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Abstract
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m With the help of illustrative examples, this paper
aims to provide guidance on the selection and

construction of control charts that are relevant to
healthcare.
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m We use a tutorial-based approach to illustrate the
selection and construction of four commonly used
control charts (xmr-chart, p-chart, u-chart, C- chart) using
examples from healthcare.
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Pre mlnarx Is ues
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m Furthermore, the data collection method should
be designed to provide a dataset that adequately

reflects the underlying process.
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Prellmlnary Issues

m Measurement system analysis

Includes measurement system linearity, stability,
repeatability and reproducibility (GR&R),

m Sampling
m Rational subgrouping
X-bar & #1# ~ & e B
REFIB g4Ik AP g R
m Operational definitions
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Interpretmg 3 control éhart

m Several other tests can also detect signals of
special cause variation based on patterns of data
points occurring within the control limits.

A run of eight (some prefer seven) or more points on
one side of the centre line.

Two out of three consecutive points appearing
beyond 2 SD on the same side of the centre line (ie,
two-thirds of the way towards the control limits).

A run of eight (some prefer seven) or more points all
trending up or down.
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Interpretmg 3 control chart

( N
Lee and | N
McGreevey ||| - ERAR - RS RPN G S B
ARTIHERE
. 2002 J
Davis and | _
Woodall  The trend rule does not detect trends In
the underlying parameter.
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e The CUSUM chart can work better than
the runs rules in phase II.

VR e X R
% 37 4B 9@ 5% % System Reliability Lab.




Selectlng the rlght control chart

m Two important types of data are:

Continuous data
BE ZRE O WA R s 2D R
m The xmr-chart

Discrete data
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m The p-chart, u-chartand the c-chart
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The xmr chart

m  Example : The systolic blood pressure (mmHg) readings for a patient (A lbrahim,
personal communication, 2005) in the morning over 26 consecutive days.

m The first step In producing an xmr-chart is to calculate
the magnitudes of the differences between successive

values of the data.

Reading 1|2 (3|45 |6 7| 891011 [12[13[14[15[16|17 |18 |19 |20| 21|22 |23 |24 |25]|26

number

Systelic blood
pressure (mmHg) 169 (172 (175|174 (161|142 (174|171 | 168|174 | 180 (194 (161 (181 (175|176 (186 166|157 |183|177|171|185(176|181|174

Moving range ?} 3 1 (1319 (32| 3 |3 [ 6| 6 ld(@)?ﬂ 6|1 |10 |20 9 |26 6 |6 |14 9 | & 7
Q 172-169=3 \E) 161-194=-33 _
PS => we drop the minus sign as we are

only interested in the magnitude of the
difference, not the direction.
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m [n the second step » z& - X-chart

210

173.2+2.66*11=202.5

200 — UCL=202.5
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The xm rhschart
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« Shows  that even  with  moderate )
autocorrelations, the xmr-chart behaves well,
but when the correlation is large then the control
limits need to be widened by a correction factor. ),
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The

m Example : The data show the number of patients who were admitted with a fractured
neck of femur and the number who died over 24 consecutive quarters (M Narayan-Lee,
personal communication, 2006).

Cluariar 1 2 3 4 5 & s B & 101 11 12 13 14 ] 15| 18 | 1F 18 1% | 20 | 21 22 | 23 | 24
MMumber of patients
ﬁESL".T":;Ii‘; 56| 53 | 45 | 44 | 46 | 50 | 48 | 48 | 42 | 46 | 41 | 55 | 48 |58 |62 |72 | 57 | 60| 65 |100| 77 | 76 | 84 | 73
femur [n)
Mumber died [x] 11 12 11 12 4 12 | 15 13 & 14 | 10 | 12 14 12 | 17 24 |1 13 13 15 |25 | 24 ] 16 ] 15 15
Proportion died (x/n)§0.20 0.23|0.24[0.27(0.09(0.24[0.31|0.27] 0.21|0.30| 0.24|0.22|0.29|0.33|0.27|0.33| 0.23|0.22| 0.23|0.25[ 0.3 Q.21| 0.1 8] ©.21
Centre line 0.2 0.25|0.25]0.25]0.25(0.25| 0.25|0.25) 0.25|0.25[0.25|0.25(0.25|0.25|0.25|0.25] 0.25[0.25]| 0.25|0.25|0.25| 0. 25] Q.25 0.25
Upper control lirmit 'D.-di' 0. 4Z2|0.44|0.44]0.44| 0. 43| 0.43|0. 43| 0.44(0.44|0.45|0.4£2|10.43(0.41(10.41]0.40|0.42(0.41]0.41]0.3710.39|0.3%90.39] 0.40
Lower control limit JO.07 0.07[0.05]0.05]0.08[ 008 0.0s]0.0s] 0.05]0.0s] 0.04[0.07 0. 0al 008l o.oslo.o9]o.o7oosl oogloazleac]oa ol ool oo
0.45 — L o ——
- —— t— ] — I o
== LI a r — e
0.40 - — ——— L S—— - -—
. P+ 3P (1=0) L~ '
0.35 — )
- S0, tor example, for quarter 1 (ny = 58) we get the following
0.30 control limits:
= -
=
= PP ——— -
s 025 _ 0.25 + 3v0.25(1-0.25)/56 = 0.42 (upper control limit) and
= -
o - -
e 0.20 E'// 0.25 - 3+/0,25(1=0.25)/56 =007 {lower control limit)
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- Vol
a \
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2 3 4 5 & r 8 @ 10 1 12 13 14 15 14 17 18 19 20 21 22 23 24



s Rl g
= . e P
Py =-1 = ﬁ% :ﬁ—;ﬁi‘?ﬂyfif_ﬁf = - ST

The Q-chart
m The assumptions of the p-chart:

(a) Binary , = &+ only have two states

m eg, alive/dead, infected/not infected, admitted/not admitted,
etc

(b) % — 3 %75 4 AT i 1
(c) = Apdb =
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m A common application

Comparison of the performance of healthcare
providers over a fixed period.
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The u-chart
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The u chart

m The assumptions of the u-chart are that the events:
(@ - FFEFFL-B L3 BEEREFFEL A
e — =g o
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FFER e Rz E & o

m Using u-charts
A g & it
= (eg, number of major complications following surgery)
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The cchart

m  Example : the number of emergency admissions over 23 consecutive Mondays (1
December 2003 to 3 May 2004) to one large acute hospital in England (personal
communication).

Manday number P23 45 (678910101213 1415|1617 (18(19|20| 21 |22

Number of emergency 4

adissons [ 63 |86 |72 | B2 | BB | 95 |48 | B1 |77 |92 |69 | B3 | B4 |BO | B4 | 6B |87 |74 | 42| 100 |85

m & 4 u-chart fec-chartz. £ £ .
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Number of emergency admissions

110
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The C- éhrta

- 5 1847
¢ = “"n] =53 = 80.3 (admissions on "average" per Monday)

A

80 \/ AV iean - E-DD
fO

I 80.3 + 34/80.3 =107.2 (upper control limit)
&0 —

80.3- 3+/80.3 = 53.4 (lower control limit)

i ICL=534
E{JII I I l I I ] | I ] I I l I I l I I l I I

1 2 3 4 5 & 7 g 2 10 11 12 13 14 15 14 17 18 1 20 2 22 23

Consecutive Mondays
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Type I: to treat an outcome resulting from a common cause as if
It were a special cause;

Type I1: to treat an outcome resulting from a special cause as if
It were a common cause.
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