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' Measure Combination

-

ABSTRAGT
This study'con31ders the problem.of'lnferring a funcLional ava=
luation criteria from.existing perfbrmance measure policies. The
‘ ObJ&cthE‘iS to develop a rational basis by‘whlch cons1stent augmenta-
tion of an ex1st1ng set of performance measures can.proceed when new
measure options become available. The analysis is based on a matrix
approach for*relating system‘characteristicS'to performancefmeasures

across a set of activities. A procedure for ranking measure com-

o &

binations which are candidate implementationoalternatiVes is devised

using the‘characteristic‘by measure matrix and cost information. An

example illustrating the procedure is presented. = I =
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‘policy in gemeral, using the matrix model does allow a quantification

T B T

g A L 1. INTRODUCTION

"The general,area of performance measurement. hasbeenqthe subJect

of a number of recent studies [2, 9, 10, 12] The empha31s_of_these

”studieS'has been on both qualitative [12] and analytical levels [10].

‘ Many quantltative approaches which have emerged [5, 6] have been nor—

mative models seeking to optimize a well defined criterion function.
An important aspect of performarnce measurement (within,the quantitative
paradigm), whichfhas'not‘received extensive study is the«analysis of
performance,measure problems whenvno obvious objective criteria can
bejcited. | “ |

Part of the problem pertaininé to situations where the notion of
optimality cannot be explicitly defined relates to thewidiosyncracies

of any speciflc.appllcation. Since{the context of individual.analyses

of performance measurement problems is so variable, it is difficult

’:toﬁdevelop normative performance measurement policies for 111 structured

problems thattarekvalid in any general.sense.

The matrix~orientedlmodel of Deutsch and Malmborg [5] provides

.a‘means by which the general‘area of’performance measurement can,be

approached. This arisesofrom the fact that the matrix analysis allows
a compact summary of relationships between’ activ1ties, characterlstics
and measures within a system. As such, it provides at least some ob—
igctiveﬁbasis upon‘which the;comparison of‘performancezmeasures-is -
possible. veltnougbgit is;not,possible«to identify a preferred measure
of the différences'between"policie;. As a result, we can use the modet

to identify similar;policieskeven‘though specification,ofman "optimal""’

bl
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~pblicy'may not be possiBle.

model for performance measurement is~presenteda

'and process.

L . A‘ o
The purpose of this study then, is to

develop a methodology'for determining a performance measure policy

surement: policy..~
In the next section, an overview of the matrixroriented activity

The.third sections

‘?,

discusses the problem of describing a. performance measurement policy

: in,compact form. Within the context of this discu551on, an’ obJective

e
crlteria for selecting - among alternative performancevmeasure com—

binations to achieve,consistency with,a'prevailing policy is developed;
Ihe=final tw0'3ections present an exampletfrom the field of'auto-

mobile insurance illustrating a detaiied application of theemethodology

and conclusions are offered. o %

e

2. -THE ACTIVITY MODEL

&

Thls section provides a review of the model defining the relation~

iship between characteristlcs and activities used in the ana1y31ss The
vmodel.exploits the activity-specific nature of performance measures
‘-’in developing afmatrix,fOrm which provides a structural basis by which

~,the coverage of system characteristics by measures can be studied.

//,

2. 1 A Simple Activity

Figure 1 depicts a.simple model of an activity. ActiVities are
viewed as the mechanism or process relating an operator and operand.
Thetpperator‘and operand'may‘both take the forms of.information,‘

The model depicted in Figure 1 characterizes

'/

amachines or people.
activities by three general kinds ofinformation,operator, operand

The operator is the machine or organization etc. charged
{Y

with executing a particular task function or service.. The operand

which is at least consistent Wlth a given or prevailing performance mea- }*

0
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FIGURE 1. Simple Model of an Activity. e T

e e et




3

SO
o i aacimtes

o t————

:*-j'm z

Fri e

: one.

Qand characteristic.

,stituency for‘which performance measurement is béing‘cnnducted

R T e e T R OO S

represents the form of,input‘and final result stemming from an activity-

-

1Finally in'Figure 1, the process nature describes the objective served

through an"activitf; the manner in nhich~resource inputS'are~applied
by a process, and the information'flow within the process.

2.2 The Characteristic~by'Activity Matrix-

The characteristic by activity’matrix as shown in-Figure 2, is

used to describe the relationship between characteristics and activitiesu'

A zero in~the matrix indicates that no association between an activity
andvtheccorrespcndiné*operator, operand or‘process characteristic exists;
a»cne.wouiddindicate that_there.is an;association between an activity

. FOr‘example; the:characteristic by activity matrix
element.relating‘maintenance (activity) and a janitor*(operator) is
likely to 5e,a one. Elements ci the matrix are specified by the con-
rColumnm
and row sums of thenmatrix in.Flgure 2 which represent the number of

associates specific to individual activities and characteristics re-

Cspectively,'can,be,cited as example of the usefulness~of the matrix

2.3 The Activitzﬁby Measure Matrix

‘activities and,performancermeaSures ig shown in Figure 3.

cperformance;measures;

A secondxmatrix4representation deplcting the relationship between
Similarly
to'the characteristic by activity matrix, ones (and zeros) indicate -
associations (or :n0 aSSOc1at10nS) between corresponding activities and
For examp%e, the,actlvity'by_measure matrix
eiement relating tﬁe:activity of;inspection and asmeasure,such;as
percentage defective in a manufacturing situation is 11ke1y to be a

Agaln we can cite column and TOW sums w1thin.the actlvity by

§
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A Hypothetical Characteristic by Activity Matrix.
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& . v o e ~ : o ‘ : - measure matrix as representing the number of associationsxcharaéferizing

i . o c e _ SRR ! ' o anhindividual.measnte.or,activity.respectively; i : k

¢

2.4 The Characteristic by Measure Matrix , :
S , , L N :
R : B , . Figure 4 shows the results from premultiplicationiof the matrices

ﬁ S c . -, o . v . ‘; , in FiguresQZ and 3. «The.result is referred to as the gharacteristic
| - 1+ ~ ;.1_‘.‘1: 01 i 0o f - e‘fgo '; o .t-’ .5_, lt | “ j o, b& measure\matrix\whose.elements‘indicate tne~number_of activities over
C o 3 o = ' | | . L - V.;{‘~; : » | | which a given characteristic and measure are associated.f Ic pﬁovides

' o R a basis upon which measures can oe compared In the féLlowing sections,
ACTTYTIIES c , ‘ o e : L v S f,'?“ : L the potential for utillzing the matrix—oriented model in the analysis

vof'performance measure-policy-is.explored.

, : ~ RS o 1 BRI o - 3. UTILITY. INFERENCE IN MEASURE 'SELECTION.
As--v 1 0 0 .1 - s - . - . B . N ? ) . . -

‘In this sécticn we provide a<describtion of the problem context

R T i when the evaluatortis faced with selecting which of several alternative
v T T - ‘ 3 ) ’ . W . ( : .

iy i o 1 . e L - 0 R S | o performance measures should be implemented. ‘We;willﬁassume that the
7..7 - ] ; : 0 . - ;.af ) v s G - R ; ‘ ; .
v : , . ) . “e

) R : : o o ‘Z“ir'e ‘ E ’ nfuﬂ e individual is making such a selection under conditions of limited re-

e : 1 S sources andcis concerned with making a selection.which is both economical
o u;-.7‘. L - and‘consistent with.the.preferences of the organlzation. We further

; S T - e P ' A R assume.that the problem can be defined within: the activ1ty model struc- L i

--fb._i~ﬁ = 2 B ture since the characteristic by measure matrix provides the.basis
G Lot s . £ . E

N

of the analysis.;

: - R f,'_ , ] B 3.1 Problem Discussion

R TS

R . R e RS : : In the selection of performance measures, the evaluator in business S *

]
SRS

: o Lo . LT Jq"f : : (P I ‘ and‘public organizations is often faced with a situatlon -where a singlei

. o R pexformagce measura is to be selected from a larger set of available

performance‘measure«options., Pertinent‘objectlves in making such a

. o = | 5o decision are to select an alternative which.isanth,con51stent'with.the?

la)

prevailingfpolicy of'the otganization and an.economicai‘option‘in‘terms,

b o e e . e S e
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Jand (c) covered by the tﬁfee measures (1), 2), and 3), and the

"5
~ -~

'of”implementation costs. One approach to dealing with this problem is

to analyze the available options relative to the performance,meaSure
J .
7 -

f alternatives which have been prev1ously selected.by the organization.

" In this sense, the prevailing or'"lnherited" measure set is seen as.

optimal or at least as accurately reflecting the utilinc of tneforganr
ization{_ It should be ‘stressed that our analysis will‘define optimality -
as both consistent with the utility of the organization{tas reflected

in prevailing policy) and in,terms of‘COst:effectivene%é. Since it is -

likely that these objectives will at least be in competition for re-'

sources (if not in direct conflict), some means for weighting the
a

two cbjectives must be devised.

3.2 Calculating the Per -Activity Costs of Covering Characteristics

One way to measure the cost efficiency of a set of performance
measures (if cost information is available on measures) is to calculate X
the price paid for covering each individual characteristic. This
figure can then be revzewed against the average pricerfor covering eachq
individual:characteristic. In order to calculate the average price

for covering a characteristic. In order to‘calculate the average price

for covering a characteristic over an activity, the average cost per

= activity is calculated.for~each,measure;' This figure is then averaged

across measures for each characteristic. The result is the average

N Yoo :
price of covering each.characﬁerlstlc over one activity.

3.2.1 A Hypothetical Illustratlon ' R

For example, suppose we had the three characteristics (a), (b),

following characteristic hy measure’matrix: . )
o \ Lo i
| LR C

i

o

i
i
I
i
i
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The costs for measures (1), (2), and (3)’are 150, 200, ‘and 100 dollars

respectively. The average cost per activity of coverage by measure (1)

. ’
is 37.5, by measure (2) is 66.67, and by measure (3) i$533.33. For
' 3

characteristic (a), two activities are ¢overed by measure (1) at a cost

of 37.5 each, and one activity at 33.33 is cqvered by measure (3). The
average cost per activity of cevering‘charaEteristics (b) and (c) is .

. $54.17 and $35.42 respectively. That is,

" Cost of coverage Number of actf;ities times per cost per/#aceivities

measure(l) measure(Z) measure(S)

36.11 { 2(37.5) + 0(66 67) + 1(33.33) }/4

Characteristic (e)

54.17

' Characteristic (b) { 1(37.5) + 3(66.67) + 1(33.33) }/5

Characteristic (c) = 35.42 { 1(37.5) +»0(66,67) + 1(33.33) }/2

3.3 Determining the Spending Em hasis of a,Poligzl

One way to describe the pollcy embodied in a set of performance

measures is to- determine the emphasis in spending directed toward in- e

ridividual charaeterlstlcs, If implementation cost information on;indivi-

dual perfotmance,measures is available, we can describe a preveiling
policy by celculating:that‘proportion of total spen%}ng which is used
for dindividual characteristics. Referxring to our previoes example,

if we chose to implement measure (1) alsne, (at a cost of $l50), we
would be spending 50%Z of omr~resources*to cover characteristic (a)

and 257 for coverage of characteristics (b) and (c). The cost per ac—
tivity would be $37.5 for each characteristic. Using this criteria

"‘then, we could describe the,policy by the equation;

.5(a) + .25(b) + .25(e) .

3.3.1 The Case of No Cost Information Available

4

‘ If.impleméntation costs on individual measures are.not available,
a.descriptlon of a policy implied by a set of performance measures can

be based on the relative number of actlvities covered.for each char-

acteristic.'-If”the measures (1)\andx{2) from the example were imple-~ -

memted, we would merely‘calculage the ratio of the number of acsivities
covemed for eachvectivity to tﬂe total number of activities covered.g1
USingifhis,criteria, we can describée the meesure‘(l)'and (2) policy
using no cost information by the equation; .

1.2857(a) + .5714(b) + .1429(c) . SR
If we utilize the cost Information available for this policy, we.caﬁ ;
determine that the costs per activity of covering characteristics (a),
(b) and (c) are 37.5, 59.38 and 37.5 respectively. Qsjmé this infor-
mation toﬁweight total spending, theeguatianmescribing the policy '

using cost information becomes: '

2(37.5) 4(59.38) 1(37.5)
(150 + 200) @ a) *+ (150 T 200) P (150 + 200)

or
" .2143(a) . .6786(b) + .1071(c) ..

That is, about 21.4% of spending is directed toward covering char-

acteristic (a), about 67.97 for (b) and the remainder is allotted for

coverage of characteristic (c). - : ' 'v‘ﬁgv

o

3.3.2 A Simple Measure Selection Model Based on Spending Emphasis -

 If the sole objective in choosing between alternative performance

" measure options; is to be consistent with previous policy, we can utilize

the analysis developed so far in formulating an objective function.

4
e e et e e e e L e N —
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| selectiOncmodel is nrittemgas;

' ' o2 Y. P
oo - Minme oo Z i3 j& _‘qj
= Toe, 3
s 1ek, L
. " ' . . o ‘ ‘O\A ‘ . ~© . " f
Csubject to: . o e
- ! 233= b, B SO v |
iEKl " . J . . ‘ - - ) . ;’ ‘ ' “- 1
and | :
2 ek :

:or infeasible) its practicality is’ questionable.

To. develop a model for choosing among*alternative.measure sets, de—

\Y ‘ «‘ -
fine.thecnotation,

'.
i .
S

C. /= cost of measure, 1.

~ the number of activities”over which measure i tcovers. .

iy , _ | |
% A characteristic j. //fzmrssgs ‘ S
_b:‘“;.total‘number of activities covering‘characteristic 3 Lo

i B E ; 5
 over all measures in a feasible set.

a

th member of the set of feasiblevmeasure,comr

Ki - the 2 e /
binations. ER -“‘ “_“ .
P = the per—activity’price of covering characterist1c41 .
is S . o
Within K . ;‘ {
"q, = the proportion.of total spending directed toward char— y
] \

acteristic j in previous policy. ’ : 5 o - R

t . - the number of CharacteriStics to be covered: .

~ The.set.of feasible measure combinations, K is formed and‘thej »

ASince the ahove model form does not take account of the relative imr

A fplementation costs of measures, (other than to identify them as feasible

In addition, the

discreteunature of the problem would make solutions for‘large problems

b LE R
B

-

N A

8

kY

%

.

ey en g

. sures. The,ratio of these costs for'each characteristic,

‘plementing measure (1) alone,

,acteristics (a), (b), and (c) are all 37.5.

‘ for characteristic (b),

extremély-difficult, In the following section we use;the&above model
form in developlng a. measure selection model taking expllcit account
of the relative casts of alternatives as well as prevailing’policy

parameters.

‘ 3 4 The;Implied Economy of a Measure Policy

Up to this point; we have not accounted for cost considerations:

dn discussing ways for selecting among performance measure'alternatives.

One way to do this is to compare.the per activ1ty cost?gf covering

.

each characteristic with per act1v1ty costs over all available mea-

under each

alternative, provides.a measure of the relative cost efficiency ob~

‘tained in implementing a particular measure set. We can again use

the -earlier example for illustration. For the alternative of im-

=P
a

the per‘activity costs of covering char-

The per activity costs

'over all available measures are; 36.11 for characteristic (a), 54 17

and.35 42 for characteristic (c) @ Taking the

ratio of overall costs to thehcosts stemming from implementation of

‘measure (l) alone yieldS‘the equation, -

e L0 o.sea + 1.4445(b) + 0.9445(c) .

In order ro make‘the aboverform compatible with other equations f

developed to this point,’we can normalize the expression by, o ‘.. Sy

b\

0. 9629

| 1.4445
(o 9629 + 1.4445 ¥ 0. 9445)‘a) +

(. 9629 + 1.4445 + 0.9445) ()

s

. : 0. 9445 e )
(o 9629 + 1. 4445 + 0. 9443)“2

-




is the most economical characteristic ro purchase, if we can assume i ;

that coverage of all characteristics are equally valid. However, this

' where cost information is available\ Where no cost 1nformation is

' objective function form can be inferred from the relative number of

‘This simplifieS-totthe?following equation whose coefficients sum to

" pnes

0. 2873(a) + 0. 4309(b) + 0. 2818(c) .

' Essentially, the.above equation implies that characteristic (b)

is merely a rerstatement of the. fundamental assumption necessary for

» G

using‘the activity,model [5] It is-also'important to note,that,this

equation is valid only‘for the alternative of implementing measure (1)
alone.

3. 4,1 The Case\of No Cost Information Available ‘

It should be noted,that this analysis is p0331ble only in cases

a -

available, and the obJective in choosing among alternative performance

&

measure options is to achieve consistency with prevailing policy, an

p B catalyg . -

activities covered for each characteristic; That is we assume that

-'preference among'characteristics is proportional to the number of ' . :,

ractivities over. which a characteristic is covered. As an.example, if.
‘»prevailing‘policy were,to implement measures (l) and (3), the number of )
activities covered is three for characteristic (a), two for characteristic
(b), and two for-characteristic {e). Thetnormalizedaobjective,function_b
for selecting among performance measure alternatives is therefore,
0. 4286 (a) + 0. 2857(b) + 0. 2857(c)
for‘the<policy of implementing measures (1) and (3).

o

3.4, 2 Setting up the Maasure Selection Problem

To set up the\measure selection problem, the objective function |

‘must be augmented by the appropriate constraints defining the context

i -

R P T . ) .o [T DR o - - PR ;
- - : s 75+ A o e e S TSRS S Tyt o s - . . : ,\\\’\\\L : R T
* .

, ; e ~
of the~problem., These: include constraints on the resources ava ableﬁ

for measure implementation and constraints defining the“available.measure
. ; . VA

options. Within the measure selection problem, feasible solutions'are 5
O

- ranked according to how the number of activities they cover for each

characteristic is evaluated in accordancerwith the obj%ctive criteria.
In the.sectlon which follows, an example of the complete cycle of setting

up and solving a measure selection problem, where the obJective is
v !

RN oI S e s

3.5 Development of a Composite Measure Selection Criteria P

consistency with prevailing policy, is-presented.

If our objective in selecting among alternative;measure‘sets is
to achieve.consistency'with'prevailing policy, it is possible to com-
bine the measures of'spending emphasis and economy‘developed solfar.
Assuming that these objectives are equally meighted, we can merely
take their product in order to develop an objective function‘for the
measure selection model. To see this, consider the prevailing,policy

of implementing measure (1) in our earlier example. By multiplying

- the vectors. of coefficients from the equation describing spending

emphasis;
[¢] - : ' o S B S S

.5(a) + .25(b) + .25(c) - S S Rl
and policyveconomy, 4 | | .

0.2873(a) + 0. 4309(b) + 0 2818(c)

we obtain the obJective equation;

‘ 10.1437(a) + 0.1077(b) + 0, 0705(,.)' :

Normalization yields; £ o - L R
N o;44~64(g) + 0.3346(b) so.mgo(;) . |

It is 1mportant to keep in mind that this procedure is applicable

in situations where relative prices are reasonably’ntable over time._

. . o
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To see this, consider~atsituation‘when new measureSLare‘introduced in
"a selection problem.where covering the previously most expensive char—~'
acteristdcs is _mow thesmost economical alternative., Although, this is

not very realistic in most practical situations, it 1s,easy to see how

such & development could completely undermine the analy31s.. In- situations

where relative price stability across characteristics QLS reflected in
the-implementation cost of correspondin? measures) is not expected to
be.stable, formation of the objective criteria utilizing,spending ‘em=-
phasis. information.alcne»wou]d be more: appropriate. \5

i\

It is also worth noting that this procedure implicitly incorporates

the previous relative economy across characteristics in selecting among '

alternative measures. With each application of the measure selection
procedure,‘hOWever, the relative economy across characteristics,for‘the‘
most recent measure options presented is integrated into the selection.
This "cascading" effect of the,economicocriteria provides a means of
utilizing both old and new'cost.information isnderiving~an‘expected :
value;of'the relative economy embodied in new measures.l Furthermore,

- if relative prices across characteristics are stable, the expected

value.provides a very satisfactory forecast of these relative prices .

- B -

implied 1n the implementation costs of uewwperformance.measure options.-‘ _

'4;kiAN:EXAMPLr iuVorvING;AUrOMOBILE'INSURANéE
V,To illustrate‘an application of the procedure presented«in the
preceeding section, We consider the.hypothetical case ‘of the auto-
motive»div151on of an insurance,agency.’ In this example; the evaluation

utilizes thevmodel presented in [S] to measure how well the auto in—

surance division.serves 1ts constituency of stockholders.~“u

*

-
*

&

i o e e

et b A i i e

i

-asto division'include:

13

-

The activ1t1es of the agency consist of performing 31x major func-

tions which include: ‘ o o - 4

-
i

1. Making decisions concerning which new policy applicants to
| ’Vacceptofor automobiletinsurance. |
" 2. Investigating claims.
3. Updating reneWal'premiums for new moving violationsland statute
of‘limi;ftions on old violatioms. | l\ N
. »Processing.changes¢in current customer“statuszshch as new

automobiles, added coverage, etc.

AN,
A ,.cr\c

ﬁ, Increasing market share by recruiting neh preferred risk policy
| oholders. B |
6. Proce581ng claims data for'preparation of new rate hike re~
quest submittals to state government.
Pertinent characteristics include policy holders~ stockholders and

ks

the three major functions employed by the agency. They are summarized

-as follows.
1. Policy”holders
2. ‘lhe“Sales forceh
3. Claims Adjusters.
4. Actuarial‘ |
5. 'Stockholders e .

Ihe‘set ofAcurrently available overall performance measures of the

1,) An online sales growth reportruThis measure requires the
S installation of a relatively unsophisticated inquiry cap-‘
' ability'providing cgntinuous update.and display caﬁability
Aintegrating sales,figuresewith:thejcustomer information

-data7b359~‘ The estimated[systemycost is $800.




2.)

Mbtdr Vehicle,Departﬁept'recotdstinquir§ system~—This‘system

“allews the agency to access up-to-date records of violations

isJ

 maintained by the state office of motor vehicle registratiom.

3.)

4.)

5.)A

The system allows for p;ompt‘notificetion.of ﬁnving‘violatipns
and renewa1~premium reeisiops, its estimated cost is\$2;000.
A q5tailed reéort breaking down loss experience by'customer B
and vehicle.categories——This measure requiree the‘design,

preparation.and processing of data collection forms to be

completed by'claims adjusters. 'The estimated cost is $2,200.

Services qf'the Local,Commercial Credit Rating Agency——

This measure provides credit histories of ne# policy applicants

supplied by the Credit Services Bureau. The cost of thisl

service is $2, 400.
Implementation of coordlnated personal referrals-—This mea-

sure involves agency*personnelkinyestigating personal re-

ferences offered On-ﬁgw applications. The estimated im—

plementatioﬁ'cost is $;,600.’

TheLcharaeteristie>by activity and‘activity bi‘meeeure matriées

for this example are‘shown'in,Tables l and 2, respectively. ‘Preémulti—

n plication

o @ @ SN €) 4 [OR

. Poldicy ™~ o V C :4 : S |
- holders v (@ | 1 R ST 2 o ’ '3 S
Sales force (b) | 1 ,fVA’ 1. ; 1 . 2 ) 2

Claims | N e E : | - S -

Adjusters (c) | O , ‘X2 : -0 , 0
Actuarial (@ | 1 . 2z 1 e
Stockholde;s‘(e): A "' » Q 1 1

results in the,following activity by measure‘matrix.,

Measure

Sales‘ Motor Vehicle Loss Expe:-‘-Credit‘Ser—‘ Personal
Report Inquiry System dience Report vices Bureau Referrale

14
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ACTIVITIES

Acceptancg' “~Cia1ms,In- Update for Changes in Recruiting
of New App-  vestigation current vio~  Customer new Policy
. ldicants o lations » Status holders

o N

[l

5

priemaion

‘Policy , CoEL T , .
 holders” o ; 1 B B T 5

¢

Sales . : : ‘ 7 ' .
force : ,l . 0 : 0 0 1

Claims B ‘ : : : ) :
Adjusters = 0 o 1 0 : 0 ; 0

‘

 Acturfal T 0 R | | 1 0

Stockholders i o - 0 ‘ 0 | 0 . 1

- Table 1,  Characteristic by Activity Matrix
¢ \
“ « ,”
, “ 3
. g . , : l

Preparation .
of Rate hike
- requests

e

&
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Claims
Adjustment

Update for Cur~

rent Violations

Changés in Cus-
tomer Status

_ Recruiting new
’ - Policy holders

Preparation of .

Rate hike re-
quests. '

o

&
O
R . o ) “m”i
MEASURES ; .

Sales* Motor Vehicle" Losg Exper-~ Credit Sexvices Personal j
Report Inquiry ience Report Bureau Referrals 5
k 4

, !
0 1 1 1 1 |
: o i d

: |

. |

0 1 1 0 0 i

Q i

=5 ‘:’){

1 0 0 1 0 f
R g

< » g?

1 0 0 1 1

0 O ’.'t - l v‘u——./.‘..v 0 . 0

i S1i. : = R
© Table 2, Actiyity by Measure Matrix ' 2
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4.1 Development of the Measure Selection Criteria

’ )
Using the cost information on measures -and the characteristic

by measure matrix; we can determime the overall per‘acfivit& cost for

each measure as:

Per Activity Cost

Measure @ (@) @) %) (5)
800/4 2000/7  2200/7  2400/9, - 1600/5

n " n o om \.( e
200 © 285.71  314.29  266.67, % 320

The per activity cost for individual measures can be used to obtain
the per activity cost for each characteristic as follows: .

Cﬁaracteristick‘

(a) = [1(200) + 3(285.71) + 2(314.29) + 3(266.67) + 1(320)1/10 = 280.57

(b) =
(e) = [0(200) + 1(285.71) + 2(314.29) + 0(266.67) + 0(320)1/3 = 304.76
@) =<[1(200)'+'2(285;71) + 1(314.29) + 3(266.67) + 1(320)]1/8 = 275.72

(e) = [1(200) + 0(285.71‘),4-,1(314..29) + 1(266.67) + 1(320)1/4 = 275.24

%?Ifkthe“pr6vailing_ﬁeasﬁféfpoiicy is to.maintain the motor ve=' .

EE

hicle inquiry system‘and~to f011OW'dﬁ‘personalageferrals, (total

- policy cost of 3600), we can compute the per activity cost for each

characteristic‘under this policy as folloﬁs:

Characteristic |
(a) = [3(285.71) + 1(320)1/4 = 294.28
, (b)h= [1(285.71) +‘cz_(320)]/3 = 308.57
(e) = [1(285.71) + 0(320)]/1 = 285.71 )
(@) .= [2(285.71‘;) + 1(320)1/3 = 297.14.
(e) = [0(285.71) + 1(320)1/1 = 320

[1(200) + 1(285.71) + 1(314.29) + 2(266.67) + 2(320)]1/7 = 281.91

4 s iy it e o
¥

s b

Ry

!
[

T

';policy is therefore'

emphasis and cost efficiency equations for each,characteristic yielding-

Taking the ratio of overall costs to the costs%étemming_from‘

.prevailing policy yields the equation: .

Iy

0. 9534(a) + 0. 9136(b) + 1. 0667(c) + 0. 9279(d) + 0.8601(e) .
Nbrmalizing, we obtain the following cost efficiency equation for

the prevailing policy.
G. 2019(a) + 0 1935(b) + 0 2259(c) + 0. 1965(d) + 0.1822(e) .

The next step is to develop the equation.describing the spending

‘emphasis for the two-measureipolicy. This can be done by determining

the amount spent on covering each cheracteristic and taking the
retio of this amount for each characteristic to the total cost of
" the policy, i.e., 3600.

The necessary calculations can be’eummarized

as followe;

©

Characteristic%

(a) + 4(294.28)/3600 = 0.3270

"

(b) + 3(308.57)/3600 = 0.2571

0.0794

- (e) + 1(285.71)/3600
(d) + 3(297.14)/3600 = 0.2476
(e) + 1(320)/3600 f,, 0.0889

_The equation describing spending emphasis embodied in the pr vailing

0 3270(3) + 0 2571(b) + 0. 0794(c)4+ 0 2476(d) + 0, 0889(e) . -
. To obtain the ob;ective equation for selecting among new mea-— |

sures, we first take the product of the coefficients from the spending

. £0.2019)(0.3270) (a) + (0. 1935) (0.2571) (b) + (0. 2259) (0. 0794)(c)
+ (0. 1965)(0 2476)(&) + (0. 1822)(0 0889)(e) .

e S

g

s b St s, e
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1is expression simplifies to; , e ~< ; o G P | | P 6 ) Industry data pool membership--'rhis measure would al}:ow
0.0660(a) + 0.0497(b) + O. 0179 c) + o 0487 (d) + o 0162(e) o D SR I S S
s ) ( (d) & | i - ra R ‘member agencies to dccess the policy histories of new':
By normalizin :we obtain the ob ective function for selectin amo j SR ‘ . : \
g j \ g ng ’. ' s | | applicants from records of other ingsurance companies. ,
new performance measure'alternatives as; T R ’ i The cost of membership is $1,000 E
0.3325(a) + 0.2504(b) + 0.0902(c) + 0.2453(d) + 0}0816(e) . - SRR D | 7.) Customer servi SR Ty
S, _ 1777 ‘ : L7055 : . ce feedback evaluation poll--T S measur
s 471.1 _Th of Informat | S ' RARRE S n . L e sue
= 4 ; e Case of No Cost Information Availabte o - | ‘ . would recor d an d process data from 3 customer Sur"vey ,
ﬁcfore Jproceeding further, it is worth noting that th‘e'*obj ective - 1 concerning the service level provided ¥ th
) A ‘ Yy e agency.‘
which wou1d have b en de eloped had fo cost nformation been x ) g ' c ’ : S
s, e velop 4 j} 5‘: | , . 1, The. cost of this measiire 1s estimated at $9q0 : o -®
available on ind1v1dual measures. Recall that the obj ective function R 3 ' . : In - o
o . L - oy tr oduction of the tw)new measures resulted in’ the ‘augmenta-
for this case is based on the notion that policy preferences are ex- : R f . Lion of the characteristic by measure matrix as foll
N R 5 ; 3 leasure s follows;
pressed by the relative number of activities covered for each char- L o L\x ¢ o o ‘ . .
’ . B R : : o \\ o - _— - Measure
' acteristic. If we assume once. again that the prevailing policy is : S ¢ 1 ’ ' ! /2' , : Sales Motor '\Tebf— ‘Loss Ex~ Cre dit Per 'Dc, .
. : | ST Repo S Data Cust.
to implement measures (2) and (5) which cover a total of 12 act:i- S . e : = : /’ L P rt ;‘ci‘i Inquiry: perience Bureau‘ sonal Pool Survey
: ~ ~ e ' o, ' S ystem o Report Referrals
vities, the objective runction is determined as follows, T ; E _ T .P . - - (D) 2y - “(3) (4.2 o (5) (6) a
5o RN O SR Q CY RS -E S
4113 @) + (3/12) ®) + (1/12> @ + 3 /12> @ + @ B o h\lders @ |1 3 L, 31 1 T3]
which can be rewritten as, Sl e S i - ; SRS | , ' Sales . [ I EEA S :
' = SRS EE T w v foreces () |1 . IS ; ‘
0. 3333(a) -l- O.ZSOO(b) + 0. 0833(c) + 0.2500(d) + O. 0833(e) . s ‘ (, . R ( ), s R 1 S 1 2 =2 2 0
Interestingly, the obJen..t ve function L;:termined for the case of no T B R : - Adjusters(ec) | 0 1 2 0- ' o :
cost information resembles the one determined with cost information '; . ol ; ' A B Actnarial(d,) . 1 e 9 T ‘ i 1 :
quite closely. In fact the obj ective which utilizes cost informatiom ., - . . | e -~ Stock- ' u,a 1 R _ R
R R U R e ' - holders. (e 1. - : ST SR R R
can often times be though** as amore precise version”of the above. R _ E TR LIRS | I R ( ) - S i . 1 1 1 0
P e e B e s - I 7 B
4,2 Application. oﬁ/the Sel-ection Criteria ‘ et - S R u ’ : , o A |
| Once an obJective criteria is selected, specification of the r § i ; In addition to the prevailoing measure POliCY (implementation of
measure selection problem is completed by identifying the Set of re- t measures (2) and (5)), management has budgeted an additional $2, 500 to
maining feasible measure combinations, and the ,appropriate constraints. ' o c e ; : - evalu,ato;rs. Using this informat:ion, it is possi‘ble +0 define the set
e For,j our example, we will assume that the following two additional . ‘ of feasible combinations of measures from the candidate measures (1)
£ f : » ; ‘ ’ = . . >
performance measures are made available; | B S (3) (4), (6) and (7) The feas:.ble set of measures is shown in Table 3
e o ST P SR ¢ ' ' " along w1th the corresponding obJective value calculated for each com~
- . §O \\m% ’bination. o ° ‘
| A ey e W% e o e o
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g ;
- ThevSet of Feasible Measure Combinations
(i.é., costing $2,500 or less) ’
‘_Measure’Combination '-ycost‘ Obj. Value'
o {@} 800 0,9098'
E {(3)} 2,200 1.4227 “ °
: {(4)} 2,400 2.3158
R 1) 1,000 - 1.1602
S L " 900 ‘i.5783 -
T e 1,800 2.0000
: L@, M} 11,700 2.488L . 6
| : {(6),(7)} - 1,900 ; ’ 2.7385
} . ﬁ]~“ g
32 - Tab;efS.y'The‘Set'of‘Feasible:Measure{Combinations.: - L
b e 3 o ,

which measures are.tq'be selected.

Normalizing'yields‘the equation-

19

From Table 3 we can see that the measure combination of (6)
and (7) maximizes the objective value. That is, implementation of

the customer service feedback.evaluation, and membership in the in—

dustry client:data pool,is the alternative most consistent with pre= '’

: vailing policy.f .

4.3, Post-Selection Objective Criteria Rev1sion

At this point, we are: also able to revise our obJective criteria
in accordance ‘with the new prevailing policy for the next time at

The revised)overall per activity

costs-forieach'characteristic:are;

(a) - 246,84, (b) - 263 71, (c) - 266 07 (d) - 245 98

-9
(e) - 260 19 - ‘

T

, (’The~revised policy per activity*costs for each characteristic are,

(a) —'228 39 (b) ~ 265. 14, (c) - 217 86 (d) ~e231 90

(e) - 260.00 o

T8

‘ The revised cost’efficiency equation is therefore,-'

e 808(a) + g. 9946(b) + 1. 2213(c) + 1. 0607(d) + 1 0007(e) «

I\

Do

0 2971(a) + 0. 1634(b) +»0 2007(c) +—0 1743(&) + 0. 1644(e) .
The revised spending emphasis equation becomes,.

182712 ', 1325.70., , 435.72. .y , 13L&, | 520.00 0
5500 @ )+ 5500 () *- 5500 ¢ ©) * 75500 Fd).+ 5500 @) -

\Simplifying we obtain,

0. 3322(a) + 2410(b) + 0 0792(c) + 0. 2530(d)~+ 0. 0945(e) i.

~,iTaking the product of the coefficients from the cost efficiency and.

: spending emphasis equations, we obtain the equation,"

0. 0987(a) + 0 0394(b) + 0. 0159(c) + 0. 0441(&) + 0. 01550(e)

Y ey RS S B b IR 3% b B o s e i e
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which is the revised objective criteria for selecting~amopg nemsper—

Y
3
it

,

. 5. CONCLUSION. | SN _
In thisfstudy,'we have developed airational:hasis~by which to
selectrperformance measure sets which have comparable properties with

a prevailing measure set. The analysis would be_particularﬂgrapplicable

‘in.cases where no clear definitions of optimality"can{be discerned
: other'than consistency'with the status quo -and extremgly*basic economic

- considerations. Although the~discrete nature of the problem form

makes the solution difficult wben the number of possible measure com~

binations is 1arge, it provideSaa viable alternative-to arbitrary

selection procedures. ‘Also, the problem formulation is based upon ‘

) such,straightforward and unsophisticated mathematics, that it should
: be.understandable,to individuals,with little .in the way'of'quantitative,

‘knowledge.

An important issue which remains unaddressed in this study is how

o

- to modify'the solution procedure to simplify the formation of feasible :

U

measure;combinations.- One promising area for future research then,
is the application of the.methodology dev§10ped in [6] aimed at Te~
ducing*the effort required in determining the set of feasible mea-
sure~combinations. TIn addition,kmore,investigation is needed to. in=

vestigate‘thefvalidityggf the assumptions upon which;application of

the ‘model is based, particularly the assumption concerning price stability

Also, the convergent properties of the,method- ;
ology‘over many policy revisions should be examined. ‘Einally,;the case

of falliable cost information isvworthy of a more detailed future re—

search.,

it s e ¢ 5

Ly

2.

4.

'-Bodily,QS. E., "Police Sector Design Incorporating Preferences

e l'tEFERENCEs

of Interest Groups for Equality'and Efficiency," Management
Science 24, No. 12 (1978), pp. 1301-1313 o R Come

55

Brown, J., "HOW’tO Measure Group Performance," Industrial Enginv

: . o
w17, o
CE )y

Connolly, T., Conlon,!E J. and Deutsch S. J., "Otganizational

eering 1, No. 9 (1969), pp.

Effectiveness' A Multiple—Constituency Approach " The Academz

- of Management Review 5 No. 1 (1980)

Deutch, J., "Design and Methodolgy of the Social Security Ad—

ministration s Evaluation and Measurement System,' Proceedings

' of the Social'Statistics Section, Part I, American Statistical

PR

oy Association (1976), PP. 8-11. R .

-~ 6.

70

8.

o
s

Deutsch s. J. and Malmborg, C. J., "A Model for the Selection of

- Performance Measures," Industrial and Systems Engineering~Report

Series No. J;79-40 Georgia Institute of Technology, Atlanta, GA. o

- (1979). B e T o |
Deutsch.'s.'J; and Malmborg, C. J;,”"A;Methodology'for the‘Comparisoni e
. of Performance Measures," ISyE Report Series Nb. J%BO-OZ Georgia ’

Institute of Technology, Atlanta, GA. (1980)

Deutsch, S. J. and~Ma1mborg, C. J., "The Design of. Performance
Measures,?'IsyE Report Series No. J-80- ; Georgia Institute of

Technology, Atlanta, GA. (1980);

,Farquhar, P. H. and Rao, V. R.y "A Balance.Model,for EValuating Sub-

sets of Multiattributed Items," Management Science 22, No. 5 (1975),

pp, 528~539.‘,“




el L ] e e R A TR Y S YO S, it 3 i 5 o

i
1]
i
!
I3
i
@
¥
W

P

L et e A EE A ot s o

At a5 e e

100
11

12,

14.

16.

17.

. ‘-Gorcian, P. and Niedercorm, J. H., "A Procedure for Fully Evaluating

i“ "the 'Anticipated Impacts of ‘Selected Public System Innovations on,
Var:.ous Env:.ronments Usn.ng Citizen-Generated Information Inputs,

Sdcmo—Economic Planning Sciences 12 No. 2 (1978), PP~ 77—83.

Lee, S., M'.-, "Goal Programming: for «»vDecision' AnalySis of‘ Multiple o \X |

Objectiv'es_, ",_ Sloan Management Review 14, No. 2 ‘(1973), PD. 11,-14.

Malizia, E. E. ,_"Comparative vaalnation ‘of Two Sets of. Social IQndi-‘

cators," Management Science 22, No. 3 (1975), PD. 376-383.

Molnar, D. and Kammerud, M., "Developing Priorities for Improving

‘the Urban. Social Environment: A Use of Delphi," Socio-Economic

]

Planning Sciemces 9, No. L.(1975), pp. 25-29.

Nackel, J. G., Goldman, J. and‘Fairman, W. L., "A Group Decision
Process for Resource A‘L].ocation in the Health Setting," Manage—- /

ment Science 24, No. 12 (1978), PP 1259—1267 .7

Possnard J. P., "A Note on Information Value Theory for Experiments

Defined in Extensive: Form," Management Science 22, No. 4 (1975),

PP. 449-454 o 1.,» S L :

Raisbeck G. ,' "How the Choice of Measures of Effect:weness Constrains

Operational Analysis," Interfaces 9 Nor l& (1979), PP 85-93.

Schendel D. and ‘Patton, G. R., /"A Simultaneous Equation Model of

Corporate Strategy," Management Science 24 No. 15 (1978), PP

1611-1621. | - | | *
Shaughnessy, P. W. s "Statistical Issues in Empirical Studies to

Assess ‘the Impact of Health Policy," Eroceedlngs of the Social

/»»\

Statistlcs Section, American Statistical Association (1975),

PP . 68—77 » ’

o A e L : g et

.'-f*r';r;jm :

LD

'

AT T O I L g S e B S e | ey e e st v,

18.

19.

b
Skogan, W. G., "Comparing Measures of Crime: Police Statistics and
Survey Estimates of Citizen Victimization in American Cities,"

]

Proceedings of the Social Statistics Secta.on, Amer:x.can Statistical

Association (1974), PP. 44~52.°
Vertinsky, I. and Wong, E., "Elicitin‘g Preferences and the,Construction'
; 'of Indifference Maps: A Comparative Empirical Evaluation of Two k

: Measurement Methodologies," Socio~Economic Planning Sciences 9,

NO--‘ 1 (1975) 3. Ppu 15"‘24. : ‘ o @

oo

e



i

OO L B O oL e gt e o otk o8 e e+ e o e S e ki A I, TPt
m Tt povgdH
. R S v A
; - . I S N - . L il = . e . St v o "
TR el S : ) . 5 < . P - ; P
: - - 3
i o .
g an
e .
- - i
¥ o M
¢
: o :
g 7 B . N
pa E .
o » B .
\ 5 ;
o . v ‘
3 . 1. .- M
. {
2 .
” : R -
- - : o
i &
; 13
v - .
5
e = :
L .
_ 9 B N ; .
’ . a N
. fo L B =
° :
. . ’ . I
RN H
- USRS
o v : .
¥ , R .
EL ‘.
- SR SRR P ; v —— e ;
i ™ 5 5
. . i
-4 : ' o
oo ¢ .
Q } : #
o - . R "
=7 i = ’ » " > 7 v * g
. = o
= 3
i
=y g
[ ,,
«
s . .
-
g
¢ o < ;
T .
o .
Y
. : ,,‘ E
o = i
4
= )
’ . a y
, T3 .
[ . o . R
& & N
(a3
LY
< )
- ¢ , :
. o
- -
5
5 A .
o . o
o N I .
% & w
< o g : \
- [<3
-1 o B :
xl r -

e R o vx,h“ﬂ‘l P ‘ v
W .,M.!k..l.\l.,, N )
| o
' o |






