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PERFoRMANCE MEASUREMENT is a tundamenral step in risk
assesshent. ln a stable system, perfomance will remanl the same
{ntil ihe und erLying process chang€s, so a measuiE of current per'
formance constiiutes an ass€ssment of ftrture risk (Deming 1982,
I 993). I'erformanc€ measurement and benchmarking arc both meih-
ods ihai car assist h haard .ontul, by revealing opporiunities
for prccess improvement.

T H E  R E l a r o N s H r p  B E T W E E N  P E R F o R M A N C E
M  E A S U R E M E N T  A N D  B E N c H  M A R K I N G

Performance measurcment and b€nchmarking at€ obviously inter-
twined. M€riam Webst€r's online dictionary (wwwm-wcon)

d€fines bercl,rrrln,g a6 "the study of a competiio''s product

or busiDess practices ir order to inprove ihe perfomance of
one s own conpany" However, the ierm derives frcm the noun
i,.rclrarr. The definition of a benchn.rk includes "a point of
reference from which measurements maybemade" and "some

ll ng that senes as a standa.d by which others may be measurcd
orjudBed." Perfomance measuremenl is usually nol v€ry mean-
ingful unless there is a benchmark for .omparison. If you are
asked how fast someone is going, and you get an answer of 100
miles per lrour, you would ihink ihat was extemely fast on a
bicycle, fast in a .ar, not very fast in a racing.ai, and €xtremely
slow in a jet plane. To the extent that performance measurement
is evaluative, there must be an expli.it or implied benchmark.

On the other hand, io the erient tlrat benchmarking repre
sents an attempt to improve peiformance, it is necessary to find

benchmarking pa ners that have excellent processes drd excel-
lent performance (Camp 1995). The objective is to identi4, and
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implement the processes that lead to superior per-

fonnance in other companies. Thus, benchrorking

camot be done effectively in the absme of good per-

rorman(e measuremenl. Keeping lhese inlelielalion.

ships in mind, the €hapter first addrcsses perfornance

measurement and then benchmarking.

PERFoRMANcE APPRAISaL

Detini n g Pertonance Appra lsal

On the face of il perfornance appraisal in safety should
be veiy simple. One can simply count injuries, deatht
and property IosE.In reality. however, Lhe problem is
vely diffioli. The fotlowint problems arisel

. Some industries and aciiviiies are inh€renily
more hazardous than others,

. Over a short p€riod of iime or with a Elatively
small population, the inherent valiability of
these counts is high, making judgment based
on ihe numbers veiy inaccurate.

. In an environment wh€rc a major disaster
could occur, such as with an airline, a chem-
ical plant. or a refin€ry, aEsessing lhe likeh-
hood of a major eveni should be a top
priorLly These are so rare thar,lhankfully, in
most sites, ihere is nothing io count, even
though the danger may be high.

Dichonarycom d€fines safry as tu€dom ,rorn dan"
ger risk, or iniuly. Conditions are easily conceived in
which there is no history of injury bui great risk of
tulure injury Of course this appears to be th€ case
with shutile flights up to ih€ iime of ihe Challenger
and Columbia disasters. Although there was no his'
tory of injury, the engineers working on the flights
estimated th€ probabitity of the loss of a v€licte in
the range of I in 100 (Fe''iman 1999).

Ideall, a measure of perfonnance would tell us
lhe level oI freedom horr danger, ri<r, and rnjlry
The rneasure would noi be a picture in the rearvrew
minor but ralher an acomte forsast of tutuE ex-
pectaiions, so long as the system is not changed.
Many readers may believe that incident counts are
indeed an accuraie forecast of overall safety. But the
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available evidence indicaies that ihis is not ihe case.
Pan oI lhe probleb lies in ihe ld.k of rcliabilrty of inci-

deni couls because the standards for OsHA-r€codable

events can vary from company to compdla and wen

from day to day in the same company (Calder and
Ragan 2004). An arii.le in Pnf$sioial kktV deKibes
how E.odable ours can be attered thrcugh "medical

mnagemeni of injuries" (Rosier 199D. This praciice

is widespread and is a significant limjtafion io the

reliability of accideni counis (Cader and Ragan 2tJ04).
Anothe. problem is thai accideni counts have proven

to be a poor predictor of catasirophic evenb (Manuel€

2003, Petersen 2000, Wolf and Berniker 1999).

Oblectlyea ot P.rformance Ap9raisal

An inportant objective of performance apprajsal is to
provide information to guide improvement eftorts. An-
other is io hack the €ff€ctiv€ness of improvements that
arc implehented. This is the plaD-do-study-act cycle
described by Deming i1982) Closely related to lhls i,
the need io evaluaie the performance of manag€rs and
to provide guidance for esiablishing reward systems.

Hazarda ol Performance Apprclsal

The first question io be asked is $'hether an accurate
meaningtul assessment can Eally be made. This chap-
ter suggests ihat one can indeed mak€ a usetul assese
ment of the safety p€dormance of an olgantaiion ot
subunii. The second question is, whose performanc€
is being applaised? A safety rnanager jn a plant is pari
of a system. He or she usually has very limiied con-
trol ovei the larger system. The syst€m includes such
praci ice. ab hir ing pol ic ie! ,  educal ion and lrdining.
manpowei decisions, budgets, capital expenditures,
and much more.All ofthe things menlioned have an
impact on safety. Althouglr one can measure the pei-
formance of the system, it is much more difficult to
rneasure the perfomance of individuals wo.king in
that system. DeminS (1982) argues continuously and
eloquently that attempting to evaluate the perfoim-
ance ot individua s wo'kin8 in d (omp p\ \flem i! d
wasie of iime. Nevertheless, ii is urilikely that blsiness
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will move away from this an]'tine soon. Howevs,

the reader should be awe of the limitatiore of such

evaluations when they are used.

Consider the following actual case stirdy: Many

years agoa markering cohpd ny i'ad d youn8 mdn in

sal€s vrho was very bright and energetic- However,

his perfomance in sales was continuosly disappoint-
inS ro his quperioB. He wds labeled an underachiever

and, in private conv€rsations, much worse. H€ con-

siantly asked his managers to b€ allow€d to sell in a
difterent way and was constantly told that the com-
pany had a sysiem of proven success and that he should
sell exactly as he was told. The sales r€p wanted to un-
cover marketihg problems that snfronted the dstomer

and r€tun to his office io prepare a solution. The solu-

tion  ould be present€d to the custom€r on a subse-
quent visit. He was told that h€ need€d to present a
Eolution and close the order on the initial visit, lik€
all ofhis succelsful colleagues. One day th€ manage-
ment s,lstem chang€d, and his new manager iold him

io gooutand sell in thewayhewanted. Within a year
he was the company'. top salesperson and a leaderin

lhe indushy. Up to this time, the company had consid-

ered a $10,000 order to be very large. Afber th€ system
change, thisrep wrote orders as largeas $500,000, at
higher margins. Changing the systeh dramarically
changed his performance. At best one can measure
only the interaction between an individual and the

system in which he or she works (Deming 1982).

One of the wor6t risks of conducting a perform-

arce appraisal is that when rewards ar€ based on
$at appraisal, it can provide an incentive to game

the syst€m. Levitt and Dubner's recent book (2005),

I/eakoromtcs, describes, in conside.abl€ detail, a num-

ber of cases ol how re$'ard systems lead to cheating.
This is not an accusation that managers commit fraud

in order to secure bonuses. Although this has hap-
peled.  d i  ev idenced by rhe accouni ing ha!d convrc
tions in the cases of Enron and World Com, it is
hopetully rare. However, there is m inieient conflict
of interesi in basing the pay of a persoD who is neas-
uring something on the result of that measurement

procesi .  An e\amplc of  lh i )  Und or  man:pula, ion :s

seen in Figlrre 1 (Cardei and P.agan 2004).

Figure 1 shows a control chart of recordable acc!
denis for Grcup 2, one of several manutucturing units
in a large plant. Each point on the '-axis repr€sents
ore month. The y-d\is i. ihe rale of recorddble ac.i-
denis. There is an upwad shift around months 23 to
28. This shift illusirates a proc€ss shift in the wrong
direction with seven consecutive points above the
pr€vious mean. For rul€s of nrlerp'Eting control charts,
the reader can ref€r io Nelson (1984). Although the
out?ut of a stable process will vary, certain patterns
in the variation indicat€ that the process has changed,
indicating a special cause. Special causes ne€d to be
investigated. Some special causes indicate that ihere
is something wrong with the measur€ment process.
On closer examination, the next seri€s of points is very
close to the new mean. According to the rules of con-
troi charts (Nelson 1984), a special cause requires the
finding of hlte€n poinls wiLhin one standard devia-
tion of the mean. In this case, this condition is not
m€t because there iE another process shift ai month
30. Howev€r the points between months 23 and 29
are rnuch closer to th€ mean than onestandard devi-
ation, 6ugte3tint the presence of a special cause. Upon
invesiigation, it was found that b€cause of the upward
shif! in the incideni raie, managers in Group 2 put
extEme pE.sureon the group to hold down the accn
dent rates.In theirzeal to tu lhe trend, they did not
realize they had gotien exactly what they asked tox
People stopped reporting accidents. Accldents hap-
pen€d at the rate expected for ihe process, they simply

FIGURE r. Contml chart of accid€nts by month,
showing poce3s shlfts
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did not report those they codd hide or classiry as not
being llnrdable. As the number of accidents in the

monih in@ased, pressur€ to not report also jncreased.

Part of the .eason the rates did noi drcp fa her was

that some accidents were just too sedous io hide. This

actual case is a clear illustration ofmanipulaiing the
data to achieve an outcome and shows the value of
using effective measurement tools to identjry when
this happens. Here the safeiy managers knew that

the existence of nonrandom pattems indicated that
someihing was vrrong with the measurement process.

Such patterns are fiequently an indicaiion that some-
one is manipulating the data Oeming I982). The satuty
managers used that udelstanding to focus atiention
on the causes of the staiisiical anomaly and acted 10

In order to grald against ihe risks involved in

ass€ssing perlormance, onemust have an understand-
ine of the principles of measurcment. Application of
ihese principl€s is ffiiical to a meaningtul assessrnent
of performance. Incid entally, the applicatjon of these
principles to Enron, World Com, and Health South
wauid probably have revealed the problems early in

ihe garne. For example, Bansteiter (2002) points out
that reveral analy+s wh^ Iooked ca!€lully at a varj-

ety ofmeasures of Enron'6 performance were able to
fores€e serious problems. While revenues were grow-
ing, net margins w€r€ shrinking. Potential risks were
obscured by keeping then offth€balance sheet. AIso,

senior management was dumping a loi of stock.

P nciples of Measurcment

The quality of a measure is detemined by iis reliabil-
ity drd validiry. No neaflre is perf€ct, and all measws

have limitations on theirreliability and valjdity (Dem

ing 1982). Deming frequently illusiraies this point by
refering to measuements of the speed of light, whi.h
is an impo.lant constant in physics. He chaded the
variaiion of this measurement over time. Because the
speed of light is assumed to b€ onstant the .hait shows
the variation in the measurement. Another illustra-

tion he used is variaiion in tlt ceNus, depending on
the method used. He noted that ihere is "no tlue value
of anything. There is a measurement method and a
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Esult." If the m€thod changes, it is likely the result

wiu change.

Reliability of a Measutmdt

Essentially, /eiiabiiify Efers to ihe repeatability of a
measu.e. For qample, there is a pariicular Solf course
in central California at whi€h the yardage marke's

appear to be unreliable. Themarke.s that si8niry 150

yards to the green appear to be out of place on the

eighth and ninth holes, reflecting a distance of closer

to 160 yards. This may be explained by the asseltion

ofone oI ihe course employees that thepersons who
put in the markers used a 150-yard rope to make the
measuremenis. The rope was nylon and got w€t as
tlrcy prcce€ded. The w€t rope stetched, yielding longer

distances on the later holes.

One could use many methods io measure the

course, ranging lrom pacrng ofr Lhe dhtance tou.ing

a ste€l cable, las€a o! global positioning sysiem. Meas-

uring a distance repeatedly wiih eAch meihod, would
Iikely yield a spread of numbers around an average
in each case. This is called sprcad u|riotion. Variation

is quanrified by computing t}e standard deviation.

The standard deviation is a statistical estimate thai
quantifies the variability of a measur€. The greaier the
standard deviation, the greate! ihe variability ol the

measure. The varjability of measuremetrts froln the
laser presuhing it was working prop€ily, would be
much smaller than the others. The wet nylon rope

would very likely have the most variation. on€ would

conclude that the laser was more reliable. There is nu

such thing as a perfectly reliable measrre. A[ measules

will show variation.
In some cases reliability is assessed by lookingat

the variation betwen obserers. For exarnple, audits

at€ scored based on the judgment of an auditor or 6udit
team. To judge the reliability, ask whether a different

audi l  leam, LrnawarF of  lhp in l ia l  le im .  pv i ludr ion,

would give the sahe oi a similar s.oE. In practice,
have two auditors condu.t audits ol a number of sites.
Each audiior would be unawareof the scores Itven
by the other Then compute a corelation .oeflicient

between the scoE given by the two auditors. A cor'
ielation coefficient assesses the degre to which one
neaqu.e p?d clr anolher In lhn, d\e ore i- 6se$Irg
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whether the score asgigned by one team predjcts the
score of the oiher. A hjgh value, meaning drat the

scores of one team are good pr€dictors of the scores
of the oiher, would indicate good reliabitity. A v€ry
lo or even negative correlation would mean that
the prccess has no reliability at atl, in this pa icular
test. It is still possible that one of the auditors is very
accura te. However, there are two problems with thjs:
(l) one €an't know which audiior was co'r€ct, and
(2) even if that could be detemined, the process

would be dependent on one persont judgment. In
this case the measure is neithe! reliable norusetul.In

order to develop a reliable and usetul measurc, one
mightar tempttoc lar i iyandbet terdef inethecr i ter ia
and methods, retrain the auditors, and t€stagain fo!
r€liability on a difierent set of plants.

No matier how reliable a measure might be, it will
still have vadation. If two audit.rs consistently tEport
exactly the sarne s€orc for the audit of a plant, manag€-
ment should question whether they ai€ rEa y operating
independently. As mention€d previously, anomali€s
in variation often signal a problem wiih the measure-
ment process. If a measur€ has rc va.iation at all, one
is noi looking dos€ly enough, ihe gauge is broken, or
the numbers are being manipulated by the obs€fver.

Reliability is not a property of the instrumenis,
but of the entire measurement process. This includes
the iools, the instrum€nts, the proc€dures, and the
people. Subjeciive judgmenr can be very rel'able in
some cases, and rneasurement with the fin€st instru-
ment6 can be unEliable if the process ihat uses these
instmments is flaw€d.

To repeat, any measure will vary If the measure
does notvary or if the pattenr ofvariation is not nor-
mal, an investigation is warranted. Assuming there
ale no anomalies in the variation, ihen the less the
variation, the higher th€ reliability For my particular
purpose, there is a level of reliabiliiy thal is accept-
abie for the task. When carpeting a rcom, one cn us
a tape measure, bui noi one tha t is elastj.. When meas-
uring length in oider to construct a complex optical
system, the laser might be Equired.

In ihe safety area of a business, it must be realized
that all measures have reLiablliiy limiiations and that
a measures de subjeci to manipulation. It is impo.
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tmt to understand the limilaiions of each measure
and io take ihese limitations into account rrAen mal.ing

decisions based on the measurements.
It is impoltani to realize also that a measu.e with

high reliability may stlll be worthless if it does not
convey anything !etuldbout the whdt one i( trying
to measure. lust because a measure is rcliable does
not mean it wiu help management take etre€tive action.
This leads to the concept of validity.

validit! of aMeas rch'ett

l&lidityrelates to whether one is measuling what he
or she wanis to measure. When measuring the r,,/idth of
a roon. thequestion ofvalidity usually does not arise.
When measuring a complex prccess such as aptitude

to p€rform well in college, or the ab rly of lhe rafery
managemeni system in a plant to prevent tuture los!,
validity becom€ a serioue question. Scieniists (Cmn-

bach and Meehl 1955) generally define thrpe categories
o! validityr cont€nFr€lated validity, crit€rion"r€lat€d
validity, and construct-related validity.

CONTENT.RELATED VALIDITY

Olre^ called face wlditu, conient-related validity asks
wheiher the content of the measur€ment process is/ on
it6 face, rclaied to the purpose of the measurement. A
good example is found ir sar€ty audits. If a question
ask! whetler employees use personal proteclive equiF
m€nt on the factory floor, that question has face val-
idiry If one ask6 whether employees go out lor beer
together after work, that lack fac€ validits/ because
nothing in the content appears to have anlthing to do
Mth $feiy. However the question mighl have cntqion-
related validity and construclrelated validity It could
tum out that when employees have close personal
relationships the plant is safer and that going out fot
a beer (or bowling, or to churclr etc.) afier work rs
evidence of such relationships. Of course, tlis i6 not
an asseriion that this is aciually the case.

CRITERION-RTLATED VALIDiTY

This is sonetimes called f'edictibe ulidirr.I\ deals with
whether one measure correlates with other measures
that could be caued oiteria. Foi erample the SAT iest
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is an attmpt to measue the likelihood that a siudent
wil succed in co ege. Obviously the clitelion here

is colege pe oimance. Yale Universit, has used the
SAT fo! many years. Alihough they admit if is noi a
ve.y good prcdiclor, they also say that it is ihe best
they have. This is because different high sch@ls have
very diJferent .riteria forgrdding..o thal an Ain one
might be equivalent to a C in another. Over the yeart

the Pearson corr€lation betw€en SAT scor€s and Yale
grad€s has run in the rang€ of 0.2-.03. This i6 statis-
tically significant, meaning that tlre SAT does indeed
hav€ critedon"related validity. However, this level of
conelation means that, at best, what js measurcd by
the SAT is accounting for no more ihan 9 pe(ent of
the variation in college grad€s. (Squaring th€ correla-
tion coefficient of0.3 gives us the percent of variation
accouni€d for 0.09.) The other 9l percent is presum-

ably account€d for by other things, such as mohvahon,
the qualjty of the studenrs secondary €ducation, the
difficulty of ihe courE$ chosen at Yale,luck, or any
number of other variables €ach studeni must face
and overcome to "make th€ grad€" at the university.

Wh€n d€aling with large populations, it may make
good €conomic aense to use measures such as ihe
SAT, whi€h have relati!€ly low criterion-relaied validib,.
Howevea individuals who are negatively affected
by such measures will always have a pretlt good
argument that ihe measurementwas unfair to them.

It is also important to realize thdt the crilerion r<
arbitrary After all, the success of a Yale .alEer should
not be h€asuJ€d by Srades. Yale and mo{ o]her rhiver
siiies are interested in producing good, ploductive
citizens and leade$. Does the SAT predict that?

In the safety field, injuries and monetary losses
are ce ainly usetul .riteria against which to iest other
measurcments. However, they are not the only pos-

sible cdteia, and they may not be the best criteiia.
Ultimtel), one wodd like to know the ability of the
.afet) mana8ehenl syrlem lo preveir tuarc acci
dents and losses. Alihough a bumed finger may be
of some concem in a chemical plant, it is trjvjal in
.omparison with the release of a toxi. chehical that
could injur€ or kil thousands of people. Btrause catas-
bophes are forhmaiely infrequent, they are inconven
ient to use as diteiia in a validation study. An excellent
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safety measure would enable the prevention of cata
strophic events. Minor incidenis such as bmed fingqs

are associaied with cost and sufferin& but they are
neither equivalent nor di1€ctly €laied to ctas&Ephic

events {Manuele 2003, Peterson 2000).
Because crite.ia are usually somewhat arbitrart

and because there is often no single, ultimte crite-
rion, it is best to use several criteria when attempting
to establish c terion-bas€d validity This not only will

mak€ it more likely that validity will be established,
but also win lkely inci€ase undersianding of the m€as-
ure being tesied and ihe results attained. This leads to
the concept of consauct-r€lated validity.

CONSTRUCI-RELATED VALIDITY

Cahsttuct-rcbted oaltlity goes to the understanding of
what is b€ing measured. In th€ measurement of safet)'
pe ormance, ther€ has been ljttle work on construct
validity. Carderand RaSan (2004) used aleliableand
v.lid safety survey io measure performance. They
found that the critical constructs measured by the sur-
vey w€re (1) managem€nt's demonstration of commit-

ment to safety, (2) education and knowl€dg€ of the
worKorce, (3) qualib? of the safety supervisory process,

and (4) employee involvem€nt and commitment. Coyle,
Sleeman, and Adams (199$, working with a differ€nt
survet identified a similar set ofconstDcts.

Safety professionals have been inclined io take
the rneasur€s they are using for granted asa result of

their content-based validity. If thei intuitive feeling
js that the measur€ is valid, they use it. They iook to
th€ content of their measurements to determine ex-
actly what is being measured. There is a serious 1im"
itation in this praciice. The most obvious case is the
way i rc idenl \  ar  counled.  A minor .u l  or  bum is

record€d and investigated. On iheotherhand, many
more impo.tant events, such as a .hemical reaction
going iempoiarily out of control, are often nelther
r€corded nor invesiigated. The assumption, based on
faith nthe! ihan evidence, is that the bum and the
contrel of the chemical process aie the same thing.

Although they may be related, given they are both
oulpu.  of  lhe overal l  mdnagemenl  . l r lem. the pv i -

dence indicates that they are not the sam thing (Wolf

and aerniker 1999, Manuele 2003, Petersen 2000).
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A better understanding what is being measured,

leads to bet ter  judgmenr or  whar manaSemenr ac

tions are suggested by the measurEment (Carde. and

Ragan 2004).
Mmgers prefs measlres they believe to be highly

reliable, in spite of the lack of any evidence regard-
ing the validity of those measures. Mant hanage's

b€lieve that surveys and inteNiews are of doubitul

reliabiljty and that the measuremeni of incident rates

is quiie reliable. ln fact the data show that EuFeys

and inteffiews can be very r€liable, wh@as the recod-

ing of incidents is hequently unreliable. In a recent

book (Carder and Ragan 2004), we describe numer-
ous examples from our own personal €xperience of
how incident rates can be unrcliable. More impor-

tant is the limited ability of incident rates as a meas-

urE to enable the preveniion of tuture catastrophic loss
(Wolf and Bemiker l99t Manuele 2003, Peiersen 2000).
This is an irnportani limitation of the construcFbased
validity of incident-rate measures.

A measure with moderale 'Eliability and high

consiruct-related validity is much prefer.ed over a

measure with ligh reliability and little or no evidence

of construct-relat€d validity. The latter measur€ may
be very accurate, but it does not p'ovide anything
us€ful to guide managenent aciions. If it is used to
glide action, the effort will lik€ly be wasied. B€cause
it has litile €onstruct validity, it lells very little about
the process one is attempting to improve. It would
be l i le  uc ing a map ofOhro to dr ive in  Pennsylvanra.

usobiliry of a Mercureme t

Usabit'y rclers to the ease and cosr of lhe rollowing.

. collecting lhe data

. analyzing the data

. comunicating measurement results

. using results to devise action plans

COLLECTING DATA

In 1994, a safety suvey (Carder and Ragan 2003,
2004), which is diccu'\ed nr detdil ldter on, wds dF-

veloped. The survey was conducted in more than 50
pldnr \  of  d mdjor ,  hemiLdl  manufdr turer  ln  ihe pre-
vious year, the company had estabiished a manuJac-

turing strategy team (MST) to evaluate the quality of

ihe management system in the same plants. When

the ptants' suNey scor€s vrere mnpared with the MST

s€ores, the correlation coefficieni was -0.58. The.or-

relation is negative because on the MST, lower KoEs

indicated bettei perfomance, whmas with ihe saJety

suwey, higher scores irdicated better puformae.
This corelation indicates that the two Focesses were
measuring many of the same things. However the

MST process t€+ned ftvo to thi€e highly bain€d and

expeiienced siaff members to conduct several days

of inierviews at each plant. The survey process rc-
quired the employees to fi out a simple yeslno survey
that took 20-30 minutes, usually during an already

s€heduled safet/ meeting. The scoring of rhe surveys

was automaied, and the analysis of ihe resultinS daia

was r€latively simple. Moreover, the survey had high
reliability. The reliability of the MST process had not
been evaluated. Thu6, as a measure of perfomance,

th€ survey was less expensive and simple' to imple-

ment than iheMST p'ocess.It had much high€! usa"

bility. Actually, the strong conelaticn between th€

survey and MST represented a validation oftheMST
proc€ss because the survey had been validated against

other giteria as well.
An important lesson taken from this exp€li€nce

was that a good managem€nt system is likely to leld
good safety perfomance. A tool that is used to meas-

ure the qualiiy of the safety-management (accident-

prevention) syst€m also gives a good evaluation of lhe
quality of the overall management sysiem.r The survey
was a simple, quiclr and inexperuive tool that pmvid€d

insight into how /ell a gmup was being nanaged. The

altemative app.oaches to measuing the overall qualit)'

of the rnanagement s'Eiem had a cct that wd odels of

naSnitude higher, required much mor€ effort, and pro-

duc€d tess staiGtically supporlable r€sutts. The $aey
tool is in the public domajn, as ai€ desoiptions of

how it can be used for measurement dd for prccess

irnprovenent (Carde. and Ragan 2003, 2004)-

ANALYZ]NG DATA

Managere often want to rcduce perfoimance evalua
iion- to numerical drla Tlib srmp ilie. conpahon


