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Scientific Method According to
Feynman

http://www.youtube.com/watch?v=EYPapE-3FRw

Procedure

1 Come up with a theory and hypothesis

2 Compute consequences (i.e., make predictions)

3 Compare predictions to observations (nature, experiment,
experience)

4 If predictions do not agree with observations, the theory
and hypothesis are wrong

And we can never prove we are right, only that we are wrong
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As a Data-intensive Iterative Procedure

Data

Find Features 
to Form Hypotheses

Test Predictions Against Observations

Induction

Deduction 

Compare to 
Other Results

Make An Inspired 
Guess About A 

Hypothesis

Research and 
Monitoring 
Projects

Papers
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With Constantly Changing Computing
Technology Requiring Data

Transportation and Migration
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BIGDATA
A Moveable Feast
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BIGDATA old news

• Key questions that never seem to change
• What to keep, what to throw away?
• How to keep the data you want (hardware, software,

format)?
• How do you back it up and how many copies do you need?
• Can you actually restore it?

• Where do you put it?

• Who’s in charge of it to make these decisions?

• What’s the role of institutional libraries versus laboratories
versus individual scientists?
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Scientific Workflow With Quality
Control, Attribution and Dissemination

of Results

Project
Funding
Starts

Research

Empirical Data
&

Model Output

Manuscript

Analysis
Codes

Submitted to
Peer Review 
for Journal

Journal
assigns DOI 
and gains
copyright

Library
(licensee)

Citable Publication

Quality Control
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... Augmented by Data Authorship and
Publication

Project
Funding
Starts

Research

Empirical Data
&

Model Output

Manuscript

Analysis
Codes

Submitted to
Peer Review 
for Journal

Journal
assigns DOI 
and gains
copyright

Library
(licensee)

Citable Publication

Application & 
QC

Metadata

Cross-
reference
Metadata

Quality Control

Metadata

Data 
Package

Digital 
Object 

Identifier

Creative Commons
LicenseCitable Publication

doi:10.7285/T7/<md5 checksum>
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Reproducibility
(paraphrased from Feynman’s Cargo-cult Science Speech

Caltech 1974)

• One of the students told me she wanted to do an
experiment that went something like this ... under certain
circumstances, X, rats did something A. She was curious as
to whether, if she changed the circumstances to Y, they
would still do A.

• I explained to her that it was necessary first to repeat the
experiment of the other person; to do it under condition X
to see if she could also get result A, and then change X to
Y and see if A changed.

• Then she would know that the real difference was the thing
she thought she had under control.
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Caveat Emptor : No Archival
Copy-of-Record Means No

Reproducibility

• Data that is updated in
situ without version
control does not comply
with the scientific method

• Streaming data has
ambiguous provenance

• Web-services are a form of
streaming data

• What about the cloud?
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What Are the Implications Of the
Reproducibility Requirement For

Scientific Data Management?

1 Input and output data must be preserved over time and
versioned if changes (i.e., updates, anomalies) are acquired.

2 Processing scripts and codes must be preserved in association
with the input and output data.

3 Computing platform must be documented (e.g., analogize
bug-tracking and fixing in open-source projects; reproduce
the conditions that produce the bug) in association the data
and the processing.

How do we handle this?
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Through Data Publication and Citation
Long Overdue

Project
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Digital Library Framework: Highly
Automated Data Publication Workflow

source data
directory

staging 
directory
(ADOs)

*.mtf current.mif

createSchema.sql

Level 0 Data

staging 
directory

(*.mif)

Postrgres DB
CCAcatalogue

iquery
Drupal Module

Data
(iRODs)

uploadSQLwriter.
20090913T205610.sql

adoCreator.bash

URLs

Bibtex Citation
BibDesk

(including 
DOI)

psql postgres < 
schemaSQLcreator.20090905T161549.sql 

uploadSQLwriter.bash

psql CCAcatalogue  <
uploadSQLwriter.20090913T205610.sql createSchema.bash

iput.bash

sql

Other Data
(Other iRODs)Other Data

(Other iRODs)Other Data
(Other iRODs)Other Data

(Other iRODs)

Bibtex
(*.bib)

mif2bib.py

getIRODS.php

mtf2mif.bashcanonical.mtf

native.mtf

mtfCreator.bash

CrossRef
(*.xml)

mif2xml_crossref.py

OAI-PMH 
Server
(*.xml)

mif2xml_dublincore.py

Multi-source 
Data

adoCreator.bash

defaults.keyword

Data Publishing 
Processing

Automated Metadata
Production

Multi-lateral Metadata Interfaces
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Digital Libraries Work
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Digital Libraries Work In University
Labs and On Ships in Antarctica

CANADASAT,JASA,NASA
RADARSAT/PALSAR
Hi-resolution imaging

NOAA, NASA,CNES, 
EUMETSAT
JASON
Sea surface elevation

NASA/GSFC
MODIS/AVHRR
Chlorophyll-a
SST

DoD DMSP
visible imagery

NASA, BYU
QuikSCAT 
Imaging
Tracking

Inmarsat 
INTERNET

USAF GPS
time and 
position

University
Laboratory

SST
Salinity
Chlorophyll-a
Transmissivity
pCO2

Surface
Mapping

Re-planning

Shipboard
Laboratory

University
Laboratory

Journal 
Publication

Data 
Publication

Pre-Cruise
(6 months)

In-Cruise
(6 weeks)

Post-Cruise
(12-24 months)

External Disk Drives

56-128 Kbps

10-100 Mbps
Physical
Transport
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... and Digital Libraries Work in Labs
on Ships in Antarctica

Shipboard Laboratory

Measurements
with time stamp

at different sampling 
rates

{time, observation}

GPS time and position
(longitude, latitude, time)

Surface Maps

Mapping Application
(Generic Mapping Tool)

{longitude, latitude, time, 
observation}

Transmissometer

Thermo-
salinograph

pCO2

Fluorometer

Scientist-written 
sensor-specific 
software to find 
position by time 
interval index 
(MATLAB(TM))

Onboard Navigation in JGOFS 
format
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Digital Libraries Work for All Kinds of
Scientific Projects

US Navy Sea-level Rise
Risk Management Framework

Coastal Hypoxia and Ocean Acidification

Scientific 
Editorial 

Quality Control

Scientific 
Editorial 

Quality Control

Scientific Research Projects
Quality 
Review

Sound Published Data, 
Citable & Cross-referenced 
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Multi-source Composite Example

San Diego Bay 
High Resolution Bathymetry

(calibrated vertically)

Littoral Zone Model from Survey Profiles
(fiducial transects)

Regional Lower Resolution BathyTopo
(calibrated vertically)

Global Least Resolution BathyTopo
(calibrated vertically)

Localized Higher Resolution Ocean Bathymetry
(calibrated vertically and horizontally)

Local High Resolution ACOE LIDAR
(calibrated vertically)

Local High Resolution Coastal LIDAR
(fiducial, calibrated by pier centerline 

observations)

Data Sources and Layers

DOI_001

DOI_003

DOI_002

DOI_006

DOI_004

DOI_005

DOI_007

DOI_007

San Diego Bay
BathyTopo

• Public source data
(Level 0)

• Re-calibrated to
common datums and
error reduction
(Level 1)

• Integrated into a
composite dataset
that is distinct and
ready for
hydrodynamic
modeling
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Analyses Can Be Traced Back All Parts
of the Processing
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/Volumes/USN_SLR_001/SLR_src/gmt/grdimage_grdclip.bash

−50 0 50

Elevation (m)

−20 −10 0

Depth (m)

• Underlying basemap

• Model configuration

• Software used for
post-processing
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Why Is Data Publication Important for
the Future of Scholarly Work?

• Provenance Can Be Unambiguously Established
• Identification and verification of content (i.e., scholarly

work product) can be done
• Enables chain-of-custody to be determined

• Reproducibility of results is enabled
• There is a published copy-of-record at time t for the

indefinite future
• Version control is necessary to provide temporal record of

changes to data

• Responsibility and Authority Can Be Correctly Assigned
• Attribution and assignment of accomplishments and

intellectual property rights
• Anomaly correction and versioning of singleton and

multi-component datasets can be better quality-controlled*

J. J. Helly hellyj@ucsd.edu 26



Amazing New Opportunities Are
Enabled Through Data Publication

• Data Fusion (conversely Decomposition) Can Be
Increasingly Automated

• Multi-source datasets can be accessed and integrated with
higher-reliability using catalogue-level metadata

• Data updating and versioning of singleton and
multi-component datasets can be better quality-controlled
through automated processing of large numbers of files of
any size

• Applications Can Interoperate Reliably At New Levels of
Scale and Complexity

• Across disciplines and scales of space and time with an
accurate, reproducible history of processing

• New tools can be built to exploit the information from
permutations and combinations of data components (we see
this now in geospatial data)
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New Developments : This could be a
game-changer

• Libraries have historically
defined the University

• The role of university
libraries is changing

• Scripps Institution of
Oceanography Library
closed this year

• The Water Resources
collection at Berkeley went
homeless within the last
few years
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Help Make It Happen

• It took 10+ years to get
this far

• Encourage your
departments to recognize
data citations in merit
criteria

• Start using them in your
manuscripts

• Find out what your
institution is doing (or not)

• Teach your students and
colleagues about it (most
importantly the students)
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