADATA?

lt's the “data about data.” Structured (may follow documentation standards) information that makes
it easier to retrieve, use, or manage data. It can include things like:

Dates, times, locations

Hardware /software information and parameters
Methodology

Creators

Copyright

Formats



SID WGT SMOKING NAME SAM
1 491Y Smith 12
2 252 (2 Packs Steve Jones 25
3 28N Nelson, Roger |January
4 157 | Never Smith 6

What are we looking at in this table?
What questions or concerns arise?




DATA DICTIONARIES

Data dictionaries provide detailed descriptions of the data in a dataset. They help provide context
about the structure and content of data. They can also guide the process for collection and use of

the data.
List of all data objects
Description of data elements (size, type, classification, etc.)
Relationships to other data
Variables and coding information

Creation date



DOCUMENT YOUR VARIABLE NAMES

Intuitive / meaningful variable names e.g. study_id

What do variable names mean?

What does each variable contain?

Are there a limited set of possible values?

Name Field Type Description Possible values Units
study _id text Unique ID of 8-digit number
study
date_enrolled date Initial subject Date in format YYYY-MM-DD; All
enrollment date dates later than 2011-09-01
weight integer Weight of subject Ibs




|EXAMPLE DATA DICTIONARIES

o SAFI Teaching Dataset (through Data Carpentry)

province district  ward village  years_farm agr_assoc no_membrs _members_count remittance_money years_liv parents_liv sp_parents_liv grand_liv sp_grand_liv respondent_roof_type respondent_wall_type
Manica Manica Bandula God 11 no 3 J no 4 no yes no yes grass muddaub
Manica Manica Bandula God 2 yes 7 7 no 9 yes yes yes yes grass muddaub
Manica Manica Bandula God 40 no 10 10 no 15 no no no no mabatisloping burntbricks
Manica Manica Bandula God 6 no 7 7 no 6 no no no no mabatisloping burntbricks
Manica Manica Bandula God 18 no 7 7 no 40 yes no yes no grass burntbricks
Manica Manica Bandula God 3 no 3 3 no 3 no no no no grass muddaub
Manica Manica Bandula God 20 no 6 6 no 38 yes no yes no grass muddaub
Manica Manica Manica Chirdozo 16 yes 12 12 no 70 yes yes yes yes mabatisloping burntbricks
Manica Manica Bandula Chirodzo 16 no 8 8 no 6 yes no yes no grass burntbricks
Manica Manica Bandula Chirodzo 22 no 12 12 no 23 no no no no mabatisloping burnthricks
Manica Manica Bandula God 6 no 6 6 no 20 yes yes no yes grass sunbricks
Manica Manica Bandula God 20 no 7 7 yes 20 no no no no mabatisloping burntbricks
Manica Manica Bandula God 7 yes 6 6 no 8 yes no yes no grass burntbricks
Manica Manica Bandula God 20 yes 10 10 no 20 yes yes no yes grass burntbricks
Manica Manica Bandula God 30 yes 3 3 no 30 yes yes yes yes grass sunbricks
Manica Manica Bandula God 24 yes 6 6 no 47 yes yes yes yes grass muddaub
Manica Manica Bandula God 10 yes 8 8 no 20 no no no no grass sunbricks
Manica Manica Bandula God 6 no 4 4 no 20 yes yes no yes grass muddaub
Manica Manica Bandula God 20 yes 9 9 no 23 yes yes yes yes mabatisloping burntbricks
Manica Manica Bandula God 24 yes 6 6 no 1 yes yes yes yes grass burntbricks
Manica Manica Bandula God 20 yes 8 8 no 20 no yes no yes mabatisloping burntbricks


https://datacarpentry.github.io/socialsci-workshop/data.html

WAL
MAME
WAL
WAL
WAL
MAME
WAL
WAL
WAL
WAL
MAME
WAL
WAL
WAL
WAL
MAME
WAL
WAL
WAL
WAL
WAL
WAL
WAL
MAME
WAL
WAL
WAL
MAME
WAL
WAL

MP
TYFEHUGO
TYPEHUGO
TYPEHUGO
TYPEHUGO
ACCESSIMNET
ACCESSINET
ACCESSINET
ACCESSINET
ACCESSIMET
ACR

ACR

ACR

ACR

ACR

AGS

AGS

AGS

AGS

AGS

AGS

AGS

AGS

BATH

BATH

BATH

BATH

BDSP

BDSP

BDSP

Z 2220000000 000000600060 0006060060002

2 2 20 Mumber of persons in household

1 Type of unit

1 1 1 Housing unit

1 2 2 Institutional group quarters

1 3 3 Moninstitutional group quarters

1 Access to the Internet

1b b M/A (GO/vacant)

1 1 1 Yes, by paying a cell phone company or Internet service provider

1 2 2 Yes, without paying a cell phone company or Internet service provider
1 3 3 Mo access to the Internet at this house, apartment, or mobile home
1 Lot size

b b MW/A (GO not a one-family house or mobile home)

1 1 1 House on less than one acre

1 2 2 House on one to less than ten acres

1 3 3 House on ten or more acres

1 Sales of Agriculture Products (yearly sales, no adjustment factor is applied)

b b MW/A (GO/vacant/not a one family house or mobile home/less than 1 acre)
1 1 1 Mone

1 2 25 1-5999

1 3 351000 - 5 2499

1 4 4 52500 - 5 4999

1 5 5 5 5000 - 59999

1 [ 6| S10000+

1 Bathtub or shower

1b b N/A (GQ)

1 1 1 Yes

1 2 2 No

2 Mumber of bedrooms

2 bb bb N/A (GQ)

2 0 99 0 to 99 bedrooms (Top-codied)

Public Use Microdata Sample Documentation (US Census)



https://www.census.gov/programs-surveys/acs/microdata.html

== An official website ot the United States government Here's how you Know v

USGS

science for a changing world

SCIENCE PRODUCTS NEWS  CONNECT

https:

EARTH RESOURCES OBSERVATION AND SCIENCE (EROS) CENTER  SCIENCE

Landsat Data Dictionary v

By Earth Reso

Contact Start Time

Overview e Field Definition: Year, Day of year and GMT when the capture started.
The Dat Format:
of elemns Format: YYYY:DDD:HH:MI:SS.SSSSSSS
YYYY = Four digit year
DDD = day of year (001-366) Elevation Source
HH = Hour (00-23)
MI = Minute (00-59) e Field Definition: Digital elevation dataset that was used to terrain-cc
SS.SSSSSSS = Fractional seconds
* Acqu h2. Admin: Landsat ETM Mission Values:
* Acqy : . .
B h3. Result Metadata: Export NED = National Elevation Dataset
« Bias Parameter File Name TIRS - 8) SRTM = Shuttle Radar Topography Mission
« Browse Exists * Gain Change - Band (1 -5, 6 \

GTOPO30 = Global 30 Arc Second Elevation Digital Data
GLS2000 = Global Land Survey 2000
RAMP = Radarsat Antarctic Mapping Project

www.usgs.gov/centers/eros/science /landsat-data-dictionary



https://www.usgs.gov/centers/eros/science/landsat-data-dictionary

HOW CAN YOU MAKE A DATA DICTIONARY?

Create a data dictionary activity

For each variable (usually column) in your data, answer these questions:
vesion verae
Variable name
Variable description
Variable units
Relationship to other variables
Variable coding values and meanings
Known issues with the data

Anything else to know about the data?


https://caltechlibrary.github.io/RDMworkbook/documentation.html#data-dictionary

EXAMPLE FOR ONE VARIABLE

Imagine that you are conducting a study of patients during their annual physical
exams. One of the variables you record is the patient’s temperature.

Quesion  varable

Variable name

Variable description

Variable units

Relationship to other variables
Variable coding values and meanings

Known issues with the data

Anything else to know about the data?

temp

The patient’s temperature during their physical
Degrees Fahrenheit

N/A

N/A

In May 2024, the thermometer was measuring
2 degrees too cool

N/A
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TIDY DATA A parad igm for organ izing data




WHAT IS TIDY DATA?
"TIDY DATA is2standard way of mapping the

to its structure. 99

\WI\CIKHAM
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each column a variable

In tidy data:

e each variable forms a column
e each observation forms a row
« each cell is a single measurement

id  name color

floof gray
max black keac:\nmw

cat orange /o\oseWa-l-ion
donut gray

merlin  black
panda calico

O3 [E [ [N~

Wickham, H. (2014). Tidy Data. Journal of Statistical Software 59 (10). DOI: 10.18637/jss.v059.i10

Illustrations from the Openscapes blog Tidy Data for reproducibility, efficiency, and collaboration by Julia Lowndes and
Allison Horst


https://www.openscapes.org/
https://www.openscapes.org/blog/2020/10/12/tidy-data/

HOW DOES TIDY DATA HELP RESEARCHERS?

“f CO\\AM ns

a?e VARIABLES &
The standard structure of o FATIONS/ \
. « LN

tidy data means that T .
“tidy datasets are all alike...” &,
“...out every messy dataset is
messy in its own way.” . ®
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Illustrations from the_ Openscapes blog Tidy Data for reproducibility, efficiency, and collaboration by Julia Lowndes and
Allison Horst



https://www.openscapes.org/
https://www.openscapes.org/blog/2020/10/12/tidy-data/

WHY USE TIDY DATA?

When working with tidy data, ...but working with untidy data often means
we can use the same tools in reinventing the wheel with one-time
similar ways for different datasets... approaches that are hard to iterate or reuse.

TIDY DATA WORKBENCH 1 UNTIDY DATA WORKBENCH

AN

nE
|

dih

lllustrations from the_Openscapes blog Tidy Data for reproducibility, efficiency, and collaboration by Julia Lowndes and
Allison Horst


https://www.openscapes.org/
https://www.openscapes.org/blog/2020/10/12/tidy-data/

TIDY DATA MAKES COLLABORATION EASIER

Illustrations from the Openscapes blog Tidy Data for reproducibility, efficiency, and collaboration by Julia Lowndes and
Allison Horst



https://www.openscapes.org/
https://www.openscapes.org/blog/2020/10/12/tidy-data/

HOW CAN | MAKE MY DATA TIDY?

Keep your raw entered data and tidy data in separate files

This is helpful in case you make a mistake somewhere
List your variables

Recognize places where your data are not adhering to tidy data principles — e.g.,
rows with multiple observations, cells with multiple measurements

“Melt” your data so each variable is one column, each row is one observation, and
each cell is one measurement



“MELTING™ YOUR DATA

row column wvalue
A a 1
B a 2
row a b ¢ C a 3
A 1 4 7 A b 4
B 2 o 8 b b 5]
C 3 6 9 C b 6
(a) Raw data A C 7
B C 8
C o 9

(b) Molten data

Table 5: A simple example of melting. (a) is melted with one colvar, row, yielding the molten
dataset (b). The information in each table is exactly the same, just stored in a different way.

Wickham, H. . (2014). Tidy Data. Journal of Statistical Software, 59(10), 1-23. https://doi.org/10.18637/jss.v059.110



https://doi.org/10.18637/jss.v059.i10

EXAMPLE: NOT-TIDY DATA

year artist track time date.entered wkl wk2 wk3
2000 2 PPac Baby Don’t Cry 4:22  2000-02-26 87 82 72
2000 2Ge+her The Hardest Part Of ... 3:15  2000-09-02 91 87 92
2000 3 Doors Down Kryptonite 3:03  2000-04-08 81 70) 68
2000 9870 Give Me Just One Nig... 3:24  2000-08-19 51 39 34
2000 A*Teens Dancing Queen 3:44  2000-07-08 97 97 06
2000 Aaliyah I Don’t Wanna 4:15  2000-01-29 84 62 ol
2000 Aaliyah Try Again 4:03  2000-03-18 59 53 38
2000 Adams, Yolanda Open My Heart 5:30 2000-08-26 76 76 74

Table 7: The first eight Billboard top hits for 2000. Other columns not shown are wk4, wkb,
..., WKTS5.

The way this data is organized isn’t bad! This setup is great for data entry.
Making it tidy will make it easier to analyze and visualize later!

Wickham, H. . (2014). Tidy Data. Journal of Statistical Software, 59(10), 1-23. https://doi.org/10.18637/jss.v059.110



https://doi.org/10.18637/jss.v059.i10

EXAMPLE: SAME DATA, NOW TIDY!

year artist time track date week rank
2000 2 Pac 4:22  Baby Don’t Cry 2000-02-26 1 87
2000 2 Pac 4:22  Baby Don’t Cry 2000-03-04 2 82
2000 2 Pac 4:22  Baby Don’t Cry 2000-03-11 3 72
2000 2 Pac 4:22  Baby Don’t Cry 2000-03-18 4 7
2000 2 Pac 4:22  Baby Don’t Cry 2000-03-25 5 87
2000 2 Pac 4:22  Baby Don’t Cry 2000-04-01 6 94
2000 2 Pac 4:22  Baby Don’t Cry 2000-04-08 7 99
2000 2Ge+her 3:15 The Hardest Part Of ... 2000-09-02 1 91
2000 2Ge+her 3:15  The Hardest Part Of ... 2000-09-09 2 87
2000 2Ge+her 3:15 The Hardest Part Of ...  2000-09-16 3 92
2000 3 Doors Down 3:53  Kryptonite 2000-04-08 1 81
2000 3 Doors Down  3:53  Kryptonite 2000-04-15 2 70
2000 3 Doors Down  3:53  Kryptonite 2000-04-22 3 68
2000 3 Doors Down  3:53  Kryptonite 2000-04-29 1 67
2000 3 Doors Down  3:53 Kryptonite 2000-05-06 D 66

Table 8: First fifteen rows of the tidied Billboard dataset. The date column does not appear
in the original table, but can be computed from date.entered and week.

Here, “Week” is a
separate variable,
instead of Weekl,
Week?2, Week3...etc
being used as column
headers.

Each row is now an
observation — one week
that song was on

Billboard.

Wickham, H. . (2014). Tidy Data. Journal of Statistical Software, 59(10), 1-23. https://doi.org/10.18637/jss.v059.110



https://doi.org/10.18637/jss.v059.i10

WHAT CAN | DO WITH TIDY DATA?

Illustrations from the Openscapes blog Tidy Data for reproducibility, efficiency, and collaboration by Julia Lowndes and
Allison Horst



https://www.openscapes.org/
https://www.openscapes.org/blog/2020/10/12/tidy-data/

MORE TIDY DATA RESOURCES

Openscapes blog Tidy Data for reproducibility, efficiency, and collaboration by Julia
Lowndes and Allison Horst

Wickham, H (2014). Tidy Data. Journal of Statistical Software 58 (10).
jstatsoft.org/v59/i10/

“Informal and code-heavy version” of the full paper above:
tidyr.tidyverse.org/articles /tidy-data

Grolemund, G & Wickham, H (201 6). R for Data Science: Ch 12 (Tidy Data)
https://r4ds.had.co.nz



https://www.openscapes.org/
https://www.openscapes.org/blog/2020/10/12/tidy-data/
http://www.jstatsoft.org/v59/i10/
https://tidyr.tidyverse.org/articles/tidy-data.html
https://r4ds.had.co.nz/
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Allie Tatarian

https: //go.tufts.edu/atatarian

This presentation is part of
Love Data Week 2026

https: //go.tufts.edu/LoveDataWeek

This work is licensed under CC BY 4.0 @ 0 and is adapted from the University of Michigan Library presentation at
https://doi.org/10.7302/8684, the Harvard University Library presentation at https://osf.io/hwpqge/files/tewdc, and the Openscapes blog
Tidy Data for reproducibility, efficiency, and collaboration by Julia Lowndes and Allison Horst.



https://go.tufts.edu/atatarian
https://go.tufts.edu/LoveDataWeek
http://creativecommons.org/licenses/by/4.0/?ref=chooser-v1
https://doi.org/10.7302/8684
https://osf.io/hwpqe/files/tewdc
https://www.openscapes.org/
https://www.openscapes.org/blog/2020/10/12/tidy-data/
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