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Even in data-intensive fields of research we are
generating even more and more types of data

1t's estimated that

40 ZETTABYTES

of data will be created by
2020, an increase of 300
times from 2005
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phones

;@

Most companies in the
U.S. have at least

100 TERABYTES
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2.5 QUINTILLION BYTES

of data are created each day

The

By 2015

4.4 MILLION IT JOBS

As of 2011, the global size of By 2014, it's anticipated
data in healthcare was there will be
estimated to be 490 MILLID

are watched on
| YouTube each month

are shared on Facebook
every month

n 0,0 3 are sent per day by about 200
n o L ¥ million monthly active users

Poor data quality costs the US
economy around

don't trust the information
they use to make decisions

Veracity

UNCERTAINTY
OF DATA

in one survey were unsure of
how much of their data was
inaccurate




This data has such potential.
Its limits are our capacity to work with this data.

- Data workflow knowledge
- Software development
- Efficient and effective software use




In particular, application development is critical both in broadening the use of petascale
computing and in advancing to the exascale. Participants noted that “co-design” of
architectures and algorithms (in which scientific problem requirements influence archi-
tecture design and technology constraints inform the formulation and design of
algorithms and software) offers the opportunity to improve the effectiveness of both
petascale and exascale systems. In addition, training programs are needed both to
encourage use of resources at the lower levels of the “Branscomb pyramid” and to
address the new operating models and different memory hierarchies expected for
exascale systems.

NSF Advisory Committee for the Cyberinfrastructure Task Force on High
' Performance Computing, Final Report March 2011
“ 1 https://www.nsf.gov/cise/oac/taskforces/TaskForceReport HPC.pdf



A variety of strategies will be needed to engage new communities. These include
mentoring programs to encourage members of underrepresented groups to pursue careers
in HPC; focused HPC outreach programs at the campus level, such as the NSF Campus
Champions; and the development of tools and training to facilitate the use of HPC and
computational techniques for R&E in additional disciplines. It should be noted that one
community that previously had a large presence in HPC has diminished in activity:
computational engineering.

NSF Advisory Committee for the Cyberinfrastructure Task Force on High
' Performance Computing, Final Report March 2011
“ 1 https://www.nsf.gov/cise/oac/taskforces/TaskForceReport HPC.pdf



How do we scale data and software skills along
with data production?




Building Skills and Community

e Creating training ‘in the gaps’ that is accessible,
approachable, aligned and applicable

e Peer-led hands-on intensive workshops

e \olunteer instructors

e Open and collaborative lesson materials

o Creating and supporting community
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Non-profit organization that:

e Trains people in software development and data science
skills for more effective work and career development

e Builds community and local capacity for teaching and
learning these skills and perspectives




Workshops

2-days, active learning

Feedback to learners throughout the workshop
Trained instructors

Friendly learning environment




Software Carpentry Data Carpentry

Audience: researchers who Audience: researchers who

need to program more Research- are dealing with significant

effectively focused data

computational

Domain independent skills Domain specific (ecology,
genomics, GIS, others...)

Modular curriculum: three Novice-level training

distinct sections, one Full, two day curriculum

optional Two day workshops™* centered around a single

) dataset
Volunteer instructors

applying carpentries
teaching practices

Modular Address gaps in Domain
curriculum computational targeted
skills

Library Carpentry

Audience: People in library and information related
roles

Domain focus: Collections & information support
(e.g.: museums & archives), LIS

Modular curriculum centered around

core objectives and
lessons *flexible scheduling




DATA

CARPENTRY

Data Carpentry Lessons (| D)

e \Working effectively with data and includes domain-specific
content

Workflow for working with data

o Data organization

o Project organization

o Data exploration and visualization
o Automating workflows
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DATA

CARPENTRY

Data Carpentry Lessons "D

e Domain content
o Ecology: working with tabular data, ecological data
o Genomics: cloud computing, genomic data organization, working
with bioinformatics tools at the command line
o Geospatial: organizing and working with geospatial data in R
o Social science: tabular data with social science data
o More in development
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Software Carpentry Lessons

e Software development best practices
o Command line
o Version control with github
o Programming in Python or R

shftware
carpentry

13



Eibrary

Library Carpentry Core Objectives Carpentry

Library Carpentry workshops teach people working in library- and
information-related roles how to:

e Cut through the jargon terms and phrases of software development and data
science and apply concepts from these fields in library tasks;

e Identify and use best practice in data structures;

e Learn how to programmatically transform and map data from one form to
another;

e Work effectively with researchers, IT, and systems colleagues;

e Automate repetitive, error prone tasks.
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Library Carpentry Core Lessons

Eibrary
- 'Earpentry
—te

Introduction to Data

An introduction to data structures, regular expressions, and computing terms
(Jargon Busting & Pattern Matching)

The Unix Shell

An introduction to command line interfaces and task automation using the
Unix shell (Text-based)

Introduction to Git

An introduction to version control using Git and GitHub for collaboration
(GitHub Focus)

OpenRefine

An introduction to cleaning up and enhancing a dataset using OpenRefine
(Journal Metadata Cleaning)
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Workshop goals

Teach skills

Get people started and introduce them to what’s possible
Build confidence in using these skills

Encourage people to continue learning

Positive learning experience
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Our Workshops. Our learners.

39,000

instructors learners

workshops
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Workshops
worldwide

-50

-100 0 100 200

Number of Workshops “

1 10 100 500
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Instructors

Instructor training program that teaches educational pedagogy. How to teach
generally as well as for Carpentries workshops.

http://carpentries.qithub.io/instructor-training/

Over 1,600 volunteer instructors on 6 continents

O
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http://carpentries.github.io/instructor-training/

Curriculum

e Open and collaboratively developed
e Continual improvement and up-to-date

(b‘ Home Code of Conduct Setup Episodes ~ Extras - License improve this page /'

Programming with Python
The best way to learn how to program Is to do something useful, so this introduction to Python is bult around a common scientific task: data analysis.
Our real goal isnt 1o teach you Python, but 10 teach you the basic concepts that all programming depends on. We use Python in our lessons because:

we have to use something for examples;

. 's free, well-documented, and runs aimost everywhere;

.t has a large (and growing) user base among sclentists; and

experience shows that it's easier for novices to pick up than most other languages.

N

But the two most important things are to use whatever language your colleagues are using, so that you can share your work with them easily, and to use that language wedl.

We are studying inflammation in patients who have been given a new treatment for arthritis, and need to analyze the first dozen data sets of their daily inflammation, The data sets are
stored in comma-separated values (CSV) format: each row holds information for a single patient, and the columns represent successive days. The first few rows of our first file look
like this:

0,0,1,3,1,2,4,7,8,3,3,3,10,5,7,4,7,7,12,18,6,13,11,11,7,7,4,6,0,8,4,4,5,7,3,4,2,3,0,0
' 0,1,2,1,2,1,3,2,2,6,10,11,5,9,4,4,7,16,8,6,18,4,12,5,12,7,11,5,11,3,3,5,4,4,5,5,1,1,0,1
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Curriculum Development Process

In the process of developing infrastructure and guidelines to support more lesson
development.

e |dentifying needs for content
e |dentifying learning goals and objectives
e Content development and assessment

O
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Community

A group of people excited about software and data skills and about sharing them
with others

Mentoring program and instructor onboarding
Discussion groups and community calls
Email lists

Teaching at other institutions
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Outcomes

Short and long term surveys show that people are learning the skills, putting them
into practice in their work and have more confidence in their ability to do

computational work.

The tools | learned in my Carpentry workshop:
“helped me to reshape my workflow into a far more efficient and robust process.”
“are improving my ability to share data and code.”

‘helped facilitate my understanding of the problems and solutions to accessing and
transforming data.”

“[are] useful tools for training my own team.”
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Who takes workshops?

Self-Reported Status of Carpentry Learners
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Confidence increases after just two days

Pre and Post Comparison of Skills and Perception
Write Program @ sz et
Search Answers silFsa g
Reproducibility Programming S Sty TTrernapee

Overcome Problem @ - nin@ei#

skill

Efficient Programming 3 B =
Data Raw Q@@ =

Confidence Programming ®: el Rl

0 2 4
Score (0: strongly disagree - 5: strongly agree)
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Confidence persists long term

Change Confidence

I m more confident &
now. i

| m equality

confident now. po

I m less confident
now.

0% 20% 40% 60% 80% 100%
% Respondents

Numbers of answers reported on the graph (n = 404).



Continued learning



People continue to learn after
workshops

Agreement Learn More

Strongly agree ® 174

Agree ® 247

Neutral ——@ 43

Disagree @ 11

Strongly disagree @ 13

0% 20% 40% 60% 80% 100%
% Respondents

Numbers of answers reported on the graph (n = 488).



How are these skills affecting your work

They are improving
my overall ® 290
efficiency.

They are improving
my ability to ® 259
analyze data.

They are improving
my ability to manage ® 239
data.

| am not using the

tools | learned. 79

The tools | learned
have not helped me ——@ 35
with my work.

0% 20% 40% 60% 80% 100%
% Respondents

Numbers of answers reported on the graph (n = 893).
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People strongly recommend
workshops to others

Has Recommended

Yes. ® 363

No.—e 71

| don't remember. ———® 46

0% 20% 40% 60% 80% 100%
% Respondents

Numbers of answers reported on the graph (n = 480).
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