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Data Management Education 

Lesson 10: Analysis and Workflows

Typical data analyses

Data processing: may include selecting a subset 
of data for analysis, merging multiple data 
sets, manipulating data for usability, or data 
transformation
Graphical analysis: makes it easier to see patterns 
and can aid in the identification of outliers
Statistical analysis: conventional statistics are used 
to analyze experimental data; descriptive statistics 
are used to analyze observational or descriptive data
Science is iterative: the process that results in the final 

product can be complex.

Reproducibility..

...is at the core of the scientific process. If results are 
not reproducible, they lose credibility. 

Good documentation of the data and the analysis 
are essential!

Formal Workflow

Analytical pipeline where each step can be 
implemented in different software systems. 

Parameters and requirements for each step are 
formally recorded.

• Single access point for multiple analyses 
across software packages

• Keeps track of analysis and provenance to 
better enable reproducibility

• Workflow can be stored
• Allows sharing and reuse of individual steps 

or overall workflow

Local contact information

View all Education Modules at https://www.dataone.org/education-modules

Workflows

Definition: Precise description of the procedures 
used in a project. Can be formal or informal.

Informal workflow

No special software is needed to create workflow 
diagrams. Workflow diagrams include: 
• Inputs and outputs
• Transformation rules or analytical processes
• Decision points
• Arrows indicating direction of process flow

Informal Workflow Example

Formal workflow example: Kepler software

Best practices for data analysis

Formally or informally document the workflows 
used to create results. Include: 
• Data provenance
• Analyses and parameters used
• Connections betweeen analyses via inputs and 

outputs
Document the code you write for analyses.
• Well-documented code is easier to review and 

share and enables repeated analyses
• Include project level information; script de-

pendencies, inputs, and outputs; parameters; 
and what happens in individual sections

Construct end-to-end scripts that run the entire 
process from start to finish without intervention.



The Fractured Lab Notebook 

Strasser & Hampton (2012) Ecosphere 3:12 DOI: 10.1890/ES12-00139.1 



DataONE Education Modules 
dataone.org/education-modules 



Hands-on Exercises for Data Management 
http://www.dataone.org/education-modules 
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Hands-on	Activity	3:	Data	Management	

Planning	

Associated	DataONE	Lecture:	Lesson	3:	Data	Management	Planning	
	
Objectives:	Students	understand	the	importance	of	planning	for	data	management,	be	able	to	

identify	the	basic	components	of	a	data	management	plan	(DMP)	and	draft	a	simple	DMP	using	

the	DMPTool.	

	
Outcomes:	Students	can	use	the	DMPTool	to	create	a	thorough	data	management	plan.	

	
Time	Needed:	One	hour	out	of	class,	15	–	30	minutes	in	class	discussion.	

	
URLs:	DMPTool:	http://dmptool.org	

	
Additional	Files	Needed:	Information	about	a	specific	project	for	which	the	DMP	can	be	written	

(such	as	a	project	workplan).	

	
Key	Readings:	

• Data	management	guidance:	http://dmptool.org/dm_guidance	

• DCC	How-To	Guide	on	developing	a	data	management	and	sharing	plan:	

http://www.dcc.ac.uk/resources/how-guides/develop-data-plan.		

• NSF	requirements	on	data	management	plans:	

http://www.nsf.gov/pubs/policydocs/pappguide/nsf11001/gpg_2.jsp	-	dmp	

• DMPTool	Quick	Start	Guide:	http://dmptool.org/quickstartguide	

• Example	DMPs	from	DataONE:	http://www.dataone.org/data-management-planning	

Notes	and	Instructions	for	Instructors:		
	
This	exercise	will	have	students	walk	through	creating	a	basic	data	management	plan	using	the	

DMPTool.	The	tool	is	fairly	self-explanatory,	but	instructors	should	be	ready	to	answer	questions	

about	terms	used	in	the	tool,	as	well	as	basic	DMP	components.	Consider	exploring	the	

DMPTool	FAQ	site,	http://ask.dmptool.org.	Instructors	may	also	want	to	generate	a	DMP	using	

the	tool	to	familiarize	themselves	with	the	basic	workflow	for	creating	a	DMP.		A	few	points:	

	

• Decide	on	which	DMP	funder	template	you	will	have	the	students	use	before	the	

exercise.	“NSF-Generic”	is	a	good	example	of	a	basic	template.		

• Allow	students	plenty	of	time	to	explore	the	DMPTool	website,	especially	the	resources	

on	data	management	best	practices:	http://dmptool.org/dm_guidance	

• Have	students	use	the	DMPTool	to	write	up	a	DMP	for	a	specific	project	that	they	know	

reasonably	well.			

• There	is	significant	guidance	within	the	DMPTool	itself	for	each	of	the	questions	the	

students	will	answer.	Encourage	them	to	follow	links	provided	and	read	more	about	

good	practices	for	data	management	planning.	

Hands-on Exercises for Data Management 
http://www.dataone.org/education-modules 
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Hands!on#Activity#1:#Accessing(Data(in(
the$Literature"
Associated*DataONE*Lecture:*Lesson"1:"Why$Data$Management$

Objectives:"Students"recognize"the"value"of"accessibly"archived"data,"by"experiencing"the"
challenges"of"accessing"data"from"published"papers."

Outcomes:*(1)"Students"can"explain"why"accessible"data"archiving"is"valuable."(2)"Students"can"
provide"strategies"for"getting"data"from"published"papers,"and"anticipate"challenges"to"accessing"
the"data."

Time*Needed:*One"hour"out!of!class,"15"–"30"minutes"in!class"discussion.""

URLs:"Any"resource"for"searching"scientific"literature"(e.g."Web$of$Science,"Google$Scholar,"
JSTOR,"BioOne).""

Additional*Files*Needed:"None"

Key*Reading:*Carly"A"Strasser"and"Stephanie"E"Hampton."2012."The"fractured"lab"notebook:"
undergraduates"and"ecological"data"management"training"in"the"United"States."Ecosphere"
3:art116."doi:"10.1890/ES12!00139.1"

Notes*and*Instructions*for*Instructors:**
"
An"intended"take!home"lesson"of"this"activity"is"that"access"to"valuable"original"data"can"become"
difficult"or"impossible"in"a"short"period"of"time"after"a"paper"is"published,"but"this"loss"of"
accessibility"is"avoidable."How"easy"it"is"to"access"original"data"depends"on"the"field;"some"fields"
have"developed"a"culture"of"data"sharing"and"data"accessibility,"including"genetics,"climate"
studies,"and"geography."Others"do"not"have"this"tradition."Because"of"these"field!specific"
cultures,"students’"success"at"accessing"data"will"depend"on"the"topic"and"question"they"chose.""

It"may"be"worth"reviewing"with"the"students"the"different"ways"by"which"scientists"access"
others’"data:"data"tables"or"published"data"appendices"within"a"paper,"extracting"(estimating)"
data"from"published"graphs,"online"data"archives"or"data"streams"(either"restricted"to"journal"
subscribers"or"public),"writing"the"author"and"requesting"the"data"etc.""

After"students"have"completed"the"exercise"(see"Student$Instructions,"below),"have"students"
discuss"the"challenges"that"they"faced"in"figuring"out"how"to"access"data"from"the"published"
literature"that"are"relevant"to"their"question,"and"ways"the"students"came"up"with"to"deal"with"
the"challenges."This"can"be"done"as"a"15"to"30"minute"whole!class"discussion"or"in"small"groups"
with"a"report!out."Things"to"note"include"whether"accessibility"to"data"varied"depending"on"the"
question"addressed,"and"whether"accessibility"depended"on"how"long"ago"the"paper"was"
published."Perhaps"culminate"the"discussion"with"questions"about"why"data"underlying"

Lesson 6: Protecting Your Data 

Data in real life

A design firm’s backup system was working fine. 
The backup software reported that backups were 
successfully completed. The administrator checked 
the backups right after they were done and confirmed 
they were good.

After a virus erased most of their files, they went  to 
their backups and found that they were all blank. An 
investigation revealed that the backup tapes were 
stored near an elevator. Whenever the elevator went 
past, magnets inside it erased the tapes. 

Had they checked their backups properly, they may 
have noticed this before there was an emergency.

Why perform backups?

• Limit or negate data loss, particularly of data that 
is not reproducible

• Save time and money
• Help prepare for disasters
• Reproduce results of past 

procedures
• Respond to data requrests
• Limit liability

Local contact information

Definition: Data preservation

Includes backups and archiving as well as processes 
such as data conversion, reformatting, and rescue.

Preservation: Questions to consider

• Are you using non-proprietary, standard formats?
• Are your file versions well-labeled?
• Are file names consistent, descriptive, & concise?
• Have you created a good data management plan?
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View all Education Modules at https://www.dataone.org/education-modules

Backups             vs.             Archiving

• Periodic snapshots 
of current version

• Stored for short or 
near-long-term 

• Often done on a 
somewhat frequent 
schedule 

• Final version for 
historical reference or 
disasters 

• Stored for long-term 
• Created at end of 

project or at major 
milestone

Keep multiple copies of your backups & archives in 
case one copy fails!

Backups: Questions to consider

• Are there existing policies that might affect how 
and when you do backups? 

• How often should you do backups?
• Should you do partial or full backups?
• What will you do with non-digital content?
• Where will you backup your files?
• Will backups be manual or automatic?
• How do you recover files from your backup?
• How will you verify that a backup has been per-

formed successfully?
• Do you need to create backups of the backups?
• How long will you keep your backups?
• What will happen to your backups when funding 

ceases, the project ends, or staff leave?
• Can you read data off of older backups?
• How will outdated data be disposed of?

Only back up the data you can’t afford to lose!

Best Practices

• Create a detailed and thorough backup policy.

• Review your backup policy and plan periodically 
to ensure it is still valid and applicable.

• Minimize or remove reliance on users to perform 
manual backups.

• Don’t assume backups are being made for you.

• Use non-proprietary, standard formats.

• Check your backups manually.

• Have multiple versions of backups on multiple 
formats in multiple places.

• Practice good data management to limit the 
amount of data rescue that needs to be done to 
older data.

Lesson 2: Data Sharing

Address data sharing throughout the data lifecycle

Describe data content, character, and process. 
Deposit in a location from which it can be accessed. 
Preserve in formats & on media good for long term. 
Publish information about the data so that others can 
discover it easily.

The value of data sharing

To the scientist
• Receive research sponsor recognition as an 

authoritative source
• Improved data quality
• Greater opportunity for data exchange
• Improved scientific network connections & 

potential collaborations

To the research sponsor/funder
• Enhanced value of investments by maximiz-

ing the return on research dollars spent.

To the research community
• Better ability to build upon rather than 

repeating the work of others
• Ability to perform meta analyses
• Increased transparency, reproducibility, and 

comparability of results
• Ability to expand methodology assessment, 

recommendations, & improvements
• Better education for new researchers on the 

most current and significant findings

To the public
• Better access to information leads to better 

understanding and contributions toward 
effective public & personal decision making

Data 
Life 

Cycle

Concerns about data sharing

Concern Solution

Inappropriate use due 
to misunderstanding 
of research purpose 
or parameters

• Provide rich Abstract, 
Purpose, Constraints 
of Use, & Supplemental 
Information as needed

Security and 
confidentiality of 
sensitive data

• Provide metadata with-
out actual data

• Use Constraints can be 
used to say who may 
access & how 

Lack of credit or 
acknowledgement

• Specify required 
data citation in Use 
Constraints

Loss of advantage 
when competing for 
research dollars

• Create a second, public 
version w/generalized 
Data Processing Desc.

Data sharing to understand Alzheimer’s Disease

“It’s not science the way most of us have practiced 
in in our careers. But we all realized that we would 
never get biomarkers unless all of us parked our egos 
and intellecutal-property noses outside the door 
and agreed that all of our data would be made public 
immediately.” -- John Trojanowski, U. Penn

More at the NY Times: http://nyti.ms/1pVKe44

Methods for making data sharable

Create discoverable, robust metadata.
Include unique IDs & citation information.

Have contributors review metadata for accuracy.
Publish metadata via a portal or clearinghouse.

Good metadata is the 
solution to all these 
concerns!

	   	   	  metadata	  

View all Education Modules at https://www.dataone.org/education-modules

Local contact information

DataONE Education Modules 
dataone.org/education-modules 
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Maintenance 



Challenges 



Solutions 



Versioned work space 



Versioned work space 



Structured repository 



Structured repository 





Data Management Skillbuilding Hub

• Structure: Data life-cycle 
• Current holdings: Education modules and best 

practices
• Citation: Credit where credit is due
• Editing content (forking!)
• Creating new content (in the works)
• Future holdings





Data life-cycle stages
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Data Management Skillbuilding Hub

• Structure: Data life-cycle stage
• Current holdings: Education modules and best 

practices
• Citation: Credit where credit is due
• Editing content (forking!)
• Creating new content (in the works)
• Future holdings

Tutorials:





Data Management Training 
(DMT) Clearinghouse: 

A	Convenient	and	Curated	Source	
for	Finding	Educational	Resources	
on	Research	Data	Management	

(RDM)	
	

DataONE Webinar 
October 9, 2018 

Nancy J. Hoebelheinrich  



Research Data Management Training – 
Sometimes you or your research team 

need it,  

•  Motivators:		
–  Funders	require	
–  Publishers	are	beginning	to	

require	
–  For	scientific	reproducibility	
–  For	data	re-use	by	colleagues	

&	collaborators	
–  Community	culture	beginning	

to	expect	open	data	
–  Others…?		

•  Why is training needed? 

 
 

but  
where to find 

training 
resources?	

	



Napkin	Drawing	

3	

Web	Portal	/	
Metadata	
Content	

Repository/	
Clearinghouse	

How	do	I	
learn	/	
teach	
RDM?	

Who	else	is	
doing?	

Whoa!		Too	many	
choices!		Which	is	
right	for	me?	

Search	
		Browse	
					Submit	

Lab	/	Classroom	/	1	on	1	

Self	–	taught	
Researcher	

Excerpted	from	the	SGCI	BootCamp	“Pitch	Deck”	



Introducing the ESIP-hosted Data 
Management Training Clearinghouse!   

http://dmtclearinghouse.esipfed.org/    
	



What is the Data Management Training 
(DMT) Clearinghouse?? 

What?	
•  Metadata registry for 

educational resources on 
research data management 

•  Capabilities include: 
–  Search 
–  Browse 
–  Submit 

•  Collaboratively developed & 
maintained 

http://dmtclearinghouse.esipfed.org/		

•  Short courses ala “Kahn 
Academy” (7 – 15 min. 
modules) 

•  Videos 
•  Learning activities to 

supplement courses 
•  Presentations & webinars 
•  Data “recipes” 
•  Syllabi & curricula 

What	kind	of	training	resources?	



Why use the DMT Clearinghouse?? 

Answers	to	these	Researcher	
questions:	
-- What kind of resources are 
available on RDM & where did 
they come from? 
-- Do they pertain to my subject 
domain? 
-- Do they fit the data 
management framework of my 
organization? 
-- Are they appropriate for my role 
on my research team? 
-- What do they cost? 
 
 

Answers	to	these	Data	Specialist	
questions:	
-- I’ve been asked to provide 
some training to a research team 
on RDM .  What have others done 
that I can adapt? 
-- Where can I find practical, 
subject-domain targeted 
exercises for my generic tutorials 
on RDM? 
-- Colleagues keep asking me for 
the training resources that I’ve 
created.  Where can I share them 
easily? 



Currently,	hosted	&	maintained	
•  On & by the ESIP Federation 

Commons – a Drupal based 
content management system 

•  Don’t need to register for 
Search / Browse / Suggest a 
Resource to add  

•  Do not need an ESIP Acct to 
“submit” a resource, unless 
planning to create full 
description 

Sustainability	Plan	
•  Crowd-sourced submissions 
•  Domain-knowledgeable 

reviewers & editors to maintain 
quality & currency of resources 

•  Always seeking user interface & 
functionality feedback 

•  After initial seed $$, have been 
funded by IMLS for 3 year 
National Leadership Grant 

•  Exploring options for longer term 
Sustainability from NSF  

Where, how is the DMT Clearinghouse 
maintained?? 



Let’s take a look! 
   

http://dmtclearinghouse.esipfed.org/    
	



Browse	Function	
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What	is	an	educational	
framework?	

•  An	[educational]	framework	
is	a	plan	or	set	of	steps	that	
defines	or	collects	the	
content	using	clear,	
definable	standards	about	
what	the	student	should	
know	and	understand.				

•  For	purposes	of	the	DMT	
Clearinghouse,	a	given	
learning	resource	may	be	
associated	with	a	
community-defined	
standard	for	data	
management.			

•  For	example,	the	DataONE	
framework	represents	the	
DataONE’s	“Data	Life	Cycle”.	

https://www.dataone.org/data-life-cycle	

The	DataONE	data	life	cycle	was	developed	…in	collaboration	with	
the	broader	DataONE	community	…	[and]	serves	as	an	underlying	
framework	for	the	development	of	tools,	services	and	education	
materials	by	DataONE.	



Browse	Function	
From	~250	‘published’	resources	è	~10	



Browse	Function	--	you	found	one	that	
looks	useful!		What	next?	



Browse	Function	--	you	found	one	that	
looks	useful	from	the	brief	description!		

What	next?	



Browse	Function	--	you	want	to	see	
more	about	this	one!		What	next?	

Click	on	the	View	full	description	to	
look	at	the	full	metadata	…	or		
the	View	resource	button	to	go	directly	
to	the	“landing	page”	of	the	resource.	



Search	Function	



Search	Function:		3	approaches	



Search	Function:		Approach	3:		
Combining	Approach	1	&	Approach	2	…	



Search	Function:		Approach	1	=	You	
search	using	your	own	terms	



Search	Function:		Approach	2	=	You	
start	by	checking	boxes	within	the	pre-

set	categories	(“filters”)	



Built-in	Search	Filters	



…		then	limiting	by	Keyword	filter…	

Demonstrating	Approach	3:		Start	by	
entering	your	own	search	term…	



Demonstrating	Search:		finally,	limiting	
even	more	by	the	Framework	filter…	



Demonstrating	Search:		however,	if	too	
precise,	you	can	either	Clear	all	to	

start	over	…	or	uncheck	filters	/	facets	



Full	Description	–	1	of	2	



Full	Description	–	2	of	2	



Submit	Function,	briefly	



Submit	Function,	briefly	



As	a	community	supported	resource	
we’d	love	to	have	you	to	join	us	by...	

Ø Submitting	your	learning	
resources	

Ø  Joining	our	Working	
Groups	on	
Ø Assessment	

Framework	
Ø Metadata	

Enhancement	
Ø Content	

Diversification	
Ø Editorial	assistance	
Ø Usability	testing	
Ø Spreading	the	word	
Ø  Jumping	in	on	our	

crowdsourcing	events	



Join us! 
Join the ESIP Research Data Management Cluster at:  esip_dmtraining@lists.esipfed.org 

Contact:   
Nancy Hoebelheinrich  (nhoebel@kmotifs.com) or  

clearinghouseEd@esipfed.org 

http://dmtclearinghouse.esipfed.org/    
	



Please take some time and come ask us questions at the help desk

• One off lessons
• Host/store here
• Indexed at DMT 

Clearinghouse

• Index here
• Metadata
• This is a registry

Megan Mach mach@unm.edu
Nancy Hoebelheinrich nhoebel@kmotifs.com
Amber Budden aebudden@dataone.unm.edu

DMT ClearinghouseData Management 
Skillbuilding Hub

http://dataoneorg.github.io/Education http://dmtclearinghouse.esipfed.org

mailto:mach@unm.edu
mailto:nhoebel@kmotifs.com
mailto:aebudden@dataone.unm.edu


DataONE Webinar Series
www.dataone.org/webinars

Upcoming Webinar Event
www.dataone.org/upcoming-webinar

Previous Webinar Events (Recording and 
Discussion)
www.dataone.org/previous-webinars

#DWS2018
@DataONEorg



Upcoming Webinar Event
www.dataone.org/upcoming-webinar

Schema.org: Improving access to data through a 
standardized language
November 13, 2018

Bryce Mecum, Scientific Software Engineer, National Center 
for Ecological Analysis and Syntheis (NCEAS)
Doug Fils, Data Management Technical Expert, Consortium 
for Ocean Leadership (COL)




