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Outline

1. Background / About us

2. Quality control charts

a. What are they, Why important, How used
b. Key concepts to know, Management implications

3. Opportunities and discussion
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Key themes

1. Use of SPCin:

a. Quality improvement
b. System management

2. Statistical thinking

a. Existence of common v. special cause variation
b. Managing and responding to variation
c. Over-reacting to natural variation

3. Monitoring process performance
a. Real-time vs retrospective view
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About us / Healthcare Systems Engineering Institute

Mission: Broad measureable impact on health care, nationally, thru integration
of research, education, and application of industrial and systems engineering
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History of SPC

 Manufacturing origins

e 1920s - Walter Shewhart,
W.E. Deming (Bell Labs)

* Easy for non-statisticians
to detect process changes

Walter Shewhart
* Ramped up extensively during

WWII, post-war Japan, U.S. mfg

* Used in all industries, including health care
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Role of SPC

Health of a
Population
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a. What i1s a run chart??

* Visual display of data over time
* Annotated (changes, goals, actions, signals, etc)
 Center line: Median or mean value for reference
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b. What Is a control chart?

o . 4 Upper Control Limit
' BE ‘ ______________________________ Upper Warning Limit
: Natural ’/\ /\ 7/\/
g Range of Center
3 Variation / \/ V Line
................................ 1..._.._..._.-_..._.-__..__-._.F_QW?T.WQV_U[UQ-!—_W“
I Lower Control Limit
E%D .0

Subgroup Number

Time

= Run chart with statistical limits
= ‘Hypothesis test over time’, simpler to use
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Examples
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Second example

* 10 year retrospective SSl| surveillance study
* 40 community hospitals, 5 states (VA, NC, SC, GA, FL)
* All outbreaks detected, All 0-12 months earlier

ii i
Lo 2\

05 Clinical Outbreak

Standardized EWMA Value
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Month

—e—Standardized EWMA Value = ——Center Line = ——Control Limits !
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Special purpose methods
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Recap - Key points

* Testing, lots of it, as key idea T T
: T :J\/ﬂf‘ 2o . :
e Data occur over time and el gl
Deviations Deviations
should be viewed this way : :
e Data can be described s s
. very unlikely . very unlikely
mathematically
36 mean 3G
e Values in tails (& non-random
. . (o Change 1
patterns) are stat. significant dested ] Upperimit_
Change 2
1 Observed \/ / testgd . .
* Equivalent to (better than) "™ | A/ Sl baslne medn
. . alue Change 3
classic hypothesis tests Lo | T TN A tested
Rate) ks 5“ \ . :_i:)nv;/ter
* Time order is important
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Recap - Terminology

1. Common Cause Variation: Causes inherent over time
as part of usual process (good or bad).

Stable Process: Predictable variation within natural
common cause bounds.

2. Special Cause Variation: Causes that arise from
specific circumstances not part of usual process.

Unstable Process: Affected by both special and
common cause variation. Variation from one time
period to next is unpredictable.

Healthcare Systems Engineering Institute www.hsye.org Northeastern University © 2014



Why important

Evaluating a Change
(Large aggregated sample, 6 month pre-vs-post averages)
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Second example

Before and After Test
10~ Change made between week 7 and week 8
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Figure 2.4 Results of a before-and-after test.
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The Long Term Goal

(Moving from Chaos to Consistency to Improvement)
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Boring but important

Common
cause

Type of
variation

Special
cause

Improve the
standardized
process

Reduce natural
normal variation

Establish one
standard work
process

—>

Standard work,
Remove unnatural
variation

* Type of variation — Type of reaction

e ‘Standard work’ = Consistent processes

* Consistent process exhibits only common cause variability
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Deming’s message

“If | had to boil my entire message to management
down to just one thing, I'd say it all has to do with ...
understanding, managing, and reducing variability.”

-
N

} W. Edwards
Deming

Time
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Q Deming’s red bead game

* Red beads = process
defects (e.g. AE’s)

4 managers and 1 chief
(‘willing workers’)

* 5 months of operation

 Focus on rewards and
penalties (shake the box
better)

 No improvement focus
(improve the box)
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L essons from the red beads

Management Statistical
* Importance of testing and * Natural variation
learning system e Valid/invalid interpretation
* Process vs. people causes * Data over time importance
* 85% problems due to e Statistical thinking

system

B, 19 1R : “(STOGQRM
i

I R
A Bede 120 88 325
—ap -

l\w\-d-q 1!3_3
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Reacting to natural variation

 Recent example, well-know “LSS” system
UCL

# of Daily Admissions

Average Admissions

|
|/

Admissions
-—-"'-—-—-
—-_________-
/
H-‘

~ Days
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Q Nelson’s funnel game

* Reacting to natural
variation

* Improvement intent

* Strategies

1. Leave stable process
alone (rule 1)

2. Adjust in some way
(rules 2-4)
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Why this matters
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What would Shewhart say?

Controlling Variation in Healthcare: A Consultation
from Walter Shewhart, Berwick, 1991, Medical Care,

29 (12), 1212-25
Measure prothrombin times and
change anticoagulants. Measure oxygen
tensions and change respirator settings.
Measure fever and change antibiotics. Mea-
sure blood pressure and change antihyper-
tensive, Measure leukﬂc‘}fte-; and change
chemotherapies. Measure pain and change
analgesia. Measure electrolytes and change ...
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a few mechanics
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Constructing control charts

) ( )
Sample Math

sjze (software)
J . J

Variable (Continuous) Data

1. Numerical value for each unit in a group

Attribute (Integer) Data

2. Classification: presence or not of an attribute

3. Count: how many attributes occur in sample
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Statisticians: Data type — chart type

Common cause probability '

- Example m=) Chart type
Binomial y
n\ , | Fraction of patients who P
o PriX=Hh)={;,)7"1=P"" | develop an Sl (or np)
¥ | Parameter: p
o
o |Poisson Number of device- UV
Aree—A .
Pr(X = k) = = associated HAIs per 100
Parameter: A device days (or c)
5 |N |
3 orma . . Xbar, SV
= 1 = 2 Average time to deliver
= flz) = /o= |thrombolitics (or others)
8 | Parameters: i1, o
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Example

Fraction VLBW babies discharged per month who
had = 1 infection during hospitalization

Attribute Data Variables Data
f h P (Count or Classification) (Continuous)
Infants wit atients rd =s
Month . . Count Classifi_cation / l \
2 1 Infection  Discharged (Incidences or (Defectives or Fixed Variable
nonconformities) nonconforming units) Subgroup Subgrou
7 \ / \ Size of 1 Sg P 5”29'0“9
4/1/2006 10 61 |
Fixed Variable N l
O rti O rti j i
22005 = o || TR || ke | | sl | i) [gan ] [mes
ample ample Size Size
6/ 1/ 2006 19 94 Size Size JL Individual Average & Averadge d&
- Measu_res & Range Star? ar
7/1/2006 20 78 | cchat | | uchat | [ Npchart || P chart Romae peviation
8/1/2006 7 77 Number of Incidences Number of Percent
ncidences Per Unit Defectives Defective
9/1/2006 18 77 ‘
10/1/2006 16 84 50%
11/1/2006 12 83 45% +
12/1/2006 15 76 40% +
1/1/2007 17 90 35% |
0 T N e ee o e
2/1/2007 16 73 e e S
25% +
3/1/2007 16 100 o “A A : A "
(Ve
4/1/2007 13 75 o VWW \ VA‘\./‘X&‘
5/1/2007 16 99 0% |
6/1/2007 12 88 S S P e T T e
7/1/2007 22 105 0% : T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
88888388885555555555558888388883388883388333888
8/1/2007 16 91 SR E R R EEEEEEEE R EEEEEEEEEEEEEEEEE
9/1/2007 19 93
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SPC phases — establishing standard work

Understand Past Performance

* Most processes initially
are not in-control

« Is processunstableorin statistical control?
« Begintrial controlcharting

—>

Unnatural
variation

* |dentify and remove
assignable causes

* lterative process usingtrial control charts
* Bring process into statistical control
* Remove existing sources of unnatural variability untilin-control

Establish Consistent Process J

e Eliminate associated

A 4

* Testand verify impact of interventions and improvements

Natural
variation

* Repeat until in-control

A 4

Monitor Process for Instability

* A (single one) process
exists

* Maintain a state of statistical control
* “Hold the gains”
* Identify & remove new special causes of unnatural variability

data
Improve Stable Process
° _ 1 1 + Remove sources of natural variability
Re CO m p Ute | I m Its » Positionthe average & reduce variability untilacceptable

42
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Implementation details

* Sample/subgroup size

* Unequal samples

* When adjust limits

* What data to use in limits

e Standards, benchmarks

e 2 vs. 3 standard deviations

Pandora’s Box

* Non-normal data

e others
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Summary

e SPC useful tool and way
of thinking

e Different uses of SPC

e Common types of control
charts

e Selection, construction

(important) ' =
* More advanced methods TR l
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Discussion

www.hsye.org

Contact information:

James Benneyan, PhD, Director
Healthcare Systems Engineering Institute
334 Snell Engineering Center
Northeastern University

Boston MA 02215

].benneyan@neu.edu
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