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Matt Breymaier, 
Sai Theja NIDDK;
NCI & other ICOs -> 

FROM RESEARCH STUDY DESIGN TO COLLECTING, MANAGING, AND ANALYZING DATA
Learning Objectives:
1. To delineate features of REDCap* to support project management for research 
studies (e.g., how different types of studies  (longitudinal vs cross-sectional etc) 
can be designed).

2. To outline steps to create detailed data collection plans which fulfill regulatory 
requirements. 

3. To identify principled approaches to data collection and management. 

4. To explain the connections between research rigor and reproducibility. 

* some webinar participants may well use other electronic data capture (EDC) systems, such as those from

Speaker Switch

Other helpful 
resources 

/links within 
NIH SharePoint:

https://www.ctsu.org/Public/Default.aspx


Principles of Data Collection & Management Part 3 topics
• Document organization and access as part of study planning: 
*regulatory, clinical, and case report forms 
• Data Management and Sharing Plans
• Data Management for Reproducibility
 • Take Home Points to follow Guiding Principles

NIDDK Biostats Seminar Series Speaker 
Today, 2025-07-24 

Ken Wilkins: Mathematical Statistician, Biostatistics Program Office
Office of the Director, NIDDK

*see also the earlier webinar “Initiation, Regulatory Requirements, & Statistical Design for Research Studies conducted at NIH”

https://bioinformatics.ccr.cancer.gov/btep/classes/principles-of-data-collection-and-management
https://bioinformatics.ccr.cancer.gov/btep/classes/initiation-regulatory-requirements-and-statistical-design-for-research-studies-conducted-at-the-nih






Principles of Data Collection & 
Management: basis in clinical data

• CLINICAL CARE INFORMATION IS DATA (SUBJECT TO HIPAA): 
ADAPT YOUR USE OF IT IN RESEARCH (PER PROTOCOLS AS IN NIH CC)

• as stated in a longstanding NIH course* on clinical research:

“DATA MANAGEMENT IS THE OPERATIONALIZATION OF GOOD CLINICAL PRACTICE (GCP)”

For more details, take a NIH-sponsored CITI course on GCP; also try the 
*NIH Course: Intro to Principles & Practices of Clinical Research OR IPPCR 

https://bioinformatics.ccr.cancer.gov/btep/classes/principles-of-data-collection-and-management
https://bioinformatics.ccr.cancer.gov/btep/classes/principles-of-data-collection-and-management
https://intranet.cc.nih.gov/sites/nihintranet/files/intranet-files/ccc/mrh/mrhandbook.pdf
https://www.cdc.gov/phlp/php/resources/health-insurance-portability-and-accountability-act-of-1996-hipaa.html
https://cc-internal2.cc.nih.gov/policies/PDF/M12-1.pdf
https://irbo.nih.gov/confluence/display/ohsrp/Required+CITI+Training
https://ocreco.od.nih.gov/pdfs/IPPCR-2024-2025-Syllabus-v2_final_508.pdf
https://ocreco.od.nih.gov/courses/ippcr.html
https://irbo.nih.gov/confluence/display/ohsrp/Required+CITI+Training




Data Management Principles=
Ethical Principles

Principles of Data Collection & Management Part 3 Topics
• Document organization and access as part of study planning:
regulatory, clinical, and case report forms
• Data Management for Reproducibility
• Data Management and Sharing Plans

• Take Home Points to follow Guiding Principles
“All investigators are expected to conduct themselves according to the 
highest standards of professional conduct and integrity 
and to adhere to the ethical principles that address the protection of human 
subjects in research” 
-3014-300 Investigator Responsibilities, NIH Policy Manual

Data Integrity

https://bioinformatics.ccr.cancer.gov/btep/classes/principles-of-data-collection-and-management






Document organization and access as part of study planning: 
regulatory, clinical, and case report forms (CRFs) – defining each type

Clinical interaction & 
assessment with 
study participants

Clinical records of 
interaction & 

assessment with 
study participants

Electronic-system-entered 
records of interaction & 

assessment with study 
participants<⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ CLINICAL ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅>

<⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ REGULATORY ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅>

<⋅⋅ ⋅ ⋅ ENTAILS 
CRFs⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅>





Document organization and access within scope of study planning: 
regulatory for study and case report forms – defining such SUB-types

Clinical source document 
records of interaction & 
assessment with study 
participants

Electronic-system-entered 
records of interaction & 
assessment with study 

participants

<⋅⋅ ⋅ ⋅ ENTAILS 
CRFs⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅>

Electronic Study 
database entries 
(based on CRFs & 

other sources)
<⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ REGULATORY ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅>

<⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ CLINICAL ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅>

<⋅⋅DATA⋅ ⋅>

Quality 
Assurance
& safety 
monitors





Document organization & access as part of study planning (with help!): 
regulatory, clinical, and case report forms: data tracked throughout
 • Protocol navigation staff (from IRBO to ICO-specific, e.g., Dr. Studlack) 
• Clinical Directors’ Office staff, especially Data Mgmt/Informatics!
• Study team members who are closest to data-generation
• For trials, also Quality Assurance(QA)/Safety monitors

• For any study, best to ‘pre-audit’!
Team Members to keep in 
mind for later

Investigator

Clinician Co-
Investigator/Study 
Coordinator

Data Manager/ 
Informaticist

Data Analysts/ Biostats



BEGINNING WITH THE END IN MIND: protocol will be posted publicly
NOTE: journals require rigor, prior-specified data analyses documented in:
• FULL & FINAL protocol: use templates adhere to type (e.g., clinical trial)

• See walk-through of protocol elements during earlier webinar in BTEP series
• Templates for varied types of studies (trials v. observational v. ‘secondary’)

• Among trials, distinctions by ‘intervention’ type: drugs/biologics v. device v. behavioral
• Protocol Section 9 may well define distinct ‘analysis populations’ per distinct study aims

• For reproducibility (covered in depth later) much additional metadata needed
• High-level description of approach in protocol, details (metadata) can be triaged to SAP
• Additional structural details (metadata) would fall within the Data Management (DM) plan

From Study Design to Collecting, Managing, 
& Analyzing Data: KEY STUDY DOCS

https://irbo.nih.gov/nih-irb-templates/protocol-templates/
https://oir.nih.gov/sourcebook/intramural-program-oversight/intramural-data-sharing/guide-fdaaa-reporting-research-results/frequently-asked-questions-nih-clinical-trial
https://bioinformatics.ccr.cancer.gov/btep/?s=niddk
https://youtu.be/Ps4c6Va7VIg?si=yDIwZAPfd24CLGEr&t=263




BEGINNING WITH THE END IN MIND: smooth Data Management(DM)→Analysis
NOTE: journals require rigor, prior-specified data analyses documented in:
• Statistical Analysis Plan (e.g., extramural templates help; more to come!)

• THEN can go into level of detail needed to REPRODUCE a study-specified analysis 
• As covered in prior webinar by Dr. Auh
• MORE TIME UP-FRONT YET:
• ANALYSIS SETUP DONE WITH DM SPEC’S:

• CLEAR EXPECTATIONS AMONG TEAM
• CLEAR DIVISION OF DATA TASKS
• GOALS: VERSIONED REPRODUCIBILITY AND MITIGATING FALSE POSITIVE FINDINGS

From Research Study Design to Collecting, 
Managing, & Analyzing Data: Journal

Analysis Environments  Estimates

Database

https://www.niaid.nih.gov/sites/default/files/statistical-analysis-plan.pdf








As such documentation is required for rigor, need to organize (as in PQS*)
• Document organization & access as part of study planning & conduct: 
regulatory, clinical, & case report forms (CRFs)Pery System

From Research Study Design to Collecting, 
Managing, & Analyzing Data: clinical context 

*PROTRAK Query System; 
login with NIH auth. here

Source 
documents

CRF 
entries

Clinical Research 
Database

Analysis 
Environment

Notably, all clinical care (done for protocol enrollees) 
requires documentation

https://clinweb.cc.nih.gov/pqs/Login/Index


BEGINNING WITH THE END IN MIND: external publication expectations
NOTE: most journals require rigor, docs with prior-specified data analyses
• PROTOCOL-specified analysis plans 
• Statistical Analysis Plan (SAP)
• Occasionally, depending on the journal-meets-editorial discretion:

• Data collection instrumentation (see Best Practices in Resources Doc)
• Documentation of data workflows (see Data Mgmt/Sharing Plan [DSMP], below)
• Documented oversight by independent agents (IRB, Safety Monitoring bodies)

From Research Study Design to Collecting, 
Managing, & Analyzing Data: Journals







To meet this, document all as you organize (and map out data integration)
 • Document rigor: how sources map to database: Source Data Maps! 
PROTRAK Query System

From Research Study Design to Collecting, 
Managing, & Analyzing Data: Source Maps

Source 
documents/ 
readouts*

CRF & 
inter- 
mediate 
file entries

FULLY INTEGRATED 
Clinical Research 
Database

Analysis 
Environment… 
integration key 
to monitoring

* On note of “source documents” it’s noteworthy that any document 
created within a 21CFR-part-11-compliant system will itself be 
considered a source document – e.g., REDCap CRFs, 21CFR11-
compliant device’s exported files like those in some CLIA-certified 
equipment for lab assays

https://docs.google.com/document/d/1qd5VRMLsnHCnqUXg7VinrSxJxSQPqtw2GTHl8HRc9J4/edit?usp=sharing
https://www.niddk.nih.gov/research-funding/human-subjects-research/policies-clinical-researchers/data-safety-monitoring-plans
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-A/part-11
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-A/part-11
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-A/part-11
https://fcsexpressdownloads.s3.amazonaws.com/FCS_Express_CFR_table.pdf
https://www.bio-rad.com/en-us/feature/flow-cytometry-21-cfr-part-11-compliance.html




So, just document all as you organize (and map out data integration)
 • Document rigor: how sources map to database: Source Data Maps
 Example 1-arm trial: note distinct yet equivalent diction for key data

‘endpoint’ per Protocol Template specific use of
generic “outcome measure” (term in CTG) Query System

From Research Study Design to Collecting, 
Managing, & Analyzing Data: Provenance

Source 
documents/ 
readouts

CTG=ClinicalTrials.gov

PROVENANCE: ‘bigger tent’ for ‘trace-
ability’, i.e., audit-ready capacity to 
trace each quantity back to source 
information; illustrated below as key 
part of REPRODUCIBILITY

“Change in proteinuria”

“Model-estimated fold-change in mean urine Protein to 
Creatine ratio 3 months post-randomization”

https://docs.google.com/document/d/1qd5VRMLsnHCnqUXg7VinrSxJxSQPqtw2GTHl8HRc9J4/edit?usp=sharing
https://clinicaltrials.gov/


Principles of Data Collection & Management Part 3 Topics
• Document organization and access as part of study planning: 
regulatory, clinical, and case report forms
• Data Management for Reproducibility: rigor-anchored transparency
• Data Management and Sharing Plans
 • Take Home Points to follow Guiding Principles

“Data Management spans protocol 
conception to completion” 
-Matt Breymaier, 1st part of this webinar

https://bioinformatics.ccr.cancer.gov/btep/classes/principles-of-data-collection-and-management
https://grants.nih.gov/__extra/reproducibility/module_1/presentation.html


BEST PRACTICE: document all as you organize (& map out how data ‘connect’)
Source Data Map key to provenance* for each given product of a study

• PROVENANCE: audit-ready capacity to trace each & every 
quantity back to source info; key part of REPRODUCIBILITY

• VERSIONING & ACCESS CONTROL (WITH DE-IDENTIFICATION) WITHIN DM ARE KEY 
• LACK OF PROVENANCE (AND REPRODUCIBILITY) CAN BE AN ETHICAL ISSUE DUE 

TO HUMAN ERROR: SEE CANCER TRIALS’ UNETHICAL TREATMENT OF >100 
PATIENTS STARTED WITH DUKE-PIS' SPREADSHEET-DATA-MANAGEMENT ERROR* 

From Study Design to Collecting, Managing, 
Analyzing Data: Defining Provenance

* INITIALLY UNCOVERED DUE TO TRIAL-MOTIVATING STUDY’S FINDINGS BEING BASED ON PUBLICLY-ACCESSIBLE DATA

https://nih.sharepoint.com/:f:/r/sites/NIDDK-ONCCollaborations/Shared%20Documents/NIDDK%20Coordination%20with%20NCI%20BTEP/Biostatistics%20Webinar%20Series/Principles%20of%20Data%20Collection%20%26%20Management?csf=1&web=1&e=Q4PkkD
https://www.birs.ca/events/2013/5-day-workshops/13w5083/videos/watch/201308141121-Baggerly.html
https://www.birs.ca/events/2013/5-day-workshops/13w5083/videos/watch/201308141121-Baggerly.html
https://bioinformatics.mdanderson.org/Supplements/ReproRsch-Chemo/




BEST PRACTICE: version documents as you revise (especially map of data)
Source Data Map (SDM) key to constraints on SAP & DM plan (DMP) for a study

• VERSIONING OF INTERDEPENDENT DOCS & ROLE-BASED ACCESS CONTROL ARE KEY

From Study Design to Collecting, Managing, 
Analyzing Data: Defining Provenance

Protocol

SDM

DMPSAP

Protocol

SDM

DMPSAP

Co-
authors’ 
new data

New 
SDM⇒ 

DMP

Align 
DMP↔SAP

SAP specs 
new data 

checks

Circulate 
Draft; 

need new 
data 

Revise 
Protocol

Revise 
DMP

Align 
DMP↔SAP

Revises 
SAP specs 
more data 

checks

Revise 
SDM

NEW VERSIONING 
ACROSS ALL DOCUMENTS

DOC VERSIONING: 
IMPACTS REDCAP 
DEV  PROD
STUDY TEAM SOPS 
& PRE-AUDIT 
SCHEDULE EVOLVES

https://nih.sharepoint.com/:f:/s/NIDDK-ONCCollaborations/EtuUqAO_JxNDhREAA5kh8PsBrkH4iFX8Hd-qNucEwUohlg?email=kenneth.wilkins%40nih.gov&e=fv0eb3


BEST PRACTICE: document all as you organize (& map out how data ‘connect’)

From Prospective Study Design to Collecting, 
Managing, Analyzing Data: Reproducibility

Responsible 
Team Member

Pre-
collection: 
conceptual

Pre-
collection: 
operational

Collection: 
at study 
kickoff

Collection: 
ongoing 

Collection: 
closeout

Post-
collection: 

conceptual 

Post-
collection: 

operational

Post-
collection: 

closeout

Investigator Set target for 
completion, 
Quantify 
Questions

Input into CRFs, 
SOPs,  monitor 
data priorities 
for each aim

Establish plan 
for versioning 
changes as we 
revise protocol 

Iterate with 
team to ensure 
SOPs followed 
& data queries 

resolved

Document & 
sign off on all 

remaining 
unresolved 

queries

Iterate with 
team on each 

data variable’s 
full provenance

Iterate with 
team on data 

variables DMSP 
metadata

Sign off on final 
DMSP-specified 

artifacts 
package 

Clinician Co-
Investigator/
Study 
Coordinator

Offer 
mappable 
data capture 
options; input 
& feedback

Co-curate the 
CRFs/data 
capture tools 
for ease of use

SOPs for 
versioning CRF 
changes as we 
revise protocol; 
monitor use

Iterate with 
team to ensure 
SOPs followed 
& data queries 

resolved

Document & 
sign off on all 

remaining 
unresolved 

queries

Iterate with 
team on each 

data variable’s 
full provenance

Iterate with 
team on data 

variables DMSP 
metadata

Sign off on final 
DMSP-specified 

artifacts, any 
non-standard 

data’s integrity

Data Mgmt/ 
Informatics

Compile data 
capture 
options

Co-curate the 
CRFs/data 
capture tools 
for ease of data 
checks/queries

SOPs for 
versioning EDC 
changes as we 
revise protocol; 
monitor use

Implement all 
pre-specified & 

novel data 
checks, query 

team to resolve

Document all 
remaining 
unresolved 

queries, prep & 
conduct lock

Iterate with 
team on each 

data variable’s 
full provenance 
& descriptions

Iterate with 
team on data 

variables DMSP 
metadata, code 

to curate all

Sign off on final 
DMSP-specified 

artifacts 
package, DM & 

curation code

Data 
Analysts/ 
Biostats

Quantify 
Questions, & 
coordinate on 
study power

Co-curate the 
CRFs/data 
capture tools to 
match analysis

SOPs for 
versioning SAP, 
safety reports, 
& (re-)design

Conduct 
monitoring 

analyses & spec 
any new checks

Assess impact 
of unresolved 
queries, input 
on data lock

Iterate with 
team on full 

provenance of 
data findings

Iterate with 
team on all 

public analytic 
metadata, code 

  

Sign off on final 
DMSP-spec’d 

package, ingest 
& analysis code





Put yourself in others’ shoes: wouldn’t you want your work to be readily 
reproduced AND then provide a starting point for others to cite it? 
To do so: MUST specify analysis plans in terms of unambiguous quantities
SO, each REPRODUCIBLE ‘research product’ MUST have its own:
• ‘Statistical Analysis Plan’  (SAP; tacit: SDM ↔ SAP/DMP) and 
• corresponding ‘data lock’: versioned ‘copy’ of data that’s

• non-editable
• analysis-ready 

And thankfully a planned, milestone-driven timeframe includes
SDM/SAP/DMP +‘data lock’ adheres to NIH policy (& priorities) by design 

Data Management for Reproducibility: 
document+EDC revisions play off one another

version X.Y

version W.Z

* PER EARLIER WEBINAR: 
analysts expect to use 
DE-IDENTIFIED datasets 

https://nih.sharepoint.com/:f:/r/sites/NIDDK-ONCCollaborations/Shared%20Documents/NIDDK%20Coordination%20with%20NCI%20BTEP/Biostatistics%20Webinar%20Series/Principles%20of%20Data%20Collection%20%26%20Management?csf=1&web=1&e=Q4PkkD


BEST PRACTICE: all team members work in parallel 
(& trace how data are used) pre- & post-curation

From Secondary or Retrospective Study Design to Collecting, Managing, Analyzing Data: Reproducibility

Responsible 
Team Member

Target date 
6 or more 
weeks out

Target date 
5 or more 
weeks out

Target date 
4 or more 
weeks out

Target date 
3 or more 
weeks out

Target date 
2 or more 
weeks out

Target date 
1 or more 
weeks out

Target date 
1 or more 
weeks past

Target date 
2 or more 
weeks past

Investigator Share pivotal 
product’s 
‘concept’ 
target date & 
data use: SDM

Get team input 
into variables’ 
use to address 
aims & outline 
DM plan for all

Sign initial SAP. 
affirm all data 
variable’s use to 
address aims; 
draft DM plan

Revise/sign SAP 
& affirm all data 
summaries’ 
formats by aim, 
draft narratives

-Circulate draft 
for final reviews
-Draft changes 
to NEXT pivotal 
SDM, SAP, DMP 

FINALIZE entire 
pivotal product: 
triage edits by 
all co-authors/ 
contributors

Iterate with 
team on each 
data variable’s 
use in light of 
pivotal findings

Finalize team 
iteration on 
data elements’ 
use & curation; 
approve DM&S

Clinician Co-
Investigator/
Study 
Coordinator

Provide input 
& feedback on 
feasibility re: 
participant 
interactions

Input into each 
data variables’ 
feasible use to 
address aims, 
checks of data

Address each 
data variables’ 
queried issues 
for data checks, 
version input

Select parts of 
draft of pivotal 
report’s data 
summaries / 
narratives

Provide 
feedback on 
circulated draft 
& input NEXT 
pivotal docs

Support team’s 
pivotal product: 
triage edits by 
all co-authors/ 
contributors

Iterate on 
schedule for 
regular pre-
auditing of data 
& SOP revisions

Finalize team 
iteration on 
data elements’ 
use & curation; 
input on DMSP

Data Mgmt/ 
Informatics

Provide input 
& feedback on 
feasibility re: 
data input & 
curation

Input into each 
data variables’ 
feasible use via 
checks of data
 curates/queries

Track each data 
variables’ 
queried issues 
for curated data 
/EDC versioning

Internal reports 
of all queried 
data issues &  
how resolved; 
versioned read-
only data ‘lock’

Provide 
feedback on 
circulated draft 
& input to NEXT 
SDM, SAP, DMP 

Implement any 
data base 
refactoring for 
ease of re-use 
by DMS code

Iterate on 
schedule for 
regular pre-
auditing of data 
& data check + 
SOP revisions

Finalize team 
iteration on 
data elements’ 
use & curation; 
signoff on DM 
items of DMSP

Data 
Analysts/ 
Biostats

Provide input 
& feedback re: 
primary aims’  
analytic power

Input on checks 
variables’ use in 
analysis via SAP
 code/modeling

SOPs for version 
control of SAP, 
reports design; 
initial versions

FINAL SAP for 
initial version of 
pivotal product; 
draft summary

Provide 
feedback on 
circulated draft 
& needed input

Implement any 
reformatting for 
target venue; 
curate code

Iterate on plans 
for any new 
data/safety 
monitoring 

Finalize team 
iteration per 
above on 
DSMP  signoff













BEST PRACTICE: all team members’ subproducts revised & 
versioned in parallel (via edits of data-use documents)

Secondary or Retrospective Study Design to Collecting, Managing, Analyzing Data: Reproducible per Documentation

Responsible 
Team Member

Target date 
6 or more 
weeks out

Target date 
5 or more 
weeks out

Target date 
4 or more 
weeks out

Target date 
3 or more 
weeks out

Target date 
2 or more 
weeks out

Target date 
1 or more 
weeks out

Target date 
1 or more 
weeks past

Target date 
2 or more 
weeks past

Investigator CONCEPT; DATA 
DICTIONARY => 
SOURCE DATA MAP 
(SDM); DM PLAN 
& SAP OUTLINES; 
OUTLINE SOPS

SDM REVISION 
PER SAP OUTLINE; 
DM PLAN DRAFT
outline of EDC/ 
DM/DA SOPs

initial SAP, 
signed 
alongside final 
SDM; initial DM 
& DMS plans

Initial draft of 
pivotal report’s 
data summaries 
alongside draft 
narratives

-Circulate draft 
for final reviews
-Draft changes 
to NEXT pivotal 
SDM, SAP, DMS 

FINALIZE entire 
pivotal product: 
triage edits by 
all co-authors/ 
contributors

Iterate with 
team on each 
data variable’s 
use in light of 
pivotal findings

Finalize team 
iteration on 
data elements’ 
use & curation; 
approve DMS

Clinician Co-
Investigator/
Study 
Coordinator

DATA 
DICTIONARY 
=> SOURCE DATA 
MAP (SDM); 
FEASIBILITY RPT

SDM REVISION 
PER SAP OUTLINE; 
DM PLAN DRAFT
outline of data 
check/cleaning 

Address each 
data variables’ 
queried issues 
for data checks, 
version input

Select parts of 
draft of pivotal 
report’s data 
summaries / 
narratives

Provide 
feedback on 
circulated draft 
& input NEXT 
pivotal docs

Support team’s 
pivotal product: 
triage edits by 
all co-authors/ 
contributors

Iterate on 
schedule for 
regular pre-
auditing of data 
& SOP revisions

Finalize team 
iteration on 
data elements’ 
use & curation; 
input on DMSP

Data Mgmt/ 
Informatics

DATA 
DICTIONARY => 
SOURCE DATA 
MAP (SDM); 
DM PLAN 
OUTLINE

SDM/SAP DRAFT; 
DM PLAN DRAFT
outline of data 
check/cleaning 
drafts of check-
rules/queries

Track each data 
variables’ 
queried issues 
for curated data 
/EDC versioning

Internal reports 
of all queried 
data issues &  
how resolved; 
versioned read-
only data ‘lock’

Provide 
feedback on 
circulated draft 
& input to NEXT 
SDM, SAP, DMP 
& DMS package

Implement any 
data base 
refactor doc’n 
for ease of re-
use by DMS 
code by others

Iterate on 
schedule for 
regular pre-
auditing of data 
& data check + 
SOP revisions

Fully Revised 
Data 
Management & 
Sharing Plan 
(DSMP)

Data 
Analysts/ 
Biostats

DATA DICTIONARY 
=> SDM; SAP 
OUTLINE; DM 
PLAN OUTLINE

SDM/SAP DRAFT; 
DM PLAN DRAFT
 code/modeling 
outline 

SOPs for version 
control of SAP, 
reports’ code; 
initial versions

FINAL SAP for 
initial version of 
pivotal product; 
draft summary

Revise formats 
for summaries 
per feedback; 
curate code 

Implement any 
reformatting for 
target venue; 
curate README

Iterate on plans 
for any new 
data/safety 
monitoring 

Fully Revised 
data/safety 
monitoring Plan 
(DSMP)



Principles of Data Collection & Management Part 3 Topics
• Document organization and access as part of study planning: 
regulatory, clinical, and case report forms
• Data Management for Reproducibility
• Data Management and Sharing Plans: “DMSPs”
 • Take Home Points to follow Guiding Principles

Core Trustworthy 
Data Repository

“Data Collection Practices [have] 
Do’s and Don’ts” 
-Sai Theja, 2nd part of this webinar

“Data Management & Sharing 
Practices have Plans that must 

be shared per NIH policy” 
-Ken Wilkins, 3rd part of this 

webinar

https://bioinformatics.ccr.cancer.gov/btep/classes/principles-of-data-collection-and-management
https://amt.coretrustseal.org/certificates
https://amt.coretrustseal.org/certificates


Hmm… heard we need a ‘DMS’ plan to start any research…
THERE’S A POLICY? 
Yes, and it applies intramurally AND extramurally

many resources offered for such
 SO HAVE YOUR DATA READY TO SHARE
When? @ time of dissemination… thus flesh out DMSP @ time of data specs 
  Ties directly to NIH policies on rigor and reproducibility

[EXEMPLARS FIND ELECTRONIC LAB NOTEBOOKS/MARKDOWN* DOCS HELPFUL TO DO IT]

Data Management and Sharing (DMS) Plans
From Design to Collecting/Managing/Analyzing:

* SEE FORTHCOMING WEBINAR “R IS FOR ALL” NEXT WEEK, 31ST OF JULY 2025: 
NAVIGATE TO NIDDK OR NCI’S BTEP SITES

https://sharing.nih.gov/data-management-and-sharing-policy
https://www.niddk.nih.gov/research-funding/research-resources/data-management-sharing/dms-tools-resources
https://sharing.nih.gov/data-management-and-sharing-policy/resources/learning?policy=DMS
https://sharing.nih.gov/data-management-and-sharing-policy
https://pmc.ncbi.nlm.nih.gov/about/submission-methods/
https://www.niddk.nih.gov/news/meetings-workshops/2025/research-studies-conducted-nih
https://bioinformatics.ccr.cancer.gov/btep/?s=niddk


Data Management & Sharing Plan (DSMP) Elements: more answers, fewer questions
Per NIH Policy Now in Effect, DMS Plan Elements:

1.Data Type (may evolve by data dictionary versioning)

2.Related Tools, Software, and/or Code (e.g., REDCap)

3.Standards (e.g., like Common Data Elements or CDEs)

4.Data Preservation, Access, & Associated Timelines more below

5.Access, Distribution, or Reuse Considerations
6.Oversight of Data Management and Sharing

From Research Study Design to Usable Data: 
Adhering to NIH Data Mgmt. & Sharing Policy

https://www.niddk.nih.gov/research-funding/research-resources/data-management-sharing/guidance-writing-dms-plan#data-type
https://www.niddk.nih.gov/research-funding/research-resources/data-management-sharing/guidance-writing-dms-plan#tool
https://www.niddk.nih.gov/research-funding/research-resources/data-management-sharing/guidance-writing-dms-plan#standards
https://www.niddk.nih.gov/research-funding/research-resources/data-management-sharing/guidance-writing-dms-plan#preservation
https://www.niddk.nih.gov/research-funding/research-resources/data-management-sharing/guidance-writing-dms-plan#access
https://www.niddk.nih.gov/research-funding/research-resources/data-management-sharing/guidance-writing-dms-plan#oversight


Elements of Data Management & Sharing Plan
Per NIDDK’s Public Resources, Developing a DMS Plan follow series of stages:

a) Evaluate study design and objectives
b) Identify data types that will be generated
c) Determine applicability of the policy to your research data
d) Consider standards and related tools appropriate for your 

research data
e)Select one or more repositories* by considering key facets

From Research Study Design to Usable Data: 
Adhering to NIH Data Mgmt. & Sharing Policy

* SEE NIDDK-CENTRAL REPOSITORY R4R WEBINAR SERIES

https://www.niddk.nih.gov/research-funding/research-resources/data-management-sharing
https://repository.niddk.nih.gov/pages/webinars
https://repository.niddk.nih.gov/pages/webinars


NIH Policy in Action, Following DMS Plan 
by Example: follow by-study-type templates
(as found under NIDDK’s Tools & Resources)

in related news, REDCap can help
   by its metadata, access to CDEs

 

From Research Study Design to Usable Data: 
Adhering to NIH Data Mgmt. & Sharing Policy

SETTING ASIDE POLICY, THINK OF 
REGULATIONS… Adherence to Human 
Subjects Research Protections is 
consequence of Good Clinical Practice 
(GCP)—RECALL: “DATA MANAGEMENT IS 
OPERATIONALIZATION OF GCP”

https://www.niddk.nih.gov/research-funding/research-resources/data-management-sharing/dms-tools-resources
https://irbo.nih.gov/confluence/display/ohsrp/Home
https://irbo.nih.gov/confluence/display/ohsrp/Home


Principles of Data Collection & Management Part 3 Topics
• Document organization and access as part of study planning: 
regulatory, clinical, and case report forms
• Data Management for Reproducibility
• Data Management and Sharing Plans
 • Take Home Points to follow Guiding Principles

In not limited in time, can 
intro users to CDE API use 

“DATA MANAGEMENT IS THE OPERATIONALIZATION 
OF GOOD CLINICAL PRACTICE (GCP)”
- INTRODUCTION TO PRINCIPLES & PRACTICES OF 
CLINICAL RESEARCH (COURSE OFFERED AT NIH)

https://bioinformatics.ccr.cancer.gov/btep/classes/principles-of-data-collection-and-management


…IF you don’t FRONT-load these decisions, issues arise too late to address
Get more return by less upfront effort: avoid findings raising more questions
Guiding Principles stemming from FAIR data principles* 
What does FAIR mean, especially for research data management?

- QUITE A BIT: Research is Reproducible, if Data are F.A.I.R.
- To wit: FA in place via DMS policy, IR via CDE Permissible Values
- Our Resources will give you each a starting point…
- Whole courses at NIH Library on this, AND NLM has open tutorials
- NIH-ecosystem-wide, ODSS has a FAIR Data & Resources Unit

From Research Study Design to Usable Data: 
Upfront Planning per Guiding Principles

ODSS = Office of Data Science Strategy, https://datascience.nih.gov/ responsible for 2025-30 strategic plan
*First published in 2016

https://www.go-fair.org/fair-principles/
https://www.scgcorp.com/AdvancingUseofCDEs24/Agenda
https://youtu.be/Dy-Y4DmF56I?si=D-2INkDjLmj0QAQL
https://datascience.nih.gov/getting-practical-with-the-FAIR-principles
https://www.nlm.nih.gov/oet/ed/cde/tutorial/02-200.html
https://datascience.nih.gov/data-ecosystem
https://datascience.nih.gov/
https://datascience.nih.gov/nih-strategic-plan-data-science
https://www.nature.com/articles/sdata201618


To be glib: 
wouldn’t you want to avoid “GIGO: garbage in, garbage out?
You have options if within the Intramural Research Program
Inherent capacity to leverage Clinical Center based infrastructure 
o Direct ingest of entries in Clinical Research Information System (CRIS)
o Such ‘back-end’ integration with study database (via joins) allow use of all its varied data

From Research Study Design to Usable Data:
Practical Take Homes if at Clinical Center

As done 
already 

within NIDDK 
safety reports 

made using 

https://cris.cc.nih.gov/


Even more options if within the Intramural Research Program
Inherent capacity to leverage Clinical Center based infrastructure 

o Direct ingest of entries in Biomedical Translational Research Information System (BTRIS)
o Easy to search up useful data via User Facing Ontologies (UFOs) in its User Interface 
o Ease due to BTRIS team involving clinicians who created a Medical Entities Dictionary

o ODSS-funded upgrades in NIH CC Department of Clinical Research Informatics make all 
easier to do!

o Core facilities bake in own data collection/curation processes, adding to ease of joins!

From Research Study Design to Usable Data:
Practical Take Homes if use Clinical Ctr data 

https://pmc.ncbi.nlm.nih.gov/articles/PMC4026354/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4026354/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4026354/
https://datascience.nih.gov/clinical-informatics


To be glib: wouldn’t you want to avoid “GIGO: garbage in, garbage out?
You have a few more ‘glib’ take home points to go by:
• Most salient domain expertise: specify the data variables’ reasonable values
• If at all possible try to ‘touch’ each data element’s value only once: collection
• If you have to ‘touch’ a data element > 1 time, limit to twice or thrice AND early
• If it ends up being used in analysis, it MUST be checked>queried>corrected PRIOR

• If you work with a data analyst to do statistics, then above take-homes will align to 
GCP’s principles as applied to study design/analysis: Good Statistical Practice

• If you work with seasoned informaticists, like Matt & Sai, you can curate FDA-ready 
data sets using Submission-Ready data models like CDISC’s (or OMOP FOR RWD VIA FHIR)

From Research Study Design to Usable Data:
Practical Take Homes on Guiding Principles

https://doi.org/10.1186/s13063-024-07940-1
https://pmc.ncbi.nlm.nih.gov/articles/PMC4714951/
https://www.ohdsi.org/data-standardization/
https://repository.niddk.nih.gov/events#events140
https://datascience.nih.gov/fhir-initiatives/researchers-training


To summarize: couldn’t you now note that you’ve met 1-2 of below objectives?
You could, now if not after engaging resources in NIH IRP & elsewhere (linked above)

1. To delineate features of REDCap to support project management for 
research studies (e.g., how different types of studies  [longitudinal vs cross-
sectional etc] can be designed).
2. To outline steps to create detailed data collection plans which fulfill 
regulatory requirements. 
3. To identify principled approaches to data collection and management. 
4. To explain the connections between research rigor and reproducibility.

From Research Study Design to Usable Data:
OVERALL Take Homes

Any remaining questions?



Other helpful 
resources 

/links within 
NIH SharePoint:

Questions? Comments? 
Other feedback or concerns?
[ more IPPCR text’s pithy take homes below ]
“If data is collected in a way that it will never be examined when the 
original study is closed, it is realizing a fraction of its usefulness.”

“Data management needs to be forward looking.”

“During the conduct of a [study], the research should put him- or herself 
in the role of someone trying to discredit the study’s conclusions and 
question every procedure that could cast doubt on the accuracy, validity, 
or relevance of the data collected. Every research conclusion is an 
argument, and the conclusions will only stand if the data stand.”

“Although good data management practices cannot make up for poor 
study design, poor data management can render a perfectly executed 
[study] useless.”

“the failure of a study to produce 
generalizable knowledge because of bad 
data management carries both resource and 
ethical costs.”



Other helpful 
resources 

/links within 
NIH SharePoint:



ADDITIONAL SLIDES TO ROUND OUT PRACTICAL SIDES of objectives
Find MORE resources within our NIH SharePoint folder here
Webinar Objectives

1. To delineate features of REDCap to support project management for 
research studies (e.g., how different types of studies  [longitudinal vs cross-
sectional etc] can be designed).
2. To outline steps to create detailed data collection plans which fulfill 
regulatory requirements. 
3. To identify principled approaches to data collection and management. 
4. To explain the connections between research rigor and reproducibility.

From Research Study Design to Usable Data:
Additional Slides For Reference/Further Details

Explore slides to address residual questions, YET feel free to follow up 
via email: WILKINSKJ@NIDDK.NIH.GOV

https://nih.sharepoint.com/:f:/r/sites/NIDDK-ONCCollaborations/Shared%20Documents/NIDDK%20Coordination%20with%20NCI%20BTEP/Biostatistics%20Webinar%20Series/Principles%20of%20Data%20Collection%20%26%20Management?csf=1&web=1&e=awUlPM


…IF you don’t FRONT-load these decisions, issues arise too late to address
Get return on upfront effort: get data that answers your research question
Guiding Principles stemming from FAIR data principles, dating to 2016:
- What does FAIR mean for research data management?

- QUITE A BIT, yet let’s give you each a starting point…
- Whole courses at NIH Library on this, AND NLM has open tutorials
- NIH-ecosystem-wide, ODSS has a FAIR Data & Resources Unit

 

From Research Study Design to Usable Data: 
Upfront Plans per FAIR Guiding Principles

ODSS = Office of Data Science Strategy, https://datascience.nih.gov/ responsible for 2025-30 strategic plan

Can readily FRONT-load by RE-using existing
Data Interoperability Standards:

• Common Data Elements (CDEs)
• Common Data Models ( real world data )
• Data Exchange/Interchange Standards 

 
OMOP

https://www.go-fair.org/fair-principles/
https://www.nature.com/articles/sdata201618
https://www.nlm.nih.gov/oet/ed/cde/tutorial/02-200.html
https://datascience.nih.gov/data-ecosystem
https://datascience.nih.gov/
https://datascience.nih.gov/nih-strategic-plan-data-science
https://datascience.cancer.gov/news-events/blog/semantics-series-deep-dive-common-data-elements
https://datascience.nih.gov/fhir-initiatives/resources/cdmcatalog
https://www.fda.gov/science-research/science-and-research-special-topics/real-world-evidence
https://datascience.nih.gov/fhir-initiatives/introduction-to-fhir-for-research
https://www.fda.gov/industry/study-data-standards-resources/study-data-submission-cder-and-cber


Questions to be answered: want data to answer your research question?
Guiding Principles stemming from FAIR data principles, updated to 2025
- What does FAIR mean for downstream research data re-use?

- Some meta-researchers say, Findable AND AI-Ready as ‘FAIR’
- Machine learning community proposed the Croissant Metadata standard for this
- Has, in turn, led to AI models becoming FAIR=>

- Our focus: FINDABLE ACCESSIBLE INTEROPERABLE REUSABLE

- FAIR IN REGULATORY CONTEXT COVERED BY MATT & SAI: 
- CLINICAL DATA INTERCHANGE STANDARDS CONSORTIUM (CDISC) & ITS

- CLINICAL DATA ACQUISITION STANDARDS HARMONIZATION (CDASH) E-CRFS

From Research Study Design to Usable Data: 
FAIR Guiding Principles, relative to AI

https://www.go-fair.org/fair-principles/
https://www.nature.com/articles/s41597-022-01712-9


APPENDIX FOR FURTHER LEARNING RESOURCES

APPENDIX on REDCap: add’l slides



You have pre-vetted starting point because of Intramural Research Program REDCap
Much of our flexibility of data specifications enabled by how it’s been configured initially
o Some other features keep getting added centrally by a worldwide REDCap development community
 Can manage* operational workflows as you conduct your research, adapt CRFs for longitudinal reuse

 

From Research Study Design to Usable Data:
Take Home Examples on Guiding Principles

*To delineate features of REDCap to support project management for research studies/designs, as covered by Matt & Sai earlier.



From REDCap founder Paul Harris presentation in March 2024

You could leverage a very broad user community

In the event of limited time skip to CDE API use 

https://youtu.be/Y1BIFBMoBj4?t=4963


From REDCap founder Paul Harris presentation in March 2024

Leverage user community: 
Regulatory Compliance

Converts CDISC CDASH 
eCRF instrument 
metadata into REDCap 
data dictionaries for 
the purpose of 
simplifying adoption 
and use of CDASH 
instruments by 
research teams across 
the REDCap Consortium

https://youtu.be/Y1BIFBMoBj4?t=4963
https://doi.org/10.47912/jscdm.172


Leverage user community: 
Ease of CRF development (1)

EVEN IF You don’t need FDA-ready CDASH e-
CRFs via REDCap, re-use prior instruments!

From REDCap founder Paul Harris presentation in March 2024

http://dx.doi.org/10.1016/j.jbi.2012.10.006
https://youtu.be/Y1BIFBMoBj4?t=4963


From REDCap founder Paul Harris 
presentation in March 2024

Leverage user community: 
Ease of CRF development (2)

Example Reproducible-by-design CRF 
development via REDCap, re-use participant-
reported outcomes instruments via PROMIS 
OR others (NIH Phenotype eXplorer Toolkit, 
if not NIH Toolbox®)

PROMIS® (Patient-Reported Outcomes 
Measurement Information System), part of

PROMIS, Patient-Reported Outcomes Measurement Information System, & the 
PROMIS logo are marks owned by the U. S. Department of Health & Human Services.

Differences between PROMIS Measures
Computer Adaptive Tests (CATs) versus Short Forms
•Many domains offer a computer adaptive test (CAT) and one or more short forms. Select that type of 
measure that fits your needs and resources. Learn more>>

• CATs
• Tailored selection of items for each respondent
• Requires administration technology
• High measurement precision across a wide range of symptom/function severity

• Short forms
• All respondents answer all questions
• No special administration technology needed
• Degree of measurement precision varies

https://youtu.be/Y1BIFBMoBj4?t=4963
https://www.healthmeasures.net/explore-measurement-systems/promis
https://www.phenxtoolkit.org/
https://www.healthmeasures.net/index.php?option=com_content&view=category&layout=blog&id=164&Itemid=1133
https://www.healthmeasures.net/index.php?option=com_content&view=category&layout=blog&id=164&Itemid=1133
https://www.healthmeasures.net/explore-measurement-systems/promis/intro-to-promis/differences-between-promis-measures
https://www.phenxtoolkit.org/resources/redcap


From REDCap founder Paul Harris presentation in March 2024

Leverage user community: 
Ease of CRF development (3)

Extended examples of 
Reproducible-by-design 
CRF development via 
REDCap, re-use of 
longstanding Common 
Data Elements, at least 
for NCI’s Adverse 
Events data elements

[ for more on NCI CDEs, see its (NIH) Enterprise Vocabulary Services or EVS, esp. its Cancer Data Standards Registry or caDSR sites 
]

https://youtu.be/Y1BIFBMoBj4?t=4963


BONUS pre-vetted starting points within Intramural Research Program REDCap
Inherent capacity to semantically search up COMMON DATA ELEMENTS within REDCap
o Some that—since 2020 NIH-wide criteria were set—are designated as NIH-ENDORSED!
[ if you don’t’ use REDCap ]
[ try CDEMapper toolkit ]
o Example of demographics:
 NAME
 TEL#
 EMAIL
 ETHNICITY*
 RACE*

From Research Study Design to Usable Data:
Take Home on “Using REDCap for FAIR data”

*In the case of ‘Demographics’ be aware of Federal Government 
changes in capturing Race/Ethnicity as specified in Statistical 
Policy Directive #15’s revision: https://spd15revision.gov/ In the event of NOT limited time, leading here, skip back to take-homes 

https://cdemapper.clinicalnlp.org/
https://github.com/BIDS-Xu-Lab/CDE-Mapping-Tool
https://spd15revision.gov/


You have pre-vetted starting point because of Intramural Research Program REDCap
Inherent capacity to semantically search up COMMON DATA ELEMENTS within REDCap
o Some that—since 2020 NIH-wide criteria were set—are NIH-ENDORSED!
o Example of demographics:

 

From Research Study Design to Usable Data:
Take Home on “Using REDCap for FAIR data”



You have pre-vetted starting point because of Intramural Research Program REDCap
Inherent capacity to semantically search up COMMON DATA ELEMENTS within REDCap
o Some that—since 2020 NIH-wide criteria were set—are NIH-ENDORSED!
o Example of demographics:

 

From Research Study Design to Usable Data:
Take Home on “Using REDCap for FAIR data”



You have pre-vetted starting point because of Intramural Research Program REDCap
Inherent capacity to semantically search up COMMON DATA ELEMENTS within REDCap
o Some that—since 2020 NIH-wide criteria were set—are NIH-ENDORSED!
o Demographics:

 

From Research Study Design to Usable Data:
Take Home on “Using REDCap for FAIR data”



You have pre-vetted starting point because of Intramural Research Program REDCap
Inherent capacity to semantically search up COMMON DATA ELEMENTS within REDCap
o Some that—since 2020 NIH-wide criteria were set—are NIH-ENDORSED!
o Demographics:
o Adverse Events

CTCAE©

 

From Research Study Design to Usable Data:
Take Home on “Using REDCap for FAIR data”

*In the case of ‘Demographics’ be aware of Federal Government 
changes in capturing Race/Ethnicity as specified in Statistical 
Policy Directive #15’s revision: https://spd15revision.gov/ 

In the event of NOT limited time, leading here, skip back to take-homes 
© National Cancer 
Institute (NCI) Common 
Terminology Criteria for 
Adverse Events (CTCAE) 
as available in Enterprise 
Vocabulary Services (EVS) 

https://dctd.cancer.gov/research/ctep-trials/for-sites/adverse-events
https://spd15revision.gov/
https://datascience.cancer.gov/resources/metadata


APPENDIX FOR FURTHER LEARNING RESOURCES
Principles of good data collection IF having to resort to non-Electronic Data Capture systems like REDCap or Medidata Rave:

1.Consistency - processing, naming/identifiers, formats, layout and actual storage of data
2.Proper naming – do not use spaces (_ instead), no symbols, no capitalization, keep it less than 32 characters, shorter is better
3.Date formatting – Excel stores this differently in Macs vs Windows, European vs US conventions
4.Missing info – better to use a standard place holder for missing data, so “missing” and not “incomplete”
5.Too much info – No more than one thing in a cell, do not mix numeric and character
6.Organization – make it a “rectangle”, one row or more for subjects, one column for each variable
7.Retain metadata–info about the data and create a “README” file
8.No calculations – primary/original data should contain just the collected data
9.No colors or highlighting – cannot analyze this
10.Version control & backups – copy your original data and write-protect it for archiving
11.Data Validation – build in acceptable ranges for data collection and integrate formatting requirements into data collection
12.Use non-proprietary file formats – your data is important and should live forever; “.csv” and “tab delimited” file formats do 
not require special software

 To learn more about data collection, visit https://bit.ly/DataOrgSheets or use the QR code

https://bit.ly/DataOrgSheets
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