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ABSTRACT 
c" 

Tha focu.s of this paper is an app1.i.cation o·f the- ap.proac.h 

to designing org:aniza:tiona.l perf.o·rmance measur.es, described.i.n 

Par.t I [1.]' ~,nd is i~tended to demonstrate how' the method,ol:ogy 

can, ba implemented •. Each sequence of s~eps described in Part I. 

carried out in the context of measuring the perf,ormance of 
is 

inspecti.on pe,rsonnel for a manufacturing concern~ 
These steps 

uclude; c~ns truction of the obj ective matrix" ass·essment of 

informatio,n preference functions, speci.f:iccation 0'£ the para­

meters of the information volume ,penalty function~, and sol.ving 

the :Lnst::ume'nt desi,gn problem. 
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Utllity~ Matrix Represe1;ltations 

Va,l.ue Function, Cognitive Process 
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I. 0 INtRODUCTION 

~ , ' 

Th.e ~,ethodology for the design of orga,n1'za:ti.onal per-" 

f.o,r.mance measures descri.b.ed in Part, I [l} raises fiv'e key 

tec:hno,1.ogical questions. The first concerns how the. problem 
. .~) ~ 

elements (i. e:, components and a:'ctivities) are ·defi.ned~ and 

how the objective matrix is co~strllct·ed. In particular, the 
" 

resolutjon to which component,s and activiti:e·s are· enumerated 

and the extent to wh.i~h they in~errelate must be det.ermi.ned 

in each app.,icatio .... A d'i 1 . .L .~ secon . mp ementation related question. 
~ 0 

c.dncerns ho~to ident.ify interdependent a.ctivities and com-· 

ponents for the purpose of forming indepen~ent activity and 

component subgroups. Thi.s issue obviously requi:r-es: us to 

address the nature of performance .interdependenc:tes, that 

charac;te·ri.~e a specific' problem. Third~y,..value· f-u:nctions 

defined 011. 'subgroups must be assessed, along wit.h the ge.n.e'r:a~ 

form and. pa.rameters of acti.vi.ty value funct.ions and. the char .... 
I}l . 

acteri~tic value, funct-ion. This question. requires us to make 

some conclusions abo~t independence."relations between the 

acti.vity and c:haracteristicc s'ubgroups that are formed, and 

wha.~ procedures'~should be employed to estimate the parameters 
!~~ 

of the appropriate functional forms. The fourth implementati~n 

i.ssue relates to th.e designation of 'the c:r,itica1.. in£ormati.on 

volume b, and the parameters of the information vt>lume' penalty 

function. These va.lues must obViOusl.y'~ i:nterpr.eted with 

respect to the capabilj;'Jties and constraints on. an' i.ndividual. 

/) 
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de:cisi'on maker. F'inall.y,· the approximate procedure. for 

soi:t.1ng the design formulati,on needs to, 'be operation:ali~ed 
-' ,':j 

and ·evaluated. 

of th~s .. p'aper,is ~o d~monstiate an ap-The purpose ... 

each O f .these five key issues is addresse.d 0< plication where 

i. . t first' describe. the The ap.proach of the pre.sentat on. ~s 0 

appli.c.ation setti.ng to just.ify ,the representa~ion o.f problem 

elements that is used and the reasoning behind the ~bj'~cti.ve, 

· .... he· natur'e of 'performance .interdependencies in the ·mat.rix. .L 

problem is then explored, and procedur'es for estimating pre.f- U 
. don .. these conditions are descri.bed. The erence models base 

hypoth.eti.cal alternatives that the dec~sion maker had t.O 

if the pa'rameters of activity valu'e evaluate i.n order to spec y 

functions 

addition, 

and the' characteristic value function are shown •. 

conditio.ns i~ .the problem. bearing <on the s·pec::r.~i.-

In: . 

cation of the information volume penal.ty func.tion. areil.lu7' 

. t stage. i,S"' d-e-· minated and the associa.ted parameter assessmen 

Finally', .. the problem is solved using the heuristic scribed. 

solu.tiCtn procedure descri.bed in Part I .. 

The next ~ect'ion 'provides a descri.pti6n of. the problem 

enviro.nment in which theimplementat"ion takes place. The. 

d ib t.h"e nat'ure of supervisory and perform-third secti.on escr es 

ance relationships that· resttlt in the independence condit':f;ons 

that determine the form of thepref.erence functi.ons esti.mated. 

Th:irs includes a: summary of model assessmentre~ults. The 

ir 

._ r "" ____ ~v_\ __ ;~_ ••• ___ ... !_'~!' ...... '.~~:_: 
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f> • 

4 

fourth and fi,fth sections describe the i.nformatio-n, velume 

p,.'ena.lty function and stimma"I:iz.e the steps .ef the selutien 

precedur.e. Q 

Fina.lly, t~ lastse~tions offer some cenclusions 
about the 

example arid the general design me~hodolegy. 

This.$ection describes the context of the model im-

plemen.tatio'n. 
Th'e focus of this implementation. :ls. on the 

quality control functiO'n of an industrial fi.rm. 
Sp ecif ically, , 

a manuf.acturing plant r s quali.ty· centrol manager was concerned 

with evaluat'ing the p·erforman.ce of the: night shift: {nspection 

force .on a bi-weekly basis. The concern was' with O'btaining 

suffiCient information to' make a sound eva~uation without 

ha.ving to study the bi-weekly inspection, audits. (reporting 

the extent and estimated costs of inspect-io'n errers) that were' 

issued for each ~ajor product .line. 
Since it required about 

30 minutes to read each aUdit report, t'he q'ua~ity centrel 
() 

m'anager did, not wish to consider more than six or s.even such 

reports· every two weeks. More thi:11l three hours spent in per­

form'ance. eva~uation of night inspectors was considered unrea-

sonable. 
HO'wever, the quality c;oIitrol manager did net feel 

comfortablew~t~ the idea of spending less than two hours 

every two weeks monitoring the p:erforman~e of- the night crew 

and it was generally agreed that the quali.ty audit reports 

w~re the ~nly reason~ble means for.doi~g ~o. 



t· it 

--------- - -
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Sp·e.cif±eation of Problem' El.eme.nts 

"Th.e night.inspec·tion cre.w .hadrespons:,ibiIity fo·r 'in-

spection ofelev~n product l.ines which consiited of three 

full-time employees and one trainee. Sin.ce the. only mea sur-

able output o£ the night shift was summarized in tlie· quality 

aud.it reports £or each of t'he eleven produc.t lines, an 'ex-

haust:ive summary' o~ the work relatedactivit.i:.es of this crew 

could be approximated as. simplyt.he inspect.ion of each pro-

duct ~ine.These activiti.es (inspection for product· Lines. 

one through eleven) will be described using the notat.ion. 

(al ,· a2,··~all}"· 

The four individuals comprising the nigP.t shift will. be 

denoted as c·
l

, c
2

, c
3

, and c
4

" The. individual designated as 

c I was ,a ful'l-time employee with inspection, responsi.bili.ty 

for p.roduc~t lines 1, 2, 3 ,and '4. The individu.al. designated 

as. c2,. was t.he night shift 'supervisor w;lth o.verall. responsi.­

bility fo'r the night inspection "force,. and was-per:sonally 

resp.onsible for i.nspection duti.es. on produ,ct lines 6', 7,. 9, 

10, andll. The th~rd. individual, c
3

, was a trainee whose 

only responsibili.t.y wa's for' inspection of product line 5, 

with any additional responsibili.ties to be assi.gned· bye-he 

quality control,manag,er as training progressed. Finally, c 4 

represented an individual who was a. s.eni.or technician and 

whose sole responsibilit,y was. inspection for product line 8. 

This represented the most difficult.r~sPQnsibility from a 
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tec.hnical standpoint since the inspection required a high 

level of skill, and product line 8 accounted for over 30% 

~f the dollar value of the plant's output. 

The Objective and !nstrument Matrices 

Wi tho the set of !.'!.omponen·ts (c
l

' .c
2

, c
3 

~ c
4

) a.nd ac- . 

tivit:i.es (al , a 2 , •.• ,allY .enumerated for this probl'em, con­

struction of the o'bj ec tive mat;:·:rix lead to the result shown 

i.n Table 1. For components c 1 ' c3~ and c~ the:wbrk relate~. 

6 

activiti.es that. were considered .relevant were Simply the in­

spe~tion of product lines aSSigned to those individuals. The 

quality control ,manager felt that this was a reasonable rep­

resentation of responsibilities since inspectors did not 

rotate thei.r i~spection tasks across products~ and each in-

diVidual had a clear understa~ding of his responsibilities_ 

" 
Sinee the supervisor, c 2 , had overall responsibilities for 

the crew (e ".g. maintaining disc:f.pline., filling in for absentees. 

etc.) a's well as individual responsibil,ity for prod.uc.~ line.s 

6, 7, 9, 10, and 11, the quality control manager believed that. 

his per£orma'nce was re~evant to: all of the· shift's designated 

responsibilities. 

Performance measure instruments in this problem consi~ted 

of combinations of quality audit reports for various product 

, lines. The'se compute'f. generated reports were, in standa"rd\ 

format for each product line and outlined the fo~l.owing items a 

over a two vleek p eri.od; inspection output., inspection errors, 
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"; Component ~ 1 
! 
: Scaling Cons t* k11 =O! 4 
I. . 
1 Ac t. Value Subfns VII (ell) 

~ .(a1 ) 0.1 
, 
~ (a 2) 0.2 

; i (a 1 a 2) 0.4 

:: (a 4 ) 0.7 
'1 (a

l
a

4
) 0.71 

'. 

\ 

(a 2a
4

) 0.75 

(a
1

a
2

a
4

) 1..0. 

c
1 

c
2 

c 3 
c 4 

k12=0.6 

v 12 (e12 ) 

(fi
3

) 1.0 

(Obj ective Hal:rix) 

1 1 1 1 

1~ 1 1 1 

0 0 0 0 

0 0 a 0 

a
c1 a 2 a~ a

4 

k 21=P.2 

v21(~21) 
(a 1 ) 0.10 

(a 2 ) 0.10 

(a1 a 2 ) 0.20 

(a3). 0.10 

(a1 a
3

) 0.30 

(a
2

a 3) 0.35 

(a
1

a 2a
3

) 0.70 

(a 4) 0.15 

(a
1

a 4) O~SO 

(lJ 2a 4) 0, ~p 

(a~~284) QR85 
(43a4) P.4~ 
(a18 38

4
) Q.90 

(ag4~~4) 0,6.5 

(818 283a4) 1.0 

(I 

. . 

0 0 0 0 

,1 1 1 1 

1 0 0 0 

0 a 0 1 

as ~6 a 7 as 

c 2 

k22=0~3 

v
22

(e
22

) . 

(as) 0.15 

(a
6

) 0·.15 

(a 5a 6) 0.2S 

(a
7

) 0.05 

(a Sa
7

) 0.20 

(a6a7) 0.45 

(a 5a 68
7

) ),65 

(aa) 0.20 

.(aSa S)·0.70 

. (8 68 S) 0,,50 

(a5a6~8) O~70 
(8 7aS) O!SO 

(Il,S"'7afeJ) 0.'90 

(~Qa78~) O! 76 

(45 468 78 8) ~,Q 

·Ii 

.' 
" . 
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0 

1 

0 

a 
a 9 

0 0 

1 1 

a a 
a a 

a
10 all 

k 23 =0.25 

v 23 (e 23 ) 

(a
9

) 0.23 

(a
lO

) 0.41 

(a 9a 10) 0.57 

(all) 0 •. 33 

(a
9

a
11

) 0.72 

(a 10a
11

) 0.83 

(a9a10a11) 1.0 

(. 

c 3 

k 31=1 
v31 (e31 ) 

(as) 1. 0 

D 

c
4 

k41=1 

41(e 41 ) 
(aa) 1.0 

• I 

o 0 
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mat'e' rl." a'l usage in inspection'. and repor. ts inspection costs, . 

of. in.ternal.! external failures. An act.ivity profile: far an: 
" . ). 

ins,trument wOl.l,ld'consist of an eleven e~.e~elfit. eolu:mn.' of. 

zeros an&? ones·. ,C A one in row i wouldindi,cat.e· t~at the: qual-
" 

ity .audit report for product line i. (i.e .. activi.tY &i) '. was 
generated and provided to the quality c,ontrol manag.er, and 

a zero wou.ld ind.i.cate that such a report was, not provided .. 

,III. DEVELOPMENT OF INF~ORMATION PREFERENCE FUNCTTONS 

Thi,s section describes how an activity valn-e £u.nc.tion 

was generated for each individual on the i.nspection crew,. 

and how the characteristic value function wa~ generated't~ 

.' ' 

desc-ribe the quality control manager's information pre£e:rences 

over the component set. Activity val,ue functions far any 

given component, e'lTaluate how well coverage of a: subset, 0.,£ 

activities describes the performance of that component" wi.th 

respect to th. preferences of the quality control manager .. 

Similar1y~ the characteristic value function evaluates ct)ver­

age of a subset of activities with respect to the entire in­

spection crew~ Ac,tivity value functi.ons. must t,ake account 

of performance interdependencies between the activiti.es of 

an individual component. The characteristi.c value funct,ian 

must ,account for performance interdependencies that exist 

betw,een indivi.duals. 

'" ....., •• - ,!~ ~.. ... 

-----------------~---------------- -- ;r 

o 
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.j 

l 
1 

1 

I 
Ii 

I 

.. Assessment of the Form and Paramet'ers of Ac·tivH:y Value 

,Func tions 

The~roc'es.s of eS.timating the form and - parameters of 

acti'vity value functions for e.~·ch ind:ividual on the shift 

required three basic steps. These were the desig~at±on of -

ac tivity subgroups based on interdependence conditions ,,' 

specificat~,on .of t:he activity value functional. forms, and 

estimation, of parameters. !hi.s section overviews. ,these, three 

ste'ps for each component. 

For .~omponent c l ' the activity value funct~on descr~bing 

the va-Iu~1 of performance related inform~t:ion was defined. over 

the four activities aI' a l , a
3

, and a
4 

(i.e ... ins.pection of 

product lines one through four). Since d t 1 2 d 4 ' pro ues: '!r. an .. 

were mat.eria·ls used within t-he same subassemh1y~. the quality 

c'ontrol manager felt that the' inspection of these items, was' 

interdependent with respect tb the overall performan~e of 
\1 

componen·t~ .. ·c
l

• As 1 t :l. i i a resu' , act v t es al~ a
2

, and.a~ were 

placed in a three-activity subgroup- deSignated as e
1
,l where. 

el,l = (a1 , a 2 , a 4 )· With ~nspection of product line 3 (~.e. 

a 3 ) being ba;sically unrela te.d t,,'J inspect~on of 1" '2, and ~, 

the activity a 3 was considered as a separate ~ndependent 

activity subgroup designated a~ e
l

,2 wher (' ') 
e e 1 ,2 = a 3 • At 

this point the value function. on the individu&;J. acti.vity sub-. 

groups vI,I(el,l) and v I ,2(el ,Z) we.il:e assessed. The'i\·lspec~£:i.c 

activities ~hat a performance measure instrument covered, 

10 
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~l. ••• 

det'ermined the va~u:es of the v li (eli) subfunctio,ns. With 
. . 

value ·subfu.n~tions v . (e, ) scaled betw,een zero (if no ac-
. 11. li " 

tivities in:e . are covered) and one (if a1.1 activities in' 
. , 1l. 

eliare covered), .the assessment of 'the eigy..F'Po;s~jb~e· cov,er-

age s,ta tes of v (e ) were made by having the quality 
1,1 1,1 

control "manager c,onsider the coverage ,states summar1.z·eci for" 

c.
l 

in Table 1. For: example, the intermedia.te coverage state' 

(a
l

, a
4

) in Table l wa·sevalua ted by havi.ng ,the quali,ty con~ 

t'r'ol manager evaluat"e this state r,elative to coverage of the 

en~ire ~l,l subgroup (i.e. (ai' a2~ a 4)}, as a percentage 

between 0 and 10V. His response was 71%. The function 

J 

( ) was equal to either one or zero depending on v l ,2 e l ,2 

whether or not activity a
3

was covered. 

EJ 
S,ince activity subgroup,s e~,l. and e l ,2 were concluded" 

to be reasonably' independent.,. the form'of the overa~l ac­

tivity value fu.nction for c~, (i •. e. vl(qL)'where~q~ = Cel,;l" 
.~ 

d i This function waa 'g~ven by~ e
l

, 2» was ad it vee 

2 
v 1 (q~) = (;r kli v~i (el,:l) 

i=l' ,~, ~ 

where 

k were seiling con~tants d~signating the· relative' k~,l and 1,2 
4 

importance of activity subgroups ,e and e l 2 in determining ". 
~, 1 , 

the overall performanc~ of c l ,' The quali.ty control manager 

estimated these values to be k l ,l "... 0.4 and k l ,2 =- 0.6 as 

summarized in Table.~. This resu~t implied that inspection 

performance on produc t l'ine 3, -was ;felt to- be more 'important 

_____ ~ ___ -- _____ ~ __ -------- --------::;-------------- ---7~-

I 
'1 

1 

,) 

.' ' 

I 
Jl 
1-4 

11 

la"",,' 
• j 

i 
'I 

"

','_"-.,1 1 

to! 
~j u 

,1.2 

in eva~uating c 'spe'rformance t,han the: c.ombined remainder 
3 

, i\ 

of his., ot,her.i.nspection responsibilities, i.n the opinion of 

the q~ality control manager • 

6For the inspection shift sup ervisor,c
2

, the assess­

meu.tofthe activi.ty value'fun~tion vZ.(q2) proceeded in the 

same wa'y. 
\L.~/ 

Since there waslitt~esimilarity becween the 

produc·t lines inspected by c
1 

(i.e .. incoming materials) 

and those done by the remain~er of the 'shift, the qu~'lity 

control' manager designated one activity subgroup for which 

Thi.s sub-

'-
gr'o.uping was based on the supervisory role of C z re~ative 

to the inspection responsibilities of c_1-~ and the oc.casi.ona~ 

n~ed'for c z to fi~l in for c
l

• Relationshi.ps between the 

way product lines were combined in the pl.ant's production 

process dictated'tha quality contr~l.manager's justiiication 

for grouping the remainder of the shift's act:!;v.iti.es. Since 

product lines 5· throu.gh 8 represented tlla output of t.he 

plant's parts depa~tment (upon which schedu1ing in the" as­

s.embly dep~rtme.nt was depen~ent),' the quality control manager 

felt that c·
2

' s responsibility forinspec.tion of these pro­

ducts wa~ interrelated. Thus, the sec.ond activity subgro~p 

.' 
was formed as e

2
,,2 = (a

5
, a

6
, a

7
, as). Fina~~y, activities 

a 9 , a~O' and a'll we·re".grouped. together (i .. e. .. e 2 ,3 = (a9 , a~O' 

all» since they each represented insp.ection of outgoing pro-' 

duct and were handled personally by c .' 2 
,The· evaluat.ion of ' 

.. ,.," ... -, ...... "" ,'" ",~~""~* .. ,, --''-'," .. ,'':t_~'" , 

(I 



'\ 
the subfuncti~s v 2 1 (e 2 1)' ,\, ,. , 

, , 
don.e using the sa~e ap.proach 

"2 2(eZ 2) and v·2 ,3,(e 2.,3) were 
, . .' 

as ,appl,.ied t.O thoseo·f c 1 · 

'\ 
The's.e results are sll.mmarized in Table ~. 

Ii \\ \. . 
" h d co\~siderab1.edegr .. ee of resp.onsibil:ity 

o S,:Lnce c 2 a a "", 

for seeing to it that t~~'\ shift t s ,overa1l perf'ormance' was 
. .,. 

13' 

acceptable, the quality co~'\.Ol manager b~l±eved - that' there 

was a ~oderate degree of inte~\~{endenCe between'theac.t:Lvity 

sub.groups e it e and' e~3: itt,\~ is" t'h;r shift supervisor 
2,1 2,2 , ." . .' . 

bad t.O assure that a viable bal.ance ~W',\ maintained between 

.inspecting raw materia1~ completed parts" and ~ubas;semblies". 
\ . .' . 

:::~:::n:r::::t~f ::::2~~nside~ation led t~ection of th~ 

--------------------

p . " 

v
2

(q2)'" l k2i"v2i(e2'i') + r . r k 2i - v2i.(e~? .. v 2j (eij>" P 

i=li=l j>1 J , '\,~., . 

- , " I k 2 ""g. • v2:i(e2i ) .- v 2j (e2j ) .. v·2:t,~~"e21.)" 
J1.>j :LJ 

+ I L 
1",,1 j >i 

where; k k k 3 were scalingc.onstants 
2,1' 2,2' 2, . 

the relative· impo.rtance of. subgroups e 2 ,,1' e2."Z and. e.2 ,,3" 

The two-way scaling constants k 2 • l ,2' k2~l,,3 a~d'k2,2,,3 e~-

timate the performance interaction of subgroup pai.r's,· and. 

k - the three-way scaling constant associated with 
2,1,2.,3 :LS 

the performance interaction effect of all, three activity' 

subgroups. The results obtained by assessmen.ts or the qual­

ity control manager are summarized in Table 1. 
F; 

Development of activity value funct'ions. for components 

c
3 

and c
4 

was straightfo~ward sipce these components ~e.re 

J . , ....... ~ ..... "-.- .. -~~ 

'[1 , 
I 
I 

'I 
1 
If 
:1 

! 

-- _______ --.,.-c. 

.ea.ch·respon.sible for one a.c tivi ty.. '. For component c 3' (the 

trainee) the applicahle activity value funct.ion· was ~iven': by; 
(, 

where; 

k 3 ,1 = 1 and e 3 ,1 = (a 5). Here, V:3(q3)c was. eit.her equal to 

zero ~i.e. ~nd audit report is tiDt generated fo~~product 

line 5) or one (i. e. such a report' wasprov,,:ided).. For com-­

ponent c 4.' O(the,· experienced techn·ician),.. th.e:, activity. value 

f\lnc.t.;ion was given by,; 

and 

Assessment of the Form and Parameters of the Chara.cteristic·" 

Va~ue Function 

Arter activity va.lue fU.~lC'tions were assessed relative 

.to each. compo.nent,the ch.[r·a.cteristicvalue function had to 
~?' 

.y 

be estimated. In phis respect, the quali..ty control manager 
'\ ',_ >..:;:.:::,7/'" .. . 

belie~:~\d tj,C}.;.~/ employees deSignated c l ' and c 3 " were heavily 
\\ " 

de:penden~t,. on 'supervision to perform adequately., For this 
'\\ 

reason, thi.»erformance of components c
l

' e
2

, and c
3 

were 

modeled as if they were hig~ly interdependent. On the other 

hand, the quality control manager d.:f.d riot feel that the seni'or 
.' 

technician required supervision to perform. his duties, and c
4 

was there£ore considered to be in a separate component sub-
"\', 

group. These relationsl1ips lead to thefollowing designation 

1) 

'- ... 
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of component· s.ubgroups; 

However, it wo.uld.nothave been possi.ble to. eva~uate' the 
. . 

supervisorc.omp~ete~y wi:thout. ta.king account .of C4,"s. per",,: 

formance t·o some. ex t'en t. This was due to the ;·fact that . . 
0' 

product line 8 ha.d, a strong inf~uence on the crew's overa~l 

output so t,hat it was nece.ssary to allow fOr some degree of 

pe:t;.f.or,mance interdependence between c
2 

and c
4

.. These con­

siderations' led to the 0 se~ection' of the .fo1.lowing 'charac-

teri~tic value function model form; 

~ 2 
fCc l ,· c'2' , c 3', c 4 ) = I kif. (F t ) + r k .. (f~ (F'i).) 

i = ~. :l.. i> j:1.J '" . 
f. (F.». 
J.J 

where, F
l

, = (c
l

' Co
2

, c 3 ), F2 ... (c4 ). The.parameters"fo.r the 

characterist.ic value func'I:'ion .we.re estimated as;- kl .=' .0.37, 

k2 = 0.24 and kl2 = 0.39. . The f i(F i.) value ~u.bfunctions wer: 

esti.mated by having the decision maker expresspr.eferenc:es 

for hypothetical. :lnstruments represented asc me·asurement. al.-

ternat:tves g.iving rise t.O controlled. I.evels of the. activity 

va~ue func.ti.on for e.ach eomponent. This required .. a to.tal.of 

about 45 differen't assessments of hypothetical. alternaeives. 

Figu;re 1., shows the conditional value curves obtaine'd o.n 

fl (F 1) and f2 (F2 ) • Ev.aluatio.n 0.£ characteris.tic: va'lue sub­

f.unctions was accomplished by interp01ating. ,between the. points 

on these curves. 

Recal~that instrument alternatives were seen as a col-

lection of inspect.ion audit reports per.taining to di.f~erent. 

product lines. To evaluate the information content af a.n 

~."", ..... ~~_ .......... _",~. ,''''': .. _~~",'~' ....... ~,_,..,.~ __ ....,.,..-_."_~,-... .. 4'.'" .... _~." .• 
~:~.:::;;:~:,=,,,,,,,,,,, __ -,<,_,=~ _____ ,,,< .> - '-~""""~~l'!'~~o~"",-~",,,,""·· ~"-. 
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" .~:. 

alt.ernat.ive, the ac,.tivity valti,e function· was' evalua't:ed for 

e·ac.h component' (based on the product' lines· included:. i.n the 

reports) and this information was .t~en e:t.raluated using: the 

characteri'stic value function. 

IV.' SPECIFICAl.ION OF PENALTY'FUNCTION PARAl;lETERS 

In d~t,(~?rmin:f,.ng appropr~a te parameters for the in·forma.tion· 

. vol.ume penaJ..tyf.uncti.on~ two decisions wer.e required.. The 

firs'l: conce.rned an appropriate value fo}:' the criticaL in-· 
~ " \ 

formation vo~ume. This immediately raised quest.ions about 

the units. of :information volume associated with alternati.ve 

measur,e i-nstr~ments, and. the point a.t which information 

volume became a decision consideration. The second decisi.on. 

invo~ved the nature of the i:mpact that information volume had 

on th.e. decision: maker. It was necess·ary .to inv~stigate .thi.s. 

effect before the empi.rical parameters' of the :inf.orma,tioll'; 

volume pena~ty function could be estim~ted. 

Finding ithe Value of b 

l.he fac t that quality audit report.s: were generated using 

a st.andardiz.ed format for each p'roduct line simpl-i;i::ied the 

problemo·f measuringt,he information volume of alternatives .. 

This was due to the fact that it required the quality control:. 

manljLger about the same amount of time to' review a' quality 

audi't report r.egar-dless of t.he· produc:.t ·l.ine in question. 

Therefore, we. cou~d conclude that d
i 

... d
j 

fo·r lJ':i ;. j. Further­

'1('i-,1 
more,. s-ince t;he quality control manager's complaints. regarding: 

~ 
~~"""''''''''~''''I" ......... , ........ ,......, .. ," ..... .........." ... J_ .. .."...,.""_-,t_ . ...,.... __ -~~~.-...~ __ """''''~'-'':I'!'';.~~ ... -~ .... .. .. '-~...... -.~,~;:...::-:.~---:.."~ .... ' ............ -~~-- ...... ~ ..... 

':~:,~7~~~~7'"'~>L~~-:-;'~~~~'~'-·""·' 



t.he cumbersom,e rep'orts' were. based o.n. the. amount of time i.t '.,' 
/ 

requi.red to pour over them, t.imeper report seeme:d' to: .be an. 

appr.opriate uni.t. of informat.i~n volume.· .The quality contr:0I. 

manager estimated that it required roughly 30 mi.nutes t.O re-

() 
view each report so d

i
. was set equal to 112 hour'.. In addi.-

tion, s.i.nce. the quality control manager favored sp:ending as 

little. time as possible reviewing. night. Slhift perfo'rmance~ 

bU.t was di.stinctly uncomfortable with the idea of spendi.ng 

less than two hour's every two weeks ~ the value ,of b, was: c.on-

sidered to be two hours. 

Although the two hour const.rai.nt does not prec:i.sely re-

present the impact of. information volume. on a cogniti.ve pro­

c.ess, i:t did indicate that the optimal inst'rument alternativ!=', 

w,puld require.at le·asttwo hours to review.. In light o.~ this" 

the quality control ma:nager was· asked .. tostate. the maximum: 

amount of time he. could all.ocat.e to night shift performance •. 

. The response ·t.o this question was a conf.ident statement of 

three hour.s every two weeks" This value in turn wa& c.onsid:ered 

analogous to b'" as defined. in Pa.rt I", .Again~th:i.s va1.ue of b~ 

did not precisely reflect the impact of information. volume on 

a cogniti.ve decision pr9ce.ss, but it allowed us to express: tIte 

range of an optimal solution. in terms of i.nformation volume. 

To do this, recall that each report requ:i.red.ab~ut 30 minutes. 

With b :: 2 hours and b'" = 3 hours, we know that the opt·ima.l 

o 

..... __ ...... .,. .. _ ..... ~ ... , 
.,.'" "'.-" .. "~--~",,, ..... '.' ,. '" ''- ............. " ".~ . 

" '-" .. '.,-:"-"' .. --..-x.,,=-..... ~~~,r,~"";:;~~ .... ~~,;:::e:::.:-;:!l 

$ 
''1 

,,,,", 

instru.nre;nt solution will consist of a collection of audit 

reporta~on ~, 5~ or.6 product 1ines. That .rs.; 

1:1 
* 11 b < I d.x
i < b'" implies 2 .5 I * - < x. < 3 or i·=l .J. - -. 

'1.=1 J. -
1l. 

* < r x. < _. 
J. -i=·l. 

4 6. 

Finding the Value of .r and a 

At this point, the empir-ical parameters of the in£or.-

ma·t;ionvolume: pena.lty f'unction ~d to be evaluated. In-

cre·ases i.n information vol.umebeyondthat. assoc.iated with 

four reports was undesirable. However,. increases in infor-.' 
I 

matio~ ,ol.ume associated wi~h providing additionalaud±t 

repo.rts .,r·esulted i.n an alternative with a greater (more 

des irabl.e.) i.n£ormation conte.nt.. the deleterious ~mpac:t of. 

volume·relat..ive to, the. benefi.cial. impact of content had to 

be approxi.mated. To do thi.s, it Was first necessary to i 

" 

. dete.rmin·e whether or not the, impact of vol.ume was indep.endent 

of the level of information. 'content.. If not". the information 

va.lume penalty fUnction would hav.e .t.obe conditiona.l.on the .. 

information content associated: with a sol.uti.on. 

To :Lllv.estigate volume! content int.erdependence and the 

s·pe.cific impact. or' volume on t4e desirability of a solution, 

the quality control manager was asked about the impaCt o£ 

volume at different levels of 'information content.. Speci.f­

iC'ally, he was asked to evaluate' the relatl.··.ve. d eS,i rab ili ty 

l8: 

o 

. , 
-'-'''-. '--.,..'~"'.,.,..'l~"".fr...,'"'''~''';..,''''_·'''''"· .. 1 ~, "''''''"'''''~'"''-'''''~" ,v-,,_,.~,,~. _'r",,-.")' .''''~'_::! ,_ "''-"' ~ "", ,- "~~"-'-..;u:':;'-'cr.=~.~t'~, ' 
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of asolut,i.on that r'equired three hourst'o review relat.ive 

to one. requiring two' hours to review, if "they had comparable 

, information co,ntent . Similarly ,. he, was aske.d t.o.s tate the 
~9 ," 

• 1/ 

rel,ative 'desi:rability 'o,f a 'solution' requiring 2 l./2,hours to 

review, if it had comparable fnfor,mat.ion .content. After re-

peatiug this line of questi,oning. for different conten.t levels' 

expressed. as perc,ent.ages' of complete cover'age of all product 

l.i.nes, i.t was determined t,hat t.,he impact of· vol.um~, was not 

appreciably affected, by the' lev:el of information C.o.n,tent. 

,Furthermore, alt'ernatives requir:i.ng 3 and. Z. 1/2 hours: to re--

view were respect.ively about 80% and 92-,93% as desirable as 
... :, 

a.n al:ternat.ive requi.ring only two hours to rev:iew (for ,a 

given conte.n,t of information). Therefore" adding one add'i-

tional. a.udit,:repO-rt to a solution' comprised of four 'reports 

led to ~ 7-8% reduc,tion i.n the desirability of that solution 
o 

while add,ing a second additional repor,t 1ed toa 20%. redu,ction 

is'desirability (apart from the b.eneficiaI impact on' infor-

mation .cont:ent). 

The'se conditions sug:gest.ed the paramet'ers S -0 .. 135 and 

Y= 0.55, since such values wquld~cause the A penalty function 

to approximate the curve implied in th.e previous assessments, 

between!i band b". 

Q 

, . 
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T.his, ;yielded t.ne .penal.ty function; 

Ai'; (1.-1 
= 0.135 I d.x. 

i=l 'l; J. 

[ 

. 11 
l.+exp.55 ( I d' 

i=l i.Xi 

~.) J 

wh,ere the units of ,b and d. (i = 1, .. ~ • .11.) are: expre'ssed' as, 
• J. 

ho-urg,. This func t·ion s,implifies' to;, 

( 

1.1 
0.,135 I. Xi 
. i=l 

[ l.I . _ 4) ~e,x_p-:---. 5_5_(_i'!~1_X:i.._' _4)_'1 
l+exp r~~55 ( II Xi - 4)]. -' L. i-I 

20 

since d i ~'. d j = 0.5 Yi.j and the characteristi.c vaLue. function 

. * *' i.s, scaled so thatf(c
l

, ••• c
4

}· ,. 1. 

V. SO,LVING THE: D,ESIGN PROBLEM 

At this point , preference functions measuring t'h~val,ue, 

. of di,ffe~ent i.nformation sources were assessed, and the para­

met'er~r" of the information volume. penalty function. havt!! been 

estimated. 
c 

Also., it has been. determined that the ti t op,' m~ 

solution, is to provide quaJ.ity audit report's for six, f.ive, or:, 

four produl:: t- lines.' I.t remains to determine if six~ fi.ve or 

four is preferable, and which product lines should he. involved. 

Toward this end, the solution'proc~dure described in Part r 

was implemented. 

" .. 

," 

!!-

" ..... 
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Finding an ,Init:i.al S,olution 

Recall chat the designated activity subgrou.ps were; 

ell = (aI' a 2 "a4 ), e:12 "" (a3 ), ell =,(al ', ai,a3 "a4), 

e Z2- (as" a 6 ; a 7 ,a8 ), e 23 = (a 9 , alO". aU)' ~31::: (as)' 

and e' = , 41 T'h~.].0P j characteristic' "weight was then. 

calcul:ated for each subgroup., ~or example,. for e.ll." P 2l. 

wascal.culated', by subtractj,ng th.e value. of .a' sol.u.tion 

.' 

cov,ering (as' a 6 , a 7 , a 8 , a gJ alO'~ ,all.,)' (i .... e. the. ac.tiv:f.ty 

c,omplement of e
Z
.])' from the maximum value of the char­

a,c.ter.istic va'Iue, function (i. e. l)~. Table. 2 summarizes the 

"seven P ./B
j 

'rat,ios obtained by't.his fir.st, step.'B.ased' on.' . 
J . 

these r~tios, the activities wiihin subgroups were incl.uded 

i.n. the initial solution in the following o~der; e 4 l." e
3

.I. 
, ' ~ 

e
l2

, e
22

, e
23

• Upon adding' e
23

', the volume of the :f.nitiaI. 

solution: exceeds boO so the sequential building phase: is 

completed. The initial solution provide~ for covering,' fa]:., 

a,' a 6 , a 7 , a 8 , a 9 , alO' al.l )· 

The Impro~ement Phase 

At this po,int, the improv·ement. phase of the solution 

procedure was initialized. This phase took four :i:terat.ions 

that are summarized in Table 3. The final sol.utionwas to 

p,rov.ide quality audit r,eports on product lines 3, 7" 8,,10 

and 11. To arrive, at thi.s result, -it was ne'cessarY' tore.­

"evalua.te the characteristic value fun'ction a total. of 33 

21 

times. With eleven binary variables, 2048 different solut:f.ons 

.,,, 

zz 

! 

,I 
11 

r 

1

/1 

) 

f 
J'~=-=~_~_-_-~-_"_-_-_'-_-~~~-~:='=~-~~'~'_.'_'_~~-_'_~_~ __ ._-~-_-=-_'_-=-_'~'_"_'_'=-=-=-Q-=~=-=-~-~-~-=·=·.~~=:='··'---~=~~X 

Table Z. Summary of Building Phase of the Solution ~rocedure. 
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Ratios for Aciivity Subgroups: 

. 311 
3 

= 0.104 . 

.228 = 0,.228 
~ 

P 21 .. : ... 392 = 0.098 
B21. 4 

: p 23 = 
B23 

.379 
-y-

•. P 31 -.234 = 0.234 
B31. ~ 

.7.33- ... 0.733 
-y-' 

C' 

= 0.12.6 
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I ,t 
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c ... 

C 41 - (as) ,.491 • 
e31 == (as) 
e12 = (a 3 ) .081 

~ . 
e 22 = (a 5a 6a 7a 8 ) • 015* ;::: Min(P, - P ) 

{.,.~. j 
e 23 = '(a9al0a11 ) .021 

~leaving vari", "Q1e x6 (1. e. a 6) I ' 

Revis ed Solut ion: (a 3 aSa.]aaa9aIOal1) 
Penalti Fp. Value: 00 (by deflnttion) 

Objective Value: ~w 

IterCl;tion 3: 

Subgroup 

e 41 :; (as) 

e31 = (as) 
e12 = (a 3 ) 

e 22 ... (1l5a~a7a8) 
e 23 .. (a9a10a11) 

.546 

."053* ' 

,137 

.053* 

,172 

p~ 

III 

!II 

~ 

- P
j 

J • 

Mi'{l(P j j , 

Min (P'j 
j ,c, 

91eaVing variable x5 (i,e, as) 

Reviaed Solution: (a;a.7a8a10a11) 
Penalty Fn. V",lue: ,085& 

, ' 

.. 
P ~) 

.. 
Pj ) 

Obj ect;f.ve Vallle: .603 -" .0856 '" ,~174 

0, 

c 
", 

'l, 

Subgroup 

e41 ;::: (sS) 

'?' (as) 

e12 ;::: (a3) 

.562 

.059 

.093 

.023 

.. ' 
P. 

J 
P. 

J 

e 22 :;' (a 5a 6"'7 a 8) 

:; (a 90,10a11) .018* ~ Mili(P j -
j 

~leaving variable xg(i.e. a
9

) 

Revised Solu;tion: (~3aSa7a8al0fl.ll) 
Penalty J,i'n.Va1ue: .2026 

Objective Value: .656- .2026 = ~4534 

Subgroup 
\ , 

e 41 ::: 

ell 101 

e12 • 

(a8 ) 

(~5? 
(~3) . 

It~ration 4: 

.498 

-... 
.259 

.,139 .. {a 58 6a 78:8) 

(1i 9a100,1.l) .la8~ ~ NinC'j - P ) 
" j j 

9l:e#lvtng ya~i\lble XlI (1. e. a~l) 
Revised Solutioll; (~la7a8a10) 

Pella1~y Fn! Val~e; D 
O~j~c~ive Value; ~475 ~ Q H ,~75,~ .~172n,~ 

, STOP ~t Jtero,ti~n 3. 

--'t 
'I 
! 

: . ~ 

I' 

'. 
I;' 

1 ' 

;7.' 

" 
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war e' .'p 0 $'s11> Ie. Spec~fying .that the optimal:: solution had 

6, 5. or 4 positive variables reduced this' number. to' 1.254-

poss:tbl.e solutions. Sinc~~the solution obtained was w~thin 
i( 

20% of th~ optimal, it is r~asonable to conclude that the' 

sequential bu.i,lding heuristic has good· potent,ial for pro­

viding qua'lity solut.i.ons for a manageable c,om.putatio,nal 

ef'f 0 rt" in this example. 

IV'.. CONCLUSIONS 

In th:l.s, p.aper, an. application o·f theperformanc:e 

measurement design methodology was described.. Specific 
" 

values were obtaine.d for each .of the elements in the de-

sign formulation described in Pa'rt I. 
. F 

It. was shown that the approach for mddeling perform-

, 2,,6 

ance i:nterdependencies must be based on condit.ions surrounding, 

specificpro,blems. ,.This r\1le. applies to the formation. of in­

dependent acti.vity a,nd comll,onent subgroups •. and. the:' fo:rm of 

models for ·agg·rega·ting performance informa.tio'n pr.eferences 

\:e .. r.the.se' suo bgr:ouP~' Based on results for a. pro.bl.em with 

l-l.""ctivities and four compon.ents, ··the estimation of the 

per~\fmance measurement preference function does .not p~se a 

prohi~tive a.$sessment. task. In addition,. it was shown that 
''\ 

an addit1?nal assessment 

behaviora;\lnd empirical. 

phase was requir.dto estimate the 
a 

parameters of the volume' penal.ty 
. '\ 

f'unctions. T\~,is phase is apt to be somewhat more invo1.ved in" 
'\ 
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situati.ons whe're the d. volume"'C'oe:ffi,cient,s are. unequal" and 
~ 

th'e. ranges O'f crit,icai information volume are less certain .• 
. '. 

lH.na2ly,. the" 'S:impI:e heuristic: proc.edure was appli.edto 

f'ind a solution to t:h,e design problem. The prO'cedur.e was 

bas.ed on obtaining ,a,n init:ia~ solution using a. 'heuristic 

" se.quent;.ial. build.ing ru~e a.nd then applying an improvement" 

phase..l'heprocedurefound a solu.tion within 20%. of optimal. 

usi:ng only 33' re~evaluatioIls ofthe,cobject,ive function. 'for" . 

'a 'prob,lem; with 11 binary V11-rj;ab~es.C) General. conclusi~ns " 

about the. effecti;v'eness of the procedure should be r~served 

u~itil, additionaJ! exampl.es can be tes,ted. 
~ 
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