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The Challenge of Data Quality

Two aspects Particle Data Book, 1958
- : tal/Technical Lawrence Radiation Lab Report UCRL- 8030
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Particle physicists put a
huge effort into maintaining
the quality of data and the
results derived from the
data.
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This is fundamentally a

hard problem: there are a
lot more ways to things | ' |

right! (Entropy) 2006 edition has 1232 pages; 24,559
measurements!



a few things can go wrong...

e “My answer agrees with the previous History plots from the Particle
result, so it must be right.” Data Group; each point is cum avg.

e “Something must be wrong with the A ——————
data...the answer isn’t coming out T
right.” 100 ]

e “Wedon’t need to perform a blind

analysis, because we already know
the answer.”

e “If thisis right | could win the...”
e “Correlations?”
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=]
L
I
|

)
= '
T [T o1 T T T T T T

L]
A3

é& gEEEEEEEEE ------- h

K
b =]
Ch
I T
|

e “He needs to graduate now.” P05 1060 1970- 1980 930 2000 5010
e “The conference is in two weeks.” 2'“; """"" e T
e “Let’s see if we can enhance the 2 °F g
significance of our signal by changing ~ 160 [TET %=
the selection requirements.” E I }
; L 14F L7 -
e “Ifit turns out to be true, we can say =0 l I
we saw it first.” Si2f || { k
4
] {J_— 1 i
I have either heard all of these or seen of o o -
1980 1990 2000 2010

the direct result.



But there Is also good in us...
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Precision Electroweak Measurements

on the Z Resonance
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The ALEPH, DELPHI, L3, OPAL, SLD Collaborations,’
the LEP Electroweak Working Group,’
the SLD Electroweak and Heavy Flavour Groups

PETEA ______ :
TRISTAN E.,L ( Much effort was dedicated to the determination of the energy of the colliding beams. A
precision of about 2 MeV in the centre-of-mass energy was achieved, corresponding to a relative
L _ uncertainty of about 2 - 107" on the absolute energy seale. This level of accuracy was vital for
; I—'EP I ]-':EP II ; the precision of the messurements of the mass and width of the £, as described in Chapter 2, In

= '_'I e Lo by by Loy _L e Lo Ly '_! L '1_' particular the off-peak energies in the 1993 and 1995 scans were carefully calibrated employing
0 20 40 60 Bﬂ 100 120 140 160 180 200 22 the technique of resonant depolarisation of the transversely polarised beams [14,15]. In arder to
Centre-of-mass energy (GeV) minimise the effects of any lr.mg-ru_rm inﬁtahilitiu_ﬁ during the energy scans, the centre-of-mass
energy was changed for every new fill of the machine, As a result, the data samples taken above
and helow the resonance are well balanced within each year, and the data at each energy are
spread evenly in time, The data recorded within a year around one centre-of-mass energy were
combined to give one messurement at this “energy point”,
The build-up of transverse polarisation due to the emission of synchrotron radiation [16]
was achieved with specially smoothed beam trajectories, Measurements with resonant depolar-
]‘-MII‘-]]‘I WErE th:'rr'fnw ﬂn]w ITIEId!' mmulv normal data takmg an nplmlh at the ends of hlIH

LEPE V‘/ V\/ G/ 1 /physrep pdf unexpec Lr'd SONTeEs u'lnmlﬁm:] These include the ﬂff:'{ ts of :'anh tides gt-n:'ratﬂd by the moon

and sun, and local geological deformations following heavy rainfall or changes in the level of
Lake Geneva, While the beam orbit length was constrained by the RF accelerating svstem, the
focusing quadrupoles were fixed to the earth and moved with respect to the beam, changing

the f'ifr't tive total bending ma, nvnf field and thi* beam ENETEY b 10 MeV over several hnurh

ergy at each interaction point also depended for example on the exact configuration of the RF
accelerating system.  All these effects are large compared to the less than 2 MeV systematic
uneertainty on the centre-of-mass energy eventually achieved through careful monitoring of the
running conditions and modelling of the beam energy,
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Outline

Main topics

Orientation: a few pictures of HEP experiments

Embarrassing moments in High Energy Physics (HEP)

What is data quality?

How do HEP collaborations ensure data quality?

How do high energy collaborations ensure the quality of results?
Quick answers to panel questions

Wisdom from Feynman

Related topics (if extra time)

Particle data compilations, combining scientific results from different
experiments

Long-term maintenance of data samples; public access 1ssues



Data quality begins with high quallty apparatus

BABAR experiment at SLAC
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* Huge number of different particwle processes 1n data sample.

 Published 300 journal articles so far; now about 1/week.

 Data also contain many well understood processes that can be
used for calibration and crosschecking.



Characteristics of BABAR Data Sample

e Data events
%, Running since 1999: about 32K individual run periods
% Number data events (passing minimal filter): 6.6 * 10°
%, Average event size: 7.8 * 103 bytes
v, Total sample size: 5.2 * 103 bytes (52 TB)
e Simulated (“Monte Carlo™) events
% Total number generic events: 4.6 * 10°
% Total number of signal events: 4.3 * 10°
v, Total sample size: 12.1 * 10*3 bytes (121 TB)



The next big thing: LHC at CERN

L ‘30,00 tons of 8.4 Tesla dipoles cooled to 1.9
degrees K by 90 tons of liquid helium -

e 2808 proton bunches (each direction), with 100
¢ billion 7 TeV protons per bunch

e Beam energy of 300 Megajoules = 120 Kg TNT,
enough to melt ~ a ton of copper

¥ v.--.."._ i ‘ ‘.‘ \ i
| 1




ATLAS and CI\/IS Experlments at the LHC

Compact Muon Solenoid

Silicon Tracker

Hadron Calorimeter

LHC dlpole magnets




Embarrassing moments in particle physics

1. “Discovery” of the {(8.1)—Crystal Ball expt. (19

» Observation of peaks in photon-
energy spectrum in two independent
decay channels.
* Not confirmed in subsequent data sample
* Only presented at conferences; not published

2. “Discovery” of top quark — UA1 experiment (1984)

 Observation of 6" quark (top) incorrectly
inferred from CERN experiment

e top quark finally discovered at Fermilab at
much higher mass

3. “Discovery” of penta-quark states (2002-2004)

Crystal Ball
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Slide courtesy of Reinhard Schumacher
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Some common problems

People often stop looking for mistakes when they obtain a desirable result.
Background shape or normalization estimated incorrectly.

Backgrounds peaking under signal not correctly determined.

Signal significance estimated incorrectly.

Signal is created artificially as “reflection™ of another signal.

Errors determined incorrectly.

Correlations not taken into account.

Shapes used in fit are not adequate to describe the data.

Bugs in program.

Systematic errors underestimated.

Systematic errors incomplete.

Unstated/incorrect assumptions.

Changes in experimental conditions not fully taken into account.
Average of many bad measurements might not give a good measurement.



What Is data quality?

Bottom Line: a scientific result based on a high-quality data
sample 1s reproducible and unbiased, and its uncertainties are quantified.

)x107

MeasuredQuantity = (4.54 O.?4Stat + O.(T)7SyS + 0.014norm
t

central statistical  Systematic Systematic
value  uncert. uncert. uncert. due to
external data inputs

 The individual contributions to the systematic uncertainty are stated.
» Any assumptions are stated, including numerical imnputs from other

experiments that might change.
 Sometimes also need to include information on error correlations.

This 1s a broad definition, implicitly recognizing that
* the quality of the data sample 1s fundamental
* but...the quality of the data analysis 1s critical



Stages of Data Acquisition, Processing, & Analysis

Experiment/Online DAQ and Calibration
/Control & Monitoring

\4

\

~/
\

Calibration + Data reconstruction (centralized)

_x

Reconstructed data;
data subsamples

A4

User data analysis
!

@analyzed data @

*usually ROOT files (root.cern.ch)

J .

main problems:

> hardware, software

> software (C*)

> people, software




Ensuring data/result quality in HEP experiments

Experimental conditions must be

1. Controlled and extensively monitored (rapidly/online)
2. Recorded/documented/archived in an automated and accessible way
Instrument performance must be

1. Calibrated and understood (online + offline)
2. Recorded/documented/archived in an automated and accessible way
Data handling and offline processing must be

1. Controlled by automated software tools and monitored by
bookkeeping tools

2. Performed with documented software with version control
Data analysis must be
1. Unbiased

2. Fully documented

3. Subject to extensive internal review/scrutiny by experts



Maintaining data quality in BABAR: Data Quality Group

Data Quality Group (Hypernews bulletin board system) (DQ already checked at
some level online)

The Data Quality group forum covers data quality monitoring, reporting, planning, and tools development. The group includes efforts from conveners or repres:
groups. The data quality group will ensure the quality and integrity of new data, reprocessed data, monte carlo production and skim production.

Email gateway for this forum is: DQG-hn(@slac. stanford edu

/\ The RETIRED messages for this forum can be found here. y Me eting p O Sted :
* Messages ine i About 15 experts meet to
Punb data to check for August 20 - August 26 by Virginia Azzolini, 8/26/07 vew

 Runs with SVT ODF damage by =7ISO-8850-1707Jordi Garva Tic=F37=, 8/24/07 new I’CViCW u allt Of 1

#3 Re: Runs with SVT ODF damage by Nicolas Arnaud , §/24/07 rew q y
#2l Weekly DQG meeting | Thursdav August 23rd 2007 by Carlos Alberta Chavez , 8/23/07 Hew s

1 some short runs (75807 & 75779) by Zafar Yasin, §/23/07 wew k h f d

Re: some short uns (75807 & 75779) by Zafar Yasin, §/23/07 vew Wee s Wort 0 ata'
. 7, PR datasets tags R22c-v05 and R22d-v02 are now available by Carlos Alberto Chavez , 8/21/07 Hew o . o

1. zz| SP-Generic datasets tags R22c-v03 are now available. by Carlos Alberto Chavez, 8/26/07 Hew Rapld Che Cklng IS Very
. #, Bunb data to check for August 13 - August 20 by Firginia Azzolini, 8/20/07 vew -
¥ Re: Runb data to check for August 13 - August 20 [BRECO&PHYS] OK! by Francesco. Renga@romal.infuit, 821/0;  * °
Be: Runb data to check for August 13 - August 20[TRK] by Yanvan Gao, 821/07 Hew lmpt. tO aVOId prOblemS
. ¥ Re: Run6 data to check for August 13 - August 20 [SVT] by Joel Martinez , §21/07 rew
7. Re: Runb data to check for August 13 - August 20 [DCH & dE/dx] &y Martin Simard, §21/07 vew .
@ Ee: Run6 data to check for August 13 - August 20[PID] v Diego Alefandro Milanes , §/22/07 tew affe Ctlng large amounts
Re: Runé data to check for August 13 - August 20 by morris. 570@gmail.com, 8/22/07 Hew
2 Re: Run6 data to check for August 13 - August 20[DIRC] by justine serrano, 8&23/07 new O f data

Re: Runb data to check for August 13 - August 20[TRG] by rahmat, §/23/07 Hew ®

1. #5 Re: Run6 data to check for August 13 - August 20[TRG] by Michael Sigamani, 8/24/07 Hew
&1 preliminary candidate datasets tags for R22¢ (v05-c1) and R22d (v02-c1) skim cvcles by Carlos Alberto Chavez , 8/16/07
Re: preliminarv candidate datasets tags for R22c (vw05-c1) and R22d (v02-c1) skim cvcles --some R22d-v02-c] checks &)
- 71, RE: preliminary candidate datasets tags for R22¢ (v05-cl) and B22d (+02-cl) skim cycles --some R22d-v02-c1 checks £
- z1, RE: preliminary candidate datasets tags for R22¢ (v035-cl) and B22d (v02-cl) skim cycles -- some R22d stragglers by Ho EXp erts from:
. ¥ Final set of mini 2 mini validations by Carlos Alberto Chavez , 8/10/07 Hew
Re: Final set of mini 2 mini validations [PHYS&BRECQ] OK! &y Francesco. Renga@romal.infun.it, §/16/07 Hew *
Re: Final set of mini 2 mini validations [TRE | &y Yanvan Gao, 8/16/07 Hew @ Manag ement, C Omputlng ’
Re: Final set of mini 2 mini validations [TFR] by James Morris, §/16/07 wew .
Re: Final set of mini 2 mini validations [DIRC] by justine serrano, §/16/07 Hew d

3, Re: Final set of mini 2 mini validations [EMC] by Neng X1, 8/16/07 new eteCtor Op era’tlons 9
Ee: Final set of mini 2 mini validations [DCH & dE/dx] by Martin Simard, 8/16/07 vew

1. #5 Re: Final set of mini 2 mini validations [PID] &y Diego Alejandro Milanes , §/16/07 wew physic S an alysis group S .

& Fnd: |qua|‘rty & Next ¢ Previous [ Highlight all [] Match case
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Example of Data Quality Monitoring

Monitor several hundred observable high-level quantities
during each run, in addition to experimental settings/conditions.

| D" — 0° = Mean I
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“Good” data must not selected according to whether they confirm
a desired result! Completely obvious, yet it has been done.



Maintaining the quality of data analysis

e A distinct problem from “data quality”—arising from the complexity of
the data sample and the data analysis procedures.

v, Knowledge of experimental apparatus and its limitations

v, Extensive knowledge of particle physics

%, Knowledge of fitting/statistical methods

%, Awareness of many pitfalls (e.g., how false signals are created).

Standardized and thoroughly | | Redundancy: procedures checked
tested data analysis tools using other processes in data sample.

Use of simulated data samples (“Monte Carlo”)
to devise procedures without looking at the data.

Blind analysis protocols: conceal result until procedures fixed.

Rigorous requirements for review and detailed documentation.




The joy and torture of blind analysis

Blind analysis procedures have advantages and disadvantages.
» extensively used in BaBar; goal 1s to reduce potential bias
« applicability and usefulness depends on situation
« a complex topic worthy of a talk on its own

Late-night
unblinding party
in BaBar for

the measurement
of a matter-
antimatter
asymmetry.

-« Reference: “Blind Analysis in Nuclear and Particle Physics”,
ttovaj J.R. Klein & A. Roodman, Annu. Rev. Nucl. Part. Sci.
¥ 2005.55:141—63.




Life story of an internal review of a data analysis project

10.

11.

Analysis underway: about 10 progress reports to Analysis Working Group
of people performing similar studies.

Produce detailed internal document.

Formal reading of internal document by Analysis Working Group and
signoff.

Appointment of Internal Review Committee (3-4 people)

Review and signoff of journal article by Internal Review Committee
Presentation to full collaboration.

Review of journal article by designated member institutions.
Electronic posting of questions and authors’ responses.

Signoff on responses by review committee.

Final review by Publications Board; one-week final notice to the
collaboration.

Time from start to finish: 1-3

Submission of article to journal.
years, mostly Steps 1-3.



Management of Data Analysis: BaBar Analysis Information
System (BAIS)

¥ BAIS: Analysis Index - Mozilla Firefox

File Edit View History Bookmarks Tools Help

(5*3 - - @ g | https:/fwww.slac.stanford.edu/babar-internal/BAIS/info/index. html &= b I'| 500 <]

| BaBar Home | Computing | Detector | Documentation Hypemnews Organization Physics BaBar Web Search ‘ Meeting Organizer

=<0

- SABAIS: Analysis Index

[ Help J [ Analysis Index ][ Analysis Detailed Index ] [ AWG Index ][ IRG Index ][ Admin & Maintenance ]
[ Create new analysis entry ][ Create new AWG ][ Review Committees ][ Analyst List ][ Rewviewer List ]
Mot I Potential Reviewer List ][ RClog Time Alerts ]

wsenin st ) 'J45 data analysis projects!

Please either enter a search query here :

We are testing a new way of selecting BATS entries using a pseudo-SQL command to be entered by the user. If vou decide to try it. please send comments or problem reports to ecmartin@slac. stanford edu. The usual BAIS
sott and selection box remains unchanged Thank yvou.

Analysis Search Form
Enter search query : [find |
For example - find (awg = charm or cwrstart > 01-jan-1900) and name = mixing
or find awg = charm order by pubstat (nore: order by can be used with awg, pubstar, name and confstar)
Search by AWG AWG code |Analysis Name |Analyst(s) [Publication Status |Target Pub Period| Target Journal Conference Status
Code awg code name analyst pubstat targetpub journal confstat
Options | breca v || awg-yyixoc anything anything | Free v || |4m8 %] |PRL hd || RC/CONF v
S h RC first PAC |RCI Final Noti Final Noti
BT Target Conference CWR start CWRend [Keyword . i . %% |BAD #|IRG | Submission s o v
by meeting sign-off | EET Start End
Code targetconf cwrstart cwrend key firstmtg signoff eet bad irg sub fnstart fnend
o dd-mmm-yyyy |dd-mmm-yyyy dd-mmm-yyyy dd-mmm-yyyy | dd-mmm-yyyy  [dd-mmm-yyyy
Options | CKM 2008 || or0 (empty or 0 (empty | anything | or 0 (empty | yes/no |yes/no |number|ex:1a| or 0 (empty ar 0 (empty or 0 {empty
date) date) date) date) date) date)
[ Submit Query ] [ Resetform ]

Or enter selection & sort criteria here :

Analysis Selection & Sort Form
Sort by: @ AWG Code ) Publication Stams ) Analysis Name ) Conference Stats
Sort order: @ Ascending () Descending
Select AWG: | apy v | b




e cor Data analysis projects in one subgroup
<EI M il @ LR [ e T T e T T e e = | = ) (= | \&l
. e . N ICHEP, DPF, WINTER2007, ~
W D, 3 : I : : : : -
17 |SemiLen-05/04 Wealc annihilation in BO -= X1 Glag iardi, Nicola; Rotondo, Marcello; AWGRC 30\ [PRL LP2007 WSTAT07-Q, SUMMER2007,
b Simonetto_ Franco R1S, SSTATO7-L, LP07-3
[ . . N . semilep, WINTER2007.
. N of: - . L =
18 |Semilep-05/07 |clusive semileptonic b->u - |Dingfelder, Jochen Christian, Kelsey, Michael | wepe | 207 ||prD LP2007  |WSTAT07-Q, SUMMER2007,
using neutrino reconstruction H.; Luth, Vera R18
[ ] ICHEP, WINTER2007,
Ten-05/12 o ; * Dh \ : :
19 |Semil ep-05/12 B->DsKlm Jasper. Heikko AWGRC 3/07 RC/PhysNote WSTAT07-Q, R18
. . e ) . ) Ovanguren, Arantza; Roudean, Patrick: J J
20 |Semil ep-05/15 Ds semileptonic decavs Serrano. Fustine AWGRC 3/07 \PRI n na ys1s Or lng roup
21|SemiLep-06/01  |D ->pilm Ovanguren, Arantza; Roudean, Patrick AWGRC | 3007 f has R cCVICW CO mim lttee
[ ] _ ] . o . [ semilep. ICHEP, HQS, DPF.
22 |Semilep-06/02 | aciusiveB-> Xulm with Bianchi, Fabrizio; D Orazio, Alessia; Gallo.  |sywgre | 2/07 |[PRD-RC LP2007  |DPFOS-BPHY22, ASO7-1,
Hadronic Tags Francesco; del Re, Damele L1073 SUMMER2007. RIS
[ Exclusive B->D/D*/D(*)pil m SUMMER2007, R22.
7] Len-06/15 - . T 2 : .
23 |Semil ep-06/15 with hadronic tags Battaglia, Marco; Lopes Pegna, David AWGTRC 3/07 §[PED LP2007 SSTATO7-L, EPS07-4, LP07-3
b-->clon mixed had. moments |[Klose, Verena; Schubert, Klaus R ; SUMMER2007, R18,
2 T en-06/ X : 2 : :
24 |Semil ep-06/16 N Sundermann. Jan E. AWGRC 3/07 | |PRL EPS2007 SSTATOT-O B
, . Improved Q7 2-El analvsis: g™2 . . , .
L - f - R ¥
25 |Semilep-07/01 <pectra and Vb Lacker. Heiko M.; Vol Alexer 200
] — L M__ CTTAMAATT AAAT
26 |Semil ep-04/02 D*0lnu BF and Vcb Schubert_Jens 2/07 RI . . .
27 |Semilep-05/11 b->>clou Hadronic Moments Sundermann, Jan E. 2/07 Prell lna 3 publlc re Sult
[ , . Mixed hadronic energy and . , pp d |
2 -05/ i ; !
28 |Semil.ep-05/13 \nass moments in B> Xclm Klose, Verena: Sundermann_ Jan E. 307 a rove
. . B -> D(*) tau nu branching . . ) . .
P . n2 - r /
29 Semilep-03/02 | == P - PR Mazur, Michael Alan: Richman, Jeffrey In C Ollab i ‘ N / 1 de RCVI ew
Azzolini_ Virginia; Bozzi, Concezio; Lacker,
. . Inchusive b-> u 1 mu studies with |Heiko M.; Menges, Wolfgang; Petrella, ) . . 2007, R18,
30 (Semilep-06/04 ]| S—— . . 2/07 [PRL
Hadronic Tags Antonio; Sacco, Roberto; Tackmann, Kerstin; F l 1 - k J7-3.LP07-3
. Badrorc Tae Atonic; S, Robert; Tackmam, Kersin 1nal 1-week notice
] | |T|‘“"L]'E'T! IIMT TYDT
Bomben, Marco; Cossutti, Fabio; Della Ricca, . . 07-3,
F _04/05 R ] 7 : > =
S e i . w2 Submitted to journal =
& Find: | quality {3 Next i Previous [ Highlight all | Match case




= e Information on a specific project

R -
i | =
- 4-ABAIS: Semil.ep-03/02 Details
[ Help ][ Analysis Index ][ Analysis Detailed Index ][ AWG Index ][ IRG Index ][ Admin & Maintenance ]
"""""" [ Create new analysis entry ] [ Create new AWG ] [ Review Committees ] [ Analyst List ] [ Reviewer List ]
HN id:
ndc;:::ln [ Potential Reviewer List ] [ RClog Time Alerts ]
B -> D(*) tau nu branching fraction using Breco tags — Analysis Details
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Quick responses to panel questions (1, 2)

With which large data collections are you familiar and what has been your
involvement with these collections?

% 28 years working on 7 high-energy physics (HEP) experiments; variety of
leadership and coordination roles; experience with large and complex data
samples; Physics Coordinator of BaBar experiment; consultant to Particle
Data Group.

What lessons can be learned from large data collections relative to how they can
best be utilized and in maintaining their integrity?

Fundamentals
% (1) documentation, documentation, documentation
% (2) rapid, extensive, & transparent internal review at multiple stages

v (3) Data Quality (DQ) assurance as an explicit task with planning, resources,
& recognition

(4) DQ coordination across organizational boundaries (big science issue)
(5) “strong” data sample has numerous self-calibration features

(6) use of simulated data is extremely powerful tool

(7) transparent and robust bookkeeping, software version control, etc.

(8) attitude/culture: eternal vigilance, skepticism, and redundant
checking
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Quick responses to panel questions (3)

3.  What are the standards and expectations in your field with regard to data
guality (e.g. peer review), communication with other scholars (e.g. making
data available to other researchers), and providing data in the public
domain? Are standards and expectations changing? What are the
barriers to providing access (e.g. cost)?

v, Standards are generally high and have been improving over time.

% Quality ultimately due to competition/redundancy. Large number of
collaborators & competing experiments; aggressive culture in high
energy physics.

v BUT errors do occur, usually misjudgements/overoptimism/bias in
data analysis, not technical/hardware failure.

v, HEP data samples are very complex; “owned” by collaboration of
Institutions who have defined responsibilities in
building/maintaining/operating the experiment.

%, Public access/uses: educational (maybe), scientific (hard).



Quick responses to panel questions (4)

4. \What are your thoughts on the questions in the committee’s charge? What
recommendations would you make?

%, Charge seems vague; relies on committee’s expertise to sharpen the
Issues. (Maybe that’s OK.)

% Proposing universal standards will be difficult; maybe it’s more useful
to think in terms of “best practices.”

v, Value: different scientific fields may be able to learn from each other’s
experience. Try to identify commonalities and recognize differences.
Discuss successes and failures. Lessons learned.

w, Comment: emphasis on data may de-emphasizes importance of data
analysis procedures. In HEP, it’s a long way from the sample to the
result.




Combining results from experiments & archiving results
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% Averaging of results is performed.

e Averaging groups: need to understand
correlations between uncertainties of results
from different experiments

v Heavy Flavor Averaging Goup:

v, LEP electroweak working group:
http://lepewwg.web.cern.ch/LEPEWWG/



Long-term preservation of HEP data samples

e If you ask a high-energy physicist whether it would be practical to preserve
data samples for use far into the future, the answer most likely would be
“you’ve got to be kidding!”

) Why?
v, Extensive knowledge required to use the data sample.

% The data sample does not really exist independently of the software
required to analyze it. You would also need to maintain the software.

% Since analyzing the data is so difficult, who would want to do it?
%, Probably most of what can be learned has already been learned.

%, Large computing resources would be required to store and use the
samples.

e But itis still worth considering

% N several cases, the data samples are “canonical” and may never be
surpassed given resource limitations.

v, There are probably a few surprises lurking in these samples.



Wisdom from Feynman (from “Cargo Cult Science,” in “Surely
You’re Joking Mr. Feynman!”)

e “But there is one feature | notice that is generally missing in cargo cult
science. That is the idea that we all hope you have learned in studying
science in school---we never explicitly say what this is, but just hope that
you catch on by all the examples of scientific investigation. It is interesting,
therefore, to bring it out now and speak of it explicitly. It’s a kind of
scientific integrity, a principle of scientific thought that corresponds to a
kind of utter hoensty—a kind of leaning over backwards.”

e “Details that could throw doubt on your interpretation must be given, if
you know them.”

e “Insummary, the idea is to try to give all the information to help others
judge the value of your contribution; not just the information that leads to
judgement in one particular direction or another.”

e “But this long history of learning how to not fool ourselves—of having
utter scientific integrity—is, I’'m sorry to say, something that we haven’t
specifically included in any particular course that | know of.”

e “The first principle is that you must not fool yourself—and you are the
easiest person to fool.”



Statement of Task (I)

What are the growing varieties of research data? In addition to issues
concerned with the direct products of research, what issues are involved in
the treatment of raw data, pre-publication data, materials, algorithms, and
computer codes?

Who owns research data, particularly that which results from federally
funded research? Is it the public? The research institution? The lab? The
researcher?

To what extent is a scientist responsible for supplying research data to
other scientists (including those who seek to reproduce the research) and
to other parties who request them? Is a scientist responsible for supplying
the data, algorithms and computer codes to other scientists who request
them?

What challenges does the science and technology community face arising
from actions that would compromise the integrity of research data? What
actions should the science and technology community, journal publishers,
funding agencies and universities take in response?



Statement of Task (l1)

e What are the current standards for accessing and maintaining research

data, and how should they evolve in the future? How might such standards
differ for federally-funded and privately-funded research, and for

research conducted in academia, industry, governmental and non-
governmental organizations?



