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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, ilimultaneous 
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 conceming the 
adoption of continuous quality improvement (Cal) 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 
accept flat annualper-patientfees. Measures of qual­
ity are required to demonstrate that quality can be 
maintained and improved as heatth 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 Empioyer Data and Information Set (HEDIS), 
developed by the National Committee for Quality 
Assurance, includes patient satisfaction, and It is de­
signed to help consumers and employers compare 
performance of managed-care plans. 

An increasing number of heatth care organizations are 
applying the quality philosophy of W. Edwards Deming, 
Joseph Juran, and others who led the quality revolution 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; refer 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 primaty care practice at Intermountain Heatth 
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 weH represented in standard textbooks on 
statisticaJ quality improvement such as Montgomery (1991 ) 
and Wadsworth, Staphens 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 Bartow (1994). that motivate and illustrate the use of 
SPC methods. Other useful references on statistical quality 
improvement in heahh care include Al-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 concem 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
cal or "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 SASlQC4I 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 
SASlAF4I 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 sac Menu System 
in SAS/cC software and the Forecasting Menu System in 
SASJETS4I software. These menu systems are descnbed in 
SAS Institute Inc. (1995b, 1995c). 

Basic 11 Chart 

This example introduces the use of the SHEWHART proce­
dure to construct a u chart, which is one of several control 
charts for count data. In manufacturing. 11 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 11 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 11 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 CLINICS. 

OUtput 1. SAS Data Set CLINICS 

-- IIIICMII - !:lUll ....... 
OMIt. 5. 2,,3. 31 2.31105 ..... •• 2"03 28 2 .. 0tau _. 

71 26195 31 2.315" ....... .. 26::119 .. :1.19115 
.... n. 5. 2114. • n 2 .. 25:&:72 ...... .. 2'1'5 3. 2.11211 
.:nIL,. U 251'::1 31 2.25112 _. 

57 2&ot2 31 2.2Ull ...... •• 25'5' o. 2.11n7 

"""' .. 53 25'5T n :1 .. 23511 ...... ,. 25120 •• 2 .. 1"10 ....,.. U 25'07 n 2.2"" 
OMItS 11 2"" n 2.30312 ..... .. 2"" 28 2.01,,. ........ .. lSICS n :z .. 2I7SC 

The Variable NSCANB is the number of cat scans per­
formed each month, and the variable MMS8 is the number 
of members enrolled each month (in units of "member 
months1. The variable DAYS is the number of days in each 
month. The following SAS statements compute the vari­
able NYRSB, which converts MMSS to units of "thousand 
members per year.· 

clata c:llDic:l>, 
•• t c1.iDic:l>, 
DYrab • mm&b * ( claye I 30 ) I 12000, 

>:'WI, 

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

The following statements create the 11 chart in F"lQure 1. 

t1t1.. 'G Chart :or Cat ScaD. per 1.000 Members,' 
, Cl1D1c B'; 

pro<: shewhart clatasc:1.1D1c:l> ;:raplIics; 
uchart Il.Caab • _th I 

.u!>g':r:oupD = nyrel:I 
t •• e. • 1 eo 4 
t •• _tboci •• t~z. 
llOhlabel 
1lO1egaDCl, 

1aJ>el. JUcaab ,. 'ltate per 1.000 ~·Year.'; 
rim, 

The PROC SHEWHAAT statement invokes the SHE­
WHART procedure. The OAT A- 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 pmcsssorcountvariable 
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, pattem tests, and Westem 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-STANDARDIZEoption 
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 unnecessary 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 ChI/t for Cat SelIna par 1,000 Mllmb8nl: Clinic B 

4.---------------------------~~~ 
J 311 I-r ......... ~--~--~~-.r-'H UCi. 

I 
II 
iso 
5 
!25 
l 
j211 

15 t===::;::=:::;::::=:::;::=:::::::::::::::~ LCL 
~ _ JUL9C QCI1J6 ~ 

Figure 1. Basic u Chart 

In FlQure 1 the control limits shown are 3/1 Umits estimated by 
dtfault from the data·; the Umits vary because the number of 
oppcrtunity units changes from month to month. Formulas 
for the "mits are given on page 1241 of SAS Institute Inc. 
(1995d). (Altematively, 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 1, 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 leamed 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 u 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 repcrt the rate of 
office visits petformed 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 - --- JIVISXft -- DA ... -.,.... _. 
1.21 a.no" 31 7175 ...... _. 
1303 8 .. 51111 .1 '<"I'I _. _. 
1511 D .. IIUU 31 7110 ...... _. 
157' 0.', .... 3 • 7753 

an. ._. 15" 0."'" 31 1'755 ...... _, 14S0 O.S557, 3' ,." """,. 
_1 

1132 O.5'U5 31 ?tot ...... _. 
181« 0."'20 31 '''2 

sut. 
_. 

1721 0 .. '''11 3D eoo, 
""",. _. 

2.152 0."'12 U ID'" ....... _. 
ilS3 0.'8233 3D 'UI 

DC .. 
_. 

177. 0.10'" 31 8223 
.,...5 ._. 2024 ,.,".15 31 to83 
.... 05 ._. U71 O.70e ... 21 ,. .. 
_5 ._. 20" O.1a,~' n !lUI 

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 months"). 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. 

Ut.l. 'lr ClluI: for Off.1 ... V.1s1t.. per 1,000' 
, Kalben. CliDi .. B'1 

proc .~ dat._c:liDi ... srroapU"., 
uc:bart ZlVi.lt.. * ...... t.h I 
~oupD " uyrae 
.. fr... " llgr 
c.1Afl1l a yellow 
%IObl.abal 
noleged. 

label ZlVi.lt.. " 'Rat.e per 1,000 Member-Years', 
:nm1 

The CFRAMEs option specifies the color for the plot area, 
and the CINFILL. option specifies the color for the area 
between the fimits. The chart is shown in FlQure 1. 



u Ctwt tor 0IIIce VI8IIa par 1.000 M8rnb818: ClInic E 

Figure 2. 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 infonnation in a SAS data set 
named VISLIMIT. The NOCHAAT option is specified to 
suppress the display of separate control charts tor each 
phase. 

Pft>C ahewha%e 4ata-cll~"e naphi"., 
by ..,pba •• _, 
u..hart DY1dt. * _th I 

8lII:IgJ:~ .. DYrS. 
oatl.1Iait. '" ri.a~t 

(~(..,.pbaa._-_1Ddes_ll 
~, 

Output 3 shows a listing of VISLIMIT. Note that the values 
of the lower and upper control limit variables .LCLU_ 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 
-PHASE.. identifies the time phases in the data. 

Output 3. SAS Data Set VISLIMIT 

;; i: ;; 
i tr % i % .. 

V 
B :; .. ~ Q L tr 

D G r % • If C • 
0 • .. .. p .. • .. L - L 

• X .. P • .. .. S tr tr tr 
S 

1 
_1 

lIYlS%'rI -- - v V 3 V 2302." v 
2 
_2 

lIYlS%ft -- IIft%JIID V v 3 v 2623.52 v 

The following statements combine the data and control limits 
tor both phases in a single u chart. shown in F"l9ure 3. 
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~tl. 'v Chart ~or OCC1". visit.' 
, ~ 1,000 ~ra, el~" B'; 

Pft>C ahewha%e aat_cl~ce 
limita-v.Lal1m1t grapl:li"./ 

uc:ha%e DViaita * IIODtI:I I 
8lII:Igz~ • DY%t'e 
cCz_ .. lin 
cinUll '" yellow 
r •• d1ndez • all 
zead:pl:la.e '" al.l 
:aaI:Il.abal. 
nolegecl 
pl:laaelegeDCl 
no~t.leg_ch 

label DY1.ita .. 'Rate paz 1,000 Member-Yaa:.'; 
rWll 

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

u Chart for 0IIIc& VIsIIII par 1,000 Mambenl: CIlnIc E 

3000 

l28IID UCi. 
I 

12800 D 

I MID 
LCL 

~ 

l 
IZ!llll 

Figure 3. u Chart with Multiple Sets of Control Limits 

In F"lQure 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 Ftgure 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 u charts and c charts, which are based on a Poisson 
mode~ 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. 



Individual Measurements Charts 

This section illustrates the use of the SHEWHART proce­
dure to construct a contral 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 medicallsurgical days per 1,000 members 
per year. OUlput 4 shows a partial listing of a SAS data 
set named MEDSURG that contains this information. The 
variable MSAD.E provides the medicaVsurgical utilization 
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 

...... 
PDn 
.... 1 

..... _ .. .,... 
IDCf. 
.DIIfl 
PD" ...... 
an. .-.. 
olUW' _ .. ..... 
_f. 
...n. 

ARMS 
an. 
.-.S 

"4.3 
3eT.' 
11'.'7 

2fO.O 
151.1 
12'.0 
203.3 
nl.o 
101 .. ' 
.... S 

'71.7 
(5.0 

112 .. ' 

17'.0 iii_Gal 
17.2 U8C01I'J.aal 

2,..2 :I1.~cal. 
113.1 a.t:oZ'laal 

2".' ---125.' ---15 .. 1 ---
112.' ---171.5 ---12 •• ' ---110 .. 2 ---101.1 '!'OaIaipZ ....... n 
13 •• , 1'OImIfe~ are.lMn 
U1.' ~~ .... z. 

102.4- t'oupI~ .....,.n 
212.' T ..... r~" 
137.4 1'OIaapIr ..... 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. 

eiU. 'lIi.eori"al -.t"all SIU:'gi"al' 
, Rae. of Other P2:0dw:e.' I 

symbol. -=e I 
pzoc .Ilewhare dae~ graphi"sl 

where _th < ' 01j1Ulll3' cil 
irchart _&<Loth * _th I 

"£1',,, - 1igr 
.plie - 'I' 
llOhlabe1; 

label -e4...otl:I - 'Days per l,OOO/Mv!l' 1IDg'; 
ruDl 

The chart, shown in FlQure 4, indicates that the utilization 
for the other products is a stable, predictable process. 
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!or llnIIa 
Far n-2: ., 

I 3IXI UCL--.s 
~ 

2110 l 5/-1541.1 

1 
100 

0 LCI.--1O.9 
-100 

250 

I 2IIl UCL-2118.1 
'ISO 

J 100 
1( •• 1 50 

0 LCI.-O 
JANIt MAYIIt SEI'9I _ Wl'ft12 SEPIZ 

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 . 

pzoc ahewhare dae.-daurg; 
loy ~ •• _ DOe.Oreectl 
irchar1: '_&<LoCh _&<Le) * IIIOZICh I 

DOCl1art: 
ov.e1imie. .ZUZll.im 

'r~.'~s._·_~))1 
daea 2:UDl.im, ..e 2:UDli.llll 

..l"li.. • maz ( _l"li_, 0 ); 
ruDl 

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

OUtput 5. SAS Data Set RUNLIM 

JU,no1:'ical aaD.OD ...... U'!%IGR 2 .. 00ze"4 --- aaD.OD ...... U'!%IGR 2 .oo:acn. 
... ftrOII:Iact. I: -... ..... U'!%IGR 2 .00:2.1'" 
y~~ .... :n IlIaD_ad: ...... UftIIaft 2 .002"" 
~Z' .... :n 118AD __ ...... U'!%IGR 2 .002"'" 

..n ...... _ .LCLI • .......... _'OIC:L%_ ~ J... .".,...---
• 0.0008' 15'.7" 32~."T • n."l 2".057 55 .. 'ot 
• 1.'.". 1.' .• 2' 2'1.'13 0 53.'" 17'.'" ''1 .. 321 

• 0.00000 2'T.173 ''1,.,.1 0 2".15' IU.'03 '30.55' • 0.0000' 13'.5'3 2,5.,o0 • S'.Ul 115.to • 50.·63S 

• 0.00000 138.'70 3.3 •• 1' f2.Zll 3U •• " 11..712 

The following statements read RUNLIM to create the control 
chart for the rate lor Product E that is shown in FlQure 5. 
The NOLCL option suppresses the lower contrail/mit, which 
is zero, and the NOCHART2 option suppresses the chart 
for moving ranges. 



title 'Med:i.eal/sw:g:i.eal Rata ~or' 
, Proc!u.et B' I 

ay1IIbol -aot; 
proc .bewllart Clat.....uurQ' 

lim:!. t •• romlilll graphic.; 
wbere ~tb >_ '01jan93'd; 
ircbart _&!i.-. . ~th I 

D01cl 
DOblaJoe1 
DOClIart:J 
plIa .. 1~ 
plIa.e1&btype .. acaled 
Hedbldez .. all 
reedpha.. 2 all 
e~r_ 2 liGTI 

1aJoel -ad.-e .. '1Ied/SU2:g' DaY" per 1.000' 1 

ra:al 

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 paint. Prior to this time the 
membership was small and varied, which accounts for the 
high variability in the rate during the introductory phase. 

Figure 5. MedicaVSurgical 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). 

Clata oCherref I 
keep ~e~_ _re~l&b_1 
1BDgth _re~lab_ $ 16; 
•• c romliIII; 
if ..:I.Ddez.." 'n.torieal' and 

_vaZ"_ 

~.f_ 

~f1ab_ 

~~­
~~lab_ 

Z"Im, 

# 'JISAD_O'!1I'; 
.. -III"&2l.., 
,. 'AVO' Other' I output I 
.. _=li_, 
.. 'tJCI. Other'; oucpuc I 

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 eoneeming annotate data sets. refer to 
Chapter 19 of SAS Institute (1990a). 

__ .c, 
ClaCa other; 

'IIdcl ....... , 
•• c ..a.1Ir\1 (r_ (~\:hax -ad.-oth=y» I 
i~ ..... elI. : ... 'Oljan93'ci; 
__ ~.(a~Cer), 
-.yaC .. (2.2,3) 1 
fuDc:tioD. is I syu:abol' ; 

.. 2.4; 
• "y.1.1ow'1 
• ' ci:z:-cl..' ; 

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

C:l.Cl. 'Prodnec B and OCher P~ec.'; 
proe abawbare Clac.......aaurg 

lilll:l.C.-ZUJ:lJ.iIII grapb.ica; 
where _Ch >= 'Olj&Dll3'ci; 
ircharl: _ad.-e * _Ch I 

nocharl:2 
DOlel 
DOblaJoe1 
phaa.l~_ 

phaae1abtype - lICaled 
reed:l.Ddez .. all. 
readpha.e 
vref 
c:vr.f 
l.vref 
ll.im:!.C. 

.. all. 

.. otherre~ 

.. yellow 
= 4 
- 1 

cmo • oUer, 
label. -ad.-.-

'lledlsurg Day. per 1.000 for 1'X"<:ICbac:e B'I 
~_DOt. j-l 

'eirel... :I.l:Ic1:I.cate raCe. C= othoor produet.' 

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. 

l500 
! JaiFai;iiIif::F=:iii:=;::~~----i UCI.. 

!I' 250 r-...lI...df,~,.v-; :~P!-'Io:A;let;A.~~ II I O~ __ ~~ __ ~ __ ~ __ ~~ 
JANII8 JUNI3 NOW3 _ SI5I'IM FI!BIII5 a.--_lar_ 

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 

- --- 1I%SI'!8 

"""'. •• '2 .. 5 • ..... •• 12 .. 77 ....... to '1 .. 2' ...... •• '2." .... n. •• '.&.17 """,. •• loa .. " ....... •• 10'.63 
AVID' •• '2." _H. •• '1.33 ....... w .. ".,. 
...",.. ",1 75.40 

"""'. ... &1.02 

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. 

t1.Ue '~eJ1CY' _ ns1.t.' 
, ~r 1000 x.mtoer Years' , 

aymbol. _doe, 
p%OC .bawharl: dat_erridt 

lim1.ts.er~t. grapb1.es, 
baxebart v1..1.Cs*mcacb I 
~ -100 
c:pbaa_ _ bla<:k 

epba.-tUl '" Ugr 
epba.--= ...... eet '" :bla<:k 
pba._l/1DbOl '" dot 
epbaaeleg • :bla<:k 
readpbaae 
pbaaala:bCype 
pbaaalegeDd 
_legend 
=b1ahal 
_lim1.ts, 

.. all 
• seale 

la:bel v1.s1.ts '" 'ns1.c. ~r 1000 Member Yeara', 

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 cold 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. 

£mag_ClCY Raom VIIIiIa per 1000 Mamber v.s 

Figure 7. Emergency Room Visits 

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

p%OC .b_Aart dat_erv1.s1.t; 
:by ..;luuIe_ _CSQrtttCl, 
~ v1..1.C.·..,.,Cb I 
~ 

outlim1. c. '" 
erlim1.t. 
reG&me_(-Pba.e_",_iDdax_JJ, 

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

ciUe '-1"0'eJ1CY' _ Visics per' 
, 1000 x.mber Years'; 

.ymbol v-dot c_oraDge/ 
5Q:Qe ehewAart dac_erridC 

l~ts.erlim1.t. graphics, 
ircAart v1.dt.*IIIQD~ / 

rea4Ui4ez '" all 
reaclpba.e '" all 
pbaaela:btype a .ealttCl 
~l '" 100 
ef~ " ( IIIeg1" ligr 
cpbaaeleg '" black 
llim1.ts '" 3 
_lim1.csl~ 

pbaaelegeDd 
~2 

~a:bel, 

la:bel vi.1.t. - 'Vi.1.C. per 1000 x.mber Year.', 
1"UD/ 

F"lQure 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." 



Figure 8. Emergency Room Visits 

Analysis of Means for Rate Date 

UCL 
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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 overall mean. The 
analysis of means has the same graphical presentation as 
a control chart except that the decision Omits are computed 
differently, and the visual appeal of ANOM has bean 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 (19SS) 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
caVsurgicai admissions rates for a group of clinics. The 
data are saved in a SAS data set named MSAOMITS, 
which is listed in Output 7. 
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OUtput 7 • SAS Data Set MSADMITS 

%l) ........ 5 """"tS 

U. 1Ie2 sa.lOo3 
u: •• 0 U .. 12'3 
18 .,. 12.1t33 
." .18 I •• SU 
.IC 183 6.310. 
n "0 , .121.& 
1lI ,.1 5 .. 02.'20. ,. lOS ' .... ,2 
10 '" '.3.29 
18 171 •••• n ,. Ie 2.1''7. 
1C 100 2."33 
1K 11' 2.31'5 
3c t. 2.2'" 
1R It 2 • .101' 
1 .. " 2.0n3 
1lI "0 ::I.DlD3 
10 11 2.0"8 .D " 1.U" 
1J 54 1.5118 
'OJ .0 1.3tal 
'Q •• 1.15U 
3. 21 0.1123 
10 •• o.ln, 
u .5 0.50" 
1L •• a.nn 
1<1 , 0.22" 
1P , 0.2120 
1P • O.UI2 

The variable 10 identifies the clinics, 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 Ct = 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 (UOL and LOL). A SAS 
macro named ANOMSIG (see the Appendix) computes the 
appropriate multiple (3.52) of (1' for the SIGMAs- option. 

titl. 'ADalysis of Hed1oal/sur;ioal Admi.siocs', 
symbol _DODe _7 '* w.l.4tll of ae..u ••• /, 

pzoo sllewb&rt 4at_adm:I.es grapUcs, 
uchare COttDt95*14 / 
~ .. ~95 
sigmas .. ..igaalt 
cf%aD8 .. ~lu. 
CDee4l.. .. yellow 
climit. .. ~l&ck 
llimit. .. 1 
ciDfill. .. gr.eD 
lcllabel .. 'LDL' 
uc:l1abel • IUDL' 
t1l%Dlll.abela 
:aoleqeD41 

llll>el COWltS5 .. 
'AdIII1ta per 1000 Kember Years', 

The chart is shown in FlQure 9. The needles (requested 
with the CNEEOLES- option) emphasizes deviations from 
the overall mean, and the limits UOL and LOL apply to the 
rates taken as a glDUp. 
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The chart answers the question, ·00 any of the clinics 
differ significantly 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 1T has a lower rate of admission. 
This answer would be the same regardless of howthectinics 
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 Fgure 9 to a u chart, it is important 
to understand the differences between ANOM and control 
charting: 

• Analysis of means assumes that the system is statis­
ticaDy 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 Umits UDL and LDL are not the same as 
the 30' limits that the SHEWHART procedure would 
compute by default for a u chart. The reason is that 
control limits are applied to the rates taken one at a 
time, whereas the decision limits are applied to the 
rates taken as a group. 

• Runs tests, which you could raquestwith 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 identiflEls the medical groups, 
the variable CSECT95 provides the number of c-sections 
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 

"" 
_ .. _. 

_15 
_. 

a U3 107' 151 .23 
u: 55 ". C5 a .. 
UI .2 au ,. n. 
UI 11 '" 11 1.12 
3% at 11. 20 '" 3. 15 •• 12 115 
u: 15 .. 11 " w • .. 10 " 1Q 12 71 7 .. 
•• 7 72 11 os .. • n u .. .. • '7 • .. .., 7 10 7 ao 
1e 13 55 • .. 
•• 3 .. • •• 111 • .. • 2' 
'e • .. 5 .. 
10 • .. • a7 
:1.7 • .. • 22 
1~ 1 • 1 .2 

•• 2 .. • 11 
10 1 • • 15 
'D 7 21 • 13 
30 • 7 1 11 
1L 2 • • ,. 
II 1 • 1 • 
1~ U U • • 
~ • 1 • • 
18 1 • 1 • 

The following statements perlorm an ANOM for the propor­
tion of c-sections across groups at the a = 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 (UOL 
and LOL). As in the previous section, the ANOMSIG macro 
is used to determine the appropriate multiple of 0' for the 
decision limits. Here, however, the number of groups is 
determined from the data and passed to the macro. 

cial:. " •• "I::l.0D1 
•• 1: " • ..,I::l.0D eD4seof I 
if eol: I:lltul 

c:a.1.1 ~I: ( 'DQ%'C>UP.' , 
1.fl:( pal:! _~_,4.)))1 

'"'lUll 
.......... ig! 0.01., ~ps ) I 

1::1.1:1. 'P~iOD of C-S..,u ..... in 1995', 
.ymbol. .......-. _7, 

P:O" .1l_!lar1: cial: .... " •• "I::\.OD !J%'&P!l:\.".' 
pCbare " •• "I:9S*i4 I 

sU!lgzoupD • 1:01:&195 
"f:.me .. blue 
.:l.gma. .. •• :l.gma11: 
_ • ..u .... yell .... 
lc:llabel .. 'WL' 
w::llabel ..' tJllL' 
DalegtUUi 
I:U%ZI!ll.abel. , 

label " •• "1:95 .. 
'Proport::I._ of c •• are.n S."I:iODll' I 

The chart, shown in Figure 1 0, indicates that the variation 
in rates across clinics is strictly due to chance. 
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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. 

%amlout-c, 
data .. s ... C'4, 

s.e .. S ... C1OD, 
'IIdc1a!1Z1O , 
-.oaqu.omc. (aft.r) , 
-.oyaC_(2,2,3), 
func:t1OD • 'symbol' I 
,... • iei, 

Y 
s1 •• 
color 
tast 
ruJI, 

• .. s.ct'4 I total94, 
• 2.4, 
• 'y.llow'l 
• 'e:l.rc:l..' 1 

t1tl. 'p~1OD of c-S.ct1aD8.' 
, 1994 aDd 1995', 

sym!lol _dDt., 
proc .bewh&rt data.cs.ctiOD graphica, 

pcb&:t ... ect95*1ei I 
.~PD'"total95 

aigmas • ..i~t 
&DDO • .. •• et94 
lcllaIMl • 'LIlL' 
ucllaIMl • 'WL' 
t1U'ZllllaIMla 
DOcozmect 
DOlegltZld., 

label e •• ce95 • 'PXoport1OD·of C •• &reaa Bece1ocs' 
foot=t. j",l 'Blllpey Circl •• Izu!icat. 1994 Bat.s', 
ruJI, 

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-Section 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 OUTT ABLE- data set; for details about 
the structure of OUTT ABLE .. data sets created with the 
PCHART statement, refer 10 page 1133 of SAS Institute 
Inc. (1995d). 

proc sbewhart data.c_ .. tio • .., 
pcbart .... ct94*i4 I 
.~PA .. total94 
aigmas • .si~t 
outtabl. • cstab94 
(~ " ( .J, .. l1'_ " _lelX.­

_~_ ,. _s~ 

DOcILart, 

...P_ .. ....,.an_ 
_u .. l1'_ .. _uclz_ )) 

proc .b .. hart data-e •• ctian; 
pcbart cs.ct9S-iei I 

aubg%o~ • ~otal95 

.igmas ,. •• 1~t 
outt&bl. • c.tab95 
(~ • (Jcl1'_ • ..lclr_ 

_sW>p_ • _sul>r_ 
~_ = _'r_ 

_ucl1'_ • _uelr_ 
_ezlim.. • _ezlimr_ ) 

4rop ,. _V&r_ ..limien_ 
_.ubc_ _.i§ma8_) 

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 10 page 1312 of SAS Institute 
Inc. (1995d). 



~t.l.. ·C-S.cl::l ...... 1.&1: •• for 1"4 aJId 19'5'; 
~-=._7; 

_ .b_1sazt tal>l_c.tal> !n'aphi ... ; 
srahazt c •• c:t:94 *14 , eDe8d1.. . y.llow 

e1:aflll "!n'8'" 
cfram. ,. blue 
spllt _ ' /' 

ypctl " SO 
z~ :I 'Avg' 
%'B'YIIIboJ. == I Avv' 
lcllal>el ..' LUI.' 
ucllabel. .' tmL I 
lcllal>e1.2 ,. 'LUI.' 
ucllal>e1.2 .. • LUI.' 
tu=lal.abel 
ZlOllII1.t81eg 
DOlegeDd ; 

lal>el _1I1>A:I:_ • 
'1994 ~zt1OD'1995 P~OD'; 

:i:UD; 

The display, shown in Figure 12, indicates that c-seetion 
rates were comparable across groups during both years. 

f.GO 
10.15 
a.!I.5CI 

10.25 
o 

c - SectIon AaIaII far IBM and 19115 

1 ~ ~ ~ f " ~ ~ ~ ~ ~ ~ 3 'I II & ~ 1 II :'1 , t : ~ ~ ~ _ _,F ,_ 

Figure 12. Comparative ANOM 
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It should be pointed 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 Q' = 0.01 level. 

data .... ct9S; 
•• t ...... t1on aadaeofl 
U eof tb.ZI 

.. all 8ymput ( , 1:lgZ'C>Qp8' , 
l.ft( ~t( ~, 4. III; 

=; 
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____ aoprlzlt: clat:_ce.ct9S, 

vat: tot:al.9S, 
CIIlCPUI: CIIlt.t:otal _; 

dat:a total; 
e.t: total; 
call eY1iiPUt ('1:1' • left (~t (1:1,6.»); 

dat:a "e."t9 S; 
e.1: .. _ .. 1:1on; 
keep 14 p9S1 p9S1 p9Sz p9S3 p9Sb 

p9SZI p9S. p9S. ZitS, 
p'Sz ,. .. eect9S , total9S; 
p9SZI ,. t:oI:al9S; 
alpha .. 0.01; 
s .. prcb1t(1-(alpha/(2*&Dgroqpellll 
p9S3 ,. p9Sz + s*eqrt:(p9Sz*(1-p9Szl/p'SZI); 
p9S1 ,. p9Sz - z*eqrt:(p9Sz*(1-p9Szl/p9SZI); '* a •• 1gJ1 dwaiIIy var1al>1.. ., 
p95b ,. p9S3; 
p9S1 • pUl; 
p'S. .. 0.001; 
p95m • p9Sz; 

Z'UZi; 

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

t:1tl. 'c-s.ct1one ae a Prcport:1OD of ~otal' 
, De11v.r1e. 11:1 19'5'; eymbol. __ ., 

p1'OCl .~Isazt lU..tory.c •• "t95 graphic., 
bozcllazt p9S*14 ( ZitS ) I 

at:dc1eve 
s~ a 'Avg# 
1:>1.oclI:l.abt:ype ,. ."alec! 
SLPaZWl .. Ug%OUp8 c:boz.. " y.l.l.ow 
c:bozfUl. ,. =-mg. 
c:u=Ial.&b.l.a 
DOlel 
_<11 
DOl1Jlli.t.legeDd 
raoleg8Zid; 

l.al>el p95z • '81=&l. tu_ 99% IJItezval.e', 
nli; 

1~1~".Llal1r:'3~1~&~1~1:aI&tl ~~~ 
_ _., ,. I _ 

Figura 13. Simultaneous Cl's for 1995 C-5eetion 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 conselVative. 
They are competitive with simultaneous intelVais obtained 
using other methods. but when the number of groups is 
large. 8onferroni intelVais are unnecesarily long. For a 
comprehensive discussion of 8onferroni in!elVais and other 
methods of simultaneous 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 descnbes 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 for.oa.t data • .rv1.1t 
int.rval. • _th 
_tho<! • willt.r8 .... em. __ th 

l.ad. • 7 
OI1t - 0I1tvaJ. 
OI1tful.l 

Next, the forecasts are merged with the original data. 

data f_ .. t, 
keep data for.oa.t, 
•• t 0I1tvaJ. (r&D&m&a(vi.1t •• for.oa.tlll 
if _tl'P"_-'F01IBCAS':' I 

data erv1.1t, 
.. ZV. erv1.1t for.oa.t, 

%'IIDI 

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

__ 0/ 

data for_ut, 
~1_, 

-.y.t_(2,2,411 
liDea3/ .1,._1, =lo.,.'hlac:k'1 
Q%op _tl'P8_ J.aci.., 
•• t 0I1tvaJ. (r_ _ (vi.1t • .y dateaz» I 
if _tl'P"_-'FOlIBCAS'l' IIJld z>.'01jul.95'41 
if zs'oljul.9S'4 ~ fuDct1cm-'MOVB', al.. fuDct1cm-'mtA1f· I 
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data 195; 
liI4I:1l1DDO 1 
-.y.t_(2,2,41, 
l.ua.-ll .1_1, color-'yell_' 1 
Q%op _tYJ:>8 __ l.aci.., 
•• t _tval (r.~ _ (vi.1t • ..y dat_zll; 
if _tYJ:>8_-'L95' aDd z>.'Olju19S'41 
if za'01jul.95·4 thea euactiaa.'MD¥B'; 
e1.. fuActioa-'DlULW'1 

data 1I9S, 
liI4I:1l1DDO 1 
-.y.t_(2,2.41, 
1.iJaeal; .1,.._1; 0010.,. 'yeU_' I 
d:op _ tYJ:>8_ _1.aci..1 
•• t _tVaJ. (r_ ~ (vi.1t • ..y dat_zlll 
if _type_s'U9S' aDd z>_'Olju19S'4; 
if za'Oljul.9S'4 thea funot1aa-'MD¥B'; 
.1.. fUDOtiaa-' tllIAIf' ; 

wbm:r-' A' J 

%'lID; 

Finally. the XCHART statement in the SHEWHART proce­
dure is used to display the forecast values and the con­
fidence intelVals. A plot of the residuals (the differences 
between the obselVed 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. 

t1tJ.. ·Oh •• rveCl IIJld 11=-a.t&4 .... zv ... cy· 
, ROCID fia1t • ., ; 

proc ah_hart dat_arv1.1t grap.lU.o./ 
zchart vi.1ts * aate I 

Clfram. ,,11gr 
000llll80t s hlack 
_1 ,,100 
~,. foraeaat 
sp11t ,,' /. 
aDII02 • az:LIIOtat. 
ypc:tl ,. 50 

DOl.~ 
uo.bl.ah&l; 

label vi.1t. _ 

• ... 14ual.1V1.1t. p.r 1000 Y.ars· / 
%'lID; 

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 X11 procedure to seasonally adjust 
the emergency room data; for details, refer to Chapter 19 
of SAS Institute Inc. (1993). The X11 procedure models 
the observed rate at time t as O. = S.e.Dd.. 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 (0.1.). 

J:I%OC xl.l. dat._.zvi.it ~t.1 
mDDthly dat.._dat.., 
Y&Z' visit.s, 
_tpllt out-out lol -vi.its 

410 ..... cmal. 
411.a4just.eel 
cU2.t:8ZId 
413.ittag; 

tiel. '-ZVeDC:Y _ Visita' I 
t:l.tl83 'Origizaal a:Dd s. .. cmal.l.y M:luateel Dat .. ' I 

.ymboll. ioojo:l.2l. e.y.llCIW _'plus' , 
aymboU i.jo:l.2l. _:eel _'dilllllClDd'l 

J:I%OC gplot dat._out, 
plot. v:I..:l.ts * dat.. • l. 

a4justacl * data • .2 I 
OYeI:l.ay 
lag8Zld. l~ 
~s .. utal. 
-.g.a .. uta2 
.. f~ .. bl.u., 

&Z:I.al lu-l._.; 
&Z:I.a2 ~. 

lUal.. ('Via:l.t. pe: 1000 x.mba: '1' • ..,...' II 
l.agaa4l. cbo2:dar ,. bl.ac:k 

lu-l ._. 
valu. ,. ('origbal.' 'a4ju.tacl' II 

Th1I 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 1 994. 
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Figure 15. X11 Analysis 

The next statements plot the final seasonal factor. 

t.:l.tl. 'F:!.D&1 S<laaCDal S.ri •• ', 
symbol 1-jo:l.2l., 
J:I%OC gplot. elat. ... out I 

plot a.aaoDal * elat. I 
cf=-- " l.igr 
vaxi. .. &Z:I..1 
bazi. .. &Z:I..2, 

ut.l lu-l .. (_0 ra90 's .... CDal Pactor'l 
minor" _, 

ut • .2 lu-l '" __ IIIiDor" __ 1 

rWlI 

J 
] 

F'lgure 16. Final Seasonal Factor 

oIIJG85 

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



c!aea oue, 
•• t: OU1:1 
...... _ irreg + e2:eDd1 

eiel. 'Colu:rol Cha11: for I:tToogular Variae:L .... ' I 

proe .b_hare Qae_oue gra~c., 
zcbaZ'e ...... * c!aee 1 

cframe .. l.:Lgr 
_1 ,,100 
1:Z'8DdYaZ' _ treAd 
.plie _, I' 

noblabe1 
nolege1ld, 

label .ua • 'I:tTe!lUl.ar S.ri •• /'l'Z'_' I 
rouu 

Note that the irregular factor is not the same as the residual 
displayed in F"lQure 14 since these values were computed 
using two different time series modals. Likewise, the final 
trend Is not the sama as tha forecast displayed in F"l9ure 14. 
Nonetheless, both methods provide useful views, under­
standing, and prediction of the variation in tha process. 
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Figura 17. Final Irregular Factor and Trend 

APPENDIX: SAS Macro for Analysis of Means 

Tha 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 laval (al­
pha) and the number of groups (k). The multiple is retumed 
as the value of a macro variable (&sigmult). 

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 anorncmp.sas, you cen include it as follows. 
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, ••.••••••...............•.•••.••.•............ / 
1* _ t lUIIOIISl:G * / 
/*!!%'!LB. ICacZ'O for INl.Upl. of seaDdaz:d */ 
/* :SUOI' for ADal1'8:L. of xe __ W1el> */ 
/* Il:If:I.D:I.t. J)egZ'_. of PZ'eedcIa * / 
/* 13F. P. R. Me1SOD (1'82) •• :szact: */ 
/* c::L t:Leal. Po:I.Dt. for I:be azaal.1'8i. *' 
/. Q~ lleuaa-, C n1 aaUOAS ill ., '* Stati.Uc •• ALl. 6"-70' *' 
/* RO'I!lIS t ni. _cro prov:I.da. ebe lIII1le:l.p1a *' '* of .tlUldam -=or for --.11'8i. of *' 
1* ___ (AIICII) for 1zIf:I.D:I.t. ~_. */ 

/* of freadcla. '1'b. _eput: r.s:l.gmalt *' '* :I.. tbe val._ r~re4 for tbe */ 
'* Sl:GIIIIS- opti .... :I.D ell. _ * / 
1* _edure 1:= aD _ izm:>l.vi>Ig k * / '* _ &DC! i..::l.D:l.t. degre •• of */ 
1* f:_. '1'b. iDput .:Lp:l.fiClll:lCa * / 
/* level alpha __ e be 0.10. 0.05. or */ '* 0 • 01. aDcI. k __ t be in ell. raJllJ. * / 
/* 3<_k<.60. */ ,* •••••••••••••• ** •• ****** ••••••••••••••••••••• / 
wacro anoasig(alpba.k) I 

~loba1 dlJlllUl,tl 
c!aea ..m>l1_1 

/. cbeck __ e. *1 
if r.k 11: 3 ell ... dol 

poll: 'DROll: k ..... t be gr •• e.r t:ban 2.' 1 
abort; _1 

if r.k ~ 60 ell ... dol 
pole 'lIJIllOlI.. Macro DOe valid for k > 60.'; 
aboZ'el 
ezui, 

/* I:N:I.ld array. eo cODl:a1n tlua bel.pba ./ '* appl'OZ:l.m&tj.OD. ./ 
aI'Z'&Y h( 19} bl.-b19, bl._. I 112 •• 1 
if hlpba .. 0.10 ebaD dol 

aI'Z'&Y blO(4} b1-~1 
b1Q(1}" 2.3214091 
blO(l}.. 0.031'57, 
bl0(S}.. -0.0004931 
b10(4) .. 0.000003114, 
b.3 .. 2.052, 
b4 .. 2.1'3, 
IlS .. 2.28', 
hI .. 2.313, 
b7 - 2.423, 
b8 - 2.473, 
b9 • 2.516, 
bl.0 .. 2.554, 
b11 • 2.587, 
b12 .. 2.6181 
bl.3 .. 2.6451 
bl.4 .. 2.6711 
bl.5 - 2.6'4, 
bl.& .. 2.716, 
bl.7 .. 2.7351 
bl.8 • 2.755, 
bl.9 • 2.773, 
ezui, 

.1 •• :Lf hlpba • 0.05 ehcD do, 
array b05!4} bl-b4, 
baS(l}.. 2.5'790', 
b05{2}. 0.0282311 
bOS(3). -0.0004191 
baS{'} • 0.0000025511 



• 

:b3 .. :1.3661 
M .. :1.6681 
h5 .. :1.5551 
h6 .. :1.6:11, 
h7 .. :1.676, 
hi .. :1.7211 
hll .. 2.7611 
h10 .. :1.7116, 
h11 .. :1.8:17; 
h1:I .. :1.855; 
h13 .. 2.881; 
h14 • 2.904, 
h15 .. 2.926, 
h16 " 2.946, 
hl.7 .. 2.955, 
hl.8 .. 2.9831 
hl.9 .. :1.99!11 -=, 

.1.. if loaJ.pha .. 0. 01 t:bCI dD I 
~ay ~01(4) ~1-b4, 

~1(1).. 3.0'9409, 
~1(2).. 0.025932, 
~01(3) .. -0.00039', 
~01(4).. 0.000002489, 
:b3 .. 2.9141 
M .. 3.0131 
h5 .. 3.0841 
Il5 .. 3.1601 
h7 .. 3.115, 
h8 .. 3.:1241 
hll .. 3.2511 
hl.0 .. 3.2111 
hl.1 .. 3.315, 
h1:I .. 3.3401 
h13 .. 3.3621 
h14 .. 3.3821 
hl.5 .. 3.4011 
hl.6 .. 3.4191 
h17 .. 3.435, 
h11 .. 3.6511 
hl.9 " 3 •• 66, -=, 

.1 •• dD, 
pile 'BlIBOIh Al.pha .... e 0.10, 0.05, or 0.01'; 
~, 

-=, 
if 10k < 20 t:bCI ai.gmaJ.1: .. h(aJc} I • 1.. ai.gmgl. I: .. l:Il. + 

l:t2*aII: + 
l)3 * alc*aII: + 
b4*Iik*aII:*aII:; 

aiv-1t: .. aiv-1e * a~ «all: - 1) /aII:) I 
aal.J. aymput:('aigmQlt:',left:(pqt:(ai.gmal.t:.8.3)))1 
~_1IU 
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