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Dealing with Data
 Making decisions based on data is |@@§4 In
business, and in life

“Garbage in, garbage g&
— Need to ensure f data cc@(@ﬁ%efme

analyzing o % gconé
. How(d now if ata is “good”?

Measurement System Analysis (MSA)




What is MSA?

* Measurement System Analysis @G

* A controlled experiment wher ;
J times

of items are measured %

different deV|ces to sepa

the variation w% eC|f|c SO J:\e
— Gage Re@%b ity and bcibility

(R& @a subset o@
ides esti @ “measurement

rror” to d ine if variation is
excessive or acceptable




Example of Gage R&R

Measuring thickness of a phone using calipers @@

@ICH\ESS process had no variation, then all
asurements ch phone would be identical, regardless of

who took the measurement, or which measurement device

they used.
. of



What does MSA evaluate?
e MSA can evaluate: @Q
— The process to setup and calib rate urement device
— The technique used to setu prlor to bemg
measured
— Whether dlfferent@a ment d s |pment and
tools) or dlff versions of evice influence the

var|a

— The meth aking a decision based on the data

e who easurements
the %@ cted and recorded

MSA evaluates before, during and after the measurement is taken




Measurement Error

Measured Value = Actual Measurement + Measuren@@g

A

Example: Thermometer

Measured Value =78.4°F %@@@ =

Measurement Error = ?? @@
What is true temper %%@ @
° If measure ris 1. 5 e ue temperature might

be 74

. I@ ement e F then true temperature might
2 —78. f§§ i>

Must know measurement error to know the likely true value




What is Measurement Error?

Measurement Error for one item =4.5t0 6.9




Is this a problem?

LSL=5

Measurement errors can
lead to different decisions
on Pass and Fail

Measurement Error =4.5to 6.9




Real life MSA — Mortgage Loan
—————

* Approval based on: ®@
— Credit score -~
— Rental payment history =
— Previous home <% fppg\;;p/.
ownership g e : ?z:,zgm,%’f
— Job status ' %"’° S

as:’o'
— Inc8 at|o » o e
ome - &
|I|ar| ﬁ%@
appllcant heir

references




Why do we need a MSA?
* |[n order to make good decisions |ss and

in life, we need good data

* Without performing a {” efalsg@assume

the data is good

* |f we are wr%% d the @ not good we
e

mlg an INC cision

I@ﬁhelp(;@ugﬁ%} mine if the data is good, so

e canm best decision possible

- of



Sources of Error

e These measurement sources can %@g’é the

measurement error

— Repeatability %@@
— Reproducibility @ @®%

:glca;uracy@ %@@®
@} '@ @@
neant?%@

— Resolution

a8



Measurement Error

Measured Value @
,

Resolution

Measured Value = Actual Measurement + Measurement Error 14 mnn



Measurement Error

Measured Value

Resolution

http://www.ncsu.edu/labwrite/Experimental%20Design/accuracyprecision.htm mdn



http://www.ncsu.edu/labwrite/Experimental Design/accuracyprecision.htm

Accuracy vs. Precision

Low Precision
High Accuracy

Low Precision
Low Accuracy

B




Precision

e

* Precision — how spread out are t @@

measurements to each othe@®
Qv

- ol




Repeatability
@@

* The variation in measurements /\
taken by a single person or 120_ y 50
instrument on the same ite 100_ = 40
under the same cond|t| @ 0 Z|iF 30

8= 20
. 60 = E
Ideally, the resul @@ Mz 10

|dent|cal 40 — _ "
. Exam ometer ates 28" = -10
Iz 20
from very 8| E
-20 -§= -
\)\"’ (notr le), but P E ig
ctual tem ure is not |
changing

. of



Example: Repeatability

SAME PART MEASURED OVER AND OVER AGAIN @( ;

REPEATABLE PEATABLE




* The variation induced when
different operators,

instruments, or Iaborator s@
measure the same orr

betwee C ents or.pec
sheulc ntlcal “e
. E@@;I:Yout
% mom ws56

degrees C, your neighbor
thinks it shows 58 degrees C

* Ed-= .
items - g -
* |deally, thea ‘results @ $ia g

Reproducibility




Example: Reproducibility

COMPARE AVERAGES OF SAME PART TO EACH OTHER @( g

REPRODUCIBLE NOTARBEPRODUCIBLE
PERSON #1 PERSON #2 @@&SON#I PERSON #2

0.0046 0.0048 oo ;; 0.0034
0.0057 0.0050 | 0.0022
0.0032 00034 A’ 0.0021
0.0039 0.005 %C 0.0023
0.0050 0 @ 0.0035
. %@z 0.0024

: % 0.0029

. 0.0047

AVERAGE  AVERAGE
0.0043 0.0043

AVERAGE  AVERAGE
0.0041 0.0029




Resolution
iQ:A

l

e Ability of the measurement system to
detect and indicate small changes @

— ldeally, the measurement can
or more values within Ilke%1
 Each increments O% o
of the range of
detect a cha
. Exa rmome dlsplays

in dn ents of (35 40,
45 ) et readmgs
C etween 3 40. Prefer to have

readings like 35.4 degrees

. ol



Example: Resolution

SAME PART MEASURED OVER AND OVER AGAIN ig

RESOLUTION I}Q@R@SOLUTION




Accu racy

are to each other, closenes erence
value

* Accuracy — how spread out th §@ﬁwents

o

Go e
O®@ [V

a8



Bias

~ACE

 How well your measurements
compare to a reference, standa%@r
known value

 |deally, no difference be@ &
measurement an rence va @

* Calibration i @erfor
remoyve bi 'a ment
O@@resses on ce of varlatlonI
ple eter is consistently
degreesmthan actual

temperature

25



Example: Bias

THICKNESS OF PHONE IS KNOWN (REFERENCE) = 0.004{§ tg

BIAS

\)
AVERAGE STANDARD
0.0045  0.0041

BAD

AVERAGE STANDARD
0.0041 0.0041




Stability
* The change in bias over time (drift) @

— ldeally, there should be no changw over time

— Stability issues may incre%@?@ ase the values
over time
* Control charts ar Iy u e ack the
stability of a emen over time
. Exa mome orms well today,

b % rogre orseeach month
@

Month 5

Month 4

Month 3

Month 2 27
Month 1




Example: Stability

THICKNESS OF PHONE IS KNOWN (REFERENCE) = 0.004{§ tg

ABLE

STABLE
DEVICE




Linearity

range of measurements in which the device rument is
intended to be used

— ldeally, the measurement erro% ame across the range

of likely values %ﬁ
— Llnearlty often show rease in m ent error
when measuring Iar
 Example: Ther |s very wtemperatures
(around zer S C) bu@@ ood near 100 degrees C
or hlg%®
W i

L
.
i os .
I’I""I""I""I""\""I""I""I""\""I""I 29
0 10 20 30 40 50 60 70 80 90 100

 How accurate your measurements are thro %ected
99




Example: Linearity

COMPARE DIFFERENCE FROM STANDARD OVER RANGE OF VA@E g

LINEAR NEAR
N
PART DIFFERENCE @ DIFFERENCE
SIZE FROM . FROM
STANDARD STANDARD

BAD
30 G




Summary of Variation Sources

REPEATABILITY

1.3
1.3
1.3

LINEARITY

o et




Measurement Error

ST
LN

W
Actual Measurement @%® Measurement Error
& o
@ AN

. @“’
«@
o A\
Repeatablllty Reproducibility
Resolution

o




How to determine data validity?

* Lots of sources of measurement v i“
* The most common drlve s o @ ment
variation have been m

_\

— Repeatability @ tud
—Reprodua @ _ %@@S udy
— Re % @%@@

Stablllty%@@ﬁ

— Linearity

33



What is Gage R&R?

* Specialized experiment performed E

likely sources of measuremen n to
determine whether theﬁ@f@ ustworthy
* R&R stands for R @ ity a
Reproducibilit %5
@for collecting data

— Gage =P and deﬁe
—R ity = Dj ; s between data points

sure the same item

eprod = Differences between people or
devices w en measurlng the same item



Gage R&R depends on type of data

* |n order to determine what type @
to perform, need to know w of data IS
being collected

v
MEASUREMENTS BINARY
VARIABLE PASS/FAIL




Binary (Good/Bad)

Based on individual decision whether ,

something is acceptable or not
(Go/No Go, Pass/Fall) @

Often expressed as a total ‘
— Delivery Success@ ere 12 @@
delivered o t of 20

dellver e ﬁ
— | @ (80% @ were good

of 5 item é%
Categorl A, where 3 out of 4
people re rded the item correctly)




Inspection Exercise

Count how often the 6™ letter of the aIpha%@@the

following paragraph:
.

The necessity of training farm hands for first class farms in the
fatherly handling of farm live stock is foremost in the eyes of farm
owners. Since the forefathers of the farm owners trained the farm
hands for first class farms in the fatherly handling of farm live
stock, the farm owners feel they should carry on with the family
tradition of training farm hands of first class farmers in the fatherly
handling of farm live stock because they believe it is the basis of

@ood fundamental farm management.

AN

Instructor: Answer available on hidden slide 27 B ﬂ



Measurements (Variable)

T —

* Usually requires a device in order to @
collect the data

* Can be expressed in deC|

* Average and standard n can :
be calculated fro
— Temperature (82.3.* C, therm -’\ ’ ;

— Speed (7 speed

ﬁ% kllogra D

@ (4.4 sec yard dash,
opwat LA

— Thlckne .55 c¢m, calipers) —




Which one is best?

1. Measurement
+ Learn most with least amount.efsamples

— Collecting data can tak %@e cost o%vice
2. Good /Bad @i @

+ Easiest to etter t @@data

— Regq .\‘ it ts of d%@% to understand results
SO @V

Try to collect measurement data whenever possible!

. of




Types of Gage R&R Studies

* Variable @@@

— Called “Variable Gage R&R”

— Used with Measureme @%ﬂ@ bIe) da

e Attribute

—CaIIed @@%e Agre%@ Iy5|s or “Attribute
‘@&% with Bi

a8



Variable Gage R&R Example

\ . BEE
l Mie

€5 <
' WHICH

E ; LIGHT METER
< AANGE 20LY T - S0%00L /
Ce€ & y
o / » 5 b \‘
& s
AEASURE R 4
5 ..
HLMS 1
Msmg,joop

- DEVICES

a8




Exercise

e@@ate 10

Exercise: Measure how well you cag@

seconds <§§§

1. Find a partner
2. Partner says “sta @@tarts stop *-1‘

partner “stop’ n you thlr@ sconds has
elapsed @%g% time h partner.
re partner t see their results

rd al aIcuIate average and standard
deV|at|on

e What do you notice?

- ol



Gage R&R
, N @

Identify critical measurements @
— Luminance of cell phone screen @
* Determine measurement method @
— Photometer
* I|dentify key variable (equ man enw ment, etc)

— People can affect mea r@ ore than eg .o“.‘ tdifferences
(use 3 in study) e

* Collect sample

— Identifie @ nt cell phon%séure
— Goaki re obser

ofi gpeatablllty 3\@
% Each perso% each phone 2 times

Summary: 8 parts, 3 operators, 2 trials
=8 x 3 x 2 = 48 total measurements B ﬂ




Variable Gage R&R Example
OPERATOR #1 OPERATOR #2 OPERATOR #3 onz;

48

total
measurements

TRIAL 1

TRIAL 2




Repeatability

I
OPERATOR #1 OPERATOR #2 OPERATOR #3 (g zoz;
@cﬁ

total
measurements

TRIAL 1

Q \\“‘) Compare difference within operator between trials on
‘V"; the same item, and assign differences to repeatablllty
‘[ |\ ¥ (_ = = [_ Y | TRIAL 2

8 8 8 46 B n

LL.



Reproducibility
OPERATOR #1 OPERATOR #2 OPERATOR #3 onz;
© T

total
measurements
>< TRIAL 1

Compare averages between operators and assign
differences to reproducibility

g e s
S k S e - cmi W [ TRIAL2

) ) U, 4




Evaluation of Gage Study

 Two methods to evaluate Gage R&R @@@?
— % of study variation @
* How much measurement he study
* Helps determine if yo t small C%@%&
* Determines if w u- ect trend he process
— % of toIera@ @
* HG easurem@ onisin the study as a

\ parison to t?%e ce width used in the process

eIps de he variation will impact the process
. OnIy ap he measurements have tolerances

» Contributes to risk of making correct pass/fail decision

. ol



Results

OPERATOR @ ;

\

>
= 2
[l

2 3
055 | 05 @>
T\ s
1.06 N\ 1.12
(?‘O\%é\/ 1 fk olerance
A\> 0.8 Q'S\QC Lower Limit =0.5
0.75 ,NK\\&L&\) Upper Limit = 1.5
0. Q’ \\\68
L 005.Y o8

Do

M (GBI AW WNIN|R

)
e

LK

L

(

0.4 0.45

204 0.5
1 1

1.05 1.05

0.95 0.95

0.9 0.95

0.75 0.8

OOOO\I\IQ

0.7 0.8
49 E



Review Result Averages

N

OPERATOR Part
Part Repeat 1 2 3 Average
1 1 0.65 0.55 0.5~ 2\ ¢,
1 2 0.6 0.55 | 055\ 0-5667
2 1 1 105 —\ 112 L 0200
2 2 1 095 J) " 1 05
3 1 0.85 4~ \.0.8 0.8 o ”\kaé
> 8000
3 2 08)) \[-» 0.75 AO(@\%
4 1 ~ 0.85 0.8 _y 08" 0.8950
4 2 (. 2095 075>\ V0.8 |
5 . ‘/\(@c 055 | <047 045 0.4583
5 AQ\\)\& 0.45.0 \ﬂ\\oﬁ 0.5 '
P LS5 WP W el B Wy
IARNE 2 ~~\\1r 1.05 1.05 '
J) 7 30\ 095 0.95 0.95 0.9417
7 2V | 095 0.9 0.95 '
8 1 0.85 0.75 0.8
o , - 8 - 0.7833
Operator Average 0.828125 | 0.771875 | 0.804375 0.8015

50




Reproducibility

/AEQ:A
Response by Operator

lm-

075 -

050 -

1 2 3
Operator

DN o AN
@ 0.828125 |  0.771875 0.804375

Blue box represents spread of data (parts and repeatability)




Review Result Averages

.
*
OPERATOR Part ©
Part Repeat 1 2 3 Average
1 1 0.65 0.55 0.5,
1 2 0.6 0.55 L0565\
2 1 1 105 — \( 132"
2 2 1 095\ ) v 1
3 1 0.85_ 4 \0.8V 0.8
3 2 09 )\ —20.75 0.8\
4 1 0.8 0.8 /9,8
4 2 (1095 0.755)\\ \0.8
5 | ~1<2.¢ 055 | <04\ 045
5 (\.W2 | 045.() 04 0.5
NS AN 1 1
DL\6L 2. A0\ | 105 1.05
27 1\ 095 0.95 0.95
7 2 V] 0.95 0.9 0.95
8 1 0.85 0.75 0.8
8 2 0.8 0.7 0.8
Operator Average 0.828125 | 0.771875 | 0.804375




Reproducibility
S G

Part * Operator Interaction

1.00- Oiperator
—_—— 1
2 = 2
@ 075 — - E
E:
0.50-

O~
0.567 \\ 102\, ‘0.8- | 0.825 | 0.458 | 1.017 | 0.942 | 0.783
\®

Start to see patterns and differences in results
53 ﬂ



Source StdDev (SD)
Total Gage R&R 0.050096
Repeatability .042735
Reproducibility .026139
Operator

Part-To-Part
Total Variation

—“1.21141
1. 2481@

Standard Deviation
Tolerance
(SV/Toler)

Study Var %S
6 x SD)
24 08 30.06

00
!i!} 20. 5 5.64
08 5.68
15683 §g§é> 5.68
& 121.14
0

124.81

Calculated from data, based on repeat, parts and operator




Study Variation
- 2
@ziiiiiiiif

Study Var

Source StdDev (SD) (6 x SD)

Total Gage R&R 0.050096 0.3005 4.08 30.06
Repeatability 0.042735 0 20.5 25.64
Reproducibility 0.026139 ﬁ X 12 g& 15.68

Operator 0.02 15683 §€§é> 15.68

Part-To-Part 0.20@ 1.21141 6 121.14

Total Variation 4 00.00 124.81

§

Multiply by 6 to estimate spread of distribution (+/- 3 std devs)



% Study Variation

S — T —

Study Var 1y, %& i $Tolerance

Source StdDev (SD) (SV/Toler)
0.050096 . 30.06
Repeatability 0.042735 ) 20.5 25.64
Reproducibility 0.026139 ﬁ 12 é& 15.68
Operator 0.02 (;;; 15683 §g§é> 15.68
Part-To-Part 0.20@ 1.21141 6 121.14
Total Variation 804 00.00 124.81

Dividing each “Study Var” by “Total Variation”



% Tolerance

S 7

Study Var %S Tolerance
Source StdDev (SD) (6 x SD) @ (SV/Toler)
Total Gage R&R 0.050096 0.30057 24.08 30.06
TN = 1) L) t
Reproducipbility 0.026139 0. No5o383 .03
Operator 0. @ @ 15.68
Part-To-Part 0. @ 1.21141 ¢ 121.14
Total Variation 8 1. 2481@ 0 124.81

rance

nce =0.25641 /1.0 = 0.2564 = 25.64%

G
% of Tqle ‘t%y Var / Sp
ToIer @5 to 1.5 (prow

olerance =
% Gage R&

”

Dividing each “Study Var” by “Spread of Tolerance




Summary of Variation %

~ (&

a

Components of Variation

- % Contribution

B % Study Var
] ¥ Toleranca

B

Repeat Reprod Part-to-Part

O
Breakdown Gage R&R Repeat Reprod Part-to-
Part

% Study Var 24.08% 20.54% 12.57% 97.06%

% Tolerance (| 30.06% 25.64% 15.68% 121.14%

58




Criteria for Tolerance/Study Variation %

(C

EXCELLENT
Less than 10%

MARG I%
Betwg nd 30‘V

<

R
Greater than 30%

Applies to “% of Study Variation” and “% of Tolerance”




Is this a problem?

100% W
%

10 11

50 %\@
@o 9@@@

@ @@%C . “ |

@“V »

NO, LESS THAN 10%




Incorrect Decisions

—
e Two types of mistakes @@@

CORRECT A DECISION MADE

— Type | error Q
* Producer Risk + ?§l>> X
* Good item c(ailgad év 7
&
@%@@rror @
‘ Consu @g X :>> -F
* Bad |te lled good
4 4




Type | Error

MEASURING A FAILURE WHEN SHOULD HAVE PASSW@ R RISK
LSL=5 @ L 10

Actual Value

e | RO &

7 3 9 10 11

33% measurement error 62 E ﬂ



Type Il Error

MEASURING A PASS WHEN SHOULD HAVE FAILED - CO EE%SK

LSL=5 L=10
M(iassusrc(asl VaIL@Q@%

®@®

Actual Value
= 4.9 (FAIL)

33% measurement error 63 E ﬂ



Measurement Error vs Spec Limits

e

LSL gsit'
%@@ 1
@@ @@

o
&

Measurements that falls within the uncertainty area could lead to Type | or Il errors

« o




Measurement Error vs Uncertainty

Q®

LSL USL LSL SL

Gage R&R% of Tolerance

Gage R&R% of Tolerance Gage R&R% of Tolerance

30% 80% =




What if it is ”Margmal”’

If you are “marginal”, there are two%@
— Improve it, because it is not \@Yﬁ@ﬁ ent”
OR

— Decide based on@@ﬁlty analysi

If capability (Cpk/Pp %z @ k/Ppk) <1.33,

you mlght not rove it g ou should improve it
U

UL

Learn more about Capability in our Powerpoint course >>> ﬂ
66 B


http://biz-pi.com/product.asp?id=6

Repeatability or Reproducibility?

~ (=

a

Components of Variation

- % Contribution

B % Study Var
] ¥ Toleranca

O
Breakdown Gage R&R Repeat Reprod Part-to-
Part

% Study Var 24.08% 20.54% 12.57% 97.06%

% Tolerance | 30.06% 25.64% 15.68% 121.14%

67 ﬂ




How to Improve Repeatability

* Repeatability

— Repeat measurements multiple tim@@
use the average result (not
results)

— Utilize measureme@&g wﬂhl&@ i

measureme

— Standa éasuremens and
% ation for t v dual
@g dardize | @ measurements being
T

taken on ry, angle of
measurem t document etc.




How to Improve Reproducibility
* Reproducibility @2
— Standardize devices allowable for u ﬁ@

reduce options)
— Re-calibrate assessment d make

certain they are not-bi or misalign
and implement P calibration s @
to preve ss es
— Stapd asure entp .--" and
ation, and aII are trained
Q ?% rly
t

andard of measurements being

taken on p t, circuitry, angle of
measurement, document, etc.

REPRODUCIBILITY




e Minimum numbers recommended for runni
variable measurements — not attribute G

How many runs do | need?

por: o

Par rator \‘% Reference
arts Operators + }\ﬁo s /\&eﬁ);‘l
; Gty 7 o0
5 e 3\0 2N 20
5 (;'3@2 ﬂ@ v 30

. Mw@éﬁ@ mbers @\ded for running a Gage R (no
|b|||tyf/\

O

Parts \% 8perators Repetitions Reference
Total
10 1 3 30
8 1 >30

ol



Attribute Gage R&R
e

* Used for binary (pass/fail) data @
* Also called “Attribute Agreeme Sis”
 Examples:

— Do operators seI ct defect@&
— Do analysts fi gg e error |Ie?

— Do bank t or reje t@ me applications?

— Do s give t assessment score to
\Q‘ ates afte@ W?

Can doc a known disease?
 What other-examples can you think of?

ol



Attribute Agreement Analysis

\ . BEE
l Mie

%
. WHICH

LIGHT METER
:: ! < AANEE 2OLTY - SHO0BLUX /
(d3 < 7
o / » 5 b X
& LY
; ASURE S 4
3 & e,
HLMS D
2
MW%OOP

- DEVICES

a8




Attribute Agreement Analysis

How does it work?

« Identify good/bad criteria or count criteria @@
— Binary: Does phone power up correctly?
— Count: How many defects were found? @

* Determine measurement method %@

— Binary: Visual %
— Count: Magnification m @
* |dentify key variable ( p L nt human e , etc)
— Inspectors can a comes more th flcatlon scope (use 3 inspectors
in study).

* Collect §3
% ed 8 different phg - ect
peatablllt Q
Fach operat t'e ch phone 2 times

* Summary: 8 parts, 3 operators, 2 trials = 8 x 3 x 2 = 48 total assessments

- o

wn

NI \Dd




Attribute Agreement Analysis

OPERATOR Part (g

Part Repeat 1 2 3 Agreement %/
(Vg v

QO %

2
1 67%
2
1 5 oo
2 ~_/BAD >
4 L GOgl GOOD A
5 | X BAD 'GooD 509
e U\ GooD-. (| BAD ’
— \ N
(6P 1 _ 1"BAD BAD 839,
6 2 _ > \BAD " | BAD GOOD
7 Q1| \eeop | Goob | Goop
| 83%
7 2.V | Goop | GoobD BAD
8 1 BAD 6 agree, 2 not agree = 00%

75%

s
Operator Agreement =
9 88% 63% 38%




Attribute Agreement Analysis

Part { g

4

5 outof 6

assessments

agree = 83%

6 out of 6

assessments

agree = 100%

OPERATOR
Part Agreement %
1
1
2
2
3
3
4
4
5 A
5¢
NN
)6 2 _ A
~ 7 L1 LGoD GOOD GOOD ]
7 2V | Goob | GOoD BAD 83%
8 1 BAD BAD BAD L00%
8 2 BAD BAD BAD

Operator Agreement

%

38%




Attribute Agreement Analysis

I
Part i g

4

OPERATOR
Part Repeat 1 2 3 Agreemenvt %
1 1 GOOD GOOD GOOD (/O N>
1 2 BAD GOOD <§»~O(ﬁfD\\\k .
2 1 BAD BAD - \GOOD “|
> 2 BAD BAD \\]J Go0D g2’
3 1 BAD {~ \BAD\ BAD 0009
3 2 8AD) | \[_~BAD | BAD /)
oo [aoos | sbed iy
4 2 (1 6ooD | Goop—|\ GRoD
5 | (2. 2] s | #AD\"P Goop 50%
Se "2 | Goop (\GDOD | BAD
c(e Y 1 | _BAD | BAD BAD 83%
Y& | 2 A4S | s | Gooo °
= Q1| 'eop 83%
7 \g>\> GOOD X assessments
8 1 BAD completely -_
8 2 BAD agree =38% n —
Operator Agreement 759
% (o]

- o



% Agreement
————c

P
Assessment Agreement Date of study:
Reported by
Mame of product
Misc:

Within Appraisers

10000

a0 BR0RECT
® Percent
o |
»
m.
.
PP 1 K
o
Y e »
QL
o
50 -
4ﬂ.

Appraiser

75% 88% 63%




Kappa Values

* Kappa value = the degree of agreement ma @Itiple

appraisers when assessing the same S arts
* How much better is your asse ompar d to guessing
— If you flipped a coin an se heads or ta| ould be right
about 50% of the time ch

e Kappa=0 rr%%at you were eq@@m chance (50%)
@ ns that your han random chance (less than 50%

@ appa>0m @ou were better than random chance (more than 50%
correct) %

e Kappa =1 means that you were correct 100% of the time
78 B ﬂ



Kappa Values
EXCELLENT
Greater than 0.9

Betw @%ndog @%@@

%@

Less than 0.7

http://www.sigmaxl.com/AttributeMSABinary.shtml 79 H
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Calculating Kappa

A
¢

@ @g\%@® @®%

cS
%®@ @@@

wrobab | erved

Probablllty expected

 The formula for kappa is:




Calculating Kappa for Coin Flips

Ex: Flipping a coin 100 times @
* 45 heads and 55 tails @
* P,=45/100 = .45 @%@ 15&%

« P, =50/100 = .5(@@
@%% @®

Kappa is near zero, so it matches close
enough to our expectations




Kappa Values

Fleliss’ Kappa Statistics @®
Appraliser Response Kappa@%@ppa % P(vs > 0)
y S .

@ °App&@

is marginal at separating GOOD vs BAD
* Appraiser 1 is poor at separating GOOD vs BAD
* Appraiser 3 is poor at separating GOOD vs BAD

http://www.sigmaxl.com/AttributeMSABinary.shtml
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Back to Results

Part i g

4

Part Repeat 3 Agreement %
1 1 GOOD "/ )a
1 z sogp_
3 1 \
—— Ao
4 1 0
2 5 @\ 100%

(\ <
Ea
7 e
2 ; 100%

Operator Agreement

%

38%
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Kappa Values

Fleiss’ Kappa Statistics @E

Response Kappa | SE Kappa 2 0)
BAD 0.462937 §0.0912871 @ 0.0000
GOOD 0.462937 0.0912871@ 22 O.%)

&
< @@@

Overall system needs improvement!




Key Points

* Without performing a MSA, you canno@@we that
your measurements are valid

* Calibration only removes% %gtiother sources of

measurement varlatla‘
 Gather 30 or mor@ws rem your gage
study (ex: 5 peopl es and 3 repeats)

EvaIu " gager as you go, and stop the
identify problems

@ you can
‘ omlz c llection and keep part identifiers

hidden fro person




Key Points (cont’d)

* Clearly mark or control items, but don@n@&
markings visible to operators (blin

* Don’t let operators watch @g& r, so true behavior
can be captured (d ep .t urpose %dy)

* Use typical item e pr

. I\/Ieasuret e a nu possible. Do not
roun

édetalle@‘ tions as the parts are being

easured

* Treat each measurement as a new item (full setup and
break down each time) . ﬂ

86



Criteria Summary

Variable Gage R&R

* % of Study Variation or % of T @@®

— Excellent: 10% or less @@
\ o

— Poor: Over 30% @@@
Attribute @%%R (Agr ~ g Analysis)

‘@( ellent; Qﬁ@@eater

— Poor: Less than 0.70

. o



Get Free Gage R&R Template
———

* Get an Excel Gage R&R Template %;@Qer

code “

” for your fre

e http://biz-pi.com/prodiic 2id=10.
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http://biz-pi.com/product.asp?id=10

Contact

* For more training materials and resou@@
— Capability Analysis @
— Control Charts @@
— Lean Six Sigma Overwev&%@ @&
@

— Root Cause Analy,
e
— Costof P %Iity

- Te%@nd Dia

t Bu5| ?o rmance Improvement at:
http //biz-pi.com/store.asp
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Additional Resources
@
@\

E] ﬂ@@

@@ %PWE% chr)]nerovement
N




