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The Poka-Yoke discipline

Poka-Yoke means mistake-proofing, error-proofing.
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Implementing Six Sigma by Forrest Breyflogle 111:

Comprehensive reference textbook
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Making Six Sigma Last by George Eckes:
Cultural aspects of making it happen and succeed.
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The Lean Six Sigma Improvement Journey by John Morgan:
Light-hearted coverage of each tool (of which there are many), with the aid of colour-coded illustrations.
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The Six Sigma Way by Peter Pande, Robert Neuman, and Ronald Cavanagh (McGraw-Hill): Good general overview
and ‘how to’.
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The Six Sigma Way Team Fieldbook by Peter Pande, Robert Neuman, and Ronald Cavanagh (McGraw-Hill):
Practical implementation guide
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Enter the number of Defects Ohserved: ‘

Enter the size of the sample:

(how many total results were exarmined)

[ Calculate Sigma Walue
Here are vour Defects Per Malhon:

Here 15 vowr Sigma-MMetrie:




Enter the mumber of Defects Observed: |3

Enter the size of the sample:
(how tmary total results were examined)
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Here 15 your Sigma-Metic:
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Enter the (uality Requrement
or Tolerance Lt (in %):
(I you don't know look it up below)

Observed Bias (as a %);
(I you don't ktiow statt with ()

Observed CV {as a %)
(It you don't know find out)

I Calculate sigma-hetrc ]
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(If vou don't know, look it up below)

0%

Observed Bias (az a %)

(It vou don't know, start with )

h%

Observed CV (as a %)
(If vou don't know, find out)

b

I Calculate sigma-tdetric ]

£




sigma=(TEa-bias)/CV

;e

¢« CLIA Jshas (b JyiulS cullil o)y Sl S jlas slad
oSl )l )3 anlllas 2 )se 2ia S ( TEQ = %10) <) %10
sl (Proficiency testing) ) dwals z=l8 bl Wl
CV sl Jaly (A8 J S i Gl 5 230 %2 oell
Uiniu sl jlbae ulad 1) die 2 Slee o801 2L %2 Jilas
el Cpae S el b L

Sigma=(10-2)/2=4




Enzymatic Wako sis 2 sdes Gliadia J g2

IS @A EN < Total Analyst R.Khanafari

Cholesterol Date 230112

Methodology Enzymatic,
Wako

Quality Requirement
Allowable Total Error

Method

Performance

Bias 2.0
Imprecision 2.0

Sigma Metric 4.0




OPSpecs Chart TEa 10%with50%AQA(SE)

Aliowable Inaccuracy (biag g %)

S Allowable Imprecision(Smeas%)

Pr. HoOR
| 1242003 /Ry /3
| 002 3 1
{Toss =
0.03 3 1
P Tad2otdg
001 3 1
134203 /Ry o _
.01 3 1
-1_25.5.._._- -
003 2 4
Tad%dRys
0.01 2 1
1,42
ados =
\ 0.01 2 1
135 :
9.01 3 1
50




Medeal Decisiosy Chart

120

s Sigma
ewoems ) Sigma

&

10.0 &

4 Sigma

el Sigra
emmRs} Sigmn

% Operstiog Poini

48

Abfnwsdrde inavvaeeng {Bmsin, e

39

6o 1o 24 30 3.0 0 &0
Allownble lnprecision (5: 40)

i



49,

Albfwsidre fnanvenesos (b

ot 1 }

Medical Decisionr Chart

m.ﬁ gigma.

e Sigma

W

4 Sigma
sy Digia

e Sigma

@ Operating Poini

2t 30 40
Atlowable Twprecision {5: 40)




10.0
9.0
8.0

AT

7.0 ﬁ%:}
6.0

5.0
4.0
3.0
2.0
1.0

0.0
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

Allowable Imprecision (sd.%)

&

.
o
lal
o
-
=
O

e (&)

Allowable Inaccuracy (bias,%)

0.17TEq)(0.25TEq) (0.33TE 0.50TEq




«Bias» a2 j5aa Olsic 42 1)y 9 -1
9038 QAT (il Jod LB laka )
sk anll ATy JBa U jda 3115 )

a3 10 « «ATp»)8a 8) D 2K .
03 U Jiua ) s gbus ysh Ay ) saa Al

_(&31“.4&.“3::4)4}2‘,4*33




J@ 08a ) « % Sd» s X Usaa -2

U Jda ) g sag ( <@ s Jgb

A ¢l ol «TAD» Ul 12 20/5

AL « ATg - %10 » &) e ¢ agd

5 U Lda ) gsbua Jsbh 4 X Lsaa

Jgal Cland A ) 398 e Al A
(2L = %0/5




) b3 « Bias + 25d < ATp» ¢l -3
oM E oYy sona 590 «ATp» Jae
aid X Usaa 590 «AT0/5» Akadi 4,
G 2l «ATe = % 10» BT
L 9d o4 Ja g X e %5 Akl 4y bd




Ja J) « Bias + 35d < ATp» ¢! -4

0/33» 4 hdy ssaa sy «ATp»

g o0 oS X s 90 «AT

43 bd ol 2l AT = % 10» K
A9 o Jag X Lsaa %3/33 adais




Jas ) « Bias + 4Sd < ATp» ¢le -5

0/25» 4 Bdy Jsa 590 «ATp

Al agd e 0088 X Usaa 590 «ATE

ahii 43 b o) 2L «ATE = % 10»
LA o Jag X e %2/5




Ja ) « Bias + 6Sd » Li - 6
bl 4y 9 £ 9pdy Usna 55 «ATp»
0 JasX s g0 AT 0/17»
Gt 2l «ATE = % 10» 8 | 254
ot Jay X U %1/7 Ak 4 ba

&

S T




abhaia § 4 lagad ¢ aghd () awy ) a2 = 7

W) AL O A4S agd 4 e

ddhia ¢ s ddhie (G 4y Gl

3 e 4dhia ¢ QA ABhia ¢ (5]
CAS e gL e (358 4Bkl




Vormalized OPSecs Chart TE, 100.0% with 90% AQA(SE)

e N=2and
N ] S0%A0A

0ol —Re——

600

500 —-

; A
| A

=

Y| — f -
00 00 200 00 400

Allowable imprecision (s as % of TE)




z U o atads 31 jle 5  povie 535 gukaw . 75~  §-2t

ez 3V (oate 2alEe S (Foeia D pelaw
5 o gm A lomn g B elol

o =
= Rele] -1 .02 O3 O4 OS5 .06 o7 o8 [ .09

0.0 - 0000 0040 0080 .01 20 Meh N.10] Reh B4 O239 027 0319 0359
o.1 0398 0438 0478 O517 .O557 O596 0636 0675 O714 O753
o.2 O793 0832 o871 O 10 0948 Rei-g-rd 10286 L1054 -.1103 -1141
0.3 = B R 1217 .1 255 -1 293 -1331 1368 .1 4086 1443 .1480 R -2
O.4.| . 1554 -1591 1628 1664 .1 700 LA736 NFT2 .1808 .1844 1879
LO.5 19 S L1950 .1985 .R2O1V P 2054 .2088 2123 2157 . 2190 2224
0.6 .2257 2291 2324 2357 .2389 . 2422 2454 . 2486 2517 2549
o.7 . 2580 2611 2642 2673 2703 2734 2764 2794 . 2823 .2852
o.8 .2881 2910 2939 2967 29SS .3023 3051 .3078 . 3106 -3133
o.9 3159 3186 3212 .3238 3264 .3289 3315 -3340 .3365 .3389
1.0 3413 3438 3467 .3485 .3508 3531 .3554 3577 3599 3621
1.1 3643 3665 3686 -3708 3729 3749 3770 3790 .38170 -3830
1.2 . 3849 3869 .3888 3907 .ay2s 3944 3962 .3980 -39 4015
1.3 4032 AO4P AOEE 4082 LM4OPP 4115 4137 4R A7 L 4VE62 .ANT7T
1.4 A4T92 .4 207 4222 MA23S L4250 A2E5 e ad 4292 . 4308 4319
1.5 A3 .A4A345 4357 4370 4382 A3 4 M4A405 4418 4429 MA44
1.6 4452 AAE3 AAT 4 A48 4 AAPS 4505 . 4515 4525 4535 4545
1.7 4554 A5G4 AS5T7T3 AS82 A5 ASPP 4608 A5V S AS2S 4633
1.8 AS540 AS5AD AOEHS5S MAEE4 ~AST AT 4588 ASP3 AEPP 4706
1.9 e g B ] ATV AT25 AT32 4738 AT 44 ATS50 ATS56 .A7SN .AT7ET
2.0 ATT2 .AT7E 4783 4788 ATP3 . A7P8 4803 4808 4812 4817
2.1 4821 4826 . 4830 4834 4838 - AB842 .AB4S6 4850 4854 4857
2.2 -4BSY 4864 4868 AB71 .4B7TS .4B78 4881 AB84 4887 - 4890
2.3 4893 ABPES 4898 4901 4904 L APOS 4209 4911 .4913 -A4PVE
2.4 4918 -AP20 AP22 AP25 -AP2TF .AP29 4937 4932 4934 AP3IS
2.5 4938 | 4940 .AP41 APAT APAS APAS A48 . ADAP APS5Y | 4952
2.6 4APS53 - 4APS5S A4APS5S APST -APS5SD . 4P60O A4PS N APO2 APSH3 .APSA
2.7 APES APOHS .APET APEHB ADSP . APTO APT 1 APT2 .APT3 ADPT 4
2.8 -APT 4 -APTS APTE -APTT APTT - AYTE APTP APTD .4PB80 4981
2.9 4981 AP82 4982 | 4983 APB4 APE4 4985 4985 4986 4986
et ¢ 3.0 -AP87 -4PBT .APBT 4988 4988 4989 - APBP. 4989 .4P9PPO APPO

¥ 7 ; 5




(o gt Sl (o2 1 9y 4 iyl F

Cond g 9>l axi | 095 ki | CV VIS
Glucose mg/dl Yry YAF,0 4 fa
Urea mg/dl AA AY ¥ § 114
Uric acid mg/dl \Y,¥ VY,AF $ 73
Creatinine mg/dl ¥ Y,qA q A
Total Bilirubin mg/dl ¥ F,r0 Y v
Direct Bilirubin mg/dl % %5 o VY qy
Cholestrol mg/dl Y.y Yo Y5 ¥ v
Triglyceride mg/d| ¥aA vav,f % Vo
HDL ma/di o¥ bF,Y V¥ ¥
LDL mg/dl 134 Y, 1Y ¥
Albumin g/dl 5, C8,AY § &
Protein g/dl 4,4 q,v¥ 7 Fy
ALP UL SFY 814, VY Y4
AST UL YA VYA, ¥ A v
ALT u/L VEE \¥F,8 A ¥
CPK UL [E2N YEYLA Y ¥
LDH uiL VEY F¥0 A Yyy
Amylase UL A Y, Y Y Vav
GGT UL YA VY, ¢ % >Y,asd
Calcium mg/dl 1YY VYNF [ Ty
Phosphate mg/dl Ve Y Ve v VA
Iron(Fe) ug/di 14§ 14, v 1y
TIBC ug/dl £y ¥FY,¥ VY vy
Sodium megq/l 168 v > 146
Potassium megq/! 8,8V 3,V¥ 1y ¥y
Lithium meq/| Y. f V,AA vy AA
T4 ug/dL VELYE 1§,4¢ 1y A
TSH ul/mL q,1¢% q,7Y A ry
hCG u/L YYs YHY, ¢ Vs Yv
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PRECISION

Acceptable Fixed-Limit Goals
Decision  Performance, oones (MAXIMUMSD)  (ptaximum Total
Analyte Level, x, CLIA '88'* x.x CLIAJ4 Fraser  Error) CLIA '88
Routine Chemistry
Alanine aminotransferase’ 50U/L 20% 25 6.1 10
Albumin 35gdL 10% 0.09 0.06 0.35
Alkaline phosphatase 150U/L 3% 11 48 45
Amylase 100U/L 0% 75 48 30
Aspartate aminotransferase®  30U/L 20% 15 1.8 6.0
Bicarbonate 20muwl/L 0.46°
30mmol/L 0.6%°
Bilirubin, total” 1.0mg/dL 04 0.10 0.13 0.40
20mg/dL 20% 10 26 40
Blood gas, PCO, 35mmHg SmmHg 1.3 0.84 50
50mmHg S5mmHg 1.3 1.2 50
Blood gas, PO, 30mmHg 3spt 0.755D! 3sp!
80mmHg 3sb 0.758D isDh
195mm Hg isb 0.755D 35D
Blood gas, pH 7.35 0.04 0,01 0.01° 0.04
745 0.04 0.01 0.01 0.04
Calcium, total® 7.0mg/dL 1.0 0.25 0.07 1.0
10.8 mg/dL 1.0 0.25 .11 1.0
13.0mg/dL Lo 0.25 0.13 1.0
Chloride” 90 mmol/L 5.0% 11 0.54 45
110 mmol/L 5.0% 14 0.66 55
Cholesterol, total” 200mg/dL 10% 5.0 6.0 20
Cholesterol, high-density 35mg/dL e 2.6 1.3 10.5
lipoprotein
65mg/dL 30% 49 23 19.5
Creatine kinase” 200U/L 30% 15 23 60
Creatine kinase, MB 13ug/L isb 0.755D 12 3sD
isoenzyme
Creatinine 1.0mg/dL 0.30 0.08 0.02 0.30

3.0mg/dL 15% 0.11 0,07 0.45




PRECISION

Decision :::’:- 3 Jons Olvoen D) (F‘l‘ i m"‘:;l‘h
Analyte Level, x, CLIA '88'™ x. x CLIA/4 Fraser' Error) CLIA '88
Routine Chemistry—Cont'd
Glucose” 50mg/dL 6.0 15 7 6.0
126 mgy/dL 10% 315 4.2 12.6
200 mg/dL 10% 5.0 6.6 20
Iron 150pg/dL A% 7.5 20 0
Lactate dehydrogenase 300U/L 20% 15 13 0
Lactate dehydrogenase 100 U/L 30% 7.5 38 30
isoenzymes
Magnesium 2.0mg/dL 25% 0.13 0.04 0.50
Phosphate, inorganic 4.5mg/dL 0.19
Potassium" 3.0mmol/L 0.50 0.13 0.07 0.50
6.0mmol/L 0.50 013 0.14 0.50
Protein, total” 7.0w/dL 10% 018 0.10 0.70
Sodium® 130mmol/L 4.0 1.0 052 4.0
150 mmol/L 4.0 1.0 0.60 4.0
Triglycerides 160 mg/dL 25% 1 17 40
Urea nitrogen” 27.0mg/dL 9% 0.6 1.7 24
Uric acid 6.0mg/dL 17% 0.25 0.26 1.02
Endocrinology and Related Markers
11-Deoxycortisol 8.0pg/L 0.86"
17-OH Progesterone 0.5pg/l 0.073¢
Aldosterone 15ng/dL 2.2
30ng/dl, a4
Androstenedione 260ng/dL 15
CA 153 25U/mL 0.73
CA 125 35U/mL 24
CA 549 1 U/mL 0.5
Carcinoembryonic antigen Sng/mL 0.23
Chorionic gonadotropin 251U/L isb 0.75SD
10,00010/L 3isb 0.755D
Cortisol Sug/dl 25 0.31 0.33 1.25
J0pgdL 25% 1.88 3.15 7.5
C-peptide 37 pgl 1.7
nphyvlnv-piandmu.-mnq 2000 gL M
sulfate
4500l 77
Estradiol 60ng/L 6.8
450ng/L 51
Follicle-stimulating 10U/L 0.51
hormone
95 U/L 48
Luteinizing hormone 6U/L 0.44
S5U/L 4.0
Prolactin 15pg/L 0,53
200pg/L 7.
Prostate-specific antigen 2ug/L 0.14
T, uptake 25% 3sD 0.755D 3sD




Precision
Acceptable Fixed-Limit Goals
Decision Perfor ] GoaLs (Maxmum SD) (Maxi Total
Analyte Level, x, CLIA '88'™ x, x CLIAJ4 Fraser' Error) CLIA '88
Endocrinology and Related Markers—Cont’d
Testosterone 90ng/dL 4.0
1000 ng/dL. "
Thyroid-stimulating 0.3mIL/L 3sD 0.755D 0.030 isDh
bormone
5.0miun isp 0.755D 0.50 ish
Thyrexine, free 0.8ng/dL isb 0.755D 0.025 isb
4.0ng/dL isp 0.755D 01r isp
Thyroxine, total 3.0pg/dL 1.0 0.25 0.09 1.0
13 pg/dL. 209 0.65 039 26
Transferrin 375 mg/dL 3.6
Tritodothyronine 80ng/dL 3sb 0.755D 35 3sD
200 ng/dL 3sb 0.755D 88 isb
Toxicology and Therapeutic Drug Monitoring
Alkohol, blood 0.10wdL 25% 0.006 0.025
Carbamazepine 8my/L 25% 0.50 051' 2.0
12mg/l 25% 0.75 .77 30
Digoxin 0.8ug/l 0.20 0.05 0.03' 0.20
2.0pg/L 20% 0.10 0.08' 0.40
Ethosuximide 4 mg/l 20% 2.0 2.0¢ 8.0
100mg/1 208 50 4.9 20,0
Gentamicin 10mg/l 25% 0.6 25
Lead, blood 10pg/dL 4.0 1.0 40
0ug/dl 40 1.0 40
Lithium 0.5mmol/L 03 0.08 0.02' 0.3
LSmmol/L 20% 0.08 0.08' 0.3
Phenobarbital 15mg/L 200% 0.75 0.3% 30
40 mg/L 206 20 0.88' 8.0
Phenytoin 10mg/l 25% 0.6 0.36' 2.5
20mg/L 25% 1.2 .72 5.0
Primidone Smy/L 25% 0.3 0.56* 1.3
12mg/l 25% 075 1.3¢* 30
Procainamide 4mg/L 25% 0.25 1.0
20 mg/L 25% 1.25 5.0
Quinidine Tmg/l 25% 0.45 1.8
Theophylline 10mg/L 25% 0.63 L1 25
2mg/l 15% 1.2 L2 50
Valproate S0mg/L 25% 31 3.2 125
100 mp/L 250 6.2 6.4" 25
Hematology
Cell identification 9% consensus
Erythrocyte count A5M/pL 6% 0.07 0.07 0.27
59M/ul 6% 0,09 0.09 0,55
Fibrinogen 1 50mg/dl 20% 7.5 8 30
Hematocrit 35% 6% 0.53% 0.49% 2.1%

50% 6% 0,75% 0.70% 3.0%




PRECISION
Acceptable Fixed-Limit Goals
Decision  Performance, COALS (MAXIMUM SD) (Masimum Total
Analyte Level, x, CLIA '88"™ x.x CLIA/M Fraser' Error) CLIA '88
Hematology—Cont'd
Hemoglobin 12g/dL 7% 0.21 0,17 0.84
l7!jdl. 7% 0.30 0.24 L19
Leukocyte count 35K/l 15% 013 0.19 0.52
11K/l 15% 0.41 0.58 165
Partial thromboplastin ime 405 15% 1.5 6.0
Platelet count S50K/uL 25% 312 23 125
S500K/uL 25% 312 23 125
Prothrombin time INR 3.6 15% INR 0.14 INR 0.54
White cell differentiation isD isp
Immunology
Alpha,- antitrypsin 80 mg/dL 3SD 0.755D 35D
Alpha-fetoprotein 10pug/L 3sD 0.755D isp
Antinuclear antibody 2 Titers or 1 Titer
Antistreptolysin O 2 Titers or 1 Titer
Antihuman R/N R/N
immunodeficiency virus
Complement C3 100 my/dL 3isb 0.755D 2.6 3sb
Complement C4 20mg/dL 3sD 0.755D 09 3sb
Hepatitis (HB,Ag, anti-HB,, R/N R/IN
HB,Ag)
IgA 400 mg/dL 3SD 0.755D 10 3sD
IgE 2001U/mL isp 0.755D 3sD
IgG SUUmg/dL 254% 31 12 125
2000 mg/dL 25% 125 46 500
IgM 300 mg/dL isp 0.755D 9.0 asb
Infectious mononucleosis 2 Titers or = 1 Titer
Rheumatoid factor 2 Titers or = 1 Titer
Rubella 2 Titers or £ 1 Titer

RN, Reactive/nonreactive.
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