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ABSTRACT 

This study considers the problem of iriferring a functional eva­

luation criteria from existing performance measure policies. The 
,', 

objective is to develop a rati~nal basis by' which consistent augmenta-

tion_ of an existing 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 performance measures 

across. a. s.et of activities., A procedure for ranking measure com­

binations which are ~andidate implementation alternatives is devised 

using the characteristic by measure matrix and cost information. An 

example. illustrating the procedu~e is presented. • 
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(J 1. INTRODUCTION 

'The general. 'area, of performance measurement has been the subj ect 

of a number of r~centstudies [2, 9, 10, 121. The emphasis of tliese 

studies has been on both qualitative [12] and analytical levels [10]. 

Many quantitative approaches which have emerged [5, 6] have been nor-
~ , 

mative models seeking to optimize a well defined criterion function. 

" An important aspect ofperformanc.e measurement (within the quantitative 

paradigm), which has not received extensive study is the, analysis of 

perf6rmance, measure problems when no obvious objecti~e criteria can 

be' cited. 

Part of the problem pertaining to situations where the notion of 

optimality cannot be explicitly defined relates to t~e?idiosyncracies 

or any specific. application. Since, the c,ontext of individual. ~nalyses 

of performance measurement problems is so' variable, it is difficult 

to- develop normative performance measurement policies for ill s"tructured. 

problems that 'are valid .in any general. sense. 
. .. 
The matrix-or.iented model of Deutsch and Malmberg [5] provides' 

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

approached". 
~~;~ 

, 

This arises" from the fact that the matr~ analysis allows 
'" 

a compact summ~ryof relationships between activities, characteristics 
o 

and Dleasures within a system. As sllch,it provides at least some 00-

J~ctive basis upon which the comparison of performance measures· is 

PQssible. Although.it is not possible to identify a preferred measure 
() 

policy in general, using the matr~ model does allol~ a quant~ication 

of the diffdfences betweenpolicie~. As a result, we can use the model 
tJ 

to identify similar poli~ies even though specification of,an "optimal" 

" 

r 
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o 2. 

Bolicy may not be possibl.e. The purpose of this study then, is to 
'I • 

develop a methodology for determining'a performance measure policy 

which iS3,t least consistent with a' given or prevailing performance mea-

surement policy ... 
o 

" In the next section, an overview, of the matrix~oriented activity 

model for performance measurement is presented.. The third sections 
0: ;;;', 

d:iscusses the problem of describing a performance measurement policy 

in compact form. Within the context of this discussion, an objective 
Q 

criteria for selecting-among alternative performance measure com-
iJ 

binations to achieve consistency wLth a ~revailing policy is developed. 

,The final two sections present an example from the field of auto-

mobile insurance illustrating a detJailed application of the methodology 

and. conclusions are offered. 

- " 

2.. -THE ACTIVITY MODEL • 1 

This section provides a review of the model definin~ the relation­

ship between characteristics and activities used in the analysis.. The 

1Dodel. exploits the activity-specific nature of. performance measures 

in developing a'matrix form' which prov:tdesa 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. 

The operator and operand may both take the forms of information, 
a.. '. - . 

machines or people. Themode1 depicted in Figure i characterize~ ,. 
I! 

activities by three general kinds of information; operator, operand 

and process. The operator is the machine or organization etc. cQarged 
. ~ . 

with execut:frpg a parti<;ular. task, function or service. The operand 

.. 
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3 

represents the form of. input and final result stemming from an activity. 

. Finally in Figure 1, the process nature,. d.escribes the objective-served 
.. ; 

through an activity, the manner in which 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 mattix, as shown in-Figure 2, is 

us~d to qescribe .. the relationship between characteristics and act:i.v.:lties~ 

A zero i,n the mat.rix indicates that no association between an activity 

and the corresponding operator, operand or process characteristic exists; 

a one WOUld. indi.cate that there is an association between an activity 

o and characteristic. For example, the characteristic by activity matrix 

element relating maintenance (activity) and a janitor (operator) is 

likely to be a one. Elements of the matrix are specified by the con-.. . 
stituency for which performance measurement is be:f.ng"'conducted .. ,Column_. 

and row sums of the matrix in.'Figure 2 which represent the number of 

associates specific to individual activities and characteristics re-
o 

spectively, can. be cited as example of the usefulness of the matrix 

. form.-

2.3 The Activity by Measure Matrix-
. . . 

,.A second matrix representation depicting the relationship between 

activities and performance measures is shown in Figure 3. Similarly 

tOe the characteristic by activity matrix, ones (and zeros) indicate .' 

.associations (or ·no assoc~tions) between corresponding activities' and 

perfopnance measures. For example, the activity by measure matrix 
@ • 

. " 

element relating the" activity of inspection and a measure such as 

percentage defective ina manufacturing situation is. like1y to be a 

. one. Again we can cite coll,lmn and .row sums within the activity by , 
, 
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FIGURE 3. A Hypotheti~al Activity. by Measure Matrix. 
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measur~ matrix as representing the numbel: of aSSociations~;~~r~eriZ~g 
to 

an individual measure, or, activity respectively., \ . \ .. 
2.4 The Cnaracteristic by Measure Matrix 

I\. 
/~~t 

Figure 4 f;hows the results from premultiplication'lof t~~ matrices 

in Figures
u
2 and 3 •. The result is referred to 'as the c~racteristic 

by measure ~trix whose. elements indicate the number of activities over 

which ~Igiven characteristic and ,measure are associated. I It provides 
,;:,1 \ ( 

a basis upon which measures can be compared. In the f~~owing secti9ns, 
-'L" .! ' 

the potential for utilizing the matrix-oriented model in the analysis 

of performance measure policy is explored. 

3. UTILITY. INFERENCE IN MEA~URE ·Sn~CTION. 
.... -

In this section we provide a description of the problem context 

when the evaluator ~s faced with selecting whicp of several alternative 
\;V , " ' ' ''" 

-~"":'" 

performance measures should be implemented. 'We, will assume that the 

individual i~ making such a selection under conditions of limited re-
.' \' . 

flources,and is ,concerned withmaldng a selection which is both economical 
. l~\I. 

and consistelltwith. the. preferences, of the organi~a,tion. We further 
;,~ " ,r ." 

assume, that the problem can be defined, withih" ti~' 'a.'htiv:ity model struc-' 

ture since the characteristic by meas~re ma~rix' provid~s tha basis 

of the analysis., 

3.1 Problem Discussion 

In the se1,ection of performance ~easures, the evaluator in business 

and public organizations is often faced W1tha situation.where a single' 
8 . , 

performance measure is to be selected from a larll:er set of: available 
o 

performan~emeasure options. Pertinent objectives in making such a 

decision are to select an al.ternative which is both -consi~tent with the-

prevailing policy of the organization and an ecol.'lomical option in te:rms 

-'--

.. 
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'ofUirilpl~~ntation costs. 
,-. '\.. 

One approach to dealing with thfs problem is 
(;>, , 

, 
to analyze the available options relative to the performance meas~re 

1/1 . ... 
alternatives which have been previo~sly selected by th~\.organization. 

In this sense, the prevailing or "inherited" m~asure set is seen. as, 

, optimal or at. least as accurately reflecting the utilit.~ of the org~-
I 

ization. It should be stressed that our analysis will define optimality 

as both consistent with the utility of the organizatio~{tas reflected 

in prevailing policy) and ~ terms of cost effectivener~. 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 
Q 

two objectives 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 measure~l is to calculate 
" " ,. .. '. 

the price paid for covering each individual characteristic. This 

figure can then be reviewed ~gainst the average price for covering each 

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 ci.:ilculated for each measure. This figure is then averaged 

across measures for each charactel:'istic. The result is the average 
II 

price of covering each charac~el:'istic over one activity. 

3.'2.1 A Hypothetical Illustration 
\ . 

For example, suppos,~ we had the three chal:'actel:'istics (a), (b), 
~ 
.~ 

.~nd (c) covered by thetHfee measures (1), (2), and (3), and .the 

following chal:'acteristic ~ meaSUl:'e matrix: 
II 

\~ 
.~ 

II 

II 
1\ 
II 
II 
\\ 

\\ 
1i 



a 

(a) 2 0 

(b) 1 3' 

, (c) 1 0 

(1) (2) 

The ,costs for measures (1), (2) , and (3) 

~ 

L 

1. 

1 
"ti-

(3) . 

are 150, 

I 
I\.. 

'"" ' 

\ 

\~ 

.6. 

)0 
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) is! 33.33. For 
, \ .~ 

characteristic (a), two activities are covered. by mea;'1u-re (1) at. a cost 

of 37.5 each, and one activity at 33.33 is covered by measure (3). The 

average cost per activity of covering characteristics (b) and. (c) is ' 

. $54.17 and $35.42 respectively. That is, 

-~----~---

. Cost of coverage Number of activities times p~r cost per/Uac~ivities 

measure(l) measure(2) measure(3) 
Characteristic (a) = 36.11 = {2(37~5) + 0(66.67) +.1(33.33) }/4 

Characteristic (b) = 54.17 = {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 Emphasis of a Policy . 
.. 

One way to describe the policy embodied in a set of performa~ce 

measures is 'to·determine.the emphasis in spending directed toward in-

dividual characteristics.. If implementation cost information on indivi-

dual performance measures is available, we can describe a prevailing 

policy by calculating that proportion of total spen~ing which is used 

for individual characteristics. Referring to' our previous example, 

if we chose to implement measure (1) alone, (at a cost of $150), we 

would be spending 50% of our resources to cover characteristic (a) 

and 25% for coverage of characteristics (b) and ec). The cost per ac-
. . 

tivity would be $37.5 for each characteristic. Using this criteria 

then, we co~ld describe the policy by the equation; 

l I 

7 

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

3.3.1 The' Case of No Cost Information Available 

If implementation costs on individual measures are ,not available, 

a description ofa policy implied by a set of performance measures can 

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

acteristic.· -If. the measures (1) and co(2) from the example were imple­

mented, we would merely calculate the ratio of the number of activities 

covered' for each activity to the total number of activities covered. 
~ (: 

Using this criteria, we C~lIl describe, the measure' (1) and (2) pO,licy 

using n~ cost information. by the equation; 

.2857(a) + .57l4(b) + .1429(c) 

If we utilize the cost information available for this policy, we C~Il 

determine that the costs per activity of covering characteristics (a), 
.. 

(b) and .fc) are 37'.5, 59.38 and' 37 .5respectivelY-e Us~g this infor-

mation to.,.weight total spending, the eSluat'ion describing the policy 

using cost information becomes: 

2(37.5) . 4(59.38) 1(37.5) 0 ' 

(150 + 200) (~) + (150 + 200) (b) + (150 + 200), (c) 

or 

. .2l43(a):*,. 6786(b) + .1071(c) 

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

.acteristic (a), about 67 .. 9% for (b) and the remainder is allotted for 

coverage of characteristic (c). 

3.3.2 A Simple Measure Selection Model Based on Spell:.~ing Emphasis . 

If the sole objective in choosing bet~een alternative performance 

. ~easure options" is to be consistent with previous policy, we can utilize 

the analys~s developed so far in formulating an objective function. 

..... .., . 
.. , ... " ___ "'_~-"',c",-,---"",-,'>:;'·- ---
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," 

To· de'lI'elop a model for choosing among alternative. measure -sets, de-
/"; 0 !' 

. f~' (' • 
finet!ie notation; . :... .. 

c. } - cost of measure, i. 
]", 

'"Yij -. the nUmber of activities over which m.easure :i. covers,' . 

characteristic j. 

b. total number of activities covering characteristic j 
J 

over all measures. ~ a fea~ible set. 

K - the R. th member of the set of fea·sible measure com-1. 

binations,. 

P - the per-activity p~ice 
jR. 

of covering characteristi~ J 
'/ 

within. K •. 
R. o 

the proportion of total spending direct~d toward char-

acteristic j in previous policy. 
o e. - tbe number of characteristics to be coveraa; 

The set of feasible measure combinations, K'is formed and the 

selection model is writteItoas; 

~ y p :r 
Min: E ij. JR.. - q 

j-;t I· c j 
ieK .1 . . R, 

" 

\~ 
o {~ 

0 17 
slJ~.fect to: , , 

I y - b. ,) 

ieK i.j J . 1. 
j"'l~ •• ~ 

8 

\\ 
\I 
II 

.. ". 

" and 

.1eK 

Since. the ~bove model form does not take account of th~ relative im-
= 0 

plementation costs of measures, (other thap. to ').den~ify them: as feasible 

'or infeasible) its practicality: is 0 questionable. In addition, the 

discrei:e~ nature of thepr~lblem would make solutions for l'argeproblems 
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, '" , \., 
extremely. difficult. ~ In the following section we use the above model . . . 
form in develo~ing a measure selection model taking explicit accdunt. 

of the relative cdsts of alternatives as well as preva~ing policy' 

parameters. 

1 3.4- The (l~plied Economy of a Measu~e Policy 

Up to thiS· pOint, we, have not accounted for clost considerations' 

, .in discussing ways forsele~ting among performance measu~e=~iternatives. 
I 

One way to do this is to compare the per activity cost} df cove~ing 

.each characteristic with per activity',costs over all available mea-
;~ 

~ . 
sures. Tha~atio of these costs for each characteristic, u~der each 

alternative, provides,a meas~e 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-

plementing measure (1) alone, the per activity costs-of covering char­

ac'teristics (a), (1), and (c) are all 37'.5. The per activity costs 

ov.er ~l available measures are; 36.11 for characteristic (a), 54.11' 

for characteristic (b),. and 35.~2 for cha~acteristic (c) ~ 0 Ta1P:ng the 

ratio of. overall. costs to the co~ts· stemming ~ from hplementation of 

measure 0.) a"lone yields the equation; 

o O •. 9629(a) + 1.4445(b) + 0.9445(c) 

In order to make the above form compatible with other equations 

developed: to this" point, we can normalize the expression by; 

0.9629 (a) + 1.4445 
(0.9629 + 1.4445 + 0.9445) (0.9629 + 1.4445 + 0.9445) (b) 

+ 0.9445·' 
.(O!9629 +1.4445 + 0.9445) (c) 

" ~~-:,,":---:._~~~, -!:;.1!$;::I~,\:~;;::~:;:;,~~-;j;';;I,.,::O~/_:~~ .. :';""",~,.o; ,,,-..,,..,<.,~~., .. 
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of the problem •. Thesecinclude constraints' on the resources avai1able~ , ' 

This simplifies to the following equation whose coefficients sum to for measure tmplementation and constraints defining the" avaiIB.ble. measure 
• , Z'I 

one; 

O.2873(a} +, 0.4309(.b) + O~28i8(c) 

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

is the most economical characteristic to. purc~~,e, if ~e. can assume 

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

is merely a re-statement of the fundamental ~ssumPtion necessary for 
Ii (j 

using the activity dIlodel [5]. 'It is, also important to note that this 

equation is valid only for the alternative of implementiFLng measure (I) 

alone. 

3.4.1 The Ca~~ of No Cost Information Available 

It should be noted that this analysis is possible only in cases 

where cost information i~ available~ where no cost information is . . 
._ '7 

available,. and the objective in choosing among alternative performance 

measure options is to achieve consistencywdth prevailing policy, an 
\~, -~ .. ~.... , 

I' .... ~ 

objective function foni can be .inferred from the rela~ive number of 

activities covered for eachcharacteristic~ That is, we assume that 

" 

() 

.. preference among characteristics is proportional to the number of 

activ~tiesover which a characteristic is covered. As an. example, if, 

prevailing policy' were to ilnplement m~sures (1) and (3},then~ber of 

activities covered is three for characteristic (a), two for characteristic 

(b), and two for characteristic (c). The n01;1Ila.lized obj ective function 

for selecting among performance measure alternatives .is therefore; 
,(i'.' 

0.4286 (a) + O. 2857(b)b + O. Z857 (c) 

for th~3policy of implementing measures (1) and (3). 
. 

, 3.4 .• 2 Setting up the Measure Selection Problem 
(, 

To set up t.he measure selection p.roblem, th,e obj ective function 

mus.t be augmented by the appropriate constraint'S defining the, context 

1 
i 
i ., 

options. lVithin the ,measure selec tion problem, fleasibJ.e solutions are 
\. 

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

characteriS~:iC is evaluated in accordance with 'the Obj+uve criteria •. 

In the section which follows, an example of the complete cycle of setting 

up ax;d sO;Lving a measure selection problem, where the objective is 
\. f .... ';\ 

con-gtsten:cy with prevailing policy, is presented. 
, 
n" 

" J ; 
3.5 Development of, a Composite Measure Selection Criteria 

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 so far. 

Assuming that these objectives are equally w,eighted, we can merely 

take their product in order to develop an obj ective fiinc.tion. 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 

and po~icy economy; 

• .s(a) + .25(b) + .25C,c) 

0.2873(a) + 0.4309(b) + O.28l8(c) 

we obtain the objective equation; 

O.1437(a) + 0.I077(b} + 0.0705(c) 

Normalization. yields; 

0.4464(a) + O •. 3346(b) +, 0.2190(c) 

v 
It is important to keep in mind that this procedure is. applicable 

in situations where relativ~ prices are reasonably. {~table over time. 

.. 
~-
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T,o see this~ consider a situation when new measures are inqod\::d in 

a selectic;m problem where covering the previously most exp(ensive char-
" 

" acteristiics is now the most economical alternative. . Although~ this is 

not very realistic, in most practic,a1 situations, it is (easy to see how 
\. 

such, a development could completely undermine t;he analy,sis., In situations 

where relative p~ice stability across characteristics <ks reflected in 
" . f 

the implementation cost of correspondin~ measures) is not eXpected to 

be stable,. formation of the obj ective criteria utilizing,' spending em-
\ ' 

phasis, information alone would be more ~ppropriate. 

It i~ 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 seIection 

procedure, however, the relative economy across characteristics, for the 

most recent measure options presented is integrated int~ the· selection., 

This "cascad:i,ng" effect of the, economic crite~ia pro-rld'es a means of 

ut:Uizing both old and new: cost. information is deriving an expected 

value of the relative economy embodied in ~ew: measures. Furthermore, 

, if relative pricesac~oss characteristics are stable, the expect~d 

value. pr,ovides a very satisfactory forecast of these relative prices 

implied in the implementation costs of l1ew~performance ·measure options. < 
... "-, ' 

4.. AN ExAMPLE INVOLVING ~AUTOMOBILKINSURANCE 

To illustrate an application of the procedure ~resented in the 

preceeding section,' we consider the hypothetical case, 'of the auto-

motive division of an insurance agency. In this exampJ.:ej the evaluation 
i • 

c I 
utilizes the model presented in [5] to measure how we11 the au.to in-

surance d1,.vision serves its constituency of st6~kholders. 

, , 
.• ,1 

I 
I 
I 
! 
i 
I 
I , 
I 

- . 
\ ". 

'. 

" 
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The qctivities of the agency consist of performing s~ major func-

tions which include: 

L 

. 2. 

3. 

4. 

,po 

Making decisions concerning which new policy a~licants to 

accept for automobile insurance. 

Investigating claims. 

Updating renetval premiums for new moving violations and statute 

... iJ' ('-. , <.;.(-(\ 
Increasing market share by recruiting new preferred risk'policy 

o holders. 

6. Processing claims data for preparation of new rate hike re-

quest submittals to state government. 

Pertinent characteristics include poli~y holders; ~tockholders and 

the three maj or functions employed by the ,agency. They are, summarized 

as follows: 

1. Policyholders 

2. The "Sales force 

3. Claims Adjusters. 

4. Actuarial 

5. Stockholders 
II 

The set of currently avallable overall performance measures of the 
I 

,anto division inc.lude: 

I 
10 ) An online sales, gro~rth report.-This measure requires the 

installation of a rJllaiiVelY unsophisticated inquiry cap­

abilitY' providing e !ntiIlUOU. update .aDd display eajabUity­

. integrating sales f .gures with the customer information I • 

dat:abase. The estj~ated system cost is $800. 
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Motor VehicleDepartme~t records inquiry system-This system 

allows the agency to ~ccess up-to-date records of violations 
(, 

maintained by the state office of motor vehicle registration. 

The .system allows for prompt notification of moving violati,ons 
, 

and renewal premium revisio~s, its estimated,cost ia $2,000. 

3. ) A d,~tailed report breaking down loss' experience by customer 

and vehicle. categories-.-This measure requires the. design, 

preparation and processing of data collection forms to b.e 

compl~ted by claims adjuster~. 'The estimated cost is $2,200. 

4.) Services. of the Local Commercial Credit ,Rating. Agency-' 
, ' 

. , 

This measure provides credit histories or new policy applicants 

supplied by the Credit Services Bureau. The cost of this 

service is $2,400. 

5.) Implementation of coordinated personal referrals--This mea-.. 
sure involves agency personnel investigating personal re-

" ' 

fer ences. offered onn~w applications. The eStimated im-

plementation cost is $1,600. 

The· characteristic. b~ activity and activity by measure matrices 
. 

for this example are shown in Tables 1 and 2, respectively. Pr~mu1ti-

plication results in. thefoilowing activity by measure~trix: 

Policy 
holder~ 

Sales ~orce 

Claims 
Adjusters 

Actuar.ial 

Stockholders 

(a) 

(b) 

(c) 

(d) 

(e) 

Measure 

Sales Motor Vehicle- Loss EJwez:- Credit Ser- Personal 
Report Inquiry System ience Repottvices Bureau Referrals 

(1) (2) , (3) (4) (5) 

1 3 2 3 1 

1 1 1 2 2 
() 

0 '1 2. _0 0 

1 2 1 3 1 

1 0 1 1 1 

.--.-~ - .. 
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Policy 
holders'r 

Sales' !:. 
force 

Cla;J.ms 
Adjusters 

Actur1.al 

Stockholders 

" 

.-

, .r 

_"" ___ ~ __ ...,..,....-__ ~_---"~ ________ ~------- --~---------------~;r.-

ACTIVITIES 

; 

~ccept:anc~ Cla:t.ms In- Updat~ for Cpangefil i~ Recruiting Prepar~tiop <', 
:1 

()f New App": ves l=ig4t ion current vio"':' CU$tomer new Policy of Rate hike U 
" Iicants lations Status ho14ers req~ests 
II 
:' 

it 
.~t,.'.r!i~ I! 

11 

1 1 + 1 () 0 

o o o 1 o 

o 1 Q o o 1 

1 Q 1 1 o . 0 

Q 0 0 0 1 1 
I, t 
'j- ... -~ ... «" ------- -" '-' .":" ..,. r 

) -,. 

Table 1.' Characteristic by Activity Matri~ 
" 

.. " . ,\ 

" 
.:.. 

o , 
t1 
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"/ 'Acceptance of 

A New Applicant~ 

C 
Claims 

'J
T ,Adjustment 

~.;; 

o I 
Update for Cur-

V rent Violation~ 

I 
Cha!lge~ in Cus-

T tomer Status 

I 
Recruiting new 

E Policy holder~ 

S Preparation of 
Rate hike ~e-
qU,ests 

\ 

Sales"­
Report;: 

o 

o 

o 

I 

I 

o 

() 

MEASURES 

Motpr Vehicle' 
Inq.uiry 

I 

I 

I 

o 

o 

o 

Los~ Exper­
iepce Report 

1 

I 

o 

o 

o 

I 

Credit Services 
Bureau 

I 

o 

I 

I 

I 

'--- .. ~ --'" ..... 

Table 2. Actiyity by Measqre Matri~ . ;~ 

" 

Personal 
Referrals 

1 

o 

o 

o 

'I 

\ 
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\ 4.1. Development of the Measure Selection Criteria . 
. \ 

Using the cost information on measures ·and th~ characterist~c 

by measure matrix; we can determine the overall per ac\ivity cost for 

each measure as: 

Per Activity Cost. ' ) 
Measure (1) (2) (3) (Z.) (5) 

800/4 2000/7 2200/7 2400/9 \ 1600/5 
" It • " " 266.67 ) .~ 285.71 314.29 320' 

" 
200 . 

The per activity cost for individual measu~es can be used to obtain 

the per activity' cost for each characteristic as follows: 

Characteristic . 

15 

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

(b) '? [1(200) + 1(285.71) + 1(314.29) + 2(266.67) ~ T_ 2(320) 1/7 = 281.91 
_ ... -;'" 

(c) = [0(200) + 1(285.71) + 2(314.29) .+ 0(266.67) + 0(320)]/3 = 304.7' 

(d) = [1(200) '+' 2(285.71) + 1(314.29) +3(266.67) + 1(320)]/8 = 275.72 

(e) - [1(200) + 0c285.71) + 1(314 •. 29) + 1(266.67) + 1(320)]/4 - 275.24 

,;<.'If ,the. prev~iiing.Jneasure·poi~cy is. to.·~ir!.tain t~~ 'Motor ye-;' .. 

hic1e inqlliry system and to foI1ow up personaL :t;'e£erra1s, (total 

policy cost. of ~600),. we can compute the per activity cost for each 

characteristic under this policy as follows: 

Characteristic 

(a) = [3(285.71) + 1(320)]/4':.: 294.28 

(b) = [1(285.71) + 2(320)]/3 = 308.57 

(c) = [1(285.71) + 0(320)]/1 = 285.71 
c"~ 

(d),= [2(285.71) + 1.(320)]/3 = 297.14. 

(e) = [0(285.71) +1(320)]/1 =320 
, 
\ 
\ 
1 

\ , . 
~.: 

\ , 
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Taking 'the ratio of ,overall; costs to the costs "stemming from 

,prevailing policy yields the equation: 

0.9534(a)" + 0.9136(b) + 1.0667(c) + 0.9279(d) + 0.8601(e) 

Normalizing, we obtain., the following cost efficiency equation for 

the' prevailing policy: 
' . . , 

O.2019(~) + 0.1935(b) :,. 0.2259(c) + 0.1965(d) + O.182Z(e) 
. 

16 

The next step is to develop the equation describing the spending 

emphasis for the two-measure policy. This can be done by determining 

the amount spent on covering each characteristic and taking the 

ratio of this amount for each characteristic to the total cost of 

the. policy, i.e., 3600., The necessary calculations can be summarized 

as follows; 

Characteristic 

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

(b) +- 3(308 • .57)/3600 =0.,2571 

(c) ~ 1(285.71)/3600 = 0.0794 

(d) +3(297.14) /3600 =, 0.2476 

. (e) ~ 1(320) /3600 ... 0.0889 

- . 
~'.'" 

. The equation describing spending emphasis'Z:-i~bodied in the pre";'ailing 

policy is therefore; . 

O.3270(a) + 0.2571.(b) + 0.0794(c) +'O.2476(d) + 0.0889(e) 
o ~. ;\ ~ 

~ tj--",~ , . 

TQ obtain. the objective equation for selecting among new mea-

sures, we first take the product or the. coefficients from the, spending " 

emphasis and cost efficiency equations for each characteristjc !ielding: . 

~(Q",2019) (0.3270) (a) + (0.1935) (0.2571) (b) + (0.2259) (0.0794) (c.) 

+ (0.1965)(O.2476)(d) + (O.1822){0.0889)(e) 

',0 

o 

'. 



c 

o 
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T~s expression simplifies to; 'I, \...-

o ~ 

0.0660(a) .:.. 0.0497(b) + 0.0179(~) + 0'.0487 (d) +0.0162(e) t. 
, 0 \ 

'~~, 
By normalizing: we obtain the obj, ective function for $t:!;e:~ting amo))lg 

new performance measure 'alternatives as; 
i~ 

. Q 

O.3325(a) + 0.2504(b) + .0.0902(cr + O.2453(d) + 0) OS;6(e) 

''0 4: L 1; The Case of No Cost InfoJnation Available .' 

":~~lf!~()FeJlroceeding ~urthe;, it is worth noting that ,the objective 

o \"(' .~l': .c ' "'..;:? \- { • • 
funciet.~gnwhich would have been developed had no cost information been 

v~ I I} 
Q • (." ' 

available on individual measures.o Recall that the obj ective function 

for this case is based on the notion that policy preferences are ex-
o ' o 0 

pre~sed by the rel~tive ~umber of activities co~~red for each char-

I.' 

o \) 

acteristic: If we assume once. again that the' pr~vailing policy is 

to implement measures (2) and '(5) which cover a total of 12 acti-

vitiEls, the objective function. :1.s determined as foll!?w!3; 
, - ~ '";"'" 

(4/12)(a) + (3/:t2)(b) + (1/12)(c) + (3/l2)(d) + (1112)(e) 

whiC!h.can. De rewritten as; 
o 

O.3333({i) + 0:2500(b) +' 0.0833 (c) + O •. 2500(d) + 0.0833(e) 
A . 0 

Interestingly, the' obje~tiv~ function ~termined for the case of no 

cost. :I .. nformationres~b1es, the. one determined with costimormatioll 

quite close1). In fact, the obj ective w¥ch utiJ.j.zes cost information 

can often times be thought as ·amore preci:se version cof . '" the above. 
, d' 

4.2 Application oVthe Selection C~iteria 

Once an objective criteria is selected, specification of the 

measure seledtion problem is completed by identifying the set of re­

maining feasible measure combinations, ai:ui the appropriate constraip.ts. 

For OQ.r example, we will assume that the following twoadditi&nal o ' 
performance measures are made available; 

, 0 
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6.) Industry data pool membership--This measure woul~ al±ow 

7. ) 

\ 

member' agenci~s to access the policy histories of new~ 
\ 

appl'icants from' records' "of other iri:~urarice cpmpanies. 

The cost of membership is $1,000. 
I\. 

Customer ~erv~ce fe~~b~}ck ev~luation' P~ll--TrS ~easUre 
.would ;ecord and ptocess data from a customer survey 

'0 ,.. " 

'concerning the. service level provided by the a;gency •. 

The. cost of this measure is estimated at 
\ { 

$9q(}~ 0 

Introduction of the twcQnew measures resulted 
( .. 

in'theaugmenta-

of the characteristic by measure matrix as Iollows; 

Policy 

h~ld~.rs 
sales . 
~2,rces . 

(a) 

(b) 

Claims 
Adjusters (c) 

Ac.tuarial(d) 

D 

Stock-,' :!'i:~. 
holders.. ;(e) 

o 

Measure 

Sales Motor Veh::": Loss Ex­
Report icle Inquiry perience 

System Report 

(1) (2) ~ (3) 

1 3 2 

1 . 1 1 

o 1 2 

1 (0) 

1 

1 0 1 

o 

C~edit Per - Data 
Bureau sonal Pool 

Referrals 

(5) (6) 

3 1 1 

2 2. 

o o o 

1 1 

1 1 

In. addition to t~e pr,~va:i.ling measure policy (implementation of 

measur.es (2) and (5», management has budgeted an additional $2,500 to 

evaluato~s. Using this information, it is possible to define the set 

of ~easible combinations of measur.es from the ca~di~f1te measures (1), 

18 . 

Cust •.. 
Survey 

(7) 

3 

o 

1 

2 

o 

(3), (4), (6) and (7). . 
The feasible set of measures is shown in Table 3 

along With the corresponding objective value calculated for eacn com-

'bination. o 
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The Set of Feasible .Measure Combinations 

.(i.e •. , costing $2,500 or less) 

Measure Combination Cost Obj. Value 

{(I)} 800 
f? 0.9098 

{ (3)} 2,200 1.4221 

{"(4)} 2;400 2.3158 

{(6)} 1,000 1..1602 

{(1)} 900 1.5183 

{(1.), (6)} 1,800 2 .• 0100 

{(1.), (1)} 1,100 2.4881 

{(6), (7)} 1,900 2.1385 

.. :. .. ' . 

.(\ 

I'} 
~1 

" .::., 
(I 

o· 

Tab;J.e-3 .lhe Set of Feasible Measure Combinations. 
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From' Table 3, we can see tQat the measure combination of (6) 
. '.,,,-,. 

o 
and (1) ;DlClXimizes the objective value. That is', implementation of. 

the customer service feedback evaluation, and membership in the in­

dustry client data pool is the alterna:tive most consistent with pre- " 

vaUing policy. 

4.3, Post-Selection Objective Criteria Revision 

At this point, we are-also able to revise our objective criteria 
" '\)' 

in accordance 'with the new prevailing policy for the nex.ttime at 

which measures are .tq be selected. The revised. overall per activity 

costa for each characteristic are; 

'(e) - 260 •. 19 

T1:i:e revised policy "per activity costs for each characteristic are; 
u . . . 

(a) - 228.39, (b) - 265.14, (c) - 211.86, (d) -:Pl. 90, 

(e) - 260.00 • 

The ren.se~ cost' efficiency equation is' t~erefore; 

.l.808(a) ... Q.9946(b) + 1.2213 (c) + 1.0601(d) + 1~0001(e) 

Normalizing yield a the equation; 
fl • .. 

O.291l(a). + O.1634(b) + O.2001(c) + O~1143(dl + O.1644(e) 

'Therevise4 spending emphasis equation becomes;, 

Simplifying we obtain; 

O.3322(a) + .24l0(b) +O.0192(c) + O.2530(d) + 0.0945(e) 

.' 

Taking the, product of the coefficients from the cpst efficiency and 

spending emphasis equations, we obtain the equation; 

O.0981(a) + O.0394(b~ +O.0159(c) + O.044l(d) + O.01550(e) 

" 
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which is the revised objective criteria for selecting amo~ ne~er- ~ 
", 

formance. measure combinations. 

,~, 

, 
5. CONCLUSION, '" 

In this study, we have developed a rational baS~S\ by which to 

select performance .measure sets which have comparable properties with 

a prevailing measure set. The analysis would be particularly applicable' 

in cases where no clear definitions· of 

other than consistency with the status 

. I 

optimality can \be discerned 
- . t \' . 

quo and extrem~ly basic economic 

considerations. Although, the discrete nature of the problem form 
.. 

makes the solution difficult when the number of possible measure com-
i"'! ." -.~-.=-":;.~ .. "'-=""---~==---=-::---~=-~ --

binations is ,large; it provides 'a viable alternative to arbitrary 

selection procedures.,. Also, the problem fo~lation 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 i:s~ewhich remains uIlClddressed in this study is how 

to modify the solution procedure to simplify the formation of feasible 
'J 

o 
measure combinations. One promising area' for future research then, 

is the application of the methCi(i'cI:ro'gy~aeve:[op~ :in [6] aimed at re­

ducing the effort required in determining the set of feasibl,e' mea~ 

sure combinations. In addition, .1Ilore investigation is needed too in­

vestigate the-validityGif the assumptions upon which application of 

the"model is based, particularly theassumptionconcerni~g price stability 

of measures .over time. Also, the convergent properties of the method­

ology over many policy revisions should be examined. Finally, the case 

of fatliable cost information is worthy of a mare detailed future re- . 

search. 
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