
Health Care Applications of Statistical Process Control: 
Examples Using the SAS® System 

Robert N. Rodriguez 
SAS Institute Inc. 

Cary, North Carolina, USA 

ABSTRACT 
Health care applications present a new frontier for statis­
tical process control (SPC) methods. Interest in SPC is 
driven by a desire to improve patient outcomes in the face 
of capitation, cost reduction, competition, and changing 
health care industry standards. This paper illustrates the 
use of SAS software to analyze health care data with u 
charts, p charts, control charts for individual measurements, 
analysis of means for rates and proportions, simultaneous 
confidence intervals for proportions, and basic forecasting 
methods. Each of these methods provides a graphical 
display that facilitates understanding of process variability. 

BACKGROUND 
This paper was motivated by recent conversations with a 
number of SAS users in health care organizations who have 
asked the following questions: 

• "Are statistical process control (SPC) methods rele­
vant to health care applications?" 

• "How does health care SPC differ from manufacturing 
SPC?" 

• "How can I use SAS software to make the appropriate 
control charts?" 

The purpose of this paper is to answer the third question 
with a series of tutorial examples based on health care 
data. Although it is beyond the scope of this paper to 
provide comprehensive answers to the first two questions, 
it is useful to begin with some background concerning the 
adoption of continuous quality improvement (COl) programs 
within the health care industry. 

Continuous quality improvement is a management strategy 
based on measurement and feedback of statistical infor­
mation for continuous improvement Beginning in the late 
1980s, this approach has been motivated by several factors, 
including 

• capitation and cost reduction. Employers and insur­
ance companies are forcing health care providers to 
acceptflat annual per-patient fees. Measures of qual­
ity are required to demonstrate that quality can be 
maintained and improved as health care expenses 
are brought under control. 
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• competition for patients covered under managed­
care plans and competition to join preferred inte­
grated delivery networks. Hospitals joining managed­
care networks can succeed in winning contracts if 
they can demonstrate high patient satisfaction. 

• health care industry standards. The Joint Commis­
sion on Accreditation of Healthcare Organizations 
(JCAHO) now requires hospitals to improve orga­
nizational performance, and patient satisfaction is 
one of nine measures of performance. The Health 
Plan Employer Data and Information Set (HEDIS), 
developed by the National Committee for Ouality 
Assurance, includes patient satisfaction, and it is de­
signed to help consumers and employers compare 
performance of managed-care plans. 

An increasing number of health care organizations are 
applying the quality philosophy of W. Edwards Deming, 
Joseph Juran, and others who led the quality rev.olution that 
took place in American manufacturing industry In the early 
1980s. Deming emphasized the need for top management 
to assume responsibility for quality improvement. However, 
the theoretical foundation for his approach is ·statistical 
thinking," which starts with the recognition that all processes 
are subject to variability and that improvement comes about 
through understanding and reduction of variability; rater to 
Neave (1990)_ 

One example of this approach is a quality program at Hu­
mana Inc. described by Spoeri (1991), which offers physi­
cians and administrators Information that they can use for 
review, patient management, and quality measurement. 
Clinical outcome measurements are summarized in a com­
posite results report. Hospital rates are analyzed with control 
charts, and facilities with significantly high rates are asked 
to respond. Statistical process control methods are also 
applied to utilization management. For instance, control 
charts are used to examine length of stay, charge, and cost 
for combinations of hospitals, departments, and physicians. 
This type of analysis facilitates review through feedback of 
data based on performance. 

Statistical quality improvement has also been effective in 
smaller health care organizations. For example, Staker 
(1995) described the use of SPC to improve clinical out­
comes in primary care practice at Intermountain Health 
Care. 



There is considerable recent evidence that statistical think­
ing and SPC methods can play a valuable role in health 
care quality improvement. For historical reasons, this ex­
perience is not well represented in standard textbooks on 
statistical quality improvement, such as Montgomery (1991) 
and Wadsworth, Stephens and Godfrey (1986), leaving the 
impression that health care is not a good candidate for SPC 
applications. However, for health care professionals who 
are getting started with SPC, there are now several ex­
cellent resources, including Berwick (1989) and Balestracci 
and Barlow (1994), that motivate and illustrate the use of 
SPC methods. Other useful references on statistical quality 
improvement in health care include AI-Assaf and Schmele 
(1993), Benneyan (1995), Berwick (1989,1991,1992), Laf­
fel and Blumenthal (1989), Longo and Bohr (1991), Pisek 
(1992), and VanderVeen (1992). 

A number of special issues arise in health care applications 
of SPC. One of these is the question of what to measure. 
This is less problematic in manufacturing, where the vari­
ables to be controlled are often determined by engineering 
requirements or by experimentation. In health care ap­
plications, there is concern and debate about excessive 
emphasis on outcome metrics and report cards to the detri­
ment of process understanding and improvement; refer to 
Benneyan and Kaminsky (1995). Another issue is the prob­
lem of how to aggregate, adjust, and present rate data, 
which are increasingly used to make decisions. Categori­
calor "attributes" data are less prevalent in manufacturing, 
where advances in measurement technology have resulted 
in greater reliance on continuous measurements of process 
and quality variables. 

SAS EXAMPLES 

This section presents a series of tutorial examples based 
on health care data that demonstrate the use of the SHE­
WHART procedure in SASlOCe software. Each example 
provides SAS code that can easily be extended to handle 
large data sets, which are prevalent in outcome analysis 
and reporting applications. Furthermore, this code can be 
embedded behind point-and-click interfaces developed with 
SAS/AFe software to facilitate use of SPC methods by indi­
viduals throughout an organization. A particularly valuable 
tool for this type of development is the new PFD (process 
flow diagram) FRAME entry, which is described in SAS 
Institute Inc. (1995a). 

For readers who are unfamiliar with SAS programming, 
it is worth noting that the basic displays illustrated here 
can be created interactively with the SQC Menu System 
in SAS/QC software and the Forecasting Menu System in 
SASIETse software. These menu systems are described in 
SAS Institute Inc. (1995b, 1995e). 

Basic .. Chart 

This example introduces the use of the SHEWHART proce­
dure to construct a .. chart, which is one of several control 
charts for count data. In manufacturing, .. charts are typi­
cally used to analyze the number of defects per inspection 
unit in samples that contain arbitrary numbers of units. How­
ever, in general, the event that is counted need not be a 
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"defect". A .. chart is applicable when the counts can be 
scaled by some measure of opportunity for the event to 
occur and when the counts can be modeled statistically by 
the Poisson distribution. The SHEWHART syntax for this 
example is described in detail since it extends to other types 
of control charts. 

A health care provider uses a " chart to analyze the rate 
of cat scans performed each month by each of its clinics. 
Output 1 shows data collected for Clinic B and saved in a 
SAS data set named CLiNICB. 

Output 1. SAS Data Set CLiNICB .... n"""" ....... DAft IrTUlI 

.lU', 50 Ull. 31 2.31105 

.. alt .. 26903 2. 2.092" ..... 71 ~"15 31 2.315U ,...., 53 2n .. •• 2.19075 
nu, S3 2'10 31 2.25172 .,.,.., , . 21115 3. 2.11208 """., n 21162 31 2.25112 

""" .. 57 :ann 31 2.2'''1 ..... .. :aSSIS • 3D 2.16311 ..,.., .. 25.57 31 2.2Ul1 ..,.,., .. 25120 '0 2.UGGO _ .. 
co 31101 31 2.2"" .lU" 07 2675" 31 2.30382 ...... 58 2' .. ' 2. 2.07S3S 

..... S .. U"5 31 2.2875. 

The variable NSCANB is the number of cat scans per­
formed each month, and the variable MMSB is the number 
of members enrolled each month (in units of "member 
months"). The variable DAYS is the number of days in each 
month. The following SAS statements compute the. vari­
able NYRSB, which converts MMSB to units of 1housand 
members per year." 

data cliDich, 
•• t c1iDich, 
nyre • -.b • ( da~ I 30 ) I UDDD, run, 

Note that NYRSB provides the "measure of opportunity; 
which corresponds to the number of inspection units in 
manufacturing applications. 

The following statements create the u chart in Figure 1. 

tit1. 'U Chart for Cat Be ..... per 1. DOD Memb.rs.· 
• Clinic B', 

proc .hewbart data.c1iDich graphic., 
uchart n.caDb • month I 

.ubIIroupD - nyr.b 
t •• t. • 1 to 4 
t •• _thod •• tan4ardi ... 
Doblab.1 
DOl.eg.Dd, 

label D8caab. 'Rat. per 1,000 Kamber-Year.', run, 

The PROC SHEWHART statement invokes the SHE­
WHART procedure. The DATA_ option specifies the input 
data set, and the option GRAPHICS specifies that the chart 
is to be created on a graphics device (by default, a line 
character chart would be created). 



The UCHART statement requests a u chart. After the 
keyword UCHART, you specify the proCflssor count variable 
to analyze (in this case, NSCANB), followed by an asterisk 
and the subgroup-variable that identifies the sample (in this 
case, MONTH). 

The SUBGROUPN. option specifies the number of ·oppor­
tunity" units per sample. You can use this option to specify 
a fixed number of units or (as in this case) a variable whose 
values provide the number of units for each sample. 

You can specify options for analysis and graphical presen­
tation after the slash (I) in the UCHART statement. Refer to 
page 1233 of SAS Institute Inc, (1995d) for a summary of the 
available options and page 1385 for a dictionary of options. 
The TESTS. option requests tests for special causes, also 
referred to as runs tests, pattern tests, and Western Electric 
rules. For example, Test 1 flags points outside the control 
limits. The tests are described in Chapter 41 of SAS Institute 
Inc. (1995d). The TESTNMETHOD.STANDARDIZE option 
applies a standardization method to adjust for the fact that 
the number of units varies from sample to sample; refer to 
page 1504 of SAS Institute Inc. (1995d). This option is not 
used when the number of units is fixed. 

The NOH LABEL option suppresses the label for the hor­
izontal axis (which is unn8C9ssary since MONTH has a 
datetime format), and the NOLEGEND option suppresses 
the default sample size legend. The LABEL statement as­
signs a temporary label to the variable NSCANB that is 
displayed on the vertical axis. 

u Chart for Cal Scans par 1.000 Mambas: Clinic B 

~~--------------------------,~~ 
~-'~ ____________________ -r~~ 

Figure 1. Basic u Chart 

In Figure 1 the control limits shown are 3(1' limits estimated by 
default from the data·; the limits vary because the number of 
opportunity units changes from month to month. Formulas 
for the limits are given on page 1241 of SAS Institute Inc. 
(1995d). (Alternatively, you can read pre-established control 
limits from a SAS data set as illustrated in the next section.) 
The only test signaled by the chart is Test I, which indicates 
a special cause of variation leading to a rate increase in 

·In general, it is recommended that at least 25 to 30 sub­
group samples be used when control is being established. 
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March 1995. 

You can use the SHEWHART procedure to create a wide 
variety of control charts. Each of the standard chart types 
is created with a different chart statement (for instance, 
you use the PCHART statement to create p charts). Once 
you have learned the basic syntax for a particular chart 
statement, you can use the same syntax for all the other 
chart statements. 

Multiple Sets of Control Limits for a u Chart 

This example illustrates the construction of a It chart in a 
situation where the process rate is known to have shifted, 
requiring the use of multiple sets of control limits. 

A health care provider uses a u chart to report the rate of 
office visits performed each month by each of its clinics. 
The rate is computed by dividing the number of visits by the 
membership expressed in thousand-member years. Out­
put 2 shows data collected for Clinic E and saved in a SAS 
data set named CLiNICE. 

Output 2. SAS Data Set CLiNICE ..... _PDSI_ 1IYI8IU ....... .... 1'8 .... 
"""'- "baII. 1 U21 0."0" .. 1171 

PO" ...... , 1303 0.5"'11 •• 7178 
1Wt90 .ba .. 1 15U 0."211 .. lUI ....... ._, 

1571 0 ... ·&10 • •• 1?53 
_1'U ...... 1 1561 0.,n7' .. 7155 
".". .. ._, 

1450 0.'5515 JO 71., 

""" .. . -, 15 •• 0.18105 .. "01 
..". .. ._ 1 

16" 0.Cl120 " '112 .. "" pu.. 2 1121 ,.U717 JO eo" 
""".0 na ... 1712 0.UU2 .. . ... ...... _. 

1153 0.11233 •• '118 
DIlen 

_. 
117. o. niDI .. 1223 

"""'- _ .. 
20U 0.71215 .. 'on ....... _ .. 
UTS 0.706U •• '0" ..... s . -. 2091 0.7'''' ., JU. 

The variable NVISITE is the number of visits each month, 
and the variable MMSE is the number of members enrolled 
each month (in units of "member monthsj. The variable 
DAYS is the number of days in each month. The variable 
NYRSE expresses MMSE in units of thousand members 
per year. The variable _PHASE_ separates the data into 
two time phases (a change in the system is known to have 
occurred in September 1994 at the beginning of Phase 2). 

The following statements create a u chart with a single set 
of default limits. 

title 'U Chart for Offic. Visits per 1,000' 
, Members, clinic B' I 

proc shewhart data.clinic. graphicsl 
uchart DV1sit. * month I 

subgroupn • nyrae 
cframe • ligr 
ciDfill • yellow 
DOhl.abel 
DOl.egtdlC! 
I 

label Dvisit •• 'Rate per 1,000 Member-Year.' I 
runl 

The CFRAME. option specifies the color for the plot area, 
and the CINFILL~ option specifies the color for the area 
between the limits. The chart is shown in Figure 1. 



u Chart far 0tIIce Ylellll par 1.000 Members: Clinic E 

28DO 

200D -Figure 2. 

UCL 

LCL 

_ JUL114 OCTIM JANIIII 

u Chart with Single Set of Limits 

The default control limits are clearly inappropriate because 
they do not allow for the shift in the average rate that 
occurred in September 1994. 

The following statements use BY processing to compute 
distinct sets of control limits from the data in each phase 
and save the control limit information in a SAS data set 
named VISLIMIT. The NOCHART option is specified to 
suppress the display of separate control charts for each 
phase. 

proc .hewhart data_clinice graphic., 
by ...Ph .. e_1 
uchart n~.ita • maath I 

.ubgroupn • nyr.a 
outl~t. • ~.l~t 

(reDam..(...Ph •• e_-j.Dda><-) ) 
DOahart, 

run, 

Output 3 shows a listing of VISLIMIT. Note that the values 
of the lower and upper control limit variables ..L.CLU_ and 
_UCLU_ are equal to the special missing value V; this 
indicates that these limits are varying. The variable JNDEX-. 
identifies the control limits in the same way that the variable 
YHASE_ identifies the time phases in the data. 

Output 3. SAS Data Set VISLIMIT 

CoIlt~l Walt;. foE' Office Vi.it Dlata 

s - • % 
L ;: " % % -• • i • L 0 L " J) ;; G T % • • C C 

0 • A R • ~ • A L L 
a • .. • • • A • " ;; 

" B - - - -
1 lb •• 1 1IVI8tn ..... aft;IJd.71 v v , V 2312." V 

• ........ 1IYI8IH ...,.... .ftI .... V V , V 2U3.52 v 

The following statements combine the data and control limits 
for both phases in a single u chart. shown in Figure 3. 
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title '0 Chart for Office Visits' 
, par 1,000 Member •• Clinic B', 

proc .hewhart data.clinice 
It.dts=~slim1t graphics, 

uchart n~.ite • maath I 
subgroupn • nyr.e 
cframe • ligr 
cinfill = yellow 
readinde,. • all 
reaaph •• e • all 
DOhlahel 
DOlegand 
pb.alagend 
DOl~tslegeDd, 

label ~.ita • 'Rata par 1,000 Member-Year.', 
runl 

The READINDEX. and READPHASE. options match the 
control limits in VISLIMIT with observations in CLiNICE by 
the values of the variables -INDEx.. and YHASE_. respec­
tively. For details. refer to "Displaying Multiple Sets of 
Control Limits" on page 1458 of SAS Institute Inc. (1995d). 

u Chart far 0IIIce YIeIIII par 1.000 Mambela: Clinic E 

aaoo 

'28DO 
UCL 

I 

t- O 

!MIO LCL 

l 

'22l1li 

Figure 3. .. Chart with Multiple Sets of Control Limits 

In Figure 3 no points are out of control, indicating that the 
variation is due to common causes after adjusting for the 
shift in September 1994. 

Note that both sets of control limits in Figure 3 were esti­
mated from the data with which they are displayed. You 
can, however, apply pre-established control limits from a 
LIMITS. data set to new data. 

In applications involving count data, control charts for in­
dividual measurements can sometimes be used in place 
of .. charts and c charts, which are based on a Poisson 
model, as well as p charts and np charts, which are based 
on a binomial model. Wheeler (1995) makes the point that 
charts based on a theoretical model "allow one to detect 
departures from the theoretical model,· but they require 
verification of the assumptions required by the model. On 
the other hand, charts for individual measurements often 
provide reasonably approximate empirical control limits. 

e 
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Individual Measurements Chans 

This section Illustrates the use of the SHEWHART proce­
dure to construct a control chart for individual measure­
ments in which the measure of dispersion is based on 
moving ranges rather than model assumptions. 

A clinic uses a chart for individual measurements to analyze 
the number of medical/surgical days per 1,000 members 
per year. Output 4 shows a partial listing of a SAS data 
set named MEDSURG that contains this information. The 
variable MSAD..E provides the medicaVsurgical utilizati"" 
rate for Product E, a new benefits plan that was introduced 
in January 1993, and the variable MSAD_OTH provides the 
rate for all other products. The variable _PHASE_ breaks 
the data into time phases. It was originally expected that 
the rate for Product E would start out equal to that of the 
other products and would increase over time. 

Output 4. SAS Data Set MEDSURG 

... 12 
_02 
..",,3 
....,03 
.:lUll' 611.3 
pO" 317.C ..... lU .. ' 

an. 210.1 

""" .. 151.1 

""" .. 12'.0 
AIIO" 203.3 ..... 318.0 

"""' .. lOt_' """ .. 12'.5 

ua95 78.1 
.... n. CS.O 
""",. 112.8 

151.' 
13'.3 
2".5 

17C.O 
17 .. 3 

2110.2 
113.1 
211.' 
125.' 

1S.1 

1t2.' 
17'.5 
121.' 
110.2 
101.' 
Ut., 
In., 

1I2 .. C 
212.' 
137., 

tiiROzioal 
RlatoJ::iaal 
81et.odaal 

ti.~ca1 

.S..todoal 
JliRoEloa1 
.1Horloa1 __ I 

.... ft'04ucIt. _ __ I 

__ I ------... hoIIuct. 
~r""-r. 
1'0UDpi&- ...... r. 
l'ouaeer ..-.;m 

~:r""n 
T~:r"""n 
roa..-r ..... n 

The following step uses the IRCHART statement in the 
SHEWHART procedure to construct an individual measure­
ments and moving range chart for the historical rate of the 
other products prior to the introduction of Product E. 

t1tle 'Bi.todcal Ile4ical/S1lrg1cal' 
, Rate of Otber Product.'t 

aymbol _dott 
proc ab_bart data._aaUZV graphica t 

wbere month < 'Oljani3'at 
lrchart .. a~otb * mDDth I 

cframe • l1gr 
split _ 'I' 
Iloblabelt 

labal .. a~otb • 'Days par 1.000/NYg lIzIg't 

runt 

The chart, shown in Figure 4, indicates that the utilization 
for the other products is a stable. predictable process. 
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HiaIDrtcal Medlcal/SUrgicaI Rata of Other Producls 

3<T Urn"" 
Far n-2: 

0400 

~ 300 UCL-S245 

l 20D 
l/ -158.8 

I-
100 

Q 0 LCL--10.9 
-100 

2liO 

I 20D UCL-2OII.1 
150 

I 100 
li-ea.1 50 

0 LCL-O 
JAN8I MA'I'IIt 8EP9I JAN82 MA"W92 8EP82 

Figure 4. Historical Utilization Rates 

Now. consider a comparison between the other products 
and the new product. Begin by computing control limits for 
the rates for each product and for each of the time phases. 

proc abawbart aata __ 4surll' 
bY -pbaaa_ notaort.a, 
1rchart ( .. ~oth msa~.) * month I 

IlOChart 
outUm ta -runl1m 

(r....-.(-Pha •• _.~~)), 
data runl1m, 

.et runl1mt 
-lc11_ • maz( _lc11_. 0 It 

runt 

The control limits are saved in the SAS data set RUNLIM • 
which is listed in Figure 5. 

OUtput 5. SAS Data Set RUNLIM 

..l:1IIIlIZ.... 

1I1_t.ozl •• l -_on ...... Sft'11lM'. 2 .002"" --- -_on ...... .... 1 ....... 3 .ooz,," --- --- ...... .... 1 ....... 3 .0026tta 
Yowapr """0 ___ on: -- ...,1 ....... 3 .ooze,,' 
1'oIulo'er ..... r. XSAD __ ..... •• 1"1'DII(I. 2 .002"" 
__ IIIIIILB_ 

JAlLL --- _UCLI_ JoCLR.. ...... _lICLJL .JI'J'DDIV_ 

0.0000' 15'.'" 33 •••• ' 
7 •••••• 1 •••• 2. 211.'13 
•••• 000 2e,.,,3 .7' .•• 1 
0 ..... 00 lU.5t3 :IIS.toO 
0 •••••• III.". 1.3.'16 

o '1.0'1 20'.057 55.'" 
53."6 17 •• ,., ".328 

210.15' "'.102 230.556 
5'.'11 1'5.110 50.016 
'2.2'1 '01.'3. 11.712 

The following statements read RUNLIM to create the control 
chart for the rate for Product E that is shown in Figure 5. 
The NOLCL option suppresses the lower control limit. which 
is zero. and the NOCHART2 option suppresses the chart 
for moving ranges. 



tit~e 'Med1ca~/Burgical Rate for' 
6 Product ]I I J 

symbo~ VRdot, 
proc shewhart data.med.urg 

lim1ts-runli. graphic.I 
where month >_ '01jan93'd, 
irahart .. acl..... * month / 

no~cl 

n~.J>.l 

!lOchart2 
phaa.legend 
phaaelebtype _ acal.d 
read1Ddex • all 
readPha.e _ all 
cframe _ ligr, 

lab.l ...... !L •• 'Med/Burg Days per 1,000', 
run, 

Figure 5 reveals that the rate for Product E dropped in 
October 1994. Subsequent investigation showed that a 
large number of younger and healthier members began 
using the product at this point. Prior to this time the 
membership was small and varied, which accounts for the 
high variability in the rate during the introductory phase. 

Medlc:aVSurgical Rata for Pnlduct E 

IJCL 

o 
JANIII JUN83 NOIIII3 APII84 8E1'114 _ 

Figure 5. MedicaVSurgicai Admissions Rates 

The next statements overlay the historical control limits 
for the other products as dashed lines on the preceding 
chart. First, the limits are saved in a reference line data 
set named OTHER REF; refer to page 1440 of SAS Institute 
Inc. (1995d). 

data oth.rref, 
ke.p _ref_ _ref lab_I 
l.ngth ~.flab_ $ 16, 
aitt run~im, 
if _inde~ • 'Historical' and 

_var _ 
_ ref_ 
_reflab_ 
_r.f_ 
_reflab_ 

run, 

• 'HSAD_OTB' ~ 

• ....... 1UL1 
• 'Avg Oth.r', output, 
• _ucli_1 
• 'ueL Other', output, 

The next statements save the rates for the other products 
as coordinates for symbols in an annotate data set named 
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OTHER. For details conceming annotate data sets, refer to 
Chapter 19 of SAS Institute (1990a). 

%eDDOIIIIaCI 

data other, 
!Iodclllllllo, 
.et medaurg (ran .... (month.x maed.-othay», 
if month >- '01jan93'd, 
%aequ.ne.(after)I 
%Byetam(2,2,3), 
functicm -= ' 8ymbol.' I 
aise • 2.41, 
color 
text 

run, 

c 'yellow' I 
= I eirel.' I 

The following statements use the data sets OTHERREF 
and OTHER to construct the overlaid chart. 

title 'Product B aDd Other ProductS'1 
proe .h_hart dat_medeurg 

limit._runlim graphic., 
wh.re month >. 'Oljan93'd, 
ir=art -ed.-. * month / 
~art2 

DOlcl 
DOhlabel 
phaa.l.gand 
phaaelabtype • .ealed 
r.adindex • all 
re .. dpha •• 
vr.f 
cvr.f 
lvr.f 
lliJliu 

• all 
.otherrer 
• yellow 
• 'II 
• 1 

aJdIO 

label .. ed.-•• 
• otherl 

'Mad/BUrg Day. per 1, DOD for Product B'I 
footnote j.l 

'Cirel •• indicat. rat •• for other product.' 
"""1 

The chart is shown in Figure 6. Contrary·to the original ex­
pectation, it indicates that the utilization rate for the Product 
E is slightly lower than the rate for the other products. 

PraductE and 0IhIr 1'RId,"* 

r.7~~~~-----------=====~~~~Umb II _ E Far n-2: J: ~ ~--~------, 

!75D 
l_ 
I _~ff==tr~=j\'--------i IJCL 

f ~ "t,--.--.-............... ~ ............... ---.--.......... ll 
JANIII JUNII8 NOIIII3 APA14 SEPI4 FEII85 an:t. hI __ fat _ alii 

Figure 6. Product E Compared with Other Products 



Individual Measurements Chart for Seasonal Data 

This section illustrates the use of an individual measure­
ments chart with multiple sets of control limits that adjust for 
seasonal effects. 

A hospital system uses a chart for individual measurements 
to analyze monthly variation in the number of emergency 
room visits per 1,000 member-years. The data are saved in 
a SAS data set named ERVISIT which is listed in Output 6. 

Output 6. SAS Data Set ERVISIT 

---- _"IWIIL VI.llfa 

""" .. •• 12 .. 51 
PD •• •• '2.77 ....... .0 '1.26 
Dll.to •• eZ.Ii 
OYI. •• '4.'" 
,"",,0 •• UG.n 

""" .. to 108.U 
AUGID to 82.88 
DPtD •• Il.!! 

"""' .. wU 7 •• U 
1IOVt. .. 1 75." 

"""'S •• s ".12 

The variable VISITS provides the rate of emergency visits, 
and the variable .PHASE_ groups the monthly observations 
into seasonal time phases. Seasonal grouping was not 
done prior to October of 1990 since a new system was 
introduced at that point, and the average rate was known to 
change. 

The following statements create a preliminary display of the 
data that highlights the seasonal structure of the rates with 
boxes that enclose the points for each time phase. 

title '_rv.nay lIocIID Viaita' 
, per 1000 Kember Y.ara' , 

.ymbol v-dot, 

proo .hewhart dat ... rviait 
l1m1ta •• rlia1ts graphics, 

bozahart vi.it.*_th I 
npan.l • 100 
aphaaeboz • black 
aphasebozf111 • l1gr 
apha .... anOODD.ct • black 
phaa_ansymbol • dot 
aphaa.leg • black 
r.adpha.e • all 
pha •• labtype • acale 
pha .. legend 
noleg.nd 
nohlab.l 
nolimits, 

label vi.it. • 'vi.it. per 1000 Memb.r Y.are' , 
run, 

The line segments in Figure 7 connect the average of 
the rates within each time phase. The display reveals 
higher rates of emergency room visits in warm weather 
(May through September) and lower rates in coid weather 
(October through April). The overall rate is declining until 
October of 1994. An explanation for this effect is that the 
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winter of 199411995 was very mild, whereas the preceding 
winter was very cold. 
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Y~--~~~--~--~--~--~--~ 
JANIIO 0C'nI0 JUI.9I _2 JAM13 00T93 JUL9C _ 

Figure 7. Emergency Room Visits 

The following statements use BY processing to save distinct 
control Umits for each phase in a SAS data set named 
ERLIMITS. 

proc ehawhart data •• rvisit, 
~ -pha.e_ not.orted, 
irchart vi.its*month I 

nochart 
outl1m1t •• 

erl1m1ta 
r.n .... (-Pha •• _=_iDda~», 

run, 

The next statements read the control Umits from ERLIMITS 
and combine them in a single chart, shown in Figure 8. 

title '_rv.ncy lIocIIDVisite p.r' 
, 1000 MeDber Y.ars', 

symbol _dot _orang., 
proc shewhart data •• rvisit 

limits.erlilllit. graphica, 
irchart viait.*month I 

rea4iD4ez • all 
r.adphaa. • all 
phas.labtype • .caled 
mpanel • 100 
cfr... • ( ... gr ligr 
aphasel.g = black 
ll1m1ta • 3 
nol1m1tal.geDd 
pha •• l.gend 
nocbart2 
nohlabel, 

label visit •• 'Vieits p.r 1000 Beaber Years', run, 

Figure 8 shows that after adjusting for seasonality, the re­
maining variability in the rates can be attributed to common 
causes. It is natural to consider how statistical methods 
might be used to predict the future behavior of the system, 
and this is discussed in the section on "Forecasting: 
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Figure 8. Emergency Room Visits 

Analysis of Means for Rate Data 

UCI. 

II 

LCL 

This section illustrates the use of analysis of means (ANOM) 
for rate data. Since ANOM is not a commonly used SPC tool 
(even in manufacturing applications) a review is appropriate. 

Analysis of means is a graphical and statistical method for 
simultaneously comparing a group of k treatment means 
with their grand mean at a specified significance level a. 
This method can be thought of as an altemative to analysis 
of variance for a fixed effects model. Analysis of means can 
also be thought of as an extension to the Shewhart chart 
because it considers a group of sample means instead of 
one mean at a time in order to determine whether any of the 
sample means differ too much from the overaD mean. The 
analysis of means has the same graphical presentation as 
a control chart except that the decision limits are computed 
differently, and the visual appeal 01 ANOM has been key to 
its effectiveness in industrial applications. 

There are several excellent references on analysis of 
means. The book by Ott (1975) provides a variety of 
manufacturing examples. The January 1983 issue of Jour­
nal of Quality Technology focuses on ANOM and is a useful 
source of applications and computational methods. The pa­
per by Ramig (1983) is particularly relevant here because 
it discusses applications to attributes data. The SUGI 13 
Proceedings paper by Nelson (1988) presents a very read­
able motivation and overview of ANOM, and the SUGI 13 
Proceedings paper by Fulenwider (1988) presents a help­
ful tutorial on how to use the SHEWHART procedure to 
perform ANOM with continuous data. The application of 
ANOM to health care data is discussed by Balestracci and 
Barlow (1994) with simplified computations that facilitate the 
exposition of the method. The presentation here and in the 
next section deals with similar examples but computes the 
decision limits using statistically exact results due to Nelson 
(1983). 

A health care system uses ANOM to compare medi­
cal/surgical admissions rates lor a group of clinics. The 
data are saved in a SAS data set named MSADMITS, 
which is listed in Output 7. 

output 7. SAS Data Set MSADMITS 

ID """""' .. ...... ., 
1A It'2 51~100] 

lK 600 11.7Ul 
1. u. 12.1133 
lD '10 '.8se5 ... 113 6.3708 
31 ••• 1.127 • 
1)1 121 S.OUl 
38 '" 4.&012 
10 12. '.3.2. .. 171 '.2Ul 
3. aa 2.8nt 
lC 10. a.,U3 
1. 11. 2.1115 
3C •• 2.2'" 
1. .. 2.2078 

'" Z1 2.1113 
11< 130 2.DU3 
10 U 2.00! 
,D .. 1.'633 
1~ 50 1.5'U 
3J .. 1.3." 
3& .. 1.15.3 
3. •• 0."21 
1& •• O •• U, 
11 •• o.sou 
lL .0 O.UI2 
lS 7 O.2Ut 

" 7 o.a020 
1P • D.UI2 

The variable 10 identifies the ciinics, the variable COUNT95 
provides the number of admissions during 1995, and the 
variable MYRS95 provides the number of 1,000 member­
years, which serves as the "measure of opportunity" for 
admissions. 

The following statements perform an analysis of means for 
the rates of admission at the a = 0.01 level of significance. 
The UCHART statement in the SHEWHART procedure is 
used to compute the rates and display them graphically 
with upper and lower decision limits (UDL and LOL). A SAS 
macro named ANOMSIG (see the Appendix) computes the 
appropriate multiple (3.52) of t1' for the SIGMAS. option. 

~ig( 0_01 l*alpha*l, 29 I*no. of groupe*1 ), 

title 'AAaly.ia of Medical/SUrgical Admie.ion.' , 
.ymbol _ ....... _7 1* width of .. e..n •• *11 

proc .h_hart ciata ... aamit. graphiC., 
uohart oOUDt95*ici I 

.uJogroupn • 1I\Yr.95 
sigma. • •• igmult 
afr... - blue 
c .... 41.. . y.llow 
ol~t. • black 
ll~t. • 1 
ci .. fill • greeD 
lcllabel • 'LDL' 
ucllab.l • 'ODL' 
t11rDhl.abela 
.. olegend, 

label oOUDt95 • 
'Admit. per 1000 Kember Years', 

rUZI/ 

The chart is shown in Figure 9. The needles (requested 
with the CNEEOLES. option) emphasizes deviations from 
the overall mean, and the limits UDL and LDL apply to the 
rates taken as a group. 
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Figure 9. ANOM for MedicallSurgical Admissions Rates 

The chart answers the question, "00 any of the clinics 
differ signHicantly from the system average in their rates of 
admission?" The answer is that Clinics 10 and 1 M have 
higher rates that cannot be attributed to chance variation 
alone. Likewise, Clinic 1 T has a lower rate of admission. 
This answer would be the same regardless of how the clinics 
were ordered from left to right on the chart. The reason that 
the decision limits flare out monotonically from left to right is 
that the clinics happen to be displayed in decreasing order 
of MYRS95, and the width of the limits is inversely related 
to the square root of MYRS95. 

Despite the similarity of Figure 9 to a " chart, it is important 
to understand the differences between ANOM and control 
charting: 

• Analysis of means assumes that the system is statis­
tically predictable, whereas a major reason for using 
a control chart is to bring the system into a state 
of statistical control; refer to Chapter 1 of Wheeler 
(1995). 

• The decision limits UDL and LDL are not the same as 
the 3". limits that the SHEWHART procedure would 
compute by default for a "chart. The reason is that 
control limits are appned to the rates taken one at a 
time, whereas the decision limits are applied to the 
rates talcsn as a group. 

• Runs tests, which you could request with the TESTS. 
option for a control chart, are not applicable in ANOM. 

Analysis of Means for Proportions 

A health care system uses ANOM to compare cesarean 
section rates for a set of medical groups. The data are 
saved in a SAS data set named CSECTION, which is listed 
in Output 8. The variable 10 identHies the medical groups, 
the variable CSECT95 provides the number of c-seetions 
for each group during 1995, and the variable TOTAL95 
provides the total number of deliveries for each group, which 
serves as the "measure of opportunity" for c-sections. The 
variables CSECT94 and TOTAL94 provide similar counts 
for 1994. 
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Output 8. SAS Data Set CSECTION 

In ~.< ~ALIf, CB.CIl't5 !'O'l'Jd..5 

... 16. 1070 150 12. 
1~ 55 ... <5 2 .. 
18 52 2.1 .. 1" 
10 10 10' '" 13. ., 21 11. 20 lOl 

•• 15 .. 12 lOS 
18 15 n 10 77 
111 • .. 10 .. 
lQ 12 " , .. 
38 7 '2 11 os ,. < ., 11 .. ,. 5 37 • •• 
• .1 7 10 1 2. 
le 13 55 • ., 
38 • .. • ., 
1K • .. • 20 .c • .. 5 2. 
10 • ,. • 21 
1.1 • .. 1 22 
1~ 1 < • 22 
OK 2 .. < 18 
18 1 • < 15 
.n 7 .. < , . 
.0 2 7 1 11 
lL 2 1 2 lO 
1% 1 • 1 • 
10 U 11 • • 
11" • 1 0 • 
18 1 • 1 • 

The following statements perform an ANOM for the propor­
tion of c-sections across groups at the Q = 0.01 level of 
Significance. The PCHART statement in the SHEWHART 
procedure is used to compute the proportions and display 
them graphically with upper and lower decision limits (UDL 
and LOL). As in the previous section, the ANOMSIG macro 
is used to datermine the appropriate multiple of ". for the 
decision limits. Here, however, the number of groups is 
determined from the data and passed to the macro. 

clat. c.ecU.ODI 
.et C .... tiOD anCL:eof I 
if .of than 

c41l .ymput ( 'ugroup.' , 
left ( put ( JL;".))) I 

Z11D1 

%aDamaig( 0.01, &DgrcUp. )1 

tltle 'ProportiOD of C-SectiOD. iD 1885', 
.ymbol V8DODe _7 I 

proc .hewhart 4at •• c.ectlOD graphical 
pchert c.ect8Se ld I 

aubgroupD • tot.18S 
efr... .. blue 
aigma. • •• lgmult 
CDeedle. • yellow 
lcllahel • 'WL' 
ucllabal • 'ODL' 
DolegeDd. 
turtlhlabal./ 

label e.eet8S .. 
'ProportlOD of C.aarelU1 SeetloD.· I 

Z11D/ 

The chart, shown in Figure 10, indicates that the variation 
in rates across clinics is strictly due to chance. 
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Figure 10. ANOM for Rate of C-Sections in 1995 

In managed care reporting. it is often necessary to compare 
results from one year with those of the previous year. The 
following statements create the display shown in Figure 11 
by superimposing the c-section rates for 1994 as empty 
yellow circles on the chart in Figure 10. 

%a2mcmaa, 
data a •• atll .. , 

a.t a •• at1OD, 
'lldalllJlJlO, 
%8.qm.~a.(aft.rl, 

%8y.t_(2,2,3I, 
function • ' aymbol.' , 
xe • 14, 
y - a •• atll .. I total, .. , .1.. _ 2 ... , 
aolor 
t.xt run, 

- 'yellow' I 
- ' circl.' I 

t1tl. 'Proport1o~ of C-S.at1o~ •• ' 
, 1"" aDd l"S', 

.ymbol _dDt, 
proa .hewbart data.a •• etion graphia., 

pahert a •• atIlS"14 I 
.ubgroupD.total'S 

a1gmas • ..1gmult 
anno • a •• et," 
lellallel • 'LDL' 
uellallel • 'WL' 
tU%1Jhl.alIeb 
DOC!ODDect 
_legeDd, 

label c •• et95 • ' Pz-oport:iOD. of C •• arean SeatiOD8 i 
foot~ot. j.l 'Bmpty C1ral •• ZDd1aat. 11111 .. Bata.' , 
run, 

A drawback of this display is that the decision limits apply 
only to the 1995 rates. For visual clarity. a better way to 
compare the rates is to create an ANOM chart for each year 
and stack the charts. 
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Figure 11. C-5ection Rates in 1994 and 1995 

The following statements create this display with a program­
ming trick. First, the rates and decision limits are computed 
and saved in an OUTTABLE_ data set; for details about 
the structure of OUTTABLE. data sets created with the 
PCHART statement, refer to page 1133 of SAS Institute 
Inc. (1995d). 

proa .hewhart dat .. e •• at1OD' 
pehert a •• atll""14 I 

.ubgroupD • total, .. 

.igmas • ..1gmult 
outtabl. • a.tab' .. 

(r.n_ • ( _lalp_ • ~alz_ 
_.ubp_ • _.ub>L -R_ • __ __ 

_uelp_ • _uell<.- » 
DOahart, 

proe .h_hart data-a •• atiOD' 
pehart as.at9S"14 I 

.uI:IgroupD • total'S 

.igma. • •• igmRlt 
auttable • catab'5 

(ren.- • (J,alp_ • _lalr_ 
_.ubp_ • _.ubr_ 
-p_ • _r_ 
_uclp_ • _ualr_ 
_az11Bt.. • _exlimr_ 

drop • _var_ J,i.m1t",- . 
_.ubb- _s1gmas_ 

noahart, 

data a.tab, _rg. a.tab9 .. a.tab9S, run, 

Because of the way in which the variables in CSTAB have 
been renamed, this data set has the structure of a TABLE­
input data set for the XRCHART statement, which creates 
the stacked display in the following step. For details concer­
ing TABLE- data sets, refer to page 1372 of SAS Institute 
Inc. (1995d). 



title 'C-Section Ratea for 1994 aDd 1995', 
aymbol v.Done _7, 
proe .bewbart table.cateb graphic., 

zrcbart caect94 *id 1 
cD .. dlea _yellow 
clDfill .. greeD 
cframe • blue 
split - '1' 
ypctl _ SO 

zsymbol II: I Avg' 
rBymbol -= 'Avg' 
lcllebel • 'LDL' 
uollabel _ 'UDL' 
lallebe12 _ 'LDL' 
uallebe12 _ 'LDL' 
turublebel 
DoH.mitaleg 
DOlegend , 

lebel _aublL .. 
'1994 Proportion/1995 Proportion', 

run, 

The display, shown in Figure 12, indicates that c-section 
rates were comparable across groups during both years. 
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Figure 12. Comparative ANOM 
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It should be P9inted out that this problem can be analyzed 
with statistical modeling techniques such as analysis of vari­
ance, multiple comparisons, and generalized linear models. 
These methods lie outside the scope of this paper, but they 
are well supported in the SAS System by the GLM and 
GENMOD procedures. 

Another approach, which lends itself to graphical presen­
tation, is the computation of simultaneous Bonferroni con­
fidence intervals for the c-section rates across medical 
groups. The following statements compute and display 
these intervals at the or = 0.01 level. 

data a.eat9S, 
.et a.eation end-eof, 
if eof tben 

cal.l aymput ( I Dg'roup.' , 
laft( put( _D_, 4. »), 

run, 
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proa ........ nOPriDt dat_aaeat9S, 
v&r total95, 
output outatotal BUZI=DI 

data total, 
aat total I 
aall aymput('D',left(put(n,6.»)1 

data aaaat9S, 
.et c •• et.iODI 
keep id p9S1 p9S1 p9Sx p953 p95b 

p95n p958 p9Sm n9S, 
p95x .. aaeat95 1 total9S, 
p9SD .. total95, 
alpha .. 0.01, 
z = proh1t(1-(alpha/(2*&Dgroup.»)), 
p953 _ p9Sx + z*aqrt(p95x*(1-p95z)/p9SD)/ 
p951 _ p9Sx - z*aqrt(p9SX*(1-p95x)/p9Sn)/ 
1* a •• ign ~ variebl •• *1 
p9Sb • p953, 
p951 .. p9S1, 
p9S. .. 0.001, 
p9Sm _ p95x, 

run, 

The data set CSECT95 has the structure appropriate for 
input to the BOXCHART statement, which creates the box 
display shown in Figure 13. 

titla 'C-section. aa a proportion of Total' 
, Deliverie. iD 1995', 

aymbol v.DODa, 

proa .he.hart hi.tory-aa.at9S graphia., 
boxcbart p9S*id ( D9S ) 1 

etddav. 
zaymbol. • ' Avg' 
blocklabtype .. acal.d 
upaDal - t.Dgroupa 
aboxa. • yellow 
aboxfill .. or .... g. 
turDhlebela 
DOlal 
DOUal 
DOlimit.legeDd 
DOlegaDd, 

lebel p95x _ 'Simultaneou. 99% Intervale', 
run, 

C-Sactione _ • Propo/llon 01 1bIaI Dallwrlea In 1985 

fijt tj my. """ '''01,01;; 'OL, " ''',' , na.---------------------------, 
t 
j 0.8 , 
j 

0.4 

0.2 

iii 

I 

Figure 13. Simultaneous Cl's for 1995 C-Section Rates 



The center of each box represents the point estimate for 
each rate, and the edges of the box represent the upper 
and lower simultaneous confidence limits. The overlap of 
the boxes, which must be viewed as an ensemble, conveys 
the message that no subset of groups stands out from the 
rest, except for 1 P and 1 F (these groups had extremely low 
numbers of deliveries). 

Bonferroni intervals are simple to compute but conservative. 
They are competitive with simuhaneous Intervals obtained 
using other methods, but when the number of groups is 
large, Bonferroni intervals are unnecesarily long. For a 
comprehensive discussion of Bonferroni intervals and other 
methods of simuhaneous inference, refer to Miller (1966). 

Forecasting 

In the section on "Individual Measurements Chart for Sea­
sonal Data; multiple sets of control limits were used to 
adjust for a seasonal effect in the rate of emergency room 
visits. This section describes the use of two different time 
series models to analyze the data. 

First, the FORECAST procedure with the Winters method 
is used to generate forecasts and confidence limits for the 
rate of emergency room visits; for details, refer to Chapter 
9 of SAS Institute Inc. (1993). 

proc foreoast data • ervi.it 
interval • IIODth 
.. thad • winter. 
seasone • IIODth 
le&4 • 7 
out • outval 
outful1 
outresid, 

Next, the forecasts are merged with the original data 

data forecast, 
keep date forecast, 
•• t outval (r.n .... (vi.it •• foreo .. t,,' 
if _type_.·~ORBCAST·, 

data ervi.it, 
.. rge ervisit for.caat, 

run, 

For subsequent display, the forecasts and confidence limits 
are saved as coordinates in an annotate data set. 

'iuuulomac, 
data forecast, 

lIodc1anno, 
,.y.t .... (2.2 •• ,1 
liD •• !, .i ••• ll cQlor.'black', 
drop _type_ _l.a~1 
.et outval (rename. (vi.it •• y date.z", 
if _type_-'PORBCAST' aDd z>.·01ju19S·d, 
1f z.'Olju19S·d then funotioua'MOVB'1 .1.. fUDction_'DRAw', 

164 

data 19S1 
%da1aDDol 
,,",y.t_C2.2,"1 
liD •• ,ll aiza=l; colorc 'yellow' 1 
drop _typ&_ _l&a4-1 
.et outval (renamA • (viait •• y date=z", 
if _type_8'L9S' aDd z>.·01ju19S·d, 
if z='Oljul9S'd then funotionD'MOVB'1 .1.. function='DRAW', 

data u9S, 
%dalaDDOl 

11 .... 11 aize.1, colors'yellow'", 
drop _type_ _lea4-1 
aet outval (r.name • (v1aitaay date=z,', 
if _type __ 'VIS' and z>-'Olju19S'd, 
1f z.'Olju19S'd then funotion8'MOVE', el.. fUJlctiOD-'DllAW' ; 

data aDDotate, 
set forecaat 195 u9S, 
_haD.'A'1 

run, 

Finally, the XCHART statement in the SHEWHART proce­
dure is used to display the forecast values and the con­
fidence Intervals. A plot of the residuals (the differences 
between the observed rates and the forecasted rates) is 
aligned above the forecast plot, and control limits for individ­
ual measurements based on moving ranges are displayed 
for the residuals. 

title ·Ob •• rved aDd Foreca.ted Bmergency' 
• IIocIIII vi.it.·, 

proc ah .. hart data •• rvi.it graphic., 
zohart vi.i t. • date / 

ofr_ .ligr 
COODDeot • black 
upauel - 100 
treudvar - foreca.t 
split - ./. 
aDDo2 
ypctl 
nolagend 
DOhlllbal, 

111bal vi.it. _ 

- azmotat. _ 50 

'Re.idual/vi.it. p.r 1000 Years', 

The display, shown in Figure 14, shows that after adjusting 
for seasonal and trend effects, only common cause variation 
is evident in the rate of visits. The forecast plot indicates a 
drop in the rate of visits at the end of 1995. Refer to Alwan 
and Roberts (1988) for discussion of a similar approach to 
dealing with time series effects in SPC. 

You can also use the Xll procedure to seasonally adjust 
the emergency room data; for details, refer to Chapter 19 
of SAS Institute Inc. (1993). The Xl1 procedure models 
the observed rate at time t as 0, = S,C,D,I,. Here, 
C" the long-term trend cycle component, has the same 
scale as the data 0" and S, (the seasonal or intrayear 
component), D. (the trading-day component), and I, (the 
residual component) vary around 100 percent. 
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Figure 14. FORECAST Analysis 

The following statements create a plot of the original and 
seasonally adjusted series (Cd.). 

proc :0:11 data-arvi.it IIOprint, 
mcnthly data.data, 
VU' vi.it., 
output out.out bl -vi.it. 

cS10 ......... al 
cS1badju.ted 
412.trelld 
cS13.irreg, 

title '_rgency lI<>cm vi.it.' , 
titla2 'Original and Saa8Oll&l1y Adjuatad Data', 

aymboll i"join c.yallcnr ""'p1ua' , 
aymbo12 i"join c.rad "..'d!amcnd', 

proc gplot data.out, 
plot vi.it. • data _ 1 

adju.ta4 • data _ :.I I 
overlay 
lagenoS • lagaJldi 
bazi. .. azia1 
vazi. .. azia:.z 
Clfr ...... blue, 

azi.l label_nona, 
azia2 minor-non. 

label_(·viait. par 1000 Kamber Y • ...,.·) , 
lagendl cbor4ar .. black 

lebal .. non. 
value .. ('original' ·adjuat.d·), run, 

The plot is shown in Figure 15. Adjusting for seasonal 
variation, the rate of emergency room visits is decreasing 
over time, with a slight increase late in 1994. 
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Figure 15. X11 Analysis 

The next statements plot the final seasonal factor. 

title 'Pinal S •• sanal Seri •• '1 
aymbol bjo1n, 
proc gplot data-out, 

plot .... anal • data I 
err.... _ ligr 
vazia .. azial 
hazi. .. azia:.l, 

azi.l lebal .. (a-O r-gO 'S.a.onal Factor') 
llliZlOr • l1OII.e, 

azi.2 lebal _ non. minor .. nona, 
run, 

J 
J 

Figure 16. Final Seasonal Factor 
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The last set of statements combine the final irregular factor 
and the trend in a single display, shown in Figure 17. 



title 'Control Chart for Irregular Variation', 
proc .h_hart data.out graphics, 

"chart sum " date , 
cfr.... _ ligr 

lIPuel = 100 
treDdvar • trend 
split • '/' 
nohlabel 
=leg_d, 

label Bum • 'Irregular Seriee'Trend', 
run, 

Note that the irregular factor is not the same as the residual 
displayed in Figure 14 since these values were computed 
using two different time series models. Likewise, the final 
trend is not the same as the forecast displayed in Figure 14. 
Nonetheless, both methods provide useful views, under­
standing, and prediction of the variation in the process. 

80 
115 

I: 
10 
115 

Control Chart lor lnaguIar VaJIaIIon 

JAN80 NO\IIIO 8Ef91 JUL82 MAllIS _ JANIII 

Figure 17. Final Irregular Factor and Trend 

APPENDIX: SAS Macro for Analysis of Means 

The SAS macro ANOMSIG listed here computes the appro­
priate multiple of the standard error for ANOM with count 
data. Input to the macro consists of the signifICance level (al­
pha) and the number of groups (k). The multiple Is retumed 
as the value of a macro variable (&slgmult). 

In order to use the macro in a SAS program as illustrated in 
this paper, you should save the macro in a file and include it 
in your program. For example, if you have saved the macro 
in a file named anomcmp.sas, you can include it as follows. 

Ifil_ .... ~ 'c.\eugi96\~.BaB" I 
%include uamcmp, " 
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, •••••••••• ******** •• **.*** •• ***.********** •••• , 

'" -. '" TITLB. ," ," 
1* RBJ't 
," 
," 
," 
,. NOi'BS. 

," ,. ,. ,. 
/. 
/. 
/. 
/" 
," 
/" 
/" 

ANOKSIG 

Macro for Multiple of Standard *' 
Brror for ADalysis of.Means With *' 
Infinite Degr.es of Preedam "' 
P. R. Nel.on (lP82), "B"act "' 
critical POints for the ADalysis "/ 
of lleans- I COlllll.UDJ.cati0ll8 ill *' 
Statistic., All, 699-709 "/ 
niB _cro provides the multiple *' 
of studard error for ualy.li. of *' 
mean. (ANON) for infinite degr •• s "' 
of freedom. ne output "sigmult "/ 
is the value required for the */ 
SIQIIAS. option in the SIIlI1IHAIli' *' 
procedure for aD ANON involving k *' 
groups aDd infinite degre.s of "' 
freedem. The input significaDce "' 
level alpha muat be 0.10, 0.05, or *' 
0.01, aDd k muat b. in the range *' 
3<=k<_60. *1 

,*.* •••• ***** ••• *.************************ ••• **/ 
~cro anomaig(alpha,k), 
'Ioglol>al sigmill. t, 
data JIU11_, 

'* check arguments */ 
if t.k lt 3 th_ do, 

put 'BDOIl. k must be gre.t.r thll.ll 2. I 1 

abort, 
aDd, 

if t.k gt 60 th_ do, 
put 'IIlUI.OIl. Macro DOt valid for k > 60.', 
abort, 
end, 

/. build arreye to contain the halpha */ 
/" approximation. */ 
arrey h(19) hl-hl', hl •• , h2 •• , 
if "alpha. 0.10 then do, 

arrey b10("') bl-b.f., 
bl0(1}. 2.325'0', 
bl0(2)"' 0.031757, 
bl0(3). -0.000"3, 
bl0{'} • 0.00000311"', 
h3 • 2.052, 
h... • 2.193, 
h5 • 2.289, 
h6 • 2.363, 
h7 • 2.'23, 
h8 • 2.'73, 
h9 "' 2.515, 
hlO ,,2.55', 
hll "' 2.587, 
h12 • 2.618, 
h13 • 2.6'5, 
h14 " 2.671, 
h15 • 2.69', 
h15 "' 2.716, 
h17 "' 2.735, 
hlB " 2.755, 
h19 • 2.773, 
end, 

else if "alpha. 0.05 then do, 
array b05('} bl-b', 
b05(1). 2.597909, 
b05{2}", 0.028231, 
bOS{3}", -0.000419, 
b05{4} • 0.000002551, 



h3 ~ 2.344; 
h4 ~ 2.468; 
h5 • 2.555; 
h6 • 2.521; 
h7 • 2.675; 
h8 " 2.721; 
h, • 2.761; 
hl0 " 2.796; 
hl1 " 2.827; 
h12 " 2.855; 
h13 " 2.881; 
h14 " 2.'04; 
h15 • 2.926; 
h16 • 2.946; 
h17 " 2.955; 
h18 " 2.983; 
h19 " 2.999; 
end; 

el.e if Qalpha " 0.01 then do; 
array hOl(4) hl-h4; 
hOl{l}" 3.09'409; 
hOl{2)" 0.025932; 
hOl{3) • -0.000397; 
hOl(4)" 0.000002489; 
h3 • 2.914; 
h' " 3.013; 
h5 " 3.08', 
h6 • 3.140; 
h7 • 3.185; 
h8 •. 3.224; 
h9 " 3.258; 
hl0 • 3.288; 
hll " 3.315; 
h12 " 3.3401 
h13 " 3.352; 
h14 " 3.382, 
h15 " 3.401; 
hl.6 " 3.4U, 
h17 • 3.435; 
h18 • 3.451; 
hU " 3.466; 
end; .1.. do; 
put 'BRROR. Alpha Dot 0.10, 0.05, or 0.01'; 
abort; 
end; 

if Qk < 20 then .igmalt • h{Ak}; 
.1.. .igmalt • 1>1 + 

h2*Ak + 
1>3*Qk*Ak + 
h'*Qk*Ak*Qk; 

.igmUlt" .igmult * .qrt«Ak - l)/Qk); 
call aymput('.igmult',l.ft(put(aigmult,8.3»)1 
-'nd aDCIIIIIIill" 
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