I1SQua |/ ISQua  ISQua -

anUususavAuNIWANIUWEIUTA (DVANISUKIBU)
The Healthcare Accreditation Institute (Public Organization)

Run Chart & Control Chart

fodmiuSuuifuauies

1N

ayuanulag uw.ayianl Aaymna




..........

anUusuUSaVAUNIWANTUWEIUTA (DVANISUKIBU)
The Healthcare Accreditation Institute (Public Organization)

[~ a
ANNLUBNILAZLWBIAA




Jaywnzasnis ldr1ssnaiie/ adaayy

The Problem!

Aggregated data presented in tabular
formats or with summary statistics, will
hot help you measure the impact of
process improvement efforts.

Aggregated data and summary
statistics can only lead to judgment, not
to improvement.
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Average Percent of Patients who Fall

Before and After the Implementation of a New Protocol

wow!
>2 A “significant drop”
% from 5% to 4%
© o0
I —
s
2
& 4 0%
3.8
1_'ime 1 TImE 2
Conclusion -The protocol was a success!
A 20% drop in the average mortality! “
47
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Average Percent of Patients who Fall

Before and After the Implementation of a New Protocol

9.0
«—| Protocol implemented here

a
-E _______________ UCL= 6.0
gz | . e i
s l-l(; 5.0
- CL=4.0
S 3
s  F-------3------1
b
= 1 N [Tt TTTTTTT [CL=20

- 24 Months >

Now what do you conclude about the impact of the protocol?
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If you don’t understand the variation that
lives in your data, you will be tempted to ...

« Deny the data (It doesn’t fit my view of reality!)
« See trends where there are no trends
 Try to explain natural variation as special events

« Blame and give credit to people for things over which
they have no control

« Distort the process that produced the data

. Ki |
. Kill the messenger! “
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How do we analyze variation for

gualitz imErovement?

Run and Control Charts are the best
tools to determine:

1. The variation that lives in the process

2. If our improvement strategies have had
the desired effect.
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Understanding Variation Statistically

83

DYNAMIC VIEW

Run Chart
Control Chart
(plot data over time)
Statistical Process Control (SPC) H

©Copyright 2013 Institute for Healthcare Improvement/R. Lloyd
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Control charts
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ANBDUDY Walter A. Shewhart (33%131)
%30 process-behavior charts (WHBANNYANTINVDINTLUIBANT)
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“If | had to reduce my
message for management
to just a few words, I'd
say it all had to do with
reducing variation.”

W.Edwards Deming

("2 o o % LY A L/ = ld' o
“mwmzaﬂmgyﬂmmugmms?mmaanm

wwazuam’m"bwwﬂﬁéb?msﬁaaﬁvﬁammﬂ variation”
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* A1slguselaviann control charts

— Aipsgiinszuiunsiifnwduegnigldniseuay uide stable nielsl
* &1 stable AlidaudluvSelUasuuyas process control parameter
* {1 stable usi performance aguensziuiaAns Adesuusdlasyianudilaaig
Y84 current performance
* &1 unstable AFadlATILI chart WeRSQNUMIVBA variation
— diloranisal future performance YBdNTLUIUNIT

o é’ﬂwmzﬁua\‘i“ﬁagamﬁﬁ% control chart

— Tnev3luudd control charts a¢ldd@ iy time-series data uiinananansuniluldiudeya
au9 19 (W Wisuiguimegranguunlunafeniu w3e performance ¥aInguiI0e1s
a189 AL lasApINasaIUIEIANYeY chart Naglylnmngau

' https://en.wikipedia.org/wiki/Control_chart
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® Bell Labs

— Walter A. Shewhart 1Juglfndu control chart Gﬁuﬁumzﬁw’]ﬁ’m’ma@jﬁ Bell Labs

— Tug1aneIsse 1920s 3mﬂisuaw%ﬁwwmmmmmw%’wqq reliability U84 telephony
transmission systems Lﬁ'aamﬂéhsumsé’mmmuazqﬂﬂiaﬁuq L NANGN IR
anusnduiinzdesanmnudveinisiatymuasnissenusy

— \Jleds¥ 1920 Fmnsldnseminluaudifnaesnisan variation TSz UINNITNENWE
LLaz‘mﬂLmé’qmwﬁfﬂfjﬁmiﬁﬁmiﬂ%’umzmumiagjmaaﬂna’nﬁamauaumm non-
conformance N&uril¥ variation ifisiiuuazannmiesas

https://en.wikipedia.org/wiki/Control_chart
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* §U1UB9 control charts

— Shewhart syynsaulyminanan Wneldr1in common- uaz
special-causes of variation

— May 16, 1924 W WUgU internal memo \Aenfiu control chart &4
Fupesdiefiavlduanuesszmning variation vdes

Walter A. Shewhart
1891-1967

George Edwards 1371189849 Shewhart 1a111 "Dr. Shewhart (9guuin
duq gramionts wikiluaunthuangiseg FopniudisFniuluds
schematic control chart. Awugﬂzfmmmﬁa?myfu? Mnsurhuazesuie
seifunannisuazdefiarsanisntudusisnsuantundnnisvenis
AIUANAININANTEUIUNIT (process quality control.)”

https://en.wikipedia.org/wiki/Control_chart
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* LUIARLIDY control charts

— Shewhart WuINsinszuINNSNARBYlUN1IEYDS

statistical control ¥ common-cause variation Lagsnwlv

Y | . Gaussian or
aglumﬁmuamuul’; L%Juaﬂf\]'lL%JUWR]%‘WSﬂﬂﬁmwaaWﬁLLazfﬂﬂﬂ’]ﬁ di's“t‘r’i'b’:]‘:gn

NSTUIUNITIAALAT e

— Shewhart @519WUg1UYD9 control chart kaZLUIANLTDY W — .

statistical control 1ng@anLUUNISNAABIBE1SLLATE
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-G 6l 26 30

LY o Y a « . . . 5 . - 2.355 ¢ »
AN8AINLINAEYIALAR “normal distribution curve” (a Gauusian r

— Mathematical statistical theories: %’aaﬂamﬂﬂﬁzmumsmq

distribution) %58 “bell curve”

— Shewhart @gUinvasevnNsEUIUnsil variation

* UNNIEUIUNIH controlled variation #udusIsuAVRINTZUIUNG
* BNU9NIEUIUNISH uncontrolled variation &awinlilaglusyuuves

N3ITUIUNTT

https://en.wikipedia.org/wiki/Control_chart
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“What is the variation in one system
over time ? ” Walter A. Shewhart - early 1920's, Bell Laboratories

Dynamic View UCL
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Every process displays variation: LCL

« Controlled variation

stable, consistent pattern of variation
“chance”, constant causes

»_Special cause variation
“assignable”

pattern changes over time
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Types of Variation

Common Cause Variation Special Cause Variation

» Is inherent in the design of the i
process

» Is due to regular, natural or ordinary
causes

« Affects all the outcomes of a process

« Results in a “stable” process that is
predictable

» Also known as random or
unassignable variation

53

Is due to irregular or unnatural

causes that are not inherent in the

design of the process

Affect some, but not necessarily
all aspects of the process

Results in an “unstable” process
that is not predictable

Also known as non-random or
assignable variation
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Is the process stable?

YES —

i

—— NO

Type of variation

Only Common

Special + Common

Right Choice

Change the process if
unacceptable

Investigate the origin of the
special cause




e —

< <z <
[SQua ISQua [SQua

I I i v l m anUuSUSDVAUNIWENIUWEIUIA (D0ANISUKIBU)
Qv The Healthcare Accreditation Institute (Public Organization)

* 911 Shewhart § Deming

Who Was Deming?

1900-1993

1993

<4— US Department of Agric

[4— Adviser to US Census E

* 1950 Taught SPC in Jap
Deming Prize Created

* 1960 Awarded Japan’s (
Sacred Treasure, Secol

Statistics Professor at M
University, Consultant, |

Legitimized relevance of statistics to industry.
Made SPC a household term. A 1980’s celebrity

8 @

— 1ud 1924 v38 1925 WIANIIUVEa Shewhart fALdud

=

aulaves W. Edwards Deming @einaainaueg
Hawthorne facility taz#ou1n US Department of
Agriculture and wanudunusnwauAtinA1ans
T9kn US Census Bureau
Tup3eAnassuson Deming nanarlurdiunglunanu
U8 Shewhart WaaUaLUHELNILUIAATNINTZA

LY A v gj a . o Y A&
AN YR TIULaNATIN 2 Deming vimtiduy
NS UaD AN UM N Sgeand mSunaings
v a Y & Yaa S & Y Ao
Wusding wadnuleddslugdudunaruuluntiny
UINWNgnanvngsy Ve 8lIAnUes Shewhart uaz
13l control chart ag1an3ev el unaoaneIssy

1950s way 1960s

https://en.wikipedia.org/wiki/Control_chart
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* LUIARLIDY control charts

— Shewhart WuINsinszuINNSNARBYlUN1IEYDS
statistical control %QﬁLWi common-cause variation kagsny1tn
oelumsmuautiuly iluasidufiasnensainadnsuas dnnns
NILUIUNTLAANAT

— Shewhart a%ﬂx‘i‘ﬁugfmﬁum control chart LLazLLu’Jﬁﬂﬁlaﬂ
statistical control lngpnUUNITNAABIBE1NTELINTL IS

— Mathematical statistical theories: %’auﬂamﬂﬂizmumimq
NNEAINENALVILALAR “normal distribution curve” (a Gauusian
distribution) 158 “bell curve”

— Shewhart @gUinvasevnNsEUIUnsil variation
* ynszuIuNsi controlled variation dadusssuvAvesnsyuiunis
* $nunenszuIunsil uncontrolled variation dsanmglsigluszuuues
NITUIUNTT

' https://en.wikipedia.org/wiki/Control_chart
;'_—_L . .
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Run Chart (n511Waatibav)




lS(im [S(im 1SQua

o ¥ ¥ 7 | — |

‘VI'I\lllﬁlaﬁl?l Run Chart (nmﬂmamm) S sosa s GOAT )
* 71989

— UINIFIONLIUNA
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* deyoivruatd1neNaIun response time 90%
* NALABUILLIIINUSDYALVYDINITUVIUIAN I ULAAELADU

9

* asruwfusTa dmnenivualy aghidlasiensou
Jusesnsvile vsevilile — —

— pieyarioiilasdounds
* WUIMINITAA variation U4 response time
o Usuiudoldunseldsnefifiniuvioanas
— Jayatigosls

* YglmanunsaasenuIwastinla variation 31nN13
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IHI Open School
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— Vlzuﬂ’mumL‘fjmmEJLLazm’mmmm’mu’maﬂﬂﬁﬁm'i
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o Wmnedezshliiintanauniietesnintesas 1 melu 9 ieu
— Run Chart aghlsfismsuinmauasunwlasiinssyhlududealiie
improvement #5aly

Numerator
# of patients who leave the ED without being seen
Total # of patients who check into the ED
Denominator

IHI Open School
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1.

Plot t2anlusuunny X laglasnuuignallimunzaunulasenis (au

W7 Falue Fu dUant wisw) velidunadngUlsudassefannsadumienal
AN X 19

Plot fiadnanAgylumuunu Y sfldrunugenniinls Sefiusslovlmanzsi

199 pattern (0192g improvement Aasiiveyasgedoy 10 30)
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* Annotation (A1a5ueUsenay) Wumesutefidalilunsm iiewanain
msiasunlasiismeassiuinadouuuunulunsweddls
® Baseline
— Jududrsdemnununsuineidesiunasansin daelimsvmsu
performance fiaumsnageu taldugruSeudieu.
— Guilenadiu median Aernanslugadeyaiidniiesnasigalumanniian
(Feamsdioyaststiosiaaiiaains baseline median)
® Goal Line
— L‘TJuLé’ué’wqaammLmswLﬁaﬁwﬂmmmmm

ED "Walk Aways' Over Time

Percent of patients who leave unseen

0 -
2/716 3/14/16 4/18/16 5/23/16 6/27/16 8/1/16 9/5/16 10/10/16
Date

IHI Open School


http://app.ihi.org/LMS/Content/77a180e3-18be-4969-a23b-d0e96e57e39f/Upload/QI104_EDwalkaways.xls
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Baseline, Goal Line, Annotation —
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ED "Walk Aways' Over Time

4 PDSA 1: Began moving
S patients out of beds == Key
L 35 after evaluationand Measure
% seatingthem inchairs Values
3] 3
> -
o —— Baseline
D :
o 22 Median
=
S . o
w <
3
=
= 15 —— Goal
©
o
w—
S 1
[= x
o . Note: Data unavailable; new
o 0.5 computer system underway
o

0 R | L | S | | J7 | T | N | | P | S| | 35 | L} | B3 | Lo ¥ LI T T | 9 ) | s ! 1 | 5N ! L 1
2/TN6 3/14/16 4/18/16 5/23/16 6/27/16 8/1/16 9/516 10/10/16
Date

* NIUANLIANTIARENNDIRNIAY
— siaitonsn ED Walk Away Laguwulwngsinniai 1% (@udiueine goal
line)
= < Y Y & 1 gj A < .
— finsiiutaya 5 dUamineunisvaasuasausniiailu baseline

IHI Open School


http://app.ihi.org/LMS/Content/77a180e3-18be-4969-a23b-d0e96e57e39f/Upload/QI104_EDwalkaways.xls

Date (X
Value)

2/7/16
2/14/16
2/21/16
2/28/16

3/7/16
3/14/16

3/21/16
3/28/16

4/4/16
4/11/16
4/18/16
4/25/16

5/2/16

5/9/16

5/16/16
5/23/16
5/30/16
6/6/16
6/16/16
6/20/16
6/27/16
7/4/16
7/11/16
7/18/16
7/25/16
8/1/16
8/8/16
8/15/16
8/22/16
8/29/16
9/5/16
9/12/16
9/19/16
9/26/16
10/3/16
10/10/16
10/17/16
10/24/16
10/31/16

4

Key Measure: % of patients

desk in the ED but left before
being seen in the past 7 days

2.74
2.12
3.72
2.02
2.78
2.96

231
1.69
1.58
2.09
2.64
1.27

1.92
1.46
1.06
1.21
0.92
1.12
2
0.71
1.63
1.57
0.7
0.87
0
0.74
0.72
1.08
0.96
0.64
0.51
1.64
0.96
1.12
1.96
1.71
0.76

Numerator: # of patients in the

that checked in at the triage past 7 days that checked in at the

triage desk in the ED but left
before being seen

22
20
31
17
24
27

22
15
14
18
23
11

- e e

Denominator: Tota
patient volume in the
ED in the past 7 days

804
942
833
842
864
916

953
886
888
862
872
867

884
961
939
995
976
986
902
849
922
891
858
923
902
947
978
1018
1045
933
976
916
831
978
920
995
921

YaYANaNAABNEHI T Run Chart

Annotation
Type

None
None
None
None
None
Change

None
None
None
None
None
None
Change

Change

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

< <z =
[SQua [SQua I ISQua
SUKIBU)

anization)

Annotation

PDSA 1: Began moving relatively healthy patients out of beds after
evaluation and seating them in chairs while they waited for test
results

Developing new data entry system - data unavailable

New data entry system still in development - data still unavailable.
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ED 'Walk Aways' Over Time ED Volume Over Time

4 PDSA 1: Began moving 1100
5 patients out of beds *s‘ey i
D 35 after evaluationand easure » 1050 Measure
= seatingthem inchairs Values = Values
) 3 o
> ! 3 1000
o . ——Baseline o
D 4 i [a)
% Median 8 &
o 2 g ——Baseline
c 500 Med
2 15 ——Goal g edian
© =~
a c
— — 850
o 1 ©
1= x °
a 05 Note: Data unavailable; new = s00 Note: Data unavailable; new
E o computer system underway computer system underway

L o o e B NN I e e e e e s e L e e e e e | - U o o o e o e o e e e e B o e e e s e B R e |

2/TM6 3/14/16 4/18/16 5/23/16 6/27/16 8/1/M16 9/5/16 10/10/16 2/T16 3/14/16 4/18/16 5/23/16 6/27/16 8116 9/516 10/10/16

Date Date

* nydlaniansenesiiviosanidu
— MsAnwIAIRI SR LA ey
— nugdida¥a ED Walk Away Aty Usnaugihed £D Afluuiltudfiuanndy
2eld
— quidlouiuinisiiviesanidurindeivy

IHI Open School



Common Cause Variation
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Special Cause Variation

Haaglussuunsonszuiunis

1ulALARINNTRRNLUUNTZUIUNS

AnanamnUng tinsesq 1usssuys

Ananamgiliund vselnsssuYIf

IHARONAINTYNATUYDINTEUIUNIT

HARDUIIYUYDINTEUIUNS

AalyinnszuIuNISAEdes Ann1salla

Aalnszuunsiidi@des ananisadlala

random %38 unassignable variation

non-random %38 assignable variation

: S IHI Open School
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* AUFIAY
— Wuduneuiiddtuneunsnlunsinszss run chart
— ﬁﬂiﬁﬁzq’jﬁﬁ special cause of variation I

* AMUKUIYVDY Run

— usiag run NanenYnYayanadnuREINUYDY median
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U
* g13vzdigafgInsauINNImilganta 0 Walk Aweys: Over Time
° 1 d' o/ 1 [} . c , PDSA 1: Began moving
Litugaivivaguudu median
% »-Aeﬁ\_
°® ad v %

5N151U g Vil
— UANIBULRAAS run LbadUUITUIUN o T o

— QUINUIUASINEUNTINYULER median LauInNale 1

IHI Open School
B W TS - TR,

T e e
& 469516 10/10/16
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— ARITUTIUIU run NI Medical Waste 919879

Run Chart: Medical Waste

5.75
9.5
525 - Pounds
of Red
Bag
Waste

475
45
425

——Median

3.75 Points on the median (Don't count
3.5 these when you're counting runs!)
3.25

Pounds of Red Bag Waste

NS %6 6A D90 NMEIEEN RPN PP
Point Number

IHI Open School
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* N9 e 1 Shift

— Shift ARN15NIAVaNAFILE 6 RVULUDENINREINUYY median

9 Y 9 Y

Shift

IHI Open School
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° ng%’a 2 Trend

— Trend AN sigadayanud 5 9aduly duwilduldlumanediume Ju
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Trend

IHI Open School
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° ng]“flla 3 Too many or too few runs

17U run Yesliuluvseunninulyd

U o %4

— 119
— 1gnIMuINNTUAUIIUIURATBYE

Too many or too few runs

Only 2 runs

IHI Open School
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124
* NfU8 3 Too many or too few runs
— HTNNITUITIWIU run HestAulunseunniuly (Tables for testing

randomness of grouping in a sequence of alternatives)

Total number of data  Lower limit for the number Upper limit for the number of
points on the run chart of runs (< than this number runs (> than this number runs is

that do not fall on the runs is “too few”) “too many”)
median
10 3 9
20 6 16
30 11 21
40 15 27
50 19 33
60 24 38

— obdanansamansela oaldgasauindigs fall

. Too few runs: Fewer than n/3 (rounded DOWN if it's a decimal)
. Too many runs: More than 2n/3 (rounded UP if it's a decimal)

IHI Open School
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° ng“fl’a 4 Astronomical data point
— fiynvayaiieglnaninaanty
— Uy outlier 38 AMANSTN

Astronomical data point

IHI Open School
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naaagnudana Run Chart
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*Key
Measure
Values

—Median

— Goal

Which of the following is the best interpretation of the run chart based on Rule
3? Hint: There are 24 data points, and two of them fall directly on the median.

(A) The pattern appears to be random.
(B) There are too many runs for the pattern to appear random.

(C) There are too few runs for the pattern to appear random.
(D) There is insufficient data to judge whether the pattern appears to be random or not.

IHI Open School
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ED 'Walk Aways' Over Time

4 PDSA 1: Began moving
= patients out of beds == Key
L 35 after evaluationand Measure
S seatingthem inchairs Values
o 3
> .
o ——Baseline
— 2: -
o 2° Median
£
S,
w 4
1=
= 15 —— Goal
©
Q
S 1
=
8 . Note: Data unavailable; new
o 0.5 computer system underway
o

0 | oo | LI LI L] | L) sl | 7L | | 3¢ | LI L] LI L) ] 1 LI ) LI L 1 LI 1

2/7TA6 3/14/16 4/18/M16 5/23/16 6/27/16 8/1/16 9/5/16 10/10/16

Date

Looking at the run chart, which of the following do you see?
(A) At least one shift (based on Rule 1)

(B) At least one trend (based on Rule 2)

(C) BothAand B

(D) Neither Anor B

. IHI Open School
B



97UNa Shewhart Chart

ttttttttttttttttttttttttttttttttttt (Public Organization)

Number of Patient Complaints Per Month

50
UCL = 44.855
45 eyt Sy o o S O
=
% 40
=N 35 —g=Number of
= Complaints
o 30
> 25
o e CONtrol Limit
c 20
= (29.250)
e e X\ _________
10 LCL = 13.645
5
.\ ....... \ * 6 QP TR .
56‘«“ é S & © o‘b &oﬁ ‘\o Sé“‘éi ¢°§§9 © voon oS Qé‘

. Any data point that falls within the UCL and LCL (and is not part of one
of the four non-random patterns) is part of the random variation in the
process.

. Any data point that falls outside those limits (or displays a non-random
pattern between the UCL and LCL) indicates a special cause of
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Statistical Process Control (SPC) Chart
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ISQQ Fy [.\Qﬁ a [ 1SQua

= = B =S
5’] E" a 7 I’a E" ﬂlu C on tro l C h d rt e
Due to normal variation Upper Control Limit
130 - {Common Cause) FJ'UEL}
e
T 110 RETASY M/\‘xﬁ /x" :::f:;:
g 100 \ X )—\r”/ \
— _\3L ______________ g —

m Lj I I ] L ¥ I I L] L] L] I I i) L Lj I I 1&
1 2 4 5 67 8 91011213 14151617 1819 20
Lower Control Limit

Time
Out-of-control Point (LCL)

{Special Cause)

ATILANIANGNYULAUNINYID performance IMNAIBENNFUUIIINATEUIUAITNLIAWNE
LHUNAN4 (a center line) MUaAIAT mean Y83%04A
ANDELUUNINTFINNAUIUIINTBYATIIVILA

I .. a o = oy C o A =
A1 upper & lower control limits (138UNATILIYNIN "natural process limits") NLANINY
threshold ZeanadAuainaansvesnseuunshithazedinulunindy uasdnasiian 3

standard deviations aNALEUNA

https://en.wikipedia.org/wiki/Control_chart



o = e = — e S
I1SQua || ISQua [ ISQua
e : ==
sf] EJ a QJ La EJ ﬂ u O | I ro a r AnUUSUSaVAUNIWANIUWEIUIA (DVANISUKIBUL)
The Healthcare Accreditation Institute (Public Organization)

Basic Parts of a Control Chart

Warning Levels are calculated as 1 and Zone - 3 Action
2 standard deviations from the average - UcL
R e S e e K R M i R e e = Zone -2 Warnirie
| zrec _ __Upper Control Limit (UCL)_ _ _ ] o2 e WL
BRI e i e S S B c Zone -1 Continue
Zone A () =p_ -
Average 2 _ L
I e e o = Zone -1 Continue
Zone B e | W1
P e e e o . T e s 2 Zong ~ 2 Warning LyL
[zorec _ _ Lower Control Limit(LCL)_ _ _ § LcL
n Zone - 3 Action

* anwazhanaNainly control charts
_ Upper & lower warning limits iusniduniafivduan shavilan 2 sD sheandunas
- utsituidulsu Wiefinnsananuiivesdeyaluusiaslen
- mstuiinmansaiiiaulalaegsuinvounszuiuns

https://en.wikipedia.org/wiki/Control_chart
e em—
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* AUAIAYVBY control limit

— fnszuruniseglun1izaiuny (WagAradiAvainssuiunsiduung) 99.73% veqn
JavmnazagsEning control limits

— ynilgedeyalumnaguen control limit videfidnwuziuuuimvasdoyautegefivedd
i variation el weaesdnwariiSoning special-cause variation

— \flesansdl variation induvaneanisiialdaedunmnimdiutu control chart 7
dsdfyeunaedndl special-cause variation 3ndudeslasunisdvaiulneyiui

— control limits Sadustesdmduland iy Wudeilifeyaforfunginssuves
nsruIun1swaz il intrinsic relationship fuspecification targets #5ar engineering
tolerance.

— TumneUfih anansvesnszuiunisenaaglildanimneiivadnuain ieswinms

PONLUUNIZUIUNTRE VIR AaN Bz Y8In T UIUNS IUTEAUNADINS LAY 9

https://en.wikipedia.org/wiki/Control_chart
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* AMUAIAYVDY control limit

— nInTIIMAnIsaiteUmMaUAsuuUadlunssuauns

* Judwmaneveas control charts

* control chart avdeadiAiiaszyLliu objective criteria dwSudnduinfinisiuasunuaslunszuaunis
— mié’ummmqLﬁamwwumiwﬁlamwm

o Fulumaivdsuuvaslumdia suwawsniuensszdusumslilunsie

o Fuflumavdsuntaduneiilia suvmmantuatsgnadaaanty
— Whunngvasnsiy warning limits %38tLUd control chart Ul

o iededyanafeundiiug rffunsedisligndas

* nsneUsuBIRadyyIMABUUATUY mw‘iﬂé’ﬂmLﬁué’mflmﬁjuél"sasmmnnizmums

1 QQdI 1

— Ardnanudaulagnnsu common-cause variation

03 04

* 9 three-sigma limits azfiwmnnsaldoandn 1 lu 22 yadmsu
skewed processes uazuszuiad 1 1w 370 d1%5U normally

34.1% 34.1%

01 0.2

distributed processes

¢ i two-sigma warning levels azdimnnisaluszauan 1 Tu 22 Tus
normally distributed data

https://en.wikipedia.org/wiki/Control_chart
- E——
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* 35n15ATUU control limit

— dmSuni1sAuamAl control limit, A1 standard deviation (error) figaensAaA1ves
common-cause variation Tunszurunsiu. faty ﬁ’lﬂizmmﬁwﬁ]@jﬁb’ﬂﬂ Fadu
sample variance %Mgﬂw dosniduafivszana total squared-error loss 910
variation ﬁ’jﬁﬁmmﬂ common- ke special-causes.

— FBmsilfdumadonfenisldnnuduiusszning range of a sample fuen standard
deviation 984 range Ty Gesamnlag Leonard H. C. Tippett iuaUszanaiiazlisu
NANTYNUINANEALANTNIAN special cause Tioendn

https://en.wikipedia.org/wiki/Control_chart
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® Western Electric rule

Rule 2: two out of three consecutive
points fall Zone A or beyond

Rule 1: Any point beyond Zone A

UCLp=======ff=======cc-o- HeL
AL LN
B o [/ & .
{ X
C M\
L S
LCL .'A. ................... LCL
Rule 1 | Rule 2
laalaaauiivanliluaniue 30 limit dgavluguaacatliaviuiaan’ly
AALRUN[NY (Aanatuanigu A 119 uantaa 20 limit yunaifieniuuag
AIULULREATUR) wdunany (aalulau A)

https://en.wikipedia.org/wiki/\WWestern_Electric_rules
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® Western Electric rule

UCL

=

LCL

Rule 3

14y
6 10

Rule 3: Four out of five consecutive
points fall Zone B or beyond

5 anfisiaciiasduanlduan
limit annguna192ing

waenAu (atluleiu B wia'lnanin)

Rule 4: Mine consecutive points on
the same side of center line (meaan)

I
a0

Rule 4 |

ii 9 aavisiatiiaviuanagiuiig
LA AuuaILdunaly (aawetaiu C
aan'ly)

https://en.wikipedia.org/wiki/\WWestern_Electric_rules
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® Western Electric rule

What are the WECO rules for signaling " Out of Control"?

General WECO stands for Western Electric Company Rules
rules for

detecting out
of control or Any Poimnt Above +3 Sigma

non-random 0 - T3 oLIMIT
situaltions 2 Out of the Last 3 Points Above +2 Sigma
— -- +2 g LIMIT
4 Out of the Last 5 Points Above +1 Sigma
— -- +1 ¢ LIMIT
8 Consecutive Points on This Side of Control Line
CENTER LINE
& Consecutive Points on This Side of Control Line
e -- -1 o LIMIT
4 Out of the Last 5 Points Below - 1 Sigma
-- -2 o LIMIT
2 Out of the Last 3 Points Below -2 Sigma
e -- -3 o LIMIT
Any Point Below -3 Sigma

Trend 6 1n a row trending up or down. 14 in a row
Rules: alternating up and down

[ httB://WV\AN.itI.nist.gov/div898/handbook/pmc/sectionB/pmcSZ.htm
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The Western Electric Rules
N UCL (+30)
Al
cil | M VAR center
IR
TN LA
1 2 3 4 5 6 | 7 LCL (-30)

. Any point beyond 3s UCL or LCL.

. 2/3 cons. points on same side, in A or beyond
. 4/5 cons. points on same side, in B or beyond.
. 9/9 cons. points on same side of center line.

. 6/6 cons. points increasing or decreasing.
14/14 cons. points alternating up and down.
15/15 cons. points on either side in zone C.

NOOAWN =

S - https://inst.eecs.berkeley.edu/
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® Nelson rule
starised caytadons from the mean Rl 2 Ning (or mere) point n a row
anz on the same side of tie mean
e e i ueL e A
Lo e @ L
Rulel Rule 2 |
1 1 qaatlnain 3 SD 31n mean 1 9 3ausauInnINNaLidILaeIAU
(LamavINaLUANNITAIUANALINY 229 mean (L&nYINd some

AALAU) prolonged bias \Andu)
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® Nelson rule

Rula 3: Six [or more| paints inoa row are

continualty ncreasing {or decreasing) Rule &: Fourlsan (or mara) poines n & row

- . I aliemate in direction, increasing then decreasing

S '\Av ﬁv\/\ﬁ ''''' :

oL b -—_— e

Rule 3 Rule 4 )
16 awsamnmmwﬂaumﬂu il 14 aewraunnninviasunalIAu
meumaamaoamammuaa saudulan (Lurivianie Lidawan

(wan9dd trend LAndu) Favsvazvnadludday)
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Nelson rule
Rula 5; Two (or fhrae] cul of three poinds In & ros ang mang Rula & Faur [or Thea) ouf of Sve points in & o ana mara than
than 2 standard deviations from e mean in e same dirgctian 1 standard deviabon from tha maan in te same dinsciion
ucL =-dr ucL ==3r
l’&\ .\f F\
}
i % ‘.-"A' / llllvr'!‘ II.'HIIL v i:r'f \ ’/'\"-,I III'III -
ISR iy
N
wLlb-—————————— - wLlb-——————— e -
Rule 5 | | Rule 6 | |
11 2 v9a 3 3@n 3 Jacatladiun 11 4 3a 5 310 5 yasiatilaviuiiag
at1ingann mean unnni1 2 SD Tu 119311 mean unnni1 1 SD Tu
WAL Ay (uaaindi out of NANILa AU (LaadIdd out of
control 1hunave 6LKUIuaIIaN control avnaLdnal diunUvuag
3 avatnlaAls) a1 5 azadnlan'le)
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® Nelson rule

Rule 8: Eight points in & row et with nona vithin
1 standard deviabon of the mean and the poris
ara in bath directions from the mean

Rula T: Fiftaan points in & row ana all wishin 1 standard
deviation of the mean an efher side af the mean

i A _a Pia h z@ ¥ ﬂ .'(!\". M‘u

e ¥ e g W /,4 VY .
Rule 7 Rule 8
11 15 Jeeatilaviunatnalu 1 SD 11 8 yasatiaviunluatnalu 1

A1NAT Mean AAINIFaI2Y SD annA1 mean UadIgadznyg
(nsnsglannutas 1 SD dWnagl

LiaaN random)
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Rules for Special Causes on Control Charts

1. A single point outside the control limis. 2 A runof efght or more points in a row 3. Six consscutive peints increasing (trend
above (or below] the centerline. uvp) or decreasing (wend down)
cy

e — T ——— v | = ﬁ-—-- D S G — ML
- - "‘ -
=1 b % * - - o " ¥ * - "
] w b L
" - . - — . ‘= 2 -
- -

T — " S (o (W T

Mote: A point exactly on a comtrol hmit is

Mote: A point cily on the centerh Mote: Ties between two consecutive points do mot
not considered outside the hmit . When d.i;d:ii rm::g:::m: :L:'r ::-E:t ‘tll’:‘c:]"dﬁ a e cancel or add o a trend. When controd cliarts ave
there is not a lower or upper comntrol i shifi. varying limits doe to varying numbers of me asore me nis
Rule 1 does not apply to the side missing the within subgroaps, then rale 3 should not be apphed.
limit.
4. Twoout of three consecutive points near 5. Fifteen consecutive points elose (inner ene-third of the chart) 1o the centerline.
{outer one-third) & control limit,
L
T ~ . -
P ;.... 1 T " .;.\
= " . . Cuaw

L
- v A . *
w T T R - A
L] . L] 'y of anerl L EEL T
- y
e st —— [ L o L ST o
oL

When there is not a lvwer or upper control Emit

Rule 4 does not apply to the side missing a lmuit.
a0 r

Hugping the centerline

I
Source: The Data Guide by L. Provost and 5. Murray, Austin, Texas, February, 2007 p3-10.

R, |
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* Continuous data (YayaanNn159e A9 30

YU SLYLLIAT1TDADY) e

60 o

— |-MR chart 5’16?’IaaﬂaL‘1’fJuﬁuam¢iawma (individuals)

s o
& 3 a7

— Xbar-R chart §18n1suuadu subgroups (Toyaidu  |*

ALRAYYBILARY subgroup)

— Xbar-S chart a1dinsuuadu subgroup WATVUINYBY £ |,

subgroup 11NN 8 S e
* Attribute data

— p chart dmsudeyaiidu proportion U %

U Chart of Defects

— c chart %38 u chart dwsudeyaiiluduuiiu laun
UCL=1.927

defect per unit (W IwuN1sIIURTRRW protocol Tu
U=0.985

HUneuaz I8, 31191 moment Mkiin1sdneilondna

gneasluusazau)

http. gelinitab.com/blog/understanding-statistics/what-control-chart-should-i-use
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* |ndividual-Moving Range charts (X-MR charts)
— e
¢ lLigwnsaudanisineaniungugssiivanzauld (rational subgroups)
®* 115 monitor actual observations @2A2NN31A15M4 subgroup averages
* N15N52R18VBINTEUIUNISHanIU (very skewed or bounded)
— U933

=

* ufazanfa 1 observation ¥y "snapshot" vaenszUIUNITNLIA IALIAITS

9
v Ao o

. é’imﬁmagawuanwmz time-ordered Av389RINaIRULIAMINAYY (Hazuuazlidiu1sansaa

N

WU trends %39 shifts Tunszuaunslé)
¢ X-bar charts
— T4de
* 3a rational subgroups b (flasarnaunsasiuIns control limits tednalaanisly Normal
distribution)

— 99f: detect smaller shifts in the process average
s uhiipabigualibamerica.com/LSS-Knowledge-Center/statisticalprocesscontrol/
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e — A
e

® pchart
— 168’@2?’11/1%%%@3@%% oroportion MENYaAIRIILA
® np chart
— 19u p chart flmuiusazaadeyaivuiafegawindu silidu UCL & LCL flansd
® cchart
— WwillauAu np chart 1‘7iLwiazﬁgmsﬁamuaﬁsuu’mﬁ’aa&mwhﬁ’u olot fanfituld (count)
Lmuﬁ%Lﬁu proportion
® u chart

— 10U general version 984 ¢ chart #® plot duaviitiuls wiiudasynaziivuindions
Tawindu uwsalgrananimnAudusiniue
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Control limits U949 X-chart

Calculating Upper and Lower UCL=X+EMR
Control Limits LCL=X -EMR
. 1 1 ¥V Léj
MR = Moving range AMNBURUIU
v 1 =
| AUNIYUATINIEITIUN
N Time period | 1 4 5 6 Average

Observations |90 67 (98| 83 87.50 ]

Moving range 25 [31] 15 13.86 Correction Factor Depends on
Upper control lmit 87.50 + 1.054 * 13.86 Number of Time Periods
Lower control limit 87.50 - 1.054 * 13.86 T LG

periods | E values | periods E values

11 0.945

2.660 12 0.921

E for 8 time periods is 1.054 —— e

1.290 15 0.864

1.184 16 0.849

1.109 17 0.836

Farrokh Alemi, Ph.D. 1.054 18 0.824

9 1.010 19 0.813
— a¥19n59 2 n5wl gy Aa X chart & MR chart T T
_ statisical process co_ntrol, 1995 SPC Press

— %111 mean U249 X 1a MR (X & MR) L6 LS UGTET

— 149 correction factor (E) 2101011519971 e
B —
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1. Toyaruulls s uAguINANIBIN wsudl R
1.1) X—R oM lumsie ucL=D,R
LR CL=R
ﬁwﬁnum LCL = D4R
goaneredufuennens | Weugi X
YRY UCL= X+ AR
cL= X
LoL = X—-A,R
1.2)X-MR ANAYILIBNNNA uHuQH MR
A1 pH 1848N9REANY UCL = 3.267 MR
gaamesrdnou CL= MR
A ldanestenaifeu LCL= 0
YqY waugdl X

UCL= X +266 MR
cL= X
LCL= X -266 MR

anUUSUSOLAUNIWANTUWEIUIA (DVANISUKIBU)
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ol way We.a3.0l520 niussana’lne http://92project.com/mtools/th/7qctools%20-%202.html

%—_——
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Varying sample sizes |[edit]

In the case of 100% inspection, variation in the production rate (e.g., due to maintenance or shift changes) conspires to
produce different sample sizes for each observation plotted on the p-chart. There are three ways to deal with this:

Technique Description

p(1-p)
n;

size of the sample that produced the ith observation on the p-chart

Use variable-width control Each observation plots against its own control limits: p & 3 , where nj is the

limits[2]-280

Use control limits based on an Control limits are p =+ 3

i-al2]:282
average sample size Z:z |
the p-chart, ———
- . . . . p;—P
] Control limits are £3 and the observations, p;, are standardized using Z; = ———,
Use a standardized control 5(1-5)
chartl21:283 ™

where n; is the size of the sample that produced the ith observation on the p-chart
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* Aaazls dAnyedals
o
— Wungudssdmnsenislungugnuanluaniizil random effects finafa observed
variation
— Wunguessdsavaiiinasia variation nelu subgroup IndiAssfuamaiisinase
variation 5$1319NqUEDY
— Tdilauszunainis short-term variation Tunszurunisdsaziirlunensal longer-term

variation 99n11uAlAg control limits tWaLanLezUsLANYDY variation

* ANENUAYDY rational subgroup
— Lff]unajmﬁmmﬂ single, stable process (913 variation nglungugasuinazyinlv control
limit nd1anuld wazvinaulalun1snsavasu process shift)
— 193’3J'1mnn'15LﬁU°i’J'aga°lu°zi'NL'Jmtc”?u6]
— dayansamsaunaniglunguegassnadudaszannu (Ll autocorrelation %38 serial
correlation LU 1I8159ADYVDIAUKLT UNAADLIAITOADYVDIAUADNN)

mebiipadialalitvamerica.com/LSS-Knowledge-Center/statisticalprocesscontrol/
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Shewhart Control Charts for variables .
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During the 1920's, Dr. Walter A. Shewhart proposed a general model for control charts as follows:

Let w be a sample statistic that measures some continuously varying quality characteristic of interest (e.g.,
thickness), and suppose that the mean of w is i, with a standard deviation of o,,. Then the center line, the
UCL, and the LCL are

UCL = pyy + ko,

Center Line = i,
LCL = py, — koy,

where kis the distance of the control limits from the center line, expressed in terms of standard deviation
units. When «is set to 3, we speak of 3-sigma control charts.

Historically, <=3 has become an accepted standard in industry.

The centerline is the process mean, which in general is unknown. We replace it with a target or the average

of all the data. The quantity that we plot is the sample average, X. The chart is called the X chart.

We also have to deal with the fact that o'is, in general, unknown. Here we replace o,, with a given standard
value, or we estimate it by a function of the average standard deviation. This is obtained by averaging the
individual standard deviations that we calculated from each of m preliminary (or present) samples, each of
size n. This function will be discussed shortly.

It is equally important to examine the standard deviations in ascertaining whether the process is in control.
There is, unfortunately, a slight problem involved when we work with the usual estimator of o. The following
discussion will illustrate this.

http://www.itl.nist.gov/div898/handbook/pmc/section3/pmc32.htm#C4
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Sample varience

If o2 is the unknown variance of a probability distribution, then an unbiased estimator of o2 is the sample

variance,
—\2
32 _ Z?zl (‘Ti _ .’13)

n—1

However, s, the sample standard deviation, is not an unbiased estimator of o. If the underlying distribution
is normal, then s actually estimates &4-0, where & is a constant that depends on the sample size n.

This constant is tabulated in most text books on statistical quality control and may be calculated using

n_ 1\l
oo 2 G-V
B —1 (=1 _ 1)1
n—1 (4 1)
Note that in some sources the formula is given in terms of o=c4-s, in which case & will be the reciprocal of
the formula given above.

http://www.itl.nist.gov/div898/handbook/pmc/section3/pmc32.htm#C4



< < <
[SQua ISQua [SQua

WalsnalsazAuINaT Control Limits Ml o

The Healthcare Accreditation Institute (Public Organ ization)

° m%’“ua\‘l control limits

— control chart LuipSawdladmsulssuiau current performance fiu past
performance ¥84nszulIUNIsiuanwaznaula nsilasuwlas control limits
Uage) eluiiuszlyasutn

14 1 dyd. IS o o o 1
* YaUusINATUNISATUINU control limits Tna

=

— MANMSHRUFNTYAINININATT 30 97 FIN15AIUIUAT control limits Tudiae
innuszananisluises variability laaau

v

— A13N15LUASUL YA LUASZUIUNISNNARDNISALIUNISVRINSZUIUNS

— (iimsildsunlasiennlvnteUesdudaziinadongAnssuuaInIzuiIung

http://www.itl.nist.gov/div898/handbook/pmc/section3/pmc32.htm#C4
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* nsUfUANmINTEY
— @L¥FIIN common cause waznaliduiinela
-> fundamental process change

. sy .
— @10 special cause -> AUAUNT special IR IIITe] RN d=(e1 A IV
Two Types Of Mistakes

Ca U Se How you treat variation . . .
1 Common Causes Special Causes
a v 1 istake
o n "] %"lJ é] U ﬁ ‘VI‘LgJ LcVi SJ f] g a 31 . Focus on fun:amental ) :almp:rir:g o
ommon process change increases variation
Aa wa | . . atthe Causes :_‘«f
— Tampering U5Uf®a common variation iy
A = . % o v zal . . b i : Unr:::::tizng Focus on investigating
i@dlaudl special cause NAUYINLIALAL variation Sl (<o povemion) | specil causes

Causes i,

—— [P

i

— Underreact iaiin special cause vinlyun
lanadoanuwmsnisaidn




1. Make process performance visible

Cument Process Perdormance: lBolated Femur Fractures
200 -
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Three Uses of
SPC Charts
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3. Determine if we are holding the gains

Process Improvement: lsolated Femuwr Fractures Holding the Gain: ks | Eemur Fra s
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2. Determine if a change is an
improvement




—"\‘\

— + << = <
7
[SQua ISQua [SQua
he Healthcare Ac itute (Public Organization)

L INIINIIE319 Control Chart
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14
29
10
22
19
21
10
14
14
25

All
w/o 42
w/o0 42, 38

JzazIIaNsanaai OPD (W)

nanilsuilge
24 38 23
26 14 20
21 20 10
20 20 13
23 7 15
20 29 42
14 20 15
20 18 6
20 20 11
15 23 11
UCL
Mean Mean + 3S.D.
18.43 40.68
17.88 37.50
17.40 34.82

B ——

15

20
14

LCL

0
0

= B
wasilsuilge
14 8 4 5
10 15 6 5
9 5 5 10
13 13 9 10
9 12 2
11 6 10
11 5 10
10 7 14
9 5 4
10 9 2
UCL LCL
Mean Mean +3S.D.
8.44 18.86 0

=



