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National Institute of Standards and Technology (NIST) 
• National Metrology Institute for the 

United States 
• Mission:  

To promote U.S. innovation and 
industrial competitiveness by 
advancing measurement science, 
standards, and technology in ways 
that enhance economic security and 
improve our quality of life 



International standards and trade agreements 
 
International Measurement Laboratories (BIPM) 
 
International standards and harmonization groups 

Measurement science in international policy and commerce 



Differences in measurement 
scales and uncertainties 

Improving Nanoparticle Toxicity Assay: Interlaboratory Comparison 

Consensus 
EC50 value 
CV<20% 

Design 
Of  
Experiment 

US interests in international policy and commerce 

Identify/ 
control 
sources of 
uncertainty 



The Materials Genome Initiative (MGI) 
Data Models 

Jim Warren,Technical Program Director, MGI, NIST 

Goal: to decrease the time to market for new materials by 50% 



The Materials Genome Initiative (MGI) 

Jim Warren,Technical Program Director, MGI, NIST 

Goal: to decrease the time to market for new materials by 50% 

Cloud of Reproducible Records. 
An important part of MGI at NIST is infrastructure 
and tools to enable reproducible research in 
computational and experimental materials science 



Approximately ⅓ of articles 
that reach the “approve” 
stage are found to contain 
significant problems that 
require further revision 

Ken Kroenlein, Leader, Thermodynamics Research Center Group, NIST 



Foundations of Measurement Science for Information Systems 

 

 

Ron Boisvert, Chief, Mathematical & Computational Sciences Division, NIST 

Experiment – Model – Understand – Measure – Improve 

Complex 
System 

Desired Practice 

Theory, 
Model 

Metrics 

Validate 

Insight 

Needed Foundation 



Addressing Reproducibility via Publication Policies and Incentives 
within the Association for Computing Machinery (ACM)   

Ronald Boisvert, the head of the Applied and Computational Mathematics Division at NIST and chair 
of the ACM Publications Board's Digital Library Committee. Communications of the ACM, Vol. 2016 

• SIGMOD: establishing a reproducibility review of papers at the SIGMOD conference since 2008. 
• The Artifact Evaluation for Software Conferences: formal evaluations of artifacts (such as 

software and data) for 11 major conferences since 2011. 
• ACM Transactions on Mathematical Software, The ACM Transactions on Modeling and Computer 

Simulation, and the Journal of Experimental Algorithmics: initiatives for replication of 
computational results by a third party before acceptance.  

• ACM Publications Board: policy on Result and Artifact Review and Badging to highlight papers 
that have undergone independent verification.  

CRITERIA: documented, consistent, complete, exercisable, and 
include appropriate evidence of verification and validation. 

http://www.nist.gov/itl/math/boisvert.cfm
http://www.nist.gov/itl/math/boisvert.cfm




Measurement assurance : Method validation  
o Benchmarking microscope 

performance. 

o Measurement assurance of NA 

sequence 

o Confirmation of cell line identity. 

o Accuracy of image analysis 

algorithms. 

 
Dima et al Cytometry A 2011 

Almeida et al Cytotechnology 2013 

Halter et al Cytometry A 2014 



Many laboratories don’t think a lot about the 
quality of their measurements  

Often hear:   We don’t have problems in our lab. 
And:   Our results are very reproducible.  
And:   It works for us. 



Unique Peptide Sequences
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study_2_all_except_blanks

		Summary Report - CPTAC NCI-20 Mix (Internal Use)

		Report name: internal_use_xy_study_2_all_except_blanks_summary.csv

		Report was generated at Thu Mar 22 12:13:23 AM with NCI_Compare version 3.8. Last updated on 3/21/2007.

		Number of experiments: 42

		Experiment		Sample ID		Team		Study Name		Site		Instrument Name		Instrument Vendor		Instrument Model		Instrument Type		Ion Source		Sample Type		Week		Sample Name		Analysis		Num Spectra		Pk/Spec		Location		Standard proteins		Peptide ions from standard proteins		Peptide sequences from standard proteins		instrument

		1		22		carr		study_2		Broad		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week1		1B083		1		11662		138		carr\study_2\Broad\Orbi1\week1\1B083\		5		317		208		study_2_carr_Broad_Orbi1

		2		23		carr		study_2		Broad		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week1		1B144		1		11840		116		carr\study_2\Broad\Orbi1\week1\1B144\		5		310		199		study_2_carr_Broad_Orbi1

		3		24		carr		study_2		Broad		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week1		1B423		1		11653		103		carr\study_2\Broad\Orbi1\week1\1B423\		5		284		191		study_2_carr_Broad_Orbi1

		4		25		carr		study_2		Broad		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week2		1B129		1		10971		113		carr\study_2\Broad\Orbi1\week2\1B129\		6		307		198		study_2_carr_Broad_Orbi1

		5		27		carr		study_2		Broad		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week2		1B219		1		11378		115		carr\study_2\Broad\Orbi1\week2\1B219\		5		287		188		study_2_carr_Broad_Orbi1

		6		26		carr		study_2		Broad		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week2		1B386		1		10915		113		carr\study_2\Broad\Orbi1\week2\1B386\		5		283		185		study_2_carr_Broad_Orbi1

		7		13		liebler		study_2		Vanderbilt		LTQ1		Thermo Electron		LTQ		IT		nESI		B		week1		1B121		1		10891		85		liebler\study_2\Vanderbilt\LTQ1\week1\1B121\		5		210		155		study_2_liebler_Vanderbilt_LTQ1

		8		11		liebler		study_2		Vanderbilt		LTQ1		Thermo Electron		LTQ		IT		nESI		B		week1		1B338		1		10844		90		liebler\study_2\Vanderbilt\LTQ1\week1\1B338\		5		216		159		study_2_liebler_Vanderbilt_LTQ1

		9		15		liebler		study_2		Vanderbilt		LTQ1		Thermo Electron		LTQ		IT		nESI		B		week1		1B404		1		10753		75		liebler\study_2\Vanderbilt\LTQ1\week1\1B404\		5		215		156		study_2_liebler_Vanderbilt_LTQ1

		10		12		liebler		study_2		Vanderbilt		LTQ1		Thermo Electron		LTQ		IT		nESI		B		week2		1B076		1		10634		83		liebler\study_2\Vanderbilt\LTQ1\week2\1B076\		5		220		154		study_2_liebler_Vanderbilt_LTQ1

		11		10		liebler		study_2		Vanderbilt		LTQ1		Thermo Electron		LTQ		IT		nESI		B		week2		1B134		1		10547		83		liebler\study_2\Vanderbilt\LTQ1\week2\1B134\		5		246		158		study_2_liebler_Vanderbilt_LTQ1

		12		14		liebler		study_2		Vanderbilt		LTQ1		Thermo Electron		LTQ		IT		nESI		B		week2		1B322		1		10572		80		liebler\study_2\Vanderbilt\LTQ1\week2\1B322\		5		237		163		study_2_liebler_Vanderbilt_LTQ1

		13		19		liebler		study_2		Vanderbilt		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week1		1B035		1		11063		110		liebler\study_2\Vanderbilt\Orbi1\week1\1B035\		5		244		171		study_2_liebler_Vanderbilt_Orbi1

		14		20		liebler		study_2		Vanderbilt		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week1		1B208		1		11065		101		liebler\study_2\Vanderbilt\Orbi1\week1\1B208\		5		221		157		study_2_liebler_Vanderbilt_Orbi1

		15		17		liebler		study_2		Vanderbilt		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week1		1B483		1		11047		110		liebler\study_2\Vanderbilt\Orbi1\week1\1B483\		5		240		164		study_2_liebler_Vanderbilt_Orbi1

		16		16		liebler		study_2		Vanderbilt		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week2		1B143		1		11117		125		liebler\study_2\Vanderbilt\Orbi1\week2\1B143\		5		254		170		study_2_liebler_Vanderbilt_Orbi1

		17		18		liebler		study_2		Vanderbilt		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week2		1B212		1		11062		119		liebler\study_2\Vanderbilt\Orbi1\week2\1B212\		5		250		174		study_2_liebler_Vanderbilt_Orbi1

		18		21		liebler		study_2		Vanderbilt		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week2		1B364		1		11089		119		liebler\study_2\Vanderbilt\Orbi1\week2\1B364\		5		261		177		study_2_liebler_Vanderbilt_Orbi1

		19		7		nist		study_2		HML		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week1		1B033		1		11215		87		nist\study_2\HML\LTQ1\week1\1B033\		5		330		209		study_2_nist_HML_LTQ1

		20		2		nist		study_2		HML		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week1		1B091		1		11205		80		nist\study_2\HML\LTQ1\week1\1B091\		5		318		198		study_2_nist_HML_LTQ1

		21		9		nist		study_2		HML		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week1		1B228		1		11197		88		nist\study_2\HML\LTQ1\week1\1B228\		5		338		210		study_2_nist_HML_LTQ1

		22		3		nist		study_2		HML		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week2		1B229		1		11204		78		nist\study_2\HML\LTQ1\week2\1B229\		5		311		197		study_2_nist_HML_LTQ1

		23		8		nist		study_2		HML		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week2		1B283		1		11212		88		nist\study_2\HML\LTQ1\week2\1B283\		5		339		208		study_2_nist_HML_LTQ1

		24		1		nist		study_2		HML		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week2		1B327		1		11205		90		nist\study_2\HML\LTQ1\week2\1B327\		5		319		199		study_2_nist_HML_LTQ1

		25		32		regnier		study_2		INCAPS		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week1		1B180		1		2992		341		regnier\study_2\INCAPS\LTQ1\week1\1B180\		5		212		150		study_2_regnier_INCAPS_LTQ1

		26		29		regnier		study_2		INCAPS		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week1		1B191		1		2928		322		regnier\study_2\INCAPS\LTQ1\week1\1B191\		5		227		155		study_2_regnier_INCAPS_LTQ1

		27		31		regnier		study_2		INCAPS		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week1		1B454		1		2848		319		regnier\study_2\INCAPS\LTQ1\week1\1B454\		5		218		153		study_2_regnier_INCAPS_LTQ1

		28		30		regnier		study_2		INCAPS		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week2		1B009		1		2680		334		regnier\study_2\INCAPS\LTQ1\week2\1B009\		5		216		159		study_2_regnier_INCAPS_LTQ1

		29		33		regnier		study_2		INCAPS		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week2		1B109		1		2704		337		regnier\study_2\INCAPS\LTQ1\week2\1B109\		5		226		162		study_2_regnier_INCAPS_LTQ1

		30		28		regnier		study_2		INCAPS		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week2		1B210		1		2552		330		regnier\study_2\INCAPS\LTQ1\week2\1B210\		5		229		157		study_2_regnier_INCAPS_LTQ1

		31		49		regnier		study_2		Purdue		PurdueLTQ		Thermo Electron		LTQ		IT		nESI		B		week1		1B202		1		7660		250		regnier\study_2\Purdue\PurdueLTQ\week1\1B202\		5		52		44		study_2_regnier_Purdue_PurdueLTQ

		32		51		regnier		study_2		Purdue		PurdueLTQ		Thermo Electron		LTQ		IT		nESI		B		week1		1B344		1		7347		212		regnier\study_2\Purdue\PurdueLTQ\week1\1B344\		4		55		48		study_2_regnier_Purdue_PurdueLTQ

		33		50		regnier		study_2		Purdue		PurdueLTQ		Thermo Electron		LTQ		IT		nESI		B		week1		1B398		1		7531		186		regnier\study_2\Purdue\PurdueLTQ\week1\1B398\		5		59		52		study_2_regnier_Purdue_PurdueLTQ

		34		47		regnier		study_2		Purdue		PurdueLTQ		Thermo Electron		LTQ		IT		nESI		B		week2		1B115		1		7537		116		regnier\study_2\Purdue\PurdueLTQ\week2\1B115\		5		75		55		study_2_regnier_Purdue_PurdueLTQ

		35		46		regnier		study_2		Purdue		PurdueLTQ		Thermo Electron		LTQ		IT		nESI		B		week2		1B174		1		7686		158		regnier\study_2\Purdue\PurdueLTQ\week2\1B174\		5		157		117		study_2_regnier_Purdue_PurdueLTQ

		36		48		regnier		study_2		Purdue		PurdueLTQ		Thermo Electron		LTQ		IT		nESI		B		week2		1B289		1		7645		94		regnier\study_2\Purdue\PurdueLTQ\week2\1B289\		5		119		93		study_2_regnier_Purdue_PurdueLTQ

		37		36		tempst		study_2		NYU		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week1		1B156		1		1658		125		tempst\study_2\NYU\Orbi1\week1\1B156\		5		108		87		study_2_tempst_NYU_Orbi1

		38		34		tempst		study_2		NYU		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week1		1B244		1		1260		115		tempst\study_2\NYU\Orbi1\week1\1B244\		5		109		86		study_2_tempst_NYU_Orbi1

		39		35		tempst		study_2		NYU		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week1		1B446		1		1315		110		tempst\study_2\NYU\Orbi1\week1\1B446\		5		107		84		study_2_tempst_NYU_Orbi1

		40		37		tempst		study_2		NYU		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week2		1B030		1		1708		118		tempst\study_2\NYU\Orbi1\week2\1B030\		5		122		87		study_2_tempst_NYU_Orbi1

		41		39		tempst		study_2		NYU		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week2		1B104		1		1649		114		tempst\study_2\NYU\Orbi1\week2\1B104\		5		115		85		study_2_tempst_NYU_Orbi1

		42		38		tempst		study_2		NYU		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week2		1B326		1		1350		110		tempst\study_2\NYU\Orbi1\week2\1B326\		5		78		66		study_2_tempst_NYU_Orbi1





Sequences_in_Stands

		Summary Report - CPTAC NCI-20 Mix (Internal Use)

		Report name: internal_use_xy_study_2_all_except_blanks_summary.csv

		Report was generated at Thu Mar 22 12:13:23 AM with NCI_Compare version 3.8. Last updated on 3/21/2007.																																																						study_2_carr_Broad_Orbi1		W1		study_2_carr_Broad_Orbi1_W1		W1		W2		study_2_carr_Broad_Orbi1_W2		W2				study_2_liebler_Vanderbilt_Orbi1		W1		study_2_liebler_Vanderbilt_Orbi1_W1		W1		W2		study_2_liebler_Vanderbilt_Orbi1_W2		W2				study_2_tempst_NYU_Orbi1		W1		study_2_tempst_NYU_Orbi1_W1		W1		W2		study_2_tempst_NYU_Orbi1_W2		W2				study_2_liebler_Vanderbilt_LTQ1		W1		study_2_liebler_Vanderbilt_LTQ1_W1		W1		W2		study_2_liebler_Vanderbilt_LTQ1_W2		W2				study_2_nist_HML_LTQ1		W1		study_2_nist_HML_LTQ1_W1		W1		W2		study_2_nist_HML_LTQ1_W2		W2				study_2_regnier_INCAPS_LTQ1		W1		study_2_regnier_INCAPS_LTQ1_W1		W1		W2		study_2_regnier_INCAPS_LTQ1_W2		W2				study_2_regnier_Purdue_PurdueLTQ		W1		study_2_regnier_Purdue_PurdueLTQ_W1		W1		W2		study_2_regnier_Purdue_PurdueLTQ_W2		W2

																																																										1		208		carr\study_2\Broad\Orbi1\week1\1B083\		1.1		198		carr\study_2\Broad\Orbi1\week2\1B129\						2		171		liebler\study_2\Vanderbilt\Orbi1\week1\1B035\		2.1		170		liebler\study_2\Vanderbilt\Orbi1\week2\1B143\						3		87		tempst\study_2\NYU\Orbi1\week1\1B156\		3.1		87		tempst\study_2\NYU\Orbi1\week2\1B030\						4		155		liebler\study_2\Vanderbilt\LTQ1\week1\1B121\		4.1		154		liebler\study_2\Vanderbilt\LTQ1\week2\1B076\						5		209		nist\study_2\HML\LTQ1\week1\1B033\		5.1		197		nist\study_2\HML\LTQ1\week2\1B229\						6		150		regnier\study_2\INCAPS\LTQ1\week1\1B180\		6.1		159		regnier\study_2\INCAPS\LTQ1\week2\1B009\						7		44		regnier\study_2\Purdue\PurdueLTQ\week1\1B202\		7.1		55		regnier\study_2\Purdue\PurdueLTQ\week2\1B115\

		Number of experiments: 42																																																								1		199		carr\study_2\Broad\Orbi1\week1\1B144\		1.1		188		carr\study_2\Broad\Orbi1\week2\1B219\						2		157		liebler\study_2\Vanderbilt\Orbi1\week1\1B208\		2.1		174		liebler\study_2\Vanderbilt\Orbi1\week2\1B212\						3		86		tempst\study_2\NYU\Orbi1\week1\1B244\		3.1		85		tempst\study_2\NYU\Orbi1\week2\1B104\						4		159		liebler\study_2\Vanderbilt\LTQ1\week1\1B338\		4.1		158		liebler\study_2\Vanderbilt\LTQ1\week2\1B134\						5		198		nist\study_2\HML\LTQ1\week1\1B091\		5.1		208		nist\study_2\HML\LTQ1\week2\1B283\						6		155		regnier\study_2\INCAPS\LTQ1\week1\1B191\		6.1		162		regnier\study_2\INCAPS\LTQ1\week2\1B109\						7		48		regnier\study_2\Purdue\PurdueLTQ\week1\1B344\		7.1		117		regnier\study_2\Purdue\PurdueLTQ\week2\1B174\

		Experiment		Sample ID		Team		Study Name		Site		Instrument Name		Instrument Vendor		Instrument Model		Instrument Type		Ion Source		Sample Type		Week		Sample Name		Analysis		Num Spectra		Pk/Spec		Location		Standard proteins		Peptide ions from standard proteins		Peptide sequences from standard proteins		instrument				instrument		Week		Peptide sequences from standard proteins		Location						1		191		carr\study_2\Broad\Orbi1\week1\1B423\		1.1		185		carr\study_2\Broad\Orbi1\week2\1B386\						2		164		liebler\study_2\Vanderbilt\Orbi1\week1\1B483\		2.1		177		liebler\study_2\Vanderbilt\Orbi1\week2\1B364\						3		84		tempst\study_2\NYU\Orbi1\week1\1B446\		3.1		66		tempst\study_2\NYU\Orbi1\week2\1B326\						4		156		liebler\study_2\Vanderbilt\LTQ1\week1\1B404\		4.1		163		liebler\study_2\Vanderbilt\LTQ1\week2\1B322\						5		210		nist\study_2\HML\LTQ1\week1\1B228\		5.1		199		nist\study_2\HML\LTQ1\week2\1B327\						6		153		regnier\study_2\INCAPS\LTQ1\week1\1B454\		6.1		157		regnier\study_2\INCAPS\LTQ1\week2\1B210\						7		52		regnier\study_2\Purdue\PurdueLTQ\week1\1B398\		7.1		93		regnier\study_2\Purdue\PurdueLTQ\week2\1B289\

		1		22		carr		study_2		Broad		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week1		1B083		1		11662		138		carr\study_2\Broad\Orbi1\week1\1B083\		5		317		208		study_2_carr_Broad_Orbi1				study_2_carr_Broad_Orbi1		week1		208		carr\study_2\Broad\Orbi1\week1\1B083\

		2		23		carr		study_2		Broad		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week1		1B144		1		11840		116		carr\study_2\Broad\Orbi1\week1\1B144\		5		310		199		study_2_carr_Broad_Orbi1				study_2_carr_Broad_Orbi1		week1		199		carr\study_2\Broad\Orbi1\week1\1B144\

		3		24		carr		study_2		Broad		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week1		1B423		1		11653		103		carr\study_2\Broad\Orbi1\week1\1B423\		5		284		191		study_2_carr_Broad_Orbi1				study_2_carr_Broad_Orbi1		week1		191		carr\study_2\Broad\Orbi1\week1\1B423\

		4		25		carr		study_2		Broad		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week2		1B129		1		10971		113		carr\study_2\Broad\Orbi1\week2\1B129\		6		307		198		study_2_carr_Broad_Orbi1				study_2_carr_Broad_Orbi1		week2		198		carr\study_2\Broad\Orbi1\week2\1B129\

		5		27		carr		study_2		Broad		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week2		1B219		1		11378		115		carr\study_2\Broad\Orbi1\week2\1B219\		5		287		188		study_2_carr_Broad_Orbi1				study_2_carr_Broad_Orbi1		week2		188		carr\study_2\Broad\Orbi1\week2\1B219\

		6		26		carr		study_2		Broad		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week2		1B386		1		10915		113		carr\study_2\Broad\Orbi1\week2\1B386\		5		283		185		study_2_carr_Broad_Orbi1				study_2_carr_Broad_Orbi1		week2		185		carr\study_2\Broad\Orbi1\week2\1B386\

		13		19		liebler		study_2		Vanderbilt		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week1		1B035		1		11063		110		liebler\study_2\Vanderbilt\Orbi1\week1\1B035\		5		244		171		study_2_liebler_Vanderbilt_Orbi1				study_2_liebler_Vanderbilt_Orbi1		week1		171		liebler\study_2\Vanderbilt\Orbi1\week1\1B035\

		14		20		liebler		study_2		Vanderbilt		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week1		1B208		1		11065		101		liebler\study_2\Vanderbilt\Orbi1\week1\1B208\		5		221		157		study_2_liebler_Vanderbilt_Orbi1				study_2_liebler_Vanderbilt_Orbi1		week1		157		liebler\study_2\Vanderbilt\Orbi1\week1\1B208\

		15		17		liebler		study_2		Vanderbilt		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week1		1B483		1		11047		110		liebler\study_2\Vanderbilt\Orbi1\week1\1B483\		5		240		164		study_2_liebler_Vanderbilt_Orbi1				study_2_liebler_Vanderbilt_Orbi1		week1		164		liebler\study_2\Vanderbilt\Orbi1\week1\1B483\

		16		16		liebler		study_2		Vanderbilt		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week2		1B143		1		11117		125		liebler\study_2\Vanderbilt\Orbi1\week2\1B143\		5		254		170		study_2_liebler_Vanderbilt_Orbi1				study_2_liebler_Vanderbilt_Orbi1		week2		170		liebler\study_2\Vanderbilt\Orbi1\week2\1B143\

		17		18		liebler		study_2		Vanderbilt		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week2		1B212		1		11062		119		liebler\study_2\Vanderbilt\Orbi1\week2\1B212\		5		250		174		study_2_liebler_Vanderbilt_Orbi1				study_2_liebler_Vanderbilt_Orbi1		week2		174		liebler\study_2\Vanderbilt\Orbi1\week2\1B212\

		18		21		liebler		study_2		Vanderbilt		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week2		1B364		1		11089		119		liebler\study_2\Vanderbilt\Orbi1\week2\1B364\		5		261		177		study_2_liebler_Vanderbilt_Orbi1				study_2_liebler_Vanderbilt_Orbi1		week2		177		liebler\study_2\Vanderbilt\Orbi1\week2\1B364\

		37		36		tempst		study_2		NYU		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week1		1B156		1		1658		125		tempst\study_2\NYU\Orbi1\week1\1B156\		5		108		87		study_2_tempst_NYU_Orbi1				study_2_tempst_NYU_Orbi1		week1		87		tempst\study_2\NYU\Orbi1\week1\1B156\

		38		34		tempst		study_2		NYU		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week1		1B244		1		1260		115		tempst\study_2\NYU\Orbi1\week1\1B244\		5		109		86		study_2_tempst_NYU_Orbi1				study_2_tempst_NYU_Orbi1		week1		86		tempst\study_2\NYU\Orbi1\week1\1B244\

		39		35		tempst		study_2		NYU		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week1		1B446		1		1315		110		tempst\study_2\NYU\Orbi1\week1\1B446\		5		107		84		study_2_tempst_NYU_Orbi1				study_2_tempst_NYU_Orbi1		week1		84		tempst\study_2\NYU\Orbi1\week1\1B446\

		40		37		tempst		study_2		NYU		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week2		1B030		1		1708		118		tempst\study_2\NYU\Orbi1\week2\1B030\		5		122		87		study_2_tempst_NYU_Orbi1				study_2_tempst_NYU_Orbi1		week2		87		tempst\study_2\NYU\Orbi1\week2\1B030\

		41		39		tempst		study_2		NYU		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week2		1B104		1		1649		114		tempst\study_2\NYU\Orbi1\week2\1B104\		5		115		85		study_2_tempst_NYU_Orbi1				study_2_tempst_NYU_Orbi1		week2		85		tempst\study_2\NYU\Orbi1\week2\1B104\

		42		38		tempst		study_2		NYU		Orbi1		Thermo Electron		LTQ-Orbitrap		IT		nESI		B		week2		1B326		1		1350		110		tempst\study_2\NYU\Orbi1\week2\1B326\		5		78		66		study_2_tempst_NYU_Orbi1				study_2_tempst_NYU_Orbi1		week2		66		tempst\study_2\NYU\Orbi1\week2\1B326\

		7		13		liebler		study_2		Vanderbilt		LTQ1		Thermo Electron		LTQ		IT		nESI		B		week1		1B121		1		10891		85		liebler\study_2\Vanderbilt\LTQ1\week1\1B121\		5		210		155		study_2_liebler_Vanderbilt_LTQ1				study_2_liebler_Vanderbilt_LTQ1		week1		155		liebler\study_2\Vanderbilt\LTQ1\week1\1B121\

		8		11		liebler		study_2		Vanderbilt		LTQ1		Thermo Electron		LTQ		IT		nESI		B		week1		1B338		1		10844		90		liebler\study_2\Vanderbilt\LTQ1\week1\1B338\		5		216		159		study_2_liebler_Vanderbilt_LTQ1				study_2_liebler_Vanderbilt_LTQ1		week1		159		liebler\study_2\Vanderbilt\LTQ1\week1\1B338\

		9		15		liebler		study_2		Vanderbilt		LTQ1		Thermo Electron		LTQ		IT		nESI		B		week1		1B404		1		10753		75		liebler\study_2\Vanderbilt\LTQ1\week1\1B404\		5		215		156		study_2_liebler_Vanderbilt_LTQ1				study_2_liebler_Vanderbilt_LTQ1		week1		156		liebler\study_2\Vanderbilt\LTQ1\week1\1B404\

		10		12		liebler		study_2		Vanderbilt		LTQ1		Thermo Electron		LTQ		IT		nESI		B		week2		1B076		1		10634		83		liebler\study_2\Vanderbilt\LTQ1\week2\1B076\		5		220		154		study_2_liebler_Vanderbilt_LTQ1				study_2_liebler_Vanderbilt_LTQ1		week2		154		liebler\study_2\Vanderbilt\LTQ1\week2\1B076\

		11		10		liebler		study_2		Vanderbilt		LTQ1		Thermo Electron		LTQ		IT		nESI		B		week2		1B134		1		10547		83		liebler\study_2\Vanderbilt\LTQ1\week2\1B134\		5		246		158		study_2_liebler_Vanderbilt_LTQ1				study_2_liebler_Vanderbilt_LTQ1		week2		158		liebler\study_2\Vanderbilt\LTQ1\week2\1B134\

		12		14		liebler		study_2		Vanderbilt		LTQ1		Thermo Electron		LTQ		IT		nESI		B		week2		1B322		1		10572		80		liebler\study_2\Vanderbilt\LTQ1\week2\1B322\		5		237		163		study_2_liebler_Vanderbilt_LTQ1				study_2_liebler_Vanderbilt_LTQ1		week2		163		liebler\study_2\Vanderbilt\LTQ1\week2\1B322\

		19		7		nist		study_2		HML		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week1		1B033		1		11215		87		nist\study_2\HML\LTQ1\week1\1B033\		5		330		209		study_2_nist_HML_LTQ1				study_2_nist_HML_LTQ1		week1		209		nist\study_2\HML\LTQ1\week1\1B033\

		20		2		nist		study_2		HML		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week1		1B091		1		11205		80		nist\study_2\HML\LTQ1\week1\1B091\		5		318		198		study_2_nist_HML_LTQ1				study_2_nist_HML_LTQ1		week1		198		nist\study_2\HML\LTQ1\week1\1B091\

		21		9		nist		study_2		HML		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week1		1B228		1		11197		88		nist\study_2\HML\LTQ1\week1\1B228\		5		338		210		study_2_nist_HML_LTQ1				study_2_nist_HML_LTQ1		week1		210		nist\study_2\HML\LTQ1\week1\1B228\

		22		3		nist		study_2		HML		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week2		1B229		1		11204		78		nist\study_2\HML\LTQ1\week2\1B229\		5		311		197		study_2_nist_HML_LTQ1				study_2_nist_HML_LTQ1		week2		197		nist\study_2\HML\LTQ1\week2\1B229\

		23		8		nist		study_2		HML		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week2		1B283		1		11212		88		nist\study_2\HML\LTQ1\week2\1B283\		5		339		208		study_2_nist_HML_LTQ1				study_2_nist_HML_LTQ1		week2		208		nist\study_2\HML\LTQ1\week2\1B283\

		24		1		nist		study_2		HML		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week2		1B327		1		11205		90		nist\study_2\HML\LTQ1\week2\1B327\		5		319		199		study_2_nist_HML_LTQ1				study_2_nist_HML_LTQ1		week2		199		nist\study_2\HML\LTQ1\week2\1B327\

		25		32		regnier		study_2		INCAPS		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week1		1B180		1		2992		341		regnier\study_2\INCAPS\LTQ1\week1\1B180\		5		212		150		study_2_regnier_INCAPS_LTQ1				study_2_regnier_INCAPS_LTQ1		week1		150		regnier\study_2\INCAPS\LTQ1\week1\1B180\

		26		29		regnier		study_2		INCAPS		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week1		1B191		1		2928		322		regnier\study_2\INCAPS\LTQ1\week1\1B191\		5		227		155		study_2_regnier_INCAPS_LTQ1				study_2_regnier_INCAPS_LTQ1		week1		155		regnier\study_2\INCAPS\LTQ1\week1\1B191\

		27		31		regnier		study_2		INCAPS		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week1		1B454		1		2848		319		regnier\study_2\INCAPS\LTQ1\week1\1B454\		5		218		153		study_2_regnier_INCAPS_LTQ1				study_2_regnier_INCAPS_LTQ1		week1		153		regnier\study_2\INCAPS\LTQ1\week1\1B454\

		28		30		regnier		study_2		INCAPS		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week2		1B009		1		2680		334		regnier\study_2\INCAPS\LTQ1\week2\1B009\		5		216		159		study_2_regnier_INCAPS_LTQ1				study_2_regnier_INCAPS_LTQ1		week2		159		regnier\study_2\INCAPS\LTQ1\week2\1B009\

		29		33		regnier		study_2		INCAPS		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week2		1B109		1		2704		337		regnier\study_2\INCAPS\LTQ1\week2\1B109\		5		226		162		study_2_regnier_INCAPS_LTQ1				study_2_regnier_INCAPS_LTQ1		week2		162		regnier\study_2\INCAPS\LTQ1\week2\1B109\

		30		28		regnier		study_2		INCAPS		LTQ1		Thermo Electron		LTQ		IT		uESI		B		week2		1B210		1		2552		330		regnier\study_2\INCAPS\LTQ1\week2\1B210\		5		229		157		study_2_regnier_INCAPS_LTQ1				study_2_regnier_INCAPS_LTQ1		week2		157		regnier\study_2\INCAPS\LTQ1\week2\1B210\

		31		49		regnier		study_2		Purdue		PurdueLTQ		Thermo Electron		LTQ		IT		nESI		B		week1		1B202		1		7660		250		regnier\study_2\Purdue\PurdueLTQ\week1\1B202\		5		52		44		study_2_regnier_Purdue_PurdueLTQ				study_2_regnier_Purdue_PurdueLTQ		week1		44		regnier\study_2\Purdue\PurdueLTQ\week1\1B202\

		32		51		regnier		study_2		Purdue		PurdueLTQ		Thermo Electron		LTQ		IT		nESI		B		week1		1B344		1		7347		212		regnier\study_2\Purdue\PurdueLTQ\week1\1B344\		4		55		48		study_2_regnier_Purdue_PurdueLTQ				study_2_regnier_Purdue_PurdueLTQ		week1		48		regnier\study_2\Purdue\PurdueLTQ\week1\1B344\

		33		50		regnier		study_2		Purdue		PurdueLTQ		Thermo Electron		LTQ		IT		nESI		B		week1		1B398		1		7531		186		regnier\study_2\Purdue\PurdueLTQ\week1\1B398\		5		59		52		study_2_regnier_Purdue_PurdueLTQ				study_2_regnier_Purdue_PurdueLTQ		week1		52		regnier\study_2\Purdue\PurdueLTQ\week1\1B398\

		34		47		regnier		study_2		Purdue		PurdueLTQ		Thermo Electron		LTQ		IT		nESI		B		week2		1B115		1		7537		116		regnier\study_2\Purdue\PurdueLTQ\week2\1B115\		5		75		55		study_2_regnier_Purdue_PurdueLTQ				study_2_regnier_Purdue_PurdueLTQ		week2		55		regnier\study_2\Purdue\PurdueLTQ\week2\1B115\

		35		46		regnier		study_2		Purdue		PurdueLTQ		Thermo Electron		LTQ		IT		nESI		B		week2		1B174		1		7686		158		regnier\study_2\Purdue\PurdueLTQ\week2\1B174\		5		157		117		study_2_regnier_Purdue_PurdueLTQ				study_2_regnier_Purdue_PurdueLTQ		week2		117		regnier\study_2\Purdue\PurdueLTQ\week2\1B174\

		36		48		regnier		study_2		Purdue		PurdueLTQ		Thermo Electron		LTQ		IT		nESI		B		week2		1B289		1		7645		94		regnier\study_2\Purdue\PurdueLTQ\week2\1B289\		5		119		93		study_2_regnier_Purdue_PurdueLTQ				study_2_regnier_Purdue_PurdueLTQ		week2		93		regnier\study_2\Purdue\PurdueLTQ\week2\1B289\
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Challenge to commercialization of RM/CT products:  Measurements 
I. Characterization of product 

  Assays to measure critical quality attributes  

• Scale Up 
• Change in personnel, process, location 
• Storage 
• New analytical and culture equipment  
• Improved assays 
• Changes in raw materials 

II. Control of the manufacturing process 

Assays that assure consistency of product during 

"If you can not measure it, you can not improve it.“Lord Kelvin 

 

Transferring laboratory research to applications in health care: 
What does it take?  







How important is reproducibility 
Establishing Confidence in Measurements :    reproducibility is one element 

Accuracy: Orthogonal method  

Precision: Repeatability (replicates); 

Reproducibility (different days, locations, 

technicians  

Ruggedness: sensitivity to assay parameters  

Dynamic range and Response function: 

Instrument benchmarking. +/- controls. Calibration 

curve. Limit of detection 

Specificity: sensitivity to matrix effects 



• Planning (goals, generalizability, experimental design, preliminary data, assumptions) 

• Identifying systemic sources of bias and uncertainty (characterize reagents, 

equipment response) 

• Characterizing the quality of experimental data (precision, accuracy, dynamic 

range, robustness) 

• Minimizing bias in data reduction and interpretation of results (basis of statistical 

tests, evaluate algorithms, compare results with previous data, identify uncontrolled 

sources of uncertainty, consider alternative interpretations)  

• Reporting and dissemination (document data and code, protocols and process, 

d ) 

 

 Identifying and mitigating the sources of uncertainty in a 
research study  
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