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ABSTRACT 

In 'this work a I1near programming production model of a diagnostic 

r.~lo1ogy department ia presented. The model lB intended to support the 

radiographie equipment allocation decisions pursued by governmen~ 

planners in Quebee. 

This construct was developed from a set of model building guide-
1 

lines which were derived from .n examination of both the health care 

eystem of interest and the decision making environment in whiFh this 

~odel ie to be used. 

It i8 shown that thi8 diagnostic radiology department model i. 

applicable to any such department in an acute hospital regardless of 

departmental size, estimates a feaBible departmental capacity output, 

.1lowe investigation of the effect of various resource changes on thi. 

capacity output, and can be used to calculate the technical effleieney of 

a department relative ta the moat efficient departments ln the province. 

~reover, the identical modeling procedure is applicable ta medical 

departments in hospitals, other than diagnostic radiology, for which 

stmilar allocation decisions are required of govemment. 

Information theoretic indices are proposed to quantify tihe reaouree· 

mixeB of diagnostic radiology departmente. It la demonatrated by clae.ify

ing radiolosy departmente in terms of these information meaeures, applied 

to the radiographie equipaent mix, radiolagy manpawer mlx and hoapital 

diagnoetic case œix, that the teehnical effieieney of a department la 

eorrelated vith, if not eondit1onad by, .a balance in thase mixes. 

In a~dltlont an entropy index i. presented vhieh meaauree the 

inaquality in th. inter-dapartiantal ~ietrlbution of a resouree, "ch as 

a partieular t~e of radiographie aquipaant, and i. shawn to be èapable 

of aonitorina th. allocation of such reeouree. vith respect to the . . 
gaveraaent's poliey of centrallliDa apaciallzed haalth cars ra.9Urce •• 

11 
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Ce travail pr'.ente un aodlle de·progr .... tion lin'aire rapr'.entant 
~ 

ia production d'un d'partement de radiologie diagooltique. Ce travail 

elt deltin' l faciliter aux planificateurs qu~b~coil l'allocation 

d'Equipement radiologique'. 

Ce'mod~le a êt~ êtabli l partir d'une s'rie de critlrel bal'. IUr un 

examen du syst~e de santê qu'blcois et du proceseûs d'eisionnel qui y a 

c:ours. 

Il est demontd que ce lIodlle peut être appliqul l tout d'part_ent 

radiologique hospita11er l court terme quelqu'en soit la taille, qu'il 

eatime une capacité de production dans un domaine réalisable, qu'il peraet 

l'êtude de l'impact sur cette capacit~ des variatiOns du niveau de 

différentes ressources, et, qu'il peut être utilisê pour comparer Itefficacitl 

technique d'un département particulier de radiologie l celle des plus efficaces 

au niveau provincial. 

appliqufe aux dêpart 

De plus, une mise en modlle identique peut être 

hospitaliers médicaux, autres que la radiologie 

diagnostique, pour lesque s seraient requiles des décisionl st.ilairea 

portant sur 1!al1ocation es ressources. 

Des indices thlori ues de l'information .ont proposés afin de quantifiar 

l'intlractlon de~iffé ~nt8 niveaux de relsourcea. En classifiant les 

d'partements de radiologie, en termes de ces indices appliquls aux ressource. 

en 'quipement et personnel de mime qu'au type de cas traité., il eat dimontr6 

que l'efficacité technique d'un dlpar~ement est corrllée l un êtat 

d"quilibre de ces indicel. # 

De plus, un indiçe d'entrpo!e e.t pra.entf. Ce de~~~r)meèure 
l~lgalitf de la distribution de. ~es.ource. d'partementa1es~ tel un type 

part1euU.er d'équip_ent radIologique. il e.t d"~tr' que cet i~diee peraet 

la aurveUlance de l'allocatiOn lie telle. re •• ource, en rap(c)t.e di~ect avec: 

la politique gouvern_entale dan. le d~ll1 de la unt' Vi"llt l cntralinr 

le. r ••• ou~c ••• ple~ ••••• 
v' 
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NOTATION 

. Particular .".bole will be defined where appropria te throu8hout 

the thelil. In general, bold-face majuscules vill be uled to denote 

.. trice., and bold-face .inulculel will denote coluan vectora. Liaht~ 

face itaHca will indicate Icalara. Tranlpoait1on of .. trice' and 

vec tore will be denoted by t te ( At, • t) and a 'lia trix inveuion by 

-1 ( A-I ). 
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-All holpital operatina cOlta, includ1n1 tMae for .. di~al .cI 
hote! lervicee, rel~arch, aaintenance and capital ~enditurelt are 

direetl~ supported by the pro~ncia~ ~o~ern.ent in ~bec. Of the •• 

coatI, the federal gOYemaent retabur.ee the provincial governaent 

for 50 percent of thoae .upportina acute hOlpitale. Thil work 

concerne the decision .. k~nl proca.. in the provineial lovern.ent 
, . 

for aliocatinl fundl for .. dical equipaent acquilition vithin the 

hOlpital lIector. In particular, va present .. theaeticai toole 

directed towards expediting this decision proceaa. 
" . 

~ The proj.ct orilinated fra. a serie. of info~l di.cu.aionl 

held i~1973 vith planoerl in the Miniatry of Social Affaira 

. (GovenaeDt of Qu.ebec). At tbat tiae they expre •• ed e .troua 

deeire for aCM forsal .c~ to help th .. evaluate either the 

operation of the hOlpitala and hoapitel department. requirina new 

.qui~t, the .. rita of.particular allocation decillion., or both~ 

In addition, they indicated a growing ~oncern by tbe ~ni.try for 

the cost.~ utilisation, and effectiYene •• of.different technologie. . ' 

:Ln t;he Ile4alth care syat~, and in pa.rticular, the equipaent ued ln 

dlaano.tic radiololY. the~.peut1c radiolo~, labor.torie. and ~url.ry. 

Tbte coneetu for Mdtcal ItechnololY underecores the need for 

waluation technlqu ... -

Specifically, thi. thalis con tains an exaaination of thè 
.. chans... vhenby the p~.,1Dcill IOvenment _lloeates funde te> &eute 

hoapital. for radioarapbic equi~t. In parti~ular. we foc us 

atteticm oa tho •• allocations which resalt frOli appU.eations lIacle 

dlr.ctly to tbe 8CJ'ftl1lMllt by diapo. tic rad1ololY departaents. 

·Th... raquaste fol' equis-ent fuDdiq al'. 1adapendent of ne 
c1epal"tMIltal op ... tial buda_te 

'./ 
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I.e.ource allocation deeia10na eoapri.. the .... ne for lovermien tal 
" health care poliey iaplelMlltatton. Tbe •• dee1tiion. requin procedure. 

for .valuation vhlch .ust be conaiatent vith eetabli.hed policy, 

yet attuned to • let of specifie dec1sion .. Ung .ituationa. A. 

evidenced by our diacU8.1o~ vith the *-die&! equipment plannen, 

luch procedure. are a11 but ablettt frota their decision -k,1na pro~ •• a. 

Yet the ba.ic problea" confronted by planuera la the necelsity of 

evaluation; that is,. deflning the _rite and fault. of equ~pIIlent 

applications .. de by d!fferent diagnostic radioloay departlIIenta .s 

•• en in the context of broad qualit.Uve alloe.tion"guldelln •• 

elucld.ted ln the B"1enaen& health care poliey. 

The work ln _ thia thesh la dlreeted tcvarde 80lle part of thil 
, , -

prabl_ by provlding 86vermaent plannera with: . 

i) a faathl!lUltlcll~~del of a diagnostic radiology depart_nt 

'!hich eet1aateil the level of reeouree util1zat1on in a 

4epaTtlllent. eati g.uge the effect of a resource change 
.#" 

Callocation) on a depaTtIMnt's capacity output. and 1. , 

applicable to any radiology departllent in an acuta .Z 
hospital, regardle •• of departmental stza, and; 

2 

11) 

• 
an index which indicates whether the a,llocaÜ .. pn of a 

p.rticular type of radiographic equipaent to a P,PtiCul"ï 

depart.ent 18 consiltent vith the govert1Mnt tel policy ,. 
of (de)centraUzina (non)apeclaliled reaourcee in the .' 

health 8ector. 

The principal part of 'thb theda ia devoted to the; dedvadon 

and .aU_tion of the diapoltic radiology departaent .ode!. Tbe 

lueC.la o~ a _ciel. or any quantitative too~· ai .. d At i.proving 

a dec1a1on .. kinS pr,Oce ••• 18 .... ured by. the extent to which it 11 
( ~ . 

actually uaed by deciaiou '_ken. This vill reflect upon both the . , -
rapresentadonal ar •• Ubil1ty of the IIOdel. and equally taportant. 

vbetl\er the .odel r •• ponlla to the dand. of the cS.ci.ion alk1na • 

'. 
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envirorœent in ~ich it 1& to be imple.ented. These demands 

encoapa •• the need to provide information directly relevant to the 

decisiona that must be made, and the requirements for integtating 

an analytic construct into the intelleetual process of making a 

dec1l1on. 

The dec1sion making environment in government for allocating 

radiographie equipment is examined in Chapter 2 with the expreas 

purpose of establishing model building guidelines that will facilitate 

the eventual tmplementation of a model in this setting. Ta this end, 

we dlscU8s the existing mechaniam for allocating equipment to 

radiology departments and the specifie deeision making criteria that 

are used. Subsequently, decision making ia described as a multi-

phase proeess, and a partieular facet of this process Is delineated 

3 

for 'which a deci~lon ;>d (model) can sueeessfully be developed, as 

weIl as the concomitant model building guidelines requisite to 

introducing a construct to this particular part of the decision proces •• 

The operation of diagnostic radiology departments, radiology 

facilitiei planning methodologies, and the data base that was provided 

for this project are described in Chapter 3. From this discussion, 

we propose a set of features which a diagnostic radiology department 

,.odel must exhlbit in terms of: i) the propertiee of the system under 

investigation; 11) the type of inforaation it should supply to 

planner., and; lii) a general model for.at which 1. requlred by the 

limitations of the available data. 

Chapter 4 presents the theoretical derivation and estiaation 
, 

technique for a matheaatical aodel of a diagnostic radiology departll8llt 

) model which satisfies the ~ple~nta~ion crlteria described in Chapter 2, 

and daon,trates the deaired sylta characteriltie. el.borated upon 

in Chapter 3. li 

The quarrt1tattve estimation of, the depart_ne.l IIOdel froa 
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~ ... ple of observations ls pur.ued in Chapter 5. Prior to the 

identlfication of this madel, we present a detalied investigation 

of the data upon which it 1s to be based, with particular emphasis 

on the validity of using parts of thle data in terare of the basic 

ae.umpt!ons underlying the model. Next, a method is described for 

discriminating between models derived from different data sets, and 

for choosing the 1DOst 8uitable representatlon (data set) of a 

radiology department. This method ls unique with respect to the 

proposed model estimation tecbnique. And fina11y, twenty-two 

feaBible models are presented. each of which has the same 

aathematical form, are estwted by the same technique, yet are 

based on slightly different data sets. From thie set of models, 

two are chosen as the more credible representations of a diagnostic 

radlo1ogy department. 

Two output measures per radiology department can be derived 

from each of the two modela cited above; that ta, a department's 

capacity output, and a lDeasure of departmentai reaource utilizatlon. 

An investigation of thelle measures la provided in Chapter 6, 'and 

consista of: i) a sen81tivity ana1ysi. of the capacity output, 

~d; 11) the establishment of a seheme to quantitatively deteI'1line 

JI1II' the sources of departaenta1 re.ource utilization. As part of this 
, ' 

latter effort, ve conatruct indicea to meuure the heterogenelty 

of the variablea used in the·8Odela, and then cl ••• 1fy or group 

departsents in te~ of these .... ures. In addition, 1t ia 

da.onat:rated t~at one of1 theae indice. can be uaed to monitor the 

alloeatiop of technoloaical re.ource. in the health Bector vith 

respect to the lovenaent.'a poliey of (de)cen.t-cal1z1n~ (u01l}spec1aliaed 

reaourc ... 
l'inally, iD Cbapte-c ,_"- nliariae the _jor reaulta of the -- - -~....------

4 
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theais, discus8 a number of directions ln which the work should be 

extended. and provide suggestions for related 8tudies. 

Our goal throughout this project has been to apply the method. 

molt appropriate to the realities of a problem, rather than subvert 

the nature of a problem to a set of predetermined techniques. As 

a relult, we have used concepts from a variety of disciplines, 8uch 

as management science, medical economics and electrical engineering_ 

Stnce the background of our readership will be equal1y diverse, the 

fundamentals of each of the approaches that have been adopted are 

presented. As some readers will find parts of th1s mater!a! famd1iar, 

ve Indicate where a section may be oœitted by the reader vith the , 

appropr1ate background. 

5 
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CHAPTER 2 

MODELS AND THE DECISION MAKING PROCESS 

2.1 Introduction 

AlI too often. the proces8 of building modela for de~i.ion 

making ia portrayed ae evolving throush tvo successIve and lndependent 

stages: development and tmp1ementatlon. In recent years ve have vit

nessed an aceelerating growth ln the number of technica1 journal •• books. 

conferences and 8~lnars dedicated to espoualng the .tate-of-the-art of 

model building and computer-based decision environmenta. Hence, one can 

see that the bulk of discussion amongst analyats ha. revolved about the 

developmenta1 stage. For example, from January 1971 to June 1973 , 
Mmagement Science: AppUcation contalned over 150 articles of whlch 

1ess than J percent represented tmp1ementatlon in an organlEatlon (Urban, 

1974). 

The neglect of taplementation crlteria .nd eonatralnta ln the develop

ment proe •• s ean be one of the great.st atuabling block. to the success of 

a model. AlI Little (1970) has candidly stated. "The blg proble. vith 

mana._ent science modela ia that 1IaM •• ra practically never ua. th_." 

~ch ol th~ difficulty lies ln the aUtmation of the decilion malter frOli 

the deciaion conatruet. What ia .een •• • "goOO" 1Ilodel from the analyst t a 

point Qf vi .... y not be appreciated a. IlUch by the deeia10n .. br. 

"CODYincina .œe1e tut inelude the .. nager'. control v.riables 
- . 

aDd '0 conta in di~eet ~plicationâ for action are relatively 

dlfflcult to build. particularly in the .r... that are of . " 
pout.at coilceru. ••• People ttmd to reject what they do IlOt 

UDder.tand. 1'he aa&ger carriee the reaponaibiHty for out

c.... We ahou14 1'lOt be aurpriaed if he prefera a ataple 

au11lia tut he cu .r .. p, ....... thouall it ~y have a quall

tad.ft atl'Uctu'l"e. koad •• ...,ticma, ,&D4 oaly a little 

re141911lt uta, to • c..,l. aodel who •• a.auaptiOl\a .. y be 
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partially hidden or ~ouched ln jargon and whose paramet.rs 

may be the result of obscure statistical..manipulation. • ••• 
• The manager feels that to get deep Into the model and flnd 

out what is really going on la totally out of the question 

because he lacks the time or background. The solution to' 

this predicament i8 often to pick on some seeming flaw in 

the model, usua!ly a consideration lef~ out, and make that 

the baais for postponing use into the indefinite future." 

(Little, 1970) 
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This dtuation can be remedied by telllpering the dnelopment of a model 

to the neede of the organization in which it is to he used. These needa 
1\ 

encompass both the information required to make specific decislons and 

the p~erequiaites to integrating an analytlcal construct into the 

decision making procass of individual plauners. 

In this chapter ve ex_ine the decision making environment for the 

allocation of new equipaent to diagnostic radiology departments in ~hec. 
Our goal i9 to pinpoint the major declsion areas, and those problems most 

attuned to the introduction of information derived fram a mathematical 

construct. 

tt should be noted that many of the prohlem. in alloeating radio-
1 

graphie equipment to hosp1tals are com.on ta tho.e of the other hospital 

departments' for whieh the ... govet'Dlllent a,eney ta responsible. Hence 

the followlna description will r ... ln of a general nature unless the 

specifie. of d1agnoatle radiology are uniquely appropria te. 

2.2 AllàCation of !iuipaent to Solpitals , 

Majot Ittas of .edieal instrumentation in a hospital include the 

daparaaenta of' diquolUc all4 tharapeutie râdiology, labontori •• and 

surl.ry. COrr •• poading to "ch, thete 11 a group of 1nctividuala in the 

gov.rDMIlt that 18 'reapouible for the allocation of Dev equlpaentJund. 
l ' 

ail institution. 11l the province. Theil' dec:i81ons, rather t~D b;~ 
toraed la. • vae1a, are ccmd.ltione4. at l .. st apl1eitly. by two \ 

• 
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outltanding factors: i) a seriee of independent decisions outs1.de of 

government in the hospital sector. and; 11) the deci.lon environment 
t 

vithln government. 

8 

2.2.1 Initiation of the Decision Procees. There are three sources 

of' funds av~ilable to hospitals in Quphec for the purchase of equlpment: 

• 1) ph,llanthropy; 11) the global hospital budget which is approved and 

8uppl1ed by 'the government (Anon., 1971), and; lii) direct equ:1pœent 

grants from the government (Anon., 1972f). We aha1l only conaider the 

latter tvo sources. as they are directly sponsored by the provincial 

government. 

If the supply contract for the deaired equipment is les8 than l 

percent of the operating costs of the department, lt may be included 1n 

the fixed capital expansion section of the departmental budget (Anon., 1972k, 

1974a). This budget must be approved as a total entity, first by the 

hospital manager and bhen by the Ministry of Social Affaira (Anon •• 19721). 

If the equipment cost 18 greater than the 1% criterion. direct authorlzation 

from the Minis ter mus t be requested. This is on1y for equlpment to be 

used in the' followlng fields: diagnostic or therapeutic radiology; nuclear 

medicine and isotopes; data processing; automation of laboratories; heme

dialysis; elect-ronic monitoring equipment for patients receiving intensive 

or coronary carei and anaeathesia and relluscitation (Anon., 19728). In 

additlon. above $50,000, tendera and other special procedures are requ1red. 

Although our èoncern i8 with the Mlnistry's problem of operatlng on 

these direct requesta, i.e., outs1de departmental budgeta, their origin is 

of 8ufficient relevance to merit examination. 

2.2.1.1 Local Decision Criteria. The dec1a1on to acquin new 

equipllent. or1g1nat.1 vith the perception of a need for change. The baaic 

forc.. cônverg1D1 in thil procasl are c<aaQn to aIl "DAgerial deciaioll8, 

aa articulated by !aaton' (1913): 

tlThare .. y be an intense di.sati.faction vith the exilt1ng 

atate of afta1ra or •• rely an urge for the :1aprov_ent of 

a Scod condition. The activation lor chana8 _, ariae 
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within a single individual or it may be imposed on the 

decision maker by situationsl or organizational impera

tives. Il 

Thus, a technological environment which was deemed acceptable in the 

past, is now found wanting. The source for thi~ transformation may be 

considered as one of two phenomena: functional degradation of equipment 

or super-structure change. 

Terborgh (1949) examines two types of functional degradation, 

quantitative and qualitative. While his concern 1s for an 1ndustrial 

environme~t, the approsch i9 equally applicable to medical technology 

9 

in a non-profit institutional setting. Both types of deg~adation are 

described in an~)b801ute as weIl as a relative sense. In the first case, 

there may either be a noticeab1e.decrease in the amouot of serv~es per 
'-"> 

appropriate unit of time, or a deterioration in the.~uality of services 

provided by a partic~ar machine. In the' second instanc;, either one of , . 
these variables may appear ta decline relative ta the 8upenf0r service 

f 

availab1e from competitive modern s~8ti~utes; that ie, those available 

on the medica1 equipment market. : 

Discrimination bètween~' ~r imag:Daed functlonal dec1ine of equip-V ~ 

ment is substantially more di lcult in a medical environment. Complementing 

those prob1ems faced by business concerns in making investment decisions, 

there are the added problems of: i) a high degree of equipment speclaliz

ation and low standardization (Brown and Lowell, 1972), and; li) efforts on 

the ,part of man~facturers ta enhance product differentiation, though some-

J times on1y 8uperficially (Peterson and MacPhee, 1973). This situation is 

further aggrevated by the large number of suppliers and dealer, of medical 

equipment. Yet this, in turn, reflects the his,torical trenct-..iowards pro

l~reration of specialized equipment in diagnostic services by the Medical 
1 

c:ommunity (Anon., 1970b). ~ 

The $ervices of the diagnostic rad101ogy department, as with Most 

ancil1ary departmentB in a hospital, are not 80ught directly by patients. , , 

Traditlonally these specialized services are utilized on behalf of the 

patients by phya1cians. Thus, these services are"demanded as a part of a 
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larger process through which the citizen seeks the maintenance of his 

health or the treatment of disease. Hence we define the super-structure 

of a radiology department to be the enveloping hospital, i.e., inpatient 

,facilities, outpatient clinics, aIl physicians outsidé the hospital 

referring their patients for diagnostic procedures, and the community 

that utilizes this hospit~l system. 

Either one of two modifications in this structure can ferment a 

desire for a technologieal change. First, a shift in the demographic or 

epidemiological profile of the community maY,alter either the volume of 

patients, diagnostic mix of patients, or both,~ presented to the hosp~tal 

system. This,in turn, may result in a somewha~ different valum~ and/or 

mix of services demanded of the radiology department. Second, a change 

in the hospital itself, such as in the admissions policy, siz~ of the 

emergency departmen~ or clinics, or the number of bads" might also ~pose 

a new demand situation on the department. Renee, the\decisio~ maker~n , 

radiolbgy is faced with the proôlem of, at best, anticipating future needs, 
, '\ 

a situation wrought with uncertainties ~d random~fluctuation or, at worst, 

attempting to rectify a "crisis" development. .. 

When the decision has been made that a particular type of ~ew equip

ment Is required. the problem of selecting from the many different brands 

arises. The actual application for equipment to the government does not 

require an indication of specific suppliers, unless the particular type 

of mach1ne 1a unique (Anon., 1912t; see section 2.2.2). In aIl like11hood 

though, the specifications of the request are written with a particular 

brand tn mind. In evaluating medical equ1pment manufacturera, ,the decia10n 

m$ker in d~gnostic radiology must confront: i) the problems of product 

d1fferentiation, as described above; 1i) the unique properties of major 
',< 

medical ~quipment which often prec1ude rea1 competitive bidding (MUller, 

1971), and; 11i) the need ta conaider eventua1 parts replacement, where 

most probably only the products of the original vendor will be compatible 

(Muller, 1971). 

The completed application, which essent1ally 18 a rationalization 

of tàe néed for nev equipment, ~~~ then sent to the govenmaent. ln this 

('\ 

J' 



ou • 

. \ 

.. ~ 

.' 

,. • -

manner, the decision making problem has been shifted from a local to 
-, 

the global enyirooment. and a nev deci8ion proces8 initiated • 

" 2.2.2 The Decision Envirooment. The following description of 

the alloc~on proble: and problem solving environment i8 not intended 

to b~ a detailed representation of the actual situation, but is meant 

11 

r~to provide a clear picture of the task facing the decision makers. As 

discussed in the previoua section, direct ~queste for new equlpment 

are deposited with a department in the goveroment dedicated to handling 

this type of allocation problem. In order to appreciate the conàtraints 

:l:mposed upon their "decision space". ve will examine this group wlthin 

the context of the Ministry of Social Affairs. Fig. 2.1 depicts an 

extraction trom the Ministry's organizationai flow chart, indicatlng 
- 1 

the relevant departmenté and 8ub-department~. 

Applications for medical equipment are procesaed through two 

successive stages (Dahman, 1975). First, they are delivered to the 

group responsible for major medical equipmen~ in Resouree Development 

(see Flg. 2.1). This group's function i6 to ev.luate each requeat; 

that ia. to define the merits and faults of an application for a 

particular type of machinery in terms of the needa of the applying 

hospital department. and subsèquently to recOMMend its acceptance or 

refusal. 

If an application i8 refu.ed, the process stops there, but if 

accepted, the second stage 1s lnitiated and is purltUed by a group in 

Medical Âpparatus. They .u.t deeide, in collaboration vith the applying 
1 

hospital deparœent, on the .pecifieations of the equipmeut. This would 

include the brandi dealer. ItUpply èontraet, sl&e and power requir ... nts. 

and a11 other details relevant to tbe purcha.e of the equipaent and Its 

int.8~at1on into the praeent hO.pital technologieal environaent. In the 
, 

caa. of an aeeepted application. the ço.p1ete two-8tage proc ••• Will 

take approx1aately 8 to 9 aontb. CDalaau. 1975). 

We vill locus our .ttention on th • ..,aluation proc ... purautld in 

Reaouree D.v.lopaent beeau.. it i. felt to bave th. areater decie10n 

probl.e, and iD 8dditlou. 18 a prerequ1aite fOl!' the 8econd etage. 

• 
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• 2.2.1.1 Global Decision Criteria and Decision Makin&. The 
i 

po1icy vis-a-vis resource allocation in the bealth sector adopted by 

Planning, and hence Resource Development, is essentially the same aa 

that proposed by the Quebec Comm~aion of Inquiry on Realth .nd Social 

Welfare (Anon., 1970.). The main thruat of thair report .. a tawarda 

efficiency in allocation. as seen in the context of disparitiea in 

the distribution of facilitie •• spiraling coatI, and l~ited avail~ 

ablUty of fonds. The mean. choaen to achieve this goal were, and are: 

centralbation of special1zed Bervice.; decentralization of non-apeciaÎiièd (' 

services (in particular pr~ry care facilitiea); and aatching c~nity 

needs vith resources. In sua and substance ihis foraa the es.ential 

phi1osophy towards equipment allocation. 

The adoption and implaJentation of poliCY may be seen to occur at 
'} " 

various levels within government. On descending an organizational hier-

archy we ~e the scope, length of tise for, ~nd ttme horizon of decisions 

decreasini (Mesarovic st at . .J 1970). On might argue that Cabinet policy, 

with respect to long tem' objectives for Bociety, is :bapl_ented over a 

period of years by the assignaent of Miniaterial budgeta. Ult~tely, 

levels are reaehed within governaent. wbere resources are distributed 

directly int~. the society. In addit::t.cm to the Bcope and t:f.ae factors 

cited above, -the deeis10n variables can differ ~iflcantly'at various 
~ 

decidon .Ung strata. Thi. i8 particul~rly true of Resouree Develop

ment in the ~ontext of the overal1 .. nageaent of the health care syaUm. 

For Gaple, ln the allocation of ho.pi~l budgeta, the locations 

are knovn but 'DOt the tlollar _ouata. For the sost part though, and 

eaclu41q _.e •• ttl~t~ vh1ch uaually aff~t acre than one ho.pical, 

the a.w budsst for a hosplcal 1. uaually DOt .1gnlficantly dtfferent 

frca tbe pr .. 1oua y..re budaec:. ln leaouree D."alopaent t the loea tlona 

ara U1lkDovD a ~ they dlffer s1pif1eantly frca year to yd-r. and 

are f1Daac1al1y COtIIItttcm.ed aolel; iD taras of th. total aO't'~t 
bud.at for 811 uew eqqipaent. 

'l 

'tbe allocatioa of .buclset. for naw aed1c:4al equi.-ent OVft .ev.~",al 
y .. r., nlati .. to the ot_ Ioyu __ t bulth car. budget ••• y r. '~t 

• loua t .. 10&1 for elle tt.ltb car. ayat.. tet" .. ch year, a "ria \ of 
r:)~ 

" , 

• 

"., 
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deeisions must be made within the confines of bu68e~/ànd consiatent 

with th~ overall' planning poliey, havin~ an ~~1ate effect on the 

institutions involved, and possible long-tera cJnsequencea for at 

leaat the regional delivery of health care. \ 

2.2.2.2 Decision Kaking. In A broad sense, alaoat any 

deciaion making or evaluation procea. can ~e characterized aa an 

Interpretation of present atructure in the context of what ia knowu' 

of the past and de.ired of the future (Gore and Dyson, 1964). Sucb 

decisions may be con8idered ta b~ either prograBmed (routlne) or non

programmed (innovatlve). Simon (1960) providea a succinct definition 

of theae terms: 

"Decisions are progrlUllllled to the extent that they are 

repetitive and routine, ta tbe extent that a definite 

procedure has been vorlted out for bandl1ng th_ ao that 

they don' t have to be traated d. nova each t:lme they occur. 

Decisions are nott-prolr~ed to the extettt that they are 

nove1, unstructured and con.equeut1al. Thue 18 no cut 

and dried aethod for handling the probl.. either becau.e 

it hasn't ari.en belore or bec.uae ~t. preci •• nature aad 

structure are elus~ve or complex, or becauae it is so 

:1laportant that ,it de.arves a cuat.- taiÏored treabllent. f, 

14 

Above al1, the di.tln8ulshing feature ta that routine decisions yia1d 

predictable re.ults, wher ... DOn-routine deeisi01.\8 involve a large degre. 

of uncertainty (Gore aD4 Dy .. , 1964). 

While .o.t decisi0D8 fall soaevbere b.tveen the.e tvo CEtr .... 

(Ict.ttoa. 1973), equipaent allocation aad, in fae~, ... ny hea1th planniq 

4ee1elOfts 11. towarcls the llon-prOlr_ed _ of tbe .pectrua. Theae . , 
u:nëertainti •• refleet the plalmer.· iIlcoaplete aovl84s_ of th_ oparationa 

of the h .. 1tb car. .y.t_. in addition to the non-d.teraini.tic bebaviour 

of _nyof the UIMlerlyins proce .... coapoe1. thia .yat.. The noa-

. pr08r-.d D&tuTa of ~be 4eci8:l.on -k1Da proc... iD ".ource :o.velopae11t 

i. 1Ddicat.cl ""~ .. c.p1et. ab.BDC. of an,' aec;hao1- for cOIlTertiDa 

'" 
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,/ planning guidel1n.a and poliey into an opera"le fomat. The pla~ert. 
need for a yardatick to eomp~e aad evaluate equipaent ap~11~atloaa 1. 

aeute. 

Two featurea of non-progr ... ec! dec:is1on maklng are soat relevaa.t 
, J 

ta the present diacullllion. Firat, in this type of problea aolving a ' 

large proportion of the total tUae :la invoived w1t~t"~fo1'llation gathering 
" -' 

(Edatr~, 1973). Nuaeroua ex .. ple8·~f thill exiat in the planning for 

diagnostic: equlpment alloeatl~n. 

If·.an applic:a"tion ia hlt to be Inca.plete, or if more .p.cifie 

inforaation ia requlr~ of the iadiology clapal'tlllent, then a dialosue . 
1Mf*t.he eatabl1ahed betveen, the hOllpital and gov.naent. D&ta .. y be 

requlred on e1ther the prellant .qu1paent 1aventory, depar~ental 8Uper

.tructure. or both, and pOI.ibly atailer data on'other ho_pitala for 

co..parative purpoeea. Hoat of thie infol'lUtion cau ollly be acquired 
• t.' .. ~ 

from louree. outa1de ~.Ourçe Developaent in the ,Provincial GO'ier.ent 

(Dept8., of Planning, Prog"'ing or Fi~nc, in th. Miniatry of Social 

AffaIrs) or Federal Covernaant (Statiatica canada and tbe Depe. of 

National Healtb and, "elfare). SOlietiaes the required data My tau 
fro. .evéral ~ontha to a year ta accuaulatè. For exaaple, the hiah 

priority project on a province-v1de inventory of radiographie equi~t 

(Anon. 1972&) atarted in 1972, and toolt f)Ver a year 'to. ca.p1le and 

&nother year to computerize. 
, 

A .econd type of 1nlohation 1. introduced ln the fom of outaide 

~pert1.e. Although Medical Apparatue ia not officially involved in the 

evalllaUon proce •• , their opinion .. y be aought on 8011le faeet of the 

pre.ent tec:hnolog1cal .etup of an appU.can~. In .addit1on. the Quebec 

Colle,e .of 1ladlol08bta .. y be_ cOIUfUlted by eith.r Ile.ource Devalopatlllt . ,., 

or Medical Apparatua. U .0.. aspect of • requeu neéds furthe~ clarifi-

eation.. r: 

~"'/see# .. jor future of lloa-proar_ect dec:ision .. Une 18 the 

diffieulty ~ baDdl:lq DOIl-Cœparable crit.ria (Ustroa, 1975). The 

r t.œancy 1s, to ..pu,1 .. ' tho .. variables that c:&1l he quantified la ... 

.1 
" 
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comaon unit' of 1Iusure, auch a. the dollar. This olten rélUlts in 
ri • • ( 

" the :la9Uc1t ass1gmaeut of le ••• r iaportance ta either qualitative 

considerations or tho.e variables that can be lIeaaured, but ln 
f , . . 

dia.blilar,units. thia problem becomes particularly acute when 

~omparing t~e·co~t.rof a device, its diagnostic c.pabilitie~, and 

,the "need.t! ~of the radiology'deparblleht sùper-structure. The -
fA 

problem also ar~ses when camparing these àame criteria between 

applicants. In additlo~, there 1. difflculty in tran.lating the 

centrallzation/decentraliZ4tlon pollcy into a means of measuring 

the degree of equipaent specializatlon, and judging the suitabillty 
~ ~l.... , 

of addi~ a psrticular type of machine to a partleular hospital. 

Aft~r ~ical Apperatus hae eatabliahed the specificationa for 

.. ch of the accepted applicants, a budget 1D\1st be establiahed to fund 

the •• reque.u. 

Budgeting fol' new equlp11lent Involvea a one yeer lag. Each fiscal 

y88r, the,previdus years budget 18 used as a guideline for accepting , . 
applications. Aft,r a11 tbe accepted request8 have been examined by 

, . 

16 

Medical Apparatu8 during tbat yur, the Equipment settion in Progr ... iD8 

o (see Fig. 2.1) proposes a budget for the fo1lowing year to fund the 

accepted applications. 

The proportion of nev equipment funda to be given for diagnostic ' 

radiology (vs aurlery, laboratoriea, etc.), i. dependent both on the 

rélathj!,ber of ap~1icat1on. and th. previous years SUIIl. POl' 1972-73, 

24 perce{ft" of the new equipaent moDey vas aUoeated for diagnostic and 

therapeutic rad10101Y ~n •• 1912c). Yet if Bealth Servic.s Plannins. 

a. part of ita grand .ch_e, fae1s that a change should be ade in eit~r 

'the total 'aaount, or tbe IUIOUnt for a parttcular cla.. of new equ1s-ant. 

tt.can iDJtitute thia policy through a directive to aesource Deve10paent . , 

and by subsequently puttina it .. weiaht behind 'the raaultins budget preposed 
• 0 

by Iquipaent. 

To -.-.rise tban t the probl __ solvq estv1ro.ent in 1teaourca Dwelop

.ent can he cbaracterlze4 .a the application of .• ..atly-defined strac.., 

< __ plUted by th. dUticulty in quantUyilll 1;.18 and obiect1vea>, on 

1 

" 

f, .. 
f 
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an uncontrolled input (equipment applications arising fram the 

hospital sector as a function of a declsion proces,independent of 
", 

gover~ent) under fuzzy constraints (demonstrated by the variability 

in budget). 

2.3 Integration of a Model in the Decision Proées8 

ln discussing the aIloéatlon problem solving environment we 

delineated programmed trom non-prd'grammed decision making t having 

recognized that equipment allocation'generally falls within the 

17 

latteF category. In the context of this framework there are two out

standing features: i) the large amount of information gathe~lng and 

processing requisite to decision making, and; 11) the difficulty in handl1ng 

multiple (and often non-c~parable) decision criteria. In this 

section, we examine the decision making process in somewhat greater 

detail. This will ailow the identification of the most effective 

means of introduclng a formalized quantitative construct to this 

proceS8. \ 

\ 
2.3~1 The Decision Process. Decisions have classically bean 

viewed as the choice'among alternative courses of action in which the 

decision maker cao generate aIl possible alternatives, thelr conse

quences, and has a mechanism avallable for choosing an optimal course 

basedoon a single criterion (Edstrom, 1973). Recognizing the inadequacy 
• 

of th1s "rational" scheme, Simon (1958, 1960) divides the decision making 

process lnto three phases: 
\. 

1. the inte1:Ligence-phase: searching the environment for 

conditions calling for decisions, 

2. ths design-Pha88:/~, developing and analyzf.ng 

possible courses of action, 

3. the ~hoi.o.-phas8: selecting a particular course of action 

fram those availabie. 

e' 



1 
Simon's view differs fram the classical definltlon ln two 

fund~ental ways. Firat, neither the problea and the alternative 

actions nor their conaequences may be given, but instead muat be 

determined by analysi.. Second, f choice based on a single criterion 

i. often unrealiatic, especially wh~re intangible conaequencea may 
, 

arise. In this situation, the aearc~ is for a _ati_factory rather 
\ 

than an optimal solution. 

tn the prevlous aection we obsetved that the problema which 

Resource Development must confront are (ln 'thé form of applications) 

generated ln the hospital aector. Although thls sector i_ outaide the 

direct operational demain of goveroment, the procass of applying for 

medical equipment.i8 at least partially condltioned by lagialation (aee 

sectIon 2.2.1). Hence, the intelligence-phase, or at least the procesB 

18 

of examining the rav data for potential probl ... , ls absent in the medical 

equipaent fundlng deci.ion procass in the Ministry. 

For each probl .. or application, the set of alternative actions is 

defined as a binary choice: acceptance or refusai. We have previou.ly 

suggeated thst theae deèlelona, both indlvidually and eollectively, are 

subject to a proeeaa of evaluation. In partleular, a request may be 

refused by lts failure to meet certain criteria, either in an absolute 

sense or in a relative sense. vhen cOlllpetina for part of the overall new 

equipment budget vith appl1eatloDt in the ,sa. or po •• lbly dlfferent , . 
equlp11nt cla ••• 

If .. now eontradt our dsscription of tbe ... luation proces. in 

I.e. ource Develop.ent to be ju.t tut, al1 .valuation of tbe •• rite and 

fault. of application., va cau raadl1y a .. ociate th1a proeess vith S1IIon'. 

d.et.P.-phaM. th. procs .. of ve1gbing tbe aerite aDd faulta of an .ppli

C&llt, or cœpar1.Dl the.s ... facton betwen appl1cant •• iD order to .. ' 

reeolve a dsel.ioa (cour •• of action), i. epcoapas.ed by S1IIon'. choiee-

pha ••• 

2.3.2 ~ Clt!lë. nu.. The 1n9ut. to tu eboice-phue ar. aoae 

•• lected outp,ut. fr. the 4sI!1Ia/ ... ~ttoa plia •• par .ppllcatlO1l. At 
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present, some indicators do exist to monitor and evaluate the 

performance of diag~ostie radiology deparcaents. Unfortunately, 

t~ey are primar!ly geared to in-hospital planning and, a8 8uch, 

they either require a deta!led data set unavailable to government 

or are so erude as to provide little new information. In addition, 

they are Independent of the Quebee scene. These measures will be 

discussed in greater detail as part of the reviev of quantitative 

planning approachea for diagnoetic radiology departments in Chapter 

3. For the Most part, though, these choice phasè inpute are of a ~ 

qualitative nature, indicatins more a sense of approval or di.

approva1 then anything e1se. 

ASSUDlIng that some meaningful quantitative ileaeures cou1d be 

attached to eaeh application, then the choiee-phale esn be seen as 

a maxtmization of some multiple goveromental utility funet Ion , 1 

through an allocation of application aceeptances .ubject to resouree 

(budget) eonstralnts. This eould, ln theory, be programmed 8S part 

of the decis!on proeess. Havever, it became apparent during the early 

stages of th!s pToject, that pur,uing sueh a line ~ld be a fruitle,s 
,:(l/1lI' 

venture. 

A global decision making program .uch a. de.crlbed abave va. 

abandoned for tvo reaeone; one inherent to the eonetruction of this 

type of meehani_, and 'the otber ulating to U. probable utiliEation 

in a deeiaion eovircmaent. 

Shuaan .t at~(1974) have trie4 to expIa in wby th ••• operational 

r •••• rcb aethodolosi •• have faUeeS to re81,llt in u.eful tool. for 

r.gionâl bulth p181l1l1lll. Tbeir basic critique, after reviewing 

DUIlerou. t.chnlque. and phl1080phlea. 1.. the t8l1dehcy of illVe.tiBatora 

to db.oclate the auly.1a fraa the reaUt1ea, lnclud1q the 10&1. &Del 

operatl00al propert:l. ••• of the .,.t. uDdar illYe.tipt1cm. 

. ' 
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" .••• the problems that have been attempted have not been 

vell formulated; the objective funetions have been 

na<~vely constructed and the measures of effectiveness 

yield suboptimizations; quantitative variables are 

cDnB1dered of prime importance, but behavioral variables 

are neglected." 

"Typical conseraints. e.g., plant capacity or available 

capital. which can be represented by vell known relations 

do not nece.sarily result in solutions that are politically 

or socially feasible." 

RooB (1972) provide8 a damnitljl; critique of the "tracK record" of 

these appro8ches in the public sector, of which health planning le 

of course s subset: 

" •••• form takes precedance over and even det~~nes content 

••• This leads to a chain reaction of po or conceptualization. 

gathering data more because it le available than indicative, 

and dependence on factors only becauae they can be counted in 

the opgoing analys1s and not becauae they are knovn to be 

important in the final analysis." 

" •••• 8 technological cortception of a probleœ ltaits the focus 

to theae aspecte whlch can be ex~reaaed quantitatively and 

vbich fit certain .odele. The technological solution vhich 

re8Ulte aay be satisfactory from the engineering point of 

view but becau.e it ha •• Dccapa •• ed onl, • lew .elected 

faceta, vital diaensiona 1I&y have he.n Degleete4. Such 

violation of the •• sance of the prohl._ uY. in the long 

rua, exac.rbate rather than ... llorate the troubl •• ose 
. cODdlt101l. ft 

20 < 

Ve ~. already aliu4ed ta aoa. of tb... probi... ln our prevlou8 

dt.cual1on lm the d~t:lculty ln quaDtlfYiDa the allocation loeta of the 

Dapartaeat of P1aamtDl. A .. cb1n. that ... y ba .pec:1al~ed iD one 
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~.diology department may not be in another hospital. If centraliz

ation of special1zed services i8 conaidered a good thing. then to 

what degree? ls the situationa! demand for a fac11ity'def1ned 

.tric~ly in terme of the spatial distribution of the population or 
( 

are the soeio-eeonomlc characteristlcs equi-determinant? 

Un1ike the hulk of eost-beneflt etudies for health program 

investment, e.g., a syphl11scontr01 program or a diaiyais unit 

(Klarmen. 1974). It 18 not always possible to define a speeifif 

diagnostic class of patients that wou1d utlli~e a particular piece 

of radiographie equi~ent. In facto radiography is one of the most 

generally used diagnostic tools in almost aIl medlcal specialties. 

~ In addition. the global perspective of a regional planning 

'scheme is attuned to policy decisiona. rather than operational 

considerations (Shuman et at., 1974). As ve have previously indicated. 

policy decislons are not'explicitly the~neern of Resource Develop

ment. Furthermore. such a reglonàl pl.nning system eould not accommo

date tmplementetion of poliey beyond a one-yeer period. as allocations 

are confined to equipment applications which represent an uneontrolled 

input from the hospltal sector per annum. 

Even if a viable construet were developed. implementation would 

stIll be open to pitfalle. It la obvioua tbat such an algorithm would 

be tremendously cOIRplex, at lea.st 1n terme of any one dec1810n maker' a 

own percepfton of thè hea1th care systeM., Thi, can lead to over

confidence in the capebil1tiea of an allocation .chame, which cannot 

poslibl, accouut for a11 the qualitative goa18 of planning. Rence, an 

el_eut of danger cau he introduced to the decieion _king proce •• 

"sim.,ly becaua. ~h. clarity and apparent objectivity of quantitative1y , 
.ea~eab1e subordtnate soa18 can es.11y lead to failure to bear in 

.~nd that they al"e in fact aubordinate" (Bould108. 1966). 

An even Sl"utel" po •• ib111ty vould be the cOlltplete neslect of the 

d.eeiaion ~It_ by plalUlet'l. The reaeou. for thi8 cau vary fra. au 

lDcaaplete uDderatandin& of the con.truet, to the ob.ervatloa of a 

at •• ifta vad .. ble in the eonatruQt. to the feel.lq that by uaiDI a 

21 
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declsion mak1ng program the1r persona! Integr1ty and viability in 

the organiZation will auffer. ...'" 

It 18 apparent, then. that a decislon making system a8 embodied 

in a Medical equipmèht allocation scheme would pose tremendous diff1-

culties for development and fmplementatlon. As yet, we have only 

dlacu8aed a 8cheme which operates on many, if not aIl, of the appli

cations made in a part1cular year. By operate, we of COUfae mean the 

eame'p~océSS pursued in the cho1ce-phase; that is, the asslgnment of 

a,utillty measure to each application and the subaequent chooaing of 

a subset of applications to maxtm1ze some global utility function. 

The next question which vould naturally arise is: if a global scheme 
, \ 

ia inappropriate, could a decision making scheme that would deal with 

only one application be more readily devised? 

Having poaed the question, l critlcize it aa mlssing the point. 

~t ia, the deve10pment and tmplementation problema we have discu88ed 

are quite independent of the mandate of a decision maklng construct; 

whethér for one or Many applications. Therefore the choice-phase, 

which eseentially amounts to the ass1gnment of acceptance or refusaI 

labels to an application, or group of applications, i. an inappropriate 

,process to quantize in a formalized construct. 

The firet phase of the decision procesa, i.e. the intelligence

phase, has been ah~ to proceed independent of the ~overnment and thus 1a 

not available for quantification. In the fo110vitlg section, ve exaaine 

the des1gn-phase in order to identity a suitable facet of this cOlllponent 

of the decis10n proc.s. in which to quantitatively intervene. 
1 

2.3.3. The D~dln Pha... Morton (1971) has further divideC1 Sillon· s 

de.i8n-pha •• iuto tbree eubphase., in arder to reflect the _phA.1s on 

infomation .atheri1l8 aDCl 8Ca~iD8 which are ad_ic to an evalu.tiou 

proc •• s. The.. aubpbase. are: 

(a) gfn'ltJ1ZflCltWn of input data for the .. uipulatiou eubpba •• , 

(h) ~Zatüm of the data to arriv. at .cae appropr1.ate 
input' for t~e nlectiOli ftbphase, a. 

(c) •• r..o'ti01à of .... ôÜtput to 10 to the next (Choie.) phase. 

\ 
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In section 2.2.2, ve discussed the different types of infor

aetion (ray data, report,~ consultations), and their sources, which 

Resouree Development aequires in the course of evaluatlng equipment 

applications. This defines the generation-subphase. Of partleular ,,-
importance ls the diversttyof agencies. deparbllents, and groups who 

DUBt be approached. and the resulting variations in data volume, 

accuraey and time required ta aggregate. 

23 

The lack of a unifled data base Is a source of ineflieteney in 
the process. This can be appreciated both in te~s of the tune factor 

and the direct relationship between effort and detail. While we acc.pt 

that eomputerizat10n, 1n the fora of some information storage and 

'Tetrieval system, would ulttmately result in a more efficient gener

ation-subphase, it doe8 not necessarlly follow that it would be more 

effective in terms of the overall de~lsion proeess. There ia a signifi

eant difference between increasing the amount and accessibility of rav 

data, and increasing the amount and quality of information relevant to 

solving a problem. 

Our discussion of the manipulation and selection subphases has 

been rather scant, ~ing in large part to the present state of the 

evaluation process or dedgn-phase. 1 woold describe this "state" as 

the geheral absence of a fomalized schelle to investigate and 'manipula te , 

the data in order to der ive information up~n vhlch a decislon can be 

based. This weakuess in the de.ign-phase a1rrors the lack of quantlta-
, 

tive Drganization ln the choice-phase. 

In addition to the indice. previously .ent1oned (and to be exaJIlined 

in Chapter 3) 1 l:laple input/output ratios are often constructed in order 

to evaluate the ,"fomance of a departlllent. A typ1cal exaaple vould 

'b. the average nœbar of daUy diagnoatic radiolosy exalnations per

fomec! in each x-ray roœ. A parUcularly intus.Ung probltlll ariaes 

when deriviq, ... .ure. based on a dngle variable, and vhich can only 

rafl.ct Olle facet of &1l applicant'. perforunc:e. This 18 the natural 

teadncy t.o ' .. lact' the parti.cular ... aure t"-t .... iD81' provide. tha 

-, 
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.. x:t.u. a.ount of lI1forution; that 18,- the iDdex whlch ta liait 

dr/unt fra. tbe Dora or expected value. Thia eau lead to iftappropr1ate 

appraiaal •• 

lt vas decided that broadening the .cope of the preeent .ll&nlpulatlO1l

.ubpha •• would add greater depth to the selection-subpha •• , and hopefully 

strengthen the subsequent choice-phase.· We shall introduce quantitative 

instrumenta thlt encompass more than one variable and can he applled in 

an unhiaaed fa.hion to ail 4pplicants. The advantage of focusing on the 

manlpulation-subphase 18 that ve can both provide "nev" lnfot1ll8tion and 

. yet lIin1lllize the difficulty ln implementing a scheme; that !S, th1e 

add1tional 1nformation will not attempt to encompas& the qualitative 

facets, and will not infringe on the authority of the decision makers, 

whlch 18 really exerclzed in the selection-subphaae and choice-phase. 

The goal of the design-phase i& to provide information to support 

tbe acceptance/refuaal of an application. Currently misslog la a m .. ~. 

to evaluate the performa~e and est~te the effect an expansion of 

tacilit!e. would have on the department under investigation. To fill 

thia void. a math_atical model of a diagnostic radiology departltent 

Yill be conlltructed that can providl! both type. of' inforaation. 

COIIlplementing the crUeria relevant to .odel purpoae .nd scope. 

expl1cit development criteria .hould be set. Little (1970) bas propo.eeS 

8Uch a list. He su8se.ta a model be 1) siMple, 11) robu.t. 111) "., to 

control, 1v) adaptive. v) a. coaplete aa possible, and .i) eas1 to 

eo..unicate vith. 

":8y a:laple il ."Dt .ay to underetand; by robu.t. bard to set 

abeurd aru"ran frœ; by "., to C:01ltr~, that the ueer knOVll 
"ut input vould ba raqul'red to produce • de81reeS output; 

act.pUve .UIla tbat the .odel can be adjuated a. nev iftfor-

.. tin b acqulrecl; caaplet ......... na thit the illportant 

PHoaMeM wUl he :l.nelllcl..t ••• j aM .. ." to c~1eate 

V1th ... u tbat the aaaqer un qulcU,. ad .. sUy cuq_ 
11qMata .. obtaia _ ~.retand output •• " 

' . 

. , ., 
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• 
The l.a.t ~l_ent in thia set relates pr1marily to the .adi .. of 

taplementation and will not be explicitly considered in thi. thesil. 

The five remaining criteria will be investigated in greater detail in 

Chapters 4 and 5 wh en describing the derivation and estimation of the 

aodel. 

In accepting this list of guide11nes as basic to effective model 

building. we also recognize that they are quite lndependant of the 

partfcular situatlon st hand. Sinee this projeet arose from the 

problems of'a res1 decision environment. the modelmust: 1) deal so~ely 

with data that 1& presently aval1able, a,nd; 11) be suffic1ently versatile 

to be appllcable to aIl hospita1 radiology departments ln the province • . 
We bave noted that the plannera in ResourcevDevelopment are responsible 

for newequipment allocation beyond radiology. Thu8.~it is desirable 

that the chosen methodology he applicable to soae of their other 

declsion problems. 

,2.4 

for 

Suaary 

In thi,,~haPter ve have deacribed the decidon .. king envlro_ent 

the aUpbation of new equlpment to diagnostic radlolotty departaente, 

determined the point at Vhich the Integration of • quantitative approach 

can be sost eucceasful, and .atabllahed a Bet of guidelinee for the 

development of an appropriate aethodology. 

~oughout OUT diacuaaloq, ve hav~ conaplcuoualy oaltted tbat 

aaetiae. deteminant, "et lD1lOCently uncJerrated tacet of declaion 
i ' 

.. king: the .ereiae of power aad influ_ce. We .. y safely aa ... e ita 

_iatenee, or at luat the potentul for it in aIl orgen1utions. But 

vbat of 1t' ln tara. of our analyl1a, 1t will suffice to acmowledle 

the polltieal el_bt and reeoan:lae the vall4ity of our -action. iDdepen

dent, and poadbly in apite of, lta preaaee. 

LookiDa beyond the part1eulara of thia d18eu •• lon, it 18 apparent 

tut .... bave toucb_ GD &11 ar .. of ll'owiDa 1aportaa.c:e :ln our aoe1ety; 

tut la, the pNbl •• of direct lov ___ t :lnt ... tioll (iav.ataent) :ln 

-$ 
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\. 
a process operat1ng indepéndent of the central authority. These 

proce~aes may vary in scopa fram encompa8sing only one sector, to 

directly or indirectly affecting the welfare of the population et 

large. Their common thread 18 the legislatlve umbilical cord. 

26 

Health and social services tmmediately come to mind,as they àre, for 

t;he most part, supported by government. Although in recent yurs we 

have 8een the other end of the spectrum (labour, industry and commerce, 

natural resources) come into focus. 

We have witnes8ed A tvo-fold effort At ~proving the decision 

making required in the heelth sector. Many of the techniques of 

management science and industrial engineering, which Wère originally 
\ 

developed for the profitable operation of business concerns, are now 

u.ed for more effective planning and coordination of activitie. in 

individual institutions, such as c1in1c8 and hospitala. Concurrently, 

.economista and others are increasingly contributing quantitative analyses 

for poliey making in the health sector. Caught in between are the 

departments and agencies of governaent who provide input (allocations) 

directly into a 8ystem which often appears as A ''black box", and for 

whom the techniques of neither group Qave a8 yet to be fruitfully 

appl1ed. 

Thi. 'project i. directed towards the deci.ion making prob! .. s 

of IUch a group, wh.rein the ulttaBte suce ••• or fallu.e of our goals 

and poliei.. lie. 
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CHAPTER 3 

'l'RE DIAGNOSTIC RADIOLOGY DEPARTHENT 

3.1 Introduction 

Tlte previoUB chapter centered about the deCilliO,~in8 
proces. for allocatins equlpœent to hoepitals. It sufflced 

therein to conllider diagnostic radiology as one of many 

departlleqts in a hoepita1 which uses apecialized equipment for 

the provision of services neeeasary to patient care. Thia 

chapter will provide a .ore ganerai description of a diagnostic 

radiology department. 

Model building often eppears to invoive a trade-off bet~en 
the inclusion of aIl system features deeaed important, and those 

propertiea whieh are identifiable fra. the data. In fact, a model 

aust include aIl the 11Ilportant sylta. features. Data uy provide 

infoI1l8t1on on the funetional relationships saonS variables, but 

usually Dot a11 of the features can be deacribed fully. Thua 

asaUilption. _uet be .. de. 'l1le trade-off that will be iotroduced 

ia as follova: the IIOre oue aaaUMa. the IIOre inaeeurate 18 the 

resultina IIOctel, and hence, tbe le •• trutt.d are the lIOdel' 8 

prediction.. Ve fully recopia. that tb1. _,. be the priee for not 

b8viaa enouah data. 

r; In the coateat of the pr.Hot eDlllinatiou of diapo.tlc 
l 

radiol.,. 1.8. the .yat. and ~tI propertiea. ft illclu4e both • 

r_iev of rÎldiolOl1 faciliti." ~laDaiQI ap.proache. and an introduction 

to th. av.ila~ data. Vith thi. diaeuat10n and the lIOdel bulld1lla 

criteria froa the prwioua chapter, a COIIplete fr.-ork vill haye 

bMD •• ~bli •• ta wh1ch to pt'opo ... IIOdel 1:11 chapter 4. 

f ' 

l ' /.,- .:. 

.,.4). "~i<:~-'_ ~, ..... t!.: ~ ~\',""1,,~_.~ .. _.,. 
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3.2 'The Diagnostic RadialolY Slstem 

3.2.1 A New Kind of Raya. On Deceaber 28~ 1895, Wilhelm 
l ' Rontsen announeed his diacovery of an unknown type of raya (which 

he labelled x-rays) in a paper entitled: "About a New Kind of 

Rays" (Van Der Plaats. 1969). From rather huable and hazardous 

beginninga, cl1111cal applications of these "unknown raya" have . 
prol1ferated into the Medical specialtf called radiology (Knowlea, 

1969). As a reault of 8cientific and technologieal advancea. 

this field hà. dtvided into three aubspecialitiea: diagnostic 

radiology; therapeutic radiology; and nuclear aedicine. 

"The _dieal utllization of radiology has today 

progresa~a to the point where there ia scarcely 

a huaan diaesae in which the science of radiology 

is not ellpioyed ln diaguoaia, in the evaluation 

of the efflclency of lts trea~t by aedlcal or 

aurgical methoda, or in Ue tJea~t par se." 
r' 

(Dowdy, 1964) 

The reaainder of this discuasion i8 concerned apecifically vith 

diagnostic radiology. 

Radiogtaphy i8 the makins of a rècord or photograph hy 

aeana 01 the action of x-raya on a aensitized surface (Jacobi & 

Paris, 1968). A ~radiogr .. (or roentgenogr .. ) 1_ a record of the 

differences in density in the part of tbe body through which these 
, .' 

raya have pa .. ed (R.obbina, 1972). Bence ft define diasnoatic 

radiolo.,. &8 the nondeatructive aearch for ~ or inves tiption, of 

hUIIan patholol1 throuah tha ue of radiolo,ical techniques. , 

3.2.2 Tbe Jlad.10p'aphie SuPyn.. Diapostic radioloay 18 

but one of a aroup of depatmente in a ho.pital who.. funct10n 1_ 

to ,euerate h1ah17 .pecifie infomation for p~t1ent care. ln 

partic:ula:r, the .actb1ti •• of thi_ ,departMat are prÛlartly , .. rad 
Cl • ..~~- ~~ 

~ • 
l 
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to the Interpretation of the rad1.oar ... for the pbysician in charae 

of the'patlent~ Thil aervice requirea the cooperative effort of 

radiologi8te, a team of x-ray technicianl, and a aupportlve etaff 

of file clerb vorkin,8 in a highly technological environaent. While 

the radiolog11t is ultiaately respousible for the analYI!1 of a 

radiogra., the preparation of the patient, the taking of the 

-x-ray, the developaent of the fila and .11 asaocieted clerical 

taaka are contributed p~m.rilY by other people .. shawn ln Pig. 3.1. 

The radiology departaeDta of genera! boapitd, provide onIy 

diagnostic services. 
'\. 

The lpectZ'UII of activ'itiel puraued by radiololY 

depér~ta in teaching hoapitall includel, in addition, te_ching, 

trainini and reaear~h (Drui, 1970). Teaching 11 generally 

conducted in either large .cute or apecialized hOlpitals, and tberefore 

the valu.. and ~ of dlÂanoltic radiology lervice. vill norwally 

be gr.ater or .ore cOliplu ttUm tho.e of non-tiCb1ng inaUtutiona • 

. ' rllure 3.2 ahow tbe interrel.Ùonahipl: 0 :tbe radiology 

depart.ent in,the M'él.chusetta General Hôapital (Boaton) vith the 

reet of tbe hoapitel. RAdlololY depar~tl in al1 hOlpitala .. y 
he' _P~d in -. a~lar f.lhion uring a ... lubaet or -.,clification of 

tb.a. links depending on the apecific ad.dnlatra~ive and aedical 

atru<;tur~s. Tbia delcription .-pha.be. th. tnforaation generating , 

nature of thj.e department, ad iu dependenc:y ~ the hoepital laper-
:. ~ .. ( 

atnae,ture for definition of the rID8e of servie •• ir. .. t provide., 

Lindbe1ll (1971) èatqorhes the nuaeroua a~1v1ties tbat tak • 

. p-lau 'in the proviaion of diagnoatic serRees into • ix groups; 

f' 

. 

e tbole that ~et the patient and x-ray .. chine together, 

tho •• requir.ct f,!r the x-ray exaaination, 2. 

3. 

4, 
5. 

6 • 

tbo.. lavolved in retainina tbe x-ra,., 
, 

tbo.~ requ1red for the d~ail, 

tho.. 1.DvOlved !Ii the tran'eai •• :lon of the 418.81a to tti. 
proper _':lul authority. \ 

tho.. relatiaa to > tha atar_. &Dd retrieval of the 
, ' 

:l.afo~tiOll obta1aed. ' ... 

. 

.. 
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Fig. 3.3 i11~trate8 these six activitiea diagramatica11y. 

Severa1 tmportant features can now be observed. Virat, vithin 

thia set of six activities,' two distinct proceeae8 emerge; one 

1imited to the actual taking of x-rays (activlties 1 to 3). and 

the second invo1ved with the proceseing of !nformation (activitiea 

4 to 6). Sullivan (1971) characterizes this by lab'elling the 

former procesa as the radiographie subsyetes within diagnostic 

radiology. He then definea diagnostic radiology as a 1arger aystewa: 

radiography plus interpretation of x-raya plus provision of 

con.ultations to referring physicians. In light of our concern 

for equipme~t allocation, ve viII focus our attention on the firat 

of these proces.es as it includes the eite for equipment usage and 

the environaent for man/.achine interaction. 

We ahould note that depending ,on the size of the department, 

there may be one or .ore different rooas in which activity 2 la 

pursued. These "x-ray rooms", by virtue of the equipaent set up 

they contain, .. y be dedicated to hartdling leneral or apeeia1ized 

procedures, and often .. y be used for both. In addition, ooly one 

patient 11 eXlllllined in a rooa at a tille. 

In Flg. 3.3 the radiologiat ia exp1icitly depieted .s perforaing 

two funetions. Firat, the radiologiat or resident le uaually preeent 

at the x-ray table .ltber to aupervise or aeUvely parUcipate in the 

acre complicated procedures. Secondly, he ~. IOlely respooaible for 

the Interpretation of x-uY.. lecop:blua tut the radioaraphic aub

ay.ta inwl".. a ca.plex interaction of labour, _teria1 and te~bno

lOI1e&! reaourcea. ". ... tbat in addition to the function. cHad 

aboYe, the ..... _nt roie of the racliololi.t ia critical ta the 

.-,otll operation of the de~tIIIIlt. 

, lxc1udiq playdcia_, the thr .. _jor iaput ra.ource. to the 

cSepertllellt are the tec1mlcal ataff, .. tarial., ad equ1s-eot. Both 

the racl101al1ea1 ' ....... t1OD aa4 the Proc. ... 1Il1 of f1la require 

, 
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apecia1ized equlpment. which in turn utilize different materiala. 

It 18 obviou8 that to produce an x-ray both of these resources must 

simultaneously be consumed; material in teras of a quantlty and 

equipaent in teras of time. For each examina tian , the amounts of 

each a~,e dependent on the nature of the procedure and the 

capabilitiea of tbe macblnery. Film la procesaed ln a separa te 

r oom, vith one s~ch room usually servlcing .. ny x-ray rcoas. 
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Film mey be replaced by eontinuoue video record~ng during an examination 

for special procedures. 

The technician 1s respon.slble for lIOSt of the filll-taking 

(Lindheim, 1971). He must study the request for vhat il to be 

done, get the patient on the table, see that the correct filas are 

available, adjuat the machine, read the filas for adequacy, consult 

vith the radiologist, and clean up the roo. after each exaalnation. 

Because of their training with respect to equipaent aaintenance 

and operation. technicians fonœ a critical coaponent of the system. 

This was evident frca the data on hospital radiology depart.enta 

in Quebec, where aIl departments are seen to have at least one 

technician on the payroll. 

As the four input. to the radiographie 8ubaystea of diagnostic 

radiology, 'radiologists, non-MD ataff ... terial. an~ equipBeDt, for. 

a necessary and integral part of the whole, e&eh sbDuld ba prasent in 
t 

sc.e explicit for. in a aatheaatlcal rapre •• ntation of a department. 

3.3 Radiology 'acilitie, Plannlpa 

3.3.1 Source of Concarn. In reeent year. there h .. been a 

growina intera.t in tilt ~1anni1la of rad1'4'1og1' faeiUde.. Lindheill (1971) 

attribute. thl. iDt.raet to bath the .. di cal raIe and operational 

requlr .... t. of 41asao.tle 1'&4101011: 1) lt rend.r ••• rvic ••••• eutlal 

to the operation of otber d.parCIMDU. aueb .. eurgery. _raeney, 

-.dle1fte. and orthopediea, 11) it requlr .. re1atively large nu.ber. 
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of pe't'sonnel whose activltles are interdependent; 111) it ls 
. , 

uti1ized by patients in aIl degrees of sickness and hea1th, and; 

Iv) it requlres a major outlay in terms of plant and equlpllent. 

In addition, two related trends have catalyzed eoncern: the aeeelerating 

demand for radiologiea1 8~rvices and a growing awareness of the 

inappropriate use of some of these services. 

The burgeoning number and the increased cOllplexl ty of 

consultations requeated has resu1ted in the need for major 

faeility expansion and/or modernizat1on of SODae depart:llent8 every 

7-10 years (Robbins, 1964; Copestake, 1967). A study in France 

showed that from 1959 to 1972 the number of examinations provided 

expanded st more than 10 percent per year, and that from 1967 to 

1972 aIl of Europe saw a total increase of weIl over 50 percent 

(Couder & Sandier, 1974). In 1966, the American Co11ege of 

Radiologiste estüaated an annuai rate of growth in excese of 7.2 per

cent (Arton" 1966). One author (Sullivan. 1971; Sullivan & Thuesen, 
, 

1971) esttmates a doubling of radiographie procedures every eight 

to ten years, with work loada doubl1ng every tvo to four years. 

These figures are not radieally different frODa the Canadian seene. 

At the Winnipeg Genex:al Hospital. HaeEwan (1913) documents a 60% 

1nerease in radio1ogy examinationa from 1962 to 1970. From 1971 to 

1972 alone. the nuœber of insured examinations performed by private 

radiologists in Quebec Inereà8ed by 44 percent (Anon., 1973). 

Seme part of theae inereases mey reflect medical trends, auch 

as the. introduction of ac:reenin8 progr8JIUI, or the dn-e1opaent of 

new technologie. (aourke, 1968; Lindhe~. 1971). De,pite these 

allovance.. c~cern ha. been voiced both within and outside the 

radiology prof.,aion about the inappropriate use of services 

~owl... 1969; MeClenahan, 1970; GelLaan. 1971; Middle .... , 1972; 

Rouaa.au, 1974). Mac:lvan (1973) eaU •• t •• utUi.ation At about 

30 percent srestar thaD. 1lecu,ary. CUlpbell (1973) claiu the nuaber 

of radlo1o~ie Itudi •• in the lut elfcade to he out of proportion 

to either population iner .... or patient vidte by 4 to 1. Be 



cites failure to discr1ainate hi8h from low yield eXaaB t unneee.sary 

" repetitive and fol1ow up etudies, failure to prevent dupllcate 

exams, 8ubstituting radiologie for physieal eX8mS, leck of cost 

deterent and abuse of routine examinations to rule out unllkely 

possibilities as major causes of facility overutilization. A good 

part of these problems are reflected in a study by Childs (1970) 

which concluded that "patter:ns of chest examinations may vary 

vith physician characteristics, independent of diagnosis and other 

patient characteristic8." 

3.3.2 Government Intervention The sources of facility 

overutillzation cited by Campbell are a function'of the present 

dey practice of medicine, and as such, are most amenable to changes 

vithin the medical community Itself. Typical examples would be 

increased peer review and educational improvements. A financial 

incentive may utl1mately prove to be the 1IIOst productive tool in 

discouraging vaste. Yet thls mechanism'strikes to the very core of 

hea1th cere planning, and hence would requlre a major policy 

initiative and thus i8 not ea811y implemented. 

Discourag!ng overconsumption of services or inappropriate 

utillzation of facilities ia not vithin the .andate of Re.ource 

Development. As described in chapter 2, Resource Development i8 

charged with~the evaluation of equipment applications and hence cannot 

directly intervene in, or influence the medical practice of radiology. 

The question theri arisea aa to vhether the expansion of facilities 

in a radiology deparbaent, aa provided by the acceptance of equipaent 

applicaUona. 18 related to the, o'Ve~cona.pt1on o,f serVices. 

OVereon8umption implies that radiographie facilities are being 

utilized to a certain'extant merely because they are available. 

Thia phenOlleDon 18 iapl1citly encouragad by tha third party paflWUlt 

.chea. wa bave in Quebec vbich effectively eltainatea a aarket 

aechanl .. for controlling utilisation. lt 18 apparent then, tut 

• 
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1 increasing the availability of facilities through an expansion of _ 
" the equip.ent environ.ent of a t~dio10gy depart.ent .. y explicitly 

aponsor and ~p1icltly encourage lnapproprlaté uaage. Obviously 

this will not,he the case for aIl departments, and so, hov cao one 

determine when it might? 

For some interval of ttme, such as a month or a year, the 

input relourcel to a radlology departaent (see section 3.2.2) .. y 

be conaidered fixed. The volume of services which the department 

cao supply during this period will de pend on the extent to which 

these re.ources are actively utilized. Yet each of the inputs can 

~ only be consumed to a finite extent. For example, the operation 

of equipmént is limited by either the number of hours ln a day or 

the manpower work schedule. Therefore some flnite maxlmum service , 
capacity must exlst per department over the ~on8tant input time 

interval. 

An application by a radiology department for new equipaent 

18 effectively an application to increase the service capacity of 

that department. This in tum is a reflection of either degradation 

ln the preaent technological environment or an exp~cted lncrease in 

the deœand for services (see section 2.2.1.1). If a'departaent which 

il utilizing MOst or aIl of its present service capacity expande 

lts facilitiea, ve vould expect that the bulk of lts additional 

capabilities would he con.uaed by the present or expected level of 

demande 

Let us assUlle that SOIIe depart1aents are operating at vell 

below their capacity level. If one of these deparcaenta is allowed 

to increase its equipment input, then the availability of facilitiea 

in that department wUl inerease a. vell. Because it originally 

bad axe.as availability, a. ob.erved by the underutilization of 

it. cap.city, then the expanded capabilitie. of the depart.ent viII 
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Dot be con8\11ed by the expected neede of the depart1Dent. As 1fe~l. it .. ,. 

eventually be tnappropriately con.u.ed by virtue of it. availability. 

'ftli. WOUld be ob.erved •• an overcOlleuaptiOil. 

-----~-- - ---~~~- ,---



If the utilization of the service capacity of a radiology 

department can be measured, then this information can 6e u.ed by 

leeource Development. through its ability to accept or refuse 

equ1pment applications. to check eventual overconsumption of 

services in a particular department. Therefore the primary thruat. 

of the diagnostic radiology department model will be towards the 

perception and quantification of non-capacity behavlouT in a 

department, and thu8 will provide this previously unavailable 

information to planners. 

Very few departments can be expected to fully utilize their 

service capacities. A study by the Nuffield Provincial Hospitals , 
Trust (Anan., 1962) assumed "that a usage of 70 percent ..•. can be 

achieved with good organization." Hence the lIlOdel must estimate a 

realizable eapacity, which in fact is some percentage of the actual 

capacity, rather than a theoretical and unattainable level. 

3.3.3 R$diology Facilities Planning. Traditionally, radiology 

department planning, both within the hospital sector and government, 

has relied heavily on prototype designs prepared by government or 

radiographie equipment manufacturera (Taylor et al., 1959; Langloh, 

1973). The size of a department ls usual1y epecified in tenBS 

of a desired ratio of x~ray TOoaS to hospita1 bede for hospita1s 

of dtfferent size and orientation (Anon., 1950). This approach has 

been crLticized bec8use it ignores the e.ergency and outpatient 

deparbaents which may have special radio1agy service needs (Lindheia, 

1971; Alt.an, 1973). 

A large nuaber of etudiee ha~e addre.eed theaselves ta the 

prob1a. of radio1ogy department .1ze, design and location in relation 

to the total needs of a bolpital (Ieev.e, 1959; Anon •• 1962; 

Cuadln, 1964;, Shaw, 1964; Wbeeler, 1964; Scott, 1966; Anon., 1968; 

Lindhe~, 1971; Sullivan. 1971; Sullivan 1 Tbueeen. 1971). The 

~ th... throuahout the 1iterature il the intereat in planning 
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st the institutional level. This may readily be appreciated both 

historically in terme of hospitals' past autonomy from each other 

and from the government. and because of the very real need for 

detailed systematic design procedures for such a complex man

machine envlronment. 

Typica1ly analysi8 ia confined to one or two institutions 
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whereln a large data collection effort must be purlued. Lindheim (1971) 

providea a list of the type of information that ls requisite to 
, 

calculating the number of diagnostic radiology rooms required by a 

given hospital: 

i) the nature of the populatlon to be served; 

ii) the number of lnpatients, outpatients, and emergency 

patients who will use the facility i .. ediately as well 

a8 in the future; 

111) the types of examlnations each group ls likely to require; 

lv) the length of time required for these examinatlons; 

v) the expected type of utillzatlon for e.ch room, and; 

vl) the hours the radiology department will be open. 

Other data of relevance would inclu4e: the peak lo.ds; the time 

"required"to develop various films and analyze different procedures; 

and the physical and locational setup of the radiology department 

vith respect to patient flow and proxiaity to other ho,pital 

departllents. The apectrua of tiae 1ntervais for whlch th1a type 

of data would be collected .. y vary from a per diea to a yearly 

basis. 

Â det.IIed review of the techniques uaed in the etudies cited 

above i. not necesaary here. Typically, the analytic tools 

present.d in the.e studie •• re aearad to the utilization of a unique 

data collection effort. Bence the viabillty of the \.eault1n8 

scha.ea la directly dependent on the availability of the approprlate 

inforution. The 'type and detai! of lnforaation ft have diacu .. ed, 

per depart.ent over tt.e. ia preaently not "ailable to goverm.ent 

( .. e .ection 3.4). 
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We deeided against pursuing data beyond that .vailable directly 

from the government for two ressons: 1) it would require a 

tremendous amount of time to investigate and posslbly vieit each 

diagnostic radiology department in an aeute hospital in Quebec, 

and; li) our experience with the government's data gathering efforts 

indicates that a large number of omissions and errors would 

accompany new data (see chapters 5 and 6). 

Adopting a scheme that ls not attuned to our own data base 

would. as discussed in section 3.1, require the introduction of 

assomptions. which in turn would reflect on the credibl1ity of the 

model. In addition. most analyses result in seme prescription, 

such as the number of x-ray rooms per institution, and as sueh are 

really decision making schemes. In chapter 2 wé ruled ou~ the 

introduction of a decision making program to the allocation proceS8 

in Resouree Development as unrealiatie. 

Rence the unique characteristics of radiology facllities 

planning for hospitals pursued by government. i.e. the glo~al decision 

perspective and the data availability, require the development 

of a new analytlcal approach. We present such a technique ln the 

next chapter. 

3.3.4 The Role of Government in Facllitles P!anning. Detailed 

design and planning of depart.ents, radiology or otherwiae. shouid 

not be the responaibility of a central authority. TVo factora 

would promo te f.llure. Regare;!lea. of the lIIIOunt of data that 

could be collected. caly tbole individuals working in a departaent 

on a day to day buis can fully appreciate their own probleu and 

need.. To ÛIlpo.e upen thia group a de.tan which doe. not coinc1de 

vith thair perception. of need. voule;! be fool1ah and po •• tbly 

catutrophic. Iqually iIlporta11t 1. the ellphaa1. placecl on individual 
. Il 

deci810p uk.ina v1thin the Melieal profe •• ion. To tnfr1qe upon the 

80Vereignty of the raeS1olog1at couleS net only he pol:1tica1ly 

danaeroua. but would in aua, be the .... as tellina a _nqer hw 
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to manage - not a good idea. 

The Quebec Government fully recognized the faults Inherent 

in detailed centralized planning. lt therefore established a 

legal framework in which the decision of h~, when, and where to 
• 

expand a department's facilities lies solely with the department 

itself (see section 2.2.1). In order to guide the health care 

system, the government has reserved the right thro~gh its control 

of the purse ta pass final judgement on sucb plans. It should be 

recalled that applications are a function of a cost criterion 

(see section 2.2.l),which presumably reflects the magnitude of 

the effect a technologicsl expansion will have on an institution. 

In essence, this approach by government reflecta the 

difference betweèn a planned and a planning society (Bergwall et al., 

1974). Rather than dictate how the health care system must evolve 

and operat~t the government has chosen to pursue an interactive 

approach or dialogue in which both planning and society are allowed 

-:~~o evolve aimultaneously. 

The present application form for new diagnostic radiology 

equipment basically asks for an inventory of labour and equipaent, 

a brief review of the procedures perfonaed in the last year t 

what specialized departaents there are ln the hoapitaI, and a run down 
, ~ 

of the propo.ed equipment purpoee and coat (see Appendix A). This 

dàta ia presented as a ltat of facts ~d fi.ures vith no un1fying 

theae or _.blance of cause and effect. 

A .. jor l1&htenins of the sove~nt. decision burden could 

be achieved by eatabliahins a ra4iololY facilitie. planniqa procedure 

tbat could be 1ndependently exeeutecl by each h08pital. Tbi .. voulcl 

a!lov presentatiOn of • IIOre detailecl and orlanized equ1~t 

appu'eaUOIl to aovenment, and voulcl .... ide Ilffeet, bola~er 

the governaenta clata b.... III addition, thia type of prosr_ 
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" wou1d 'encourage 8' greater .and more unifona 'Irat iona1ity" in . . ' 

planning at the local level. 

( 3.4 The Daté Base 

Three data sets were merged to form the data base for this 
-project. The yeara for which they were co11ected, their sourcel, 

attd a genera1 description of their content i8 Bh~ in Table 3.1 . 

. A detailed descriptlon ls provided in Append~ B. 

, ~ On combining the three data sets tt was found that hoapitals 

present ln some vere absent from others. A total of 95 acute 

hoapitala were common to aIl three sets, with an additional 

44 contained in only 0.1 and D.2 for a total of 139 bospitals. 

'AlI hospltal data was recoded to malntaln confidentlality. 

The two most important features of the data baae resulting 

from the merger of the tbree data sets are: 

i) it consiats of observations on a cross section of 

radlology departaents (only those ln acute bospita18)~ 

most of which la at a single point in tiae. and; 

ii} the data is essentially of an input/output nature, that 

is, we are given a detailed description of the input 
l " 

resources to the sy~tea and what ia produced, but 

rarefY how the resour~es are utiiized in p~oviding 

serv~. aucLftS'r whoa. 

The data aets 0.'1 and 0.2 were derived from annual surveya 

tek .. by the federal and provincial governaenta re.pecti~ely, 

Wherea. D.3 reau1ted fra. 8 aurvey conducted outside the normal 

data collectioD aechan1_ of the provincial aoveru.ent. Both ' 

D.l and D.2 report lnfor..tion for 1971. 'Tbe period 1971-1973 for 
; 

D.3 indicatu when the clata na colle ted. yet 8a,ahovn in Appendix B 

'. 

42 



• 

1 

0'9 • 

.. ' 

1).1 

? )).2 

~ 4IU • • 

- ---~-_. -----~_ .. 

\ 43 

• t 
, ' 

,.:1 
('"' , 

,/ 

• 
• III 

1971---JBtati.tii. canadà • 
. Dep.rta.nt of lfat10aal 
;..... Bealth aM Weltare, 

Go\r __ ent of caa'4a. 
Ot'tava, 'Ontario. ~ 

1971 

0' 

1971-73 

Departaent of PlÀnaiDS, 
MJ.niBtry of Social 
Affalra, 
C6venaeat of Q\l'bec, 
Qu'bec;, Qu'bec. 

.. prosr_1D1 De,.rtaeat, 
J1Iiai8try' dt Social 
Affalra, ' • 

, eo...ertlMllt of QU'bec., 
. Qu'b~. Qu'bec. ' 

1)~ltic 1a41o'ltia, 
DepartaeDt r1Da!lC'" 
r.cilitiel , 8arvlc •• 

. 
HolplU1 lDr-P.at1.eIlt Data 
aa4 b.dlo1oa1 Departaeat- 1 

. r1aaDCe. aDII,e Servic.. ' 

• 'y-
, D~lt~ Iadlo1081 
~ DeJ1U'tIHIlt B4t11 .... t 
. I~an.torJ ' 

',1 ,Table 3.1. The thr .. data •• ta ttiat .,.e .... to fon ~ clata k.. for thia ttioject. 

-. 
~"cr - ~; 

, " 

'\ 

n, 

" ~I .i _ r '~'i 
- /~ ! i" , 

~. , ~ .,. 

t _. ~ 

" ~, 

"\: , " 

• ;f l' 

. 
" , 

'. 1 

".' .1. . ,' .. ' 

" 
,1 \,1. 

, , 
~ 
1 
1 
~ 

''! 

• "4 . , 
41 

\ 

" 

, 'r 

,;.. .. 

. ' 



--~·----------~--__ a~~ ........................... ............. 

, 
\ 

" \ 
) 

, , 

_'Ul/ll.~'" Fil""'. '1 ~_~ _ 

1 • 

aucb of tbe information is dated. Auch aa vhen a particular x-ray 

rooa wà. eatab11shed. The only information of a tlae aerie. nature 

i. the nUlaber of examinations and exposed fUaa per year fra. 

1968 to 1.972 •. 

Even the most curso~ examinat10n of the data reveals a 

"black box" appearance for"'both radiology departments and 

hospitala. AB to th~ radioloay .departmenta, :we are given the 

financial, technolo8i~al and labour inputs, and a set of outputl 

depicting what WBS produce~ or the lervices provided. For the 
Q • 

reat of the hoapit4i ve have the volume of inp.tients 1n each of 

98 diapoatic c.las~e8, the:h average length of stay diagnosia. 

and jPe.ftnancial inputs and services provided by 22 different 

dapartaènts ln the hospital. 

The basic problem in utillz1ng this 4ata bas~ 18 its 

inconli.tency; that ls, the mer~lng of micro- and .acro-data. 

neithel" of which 18 complete. For example, ve are given the 

nuaber of inpatients but not the number of outpatients, and yet 

are gIven the number of radiological examinationa 

p~ovided to'each group. The rest of the data, 8uch as the n~er 

of un-hours, machine-ha urs and films. are not broken dovn sa to a 

reèipient group. We know the number of each of a variety of 

44 

different machines and of different x-ray rooaa. but not vhich machines 

are in vhlch rooms. 

It la apparent that aIl the data cannot be uaed. The mixture 

of gross and detailed tnforaation, of time related and stationary 

(for one year) data, neceseitates choosing soae consistent subeet 

upou vhlch fo base a modal. This can be acc01II.plished by using 

data on the departmentai inputs and outputs over a one year periode 

The reaulting diagnostic radialogy model aQst then represent some 

aappiDI boa an input set to an output set, and hence, will require 

neither quantitative nor_qualitative a .. uaptiona a. ta the interD.l 

operation of a department. 

\' :!!i ... ?f. .\'"'~,: ~:' ~.. -. 't::.".\î • ~.! .,1 ,"':;t'~. ': ' ... 'r. • '" "'''~,:, .. 
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Vlthin thls chapter and Appendix B a1l the requiaite 

information has been provided for buildinl a model of a diaanostic 

radiololY departmen t. 

Ve have investigated the general operatiort of the diagnostic 

radiolosy department: discusaed the recent concern for radialolic 

facilities planning; indieated how the gover_ent cou Id :1aprove 

the application forms for new equipment in arder ta lIore readUy 

achieve its goals, and; introduced the data base available to this 

project. From th!s discussion we proposed three features which a 

model should demonstrate: 

i) 

11) 

111) 

The 

diagnostic 

representation in some form of the four 

basic departmental input resources (radiologiste, 

technicians. materials and equipllent); 

the ability to estimate an attainable service capacity 

a8 weIl as the utilization of that capacity for a 

departllent. and; 

represent a mapping of the input resouree set into an 

output service set per annum. 

next ehapter ie devoted to the derivation of a 

radiology departaent .odel uainl the above criteria and 

the guidelines of. the previoUi chapter. 

'., 
" 

... 
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CBAPTEIl 4 

A MOnEL FOR DIAGNOSTIC RADIOLOGY DEPARTKENTS 

4.1 Introduction 

In th!. chapter ve present a mathematical model whieh can be 

applied to the diagnoét!e radio10gy departmente represented ln the 

data. Before doing 80, we review exact1y what information the model 

la to be capable of providing. 

In Chapter 2 we examined the deelsion making environment in 

government for the allocation of new equipment to hospitals. lt was 

decided that the mast profitable input to thls decislon procéls would 

be a model to evaluate the performance of a department and esttmate the 

effect of an ~pansion of facilities or a change in the input reaources. 

w, elaborated on the firat of thèse criteria a8 an underutil!zation of 

fscilities in Chapter 3, and descrlbed the importance of its perception 

ln terme of the acceler-atlng consumption of radiologieal services. 
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Inc~ementing the input labour or technologieal resources of a 

department wUl IlOt in ftself change the aaount of services provlded by 

the department. Rather, it will affect the capacity of the department 

for an incressed voluae or ah of services. This 8ervice capacity can 

also be- U8ed ae the standarel to vhieh obaerved departaent output can be 

cOllpared to iDdicate an uaderutilization (DOn-capacity) pedormance. It 

vould appear, then, that bPth the uaderutilizatlon of facilitlea and the' 

effect of reBOurce ehanaea ean be I8Onitored in a model that repreaenta a 

.. ppina of inputs into capacity output •• 

In .ee.U.ou 2.3.3 ft atatee! tbat thi8 function or mapplng shouid be 

81aple aad .. ., to uaderataDCl. aDd· include al1 iaportant .yat. ph8llOlleDa. 

Thil can 1aply a trade-oft, for both tb ... 10&1& .. y be clifficult to . 
ach1eve at.ultal1eoualy. Ir.. cOIIpr_ia. ha. be. reeo1'Yed by uains the 

coacept of e proclucti.on fuaction. wbieh et oœe 1. baaic to 'underataDdins 

auy ptK .. a f~ traufomina lnputa into outputa, and eau b. Mde to ' 



" -

• 

,. -

47 

inc1ude moet. if not aIl, the important vnr1ab1es and their relation

shipe. 

Given the nature of our data base (see section 3.4), and the 

prohibitive tfme required ta search out more detailed information on 

all department8, one production function will be eatimated from the 

entire semple of departments. Individual production functions per 

department cannat be derived with the present level of data. Rence we 

decided that more information on the operation of diagnoatic radiology 

departmenta can be secured by examfning the coaplete liample within a 

common framework, thàt ia, a aingle production function. 

The reeulting conatruct will naturally emphaaize the cOIIIDOn pro

perties or behaviour of the departmenta in the sample. Aa auch. tt will 

be applicable to aIl radiology departmenta. Thia, in fact, il consistent 

with our original goal of providing the deciaion œakers in government vith 

a sch~e in which any and aIl departments can be examined and compared. 

4.2 Production Theory 

Tbe purpose of this aection ia to provide an introduction ta production 

theory. No claim ta made to a detailed investisation of the subject matter, 

but rather to the establishment of a framework in Whicb to specify a model. 

The reader, famlliar vith the concept of a production funétion and ita 

aualyaia 1I8y procecd, vithout 10", to the nat •• ction. 

4.2.1 Producti0!l. Input. and Outputs. Almo.t a11 discu.atone of pro

duction claa8ify the producera' declaion variablea into only two categories, 

iaput. aad outputs. 

"An input 1.' .1Jap1y anything vbich th. Um (p1toduow) buy. 

for ua. in it. production or other proe...... AD output 18 

any c~lty which the tira PToduc •• or pToce .... for sale." 

(1&.01. 1965) 

A. 1&.-1 i .. :1cat .. , the teru prodUétioa &ad proe ••• iDS are u •• in 
'h 

the leftAral aeaa. of a tranefor.ation, ratber tbaD ~tcif1cal1, ~1yiaa , 

\ 
\ 

\ 

, 
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a literaI phys1cal operation on raw mater1als ta yield phY81ca1 final 

products. Frish (1965) provideB an elaboration of this concept, 

"The term transformation indicates that there are certain 

things (gooda or services) which enter into the proces., 

and lose their identity in it, 1.e., ce8aing ta ex1st in 

their original form, while other things (goods or services) 

come into being in that they emerge from the proce8S. 1be 

first category may be referred to as production factora 

(input elements) whi1e the Iast naméd cstegory are referred 

ta as products (the output of the reaultsnt elemenu)." 

Typical production decisions involve: the total amount to be spent 

on aIl inputs and how to divide thls sum among the different inputs, and 

the allocation of certain quantities of each input to the production of 

each type of output and how much of .each final product or output ta pro

duce (Baumel, 1965). 

4$ 

4.2.2 The Production Function. Decisions on how much of each input 

ta consume abd. the 8IIlOunt of output to be produced cannot be puraued 

independentIy, but are depend~nt on specifie engineering or technica1 

information; that te, the etate of tecbnology available to the firme lt 

ia apparent that lf the techniques of production .hould change, as by the 

diacovery of a n .. process or the introduction of an invention. then the 

output obtainable fra. given inputs will incresse. Yet at any particular 

t1ae "there will be a aax:1.mtal obtsinable Ul9unt of output for Any given 

amounte of factor iDputa" (8aalebon, 1970). 

TU. teebnOloglcal relatiOnahip between input. and output. 1s called 

! a produc:tion function. and ha. ben dafined by Bauebon (l970) a. follova, 

" 

''The ~~oductloll functloll i~ the techuica1 re1attouhip 

teltt... the IUX~ ..aunt of ou tpu t capable of beins 

produced by eaeh aad lINery .et of lIpecifled inputs (or 

factor. of prodÎiction). lt ia defl.ad for. a ,ben aUte 

of teclmica1 kMwled ••• " 

-, 
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Kath ... t1ca11y a production function la indicated: 
" 

• 

( 
',1 

\ 

(4.1) 

where Y 1s the output, the Xi are the inputa~ and f repreaenta the 

re1ationsh1p between inputs and outputs determined by the techno1ogy. 

, ,Tl\us !qn. 4.1 states that l 18 the maxillum amount of output Il vbich 

f can be produced with Xi units of input :1:i , i - 1,8, •• et;<,. 

Equation 4.1 fmplicitly includes a time variable, 1.e., both the 

dependent and 'independent variables repreaent a rate of fiow. The 

exact ttme period encompaaaed by the production function will depend on 

the data frOfU wh1ch 1t eatimated. Typlcally, X. and l may represent a 
1-

weekly, monthly, or yearly input and output to a production procesa. 
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It i8 sometimes atated that the production function is a fic~ltous 

concept, unused by either engineers or managers. Brown (1966) counters 

this by 1ndlcat1ng firat, that lt 1s possible to derlve auch a relation

IIhip fram purely engineering data and second, that even if this were not 

the case "the employment of production functions can be juatified siJllply 

on the grounds that it produces highly usefu! and verifiable hypotheaea". 

Re then points to the phyl1cal sciences for exaaples of a "theory vhich 

postulate. relatione and quantities that eannot be uaediatelyasaure

able, but vhich, nonethelea., produces valuabl. bypotb •• ea". 

4.2.3 The Production SUfface. In thia, and tbe nut tvo aecttone 

we elaborate .ome general properties of production functiona by fol1oving 

tbe discussion and exampl.a of Bauma1 (1965, pp. 252-259). The specifie 

production ex&1Iple he developa i. the ataple caae of two inputs (un

beura aad yarda of cIo th) • aad oue out'pUt (aprone). 

If for any quantitative coabiDation of the two iaputa, INch aa CIIR 
of ~bour and OCR of cloth, aa reprea81lted by th. point R in Fig. 4.1. 

h know. the .ax:laua quanUty of output or aprou ta be BR'. then ve can 

"p the procJuctio1l Mlrfac. or function by aaaWaa a11 AUch c:OIIbinatiou. 

tu 1'1&- 4.2 a porti01l of thi. surface 1e .~. 

. , 

, 

'. ' 
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1'1&. 4.1. Quantitati". c:oabiutiou of two production var1ablea, , 
yarl. of c:1oth aJld au-houre (Ia.-ol. 196.5. p. 252). 

Il 

.na. 4 • .1. A ,_tl_ of the procSuct1oa fUilCt10D ctetNldbial tJae 
b_f--..ttoa of ,ar'. of cloth .... ~a :tDto asrrou 
~1. 116', p. ut). . 

" t 

. ' 
',' 

: 
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From Fig. '4.2 ve note that to produce a poaiçlve IIIOUnt of output. 

both inputs muet be a:1llrultaneoue1y cOl18U1Ded in po.1t1v~ 8JIIOUnt.. In 

addition. there are regiol\8 in tUs Input-output .pace vbere the output 

b constrained ta be zero. Tbat ta. to produce aprone both cloth and 

labour must be u.ed. If either one. or botb of the.e inputs are zero, 

Sl 

it followi that DOthlng can be produced. These properties are vbat cau.e 

t,he production function to be roughly concave ta the input wb.pace. 

The shape of the production aurface; as seen in the cro .. section 

PNP' in Fig. 4.2, ... y nelther be lIyDDetrical nor lRDOoth. In the tiret 

inatance. a tecbnololY favoring the consumption of one input factor over 

the other would resul t in a sltewed surface. Second1y. dents or kinlte uy 

be introduced if for exemple, the labour/cloth ratio becomes 80 low as to 

require the introduction of. or sw1tching to, a labour saving dev1ce, 

,,1ilch in turn IMy produce a sharp rise in output (Baumol, 1965). 

A1though point N ls the highest on the cro.s section FNP', lt repre

aents only a technical optimum and excludes input coat conaiderationa. 

The.e may be conducive to the same or a decreased levei of output vith a 

~ifferent coat per unit output combination of inputs. More wUl be .. 14 

of thi. in section 4.3. 

4.2.4 Marsinal ProductiviEI aDei D1Iliniahl1!1 a.turne. The lU1:giual 

pr~uctivity 18 the change in output cauaee! by a unit change in one factor 

input, hold11l8 all other Independent variables constant. Ma themat:ically , 

the marginaJ. productivity of factor i ta the firat order partial deriva

tive of the production function vith respect to the quantity of factor i . 

(Fri.h, 1965). FrOID. ~n. 4.1 ve have, 

ar ' 
NPi - aX

i 
- .. rginel product1v1ty of factor i. (4.2) 

The "law" of d1Jlin1.hing return.e or diainiahlna 'marginal productivlty 

.... y ba etetee! aa follova, 

"u IIOre aDel morè of &Olle ioput, i. 1 • .-ployecl, ail other 

input quantitiea be1na held cOMbnt, eventwllly a point 

wiU be reached nere addlt10nal q .... Dtit:lea of input i 

":\ 1 

". 
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will yield diainishing urginal contrlbutiona to 

total product." (Haumol, 1965) 

The existence of d1mIniehing mar.gInal productivity ie h1ghly plau

sible for any production environment where different inputs mult be 

81alltaneoul1y con8UDllned if any output 1s to be produced. :For the 

particular exasaple at band, ve vould expect that a suffic1ently hish 

.;cloth to labour, ratio could be reached, whence the addition of lIOre 

cloth will grow les. helpful. Two courses of action are available to 

rect!fy thi. lituation: firet. the labour input cou Id be increaled, 

thus .hUting production to a nev con8tant labour plane; second, one 

eould replace an oIder machine by one that 18 more efficient in its 
.~. 

utllbation of labour, thu& changing the available technology and 

hence the production function ft.elf. Similar analY8i8 could be 

pursued for 8 high labour to cloth ratio. 
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Dtœinilhlng returns may be ob.erved by intersecting the production 

surface vith a constant cloth plane at LSTB as shawn in Fig. 4.3. ~ 

Ining this curve, the total product versus labour vith cloth - constant 

in Fig. 4.4, we see that as the labour input 1& increaaed, the slope of 

LS'1' will decrea.e 8& dic tated by the "lav". 

In effect, the marginal productlvity allows one to gain an insight 

lnto the shape of the production surface when .oving along 8 plane parallel 

to an input axis, and bence an inaight lnto the functionai role of eaeh 

input 1n the production procees. Aaother production index, called the 

.ubat1tution raUo. ean be used to further provide information on the 

çec:ific shape of the pr04uc~lon IUrf_ce, _nd thus on the Dature of th. 

production tecbnDlogy itself. 

The substitution ratio expre •• es the relationahip between the 

.. rainaI produet:f.vlties of two factor input., that ta. 

IUbstitutlon ratio for factor " 

vuau. faetor J 
(4.3) 

,-, 

, 1 
1 
1 
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tria. 4.3. Intersection of tbe .prons venua clotb and un
heurs productian function vith a c0D8tant c:loth plane (BaUD01, 
1965, p. 254) • 
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"The a,Jbetitution ratio telle U8 in vhich proporti0t,l the 

tvo factors are capable of replacing (aubst1tuting) one 

aDOther if we Indet that the product quantity be 

unc:hansed." (Priah, 196~) 
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We can heet expediate relating this entity to function shape by 

defining the product' ,indifference curve or iaoquant, "A product iadiff-" . 
erence curve :l.s defin~ as the locus of input cambinatione a11 of vhich 

are capable of produciJ the same output level" (Baumal, 1965). An 

i80quant for any level of output 1I\8y be derived by intersecting the 

production surface with a constant output plane. A set of four such 

boquanta for a two input-one input process 1a shown in Pig. 4. S. vith 

output levela Y1 , Y2 , YS' & Y4 where Y1< Y2< Y
3 

< Y4 • 

The four basic properties of product Indifference cutvea described 

by Baumel (1965) ard: 

i) they have a negative dope; 

11) if one Indifference curve 11es abave and to the r11ht of a 

second Indifference curve, then the firet viII DOmally 

correspond to a higher output than the .econd; 

111) no two 1ndifference curvee inter.sct; and 

Iv) the curveB are convex to the origin. 

lach of these propertiea followa fram one de8Cr~ption of the production 

surface and the .. nner of inter'ection. 

Tbe slope of an ieoquant ta ataply the negative of the aub.Ututiora 

ratto~ We .. y vrite the dUfer.nttal of f in Iqno 4.1 a. 

U. af tIr - al' • dX1 + il' . dX2 l B 

Beina on an iDd1ffsrencs cuve requtre. the d1 - 0, 110 tbat by 

rearraqing tena ve bave, 

-(8Ub.tttut~ ratio) 

( 

. ' 

, , 

•• 
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wh.r. th. tem on the 1.f t is ~ s~e, of the ,soquant. Dy """"itdng 
~ 

the substitution ratios at several points along any isoquant. such as 

points 1 &_ 2 on isoquant Yl ln Fig. 4.5, information Is _ provided on 

the degrEfe of convexity of- the isoquant. Yet of grea ter. importance is 

the knowledge It provides on the relationship betweeh inputs at a fi.xed 

level of output under the technology descrlbed by the production funct1on. 

4.2.5 aeturns to Scale. In the preceding section we examined the 

outpu~ change correspo~ing to a change in only one of the inputs. 

~ Returns to 8cale deale with the phenomena of an output change when a11 

inputs are sitaneOUSIY increased ln the same proportion. This type 

'of ;1nput cQa e occurs when moving along a ray from the origin in the 
J 

- input; spsqe. An example ie shown in Fig. 4.1 in moving from A to A' on 

C (}JI. Returns to scale are deflned as follows: 

-

.... 

"for a given proportional increase in aIl inpu'ts, if output: 

i8 increased by a larger proportion, the firm enjoys 

increaslng returns (oX' economles of scale)} if output 18 

increased in the same proportion, there are constant 

returns to scale; and if output ls increased by a amailer 

.. , 

l • 

" 

proportion, decreasing returns result (or dlseconomies of 

scale)." (Brown, 1966) 

These three production states are depicted in both the input-output plot 

'of Fig. 4.6 and the Indifference curves of Fig. 4.7a,b and c. 

The type of returns to scale ls determined, by the relative positions 

of a production function' s 'isoquants, regardless of thei!' shape, whereas 

d1m.:lnishing marginal productivity arises from isoquant convexity and , . 
hence i8 shape depend~nt. Thus a production function can exhibit both 

constant returns to scale and d:1minishing marginal productivity as depicted 

in Fig. 4.7b'. 

Brown (1966) dichotoml~e~ the 80UJ'ce ff variation in returns to scale 

into: i) thoee resulting from the general development of an industry, as 

fram the state of technology available to aIl producers withln a common 

\ .ec~or, and; ,!:l.> thosj! dep~ellt on the resources of thé individual firme" 



. - LU • a 
, 
9~~~~;""# .... JII"'P"l",I$'I4.i __ ,;Jjf)I!iQ4f"""""U;;l#.4!:tL 4= li. 2 

, 

t ,) 

1 

• 
• ," 

" , 

1'1&.4.6. A plot o( output ver.. the produetiOl\ iDpou -1àcMriDa 
the thr.~ potI8~le ..,. •• of procluctJpD (-..01, 19~5. p. 24'). 

. ; 

,- '.' 
. l' , 

, , --, ," . . 
, , " / 
'," "r .. , 

.' , , 

1) 

'. 

" 

57 

) 



a la 4 • • 

• 4l a .1. b .1'* al _ 
tdi t~""". 

S8 

/' 

'(, 

, 
\ 

J , /' 
1 "'- {. 

f 

.f 

1 

~ COII'U.ft uru • 'v .. 
( b ) 

" J' 

h 

~ 

1 
' ..... 

~,> 

• 

• \ 
__ .~mÙ" ! 



.. -

t 

1 
! 

1 

la 5 • 

59 

i.e. their org8niaatioaal aad "~8erlal efflcieacy. 

V.riou. arguaenta Clln be po.tulated for ~he caa. of either coutant, 

~ftCreaa1ng or 4ecrea8ing return. ln a fini. In the firat ca •• , one .. y 

reaeon that il .11 inputs are idenUcally ~oubledf then the output will 

double as well. If. for example, when starting out at lower levels of 

output the division à~ labour 1a Auch as to carry out production more 

efficiently al output rises, then the second situation of increaeing 

returns ls expected. In some instances, as the inputs to production 

are increasect the problems of management and organbation may becOlDe 

increasingly more difflcult, reaulting in proportionately les. efficient 

procelaea, and hence decreaalng returna to scale will be lnt~oduced. 

'the type of returns to scale la ultimately dependent on the specifie 

propertiea of the system under invesUgation, wherus the .bility to eati

ute the estent of the.e returns is dependent on the data available to 

•• timate the production functlon. 

4.3 Mea.urement of Productive Efficiency 

The concept of a production function vas initially intr04ucecl in 

re.ponse to the need for quantifying the effect of input reaoutce change. 

and meesuring the extent of underutilization of facilitl.s ln diagnostic 

radiology departmentl!l., It 18 shown below how tbe properUes of a pro

duction function developed in the previous section can be usee! to achieve 

th •• e enda. 

j> 

4.3. f Input Cha •• s. 
~ 

A pr~UFtion function describes the maximum 

<!utput attaiaabl • .,ith dUf.rent iaput cOllblnationl for a part4.cular tech

DOloSY. Given the avallabil1ty of IlUch • function for a produclns ~at_ 

aad ItDowledae of it. inputa. the correapoad1D& output capacity cau theu be 

ealculated. UIÛ ••• 8011. inovatlon h introcluced eo a. to chaille the overall 

ahape of the production audace. oùtput capacity 1& fue4 par input cOllbln-. . 
.tioa aad eau otü,. b. tIOdttied b,. 1D.cr __ tÛII ou or IIOre of th. iDpu ta. 

, 

1 

•• 



60 

It .. y be de.irable to inv es tiga te' two types of input cuq.s. 

Fintly, one could purINe a aenlitivity analysis uaiq tbe .. rginal 

productivitiea and substitution ratios deacr1bed in lec~1on 4.2.4. By 

coaparing the magnitudes of the marginal productivities for different 

inputa, one effectively gains an indght into the nature of the production 

process and the relative importance of the inputs et their pre.ent level •• 

If the marginal productivity of one input ia far gruter than the 

o ther a , this may indicate an instability in the production process. That 

il, the viability of the sy.tem could be que.tionee! if the supply of thie 

critical input vere auddenly changed. Pactor supply ia ueually outaide 

the control of an individuel producer. An 1mbalance in the marginal pro

ductivities would a180 indicate the .ost fruitfu~ dirèCtion for input 

inveatment id terms of a capaeity expansion. ~ 

The subatitution ratio indicates the ease with which inputs may be 

interchanged at the aame level of output. AU thit18. being equal, the 

moUvation for INbstituting inputs 18 an economlc one. 

In Fig. 4.8 we have depicted an isoquant and a series of isocost 

lines. An i.eco.t line show. the different input cOlllbinationB that l18y 

be purchased for the aame total coat (TC). A aeries of such lilles are _ 

parallel, .. ch having a dope equal to the nesative of the input price. 

(P) ratio. The total cost in;reases as one IDOve. away from the origine 

Inputs are aubstituted on an isoquant to drive a production proce •• 

ta a lust co.t par unit output position. ln Pig. 4.8 thi. 1a accOlllpliahed 

byaoving from polnt 1 to point ,. ,where the priee ratio ~nd aub.titution 
" ratio are equal, 1. e., the iec>quant and iaoco.t curv •• are tangent. Hence 

1 Imovlec1la of the \nput uraiul productlvitle • .,cnd prie .. vould indicate 

in whieh directlon to ecODOllicaUy chans. input. wh1le retain1ng the _e 

Output level. 

WhUa th. urai .. l au l,Ii. 4.acribec1 ., he h1&h1y iutructive. it 

cio •• not utually a110v for t .. tina of iapl.aentabl. input chans_s. ror 

Gapl., if th. pr04uctlO1l unit of cloth i. square yard. but 8l.t b. 

P'Il'cbued in lôt. of 100 aqua~a yard., then if cloth corrupond. to input 1, 
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Thue, one vould lib to eetiJDate the effect of a r .. li1tic; rather than 

ail inereaental, input change". 

In 'il. 4.9, the ea"aeity ehaqes eTe abovn for' d1fferant input 

~baD8es U 1' UR' and both, fr" A re8Ul.t1na on i.oq .... nt. r1 , , 18 t _Del 
r

8 
reepecUvely, where r1 < r B < 13. The •• input chaq .. eau be u.ee! to 

t •• t the existence and extent of returna to acale et different input 

levela. In addition we aee that if expanli~u to 13 18 deaired and the 

iaocoat 1ine TC ia available, then the economically optimal cunae in 

input. 18 from A to B. 

The locus of tanaent pointa formed between a f_Uy of iaoquante 

and a f .. ily of i.ocolt lines deUnes the opt1Jlal expan810n path for a 

firme An exaaple of aucb an expansion path ia ebown in Fig. 4.10. 

Incremental and ab80lute changes in the input. to a production 

fune'tion provide information on production bebaviour unavallable from 
" 

a qualltatlv.-or raw data d •• cription of the proee •• and, if priee data 

i • .available, allowi for ~llin1aua COlt planning. 

4.3.2 Tecbnical Eff1ciency. We bave agreéd that the production 

functioD •• tebUshel a capacltlve upper bouad for output, yet there il 

DO reaaon why a fi1'1l au.t be ob.,rvad . to operate at al1 tble. on thi. 

produciion aurfa.ce. lu fact. one 1fOU1d expeet that there .hou1d be 
1 

~ firaa, who.e ob.erved output Yi11 be le •• than the pos.lb1e lI8ltiaua, 

09'er ,the t1ae period encoapa •• ect b1 tha production function. Thia could 

ruult fra. aither 1Defficient op.atlonal or,anlution, iD8Ufficlent 

4 __ for output, dtbout ruource layoff. or ... coûiution of the 

tvo. 
i 
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-CouUer the .-ple of .~etion 4.2 vith a fira haviDa iDputa 

CIIR ~ pToduei1ll BR" ap~OIUI, a qu&ntity le •• tUn it. 

eapaeity output RR', a •• hovD in l"ia. 4.11. The ratio of BR" to BR' 

indieate. the extent to vhich the observed fira utilize. it. capacitive 

abi1ity. Siuce the productive cap.city i. defined by the input level •• 

a value of le •• than 1 for thi. ratio indicate. an undetutiliution of 

facilitiea. We aha11 cal1 thia ratio, mu1tip1ied by 100, the teehnieal 

ef'fiei.ncy of the fira a. it i. defined atrictly in tel'1U of a tecbDo-

1oliea1 .taDdard - the production function - aDel vi11 u.e it a. a prOKy 

aeaaure ôf the uDeierut11iution of facilitie •• 

Th. DAlle ttteehllical efficiney" ta appropriate. A. larrel1 (19.57) 

.tate., "when one talltl about the _fficieney of a fira on. uaually ... na 
, -

it. succe.s in produeina a. 1arle a. po •• ible an output fr_ a ,ivan •• t 

of input.ft
• 

If for a liven fil'll ve 1mov it. production fUDCtion. aM can observa 

it. input. aud output, ve .. y the indicate th. pre.enee and atent of an 

,uDderutiliution of facilitie. by ... eurina the teebnica1 affici.-ncy in 

tama of the ob.erveél and capacity output. 

4.3.3 Linear Bo!oapeoua Procluc tion luDCt!opa. The c1a.. of pro

duc:tion fUDCtiolUl havirlg coutant returne to .cale are 1tDovD a. linear 

~.eneou. production fuuetion.. Production .,.t ... vhlch co.,ly to 

thi. coadition have a particular1y unique .Dei attractive property for 

plall1lina purpo.e.. BaUl101 (1965) deacrib .. it •• a theor., 

"The apauion p.tb of a linear ~,eDOUa production 

fUDCtion i. al.y. a .tra1&ht 1ine tbrouah the oriain.j 

Tbi .... n. ~t live the price. of it. input., the ~ 
• 1 

optt.al proportion of tha iDpbt. of the fira will DOt 

challl_ vith the ai .. of the fira'. input 'bueIlet." 
i 

. ' l ' 
fti. reeu1t 1. abon. d1aar_tically in lia. 4.12 when apandiq 

1 • 

tM ~tput frca Il to Ia . by lIOViQi on OL
1 
fr~ A to k·A. t.t of 't 

p.cer .ipif1C&DCe to the ,ruellt d1acuarioa t. cM- fact tbat th. coat 

, 
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, 
, , 

per unit output r .. ins fixed on aDY ra, frGli the orilin. Thi. i, 

aeen in Fia. 4.12 in goiDa frOli B to k- B; 

:r - k·Y 8 1 
, 

total COlt (TC) - a linear fuoction of Xl + X, 
• TCk• B - k • TCB 

TeB - r - coat per unit outPUtlB 
1 . 

n.r.~fore the relative coata at pointa on the ~roduction aurface are 
.J 

depeDdent ouly on the quantitative ratio betveen input., and not on their 

ab801ute value.. In addition, if a fina i. observee! to be inefficient, 

i.e., belov the production funct10n, and ita input. and output are multi

plied by the a_e poaitive eonatant k, then undar constant returna to 

acale both the technical efficieney and the COlt per unit output reaain 

the ... e - independent of the magnitude of k • 

Thia result 18 elarified by examining a linear homoseneous production 

function in a space where the coordinate. repreaent the amount of input per 

unit output. I~ Pig. 4.13 Zl and Z2 represent the input per unit output 

variable. for a two factor production .y.t ... Tbe curve SS' repr •• ents the 

averiay of all isaquanta of a production fUDCtion and P repreaenta an 

obaerve4 illpUt-output rate for a particular firme 

The poillt Q uaes input. in the s .. e proportion as P but ia obaerved 

to be on the product1on surface. Tbia 1Iealla that either: 1) Q ha. a 

greater output for the .... input value. aa, P; 1i) Q haa the ..... output 

but proportioute1y le •• of .. ch input than P , or; iii) .,.e cOlibiution 

of the tvo. In any event, Pi. le •• efficient tban Q. Farrell (19S7) 

define. tbe tec:bn1ca1 eff1ciency ol the lira p ~. OQ/OP. Thia ia 

coui.tent rith our prevtou. definit10n of efficiency "hen .pplied to 

tbe coutant ratura to .cala cue. -
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L.~ X1'- '1nput of fac~r 1 . 
X - 1:nput of factor 2 ,- B 

1 - output 

t - conetant. t>O 

then·frc:a FiS. 4.13 we hav'e, 

Q-

OQ-

Let 1- RR' } 

Y-E - BR" 
aëe Fig. 4.9 

10 

-~ llQ l-e: BR" 
then .:::.::L - '""":r"'" - DbT OP l I!Jf , '-
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'The line AA' has a alope equai to the nesaUv. \~ the factor priee 

ratio and thua represent. the averlay of a11 itlOcoet "lines. Bence Q' and 

~ not.Q 18 the o,vërall opt:lllai lUalUl of production. Farreli (19S7) deUne. 

the priee efficiency of point P ae OR/OP. 

.,. 

What 1. ~rtant to reaaaber at th1. point 1e that the me&sureaent 

of a price efficieney i8 val1d oaly under the aeeuaption that th. fira 1. 
a proUt 1IIU1IIlizer. While this aeauaptio.n _y be quite Datural for a 

bu.iD ... · envlr01llllellt, it 18 not Dece.sarUy the caee for a .edical !'Ura". 

Discuee10n ae ta tbe exi.tence, of a profit uxiaizill8 moÙve for 

dialDOetic radiololY departa.nta ull be poatpolWlld to eection 4.5 • 

Pro. a planniDi perçictive, the exietel1c:. of non-l:onatant returaa to 

acale un be danaerou8. IllCr ... ing (dec;r •• 1oa) returDa can b. ..en to 

encoures. both ecO_iully aDr! free an "eff1c:ibcy" - output per unit . , 

input - viewpo11lt •• the prolU.ration of relative1y larse (..-1l) unite, 

Wepa4at' of che ... 1.r~t -in vh1cb th. f~l'IIlu.t operate. In,". 

lutanc ... ~cb a. aacUl.ary c1eputlle1lt8 iD a boepital. the bODd~ betw"ll . , 
, ~" 

" ' 

( /' 

/" . ' 

\ 
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the fint" and ita environaent can be critical. 

If constant ~eturn8 ta acale 1. the rule of tbe day, thea both 

large add small operations .. y be aeaninafully cOaparecl in tel'lU of 

their technlcal ·efficienciea without aacrlbing ~n inharèDt &dYantale 

ta one group over the other. 

4.4 Eat1llation of Contiauoua Production 'Punctlona _ , 

. The ... eatiJlati)ln of contimaou. produ,ctlon functicnw uaually pl'oce..sa 

by fi~tial aOlM predetel1l1ned alaebraie fon to obaenec! input-output, 

rate •• 
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Herlove (~96S) Iroupa theae obaervationa into four ba.ic typea: a 

croa. section of firae et a 8inale point in ttœe; ob.ervation. for a 

single fin ove~ t1me; obaervationa for an induetry over tille;ead ob •• r

vations on a cro.a aec tion of f,irma over tae. The bat type of da ta 

repr.senU the IDOlt coaplete set in terma of obaerving the effec ta of 

tioth ttae .ad intertira difterences. !et as Nerlove points out, both 

the firat and laat typ •• of data are auitable f~on.iderillJ interfira 

difflrenc.. aloue. 

Our goal at thb point, 18 to deriv. a conatruct in Which ta exaa1ne 

aocl coapare the production behavlour of radiololY department.. 'l:tt.:I.e 

sch.e will be u .. d soLely for an aneltsta of interfir. dUferencea, and 

heQCe exc~as conaiderat1on of ,.,trend. ~ver tiae arad. foreeasUng. Th. 

~. preclOllinehly cro •• aectionel atui. of our data ba.e (.ee section 3.4), 

1& thus 'coaduclve to quant1fyll11 the principle lI .. ~re. of loterfina 

d1fferenc:e of iotera.t; tut ta, th. technical efflclency, the uralDAl 

,prOdUCtivlU.s, aDd the affect o~l .. otabl. r.lIOurce chana .... 

/ -

.... 

4.4.1 Piff'l'gt Alburalc Poraa. The choie. ot functiona1 fonal. 

4ep ....... t OD th, ob •• rvecJ prop.rtle. of the. a,..t. ~-,.tud,., aDd, ta 
/ ..---.._------ ... 

a c-ttaill _t .. t. 00 the .. th04oloalcal bu. the _el bulUer (Ul'baD. 

1972). l.aiabarclt (1973) -.ri ... the pro .. of a ~ M1!Ctioll of . ~ 

. 
III ., . 
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1· 
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r 
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• particular model structure. 

"In principle it sbould be po.aible to derive the preche 

als_braie foraa of the production fUDCtion froa 1mowledge 

&r of the underlying techDology.; In practice, however, th. 

be.t tbat can be done il to .pecily the functional fora 

on the b.ais of an éducated hunch. In selecting the a 

pztiori specification it 18 tempting to trade off reaU_ 

for the .. ka of mathematieal couvenienee ••• ; Aetua1ly, 
, 

the a prtwzti specificaUQn IlUst be made vith grut care, 

le.t the purely mathematie~ propertie. of the specifi

cation preordain the eeonom1e propertie. 1nferréd fta. 

the est1lla~e." 

Three basic typel of eontinuoul production funetion. bave been 

'" doaaiunt in health eare etudies: the linur, vith terme to dilferent • 

powers; the multiplieative( and; the mixed multip11cat!ve-exponential. 

Kovner (1968) in hi. analys!. of outpatient deparcaenta, uaed the 

folloving specification: 

m n 
y- r al. J rl j 

vhere Y denote. a rate of ,output. vector X 18 a .et of input ratea, nj 
are either 1 or 2 depeDdiag on the eorreapondlng X. el.ent, and the , J 

72-. 

elementl of vector a are the par .. et~8 of the funct10n to be .atimated • . 
Thil equatfon iapl1e.: i) t'bat output may be generated in the abaence of 

.~ . . 
all -.d~al inputa other tban adain1atratfve .taff (one of the input.); 

11) the .. raina! product "of Any input il fndependent of all other 1npuUj 

and 11i) diJl1n1ah1q *ra1ul produeUv1ty doe. not exi.t fôr the ay.t •• 

The •• a.8UIIptiou conflict vith prior ltnovled.e clinie behav10ur Ol.inbardt. 

1973). 

A .ecoud fora. the Cobb.-Douala. production function or .ultipllcatlve 

fuaction -ba. the fol.1owiaa lenaral nructure' 

.. 
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vbere all parameterl and variables are the Ide aa deacribed .bave and 

C t •• conetant to be e.tfmated. This functlon has been u.ed by Eimbell & 

Lorant (1913a) and Yett et al. ,(1970) to descrlbe phyll1c1an lervlcel, by 

Do.a (1972) for a family planning clinic, and by Feldsteln (1968) for a 
ho.pital production function. lt has the advantage of forcing output to 

zero if any one input is zero, displays dtminiahing marginal productivlty 

and, depending on the values of elements of vector a, can exbiblt either 

Increasing, decreasing or cOnltant returns to Icale. Yet as Boaz (1972) 

points out, "if aIl inputs except lk are he Id conltant, output is still 

expected to lncresse by a constant ak percent whenever Xk il 1ncr.ased 

by 1 percent from Ita inltial level, "hatever thia 1I8y be, rTe -10 or 

1'1<. - 1000." For this rea.on she inveatigate. a modified exponential 

form. Reinhardt (1972) uses a atmi1ar approaeh in defining a production 

function for medica1 practieea, whlch~e deacribes aa baving the fol1owing 

genera! fOrD! (Reinhardt, 1973): 

, 
where 1'.1' J - 1. .,m denotes rates of essentiel inputs, l.e. tbo.e that must 

be usee! at podtive rates such as physician tille, lj, j - m:l, •• ,n deDOtee 

rat •• of inputs tbat are DOt e.sentul INch as lOIIe paramedical per80lUlel, 

a, b, & C are veetor. of paratletert ta be .stimated and g( X, c) may be 

a nonl1near function in none ••• ntial inputs. 

tbe advanta8e of thi. fora lie. in lt. ret.~tion of the red ... ina 

propetU .. of the Cobb ... Dougla. fUDCtion whU. ada1tting greatet variability . t 
in the urlillAl pr04uetiv1.ty by l.ntroclucina th. b X and g (X, C ) tera. in 

GpOnatial fom. Aa the .,.t lenual fora the lmlt1pl:lcat1ve eçonential 

VOIIlc1 ... to baYe the arMe.et proai ... 

.. 
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4.4.2 !!p1r1cal Batt.&t ••• The para.eter. of tbe,produet10n 

funct10ns aent10ned abave are nor.ally e.tt.&te4 by couvertina t" 
" equaUon to a tractable for., and then applylng a technique IlUch a. 

linur least aquar... Typically, a production funetion h couvartecl 
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to a linear form (if not already in one) by taking logarithm8 of the 

output .nd the functlon. A major advantage of using couvent~onal Itati.

tical aethod. ie that the reaulting elt~te ia acc~panied by indice. 

of ,the atatiatical aignific.nce of the reBults (Reinhardt, 1973). Yet 

beeauae of the very techniques Uled in estimation, the resulting functton. 

v111 yield expected or average output ratea. Dependlng on the goal of the 

analysis this may be acceptable. 

If, on the other band, a function reflecting the theoretical definition 

of maximum technical efficieney 18 deslred, these atatistical proèedurea 

are no longer applicable. 

The concept of the production function for diagnostic radiology 

deparbDenta wa. introduced a. a tool ta eatimate the teehnieal effieiency 

of the lndi~ldual depa~tment8; in effeet, the Ir underutilization of facilitie •• 

Yat. a •.• hown in the previou •• ection. a function aati.fylng the theoretIèal 

definitlon ia required to pur.ue thiB end. Rather than abandon thia approach, 

Ye sball uae the non-Itatl.tica! technique for identifying a capacity out

put, or maximally efficient production function, developed in the next 

aection. 

An additional problem in u.ing a continuoue production function becomes 

apparent in trying to integrate the radiologi.t input •• represented in the 

data into a functiona! forme Sinee radiologiate aren' t paid by tbe hour, 

it il not IlUrpriaiug that in both data .et D.l and D.3 (M •• ection 3.4), 

thi. input ia provtded a. a DUIIlber of full+tbae and part-t1Jle .. n year •• 

The .. jodty of rad101oIY depart:aent. bave ol11y full-tiae or part ... t1Jle 

radiologilte, but net bo'tb. 

W. canuot diffarentiata bew.n the • typ .. of radloloaiat input aa 
> 

they botb perfora idenUcal funct101la in the r_toaraph1c .. bayat. of . 

dtapoaUc radlololY. Iven if ona .14 cou14ar the tIfO p-oup. a. diatinct, 

aDl! .qu1-nec .... ry ~ the operation of a d.,u ... t. t1a1. wouU ruaIt in 
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the ~ltiplicativa production funct10n being zero for any dep.rtment not 

baving both full· and part-time input. 

If one merely examlned thè' total number of radiologista present thi. 

would be equivalent to ascribing an advantage ta departments vith full- ~, 
f 

t~. radiologists. For example, eonsider the case of three part-ttme 

radiologi.t. in one department producing 1000 examinstiona aver a certain 

time period and another department with three full-time radiologiste pro

ducing 2000 examinations aver the same periode There is no vaUd rea.on 

why the lIecoud department, produc1ng mor. examinations per "radiologist", 

.bould be obaerved aa more efficient - but it would by aggregating radiol

ogiste. In addition, any effort to equate X full-time radiologiste vith 

r part-time radiologists can only be viewed as aomewhat hopeless, ulti

mately arbitrary, and f1nally, a,homogenization of the only distinctive 

festure of this input. 

The only reasonable approach then, would be to divide the sample into 

three aubsete as ta r~dialogiat input and independently esttmate a production 

function for eaeh. Not only would the estimation of a function for the sub

set of departments having both full and part-time radiologiste be untanable 

in terms of the tample baing too small, but th1. approach would defeat the 

, original idea of developing a COIIIIDOn framework in which a11 departments 

could be compared. 

The technique ased in th!s work to identily the production funetion 

integratee full and part-time labour inpute in a unified framework and 

approxima te. the theoretical ctafinition of a production function. 

4.5 Identific.tion of a Production Fupction 

The non-etatiatlcal identification of a production funetion or pro

duction lIOdal will he' aceompl1ahad by uaina a l1near progr_ing (L. P. ) 

formulation. Tbe oriain of th:f.' type of 1IOdal ean be tracee! to militery, 

eeoDOllic:-iDduatria; .. and math_tical aourcae, vh1ch after World War II, 

.. ra. for tbe devalopant of t~ linaar proara.dna IIOd.l a. ft 18 1movn 

today (Dalltda, 1963). 
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T.C. Koopman8 (19Sl) originally propo.ed a .ch ... for recognizing 

production .s an efficient combination of activltie.. The id .. behind 

.~.t ali L.P. production modela and programming-allocation .ch .... to 

date can be traced to thi. cla •• ie paper. SomeVhat later, Farrell (1957), 
using • a1mplified version of Koopman8 work, fir.t de.cribed a technique ' 

for approxfmating a maximal1y efficient produetion lunetion. U. applied 

thia technique to measure the productive effieiency of the agricultura1 

sectors of variou. nations.' Recently, Reinhardt (1973) .ugle.ted û.ina 

what hé labell the "Uttle known method" of Farrell, for the identificacion 

of • ~roduetion function for medical practice •• 

~e .ball firet tnvelttgate Reinhardt~1 formulation and then couvert tt 

to a forsa comparable to Koopman. and ~re amenable to our analy.ie. In 

di.cu •• ing this technique it will becOIIe apparant that it. relative 

obscurity ia related to standard problem detinition. rather than a weakDe.. y' 

in the metO*! iUeH. 

4.5.1 Â Ltnear Programmins Production lunction for DiagDo.tic Radio1ogI. 
E 

"The word 11~~r appl1ed to the mode! means that if al1 input. -to a proe.ss 

are multiplied by a non-nesative constant then the output. ,are multiplied 
- J. 

by the same constant. In other terma, the production funct!on 18 homo-

aeneoui of degree one" (Gale, 1965). Thue the linea~ prog~ing model 
'" of production ia one type of con.tant returne to acale production funct1on. 

The rational for adopting the linear programming approach ha. been 

de.er1hed by Reinhardt (i973): ~\ 
"The character1utlon of a production proca •• by a aiqgle 

continuoui funçtion procead. on th. al.umption that Any 

aiven rat. of output can be produeed with a literally 

infinite nuaber of d18t1net input coabinations. From an 

a.lytic nandpo:1nt, it 18 often jUlt a. plaul1ble to 
" 

preteud tbat given rat •• of output can be produce:t only 

by. finit. numb.r of 'production proc •• a.s', .. ~ 
" charetteriad b1 • di.tiact cOllblnation of input. par 

usdt output." 

" 
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The ~ritieal point in this work is not whether a continuou8 
~ ~' 

production function, having cpnstant returns ta scale, can be approxi

mated~by a piecewise contin~ous function (the linear program). We 

initial1y ~ccept, 8S proposed by Reinhardt's statement, that such an 

estimation will suffice for the needs of our ana1ysis. Rather, what 

is crucial is whether d~agnostic radiology departments can be expected 

to ob~y constant returns to scale in the first place. 
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Returns to scale is a hotly debated issue in health services 

research, with contradictory conclusion~ having been reached (Bailey, 

1970; Hefty, 1970; Migue and Belanger, 1974). The inputs to health care 

are easi1y quantified in either physical or monetary units and have thPs 

escaped cantroversy. lt then follows, from Fig. 4.6, that the main 

difficulty in eatittl8ting returns to scale for "producers" in the health 

system lies with identification of their product or output. This ia true 

~hether examining solo practices or large university hospitals. 

Even when focusing attention to the provision of Medical eare, either 

by or under the direction of 8 licensed physician (1.e. excluding hotel 

services, teach1ng, research, etc.), it is apparent that there i8 a great 

desl of produet heterogeneity. "As we mOVè along the apectrum toward 

1arger firms with more physicians, it is natural ta find a more diversi-
\ 

f1~ product line" (Bailey, 1970). As the re.ourees of a health ear-e 

system (both manpower and equipmen~ incresse, there will be a greater 

capacity for patient treatment. This is seen both in terms of an increased 

volume of patients and a greater mix of health care prob1ems. 

The question then arises of how to define treatment. Some analysts, 

~n rejecting such measures as patient visits or discharged cssss, have 

fUlSested something more abstract, such as patient health or qua1ity of 
, . ' 

me4ical care (Reder, 1969), neither of which readily lend themselves for 

quantification. 1 
- -~e problem of defining bne homoseneous output for d~gnostic radiology 

~partmenta ia greatly reduce~. Admittedly, the number of different types 

of examiuatione a departm.ent can provide' b large. Yet almost witliout 

exception, evèry exaaination requires utilization of the 8eme reaourc .. ; 

;-
~ 1 

'1 

, . 
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i.e., a machine. materiala, technician and radiologist input, although 

to varyins degreea in eaeh case. Th1s 1s eontrasted with the patient or 

c •• e-oriented outputs of other parts of the health system, where the 

.pectruœ of re.ources consumed is much greater and the specifie set is 

dependent on the d1agnoBtic and therapeutie need. of the patient. 

ln addition, the Bervices provided by rad1010gy compose but one 

part of the total treatment program of a patient. As such we need not 
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be eoncerned vith the diagnostic value of these services to patient care, 

but ratber with the capabilltles of a department for their proviaion. 

Thia point of view is reinforced by our interest in the radiosraphic ~b

.y.tem of diagno.tic rad1010gy which exclude. consultation' - the direct 

departmental input to the treatment proces •• 

If ve con.ider the output of th1. system to be d1agnostie ~aminations 

two contradictory trends might be expected. Firlt,.s department. inerea •• 

in aize, more automated equipment will be introdueed, auch as for film 

processing, cau.ing a proportionately increasing change in capacity and 

henee increasing returns to scale. 

Second, a8 there i8 a high correlation betwe~n department aile and the 

aile and apec1alization of the ho.pita~ in which it i8 situated t there 

wquld of nece~~ity be some x-ray rooma in the larger ho.pitall dedicated to 

prov1ding highly epecialized procedures for particu1ar types of patients 
~ 

which are only cared for in these more specialized institutions. Typical1y 

these specialized rooms are used for only a few hours a day or somet~e. 

only on certain daya of the week because the number of patients n&eding 

the1r servic •• , even i9 theae large hospital. t 18 relatively Mael1. The 

r.~lt ie an id1e capacity. lt i8 unlikely that this capacity, however 

nace.sary. will ever be f~lly ut~lized. Thus the deparbaental super~ 

.truct~re effectively ±mpos.s a decr .. aing returns to scale eituation 

. wblch it would be unfair to attribQte to ineffic1eut operation. 

The adoption of the constant raturn. to aca1e a.aumption fôr diaanolt1c 

radiology departllentl va. prcaoted by: i) the tact that only ona __ in

ation cau be l'rovided at • tût. par .. china (rasardl ... of departaent aile), 

• 
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wh1ch lends plauatblllty to the proportlonate input inere.ee -

proportionate output lncreaee arguellent, and ~1) the we~hing of the 

two oppos1ng trends dted abave. 

In constructing the payment schedule for radiologiste tn ho.pitals 

the Quebec GaYeroment a.signed to each type of x-ray ~amination a certain 

number of equivalent units, the actual number belng b.sad on the complexity 

of the procedure and' time involved. The total number of diagnostic radi

ology units produced by a depar~ent represents a wei8ht~ ~ of the 

number of examinat:1ons, and hence 18 a more standllrdized measure of output. 

A. 8Uch, it represents another me&sure of department output which should 

altisty our asaumption. 
• 

The existence of a "disUnct: cOllblnation of inputs per unit OutPllt" , 

that is, a Uxed quantitative ratio between inputa and betw.en inputs and 

~ outputs in a d.par~ent. is highly unlikely on a daily baeie. As the 

period of consideration iner .. ee., the vslidity of the aSfumptlon becomes 

aore acceptable. SinCè the time period the model of production will 

encompass is one year (see section 3.4), the .s.uaption becom ••• 11 the 

more palatable. 

We Ploeeèd on th1s asaumption for the prelent, and poetpone to a 

later chapter the empirical verification of thl, hypothes1e. 

The model to be examlned in the next fev section. _bodtes bath the 

relationship batween lnputs, and the procels of tran.formina inputs into 

outputs ut111dll8 the technology available to tme economy. A. etated 

prevlou.ly, the term technology 1. taken here ta .ean the apparatu8 whlch 

defines the pure1y teehnical posaibilitiea of production. 

Before proceeding, 1t 1. vell to point out that linear programming or 

activity analy.t. formulation. of production are weIL a.tab11.hed in the 

literature (Baumol, 1~65; Boulding and SpiveJ. It64. Dorf .. n ~t ar., 1958;, 

Beader.on aad Quanot, 1971) •• nd tharefore tha follovina di.cu.sion vi1l 

b. kapt relatively non-rigorou.. AI aaiahardt (1973) provide. a .~eh 
, 

.~p1er derivation of the technlque than eitber lDopaana (195~) or Farrell 

(19.57), ft will follov at l ... t part of hi. cliaeuaa10n apl1citly (l.s1nbardt, 

~1973, pp. 212-214 and 221-223). 

. . 
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4.5.2 The LineaE Activity Model. _ Condder tbe li tuation of k 

differertt and unique production configurations, eacb conaumina a .ax~ 

of m diatinct factor inputs, and all gearad to the production of the 

aS*e output or final product. The aet of inputs available to every pro

duction unit ie the 8ae. Bach production proc ••• 1I.&y be repreaented, by 
~ 

a unique proJuction function • 

Let r - rate of output generateci by operating thé ·~th production 
%' 

procees 

X. - rate at wbicb tbe j-th input :Le conauaed in the abova 
a 

proce .. 

Fro. Eqn. 4.1, the ~-tb production function i. vritten a. 
1 

(4.4) 

We aaaume tbat the k proe •••• a are ~ach characteri&ed by • fixed 

quantitative ratio between inputs-and a ciistinct combination of input. per 

unit output (see aection 4.5.1). Tbis ~plie. that for the individual 

procesaea: i) no substitution .. ouget inputs ia po.eible, and ii) returna 

to scale are conatant. Tbe firat condition requires that the function fI' ' 

!qn. 4.4, be a Laontief-fixed proportions production function (Peldatein, 

1968), tbat ia • 

whara 

The • .coud condition raquina that, 

Xi 
,gizt(XI,) III! QÜ' 2' - 1,2, •..• ,7< __ 

ç, (4.5) 

i - 1,2, ••• ,,'" 

av - a1niala DOunt of ,tbe l-tb input required t~roctuca 

one unit of output by the r-tb proce •• , 
" 

(4.6) 

.. 

. lt, 

~ 
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A aeries of product tndifference curves for snch a production 

funct10n il sbow in Fig. 4.14. Note hw botb condiUotUI are depi-cted 

diasrlJlUltically. 

The lnput coefficients a. define the technically attatnable out-
1-1' 

put per given set of irlpUt8 for each production process. Therefore the 

entire set of mxk coefficients defines th. cQDlpl.te tecbno1ogy encOOl

pa.sed by the k production processe. _Bd tbese k different activities 

constitute tbe production f~netion for this teehnology. 
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A1though 8Ubatitutability betveen inputs 1a d.f1n~ to be zero per 

production functlon, 1t can be oblerved in tbe overall production proce.s 

by 11multaneoully operating two or more proe ••• e. et varlou. level •• .. 
Let Q - rat' of output frOil simu1taneoua op.ration of k proeellea, 

" 
Ir 

al' -zr - proportion of the output procluced by tbe r-th proc •••• 
\J 

tben the averall production' funetion for Jtbe technololY li, 

Xl Xa X 
Q -.ln ..!!!.) (4.7), (8' r .... , 

Sm 1 ~ 2 

where Si - ~ [ar af,1'] i - 1,2 ••• • ,m 
1'..:1 

Tlle proporti0U8 a are tcno.m •• activity 1eve1. and daot. the 
~ . 

atant to whieb tb~ r-th proee.a il contdbutins ta the averaU production 

proee... Correapcmding to, 'Ily parUeulaz: input eOlibinati~i" i - 1,2, •• • m, 
ve ahould l1ke to ehoo .. valu.. for the 'activity lev.la a , r - 1,2, •••• k, . l' 

ao .~ to uxiaile ,Olltpqt Q. "If IUch aolutions and the corr.sp()Jldina maxiaum 

output rate. ean be found for a wffieient v~ri.ty of fixed input cCllbinatioua, 

the appraidute shap. of the overaU production func:tion can be traeed vitbout 
" 

a ~ri .pec1f1cat1on of th. allebraie fona" ",(Reinhardt, 1973). 

.. 

fi' 
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'ia. 4.14. Produc t 1ncl1;f ferne. curvea (:l.aoquanta) for th. 
production function 4 •• cribed by Bqn. 4.6 • 
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. , 
4.5.3 The Efficient Production Function. The d1fficulty in 

maldng a l1near activity model operable lies in the estimation of the 

input coefficient~, ai~' The choice of estimation technique is c10sely 

related to model purpose. 

Reinhardt (1973) suggests that the estimated coefficients either be 

i) some avetage or model value for a representative sample of producers, 

or ii) values that correspond to the theoretical concept of a ptoduction 
1 

function. "For estimating a base 1ine on which to assess aggregate 10ss 

due to inefficiency in the health sector, the 'ideal' definftion wou1d 

clearly be favoured"; for estimating the effect that might be expected on 

average", f~r examp1e, "from more extensive task delegation in the health 

care sector at large, the first definition would probably be preferred. 

A~d for deriving optimal staffing patterns for a particular facility, 

coefficient estimates wou Id have to be developed from that facility" 

(Reinhardt. 1973). 

The me8sures of effici~ncy d~fined 1n sections 4.3.2 and 4.3.3 are 

based on the assumption that the theoret1cal production function is avail

able, and therefore the second approach will be pursued. 

Whi1e many techniques for deriving the efficient production function 

coefficients exist, Farrell (1957) suggests thBt two dominate - "a theoret

ica1 fun~tion specified by engineers and an emp1rical esttmate based on 

the best results observed 1n practice ". Rather than engineers, a panel 
1 

of radiolog1stf and radiology technicians would he approached to identlfy 

alternative pro)esses arld to specify the corresponding coefficients. Yet 

the more complex a process, the less accurate i8 the theoretical function 

U.kely to be and, 8S a result of human frailty, the more optimistic 

<'arrell, 1957). As wel1, the perceptions of health care producers often 

fai1 to coincide with reality (Reinhardt, 1973). 

Iq l1ght of the abave observations, and the fact that "it ia far 

better to eOllpar& performances with the beat actual1y aChievlthan vith 

8011& unattainable idu1." (Farrell, 1957) t ft reject' the use expert. 

1.n favour of the lIathoc1 to eatimate an obaervad atarutard of e fic1eney 

d •• eribed by Reinhardt (1973) and outUned balo.. We po.tpone the choie. 

'. 

, 
" 

. \ 
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of production variables for diagnostic r~diology, add the appliçation 

of this techni~ue ta these variables, ta-the next chapter. 

We initiaUy fOCU8 our attention to an observed set of production 

proceasel ln the same two in~ts and one output. Given that· the i-th 

producer usel Xl' units of input 1 and x2 • units of tnpu" 2 to produce , t. 1-

Qi units of output, then the obsented input coefficients, dertoted as a 

vector ai tare wrltten as follows: 

Xl' X2 • t t 
_._(_'t 't)_(a a) 

1- Q • ' r 1 i' 2i 
't t. 

. " 

~:~~.d input êoetlici.nto io shawn ~i.gr ... tic.lly in 

g. 4.15. 
1 

Eaehrsample point ia thought to belong to a distinct production 

proceae described by the ray from the origin on which it is 1ocated. 

Condder tbe obserVstion on the k-th producer st -k on ray OL. The 

proces8 OL represents the production of output with a certain fixed 
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ratio betveen inputs, ag,/a1k . Movement outward along the ray indicates 

ever dec~easing degrees of technical effici~ncy, and conversely, movement 

towards the origin represents increasingly efficient production. A lover 

bound need not exist to define how far one can move away from the origin; 

that ia', ve admit observations vith Hnite ;Lnputs and infinitely smal1 

output. For a realistic technology we must define an upper bound dictating 

the maximum technlcally feaslble output, or how close one can move towards 

the origin. 

The sample ôf aIl observations in Fig. 4.15 represents the technology 

available for the overall production process. From the relative positions 
J 

of a k' and observation. -i and .j' it 18 claar that the k-th producer 

va. technically ineffietent relative to the entire sample, and hence to 

the' teêhnology. Thi. il because the k-th producer could have operated 

the tvo prQcesseli identified by .i and .j as a composite, reaulting in' 

the proc... 'Je' ll. e •• 

... • 
, J'.' , 

1 
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Pia. 4.15. A NIIlple of ob.erved input coefficient. 8hoving tho •• 
~~oce •••• vhich a~. ldentlfied •• teehnlcally 'efficient (Relnha~dt. 
1973, p. 222). 
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r k consUMes the same amount of each input but produces'more output, 

or equlvalently, uses proportionately 1es8 input and produces the same 

amount of output. Since II k and rk. are bath on OL, then 

(4.9) 

where ).. ki' À. kJ > 0 and ). ki + ). kj, > 1 
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There will, in general, b~ many sets of procesaes for which the 

process -k mey be written as a composite. The most efficient composite 

corresponds to the maximum posdble value of y. lUth thi. b.d:l: idee 

and the formulation of Egn. 4.9, we can solve for the most efficient -

maxfmum value of y - composite by u81ng a 11near programming formulation 

(Reinhardt, 1973), 

Pl: 

auch that 

where . " 

A> 0 

• - ull~t v.etot' 

• •• • 

J - total auaber of ob.ervatlona 

Li, - larS. mabers :l.ntroduced to parait • couva: eloaure 

about the observaUon. to .pproach the IX ••• 
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Problem Pl can be 80lved for every point in the sample. The 

non-zero elements of the vector A for each solution will correspond 

to the two most efficient processes, of whieh the point proces. under 

examlnation ie thought to be an ineffie1ent eamposite. By examining 

every proceea in a sample" • kt through the above formulation, the 

efficient frontier for the sample may be identified. In Fig. 4.15 the 

max~lly efficient frontier for the given ssmp1e i. Identifled by the 

line segment B.~i.;/.gC. 

By camparing Fige. 4.13 and 4.15, it then fo1lawa that this 

efficient frontier is meraly a p1ecewise ~1near approxtmAtion to the 

cont~nuOU8 thaoretica1 11near homogeneous production funetion for ,this 

samp1e of producers. In addition, the technical efficieneiea defined in 

terms of these two diaSr_rre the same, that 18, 

Qi _...L - --L (4.10) 
(Jp Y '.tA 

lt ia ±mportant to remember that because the efficient frontier ls 

defined by the reiatively most .fficient pOint. in the .~pl.t the 

1De •• urea of ineffieleney becoae aIl th. more relevant. Effielency ie 
/ 

defined in terms of production lev~ va ob.erve to be po •• ib1e, rather 

t~n some le upper bound. Thua eneoura,ing a 

producer. obaerved ae ; tovard •• 100% effieieney, "y, be 

vi~wed .. • realietic 

Prob1.. Pl i. e.s ,enlral1Hd to 1ft lnputl •• shawn below in 
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prob~ .. P2. In tbi. tbe m noa-aero .l .. enta of the opttmal solution 

vletor,.A eorr •• li»OI1lda to the polata that .. p one f.cet of the efficient 

frontier. 

P2: 

that A> 0 

,1 ~'I, 

, ' 

1 . ~ 
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\ 
So1vi~ P2 for k '. 1,2, •••• 8 wi~l identify the entire production 

function, or efficient frontier, and ~ovide an eattmate'of the t,chnical 

efficiency of each point by Eqn. 4.10. 

4.5.4 Refor'DIUlation of the Production Model. In the aection 4.'5.5. -

we will diseuRs the Interpretation of the measure of technical efficiency 

derived from thè solution of probletn P2." Rather than deal vith problea 

P2 explic1t1y ve investigate an equivalent formulation which l, then o 

&ppli~ to the data in the next chapter. 

Consider the standard linear programm1ng problam ln whleh a perfor
~ 

manee measure P is apecified to be m.aximized, I.e., 

P - otA 

subject to AI.- b A ~ 0 

where A""" mx n matrix, with el_ents CZiJ" m < n 

li ~. mxl " " " b: 
1-

0- nx l " If " 0i. 

A'" nx l " " Il ).i 

The above problem cau be ,et up a. indicated in Table 4.1. If the 

colUllln, of thia table" are sca'led, the solution of t~e resul tins 11neer 

prograœ will differ fram the original probl .. ouly 1n tbe value of the Ai! • 
. but not invhich o~ the ).:,t. corre.pODd to non-aero value, (pierre, 1969). 

Table 4.2 ,bon ~h a IcaUna operatlon. 801vina the linear proarea1ng 

pr.obl_ 1tld1catec1 ta Table 4.2 y1.1d. the folloving relUlt (Pierre, 1969), 

p- ~.caled Pl 
. "P. (4.11) 

A" - (~&lecS At) ~ 
Op .,. 

""'~~t:.. 
~' ..... ~ 

",. /~ 
.. ~ I~ .... , 

., 
, 

, I~ 

, , ' , ,\ 

... j' • ' 1 ~:~,: 1.. 1 \'~ "l~' , .' ~ 

" 
l' .. .:' .... \ , • \ "_ ~ 1._ ,t,', ~.~'.'\<.:" , " 
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Table.4.1. Initial Bcalina table for the atandard linear 
pro8raa (Pierre. 1969,';. 219). 

(lp (Il aS , CI" 

apP (11 0 1 «,oS (..l • • • «nan 

«pb1 CIl "11 a,a,S .. Cln 41n 

«pb, Gl aJl • 

" • • .. • • 
• 

Clp "- ~l·-..z • . . , a,. a".,. 

'fûla 4.',. ~_ ~lète4,.., ôlulllat ,ft th. 'a .... rcl 
U~ ... ~, .. ~aattc11a_ ~w.. 4~1 :~ •• 1969, 
,. .".,,:,«. " '. 
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We nov apply thia scaling operation ta problem P2, but firet: 

Let di;! - am<n:'nt of ~npu~ t U8ed in procell j 

0j - " " output produced from proce •• j 
fi 

Xiie - " " input t u.ed in deparbaent Je 

Qk - " " output produced in departllent k 

E • - 1 
1. Li t. 

Usina the' above notation problem P2 may be rewritten al: 

II&X .tA 

such that dll da dt. Ll 0 [A] - Ille -- - • • -
"1 ", 0. • . Q1c 

1 

• 1 

J 1 
,. 

dat 1 La -
"1 '. 
dm1 dm. 0 Lm ~k l - - Qk °1 " • , ! 

" 

A • (m+.J )( 1 and. A> 0 

• 
Multiply1aa col_ t b1 ", for ,,- 1.2 .... :, •• , col .... J br , , - c$_11 for 
i • • +1 ..... Ift +. u4 t~ rlaht ... ,.14. of the .. tru aquat:lOD by Qk' 

" 
ft bave tha ~ol1ow1it& lb\eu ,'t~~_1D1 probl_z \ 

" 

.. 
" 

f 

1 

_ r • 
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P3: 

8uch that dll d12 d11J 
1 1 0 [A] - 'X

1k -.... 
t 
1 1 

dB! 
1 
1 
1 . 1 . 

dml , •••••••• dm. 
1 0 1 Xm1c 1 

A - Cm + a)x 1 A!. 0 

Problem P3 1. a .c~1ed veraion of prob1em P2. Thi. relatlonahip 

between theae linear progr ... i. independent of,the value. of the 

Li' .;,-1,2, •••• m, and remains 80 .a the Li becoae lnflnita1y large. 

In addition, the derivatio~of probl". Pl and P2 .a productio~ .ode1a 

on1y r.q~ire that the Li be very large numbèra. Aa Li ..... in probl .. 
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P2, E:i. +0 in prob".1.a P3. Applying tUa U.itina procedure to both of 

th.ae probl ... reau1ta in the fol1owing n.v, but equiva1ent forsul.tion: 

/'\., 

P4: 

t euch tut 1 '1 0 [A] = X1k • ..... 

.... ~" 

. 
'. • 

1 
1 
1 
1 
1. 
1 
l, 
1 
1 

, " ,< ~, 

1 

0 

. . . 
l 

f , 

, . 
, > 

" .: \ 

• • • • • · • • • 
'x",k 

.', 

, . 

.......... _~_~~J 
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Problem P4 la equivalent to the statement: maximize the output 

attainable by uling the same aaount of factor inputs con.umed in 

department K'with tbe technology repreàented in al1 departmental pro

cesses. As the non-z~o elementa of the A vector in tbe optimal 

solution to problem P4 correspond to the same indices oit the non-zero 

elementl of tbe veetor in tbe optimal solution to P2, it followa that 

output ia m~:imized by simultaneously operating the sme efficient 

processel in a acaled form. This is shown diagramatiea11y in ~lg. 4.16 

(note the similarity ta FIg. 4.11). 

By solving problt!lll P4 ,for each department we can expl1eit1y IUp 

out tbe production'! function for tbe 'teehn01ogy represented by a11 
! 

departments in the sample. This function deacribes the eapa~ity output 
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far different input combinatiana; that ia, the output ettainable from a 

given input combinat1on with maximally efficient production. In addition, 

the efficienciea derivedfrom both problems P2 and P4 are identical for 
\ 

eacb and every deparment in the sample aa shawn be1ow. 

thetl, 

Let AP4_ optimal solution to problem P4 

TEk
P4 ~ technical .fficiency of department k calculated 

by '.olvins probl_ P4 

a P4 
r ". ,).,..1 
~1 ,~i"" 1, 

- ca.,.city output for depart'llant Je 

! TE P4 _ o'baerved outpJlt _ Qk· 
Je capaeity output , P4 L CI. L v-l 1. 1., 

Usina .1aUar aotatian for th. solution of prob1. P2, we have frOll 

~Il. 4.11 

( . 

.< 
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IMPUT 1 

Pis_ 4.16. A p1ecewi.e tinur approx:laat1cm to a ccmt1nuou. 
-product1crn funct1œ tbat t. identiflec1 by .olv1D8 • 11near 
prOST" cP4) for eacb of tbe ob.ervec1 production proe..... in 
• ...ple. ~ 
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4) 

( Œp fram Eqn. 4.11 ) 

) t p2 B P4 
therefore~" - t C À l i i 

i-1, 

But Eqn. 4.10 states. 

TE p2 _ 1 _ Qk -
k t P2 I! 

• ~ . l C. À .P4 
- 'i.;ft. 1 1, 1-

" 1-"'" 

a therefqre., 

TE P2 _ _ Q...:..k'--__ _ TE N 
k B • k 

La. À .P4 
i-1 'l. 1. 

Prob1em P4 is in the exp1icit form derived by Koopmans (1951) 

for ana1yzing production as an efficient combinat ion of activities. 

A1though the efficlency measure is the same for both P2 and P4 • 

the latter formulation la preferred because of lts ease in dealing 

with the input variables. Either incrementa1 or abso1ute changes in 

the inputs are more readily implemented and observed in a function 

that operatea exp11cltly on these inputs. 
~ 

In order to appreciate the re1ationship of Koopmans formulation 

to production planning in the firm. we cQnslder the situation where 

each production process has been esttmated from many observations on 

each process avai1able in the plant. Let us assume that the outpJt 

measure is in dollars of profit for each process. The solut~on to P4 , 

then imp11es that output or total profit ls maximized for a given set 
-,-

of inputs. by operating some subset of the re1ative1y most efficient 

processes in the.p1an~. This result is nOt surprising. The 1inear 
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,,,,,0"';#11_' 1$ ut J'UZ! xeu$ ,! lJ5 t 24!tU '1. 1 11$(4"&$1_' II l , ... 

pro$ramming solution not on1y identifies which proce •••• are relatively 

,mast efficient, bUt a180 dictate. the 1evel at wbich to operate th .. to 

max1mlze proU t • 
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'rom thle 8imple ex .. ple and the general di.cu •• ion on e.timating 

input 'coeffleleute at the bes:l.nning of section 4.5.3, lt ia -apparent that' 

the aore exacting and specifie ,the technique for eatta&tins the el ... nta 

of th. (m x a) matrix D and th.- (n x 1) veetor C of prob1 .. P4, the 1IOre 

1itera1 an Interpretation of the, solutlon la a1lowed. 

We have ideàtified three approaches to e.tiDatiaaOthe co~fficlenta 

of probl_ P4: i) a detailed inv.aUption of a dnsl. unit al Juat 
( 

d.lcribed; 11) .atta&tion" of averase coefficient valu •• froa a ... pl. of 

each type of procee., and ili) 'the methad va have elaboratel! throughout 

this I.ction. The.e •• timation t~hniqu •• differ .tanillcantly vith 

reapact to the queationa thair relultift8 pr08r ... are capable of 

ann.ring • 

lt i. apparent that the technique that ve are punui1'l8 ta the 

veakeat of theee three it'1 taml of specifieally IIOnltorlng tbe exact or 

even average behaviour of eaeh producina: unit. By orderina a11 . . 
obaervationa in an input-output lpac;e. wch that the eff~teacy of .. eh 

polnt relative to the ... Ple can b. "'approzmated, our •• t~oloâY invu-. ' 

tiaatee ouly relative behaviour • 

. "l'hu. littl. ~r no ."I1:lq can b_ Attachee! to the actuel' valu •• of 

the .. raiul procluct1v:l.t1 .. aD4 other ou_tput aeU1t1~ty .... ure... tet 

the arder of upitude coaparbou of t'b.e iDdic.. un be Interpretee! 

•• uan1aaful. They wUl ia4~cat. the telative roll. of val'ioul l'.aoure .. 
1 

il1 prod\lct-iOil for particular cll~rtllent. relative ta the _ple aM benee 
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• " , 

production foraulation. are s.arec! ta solving a 'planning prohl_ and 

u.\c.ing a deciBlon -r:ather tban an analysie of pa.t behaviout. In 1I0.t 

instancee. the .atiut10n of a capacity. or a aaxllllua po.l1b1e output, 

as oppolad to an ayerage or expected 1IIU1aum.' 1. not re.dly taportant, . 

unIe •• there 18 an aecOIIlpanying rigorou. pre.enution of how this out-, 

put aealur. 1. affectee! by input chanae •• 

Part of the rationale for adopting our linear prolr_1D1 pro-
~ , 

duct10n forwaulaci01l li •• vith the difficuity in intearat1D8 fboth full 

and part-t:1ae radlolo.lat 1Ul1-yeara into a eoutiDuou. function.' At 

thb point..,. eau iuv •• tlaate hOIr to pur8U. th1. in our aoclal • . 
Just a. we reeoJ11isicl th, :lapo.l1bil1ty of 1Dtrocluc:iq bath full. 
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, 
and part-tille inputa into a continuou. fora, lt followa t~t tb.if aff.c-

Uv.ly lnc1i.tingUishable 1'01 •• in productiOn dny .ilMaltanloua entry 1nto 
, 

the ••• procas.. Any input coabinatlon 1u the opt1Jlal lolution to P4 1a 

r.prelent.ed by • ca.pol1t. ,of efficient p1:.'oe ••••• ; i.e .• the coluan. of the 

D .. trix corre.poncliq to the efUcient proe...... Aa the •• eff1cient 

proc ••••• map tba production' .urfaci tt le ouly thi. eub.et of proc ..... 

which canot' conte1n both full aad part-tia. Ûlput •• , 

wh.a di' - a colua of the D .. tria conup0a41q to &Il effie:l&1lt 

proc ... 

dZI. - .... bu of full-t.e, rd101oli.t .. n-yeu.·uacI in pro~ ... f, 

\ dll -.J..r of pal't-ttiHa' l'a4iOi~~.t ".";"1:.'. ula4 1a proc ... i. 

~,t ~ ~211' ~tot of ,11 other iDputl '. 
CouU. the .rf~~ -~.,al ,114 4, ••• d, ,- dU- 0: v.tre , . 'j 
~ ~ ~r'\ ~ .. .-.-. .,.- vith \eth fG1l 

.,': .~~ ,'~:~ .. ~:~I~I~ ~"i,7 :> .... " :~: .. ,~ ~ , ,,' "" , . 
;. ,,~ .. '" .<, .. .' ". ~ > " .. ' • ,'~ 

, , .. ~ 
" . 
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.' 
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ClaM part-time radiologiste •• ind1c4t~d' below, 

Pll + [0 r -r1k

] 
d 82 Xak 

431 d 32 X$k 

"1 ~ ).2 > 0 X1k .,. 9 XSk '" 0 '1 

\ j 

, <;. 

Admittedly, tbe ab~. _.ple li a arolS a:lap1:lfie.ti~, yet :l.t 
\' , 

d_onetrat.s the kiDd. ol: approach that b !.llone! with- th. u'near 
t \ /" 

prolr_ing 1IOde1. 'Ve .h,.11 elaborate Cft thi .... ..mat iù the next , 

'chàpter vhen c01lltruet1ns .Pecit1~ .ode~ •• 
•• 1 

~1nally. probl .. P4 ha. an interf.tins lnterpretati01l in terme 
, . ; 

of a profit 1lAX1Il1ll1Da vlew of diapot,Uc radlo100 departllenu. The 

8evetTÎlent u'ltiutel; paya for the .ateri.la, non-MD labour .. and equip

lient ln ndioloay depat't1Iente thrOU~b.th~ ho.pital bu4get. Por the lIOet 

part, radlo1os1.ta are paid accordtDg to the service. they prov1de, which 

a. deecrlbed .in .ec:t1on 4 • .5.1 are nluaured in diagnoltic radlolOlY pro-. . " 
fell1~l ~11tta; each type of e:ua:l.~t~on bei~ ~qUiV.l-':'t t-o • fixe<l 

num..,ber 'of profe.lional unit., .. eh 'lÛt haYiDa t \bed dollar value. 

(~. by amda1aiD8" iNtpu.t, e:l:~ber in tata. of p~of •• 81onal unlts 

or du,DOatic tUainatjiona, tha 't'01._ of &enie .. prevUed by radiolo- . 
g, ~ i III: 

,ilta te alao au:la1.ae4 aad 80, ap:!f1ca11)' ,in the câ .. of p~ofa •• ional 

unita and approz:blate17 lu chia CHa :)of __ t..-tiOD.. t 1&. tuir il1Coa ••• 

tha id .. ,of ,.-ie. et!i.e1 .. ,. 1Iltr~ed iil .et!on •• 3.3, caUa for a 

al1da1":UOIl of the coat paz' tiIl1t o!ratpat. 'l'bia i. GOt r.ltrn.ft~ to 

4üpo.tic ra4iPÎOIY •• '~be :i.Ddl~1e aCCWlUlatiDi ~ ~ .. 'fr .. 

productiae 4Q iot bear tha coat of ~ for 1aput.. lleDc. ther. la 

DOt a pHI~, laptl~ c:.,Mttaa al" &fJtI :l.aoquaat with re,.pect to 
/ . 

, ... f ~ 

,.:oUt ~tf.oL " ' , '" 1 i, .• 

" !tû ~i .. t ... iamq"'teÎ .~ "l~ .t:bi.t ta4iolo.lat. air. 
~ ....... ~ .. :~ ....... " "~"":tG the _Ieetl .. con \ 

• T .. • _ \.J 'Y « ,< _,' _ l" _ ~ l , 

.......... ,~J;,~.j ~*, .... .:. ...... *.t. ~ ~/caa be 
ilI_d:\:: ,'.> ..... ~ ,.h"" .L"·tt,'''' . "\' 'l''~',!, :' ' !.',', .. -s.1 ... .."ice 
.~,.~l~ •. ·"'"". ~:~.,~,:~~,\~t1 .. , , 
'~ •• '_ " ,\ ~~. 1 !\~,/~~ .~~ .': f' ,,: _J,~ .... ) ;j'''J;:~f.}~;< :~, . 

,'::;:) ~~'",.':, "~:':'~',!i;~:ii : ;2~1i~:ift~J?,~;~':'té~ " 
~ ... /"I ' 1 .,."i\" ~J,~. \., ~) .. \;t,~:J'::t.., ~ , 

"*:.-~~_~t~p\,,: ::!~~~;~~~:" ',~'., ~r~" 
.,' ;~l;;. . '\~J 1·:.~1k~~·:q!:l..:::, .~, , 
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4.5.5 . The Technica1 Efficiency of a Radi010gy Depar~ent. The 
o , 

technical effit~eney la a measure of a firm's, or in our cale, a radi

ology department's, success in producing max~ output from a given 

set of inputs. A number of qualifications ahould be made added ta 

this .eem11181y simple concept. 

As has been Btat.ed previously, the construction of the production 

funetion ia auch that aIl mealures of efficieney are relative to the 

~,8aIlple for which the funetion is identified, and therefore the Intro-
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'<. duetlon (lf -additional departments may reduce !lut cannat inerule the 

efficiencie. of any departments initially in the aample (Farrell. 1957). 
, 
This ia desirable as a department may, for exaaple, be highly efficient in 

a local or regioual context, but not by a province-vide standard. 

Throughout the discussion and development of the production model 

a basic under1ying assumption vas never stated explicit1y, and so we 

nov rectify the situation: aIl production variables, inputs and outputs, 

are qu.li~tively homogeneous within their defined Bubelasses (Koopmans. 

1951). This alsumption allovs for comparison between the resources and 

products of aIl departments in a sample. Specifically it means that we 

can add inputs from v~rious departments which are defined to be in the 

.ame qualitatively uniform input class. The same il allo true of the output 

~ea8ure. For ~ample, consider the i-th row of the matrix equation in 

problem P4, that la, 

.8 

l d • .t ~j + ). +' - X 1k 
j_l1-., Il 1- "", 

Where dij - aaount of input i uled in procels j 

Xi.k ~amount of input i. consumed in department k. 

The va114it,. of th1s equation i8 basect on the pr_lae that, aa Itated 

abage. the 1- th input to each of the _ procel.el and to departllellt 1< 

ar, qual1J:atively f4entical. If the quality of input dU were different 

fraa tbat ~f X-('1<' thea dit. ~Z eould net ... niqfully COlipOle any fraction 



.. ça 

1 

,u • • 

of Xik , and thus the l-th process vould have to be OIIitted from the 

l1near program examining department k. The inputs to every department 

are in some senae unique. Rence, without the homogeneity 8ssumption, 

a linear programming production model conaiating of only one obeerved 

process would have to be used for eacb department j that is, a cOIIIIon 

fr8Jllework would be missing in which to compare the produc tion behaviour 

of ditferent departments. 
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The establishment of an input or output claes attaches an average 

quality to tha.t input or output in a11 departments and thu8 a department 

with relative!y ''high grade" factors ahould be favoured with a 'higher 

technical efficieney. 

If the heterogenatty of factors ia apread evenly over aIl depart

ments it will not be of coneequence, "it ie when there are differences 

between firms in the averag~ quality (or. more strictly, in the distri

bution of qualities) of a ~tor, that a firm's technical efficieney will 

reflect the quality of its inputs as weIl ae the effieiency of its manage

ment." (Farrell, 1957) Inputs ban be made more 'qualitatively uniform by 

defining a greater number of subclae.es. 

Managerial efficiency in a radiology departaent 118y be seen as M'Ving 

two tacets. The Uret. and aOlt obvious, deals vith the productive organ

ization of a departlllent. This can Include auch factors a. the physical - " 

set-up of the departIRent and the location of the departaent in the hospiul, 

allocation of taska aaongst lad1viduale in the deparœent, the utllbation 

of .. ter1als, the qualitaUve aad quantitative funetioual dearadation of 

equipaient Cue .ection 2.2), &ad the ba1anc:iaa of the labour and .. chine

aixe •• 

The .ecoM. aQd equally _portant, crltulon for maDaserial efflc

ienc:y l11YOlve. en11lation of the 4-.ad for radloaraphic .~lcee. As 

cl'1a~etlc radl010u 1. 'but o~ part of a tarler hoapital Itructure. the 

d8l'ad:aut au.at s .. r ltl Irowth aDd developa8llt to tbe neecl. of the 
t 

holpital. Tbue .. part of tbe techn1cal eff1ci.-c.yof a departant 

will refleet the 4 __ for it ...... ic... 'I_ticlat beba.1our cau 

-h obauv. men d...œ 11 'IlOt aufficlea.t to full" utU1&e th,-capabUitle. 
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of the department, which in turn auggests poor planning, at leasc for 

the short tem, on the part of the departlllent' a manas_ent. 

, After eonatruet1ng measures of techn1cal efficieney for the 

radiolosy departJllenU in the next chapter, we will quant1~at1vely 

investigste thè tvo factors mel1tioned above vhich can affect the 

efficiency of a department aa obaet'Ved through our conatruc.t; that 1s, 

the homogene1ty assumption and the effect of departmental .. nag_ent. 

4.6 SUJl8ary 
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In thia chapter we have 1ntroduced the basics of production theory, 

investigated the problems inherent to the empirieal eat:iJlation of a 

continuouB production function, and deBcribed a technique for Identifylng 

a production functlon a8 8 capacity output or maximall)' efficient concept. 

In section 2.3.3 w{lbted the six 1Dod~1 ~i1.ding eriterta propoaed 

by Little (1970). Adm.ittedly our production funetion, .. albodled in a 

linear progr .. , 1a not "s:lAple". yet we maintain that tta .a.entiale are 

c01lceptually ... y to underataud. tf ve conaUer a •• ple of producer. 

vith olÜY one input and ~n. output, fine! the particular __ ber vith the 

lonct input pu unit _output ratio, and then dafine the relative elffeleney 

of all other producera al a fraction of thia ba.t producer, then in effect 

va vould. be purllU1a& tha 1clanticd proce •• involved in lolving the l1nur 

prQar_1ug production aod". Wa iner ... ee! the nuaber of inputs (to m), 

and .. a rawlt .. de tbia proc ••• aoaewhat tIOre cOlDpl1c:ated. vin order to 

attain the 'aqual1y 1aportal1t 10.1 of "cœpletena .. ". 

Aa clllcu." n th. beglmt.11'11 of .ection 4.5.S, thi..1Iodel readily 

allon for the iIluocluctioa of ILav 1:Af~t10IL (de:p.rt1l.-otal dblmatto'Q8) 

in • _mMr ~t li lawi.tlyel.y app .. lins, &ad banc. the aode1 ia 

"ada,tt.f..". Whathar thi.1 typa bf -ae1 11 "roba.t" aDCl ..... ,. to control tI 

cali oal,. tn1, waéanra4 on ÜlpJ..efttat1ou. Yat _ID et th\. IUBe, i.t 

wu14 ... tat' 1D ... 11:&1.1. MIl1&C~ cOIqNtc .. 1ro1Ia11lt a llnear 
~ . 

pcoar- wU1 ben • ., to c~'1dc.ta wt.thll
• Vith tM 41acu •• ion in tbia, 

... ~_ Pl'etoaa t'tIO_,c'ba.pt ... , .. hn •• t4lbliaW • c.,l.te frdevorlt 

lia Wbicb 1:0 ~ .. -au1J'û of t_ "'ta, ... _ proc" ~o d.o 10 in the 
'1 

f,' ' 
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CBAPTER 5 

TWO PRODUCTION FUMCTIONS POR DIAGNOSTIC RADIOLOGY nBPARTMENTS 

5.1 Introduction 

A production function for diagnostic radiology facilitiea d.scribe. 

the technological relationahip between deparcaental input. and outpute. 

'Thie functional relationabip dictates tbe maximUII. lIIOuut of output 

èapable of being produced by .ach and e~ery set of specified inputs. 

In this chaptel' we .ploy the Jinear progr8llllling formulation q.f the . 
production model developed in the previoua chapter to ident1fy a piece 

wi.e continuous approxu.ation of the production function for radiology 

departaents. 

TVa different .adels will be in~e8t1g8ted. The distinction betveen 

th~se aodels 1iel in the'specification of their production variables. 

" . . 'Before procéedlng 'to the .laboration of thes • .odela, a reviev of the 

data and the po.~ible quantification of inputs and output. will be 

prO"lided. 

Recall that the .olutio~ of problea P4 Ca .... ction 4.5.4) for .ach 

"«;;'rtaent in a ..... 1. re8UIt. in an apprœaatioU to tb. corre.ponding 

cap.city output. !b. •• .ad.1 output. aTe tben ca.pared to the re.

pective ob.erved c1epartaetal outputs to d.fine a techn:l~l .ffiel.ney 

for eaeb deputMDt. AlI 1Ddlcatecl belov. th. frequency d1atrihut:l.OIl 

of th ••• teclullcal efflci-fi .. for the sap!,! of depa,r~t. Ire-. wldcb 

~ aocl.l ta cODlt1!'Ucted cau be uaecl to test the plauaibility of tbe lIOcIel 

it .. U. 

, , 

," rM1eloaY ........ t 'r.quir .. the C01lCun-llilt utllbatlon of UD-

pORI'. Mt_sala. aM equi .... t iD. the proviatOll of 4iapGlc1c •• "1ce •• . , 
~ tilt. _da .. ~t. ~ .... r tG ftich to iDtroclucè the .. 

yariôlù f.à • ~tt.Oo "1. 

': ~ ... J 

• 

, , 
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Nèr10ve (1965) defines eight different methods for q~antify~ng 

the production variables for a ~o input - one output production 

function: 

"r. .All variables measured in phyllie&! terma. II. AlI 

variables measured in value terms. III. Output 

mea.ured in physical terms and factors measurecl in 

value terms. IV. Output measured in value terma, 

factors measured ln phyalca1 terms. V. & VI. Output 

measured in value teras and one factor measured in 

phyaical terma. VIl. & VIII. Output'meaaured in 

physica1 terma and one factor measured in value 

The choice of a unit of measurement for any variable 1a ultimately 

dependent on the intersection of two equally important factor •• 

"Genaully, the methada uaed ta quantify the variables 

will depend on the type of data available and ••.• , 

the du of the analyais" (Kovner, 1968). 
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Thia, in tUrn, reflect •• crucial element in socio-econoadc 

reaearch. Por the DOst part, the inve.tiaator la confront.d vith a non

experiaental enviromaent. The clata to be uaed ha. beell collacted by an 

1.ndapendent agent whos_ criteria are uaually very d1fferent from those 

of the investigator. and for vhoa the "ezperiMllt" cannot be repeated. 

In addition, if any error. or ORl •• iODS occur ln the coll_cted data, 

it ia rarely po.etble to recUfy tlMa at a later point in tiae. Thia ~ 

il the eue 01 the pre.ent .tudy'~ 

A data bue (D.l. D.2 • D.3. sae section 3.4) vu eetablished by 

aar .. atiq the data coUected by 4ifferent departaenta in the 

faderal pd provincial aoveraents. This infonation va. collat.ct 

at"l ... t Oua ,..r baiora thie etudy vas initiae.d. 

a.ce, th. def:taittoa. iDcl q1l8lltificatiOll of production ftTiables ;, 

require. a . ~r.1tI. lMwe_ vbat ... _u1d icleall,. choa.a. and that 

vh1ch th. oe .. Ut1.. of th. clata requil'e. 
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5.2.1 Production Inputs. In this section we dilcuel the data 

representation of the four b •• ic inputs ta diagnostic radiology 

departaents described in section 3.2.2. To reiterate then, we ahell 
be conaidering: radiologiste; x-ray techniciens; .. tertil.; and 

equlpaent. While each of the se four inpute auet si~taneoU81y be 

present 'ln a departaent in order that dialnoltic .ervlces be provided, 

it is possible to define mod~ls which may not intlude vari.bles 

reprelentative of a11 four input typea. Yet, lf for any .adel, or 

equlvalently Any production variable set, a department ha. a zero entry 
1 0 

for any one of the input type. included ln tbat ~del, then thi. 

depart1lent aust be deleted :frOli the a.ple upon which that model 18 

ta be based. ~ ~ , 
5.2.1.1 ladio~?liltl. The pre.en~e of a radiologist input 

ta departMent~ ia indic.te~on data 8etl D.l and D.3. As radiologiste 

are not houri, vage earnera: 1~ 18 hardly .urprlsin, tb.t on bath 

dita .etl we are merely prea~tecl with the total n_er of full-tille and 
, 

part-tille ràdiologiua in eaeh #partaent. , WhUe it vould obviou81y be 

preferable to have an .aareg.te·hourly input per annua per depar~nt , ' , 

for radiologistl. the avail.ble re~reaentation .. , .till he profitabl, • 

uaed. 

Consider the case of havin, only fuJi-tille radiolol:1ata. This .. y 

be re~relented d1.gr .... t1cally a. • rad1ololiat .aa-y .. r par unit 

output axi. in '11. 4.15. Mlwinl alODI AIl)' ray fr. tha oriltn towarda 

the efficient production funct10n vould repreaent incr ... tna output 
? 

per full-t~ radialo,iat -.n-,.ar.·whtc~.ur.ly a •• c~ib.a lncr •• slnal, 

effic:1ent pr04uctioD. 
, . 

: AI. re.u1t of o.a ~.1t, ... .,Un (lM .ecti4G 4.5.5) ". 

ta caau. of eclUc:atiOIl 
, . 

• Gd tr.WIlI" eaa -.tel,. ...... laq. d ... of "-oleD.1ty ta 

tM. "A.Te ••• ~.n1t of'the re1atift1y -U "-'r of train1n& 

cant.u _cl tba requJ. .... c tbat a11' l'a41.o1oaùta dt -the"... fa11ft,hip 

.... ia.t1ou. 

, ' 

. . 
" 

" , 

• 
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l~t. It 18 also apparent, that tbe ... e nuaber of man-yeara ' 

in two deparaaents can repreaent vastly different hourly input. for tbe 

radiolog1ats. In thia ca.e one vould exp,ect a correaponding 

difference in the actuel output produeed in tbe.e deparcaents. 

Hence the department with the 1atger output per radiologist man-year 

ratio would be recogni,ed as , the more efficient one, at lea.t insofar 

a. the radiologi.t input, although the output per hour ratio. may 

be comparable. Thia i& not nece88arily undesirable. lt would reflect 

relatively poor managerial effieiency on the part of the departaent 

with the amalIer- output per .an~year ratio in eatimating the boapita1 

deaand for 8ervices and ~atabli.hing its radiologist staff. For 

example, eonsider two dep.r~ents that both have only ona full-tfae 

radiolog1at. In the firet department the radiolog,iat pute in 1000 hours 

to produce 10,000 diagnostic radlo1ogy profeaaional unita, wherees 

in the second department, the radiologl.t puts in 2000 boure ta produce 

20,000 profe •• 1oaal un1~a. Although their output per radiologi.t .. n

bour ratios are the aaae, it i. apparent that the radiologi.t in the 

aecond depart.ent i • .ore highly utili.ed, .. an-input production 

resource. th_ the radioloaiat 1~ t,he f1r.~ dapartaent. w~ hav'~ previoU81r 

alreed that Il8D&lerial efUciency. .. t.flactlld in th •• tafflq pattern. 
( , 

ahould be' • ccaponant- of the tec~ical .Uieieney ( .... ection 4.5.5). 

The production period enca.pa.aed by the production functlon i. 

one y.az: and viII be e.ti,Mtad fr_ 1911 clata. Data .et D.3 (the 

ta.eatjry of rad101r.p~ic aqu1paent) ~ collscted tbrouabout 1911-73. 

while data ' •• t-D.l (hoapitel at.d.~c. eollec.téd by the ledera! 

8overmaent) ta. atrictly for 1971. The diacrepanC)' vhich otten exiata 

iD the Il''''!' of full-et. ~ part-tiM ratioloiUta in the AM 

d.partMot. betwen tha .. two üts .. u reflect. a .teff chana' durina 

1971-73. TG..., -the data coul.teat 1&\ t_. ve ua. the rad10loal.t 

input data f~_ date .et 0.1. "~ 
ho t,.,.. ot ..... w ...... 1' 1aput. JaOth dtnd" Ülto full and ' 

put-U .. at."~J ._ 1.adleated OIl.n.l,' l'a41olostattl ml. "other . , 
...tic&l .ball" • .. of the 139 ~ ta _ ••• pital. on ,D.l 

,1 
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provide a zero value for both typel of med1cal 1îIanpover input, either 

full or part-tiae. Bence the max:1mUlll ... p1e aile, con.idering any 

aedieal manpower, will be 133 departmentl or 96% of the initial 

... p1e. Of these remaining 133 departments on1y 6, or 4.5%. indicate 

a Il.dical manpover input other than radiololi.U. Thu. the "other 

medical .taff" 18 included aa part of the ra!iiologht input. . , 
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The ... ple of 133 departmentl may be further broken down: 51 depart-

ment., or 43%, haYe only full-time radiologist.; 61 department., or 

46%, have'only part-ttae radiologists; and 15 departaenta, or 11%, 

have both full and part-tt.e radiologiste. Bence the .. jority of 

deparblents in the pOllible radiologlst input ... ple, i.e. 89%, have 

only full or part-tiae'radiologi.tl, but not both. This factor 8lone, 

allov8 aimu1taneou8 introduction of both full and part-time radiologiste. 

a8 .eparate inputs, to the 8 .. e linear progr.Bains production model. 

This could not be aecoapliehed vith a cOdtinuoua production function 

(see aection 4.3.2). = 

5.2.1.2 Technic1ans. The .econd .. jor category of .. nponr 

input i. that of x-ray technicianl, .nd il repre.anted 9n aIl three 

data let., though in differant fora •• Data .et D.3 11 ~iately, 

discounted" a. a lource for thi. input, both becaule of the tt.. con-

8ideration di8cu ••• d aboYe, and th. fact th.t only'tbe total nu.ber 

of full and part-tt.. tecbnician8 i. provl~e4. Alt~ah data .et D.2 

providel the total nuaber of non-~ houre worked in 1971 f~r each 

depart_nt. we ollee .,a1a. .f'r to data .et D.l. Thil data •• t providea 

the nUlher of full-t~. and part-tt.. techn1ciana. the nu.ber of 
r -, 

t.chDic1an .eparations. and th. total lu.er of Mn-hàure, aIl for each 
, " 

of .even DOD-HD .taff cl ...... 

Tabla 5.1 li.t. the 7 .utually exclU11ve and collectively exhauatlve 

tecJmidan el ..... wb1ch COIIptl .. the IlOn-IID Itaff on D.l. In 8 of the 

139 d .... rt:IMIlt. on D.l aU .... ela •••• ,,.re :1ü1cate4 to bave uro 

ctri... thu. roultlnl iD a t. dan ...,1. of 131 d.part:llentl or 

951 of the poe.ibl • .-xi..-. id ... ch l.~r cla •• in Table S.l i, 
eatere4 th. a.ber of clepartaéat 

ru,ecti •• cl.a .... 18 1a4tcatW 0 be "'-.. n. 
" 

, 
,h 

'. , 
" 

:-" 

if 
-_. <'~ 
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lfon-Kedical Manpover Categories 

l Nbn-medical speci.lilts 

2 Technlcians vith diplomas 

3 Techniciane without diplomas 

4 ,Combined laboratory and 
rad101ogy technicians 

5 Other technical staff 

6 Nuraee in Radiology 
V 

1 Oth.re - Incl. file clerke 
and secretaries 

~. 

Number of Diagnostic Radi010gy 
Department8 on Data Set D.1 vith 
a Non-Zero Volume of Han-Bours 

11 • 

128 

11 

1 

62 
...J~ 27 

111 

ri 
., 

Table 5.1. The seven IlUtual1y exclusive aad. collèc;:tively exhau.tive 
teëhnician cate,or1e. wh1eh coapri.e the fton-MD ataff of a diagno.tic 
r;diolOlY departaent a. prc:rv1cled on data .et D.l • 

• 
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For purpoaes of introdueing a technieian input to a production 

model we have aggregated these seven classes into three major groups. 

The realon for doing so Is two-loid. First, It is hardly obvious 

that the members of eaeh of' the original claases provide a unique 

and distinct contribution to the production proee8S in radiology 

deparbRents. Thls ls easily appreclated ln 11ght of the fact that 

for a large proportion of the departments at least four of the seven 

inputs are zero, as shawn in Table 5.1. 

Second. by definlng a large n~ber of ~npqt classe., relative 

ta the number of departments in a model sample, the aethodology we 

have adopted (i.e. the linear programmlng model d •• cribed ln 

Chapter 4) will recogoize soae dep.rtments as max1mally efficient, 

only because they cannat be represented as a linear combinat ion of the 

production proeesses defined by the other departaents ln the sample. 

Effleieney and unlquene8s are not conaidered to be equivaient terme. 

This idea is el4borated in aection 5.3. 

We thus define the following new technicien groups: 

A Technician. (Diplomas) & Non-MO Specialist -Cl ••• l + Cl ••• 2 
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.. 

\ 
B Technicians (No Diploaas) -Cl ••• 3 + Cla.s 4 + Class 5 + 

Cla.. 6 
C IlOthers" - Cla .. 7 

The \.U'Üt of _ .. ura for each of tben Iroupa ta un-hours. 

lt 1. not nece ... ry that .11 three Iroups be Introduced to a model 

tosether. We .. y, for • ...,1., conaider group A •• the most 

1aportallt anel .xc1uc1a th. oth.r.. In teras of the linear prograaa1ng 

procluction ..,.al, thia would cal1 for uxiaiz1na tbe output per 

"T.ch (Di,1) • lfoQ-JI) ~pee" un-bour. Con".r •• ly, ve .. y con.ider 

hO, or po •• ibl,. al1 thr" p'oup ••• equally critic.l .to tbe production 

proee •• , .d woulel WllDt to tntrocluce tta.. Yet by virtue of th.l~ 

deflniti0D8~ ~ha introduction of Iroup B r.qulr.. the pr.~ence of 

group AI .. th. introductioD of aroup C req.u.ra. the pre •• ce of bath 

e 
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a groups A and B. This doea not preclude the poasibility of coablning 

Iroups, such as group A + B defining a total technician input, and 

group A + B + C defining a total non-MD staff input. 

The seven technician classea repre8en~ the most hoaogeneous 

br~akd~ of the non-MD labour available in the data. As indicated 

above, they _ay neither be suitable fqr introduction to the lineat' 

programming model, nor truly representative of distinct roI es in 

the production process of diagnostic radiology. By aggregating these 

seven inputs (groups A, B, & C or groups A + B, & C or 

group A + B + C) we introduce, to a varying extent, a degree of 

heterogeneity to the resulting production variables. While there may 

be some highly trained non-MDa who perfora narrowly defined ta.ks, .---
we assume that radiology departments funct10n in r roughly similar 

fashion to aedieal practlees. There is ev1dence
w
that physieian. ln 

a practlee env1ronment tend to use aedieal techniciens, nurae., and 

even clerical manpower without fonaal training, in essentially the , 
same manner (Reinhardt, 1973). This would taply that the heterogenelty 
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of aglrelation, 1n at least the thrèe levei case, will not be a dominant 

factor as a .ouree of technieal ineffiei.ney in the model.' 

5.2.1.3 Material •• A .. terial input la'indlcated on aIl 

three data sete. On D.1 and D.2 we are provided vith the total non

labour expenae. in dollars, wherea. on D.3, va have the total nuaber 

of exposed filas. AlI three of th ... aeasures sre for 1971. In this 

instance, we reject the phy.ieal .... ure in favour of the value tera. 

Several factors indicate auch a 4eci.ion. 

Pir.t, apoaad fil ... are in reaUty an output a .. sure of what 

wu produced, wher .. a non-Iabour espenae. 1. a budletary input for 

.. eh f1.cal ,.ur. SecODd. the value tera 1Dc1ude. the co.t of 

radioactive .. tertale aud otber .upplie. in addition to the co.t of 
/" 

fila.. And thl~t oal, 86 ctepartaenta on 1).3 of a po •• ible 139. or 

62% of tba ..x:l..u. .-.pla lD4icate a non-.ero value for tbe nuaber 

• 
, 
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of exposed fIbos. This should n~t he intorpreted .~.te .. nt 

that some diagnostic radiology departments can pro~de services 

w1thout films, but rather, that' on the survey that/ pr~ceded the 

construction of D.3, the question relating to fila. wa. e1ther 
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OtmproperlY'answered or omitted by 53 department8. 

Although D.1 and D.2 both provide the value tera, only 110 

departments on D.2 have non-zero values. whi1e 137 department. on 

.. 

D.l have non-zero valu... Thus ve chose the latter data .et aa 

the mate rial input data Bource. _ \ 

Fig. 5.1 showa a plot of the nuaber of ~., tram D.3, verSU8 . 

the non-labou~expen.e •• fram D.I; eaChÉt rapresents a departaent. 

The approximately linear relationship be een th.se two variables 

further 8upports the deciaion to adopt n n-Iabour expenaes •• the 

meaeure of 1Il8t~r1a1 input, if only on t grounds of IUxilll1dng t~e 
1 

sample aize. 1 

In effect, the value tera reprelenta a veighted IUD of the 

phyaical material input8 to a department, but aealured in dollars. 

We assume that 1971 dollara are a truly hoaoaeneou. unit of .... ure 

between a11 departaenta. 

5.2.1.4 rtxad CaRital. Tbe quantification of fixed caplt.l 

pre. enta a much aore diffioult problea than either "npower or materi.ls. 
1 

The bulk of fixed capital ln dlasaosUc radio10gy departaente la in 

the fora of equipaent, and f loor .pace or x-ray roœa~ The uj or 

.tuablinl block to 1nte.rat1~ capital luto a production IIOdel i. 

that "differallce. lu viat .. a l'.ault in 41fferent capabUIUe. for 

capital (Iow.r. 1968)". That ta. capital il aubject to technoloalca1 

chap. 
. l . 

OUr Pl'MeIlt cOll~n 1. for real tecbaolo&1oa1: cl)anae. vhich uy 

he .... aa' havioa' tvo lacat.. r!rat. ft cau Ob .. ~~f • functiOllal 

aearMaU.ou of, capital O'fU tiMe; ~t la. a QOtl~.able decrea.. 10 

the ~t <per .ppcop~1ata ualt) or deterloratlou lu tbe quallty of 

.. rd.Cft pr.i.... ... MCODd. d1ere .. , " ., ajor cha"". lu the 
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technology available from suppliera to an IndUitTY. 7P t~1a e~se. 
froœ the manufacturera of radiographie equlpaent. ~ / 

The moat comaon technique for aggregatinl caplt 1 .ia to take 

the arOS8 inveltment alnu8 aepreciation (at a fixed ate) , and 
1. 

arrive at a cu.ulative net Inve.caent whlch i. uaed aa the ADOunt 

of capital stock Otlein, 1962; Iovner, 1968). thi. approach, or 

in faet any aethod for dea11n8 vith the dollar value of capital. 
1 

requirea data,.uch.a equi,-ent type, cost, and .,e. Thi. 

inforaatlon va. req~ated y part of the Radiographie Equipeaent 

Inventory Survey conducted by the Quebec govel'DMllt (ADon., 1972a). 

Unfortunately the equipllmt coat and al. part of the Inventory. 

data eet D.3, il coapletely riddled vith errora (aenard, 1974). 

In fact, aeca.panylng the D.3 tape va. a 100 pal. ca.puter print

out indic_tins the errora and a.ieaioua of thi. partlcularly 

crucial .ection,CThuret. 1914). Aa data aet D.3 ia th. onlyone 

of the three which cout.ina capital COlt data, aIl hope of u.ina 

a monetary approach n. abandoned. \ 

Sc:ae ua.ble data :f.s atlll available. Dat_~t D.3 providea 

the llUIIber of x-ray ro .. per departaent. a_ ".11 -aa luforutlou 

on the Il_el' of houre utiliaed, floor .pace, ad type (one of nine 

different liOOll c~aa .. ) per ro_. D.1 prende. the nuaber of piecee 

of equlpMnt' iD Nch of 13 clifferent cla .... pel' dapartaeat. At 

pre.ent thera 1. no .y to _l'aa D.1 and D. 3 in oreler to know whlch 

_chine. are in whieh rooM. the differeut rooa and equipaeat cl ..... 

are lhoWD iD Tabl. S. 2. 

All thr .. roca ori_ta41 ......... of inpUt. 1.a. total rOOli-houra 

ad total 1100r .,ace (aqual'. fMt) PC &'00II ad .the total n.ber of 

:&-l'a)' r.,.....,..r. pc .,.. ..... t. lIava _ eartaia cleane of het~olelleity 

~c ...... of tM ~ t.Jpea of HrY1èu tbat _a p=-Uad in 4ilf-
- , ~ ~ 1 

arat tJINI8 9f. l'OOU. ~,,,,,. of tbua thfta -cud ca the, ' 
'} .' 

"!u,iaJ ~ ~~/ .. ~W for expUd.u, ta the PrMuft+on 

...te1_~(~~,: .. ' ',,' . . \ \ 
1. If 4· 4 

· ..... I··"r." " cr ~ 
.... , T , 
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X-,IlaI 100-. Cat!l0riea 
f _ 

, 

1 General 

2 Angiosraphy 

3 Craniography 
" 

~_J " 4 Maaography 

S Neuroradiogr4phy 

6 Scopie .. 
", '7 Toaography 

'B Urography 

v 9 Othera 
, 

Radiographie. Not_ Equipped for FluourQICOPY 

Equipaent Equipped for vitbout spot vith .pot 
ca tegoriea Fluouroaeopy fila device ,fila device 

Stationary Maehinea4 l- l: 2 3 

Mobile Machinee 4 S 6 

Miniature Chest Machines 7 . 
IJIage Intensifier - vlev10g olÛY 8 

~e Intensifier - vlew1ng ~ record1Dg 9 
" 

Mobile laage tntenaifier 
" la 

1 

Video Tape "cordera 11 

luge Amplifiera , ri 
Othera 13 

'l'abl. 5<>.2. 1'be ll1Ae z-ray roc.'cateaori •• ~ the th1rteç aqu1paent 
ela .... pr~t4e4 GD cleta .. t. D.' ~ D.h r"'-:d. .. ely. 

\ 

• ' 1 \ 
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• 

l' 
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Heterogeneity cao also bl introduced through technical change 

4S discussed above. Lindheim wrote ~n 1971: 

"The greatest technologiea1 adVance to affect the 

practice of diagnostic radi010gy occurred a 

de cade ago when automatic processing W8S 

introduced. SJnce then. the ~ray machine 

!tse1f has remained relatively unchanged." 

Bence the state of radiographie technology mey be considered to be 

~e1ative1y stable for at 1east the period 1961-71. 

In addition to the room data described above, we are provided. 
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per room per department, with the year in which the room waB established. 

This does not preclude the possibllity of having newer equipment in 

a room than i8 indicated by the year in whlch it was established. 

ThJ.e years then, represent an upper bound for the age of the fixed 

capital within the x-ray rooms.. This assumes of course. that none 

of the rooms ever established in a radiology department, are present1y 

being uaed in the hospital by other dèpartœents. This might requir~ 

ttansferring older equipment, fram a room no ,longer in us~ by diagnostic 

radio1ogy. to a newer room. 

Although data set D.3 does not provide ea.plete room d~ta for aIl 

139 departments, we can est1aate frOll the 93 departments that are 

available, that: 44% of aIl diagnostic x-ray rooas in acute hospita1s 

ln the province were e.tabllshed fra. 1966 to 1911; 34% from 1960 to 

1965; 20% ~ 1954 to 1959; ~nd only 2% before 1954. Thus, approxta&tely 

78% of aIl rooae were e.tabli.hed during the decade preceding the year 

upon wbich thu study 11 baaed. Becauae of tbt., wa a .. uae that functional 

degradation 1- not an overriding coneern ln teras of deriving a .odel. 

In tbe Dsxt ehapter ve reinvestiaate this·by plotti~ efficiency versu_ 
1 ., 

.. an rOOII ace pu departaeDt. 
, 

80th total roc:.-hour. and floor space are not e1gnif1cantly , 
affec::ted by techlloloalcal cuq., yet theu r.qulaite data is providad 

for oo1y 471 aud 501. re.pectively, of the po •• lble 139 daparcaenta. 
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Room-years data. on the other hand, i8 avaflable on 93 departœents; .. 
a data b4se Bize increase of at least 34%. 

Our criteria of maximizing sample size in the choice of production 

variables i8 important because construction of a production model 

requires the merging of various input and output samples. The result

ing model sample can at best be as large as the amalleat production 

variable aample included in the model. In fact, experience with 

différent models has shawn that a complete model sample will typically 

be 10 to 30% less than the size df the smallest individual production 

variable sampie. This results from the Many holes that exist in the 

data. 

Thus, one measure of the fixed capital input to departments will 

be room-years. The same argument as Aboye, with respect ta techno

logical change and sample size, can be used ta rational1ze the· 

adoption of total equipment-years as another measure of capital input. 

The equipœ~nt darà is provided on D.l for 136 departments. 

In Table 5.2 we have indicated thirteen diffèrent equipment 

classes. OnI~ the first 6 contribute directIy to the production of 

diagnostic services, whereas the latter 7 may be considered 8S support

ive or peripheral machinery. This ia verif~ed by the fact that not 

one of the 136 departments had a ze~o volume for aIl of the firet 

6 pieces, but many, approximate1y 32%, had a zero volume for aIl of 

the retu.1ning· seven. Bence the equipaent input ia taken ta be the 

number of pieces in the tiret .lx classes of equipment. The same 

type 'of heterogeneity'that existe by &ggregating rooma in different 

cl.ssea, i •• 1so present vhen coabiniDg the different equipaent types. 

The foll0win8 question then arite.: why have 1re collbined equipment 
• _d rooa type •• but ac:knovledaed a eSegree of eSiaagregation in 

defin1ns the thre. type. of Don-..eSical raanpower? 

The aa.wer depende on. the cSefinition of output. In the next 

•• ction ". db cu •• tvo .... uree of output; the total vRluae of .ervices 

and a _iahted .ua of .ervicee. I&cb type of non-MD labour provide. 
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ft different productive input'per unit of outp'ut, whereas it ,is possible 

to produce a volume of output in only one room (regardles8 of type), 

or with one of the six types of equipment. Therefore, inputs are 

defined in terms of their contribution or role in the production 

process. 

Admittedly, neither equipment-years nor x-ray room-years would 

be the optimal choice for a capital input to a production model, 

yet they not completely void of redeeming features. lirlt. a8 the pro

duction model is meant to provide information to an equipaent invest

ment decision it i8 necessary to include some representative index 

of equipment to the model. Second, while inveatment deciaions ca~ 

obviously be conaidered in value terms, they may a180 be regarded 
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4S a change in the number of machines and possibly in the number of 

r00lll8. And finally, the solution of the l1near programming mode! is 

associated with a maximization of output per different ~nput8, thus max

t.iEiO! the output per total number of equipment-years (room-years) 

or the average output par piece of equipment (room), which in turn, ia the 

type of production improvèment we recognize a.?desirable. 

Ultimately, the difference beeween using a value tera or the 

physical inventory for a capital input, Iles with the Interpretation 

of the model output, or in the caae of thia work, the technical efficiency. 

As diacU8sed in aection 4.5.5, the non-hoaosenelty of an input 

variable affecta the aeaning of the technical efficiency, and may 

even 10 .0 f.r .. ta'be detera1nant in ita value. The homogeneity of 

the d'allar as • unit of .... ure baa the .elvant.se of alloYtng a depreciated 

monetary input. ~ia 18 contra.ted vith a.cribing an average quallty 

to ah input, or ..,eclfically an Ifavera,e equipaent type" or. If.ver.ge 

rooII type". Thu iap11e. tut -when u.iliS an input auch •• equipwaent 

or r~year. the reaultina technical efflclency cannot be taken .a 

, aU encapa,e.1na but auet be teapered by • r_exaaination of the 

ra. data. 

, Var10ua .CMae. to quantitatively account for the:, non-ho.asene1 t y 

of th... capital input. iD th. iIIt.-pret41t10D of the tecbn1cal 
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efficlency are suggested in the n~xt chapter. 

5.2.1.5 Definition of Inputs. Regardless of which output 

mess ure ls choaen, the definition of inputs i8 important to the 

Interpretation of the technical efficiency. Tva di8t~ avenues are 
" --' 

aval1able. The first approaeh would be to define the inputs in 

terms of what is produeed; that is. the vol~e of labour-hours 

directly involved in production. only those materials that are 'actually 

used and not just the inventory of supplies, and the volume of maehine

hours dedieated to produclng output. The resulting teehnieal 

efficiency would then reflect 801ely upon the internaI environaent 

of a department in terme of the organization, labour and technologieal 

efflcieneies, that is. a loealized concept. 

Secondly, one could define the inputs to reflect what ia available 

for production within the period of consideration. Such a set of 

input production variable a would be defined at the beginning of the 

productibn period. In this instance the technical effieieney would 

refleet bath on the extent ta which these inputs are utilized and 

the e~feetiveness vith which they are utilized. Renee, the teehnical 
..,' 

effieiency woùld have two eoaponenta, one related ta p.'e radiographie 

8erviee demand from the hospital, and the other eorresponding to the 

interna! (departaent) technolosieal effiei.ney. In Chapter8 3 and 4 

it va. argued t~t thia second approaeh 18 prefe1:'red. 

The four types of production inputs v. ~ave reeognized .atiafy 

the requirements of this latter point of viev. This is explieitly 

the eue for radiolo,iat 1I&tl-year ... the non-labour budget and, either 

roOlll or equlpaent yur •• 

Initiall,. one .. y bave tbouaht that non-MD labour hours 1a really 

an output refleeting the utellt to whleh the non-MD labour input has 

been invol:ved in produétion. In faet, the Murs and .alariee of the 

non-Ill) etaff are at1pulatèd at the beliml1q of eaeh Uaeal yur in 

the ctepaZ:,OMIltal budae' (Anou., 1974&). lu addition, the existence . , 
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of salary contracta for the technical and clerical staff, and their 

hourly wage scale, wou1d .. ke it politieally inopportune to vary 

the utilizatiQn of these groups with the demand for service. over 

the period encompas.ed by their co~traet8. Therefore w the non-MD 

labour hours can be taken a. a measure of input. A. vith the other 

inputs, this manpower input can be utilized, i.e. involved in the 

production of services, to varying degrees aver the production period. 

5.2.2 Production Output.. In section 4.5.1 we introduced two 

measures of output for the radiographie aub.yet .. of diasno,tic 

radiology; diagnostic • ..-inations and diagnostic ra~lo1ogy 

professional units. 

Exaalnatlons require the utllization of aIl the input re.ource 

types di.cus.ed above. Different types of ex .. inations demand varying .. 
levels of each input. In 1972 the Quebec govern.ent recognized 

155 different typee of examinationa, ranging from grocedures as aimple 

as a finger x-ray to the .ore complicated ones aueh aa a specifie 

encephalography: poaterlor fOI.a pneuaograa, ~r a major chest and 
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bone survey: lung., akull, wplne, pelvis, thorax and .houlder (Anon., 1972b). 

In thia vay, exaiMtiona are very similar to other type. of 

output .ea.ure. ueed in health .ervices reaearch, auch as patient 

vilita or caa •• treated. That ta, they .. t:k ouly the occurrence of 

an event, wb.re the vo1uae of re.ource. and type of re.ources used 

.. y very dr .. Ucally. Ther.fore, the total vol ... of ex_inatloJ18 

il, in fact. a nOD-~leneoua .... ur. of output. 

the nUllber of .xa-tnatlona provid.d in .ach departaent in 1971 

li available 0Il data let D.1. Â QOll-aero value for this au.ure 11 

indic.tecS for 136 cS.partaent •• or .pproxi8ataly 98% of the llUiaua 

..,la .ba. 0 

Tbe volu.. of dillDOatlc rad1ololJ prof •• aioDal unit. (P.U~) 

proclucecl' 1Il a 4apuc:..t oVw a ,.-104. of oua J'Ur repraaentl a 

".tpte4 .. of th. -1l"'r of •• -Iutton. ,nclueed 4urui the .... 

par1ocl. Bach tne of ...mut1oa ta ... lped a f:1aed nDbar of 
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professional units, where aIl P.U. are equivalent. Radiologists 

are paid according to the volume of units they produce. 

The number of P.U. pe~ examfnation i. meant to reflect the 

radiologist ttme and skill required(for the examlnatlon. This ratio 

ean ~e interpreted as a mess ure of the coaplexity of each procedure 

and hence, to a large extent, the required utilisation of input 

reaouree. per examination. The ratio of profe.aional units a •• oeiated 

vith the IDOst and least cOlllplex exaainations 1s 12:1 (Anan., 1972b). 

Therefore, diagnostic radiology profeaaional unit. are a relatively 

homogeneouB unit of aeasure for output. 

The volume of P.U. provided in eaeh deparement in 1971 ia 

available from data set D.2. A non-zero value i. indicated for 

110 departments, or approxta&te1y 19% of the .axtaua a .. p1e size. 

5.2.2.1 Choiee of Model Output. In .ection 5.2.1 we ~.tablished 

the pattern of trying to aax1Bdze e..t'productiott variable sample size 

1n the choiee of variables. At this point va ~everae the trend and 

choose profes.ional units as the aea.ure of output. The rea.on for 

doing so i8 two-fold: 1) d~agno.tic exaainatlou. 1. the relatively 
" 

non-heeos_eou. output and; ~i) the voluae of profe.81ou1 unit. ls 

a atandardized a .. aure of output, and as .uch. wou Id be expected to 

aore closely obey the con. tant retoma to .cale a •• u.ption upon which 

the production .ad el 1s prea1 •• d C.ee .ectlon 4.5.1). 

In Pil8. 5.2 to 5.4 we bave plotted both the total nuaber of 
" 

diapOitie ex..iDatioa., _4 th, nu.her of P. U. per departMnt in 

1971, verni velo", 1DdicatOTI of dlpartllaC d ... ,. ., 

'ila. S.2a and b depiet 8X1Idnatiooa and profe'lional unita 

relpectiftl,. Vll'lUI! the total rad1ololilt aa1&rtt 1Ilo401lar.. AlI 

value .... ur .. a'te tû.a 11:_ data •• t D.l. 'fwo tread. are v1eibl. 

be;.; Urlt, pr-of ... iODal. ct. are relatee! to H,D ... lad .. in a . -
.or. 11 .... r '.MoR tbarl are .... 1 .. t~ .... aecoad. tbe v&rf.ability 

in output at aay aal~ 1 ... 1 11 r"ueect ta P1Da troll eu.1nation. 

to ,. U. fteee -of cour .. aI'l tG ba uPected .... ruu1t of tbe fee-
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for-service basis upon which radio1ogists are paid. The variability 

that does arise in Fig. 5.2b, reBu1ts fra. some radiologists holding 

staff positions in their hospitals for which they are directly salaried. 

In Pigs. 5.3 and 5.4 we have plotted these same output measur~s 

versus the input departmental budget (excluding MD salaries) and 

the input non-labour expenses respecti vely • ; The s8JIle trends ci ted 

above emerge. They are attribute,d to the hOlllogeneity of the P. u. 
measure, and the existence of constant returns to scale at leaet in 

terme of this output. Admittedly, there appears to be a marginal 

decrease in the slope of thé professional units plot for large values. 

It mey be possible ta assoeiate this with either the sparsity of the 

data in these regions, or the existence of slightly decreasing returns. 

The production model that was developed in the prevlous cbapter 

deals with capacity as the output measure. Renee our assomption of 

constant returns to scale applies strictly to the capacity output, 

and not neces8arily ta the observed output. In section 4.5.1 ve cited 

the existence of s,pecialized roOllls in departaenta as a major source 

for deerea8ing r~urns in the observed output. Specialized rooms are 

establlshed ta respond to a service need.froa the patient population 

in a hospital. This does not :f.aply that the s.rvice d-..nd for these 

roome will be as great as for general rooas, and hence. idle capacity 

can somettses he obaerved in apecial1zed roa.&. As diacu .. ed below. 

the proportion ef rooae in a deparbaent that are recogniaed 8a 
, 

spe6ialized. increases vith depare.ent size, which in turn, explains 

the decreaid1l8 retura in obeerved output. however slight. Table 5.2 

!iat. the nine type. of x-ray roOll8 that can be sif!tated in 8 

radiolo., depare.ent aa tndicated on data set D.3; one genera1 and 

eiaht apeeial1aed • 

• , eo.biniaa the rooa data of D.3 vith the output data of D.2, 

". e.t1aate that~ i) 97% of a11 departMnt. produc:ina acre tUn 

1 ail110n profe.aional unite have at leaet on •• peclali.ed x-ray room, 

and of the •• departaents in thi. output range "ith .pecialized rooas, 

100% have IIOre .pee~al:hec! tha l811ual rOOlU; aM; 11) of th. departllent. 
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producing less than l million professional units, less than 30% have 

any specialized x-ray rooms, and of these departments, less than 

50% have more specialized than general roome. 

This implles that on average, more specialized procedures are 

produced in larger departmenta. Figs. 5.5 and 5.6, which show 

plots of the professional unit output versus examinations, and the 

_ ratio of professional units to examinations for each department versus 

the number of hospital beds (Ano~., 1972d) respectively, graphic.lly 

demanstrate this. In both cases. the P.U. to examinations ratio, 

eref lecting the average comp le xi ty of each examination in a depart1lent, 

lncresses sllghtly with output and hospital size (beds being an index 

of ho~pltal size). 
1 

Therefore, the trend tovards decreasing returns, in consideration 

of exaalnations, ia concluded ta be derived f~om the demand for more 

apecialized procedures. which may lead to an id!e specialized room 

cap.city. Introduction of profes81onal unite as the output me.sure, 

126. 

is seen ta have a normalizing effect. 'Although the hospital environaent 

say impose a decreasing returns situation in sose departments. in 

teras of the obaerved volum~ of P.U., the aS8umption of constant returns 

to scale for the capacity (P.U.) output remains likely. This hypothesis 

i. 8upported by the fact that a saall number of special1zed examinatlons , 
is compensated by a proportionately large volume o~ P.U., and further, 

becauae the va.t majority of departments, .ver a significant range 

of observed output, appear to ohey a constant returns tQ scale r~le. 

The ahove discuasio.n has been aolely i!;:terms of x-ray roODlS. 

tt 18 apparent that vhen situating a piece of equipment in a specialized 

rOCllll. 1t will be u'tilized. both in terma of the type of services and 

voluae of services, in the S8ae .. nner as the room itaelf. Hence 

our arguaent i~ equal!r v.~id vith respect to equiv-ent. 

The output .... ure that viII be'used tO.identify the production 

functioa for diagnosttc radiology factI1ties 1s the voluae of professional 

units, which 18 aeen to closely adhere to the requislte ho.ageneity 

and returua ta sule &S8uaptionS of the product1on IDOdel • 
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5.3 Hethod for Dete1'1llining the "Belt" Model 

In this section we investigate an approach to determinlng which 

of a series of production models 18 most 8uitable for defining the 

techn1cal eff1ciency of radiology departments. 

If we consider one possible output messure and a set of m 

possible input production variables. then, excluding the situstion 

of the dependent variable belng a function of only one independent 

variable, the maximum number of d1fferent production models that can 

be constructed is. 

m: 

Of course the actual number of feas1ble models applicable to a 

particular production enviroament i8 somewhat les8. This i9 because 

of an a p~ri specification that one or more of the Independent 

variables (though le8s than m) are particularly crucial to the 

process under examination, and bence !DUst be included in any and aIl 

pOSSible models. 

How does one decide which of the remaining possible production 

lIodela is the "best" one? 

The answer to thls question i8 dependent on what i8 lleant by 

"best", which ln turn. is related to the object of the analysie. For 

exaaple, conslder the estt.atlon of a contlnuou8 production function 

by means of aultiple regre8810n. The goal of this type of proce83 
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ls to explain, or account for, as mucb of the variation in the dependent 

variable as possible. Typically, regre •• lon analy.ia resulta in 

indices which: i) ausure the cC)ll!)1ned and ind,vidua1 iIIportance of 

the Independent variables ln explainlng the dlfferences in the value 

of the dependent variable. and; 11) the precision of the estiœate 

of the dependent variable. l.e. the level of confidence one can have 

in the eapirical fuact1.on and i ts paraaetera. 

The MI.etlon of the "b .. t" .adel. or vbich cOlDbina~lon of 

j 

\ 

i 
" 
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1 Ind~p~ndent variAbles to include ln thp production funetion. would 

aeem to be 1ndlcated by th~ variable set that .. xiœlzea both 

explanatory power and functional confidence. Yet the fixed sample 
1 

size, i.e. the fixed number of observations on each variable; 

often dictatel that these be opposing trends. For ex .. ple, if the 

nUlllber of observations is IfllUch greater than the number of potential X 

(independent) variables under consideration, then the addition of a 
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new variable will always increase R
2 ~rtipts o~elation ooefficient -

ind6x·of ~~to~ ~r) but it viII not neces88rily Increase 

the precision of the esttaate of the responae" (Draper, 1961; 

Kovner, 1968). 

If the sa.ple size increasea, one can easily introduce Dew 

variables to the functlon. For a fixed nuaber o~ observations, the 

point of the ex .. c~e 1s ta choose the k best variables, where k 

la uBually less than m. 

A stmilar approach to that vhich has been described for regresslon 

analysis will be used to det~rmine the sost suitable set of input 

production variables for the linear progr ... ing production .adel. 

The construction of this model i8 achleved throulh non-atat!stical 

seans, and hence the type of indices aenUoned abave are not part 

of the analy.!e. Therefore, ve are forced to rely on .ubjective means 
1 

in decidina.on the .oet plausible .et of production variablea. 

Before proceecling to exaa1ne the auitability of different models, 

lt 18 ~port.nt to note tbat for the linear progr ... ing production 

foraulatlcm developed in .action 4. S, "the introduction of a new 

factor of production lnt~ the analyai. cannot lover. and in general 

rail •• the tecbnicai effieiency of any etate (dspartmsnt). Thus, 

the aore factor. tbat are conaidered. the .ore are apparent differences 

in effieiency 'e:xpl~inecl· .. bd.aa due to dUferina inpute of theae factors". 

(Parrell, 1957). Thil phen~on ie illustrated in Pia. 5.1. 

We con,Uer only two departllclte in a epace where the axes 

reprMtmt thl input per UIlit output for 'e.ch input. If we ex-iDe 
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lia. S.7. "'ple. of one lnput-oue output and tvo input-one output 
production proc ••• ea lllu.tratiua hov 1Dcr ... toa the nuaber of 
prOduction factorl in a _oc1el. cannot lowr. and will in leneral raie •• 
th. tec:hn1cal effic1acy of arty production proce •• re~the to the 
..aple of producar •• 



, only one factor of production (input 1). these departments are 

situated at points ~l and BI in Fig. 5.7. Point Al i. conaidered 

to bt' 1007. efficient (re!ntivl' to thl.' R8I1lple). 'and thE' technical 

efficiency of point BI te OAlOB1 X 100% (see section 4.5.3). 

Assume that the introduction of a second factor (input 3) 

moves the department situated at Al to A2• If the department at 

BI then maves to a point B~. where line sesaent B1B2 ~ 1ine 

segment 8
l
B

3
, then the efficient production boundary for this two 

point s_ple ls lIlapped by the points Dl' A
2

, 82 and Cl (see 

section 4.5.3). Let TE-X represent the technlcal efflciency of 

point X, then, 

OAI 
TE-BI - X 100% 

OBI 
< 100% - TE-B2 

If the departtaent at BI moves to a point B 4' where line sepent 

BIR3 < line segaent B184 < line segment 8185, and BS 18 on the 

ray OA 2 , then the efficient production boundary 18 aapped by the pOints 

Dl' AZ and CZ' and 

FiMlly, if the department a_t BI BOVel to a point B6' vh~~e line 

s.saent BlBS ~ 81B6, then th_ efficient production boundary 1. stl1l 
f' 

mapped by the point. Dl' A2 and C2' and 

OA l , 083 
1'E-81 - 0-8 )( 100% - -0 x 1001 - !l'8-B 

l g6 6 

Thi •• tlcaetrlc exerd •• ean be ._erau.uct to the lituation of 

uay point. aud b.ance the teclmical .tficieney of efficient: , , 

departaeatl (Al) reaina the __ • whi1. the eff:td~cy of IlOQ

.fficiat ~p.ar~t. (BI) a1.«;hu iner ..... or .tay. th, ... , vith 
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an increase in the number of production factor •• 

In the pr~vious chapt~r it was noted that the 1inear programming 

model la solved for al1 departments ln the sample upen which It 

18 based, and 80, results in a technlcal efficlency for each 
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point ln the sample. We adopt the procedure described by Farrell (1957) 

to decide on the acceptabillty of a ~odel, i.e. a particular input 

combination. This approach examines the frequency distribution 

or histogram of technical efflclencles per model. 

"It is ta such frequency dist~lbution8 that one must 

look for a measure of the suceess of the analysle, 

corresponding to the multiple correlation coefficient 

in cegre8sion analy.18. It might seem at firat that 

the obvious counterpart of the correlation coefficient 

vas simply the average level of efficiency, being a .. ' 
measure of the extent to which differences have been 

exp1ained in causal tet1ls. But whereas ln regression 

analys18 the object i8 to explain as much of the 

variation as possible, here one does not w1sh to 

expiain away aIl differences. In other word., 

one regard. as ideal not an analys1s that i DUlkes aIl 

states (d.partmsnt,) perfectly efficient, but one 

that le~ve8 only 'genulne' differences in efficlency ••.. 

As any direct test of Whether the differances ln 

~flc1ency are genuine or not i. i~o •• ible one i8 

reduced to a c0081cleraeion of the plau.~b111ty of 

the distribution of eff1c1encies. Thi,. is -necessarlly 

a hi&h1y aubjective aatter, and one heaitatee to 1ay 

clown any Objective criteria of plauaibil1ty." 

('Farrell. 1957) 

Farrell elaborates two ba.ic criteria for plaualb1l1ty, that 
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one can use in examining the frequ~ncy distribution of efficiencies: 

1) hilltogram shapl" and; il) the chahgl" in histogram shapl' 

introduced by changing the set of input production variables. In 

regard to distribution shape, "we reject bimodal distributions, such 

aa 'lllustrated in Fig. 5.8, ail acceptable. IIThe reason why this 

ia regarded as tmp1ausible is perhaps that one feels that there 

must be ~ome neg1ected input aecounting for the apparent1y 10w 

efficiency of lIueh a large groupll (Farrell, 1957), or proportion 

of the sample. Having rejeeted bimoda1 histograms, it would be 

difficult to conc1ude that some shapea,-such as shawn in Fig. 5.9a, 

are more plausible than others, such as shawn in Fig. 5.9b. Renee, 

criteria other than mere shape must be introduced (Farrell, 1957). 

The Xi in Fig. 5.9 ind!cate which inputs comprise the input 

production variable set upon which a model, an~hence the histogram 

ia based. The output is the same for both models. In going from 

model Xl
3 

to model X
1

X
2

X
3

, "one has clearly explained a good desl 

of the apparent variation in efficiencyll (Farrell, 1957). The 

introduction of input Xl to the production variable set of the first 

model has resulted in an en1arged independent variable set which 

appeara, by the shift in the histogram, to aceount for a greater 

proportion of the differences in the value ot ~he independent variable 

or effieieney. Therefore model X1X2X3 ia clearly the better, more 

plausible repreaentation. 

One has to check agatnst carrying this procedure to an extreme. 

Cousider the ex..ple of Fig. 5.7 with a tva-input, tva-observation 

_ .. ple, wbere it i. po •• ible that the "entire aaaple" Is recognized 

•• 100% efficient - a clearly t.plau.ible situation. 

ln tbe next .ection .e pur.ua the identification of a production 

funetion for d1asnoatic rad101~1Y tacilitie.. The cholee of aoat 

.pprop.rtate 1IOde1. froa a aerie. of lKHlela d.fined by vartou. 

ccabination. of 1npute. a11 fre:. the M. input •• t, vUl rely on the 

procedure outl1necl above. 

134 



• Q2 ,c • • - $ 

WlUIIII'!IW1l154aJlCtUIE 2tl1 1 tJ LI: Eli lW_IL l "11 l' t Slal_lbttE IIbM bIlL iIlISlUkULU.lJJdt a : K •• ll_mw 1;1''' 

1 '. 

p 
Ifficlency -100 so 

'ta. 5.7. An euap1e of a biaodal efficiency frequency dilt-
, rtbutlon or hiBtOlr_ - maber of producera verma techllical 

afficlency iDtervala - reeu1t1na fra. the application of' the 
lin .. r prOlr ... tna production .odel to a ~_p1e of produce~. 
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1 5.4 Different Modela 

Once a technique has been established by which a production 

function can be identified, then for each distinct set of production 

va~.iables a unique relationship ie defined. In this section we 

define two possible sets of production variables. From each, 

ve derive a series of feasible modela, based on varying combinations 

of the inputs withln e.ch set. We then choose the most plausible 

model from each series. In aIl in$tances, we apply the linear 

programming production formulation derived in the previous chapter 

to establish the production modele. 

5.4.1 Feasible Input Combinations. Regardle8s of which inputs 

are included in any particular model, the output measure to be 

used is the total volume of diagnostic radio1ogy professional units 

per department. Table 5.3 provides a List of the input production 

variables described in section 5.2.1. The actual data per department 

for the listed inputs and the output, a8 found on data sets D.l, 

D.2, and D.3, Is provided in Appendix C. 

The non-medical manpower input may be viewed three differe~t 

ways, as 8hawn in Table 5.4. Only one of these groups can be 

considered representative of the non-aedical labour input to a 

radiology department in Any one particular .odel. If We consider 

these three different types of non-medical .. npower input plus the 

four other possible inputs, and ex .. !ne only those models vhich have 

at least two distinct inputa, we are then confronted with weIL over 

250 different possible modele - a highly undeslrable situation. 

Fortunately, we may significantl1 reduce thia nuaber by recognizing 

certain featuree of bath the system under investigation and the aima 

of the analysi •• 

By introducina an input to a production .odel. we are implicitly 

stat1aa that this production variable il .or' 1aportant to the 

conceptualiaat1on of the production proee •• ~bedd.d in the model, 
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! . 

Inpu t Ca t!8ory 

* Medical Manpower 

.* Non-Medical Manpower 

Ma ter ials 

Fixed Capital 

Actual Inputs 

1 
Full-t~e Radiologist Man-years 

Part-ttm~ Radiologist Man-years 

! 
Technicians(dlpl) & Non-M.D. 
Specialist Man-hours 

Technicians(no dipl) Man-hours 

Others Man-hours 

( Non-Labour Expenses ($) 

1 
Diagnostic Equlpment-years 

X-Ray Room-years 

137 
1 

Number of 
Distinct Inputs 

2 

3 

1 

2 

* both medical manpower input. must be introduced .. to a model st the same 
ttme 

.* the three non-medical manpower inputs will be denoted: Tech(dipl), 
Tech(nd1pl). and Others 

Table 5.3. The set of feasible diagnostic radialogy departlllent production 
mode1 inputs. 

" 

Non-Medical 
Manpower Gr~tP 

l 

II 

III 

Actual Inputs 

1 
Tech(dipl) 

. Taeh(ndipl) 
Othera 

{ 
Tech(dipl)+Tech(ndipl) 
Othera 

NuDlber of 
Distinct Inputs 

3 

2 

{ Total Staff -Tech(dipl)+Tech{ndipl) 
+Othet'l 

1 

Table 5.4. The thr .. po .. 1ble DOn"'lUMl1cal aapow'r input aroup. for a 
production .odel •. 

-------

" 
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than those variables which have been excluded. 

Consider the non-medical manpower groups listed ia Table 5.4. 

The aggregations within each group acknowledge the different roles 

the various types of non-medical manpower cao have in the production .. 
of diagnostic services. The distinction between inputs in any one 

non-medical labour group, ia based on the assumption of a corres

pondence between level of training and asaigned tasks. It then 

follows, that the higher the lever of training for any defined 

input within a group, the more important ia its productive role 

relative to aIl other inputs in ,the same group. Thus, if non

medical manpower ia to be introduced to a model, then for each of the 

recognized groups of this type of input, on1y certain combinations 

of the member inputs are allowed. Theee combinat ions are shawn 

in Table 5.5. 

The quantification of the site for the production of services 

,has been achieved by introducing diagnostic equipment yeare and 

x-ray room-years. Elther one, or both of these inputs should be 

used as a production'variable(s) in aIl of the models we will consider 

because: i) of the critical role they play in the production process; 

Il) they represent the type of resource change vith which thls 

wark la concerned and; 111) they embody the bulk of the hard 

tecbnolpgy in radiolQgy departaents, and a8 8uch, should be explicltly 

determlnant in a measure of tecbnlcal .ff1clency. 

We have decided not tO'conaider models lnvolvlng the x-ray 

room-year input. The rea.on for doing so are three-f9ld: i) a 

change in the equlpaent input to a departaent does not necessarily ... 
1ap1y a change in the rOOII input; tt) total rOOll-years 1a a le'. 
homoaeneou8 aea.ure (an algregation of 9 cluses). than equipaent

year. (an .aagregation of. 6 e1 ... e.), and; Ut) roca data 1& avaJ.lable 

for 93 dap.rCleut& as oppoeed to 136 deparc.ent. for equ1paent (aee 

secUon S. 2.1). 
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,G~p Non-Medical Man~.r CoabinatiOll' For Â Production Model 

1 lit 2ad 3 rd 

l [TeCh (d1Pl)] [TechCdiPI) ] eOCh(diPl) ] 
Teeb(ndipl) Tech (Dd1pl) 

, Othera 

II [TeCh(d1PI) +Tech (ndiPI)] [TeCh(d ipl) +Tech (DdiPI>] 
Oth.rl 

III [Totai Staff] , 

table 5.5. The varioua po.dble ccabinationa of non ... edica~ manp()wer 
inputa within .Ch of the non-tiecliealllanpower' groups defined in Table 5.4. 

, 
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Two basic gro~ps of manpover ~ve been discus.edj Medical and 

non-aedical labour. / At first glance, it might appear difficult 

to decide wh!ch of the ~o to introduce first in a model, or 

.... .....whether both should be cons:ldered at the same time. 
j 

The radiologist is either in charge of, or has a supervisory 

role in the department,\ and is primarily involved with the emergency, 

fluouroscopy and special procedures, whereas thè"members of the non

medical labour force are responsible for most of the film-taking 

. (Lindheim, 1971). The technic1an and clerk input support the ultimate 

function of the radiologist, namely interpretatio~ and consultation 

(Drui, 1970). \ence, the non-taedical manpower input is required for 

aIl ,procedures in the radiographic suhsystem of diagnostic radiology 

(s~e section 3.2.2). A medica1 input is explicitly required for only 

same procedures, although it is implicitly present for aIl through 

ita management raIe. Since our measure of tecbnieal efficiency is 

meant ta reflect on the perfo~ce of the radiographie subsystem 

of departments, we shal1 introduee the non-medlcal labour input firet. 

The medical labour input ls introduced only in the presence of the 

;ther unpoweM;pe:'. The- possible manpOwer group inputs to a 

production model are shawn in Table 5:6. ,. 
The non-la~ur expenaes. or materiais input, while important, i8 
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difficult to walgh relative ta the other typ~s of inputs. Thus, WB 

examine models where this input i8 either present or absent, independent 
., • * ~ 

of the other production variables in the modela. 

ln Table 5.4 we have described three different" groupings for the 

non-aedlcal .. n~r 1n~t •• As the total non-MD staff aggregatian 

prDVides the leaat infor.ation, and la the .ost heterogeneous of the 

three. va cboose to exclude it trom consideration. , . 
In tera. of the diacue.ion throughout thi. section we can dellneate 

two po.slble production variable seta, and' a series ôf fea8ible modela 

for each. These two serie. of ~ell"are lllted in Tabl~1 5.7 and 5.8, 

where each .at of X" CQrreaponct. ta a differellt .odel. 

" 
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., lIapo!!r CcabiDatiOu For A Pro4uct101l ibid, 

l ,t 
; 
~ 

2Dd 

HOD-Med1cal ,,*npover 
(ODe of the cc:ab1Datiou 
fr_ 'fable '.5) 

.1W1ca1 !Iaapanr _ 
(Ir .. Tabla ',.3) 

'" , 
Table S. 6. Po •• ibl. Cc:abiùti01l8 of 11lput .. npower variable. 
for • proctuction aoclei. 
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hoduction Variable Set A 

Iquipment-yeara 

Noo-1abôur expenaea ($) 

tech(dipl) man-hour. 

tech(ndipl) man-hourI 

Others man-houn ' 

Pull":t:1ae r.d1olog1et man-years } 

Part-tiJIe rad101o11et aan-yeare 

Denoted 

* . Model Series A (MS.A) 

lA X1Xa ______ ...._ _______ '*--____ 

.tA X1Z16 SA X113 

.3A X1Zzls'4 U X1X,x4 

4A XIX!,x~5 ?A XIX,r~5 ------_----.-_------------
BA X1Zgl~S l1A X1X,zS 

gA X1Z/~;X8 1&4 ZlX,x~8 

IDA X1X,r,xrlfs 18A X1X,zr/s 

.. 

.. 

• The output for al1 of th. aboY. aodel. 11 aeaaured 

pt'of ••• ioul unite. 

in 

" tabl. 5.7.. A .er1 •• of produetion aodal. (produétion var
iable .et.) derived fra. t:he •• t of variable. deacribecl 
tD Tabl.. S. 3 & 5. (; t l1Id chmoted •• ..1.. A. 

\. 
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Production Variable Set B 

Equipaent-years 

Non-labour expenles ($) 

Tech(dlpl)+Tech(ndipl) man-hours 

Other. man-houri 

Fu1l-t:lae rsdiologi.t un-yèara } 

Part-time.radiologist .. n-y~rs 

Denoted 

A 
Kodel Seriea B (HS. B) 

.. 8B X1Xzl3+4 4B X1X3+4 

aB X1Xf8+rs 6B x1x3+,xS 
" .... ------_ ... ---.---------- .... - ._----...-

6B X1X:f8+4Xs 8B x1x,+,xe 

1B ]{lXf,+4XsX6 9B x1x,+,xs'Xe , 
" 

, A The output for al1 of th. aboYe model. il aeaeured in . 

prof.llioua1 unit •• 

Tabl. S.8. A leri •• of production .odel. (production var
iable .. ta) 4ft1ve4 Ir_ the Mt of variable. deacribed 
in Tablel 05.3 & 5.6. aud denotec1 a. seri •• B • 

• . 
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We have reduced the problem of camparing over 250 ,different 

modela to an'examination of two independent series of 13 and 9 

feasible models each. It is apparent that some of the same )forces 

which focused our attention to the set of production variables 

depicted in Table 5.3, 1. e. the unavailability .of certain data 

for some or aIl departments and the quality of that which is 

availab1e, played a large part in this reduction process. 

Admittedly then, the constructs we shall pursue are not optimal. 

Yet they are acceptable in terms of the goals of this work. Pirat, 

as evidenced by the discussion throughout this chapter the models 

represent at least a first order approximation to the production 

process of diagnostic radiology. As Su ch they May be usefully 

integrated into the decision process for equipment investment by 

gavemment. And second, though equally important, thelr viability in 

this decision process will implicitly encourage an improvement in 

data collection. in terms of both quantity and quality, fram which 

"bet ter" aodels mày be d~rived~ 

5.4.2 Solving the L.P. Production Model. Data sets D.l, 

0.2, and D.3 vere made available to this project on 9 track IBM 

magnetic tapes - one data set per tape. Bach tape i8 Fortran readable 

with a fixed formât. There i8 one record per department on the 

tapes corresponding to D.l and 0.3, and one record per hospital on 

the D.2 tape. AlI programs vere written in Fortran and programmed 

on the IBM 360/75 computer available at MeCil1 University. Due to 

the hlgh coat of mounting • tape on this system, punched cards vere 

pr~duced fram the tapes for the data required Dy both the production 

modela, as weIl as aIl other facets of the project. 

AlI programa vere firat debugged vith the WATFIV compiler 

which is especially deaigned for Fortran progr .. developaent, and 

then run vith the Fortran Cl cOlipiler which 1e the standard IBM 

production ca.piler. Wbenever pos.ible progr ... vère planned on a 
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modular basis, and after being debuggad, were converted to object 

modules ~Jth the Fortran H compiler which "does a thorough 

analy~;L1I, of program 100ps and uses. the fasteat 'coding techniques" 

(Ratzer, 1974). These object decks were also run with the Fortran 

Cl cOIIlp!ler. 
1 

Although a description of the computer program used to solve 

problem P4 (see section 4.5.4) and calculate the techn1cal efficienc1es 

of each department in a sample ia provided in Appe~ix D, ft viII 

discus8 three of its more important featpres in this section. Before 
, . 

proceedi~, we repeat problem P4; 1 

Let B _ number of departments in the model 

m number ~f inputs 1n the model 

n -' m + 8 

dij - amount of input i used in process (deparbaent) j 
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0'. - 8IDaunt of output produced frOID proces. (departllent) j 
J 

P4: 

8. t. 

Xik - 8IDount of 'input 

max 

dll 

dB! 

dm! 

Il r o. L 
1 1, 1, 

d lZO •• db 

'd",. 

1 
1 l 
1 
1 
1 
t 
1 
1 
t , , , 

i used 

0 

1 

0 1 

'~ > 0 l i. - 1,2 •••• ,n 

in departlllent k 

"1 X1k 
À
2 X k 

Àn Xmk 

" 
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or in matrix notation, 

P4: mu 

8uch diat [D X 

Vector X k 18 merely the k-th colUlllIl 

Thu8 to find the technica1 efficiency 

in the sample upon which.this model 1a 

problem P4 for k - 1,2, ••• ,S. 

.. 

of matrix D, i.t!. Xk - cI ,( 

for each of the a departmenta 

based, requ1re~ solving 

If Ak is the optimal 

solution to P4, then the technica1 efficiency of department k 

is given by (see section 4.5.4), 

We firat note that problem P4 cao be solved by uslng the 

S~pl~ .ethod (Dantzig, 1963). The application of thi8 technique, 
• 

or any of its variants, requires the presence of an ini~ial basic 

feasible solution of the linear program.. SOIDeti.ea th1s is not 

~ediately available and so the two-pha~e method was introduced 

(Dantzig, 1963). The firat phase .erely finds a basic feaa1b1e 

solution to the I1near program, while the second phase actually solves' 

the program. As seen above, a basic' feasible solution to P4 ia 

t.aediately aVailable, i.e., 

A. - 0 
1.. 

tI - .. +1, ••. ' ,n t - tI-.. 

and therefore the original pr~bl .. cau be,aolved v!tbout prior 

1I&D.lpulatiou. 
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Second~y. experience with the production models has shown that 

while the number of departments in any model is in the order of l~O, 

the number of inputs i8 at most 7, that 1s 2 » m or n » m. 

This. feature of the program promoted adoption of the Revised Simplex 

method (Luenberger, 1973) for solving problem P4. 

"Extensive experience with the simplex procedure 

applied to problems from various fields, and 

having various values of m and n, has indicated 

that the method can be expected to converge to 

an optimum solution in about m, or perhaps 

3m/2 pivot operations. Thus, particularly if m 

ls much smaller thsn n •.. , pivots will occur in 

only a small fraction of the columns during the 

couree of optimization. Since the other 

columns are not explicitly used, it appears that 

the work expended in calculating the elements 

in these columns after each pivot, is, in some 

sense, W8sted effort. The revised simplex 

method is a schema for ordering the computations 

required of the simplex method sa that unnecessary 

ealculations are avoided." (Luenberger, 1973) 

More sophisticated forms of the Revised Simplex aethod (e.g. product 

fOTm of the inverse, L~ deco~oaition) vere not used because they 

on1y become .ore profitable vben applled to programs hsvlng unique 

properties, such a8 large aize or 8pareity. 

Thirdly, 1re reeaU that if the medieal manpower input te inc1uded 

in the production variable set of a .odel, then it is mathematieally 

repreaented aa two diatinct inputa~ that 11, ful1-time and part-t1me 

radiololtata (a.a aection 5.4.1). It ia polsible then. that the 

solution of probl.. P4 for a deparbBent vitb a non-zero value for 

botb of the .. iJlputa, will label it al 100% afficient and henee one 

of the departlle1lta clef1lliDa tha production ftnction. In aections 4.4.2 

aa4 4.5.4 eht. ~. ahovD. to c01ltr~lc:t th. production theory of 

.. ct ion 4.2. ~eac ... «xcluda a. plaUl1bla an, .o4al vbicb recogni.ea 
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this type of department as efficient. 

This does not exc1ude estimating the efficiency of a department 

vith both full and part-time radiologists. If in problem P4. vector 

Xk has a non-zero value for both full and part-time radiologists, and 

the columns of matrix D have non-zero values for only one of these 

inputs but not both. lt is easily seen that solutions to the matrix 

equation still ex1st. Thus. the capacity ~utput for this department 

(Xk) is found by simultaneously operating some of the production 

processes represented by those departments vith only a full-time 

radiologist man-year input and some of those vith only a part-time 

radiologist man-year input. 

5.4.3 ~del A. The series of 13 feasible models listed in 

Table 5.7, that is MS.A, are examined in this section to determine 
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which represents the DOst plausible production function for diagnostic 

radiology facilities. Recall that these models vere established by 

firat defining a set of possible production variables, and then defining 

a series of subsets of these variables (see section 5.4.1). A 

different model i8 associated with each distinct subset of production 

variables. 

The best model of MS.A will be denoted M.A. Because M.A. is chosen 

from a s~ries, which ls ba.ed upon a particular set of production 

variable •• it repre.ents the .ost plausible production function relative 

to thi. set. Defining another~aet of production variables viII of 

.course reault 10 another "best .,de1" relative to the new set. In fact, 

the next aection below i. dedlcated to inv •• tlgating such a d~fferent 

series of _ode1s. 

Although we exaaine only tvo ditferent production v.riabl~ set. 

in thi. york, it ie poaaible, tbat vith tbe appropria te data, several 

distinct Hta could be defined. Thil 10 turo, would reau1t in aeveral 

production fUllctiona. the advnta.e of haVÛ1l IIOre than on. production 

function, ia that it allow. a ~sr.e of latitude.to thoa. individuals ~ 

aovermaent who will evutuelly .pply the preamt analyeia. The 

.... ur __ t of a teclm1çal efUc1ency of • '4epartaeat .. y be puraued 

'. ," 

1 
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with different types of data, assuming of course. that a morlel i8 

available which corresponds to the data. The introduction of more 

than one model may be viewed as an effort to compensate for the data 

prob1ems endemic to any large institution. 

The computer program described in Appendix D was used to analyze , . 
th~ 13 different mode1s, except that output senaitivities and the 

implementation of resource changea were not produced. Fig. 5.10 shows 

the histograms for each of the modela in MS.A. 

The 11st of production variables upon which MS.A 19 based, their 

notation, and the number of departments for which their data ls 

available, ls presented in Fig. 5.10a. Associated with each histogram 
1':1 

in Fig. S.IOb ia the input production variable set for the model from 

which the histogram is derived, and which is denoted by a set of X. 
'f.. 

corresponding to the notation in Fig. 5.l0a. plus the number of depart-

mente in each model sample and the resulta.nt mun efflciency per m.odel. 
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We fir.t note, that as expected. aIl model sample sizes are le8s 

than the minimum production variable sample size for those variables 

included in each model. In addition. increasing the number of 

production variables in a model, lncresses the explanatory capabilitiea 

of ~ model (see section 5.3). 

The introduction of non-labour exp.ses (denoted as X
2

) to a 

model with equipeent ( Xl) and .ose non-aedical 1I8npower inputs 

(X
3

, X4 " X5 ), .ppearl to'have BlIOre dr_tic effect than the 

introduction of th. aeclical 1aboor input (Xe) for these s81Ile modela: 

although the latter change i. seen to effect an taproveaent as weIl. 

This ean be .een by coaparing histOire. SA vith histogra •• lA and , 
llA, hinogrea 6.A vith hiatogr .. 14 and lU, and, hiatogram 7A 

vith h1stolr .. 4A and llA, ~ll of wbicb are shawn in Pig. S.lOb 

Whi1e va juatifiably dlfferentiated between .edieal and non~edical 

1UU1pover in tel'lU of their re.pective role. in the provision of 

diasnoetic .ervie •• , it i. apparent that as labour~input., t~ey have 

auch in cc_on in tlltae of production. Non-labour expensee reprea-ents 
l' 

a dpif1eantly dUfereat type of input, and .. 8\lch, lDay be expected 

.. 
L" J "'-~.'.il. ~ , "i" t ,_ .. « 
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Production Variable Set A 

!quiplent-yeara 

Non-labour exp.nles ($) 

Tech(dip1) aan-hours 

• Tech(Ddip1) man-hourI 

Otherl un-hours 

Pul1-t~e radiologllt man-yearsl 

Part-tiae radiologilt man-years{ 

Profeseional unite produced 

Denoted Sap!. Sis. 

136 

137 

131 

133 

110 

150 

/ 

Notation il not provided for the output llUeure a. lt 1. c~ou 
to al1 aode1s. 

108 11XB 
0 

100 lllra 
0 

103 ZzZfJl4 
0 

(~) 
104 Zrl,r.rr6 

0 

( a ) 

( b ) 

Huaber of-Depart.ents 
ver.us Efficiency 

50 100 

l'III, li ] 
50 100 

'.50 . 

.50 

r 
0 

o . 

'ta. 5.10. '!he .(a) pt04uet1oa var1a'bl.. .. (h) dttc1eacy hlstOlr .. 
for t"- .. d ... of M4eltt deacr1Hcl 1D Table 5.7. 

1 

- 1 

! 

.' . 



• .. • 4 •• 1rI 

,'<'J;,', "**..",""'«"'".t<.."_ .... ,,{!lC"'~,.·---,,,..,.-"" • ..-~ ... ,,>r.,.,.~_ ... ~IU,l!IIl, ;~~Ji4_('.~\ 

, 
r 

151 

~ 
: 

6A 100 

BA _ 103 

20 

l'A 104 X lX~ ~ S PlO =:::L......J.---lL...-.l...-±-...I---'---L.--~::;-0 -'" 0 

20 

BA 100 
50 

20 

9A 102 

40 

20 

lOA 103 

J\'.I.. 

llA 100 ,', 
1~ 
'1-.1,;' 

~~(f 

" 

1 ria. 5.1Ob. CoIltiDued. #1 ~i? 
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Fig. S.lOb. Continued. 
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to provide more information on the status of production when introduced 

to a model. This may account for the greater explanatory effect the 1~~1 

inclusion of non-lsbour expenses appears to have relative to the 

medical manpower input in,the models. 

The 13 hi8tograma of Fig. S.lOb may be grouped, a8 ta shape, into 

three broad categories. In order of increaaing explanatory power, they 

are: i) normal distributions ~lA, 2A, lA, SA, 6A. 7A. llA, & 12A); 

ii) rectangular distributions (4A & BA) and; iii) skewed distributions 

C9A, lOA, & llA). The models included in the firat group are ea8ily 

seen to admit greater variance in depar~ntal efficlenc1es than those 
, ' 

of èbe remaining two groupa. In terma of the procedure outlined in 

section 5.3 for determ.ining a "best" model, we can conelude that the -

~ir8t,group of models are the lesst plausible set of representation8~ 

In section 5.3 we warned agaiDst introduelng "tao many" factors 

of production to • model. ~is vas seen ta have the effect of obscur1ng 

geouine dilferences ln effielency. In addition, it was shawn that 

increa.1ng the nuaber of factors would generally increase the 

effieiencies of al; deparèBents in a aaaple. Renee, we attribute the 

-_. ~ke ... d shape of d1atri·bu~~na 9A. 10.4 and 1lA, ta an ov.r apecification 

~~f tbe production pr~ce88; tbat ~s, the nuab~r of input factors is tao . . 
large r,laUve to the fixed a.ple size. Therefore the tvo llOdels in 

the second-group are seen as the .ost plausible of the thirteen. 

Interestinsly, aoclela 4A and SA have the .. me nuaber of inputs. The 

equl l8ent ('Xl)' .. teri.ls ( X,), and "Tech (dipl)" '< X 3) inputs are 

ea.on to bath. MDcle1 4A al80 inelude. the tvo othe!;' non-HI> IUllpover 

input. (, X, and Xs ). ,Mode1 SA baa, in add1t1oo ta -the three inputs 

Jl8ntioned, • radioloaiat iaput wh1eh actua11y tepr ... nt. two inputlj 

full-tiae and p.rt .. t~ radioloatsta. Thuefore both 1IOdel. bave Uve . 

diltinct input •• r 

1 ... 4 pure1, on the ahapea of the fr.queuey ,distributions' for .ode!. 

4A \ and' SA, tber. 18 no ,rat1oaal realOl1 for c:h008ina ODe as' auper10r to 

th. other. Y.~ ~"DKion. of . th~ actual procluction YHiabl.. in each 

~ Ûld1cat.. that ao4ll &tt u the 1I04el of choies. ~ 

Thi; clac1a1ola ta 1a4tC&tecl for two, r..uona. Pirat. altbouah both 

/ 
- ~~----_._-~ 
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models include the equipment and non-labour expenses inputs, mode! SA 

has aecJi~l and non-1lledical manpower inputs, whereas model 4A 

includea a representatlon of on1y the\~tter type. Thua, for the 

.aae numb~r of djstinct inputs, more information la included in 

model BA. And second, radlologist data 1& JBUch more readlly available 
\ 

to the govemment than a complete brea~down of the.non-medical staff. 

If data 18 present on the "Tech(ndlpl)" and "Othera" inputs then ft 

will surely be available on the "Tech (dipl)" input, whereas the 
1 .' 

reverse situation 18 not neceasarily true. This i8 illustrated w1th 

data set D.l (the goverament aurvey), where the rad101og1at input ls 

provided, but the non-MD et.ft input encompsaaes only the If Tech (dipl)" 

input. 

P1g. 5.11 shows the complete description of model BA, which 

henceforth will be denoted M.A. lncluded in this figure are the 

dep.r~t. campo.1ng the model .ample (see Appendix C). 

In Fig. 5.12a we list those departmenta identlfied as 100% 

efficient (relative to the semple), ahd which therefore map the production 

function. Uaing the coluans of ID8trix D and the corre.ponding 

eleaenta of vector c for theee efficient deparementa. the radiographic 

faeilit!ea production function for,this set of production variable. 

can be conatructed. This progr .. i8 shawn in Fig. 5.l2b, with the 

dep~nt. partitioned accordina ta whether they have full or part-' 

rlme radioloa18ts. 

From Eqn. 4.1 va have the 180eral .. theaatical representatian 

for a production function. 

1 

vber. l i. th. outPU~t the Xi are the input. ov,r the period 

enco.paa •• d by. the production funct1on. and f repre.ente the relat10nahip 

betwe~ input. ancl output deterailled by the tecbnol~lY. This equation 

, j 
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Btates that Y 18 the llaX11lllll 81DOunt of output y whlch ,can be produced 

with Xi unit8 of input x., i - l, 2, ... etc. 
"1 

The solution of the linear program in Flg. 5.12b represent8 the 

Ident~fication of such a function for radiology depart~nts and mey 

be restated (droping the k 8ubscript for the departmental inputs) 

as follow8: 

(5.1) 

In constructing the linear program production function formulation 

we have establ1shed 8 prevlously unavailable, comprehensive standard, 

a,aiDet which the performance of any department can be ueasured l,f the 

approprlate inputs and observed output are a,.1l,ab1e. 

This standard provides an estimate of the capacity output for a 

department 'relative to the production behaviour of 8 smple of departments 

in '1971. lt t:epresents an attalnable best for 1911 and not a 

theoretlcal upper bound. Yet, there ls no reason why one cannot compare 

the behaviour of departments in Dlore recent years to this same standard, 

as long as our interpretation of the result 18 80 tempered. This i8 

particularly true if the department we w1sh to examine has not undergone 

a aajor technological change durlng the intervening years. In addition, 

as nev data become. available, ve are open to the po s,slbll1 t Y of 

identlfying new production funetions and bence, to real~ze a standard 
. \ 

which 18 acre relevant in ~lIIe to the present. " 

S.4.4 )bd.1 B. In this .ection ve ex_ine the DiOdels listed in 

.eri.s B of Ta:18 S.8 10 order to deter.1ne'~he .olt plausible production 

function for raclioaraph1.c facil1.t1. •• relative co MS.B. Jlather than 

duplicate the cl18cueliOD of th. pre'Tioua •• ction, we .. rely present the 

reault. of bav1Da appl1ed the .... analy.1a to- thia .edea. 

ID Pia. 5.13& i •• bow a tût of the production 'Variable. for MS.B 

• 
~ _____ ""' __________ I!IJI!III"""~"'_ ,', 1 
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and their notation. The indiv1dua1 pro~~ion variable aample sizes 

ar .. oai~d a8 the y are the same as those'provided in Fig. 5.10a. 

·Pia. 5.l3b provides the efficiency distributions for the nine possible 

modela comprising the series which were listed ~n Table 5.8. 

The same three histogram groups as discuseed for series A can 

be oblerved here. They are the: i) normal distribution (LB, 2B, 

3E, 4B, SB, & 88); 11) rect$ngular distribution {6B) and; iii) the 

akewed distribution (7B). The histogram for model 9B may be considered 

bimodal (at least more so than 7B) and hence ia fmmediately exc1uded 

from consideration. Thus, in terms of our prev10us ana1ysis, 

œode1 6B apppars the moet plausible, and is therefore chosen as the 

best model of series B. It i8 henceforth denoted M.B. 

Models M.A and M.B bath operate on the aame production variable 

set, excluding the non-medical manpower input. Yet Even for this 

input group, they are simllar in that only one type ~non4Dedical 

manpower input is recognized, although they are defined differently. 

This might imply that the two mode1s we have recognized a8 most 

plausible are not in fact unique, but result from seme opttmal ratio 

betw8en the number of production variables and the .ode1 lamp1e Bize, 

and at least some representative input from each of the four input 

classes we have defined. 

Ta examine thia hypothelis a model vith the same inputs as M.A 
\ 

& M.D, except that the non-medical manpower input was cholen to be 

the tou.1 non-MD staff .. n-11oura, vas rune The resulting effic1ency 

frequency distribution for thi. model is shawn in Pige 5.14. The 

btaodal nature of thb hi8togr_ relative to thos,.!! of M.A (8.4. in 

Pig. S.lOb) and M.B (68 in Pig. S.13h) indicate. that the actual 

definition of th. non __ dieal .. npover input ia in faet important, and 

henee reillforcea the plauaib1l1ty of M.f ' M. B. 
'l'be coaplete 1IOde1 deael1ption fot M.8 18 prov14C!!d in Fig. 5.15 • .. 
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Tbe depar~ta definiDg the production functlon are liated 10 Pig. 5.16a. 
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Produc tion Variable' Se$ B /Denoted 

EquiJaent-years Xl ~ 

Non-labour expenaea ($) Xa 
Tech(dipl)+Tech(ndip1) man-houri X3+4 
Others man-houra X$ .. -
Full-tilae radiologiat man-yeara 

XtJ 
Part-t:lme r_~logi8t man-yeara 

Profe •• ional unite produced 

Notation 1a not provided for the output .~8Ure al 1t i. c~on 
to a11 modela. 

s8ap1e 
Size 

103 

104 

',-, 

103 

Inputs 

X1Z,tl+ilS 

'lX' .... 

-," 

( a ) 

0 

0 

( " ) 

NUaber of Deparem.nte 
versus Etf1ciency 

50 100 

20 

0 

20 

0 



6B 104 
\ 

r--

--r--
.~ 88 102 
o so 

7B 103 

8B 102 

iB 103 

Fia. S .13b. Coat1nued • 
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100 

160 

1" 
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~ 

2.0~ 

o 
40 

20 

20 
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Production Variable. 

Iqui~ent-y~rs 

Ncn'l-labour expensee <.>. 
Total non-MD Itaff,1I8n-hourl 
(.Tecb<dipl)+Tech<~ipl)+Others"~bourl) 

\ 

lu11-t:iae radl01og11t .. n-years 

Part-t:iae radiologi8t aan-y~re 

Prof ... ional qnite produced 

~. 

Nuab.r of Departant. 
verne Iffieleney 

\ 

50 100 

30 

20 

10 

:ria. 5.14. The' efficiency hi.toar_ ~f a production .odel 
vith the ... 1nputl •• • odel. H.A and H.B, ezcept tut 
th. n0lt1edlcal II&Ilpower input 11 eq1f41 to t'be total non-MD 
ataff _-bour input. \ 
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Departments Defining 
the Efficient Fro9tier of "MDdel B 
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46 47 56 57 65 

68 96 113 137 
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1 Note t~at Il o~ these 14 ,efficient departments a1so def1ned the 

production function of K.A, and that two of the efficient departments 

of M.A' are not present in M.B. This would seem to indicate that 

the difference in the def1n1t1on of the non-medic~l manpower input 

between these modela has only a marginal effect. This ia 

verified by an examination of Table 5.9 which provides a list of the 

departments common to both models and their technical efficlencies 

as measured by each. 

Fig. 5.16b shows the resu1ting 1inear program which de scribes 
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the most plausible production function for radiographie facilitles that 

can be identified for production variable set B. 

5.5 SUDIIlary 

This ehapter began with an examlnation of the data on production 

variables availab1e to this project, and' implicitly described the 

problems posed ln ~sing a real data base. Subsequently, a procedure 

was advanced for determining the most plausible production model 

fram a series of such models, where aIl models are constructed 

u.i08 tàe technique developed in the previou9 chapter. Final1y, 

two series were investigated, and from each, a "best" ,model ws chosen 

for whlch the complete results were presented. 
1 

Raving developed an index of performance for each department, 

called the teehnical efficiency, ve should now like to find the 

sources for thia index. Why do some departments have a high 

efficiency, whi1e others do not? This i. the .pecifie question 

to which we addre •• ourselve. in the next chapter. 
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CHAPTER 6 

APPROACHES TO THE INVESTIGATION OF PRODUCTIVE lNEFFICIENCY 

IN RADIOLOGY ~AR'1'MENTS 

6.1 Introduction 

The two production functions establfshed in the previous chapter, 

M.A and M.B, allow one to e8t~te the technlcal ~fflciency of a 

diagnostic radlo10gy department. This assumes, of course, the 
, 

availabillty of the appropriate departmental mode! data. We 

reca11 that in the process of identifying e1ther model from their 

respective samples, we defined the technical efficienay of each 

department in both samples. 

In this chapter we attempt to discover why some departments 

are more efficient than others. The rationa1e behind this an41yais 

Is easi1y appreciated. 

Our stated goal throughout this work has been ta define a 

mechanism to support the decision making process for investment in 

radiographie aquipment by government. For ~e MOst part thls bas 

beeR" accompl1shed through our I)IC)dels. The technical efficiency of a 

department deacrlbes the extent to which a department has ut111zed 
, 1 

!te productive capabil1ties or Hs capacity output. In addition, 

this maximum output 18 defined by the best producers in a sample, 

and as 8uch, represents an attainable stana&rd of production behaviour 

rather than a0m8 theoretical upper bound. 

An applicaÙon for new equipment or an expansion of facilities 

by a department Is, in effect, a statement of a need for an Increase 
1 

ln productive capacity •• perceived by the planners, 1.e. radiologists • • 
of the departaent. An illportant question which entera into the 

evaluation of luch a proposal 18: ho. producHve ifI the dep.rtaent with 

its present aanpower and technologie.l re8ources? ls an expansion 

" 
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of capacity really warrantéd1 T~ a large extent, the answers to 

these questions can he found in the t:echnical efficiency of a 

depa r tmen t . 

It ~s apparent that one would initial1y fav6ur 'expanding the 

fac1litiea of a department whlch la currently util1zing a targe 

part of its productive capaclty, 1.e. has a high technlcal efficiency. 

This la because more efficient departments have less freedom to 

increase output at their given res~urce level. Henee examining the 

technical efficiency of a department supplies a first order evaiuation 

of either the departments application for funda, or, vith more than 

one departmert, a comparison 'between applications. 

In addition, if forecasts of the demand for services are available. 

either from departmental or government data, .then an estimation of / 

tthe teehnical efficieney with present resources over one or several 
" 

years ~n be provided. This would be accompllshed by comparlng the 

foreeasted outputs vith the approximated eapaci~y output. Although 

we have Introduced a time \ factor, the proeess reJll!lins valid as the 

technologlc~l capabil1tles of a department with ,nchanged resourCés 

will remain the same as in the year for whlch the. technical efficlency 

was estlmated. If a department is predleted to' rapidly approaeh the 

efficlent production function. this too could justify an investJIent 

at the present t.ime, regardless of Hs initial (current) efHeiency. 

The above discussion should not be interpreted to necessarily 

exclude investment possibllitie8 in departaertts 'which presently have 
'\., 

low efficiency. The circumstances for such a deciaion however, would have ., 
ta take into account more information. For exaaple. if a hospital 

decides ta expand its ~apabilities ta treat patients within a 

particular diagnoetic catetory, then it mey follow that one or more 
'" 

of the hospita1 departaents, such as diagnC\8Uc radiology f will be 

called upen to prOvide the
i 
typee.of servicé. these patienta require. 

In thie instance, one .could juaUfiably de-eaphasbe couideration . 
of the technical eff.1.c1ency :ln favour of the health care neea. of 
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a particular hospital pattent population. Yet ev en in th}s case, 

the department shou1d be called upon to demonstrate the validity 

of this new demand for services and lts inabi1ity to provide them 

with existing resources. 
.. 

ln 8Ily even t, i t la obvioua tha t increaslng the produc tive 

efflciency of aIl departments ia deslrab1e. How can this be 

instigated? The major deterent to achieving this goal, at present, 

ls the lack of an expllcft incentive to pursue this end at the 

deparcaenta1 level. The global budget system of financing hospitals 

(Ano~, 1972h, 1974a) discourages hospltals and their departments to 

4ecrease their facilities (Lee" 1975), regardless of the degree of 

resource uti11zation. 

Th~ sole remaining impetus for Increased efficiency in radiology 

departments would be the graduaI increase in the demand for services 

vith a constant resource level. This would result in a department 

alowly 'increasing its efflciency and might, if pushed far enough, 

promote a change ln the productive operation of a department 

tow,rds a more efficient utilization of the available resources. 

An example of such a change cou Id be the~option of .a new, and 

presum4bly better, scheduling system for ~agnostlc examinations. 

Yet this process of gravitating towards more efficient production 

• ' behaviour 18 slow. unsure, and may in the end be self-defeating by 

allowing unnecessary consumption of services (see section 3.3.1). 

• lt may be possible, however, for the government to take direct 
- r' • 

action for improved departmental efficiency. Specifically, by 

delineating the cau.es of efficient and inefficient behaviour, it may 

occur that the lnvestment decisions for which the govemment la 

r~.pon.ible can be uaed t'l::!xplicitly encourage de~rt:ments towards 

" incre.Md techn1cal efficiency. 
, , 

We define four basic sources of inefficieht behaviour as mefl8ured 

by the production models: 

.cale _7 be blValid; 1.1) 

i) the .I.t.apt~o..n-of ...cou.~~_~ t:e,turns to 

the P08.ib~non-homogeneity or quality 

......., .. __ .... ~~J 
~j 

l, 
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dlfferences in the meaeured variables; iit) an insafficient demand 

for services, i.e. an imbalance between the resourcee of the radiology 

department and the structure of the hospital, and; iv) the effect 

of department management, i.e. an internaI imbalance between the 

Jl8npower and technological reaources. The first two sources involve 

details of model construction, while the latter two are related to a 
description of the production environment which could not be accounted 

for in the model. 

In this chapter we investigate each of the above possible sources 
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of inefficient behaviour. Before dOing so, we firat extend our disculsion 

of the effic1ency measures th~selves by examining a sensltivity analysie 

of the linear programming modele. 

6.2 Sensit1Vity Analysis 
A • In section 4.3.1 we Introduced two ways of observing input changes 

that one could effect ln a production functlon: i) an incremental 

resource change as seen in the marginal productivities and 

substitution ratios described in section 4.2.4, and; Il) a resource 

change in units appropriate to the acquisition of new inputs. We have 

prevlously indicated that the levei of interpretation of this analysi8 

la dependent on the rigour with which the production function is 

originally estimated. 

6.2.1 Qualifying the Effect of Input Changes. The methodology 

we pursued to identify a production function results in a piecewise 

continuous envelope to the sample of observations represented in a 

production variable space. As euch, a relatively «malI number of 

extreme points (best producer8) ultiaate1y define the production 

~unction. In resolvins model M.A, only 13 deparements from a sample 

of 100 specify the 1inear programming model. In the case of M.B, 

only 14 of a possible 102 depar~ent8 are used. 

The Dutput change we observe, corre.po~ing to eithe~ incremental 
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or absoluté :l,nput changes in a department. are seen as a change in the 
fi 

capacity output and not in the technical effic1ency. Since the input 

variations are positive, the capacity output must respond by increasing. 

In this way we ab~tain from maklng any statement as to how the observed 

output. what is actually produced, will change. If one were to examine 

the technlcal efficlency instead. i.e. the same observed output w1th 

an 1ncreas~d capaclty th1s would imply that increasing an input would 

result in decreased efficiency. Rather than Buggest how incressed 

productive capabil1t1es will be used, 1t will suffice in terms of 

investment decisions to invest1gate how, and to what extent, the 

capacity output changes. 

A sample of departments portrays the breadth of possible production 

processes in a partlcular technology. The production function 1s 

identif1ed from the ,ample and the technical efficiency, marginal 

productivities, and other input change effects, per department, are 

measured relative to thls produc;ion function. -

As diseu8sed in sections 4.~.3 and 4.5.4, the technique used 

to Identify the funet10n constralns the application of the production 

model to the analysts and eomparlson of production behBviour. On1y 

10% of the points in a model semple actually deline the production 

function. the 1inear programmlng formulation was adopted as the 

means for i~èntifying thè production funetion of diagnostic radiology 

as a purely technological concept (see sections 4.2 and 4.4). The 

resu1ting function represents a plecewise continuou. approximation to 

this theoret1cal concept. The calculatton of marginal productiv1ties 

and implementable resource change capacity responaes are totally 

dependent on the specifie shape of a production funetlon. Binee our 

foraulation i. oo1y an approximation to tbe "real" production function. 

ltttle Of ,no meaning can be ascribed to the actual values 1n the 

senaitivity analysis that are derived from the ltnear programming model, 

vith respect to the espected production behaviour of the departments. 

Althouah the specifie shape of the production function defined 
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by the linear program is acknowledged to be different from that of 

the actual production function, we assume that the general curvature, 

i.e. the degree of convexity, of these surfaces are simi1ar. In 

section 4.2.4 we demonstrated that the substitution ratio, which 

ie equal to the ratio of the marginal productivities of two 

different inputs, defines the slope of a tangent to the production 

surface at the point where these ratios are measured. 

In Fig. 6.1 we show a continuous curve SS' and a piecewise 

continuous approximation to it. TT'. such as cou1d he produced 

by a linear program. While the slopes of these curves at some 

points, such as A and A', may be equal, there are other points 

where they are dissimilar, such as Band B'. Yet it appears that 

the relative values of the slopes at points on both curves and 

the same ray from the ori~in (representing the s~e production 

process. sep Fig.' 4.15) remain con~istent. That is~ while their 

actual values may differ, the slopes at correspondlng points are 

genera1ly of the same magnitude. 

This implies that the relative effects of dlfferent input 

• " changes ln the linear progralDlling formulation should not dUfer 

significantly from those of the continuous case, and in particulRr, 

that the input production variable having the greatest effect would 

be the lame. Therefore, we will compare the effects of incremental 

and ab.olute input changea only in terms of whlch variable appears 

ta have- the moet dramatic effect On the departmental èapacity. This 

aPfroach al10ve the le.st demanding lnterpretation of t~e production 

modela with re.p~ct to the effect of input changes. 

, 
\ 
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6.2.2 Quantifying the Effect of Input'Changes. Tbè aolution 

of a linear pro gram readily admits estimation of the marginal ..... 
productivities. Consider the following linear program. 

maxP 

where PI- etA 

AA- b A "? 0 
e- nx 1 vector 

A- nx 1 vector 

b- mx 1 vector 

-A - m x n lIatr1x, n > m 

, 
U.1ng the pr~ductlon functton notation from Eqn. 4.1, the solution 

1 

of ~'above program 18 equlvalent to, 

and frOli Eqn. '4.2 we have that, 

~ - asrainal productlvlty of input factor i 
ab! 

The ataplex method solution of the abave progr.. requires choosing 

••• t of m bade feaeible variables (1. e. m DOn-zero A i 'a) which 

wb1ch auiaizea P (L\a"'erger~ 1'973). Denote by • the m x", 
d 

.ubaatrix of A correapoading to a set of ba.ic feasibl. variables. 

Tbea partit1on1na A. A. and c .e, 
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A - [e D] A- o - [:: 1 

the li.ear proaraa can be rewritten as, 

maxP 

P - cB t AB + cD t l D 

• l ~Il - It . 
B + D 

Solving the matrix eQuat1Qf for lB we ,have, 

from wh1eh 

/ 
1 

1 
1 
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p -. 'b. -1., + ( _Dt _ Cl t. -1 D ) lD 
B· . B 

Aasuaing tha t 

/ 

A ,~.a ~o1. r ... Lable ~ludoD. • ...... 

/ - 1 

A ~ [A: ]. ~ .•. A - 0 (6.3' 

/ 
/ 

/. 



.. 

1 

.". 
< 
J 
\, 

• 

~ 

and théfefore. 

If veetor A in Eqn. 6.3 18 the optimal 8olution to the linear . 

progrlllains prob1-. then Eqn. 6.4 18 equiva1ent to Eqn. 6.1. 

(6.4) 

• 
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IncreaenU.ng the inputs by A Il and deno·ting the corre8ponding .1<' 'ft 
chanse in the objective funetion 4S AP then fra. Eqn. 6.4 ve 

hav •• 

p + 6P - C
B 
t • -1 (II + Ab) 

ct. -1 Il + 0 t .-1 Ab 
B B (6.S) 

.,. li' froa which. 
, '). 

Al'-

Let Abd > O. Ab {, .. 0 i ri' J i - 1. 2, •••• m 

(6.6) 

Tak1aa the cllfference betveea. 1q'Il. 6.5 and 6.4, d1vi.d1na ,by Ab4 
aDd tald.uâ the Uait of th. re.u1t1ng ~ ... 1OD" Abj 10 •• to uro. 

ft •• fl"Oll Bepl. 6.6 tbat, 
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t -1 .t (c B ) j - urginal productivity of input factor tl 
B . 

(6.7) 

In finding the optimal solution ta the lineAr program, 
t 

( AB' 0) , by the revised simplex method, we are provided with 
the corresponding elements of veetoT c B and the inverse of 

matrix • (Luenberger, 1973). Therefore, the marginal'produetivitiea 

for al1 input factors may be ealeu1ated by solving Eqn. 6.7 for 

j - 1,2, ...• m after the linear program itself ha- been 8o~ved. 
t -1 

~e ( C B. ) j are sOIIIetimes called the dual priees of a linear 

program (Luenberger, 1973). 

S~l.ting implementable resource changes requires solution 

of a new'linear program for each change. Suppose input i must be 

acquired in units of Abi , The effect of lnereaaing input i on the 

capacity output can be obaerved by solving the same linear progr .. 

~cept that now, 

la - (h. , ••• " b, l~ b. + Ab.~ b':+l''''~ b)t 
-1 1-- 1- 1-.. " 

Thi. results in a new value for the objecti~e function. or capacity 

output. If P(Abi ) denotes thi. new solution and P, the original 

solution, then ot... course, 

_d lie quantify the eftect of changing the i-th input as 

(6.8) 

'p 
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Calculation of the marglna~ productlvitles in Eqn. 6.7 and the 

effect of an lmplementable resource change in Eqn. 6.8 iB built into 

the computer program which identifies the production function from 

a s8JIlple of departments (see Appendix D). 

6.2.3 An Example. In models M.A and M.B there'are usually 

four, though sometimes five, distinct inputs per department. They • are the equipment, non-MD labour, non-labour expenses, and either 

a-lijll~tme or part-time radiologist input or possibly both. Non

labour expenses are measured in dollars while aIl other inputs 

are quantified in some unit of time. 

In deriving the linear programming production model in 

section 4.5 we assumed that each deparbnent in a sample defines its 

own production procesa; that ls, a flxed quantitative ratio between 

the inputs. The production function was found by maximizing the 

output for each prQcess, given the departmental inputs. Changing 

only one of the inputs would result in a change in the ratio of 

this input to aIl others, and in effect defines a new, thQugh not 

radically different, production proeess. 

For both modela, marginal productivities were calculated 

for aIl inputs present in a particular departaent. Renee the 

absence of an input, such ai part-t1me radiologist man-years, 

i.plies that the corresponding marginal productlvlty was not found. 

In addition, only the equipment and radiologist inputs were in units 

conducive to an implementable change. In aIl departments the 

number of equipaent-years, full-time radiologist man-years and 

part-ttme radiologiat aan-yeara vere ~dep.nd.ntly increment.d by 

one. Thi. va. meant to test the effect of purcha.1ng a piece of 

equipment or hir1ng rad10l08i.ta. 

The .. thod used to conatruet ,the production function. dicta tes 

tbat th. relative effectivefte.. of chaaaina 41fferent input. for a 

departa.nt will depencl on the po.iUoul rêlation.h1p of H. 
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production process to the function itself (see Fig. 4.15). The 

sensitivity results of four departments of model M.A are shown 

in Table 6.1: the first column of figures lists the amount of 

each input that was present; the second column provides the result 

of incrementing selected inputs by one, as indicated in Eqn. 6.8; 

and the third column lists the marginal productivities as calcu1ated 

in Eqn. 6.7. 

In these four departments, as with aIl departments in the 

model s'ample, the first three inputs were separate1y incremented 

by 1. For example, in the first department in Table 6.1, we 

resolved the linear program with 12 equipment-years, the other 

four resourcis being the same as in the input column, with 6 fu11-

time radiologist man-years, the four other resources being the same 

as in the input c~lumn, and, with l part-time r~diologlst man-year, 

the four other resources being the same as in the input column. 

, These three s1mulated resource acquisitions resulted in a 3.1%, 

6.1% and 15.3% increase in capacity respectively. The marginal 

productivities can only be calcu1ated for an input that is initially 

non-zero. 

With very few exceptions, the marginal productivities for 

aIl departments, in both mode18~ indicate that the major sources for 

oiq,creasing the productive capacity of a department are either the 

equipment input or one of the radiologist inputs. If bath full and 

part-time radiologists are present in a department the marginal 
, 

productivitiee and implemented reeource changee for the firat three 

inputs are in agreement in terma of which input has the greatest 

effect on expanding the capacity - see the third department in 

Table 6.1. If either one of the medical manpower inputs ls absent, 

tben the relatlve effect. of elther abso1ute or incremental input 
, t 
1 changes for the reaainlng inputs (of the firet three) will coinclde, 

yet the effect of an abeo1ute change on the omitted medical input 
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ta CM) , l 'lJO -' In~!_!~ __ 2~~~ __ ~ ___________ JL_~a1~ __ l _____ ~ __ ~~ _______ J __ , , 
equipalent-yra 11 1 1.031 : 51.3121 
full-Ume radiolog1st man-yra 5 1 1.061 1 108.1148 
part-time rad101og1st man-yre 0 1 1.153 : 
tech(d1pl) man-hrs 47358 : : 0.0011 
non-labour expenses (f} 191867 1 : 0.0026 

,1 1 , , 
-------------------------------~---------~---------1-----------, , 
equipment-yrs 1 2 1.020 7.2398 
fu11-time radiologist man-yrs: 0 1.234 
part-time radlo1og1st man-yrs: 1 1.000 0.0000 
tech(d1p1) man-hrs 1 6172 0.0126 
non-labour expenses ($) 1 24860 0.0059 

1 _______________________________ 4---------~---------4-----------
l ' , 1 1 

equlpment-yrs '4 1 1.138 1 106.7885 , l , 
fu11-time radiolog1st man-yrs 1 2 1 1.078 1 59.4196 

1 1 1 
part-time radlo1og1st man-yra 1 1 1 1.000 1 0.0000 1 l , 
tech(d1pl) man-brs 1 19095 1 <l '0.0114 

1 1 1 
non-labour expenses ($) 1 91194 1 1 0.0000 

, l , 

-------------------------------1---------i----------t~--------1 l , 
equipment-yrs 1 5 1 1.000: 0.0000 
full-time radiologist man"'yra' ! 1 1 1.224 1 156.4618 
part-time radlo1og1st man-yrs 1 0 1 1.161 1 
tech(dipl) man-brs ' 1 6881: 1 0.0097 
non..:labour expenaes ($) 1 36244 1 1 0.0038 

3 ' 
• AlI values of the partial der1vative are mu1tlplied by 10 " 

) 

Table 6.1. Sensltivity analysi. results for four different diagnostic 
radiology departaents .s performed vith .ode! H.A. 
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can provide additional information. In the first two examples of 

Table 6.1, increasing the omitted medical input by 1 would appear 

to have a greater effect on the capacity output than a similar change 

in either the included medical or the equipment inputs. In the 

fourth example this is not the case; that ia, increasing the number 

of full-time radiolog1sts to 2 has a greater effect than increasing 

the number of part-time r~diologists to l. 

The- tirst department in Table 6.1 provides a particu1ar1y 

interesting exemple. One could reasonably aak, how ia it possible 

that an additiortal ful1-ttme radiologist i8 1ees effective with reepect 
, 

to capacity expansion than a part-ttme radiologist? 

Suppose the l-th element of the input vector X (see problem P4 in 

Chap. 4) 1n a linear program is zero. It fol1ows that in aIl solutions to P4, 

with matrix equation ( D J: ) A = X, the non-zero elements of A. must 

correspond to columns of D in which the i-th elements are zero. 

Renee, a department with on1y f~ll-time radiologists will be represented 

in the linear program by operating one or more of those production 

processes for which the part-time radiologist input i8 absent. 

Similarly, dep~rt~entB with on1y part-time radiologiste are analyzed 

with respect to the behaviour of those production processes without 

a full-time radiologist input. Oo1y those radiology d~partments with 

both a fu1l- and part-time radiologist inppt are represented by 
\,' 

simu1taneously operating one or more processes with only a ful1-time 

input and one or more departments with on1y a part-t:1me input • .. 
Hen~ the firBt department in Table 6.1 ia initially ex~1ned 

with respect to the Bet of processes (submatrix of D) that ut~lize 
" \ 

on1y full-time radiologists. On introduction of the 1 part-tim.~ 

rad1010gist, the analysis 1a puraued with respect to the complete set 

of processes; that iB, those with full-t1m.e radio1ogists and those 

with part-time radiologists. 

It was found on examining the D matrices in'mode1s M.A (Fig. 5.12b) 

and M.B (Fig. 5.l6b) that the efficient deparbnents with on1y part-time 

radiologists general1y uti1ize'a proportionately greater amount of the 



1 

.' 
. , 

technician input then the efficient ~epartment8 with only full-time 

radiologists, Therefore, an increase in the part-time radiologist 

input will result in a greater capacity incrtase than tbat of a full

t:lme radiologi8t increate "'n there is a relatively large underutU':" 

ization (slack) in the present technician input. This implies that 

l1ttle or no capac1ty change will result frOIII increaaing the technican 

input ta thiB department. Hence, variation in the medical input8 can 

shed l1ght on the contribution of the technician input to production. 

The point of PUJ'suing sene1tivity analyles as deacribed above, in 

terme of evaluating a proposaI for neV equipaent, i8 to lenerate 

questiona. If the capacity output is most affected by a aedical aan

powèr input change, th.n. is the percieved need for an expandon o! 
~. 

facilitiea by a departaent in reslity a relection of poor manpower 

util1zatlon? If the services that *re to be provided by the 

dea1red equipaent are not different from those that are presently 

ava1lable, will an incresse in 10000e part of the staff or a Iruter 

utilization of the present staff yield limilar benefitd Even where 

an equipllent chaDae produces the larlest capaci~y expansion, do.s 

the projected deuDd for services justify such an _pansion in te1'lls 

of the pre.ent level of eff~clency? 

The .. qUeStiona ahould be canfronted by the love1'1llllent platmars 

aDd, in turn, pa •• ed on to the applying radialolY d6partaents. 

A _jor difficulty in prabl_, .olving il lilHtmel to .erely 

fiDd the appropriate que8tiOila. If found, the .olution _y readily 

follow. The ... itirity aulyas.. ft bave d •• c1l1bed 11 addrelled to 

thll proc •••• 

~ 
6.3 "rM,"W"'Sll .fSsi!PCt ad fr.dou. A .. uapti01lll 

III tilla aectioD __ iN the re1atiouhip betveen the 

departaeatal efff.et.cle. of 1I04e1a M.A aD4 JI.I. aD4 .everal 

ttaplaaat"'" .... tâl~. '1b1a Gerei ..... Purauecl 11l an effort 

to .,1a1D 4Uf.acu iD eff1clertc,. betwen departlUllta. Tb. , 

1 

/ 
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variable •• _re cho.en a. proxie. fo~ th •• ourc.. of ineffieiant 

production outlined initlal1y'in thi. chapt.r. 
1 

6.3.1 Ilatuma to Scala. The fUDdaMntal ..... ption of our 

l1n.~r pr0p'_inl production .oct.le 11 tha/a1at~c. of conttut -

raturn. to ae.l_ in the relation.hip b.~.~ the ~put variabl ••. 
, . 

'and the cap.city output. In .. ction S.2.~ .e racopbed -that 1f 

conatant returna vere ~ot prea.nt, the decreanna return. to acale 

would be. Ho. then can ODe apirically r.aoba th. true nature 
" 

of the 'Y' t_? 
lie reca1l that vith dlcreaains ratu~. to .cal_, ault1plyiq , 

.aeh of~he input. to a daparement bya poaitive con~ant k vould 

ra.ult in th. capacity output incre.ain, by .a.è poaitive factor 

la .. than te '. .With COD.tant retuma to acale tha capaelty output 

would chance in the .... proportion .. t.be input.. Any hypoth •••• 

te.tinl on the obaerved input and output rate. of tha departaenta 

wou1d be tnapproprlate, &a thia ~u1d neither confira nor reject 

.ny ••• uaed ,relationahip betvaen the inputa .nd the c.pacity output. 

~In addition, if radiology deparcaente obey dacree.iua ratum. in 

tara. of their capaeity output, it than follawa that the ob.erved 

output would he constratned to do likevlee., If thi. in fact te the 

e •••• then the technlcal eff1e1enc1 •• , aeaeured vith a eonatruct 

presuaina con.tant retume, would lenera11~ deer.a.e a. departaeate 

he~ largar. Pl ••• 6.2a and b .how plota of aifieleney ~er.ue 

d.par~nt output for the --.pl .. of aode1e M.A &ad M.I ratp.ctively. 

ID bath 'ia.. 6.2a aacI b. tbr_ featur ... er .. z i) •• output 

- iner ..... tha .... 1 .. becOM tner ... !",ly epar.a, i.e. th.re '1" 

-.r. -.11 d.partMllU than lat .. oua; il) ..aller dapartMnt. aré 
' . 

• _araU, DOt: the .. e .Ulcl_t but appear ta uhiblt tha 

areate.t .... rtatlOD in- .ffl.;i_ct"'; 111) lar.e ct.partaenta. 1 ••• 
, 0 t". vitb outpUt ar_ter cha 1 aiUioa pot ... i0DA1 uaita, ara 

Àot •• df1~tent ..... ~f· the ..u. ""r ... t •• , 
" 

" ' 
'.,/' ) 

" , .. ' , . 

.. 
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\ AI.usinS there are enoug~ oblervation. fra. which to drav a 

concluaion, one a1lht' initially 4eclde fra. the .videnee of . ' 

lil. 6.2 that larger department. are beins unduly penalizad under 

a conatant returna allumptlon. To check thi. re.ult the ... pl. wal 

divided into three lublets; tho •• departœentl productDa 1... thln 
t million P.U., thoee productng between i and 1 .il1ion P.U., and 

thole depar~enta producing over 1 .illion P.U. The aean efflclencie. 

for elch of thele lubaet. i. provided in Table 6.2. 

rrom thia table we aee that: i) the mean efficiencie. of the.e 

groupl do not decreaee vith output, and ln fact are high •• t for the 

.iddle .ublet, and; 11) combining th& aecond two ~roupa, i.e. over 

t million unite of output, reeu1te ln a mean efficiency of approxi

.ately 75%, whlch i8 not too dlfferent from that of e!ther the 

fir.t aroup or the entire sample. Both of th.ae factl, plus the 

wide efficiency range of the ..aller departaents contradict the 

axi.tenee of de~rea.ina returnl in the capacity output. Therefore 

ve can lafely r •• ard our initial a •• uaption of conatant retum. to 

Icale al appropriat~. 

6.3.2 Th. Technical Bfficiency ln th. taraer Radioloay 
1 

pep!rt1len~.. Why are aoet of the larseet d.part_nu not hilh 

efficiency producer.? In •• ction 5.2.2.v ••• tabll.bed that tha lara.r 

d.partalnta are: i) in larger ho.pital., i.e. vith a .r .. tar DUaber of 

bede; 11) have a greatar proportion of apacialilad z-ray rooae than 

do ..allar ctapartaent., and; tu.) on avera.a produc. IIOre coaplex 

proeedur~.a. have a h1&har Man nabar of P.U. par aualution 

ratio ( .. a .ection 5.2.~). ln a44itloa .... " if not a~l th. 
lar ... t radiolol1 depart:Mntl ln tha prc:rdilca ara in univerlity 

teachtna hoa.,ltal-.. Renee tha, are 1twolv,-ct vith .0lIl r .... reh ad 

tral111q activ1ti.1 .. i •. fr_ the ,rov~ of diacno-tic .a~ica •• 

thue .ca4_1c ac:t1,,1tiu ara rHOUrca e ... 1_ thouah ara DOt 

recopil" aa Pl'04vcU"a iD OUI',."el Ca. MCt10D 3.2.2). 
"t ... 

; r ~ ~ 

rip. 6.la aM b ahow plota of afflCf.eacy "l'lUI P.u.l""ttuon 
• " tt-

.' > 

. -, 
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'" 

~ 

.. H.A N.B 
. .. -----. 

"'pl. Mean Sapla Heu , 
ai •• . .fficl~y 11 •• afflclacy 

---- - ... .... --- • . 
ec.plet. ..pl. 100 ' 76.2 102 7S.8 

-----------------------
, ---

D.,.r~ta withr 62 76.3 64 75.9 500,000 ) ~'lM , 
~ . . - • ." ....... _--

. 
Departanta w1t!u 19 al.1 19 81.4 500,000 < OOTPU'f oC 1 ••• 000 . 

--------
hpartMDta vith!· 19 61.2 l' 61.3 CIOtlUi ,. l~~.OOO , 

• ---........... --..... f _ ...... 

- -
, 

~ .... 1. 6'.1.. '~~t_ 0(, ..... ~~ ........ ualP" "'...-;/IIIIL.a,IJ 

Il.4 .... K.I .. to t~ .. t, ....... (t;I.) .... da con' .. .....s 
tee'-fcal ef'W..,. .. -......... "1U : .. '~..s.._ ...... 
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, 
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for the .amplea of model. ~~A and M.B respectlve1y. lt appeare 
\ 

°that the 1eve1 of departmen~ .fficlency i. not direct1y re1ated 

to the averale comp1exity of t e procedurè. that are produced; 

that 1., we have recognlzed Ave 8e procedure coaplexity to be a 

differentlating feature ot radioI gy depart.ente, but not an 

explicit aource of technica1 inef 

Ex_lning plota of n\llber of hOlpital 
'\ 

bedl, al in Pige 6.4, il hard1y 111 minatlng. As. relult of the 

direct correlation between departmen al output and hospital lize, 

it II not lurpri.ina that Piga. 6.2. 6.4 are limilar~ Thul 

our initial queation may be rephr&led Iliahtly: wby are the radio1ogy 

departmentl in the largelt ho.pital, 1 as efficient? Admittedly, 

the sizes of a departsent and ite ho,p tal are di~eetly correlated. 

The difference beoween the previoue que tion and the one WB addre'8 

now, ia the diffa~enee b~tveen attribut Dg departmental ineffieiency 

to the coaaplexity of the internaI produ tion e:nviro.ent or the 

, servic. needa df th. externa1 hospital e vironment. Two posaib1e 

lourcea of departmental lneflietency in araer hoepitall e.erge: 

i) large (univeraity) hoepita~8 are enga ad in actlviti.1 other than 

patient care, and; il) the type. of pati that are treated in 
, 

1arger ho.pita1e .. y require different ~ da of radioaraphic lerviee. 

than those in ..aller ho.pitals. 

Althoulh w. hava oaitted the teaehi and r •••• rch acttvitie • 

• rac1iololY departaent _, purna, and wh ch would .. ka it appear 

1 1.,. productive J .. Ilave allO ca1tted ano her iIIportant lâc~or. 

ID th... ia8tltatioDa theca ara rad101Ql1 ra.identa and interna who 
,. .. , u 

ca ba .. 'rN\aCti .... et a r.ul101ol1at, but vhtch ara Dot iDc:ludad 
, "'. 

et pUt C'f tha "'1"1 UIlponr 1nput. or for'{ that .. tur, any 1Ilput. 

Tha1 prG'll_ aamce. wlâtch va tac1" in th. dapartlNlltal output 
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interna and reaidenta providing aervices in a department would 

make it appear more efficient, ln ter.s ~f the re.ources included 

in the model., than 1t actually 1a. Thua.we ~a.uae that the 
" product1vity of the re.ident. balance. the 10 •• of productivity 

. taken up by rea.arch activitie., and if not exactly balaneed. we 

.aaume that the balance ia not a major determinant of the effieiencie. 

of large department •• 

A. th. requi.ite data on interna And re.identa va. not .ade 
" available to thi. project, thi. a •• umption canuot be telted. and 

henee, t. a matter of conveaience .ore than anythlng el.e. Thetefore, 
1 

euhaequent data gathering efforts by Icvernaant should inelude 

inforaation on th. productive input to radiology of lnterna and 

re.id.nta 80 tut our hypoth.a:1e ean be teated. 

Difference. in ho.pitall can be ob.erved in the relative 

number of tnpatient. and outpatlenta. Theae two patient population. 

leuera1ly require differant radioaraphie •• rvie.a. The nUBber of 

. _outpatieat vieit. va. not av.ilable fra. our data b •••• Tet data 

let D.l do •• provide the n~er of dt.lDDatie exaa1nationa .ach 

aroup reeeived. 'PiS. 6.5 .how. a plot of inpatieat venua outpatient 
,1 

exaainat~on.. W. ..e tut the ratio, of outpat:l.el1t aatr,at:l.OH to 

inpatient examfaation d.cr ....... output (hoapital .ise) 1ner.a •••• 

,In '11 •• 6.6a and b ve ax.a1na efficiancy veraua the ratio of 

outpatient ta tftpat:l.ent .~ .. ti~na for M.A and M.I r •• p.ct1v.ly. 

If a correlation betveen the elfic1eacy of larl. departnentl and 

10. valu .. ol thia ratio .bould edat, ft would exp.ct that 
, 

Fil. 6.6 woulil look 11'- '11. 6.2 turnecl' around. In fact th1a 11 

DOt the caH. Il_ce. tha pattent populatloll a. repr •• ented by tbi. 

c~ .. ,ur_, do •• DOt a""r ta be _ explaDatory vadable for tbe 

.tf.lc1enci •• ol lu .. ~t.. . 
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!ber. ~.d". ou' factor wld4 .. ~.t.. tU lai'.at depart:llentl 

f~ the other., lIiId wId.oh..,. aooa.t 1ft the 4tff __ • iA eff1c.llDCi"; 
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that il, the btab prOpOrtion of .pec1aU .•• d rOOIIIi. A1.thooah tbe 

ratio ot .p'.ef.al1.ect to aeneral rooU iD a depart1lent c:an be 

explaiaed iD terIU of ho.pital ai •• , patient treat1lent Il •• d •• 

and 18 ~ef1nitely correlated to the production of .ore eOliplez 
, \ 

proceclur •• in lar •• inatitutiou, it can alto be an 1aportant 

'ioure~ of l11effic:ieney. 

ln •• ction 5.2.2 ft dllcu •• ect ln detaU bov the idle 

capacity of .pecialised rOOIII. and hene. of th. equipaent in th_. 
C&!l be recopiaed a. an InefUelency. This doe. not necea,arily 

illply an iMalaac. betw. the facUlt1 •• of a d.partaent and "ltl 

ho.p:l.tal. In aU l:l.ke11bood, there viii be a leDuine dtuad. for the •• 
" 

.pec:l.ali •• d facll:l.ti ••• yet the d ... nd .. y aot be ,rlat enouJh tn 

fully utU:I... the.. relOur-ea.. AlI data :1.. not availabl. on the 

_ ut11i.at1on of partlcular TOOIU or .. chine •• tt 18 pr •• endy 
, . 

iapollible to ch.ék thu hypothe81a. 

Wbat 1. aoat iIrportallt to note, 18 that the lar,eet deparment. 

.re ob.eNed to he 1... than uxt.all.y effident. IlOt aolely becau •• 

t~y are lar ... but in part becauae of the d .. nd-.upply relat10nahif 
,) 

wlth the1r ho.pltal. and po .. lbly al a r •• ult of putlUit1l 'OM 

"1lOIlprocluctiv." activlUe.. Tb. broad .peetrua of .fflel.d .. 

oblUVe4 for the aaaller cl.par~ts vould indic.te that thare are 

Il0l'. fUn~lltal factor. coaina to pla, a. sourc.s of .flidee,1 

~flc1.DC, wb1ch ., b •• etlntuat 1u &11 4epartMftt. re .. rdle .. . " 

,of .1H. ID a4d1t1oD. il 1. cleu that the IUIl sapl •• iI., 
pattlc:u1arly for the larpr c1eput11a1lu, .ab. it exc.ed1qly 

cltfflcnal~ to ... lifta coaclul1ou ljJC,p~ vber ... out.t_~ tread 
Q 

'.3.' CIMtht """"SBt ytdélt •• 0. future ia ~ 
,-h au. tba " .... ~to".. ... 'dâlu t'bat". ..... _-..... :bl thu . " 

·ttotS.-J ,,'-s.a. a ~.,ftlIt""'i, ~ ~ .:Ua. 
, '.., ~'( , 

'.~ ... ~ _ta., _ital ... , .~ ~ ~ _laity .f 

~''''.~,J~~<~''''.' ~ tbe : ~ , ~.\ .!' : \ .,~ ~ ; ~ l ' _ ';' • ' 

~ f _ ," 
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other hand, the raUo of outpat1eDt to 1npatient .zainatioM appe.r. 

ta be mveree1y corre1ated to a1le-. , lt voù1d .e_ tlten, that by 

.. e~iniDi .~i1ar, .... ure. ve cou1d at be.t be able to differanti_te 

onl.y the 1arser radiology departaenu in tera of techniea1 effieiency. 

·In addition, eseept for hoapital bedl, the r ... in!na variable • . 
are really 80IIe function of 0Jltput or vbat ".. proeluced. 

By recopi&1ng internaNepartaenta1 .nd departaant-ho.pltal 

iabalancea a. aource. of inefficlency, ft hava 1apllcitly atetee! 

that the effieieney of • dapartMnt i. cOIld1tioned by vbat lt i. and 

where it b, and that 1ev.f. of output ancl affieiency fo11ov a • 

• r •• ult. In ,the f0110vlnl .ectiona ve iDve.U.ate .... ur •• and 

indic •• which can b~ hilh or 10v iDdapendent of dapartaent .be 

but vhlch .re b ••• d on a detailed ax .. dnation of the input relOUree. 

to the d.,.r~nt and 'hctapita1. lt la 1\oped that by thl. _pproach 

on. ean .p1aln the ,..1fferefte~. ln efUc:1ency for a11 depar~_~e 

in 1 •• ple. 

6.3.4 tachnie!! Cbana.a. The 1[I04e1 b •• ed eouree. of ineffle:lency 

baYe been d •• crl&ed 10 te~ of the a •• u*ption. under1yiD8 the 

Mclele: In' tldl .ection ft ûftatipte aD aff.ct of ftODoo' 

boaos.naity iD 'the produetion variable. on effici_l:1. U delcriba4 

pr":loua1y (H ••• ction 5.2.1)" e4uipaent yeal'I, r.pr .. _t~the 
fbed cap:lta1 IIOde1 input to d1qD08t1c radiolol1~ 1. th. ,reat.et 

lource of M.tel'Olen.1t,. in the lIOClela. aad ... ueh .... hall foc ... 

our attention o~· thia patttcular iaput. 

The heterol.eity of the .qut. .... t iaput bu t1IO iacet. t 

1) that iutroclucad b1 c:o.h1aiq cliff.rut typ •• of .qu1~t. _<1; . , 

i1) that r .... ltiDI fna th. pr .. aace of tacWcal chaq.. Irl 1:h1a 

.. &1t108 .. iaY •• ttpte the latter wriaiala • 
.. baYa prwto\aal, _tUa" two ..,._ta of tachD.1ca1 cllaDae 

, 

( ... ~c~5.2.1). l',i:~t ... r~ that .... ,....t of '#al'71a, 

... .., rUlilt iD cliNt_laI' prôdIIccln .... Ult_. both la . ~ , 

te_ .f tH qua11ty aâ4 ..-'1" of ~'. _t.t ~ ..... to 
"1. . , "'t, 

• . 
.. f', 1: 

" 

• \ l ' f· 

'-

, j 

. , 
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'~'-_."!"bltJœ(M c .• "'" ... 'aa.JE~I •• tilI •• abOli JilL .:01 aM. '"m .. , •• lltI .... 

provide. And second, there may be .1Anificant d1fferences 1n the 

technology acquired fram radiolraphic equ1~nt lupp1iers batveen 

departaentli that !e, for dailaT type. of èqU'ipaent there .. y be 

sose new innovation available from some manufacturera or pOl11bly 

a new type of equ1~t alt08ether. Sinee the development of 

radiographie technology had atabi11zed wlthin the decade pree.ding 

the y8ar of this .tudy (L,1ndheim, 1971). the age of the equipMnt 

alone will be u.ed aB reprelentative of both of the.e fecaU. 

Data .et 0.1. which vas Uled .s the aource for the equ1paent 

data, doe. not provlde infonaation on the aRe of the .. ehinery. 

Yet fram data set D.3 we know the year in which the x-ray raa.. 

were e,tabllahed in a department. As the diagooltic equi~nt i., 

for the moat part, situated in theae rooma, tbe .. an room age per 

deparœent will be aubaUtuted as a proxy for equipment ale. 

Tbe rOOII data aample va. eonltructed froll those depart_nta , 

on D. 3 for vhich the rOOII data w.. provided on a11 rOOM in a 

department. This relulted in a a .. ple of 61 departaenta. AU of 

thele vere present ln -the I~le frOID .ode1 H.B (çonai.t1nl of 102 

cleparœenta), whi1e the rOOII data a.ple correlpqndins to H.A 

(conliatins of 100 departmenta) val redueecl ta S9 Ob.ervation •• 

Pill. 6.7a and b provide plot. of clepartaanta1 eff1eleney, froa 

M.A and "M.B re.pectively, venul the .an rOOla ~é per departaent. 

If equip.ent vinteae i. a 11an1fieant factor in deteraininl 

che productive .ffieiency of a clepart.ent. va voulcl expect that 

becaUie tb1. variable 1"" axc1ucle4 froa the !IOde1 ..,DCI illp1idtly 

homami •• d by qar.aatilll .quiJ"IBDt to a alq1. ae •• ur., thea 
, " 

the trend 1IOUld b. tonna deereutna efficiancy vith inc.reuiDa 

.... In 'fact this b DOt obaervecl. While th. _1: ... d .,cle1 aad . . 
rooa .. ...,1 .. 'CCIÇr1 •• o1ll7 601 of the:l.r or1a1llal lIOCla1 lap1a., 

• 
r tbare ara • IUff1cient llUIIItar of' point. pt_et to cl .. r1y ilacl1cate 

the 1ack of COft"~1.t1.OD h .... èfflèlea.c, ... .... Althouah the 

.... 1 .. ah ~ •• $à 4l.Ul'butioa. of effict..cl •• at al1 Man rOOII 

. ~ ~"" 
,"I,.~ • 

:::..-
~ , 
.... ~. 

. '1 
, .. 

'" "~', "":~:'~~~';;~~: ;~'I:~,,~i~':r~ ;<:<;,',.~;,~,;' '~:i ~id;~~, ,: .' ~ ... f.' 
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, 
as- levela appear to r ... in UIlUOZll, or at l ... t lack11l1 iD an, 

vialbU' trend •• 

. Thu. tectm1cal ctiaqe doe. not eppear to be atl expUclt lource' 

of lnefUclency in our 1IOCSela. TM .. vould illply tbAt the 

beCerolenelty of techn1eal cbanse i. dl.tributecl .. enly 9ger the 

uap1e of produc:erl. 

ln a later .ection of thl. chapter ve !ny •• tlaet. quantitatlve 

repre.entation. of th. firet facet of equlpaent input beteroaen.ity, 

I.e. the .. ,reption of diUerat, equll*ent type •• and .ub.equ.nt1y 

.... ln. thalr correlation vith tachnlcal efficiency •. 

6.4 The Head for a lev Aeproach to &xa.inlpa the Data 

We hava hJPQtbe.laecl that tbe technlcal efficlenc, of a rad 10 1011 

dapartaent la lar.al, conditionecl by both ~he raource. of the 

departunt aud the re1etiQu.hip betnen the dapartMnt .cI lt. 

aurrouodlna ho.pital 8DYiron.ent. Benc. va attribute the tecbnical 

(Sa)efftciellc, of a dapaftMnt to an (ia)ba1aIlce 1A the 4 ..... -

.... 1' relatiouhip for radioaraph1c .ervice. and the (non) 

coordlaatiOll of clepartMlltal ra.ourcel iIl,procluctioG. Juil, Mid "'1 
. '" 

IUJW vbat of the actua1 qantif:lcatton of th •• e yartable.? 

Ve wUl foeu. ota att_U_ on 001,. the input. to a radio1.y 

• .,.rtlltlD.t _cl hoa,Ual. ne 1''''011 fo. .tna tao 18 thr .... folch 

1) the ftlatûubip betWHD tM r~urc. illputa _cl the output for 

• 4.part-.t ... ..,Uctt1, •• i .... ta the :pl'CKtUCtiOli Mclel,.; 

il) the tdea of ~ta1 1D41cea 1. propoNCI to balp aplain tha 

teolm1ca1 efftct.aq (.td.c:b ta • faDcd_ of the· output). ..... ao lt 

wu.W he ffttt1e •• CO. ~1aia III .. t,.t .......... f1IacttOD of 

_ .......... tU) _ .... ~11 &11'_ tbat the tec:bD1cal 
, ~ "'1_.0)' Ù .......... 117 tIw tapUt. to th • .,..t. (4epart8eDt-

1IMpiU1) ... il' .' ... fOI' the oH"'_ OIItpot. 
<j'l' • 

Couu. * .... 1_ of 4IIn1ot1Da _ talez of ~ l'_tolo., 

~."t. ," ftnt..",.... .....u 'utwa117 ,*-.10 un tbe ... 

• , ............ Î~ ... ~ CM ~tioD .. 1 .... sa-Upte . '.,. , , , 
.... ,- ' .. '~ 
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whéther some input comblnationa re.ult in higher efficlency 

than other.. EUJlinil].8 the '~chniqu. WIed to derive the production 

.adela would indlcate thia to be a poor choiee. 

Pige 6.8 lbowa a typica1 production function (RH') derived 
, ' 

fra. a sample of producera and the correaponding fronti~r. of 80% 

(SS') and 60% (TT') efficiêncy. Any ray from the,orilin. such a. 

~-or OB, represent. a different quantitative coabination of inputs, 

regard1e.s of output. It i. e •• ily .een that a11 possible coabinationa 

of inputs ean be obaerved at any levei of effieiency. Hence 

departments which have .ignificantly d1fferent input profiles can 
~ 

he obaerved t~ have the seme levei of technicai efficiency. In 

point of fact, thi. i8 one ot the .. jor .trenlth. of our technique 

to identtfy a production funetion. Thu. exa.dning the inputs u.ed 

ln the .odel. cao be ~xpected to provlde Iittl~ or no explanatory 

infor.ation with reèpeet to the technicai etfielencie •• 

RecoRnizing t~ the .adei inputl vere cOD8tructed al aggrelate 

.... urea. the nat logica! .tep would be to exaaine thair coaponent 

parti. Conaider on1y the equi~t input. We recall that thi. 

input va. ba •• d l on 6 d1ff.re~t type. ot radiographie .. chiner,., . 
and that the total nu.ber of different type. of equipaent that we 

\ 1" ( 

ca ob.ena per depart:aea.t on D.l U 13 C •• e .. ctloo- 5.2.1>. Given 

that .qu1pMDt 18 but one of the reaourc ..... woUld "&nt to quantile, 

aud evea. if ". tocu •• d our attention to the oril1nal _ix type.. there 

vould in a11 .,. to ..,. ,variabl.a to COIldcl.r iDdlvidually rebtive 

co tll • .al. a..,l.. - approdaatel, 100 oH.~tlon. per aodel. 

Thua ... .set re4ue. the Il __ of ap1anatory 'Vartabl •• , but in a 

41ff .• r_t "a,"'tua. atapl,. aar,,-ciAl. 
tf tb" ... ré OIÛ., OU t1P8 of diapo.tic: aaeh1ner, in 

rMio1oa1 .... rtMata. -tt would b ••• 1IIpl. Mtte'r to eOllpU. tb. 

eqUl ..... t iIlptat lHl-. cleputMata. As the a~r of 41ff.rat .. ut,.. 't1PM Uer ....... cOllf8rleoo. of .... t.nc.l equ1pMllt 

,rofu.. ~. lacnutql1- 4Uff.çt&lt. eouu_ juat t1IO 

. dapaI~ ... '~*t.. .cpa1,..t tJpQ. .,.. ... th. total 

.. 1 .. of. ,....i ... t. de .... 1t la aa111ral1 tlla&: the ........ iD 
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each catesory will be equal. In fact it ia plausible that not one 

catesory of equipMnt woulc1 be c:~ to both departlllentl. 

The fund~ntal question i. one of interpretation. Given the 

number of machine. in aach of l~. cateRorie. in a department, what 

meantng can be attached to thia profile, elther in the context of 

that departaent or relative ta aIl department. in the province? 

By examin1ng the re.ourcea of a deparement we receive 1nforaatlon, 

but what 1a the nature and value of that informat1on, and 1a it 

relevant to explaining the technical .ffici.ncy? 

6.5 An Information Theoretic Approach to Quantizing the Reaouree Data 

203 

The indices we propos. in thia section were originally developed in 

the field of ca.aunicationa ta monitor the tran .. i.aion of information. 

The idea of quantizing in~oraation wa. firat propoaed by Shannon (~64). 

TheU (lQ67) U8ed a .ailar utheuUcal framework in an econoaic \ 

o context for the .... urement of inca.. 1nequa1ity and industrial 

concentration. Evana and Walker (1972) .pplied ~nf~rmation ... surea 

ta tbe diagnostic case mix in hoapitala to help explain hoapital 

coata. 

The expoaition that follov. is '.lternatively based on the 

deve10~nta of Theil (1967, Chep. 2) and !tans Ir Walker (1972, 

pp. 399-402). After pr •• entiDa a theoretical introduction ve propose: 

i)·a sat of liva indicea basad on the input r .. ource. to • departaent 

which 1a darive«! froa the lIOrlt of !V.. " Wa1ker, and which ara und 

ta -.plain the technical afficiency of a radiologr depart.ent in a 

later .. ction. &ad; il) an application of the iDfor.atloù theoretic 

approach to' the WI01l1tor1na of tachDolo.ic:al reRUtc •• allocation iD 
> • 

the hedth .. ctor. a4 wh1ch :la der1ved froa the work of Theil. The 

l'Mcter who ta ,f.-tliar with iafol'Mt~ theory cau. proc .. d diTect1y 

to ..ctton 6.5~26 
6,5.1 tbe lI!ttDRX C:!!Sfpt. COIlà.clu. Ht of JI ev.tlf 

, CI 

... 
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to.each pent ft know the probabllity tut f.t "Ul occur. W. denote 

the.e probabillt:f.ea a., 

" 

Pi i, - l, 2, ••• n 

What 18 the inforaation content of a ...... se which .tate. that li, 

ha. oecurred. If Pi 18 .. 11, va vould obviDualy bé .urpriaed, and 

thq th ....... e will p.rovide a large 4IIOUnt of inforaation • 
.,.-

Converself, if Pi. 1. lar$e., ". would expeet li to oceur, and huee 

'the inforutio'D content of the ~ .. aBe 18 _11. W. define the lnfor.t1on 

content of the ..... se tut li. ha, occurred a. h(Pi)' whare 

(6.9) 

thb axpr ... ton ct .... tr.t .. ..-tba ... l1:H propertiaa of _ lIlfoNation 

(.) 
(1)>) 

(e) 

"~ 

1" 

f, 

h(p,> !. 0 

Pt'" 0 • 
Pt .... 1- ~ 

'\ 
\ 

fOI' O-!, Pi :!o'l 

1aCp~). ... • 
lCPt> . + 0 

..,... ,tM ....... u .... Wed ft 40 IlOt .kaow hov .ach lAfOl'MtlO1l . . . 
lt w.l11 ~. )'et _ .. a.. CUÏllpvt. _ ..,. .. ialorats. èOIItat. 

Jbè .... ~, *\ ~ ,.tlctaJ.d __ t' ww..è.ur bU tM ua. p_atd.~tJ 
• ~ 0 - \, \ 

, . 

'., 

\ 
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a8 the event itself, and therefora the expected information content i8, 

n 
H(p) 

n 1 r p. log - -
,i-1 1. Pi 

- r p~ ,log p. 
i-l"" 1. 

(6.10) 

We define Pi 101 Pi to be identic:ally zero if Pi- 0, and therefore 

H(p) 18 non-negaUve. The H(P) 'Of a distribution 18 fraqu.ntIy caUee! 

the entropy of that diatribution (Theil, 1967). 

If Pi ""'l and Pt! -0 for j -/>i, then we know that the i-th avent 

will occur with certainty, ad henc. the expactecl information frOII a 
",... , 

mes .. ge about which event has occurred wou Id be nil. Subatitutin8 

theae values ln Eqn. 6.10 resulta ln B(p) beina aera. If Pi - lIn 
for a11 i, then ve are faced wl~h 8:, à1tuation of 1UX:lm\lll uneertainty; 

that ia, a11 pO.Bible outC0M8 ar~ equally like1y. In thia instance 

H(P) 18 equai to log n, whlch can be .hawn to be the 1IIXiaua valué 

of B(p) for a distribution of n entitlea (Thell, 196~ p. 25). This 

1. quite rea.onable, a. any ..... S. which dé.crlbea wbat ha. occurred 

will provide .1IlOre 1nfo1'll&tlon if al1 aventa are equlPl'obable tban if 

aoa. are more prObable than oth.ra, and ther.fore, 

CoaeU.r a ....... , which ctoe. 1J.Ot bdic.ta wM.cb .vent bu' 
\ l ' ~ 

occurr.d, but :1apU •• tut the pnhabUlt1e. ,of "eIlt oceurrenc. 

hava chaqed. If '" label tba ~i .. pr~r probab~liti •• , then th"b 

....... viU traufON t~ iIlto pOetulor .,robabWt1e. qi' wh.ra. 

" 1 

n, 

" , 

l q" - 1 M 
i. - 1. 2, ••• n 

, 
\ 
\ 

.. :; 
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If __ i - 1 ~d qJ - 0 3'" i, theD('th1. 1& equ1valeut .. to the _ .. age 

that the i-th event ha. occurred,\or at le •• t, will occur vith . 

c~rt.intYt and ia the saae a. ~èype of .e ... ge we lnitial1y introduced. 

The expected inforaation content of the "I.age providing the 

Qi'. t8 e •• t1y derivsd if .. ftr.t con81der a .ingle event, Ri' 

then 

tf Pi probab11tty of Bi before the .I.a.e t8 recetved 

and qi - probab1l1ty of Bi after the me8.age t8 rec8tved 

n(qi) - info~t10u recetved vith 

qi 
n(qi) - loa Pi 

the .''''8 

(6.11) 

If the .e88a~e 18 that event E. has occurred, 1.e. q. ~ 1, then as 
1. , t 

expected. Eqna. 6.9 and 6.11 are identiea1. The ae88age ~hich tran.foras 

the prior probabilitles into po.terior prababiltt!e. concerna n event •. 

Therefore the exp.cted 1nfor.ation of thia message la: 

(6.12) 

It cau be proved that the opre .. ion in Iqn. 6.12 fa .lvay. 

not'l-nspUvs (Theil, 1967, p. ~8). If the ........ tatee that the 

probabU1t1 .. ha~s Ilot cbabpd, 1.~. 1~ q" - Pi. for a11 l, ·tha va 

ars pro.14ed with DO 1afor.ltiOD aad appropriat.l, B(q:p) equal. 
' .. ra. ....Il ail .... t tbat wu lebalW Uipouible bac.s. poal1bls. 

1.. s. q" > p" - 0 for ... li .... ars ,ronc1a4 .ttb. a lu.. aIIOUIlt of 
inforMtl ... !a'tact ~ .s "hUait.lr aurprt." b, the ......... . . 
(TheU. 1"1). Co'r~tq1y ~he ftl .. of B(qrp) MCOM4I 1Dfla1tely' 
leqs, 

\ 

.' 
" ( . , 

, :", 
, "''1\ .. '1'" 

~ J .... Ir 

I~ 
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One flna1 example .. y prove lllual~ting.r'~~we are co_p1etely 

ignorant initia1ly then va can aa.uae that allrV.ct. are equally . 
likely, . 

\ "'-1,2, ... n 

n 1 
- 108 n - r qi, 108 -q 

i-1 .;" 

H(q:p) - 101 n - H(qJ 

Therefore the expecte4 info~tton of recei~D8 a ...... e on the 

probabllity of e\tenta, a:1ven that IlOthing ta knon a ~ 18 .qual 

to the clifference betveen the ..xiaua and actuel entroi>iu of the 

di.tribution deectibe4 bV the c ..... se. 

6. S. 2 Account1!8 for luource Xix Difference.. Ivana & Walker 

(1972) ext_nded Theil t • (1967) uae of info~~ion theory,to deve10p 
" . 

five differ.nt hospUai ....... cl.fbecl on the hoapital patint 

population diagnostic proporti .. , al an appro4e'h to adjuatiDa 

for difference. tu diasaoatic atz between b9apitala. In thi ••• ction 

lM foeus our attntioG on the equipMat _lx 1.11 diapqsUc radio10ay 
. 

clepartMnt. and laVuU,_te a '1I!dJ.ar .et of ,f1ve indic... It will 

beCCMe apparct that thl. 1t1fo'Natioa thur.tic approach 18 .pplicable 

to alaoat- ., _tity VUcb CU k brobD .a.. .. to type Ind location. , 

" 
" , 
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Let n - nuaber of diasno1tic radl01~.y depar~ta ln the province 

. '" .sI nuaber of dlaooatlc radl010IY équl~ent c~.adflcat1on8 

(JiJ - nuaber of pi.ce. of equ1s-ent' of type i ln departaeDt " 

'i. - total n"" of pie ce. of equlpae1lt in dept:,rtaent " 

'i - tota.1 n.er of piace. ,of equiPMftt t~ •. j. in al.1 

d.par~ta , ~ 
o , - total ~r of pi,,;c •• of equlplletlt ta a11 d.partanta' 

'. 
thar,fore, , i. - Î -1.4 

, t-l 
, v' . 

- tbl p-œportioa of the total p'fG9:l:ac1al vdi_ 

~f trn, .1 .,..t .~tuatecl in de,..taent " 

, ' ' l " ,~, ,.' . ...,. 
PU-"" ':/!r .:. ~rUola of CM total ft1 .. of •• u1,..~ 
0':' ~, ; ... :. ,,;~.:~t " 01<. I~ trPe 

, ',~ .. 

. " 
, " 

:0' \~, .... 

y~ , "\ " ,< 1 •• _; 

... ·"iè'tb· ..... ·, 
1 • , )'~~;: 

i 

.. 
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In sect10n S.2.1 ve hypothe.ll~ a relatioaah1p b.~eQ the 

resoùrce. of a radlo1ol1 depar~ent and it. output capabilttts •• 

The ..aller departaeat. have 1 ... extenaive facilitl.a abd are 

aeen to concentrat. on ~re seneral procedures and pO'11b11 SOIe 

apecla1ized on.l. The lerser departaentl can produca a ,reeter 

vol ... of leneral proceclurs., in addition to a p'toponlonat.aly 

lal',er vol .. o~ apec1a1iud procedures. Bencs~ ...usr aspattaenta 

can be ••• n to ".paciaU.e" iD the .iapler type. of axa.ba t ion' • 

vIler... the 1ar.e dapartMllt'.. belb, .ore ver.atUe, are ls •• 

209 

.,ecialized ln th,lr orientation vith r.spsct to ell type. of proced~r ••• 

In thlll •• c~I01'l va uae lIlfonatlon theory ta der ive 1M.'ur.. . 

of the re80uree speddl_tion of departaen.ti. In ter. of the 

, Aboye c:a..ent., the .. 11er departllent. will be .een as .are 

\ specialtzed 1n havlnR leaaer V01_8 of on1y .~ types of .. chlne •• 

. ~ile the de~artaenta vith -are extensive facilltie., both in the 

spectrwa of lype. aa.cI their vol..-e., will be 1 •••• peciaUzed. 

lence an elllOst invèrse ralaUonahlp ubta be~ .. the .pec1aUutlon 

of relOUrce. and tbe V01UM and/or"bra.th of .anicaa. . 

n .' . 1 
Let RJ - r qlJ 10' _ 

(1 qt4 
(6.13) 

\ ' 

> ~ ~ 1. th ... trop, of CM 4utributioia, of • particular typa of 

IIfIt,ftpMut ..... ' .11......... ru. _"opy ... ura bu hO 
" ' 

tatenettq pl'Opft'tea1 

, .1 "t 

1) If ,'''44 ~~ "-1_\ 2.: .... 
... ;'~,f~~~':,,,.-- ,~tr,1D ,lia clUh'l~1eD of :.' W."v ... "._,. ~ •. .u ...... ce .... 

," 'fil .... J,". 

" 

". 

. ' .! '. 



" 

" 

, ' 

ii) 

/ -/ 

1011 Cp 1110 [1 

if qiJ -1 

lb 

, . 
qJcJ - 0 . 

], [1 J t d 

Tbi. taplie. co-p1ete in_quelle, iD.the dl.trlbution 

of the i-th type of _chia •• 1 ••• ' all uchi.a of tlti8 
. \ 

type ara coacentrated in one clepartant, ancl, . .' 

H -0 J 

Tharafor. Bjt. a .aure of the equeUty tn tl,l~ dlatributton of tb • 

. j-th type of dtasDo.ttc equipaent a8ODl.t a1l depar~t ••. 

6.5.2.1 ta_ta nellca. Deri •• d froa th. 1 er-De r 
.. .oui~ D18trlbytig.. In ord.r to quant~.. tba ,.,.,u1intlOil 

of "f.o{litie. in a departaent. one approaeb .ould be to fir.t 

euallle the .peeiaUutlon of the indiviclual re.ource. fl'ca a 

. alobû parapactlv,. Ou th. ulUllption that wn:. apecial1.e4 type. 
of equ!paent will be cODe.ntrat.d in • fev departaaota, whil. 1 ... 

.,.c:t .. li •• d .quiPMllt will be .ore .. aly diltribute •• 1t fol1otpe 
) 

that t~ AboYe entropy (a •• Iqn. 6.13) i ...... ur. of Bon-

.peclal1utlon. 

Lat 

, (6.14) 
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1) We requ1re that the 1IeaBnre .hould Dot ehanRe wben' aU 

dl'.,art1k'nttt '"cr'>Re(' tl",>.il' volUllK' or tlw .i-th type Qf rqulflRnt 

by the 8alle proportion'. 

eMOIe. 

This re8ults beeaule the qij will,not 

Q 

1 
11) lt 18 desirahle that the upper lt.it of HJ • i.e. log n. 

ahould iner .. ae vith the nUilber of departaenu. Coaa1der th. 

fol1owiha .x-.p~e.: 

v 
a) If ~her~ al" only two clepa~tllent. and aU equtPMQt of . , 

the fi-th type la 1ft ona of th_, then, 

RJl - log 2 

.jt) . If thera ara 200 departaenta and a11 equipl.nt of th. 

i-th type t. locatad in 0011 QQe of tJM.. then, 

. 
1 

J HJ" 101 200 

Thia •• cond eu. li obvloully .or. une4ual th_ tha Uret,. 
1 : 

~4 thu 18 raflecte" ln the cl~fer ... ca 1Il ~he H.1 t •• 

c) If •• et 8 of n' clepartaa.t •• 0 < JI' !,n, bav. all 

the equipunt ot the J-th 'YJ)e, &ad .. ch deparc.at -in S 'bae th • 

... ..... 1'.. 1. a •. 1("' chia 

< ' 

'. ~ . 

tU a Sb :. 
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Thil ca.e is al unequal as exUlple a) abave "ben the .ae 

proportion of departaent. .qually ,bar. the total volu.e of the 

J-th type of equi,.ent. 

if ft - 200 anct ft' - 100 thèD. 

llWP 200 - 10,1- 101 2 -. '100 1 

iii) A third d.,ired property cao b~ de.crlbed .. 'fo11ow.l 

.if qkJ > qz.j and IUppo.e tbat qZJ incr ... e. at the upen •• of 

qkj ,uch that qkJ + q1J l, constant, 1.e. equl~t 11 tranaferred 

frOll ont depar~Dt ta ,nother, vIIere ail otber qiJ are UIlchanS_d, 
l ' 

then Hj vill Iho. a decr .... until qkJ - qz.j and increa,eltbereafter. 

Thi. r .. ult la prOYed by TheU (1967 t p. 93-94). Thua HJ' vill 1~

cr .... the IIOre collcentratad il equip1leDt of type J &110"1 departllellta. 
" In ord.r to aeaninlfully c~are entropies for d~fferent typ .. of 

, 1 . 
equipMot we cao .taJlclardtze a11 .a.ure. (haU7W ker,' 1972). 

The expected or ..aD value of Bj 1., 

r,. 

\ . 

,. 
• v 

il 
{!. 
" 212 . 
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, 
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il 5 • • 

and.thUi tbe averaae equ1~t distribution inequal1ty over al1 dapart-
" .ante il, 

We now clef1ne tlle Man equipaent or re.CUlree aU. ineClualit, ~or 

departaent i a. the lua of tbe entropie. of e.ch type of equl~t 
, 

... tabtee! by tlae proportion of dspartaent i. f. equipaent load 

f.ll1ng tnto the corre.pondina equ1paent cat.sory, that i., 

i - l, 2, .•. " (6.15) 

1 ----;-~~ , 
. 1)' exaa1nllll Iqn. 6.14 ft ••• chat HJ will be ~ if _ 

th.re are ~p.rt:MDt. of "ery 41ffernt al... in t~ l*!lPle~ 

the j-th type of equ1pMnt 18 dt.tl'ibuted aero~ all 4epal'tIUrIIU 1n 

.. ctl, the .... va,. .. ths total "êl.... Proa. theorstical 

~apecti"e the ab09s entrapi.. a~ baeed OB '1'101' ,rObabilttts. 

of lin Ind po.te~or ,roba1J:UI~ of qlJ~ 1'0 accOUDt for cl1f~.rue •• 

ln 4.partIMDul .1 .... 1at~ th. proportlOD of a11 eqUi,.at 

in the (.otb ''''l.' .. t. i.s. ,,, .... the n:lor ,rob.bUIUs.. Ws 
, ' 

tbea hav. tUt, 

.. 
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Hj 18 "Iensitive.to dev1atiOl'l~ in the q{J avay frOID Pi 

in either direcUon, lIOre or le.. eoneentrated" (Evans & Wallter, 1912). 

'~f ,o.e case (~ipment) types are .ore concentrated than averale, 

it follow. that othere vill be le., concentrated" (Evan, & 
2 . ( 

Walker, 1972), and hence Hj ls a aeasure of inequality relative 

to the size (total a.chine VOlUMe) distribution. By a .tailar 

manipulation .a .bove ve can derive a aealure per depar~ent which 

refleete the mean re,ource II1x inequaUty after aceounting for aize 

differences. That il, 

i - 1, 2, •••• n 

(6.17) 

,. Jt , 
If the equl~t for a radiololY departllent vere eha.en in a rando. 

12' fastUon, then Xi, and Xi could b. very different, yet becau.e there 

_t be la. pattern to the Irowth of a departaent ,. ai.ht exp.ct 

thell' to be s18ller. Atl exaaple 18 pro'lided in the nut a.etion. 

6.5.2.2 Departaental Indicea p!rlved fra. the Intra-, 
p.p.r~t leaoure. Distribution. Aa yat, v. haVe onl, uaed the 

qld atructure to define two different ... aure. par equipaent 

cste,ory, reflectilll Inequalit, iD the diecrlbutlon of equipment 

&ero •• al1 4.par~nt.. l~.. tha .peciallaat1on of equl,.ent. Tbe .. 

W*re then .ad to clavel op tacite •• of the ... equ1paaat au 1nequaUt, 

or 6q\lipll8llt .peei.ll&at1ou per depar.tMDt. Vaina tbe row of tb. P" .. tr1x _.(ca clirect11 _iva thre. indic •• 011 th •• peciaU;"UOIl 

of ... 1. ... t 1R • c1aparmeat bJ ut111aiq th. fol1ov1DI tH.e 

....,tiou ( .... ,watUi'. 1'72): 
.. 

, . 
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d, fl)lU, 

,. 
,",' 

1) ~ltere 8l'e eqU;l m.bere of ... chine. in each cateaory 

of equ1paent, 

, prior di. tribut ion - l/~ 

ii) the proportion of .. chinee in th. J-th cateaory'iD a 
d.pare.ent 1. the .... .. the proportion of, 811 .. chine. of th. 

1 

J-th type, 

prior distribution - Qi 

111) th. proportion of .. chin.. of the J-th cate,ory in 8 

clepartaea.t 11 the .... .. the proportion of the .... type of .. chine , 

iD the tI.vera •• " depart.eD.t, \ 

n 
prior diatr1bu~io'Q "":" Qi -r ':.1ii. "-1 n 

In analolY to 14... 6.14,.ad 6.16 ft pr ..... c the foll.ow1nl 

iaèltc.. pel' aapartlMllt. 

G 1 
t 

, 
v 1 ~, l ' 

, ' 

- Ï' ,iif,'~ !IL, or. "'.,' 'i' 
1 :~\_ ' ~ • 

\ , 
-, ' . , 

1. - 1. 2,. •• n 

'" - 1. z .... _ft (6.18) 

J 2 li set " 

Ils 

J' 

j 
" 
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The five equipment measures fra. Eqns. 6.15, 6.17 and 6.18, , 
have been interpreted as reflecting the specia1izatlon of equlpment 

in each depare.ent. If we re-examine how the equipment input to 

the production models was conatructed then another Interpretation 

i. admitted. Conaider only two department.. If the volume of .. chine. 

in both depart.ents (for the firat six equipment categoriea) are the 

... e then then their model equipaent inputs will be equal. 'rom 

!qna. 6.15, 6.17 and 6.18 we aee that the information indices are 

ultiMtely depandent on the Pij8tructure, and hence on the 

mix of equip1llent per depal'tIIlent. Therefore these information me •• ures 

for the two department8 will be different unIes. their mixee are 

~identic.l. And thus these indices, particularly the G.k , reflect 
1-

the degree of heterogeneity of the equipwent input. _ 

Recal! that if the production .adel input variables differ 

by a positive,constant, then they are both aeabers of the same 

production process. If tb~ volumes of each type of .. chine in 

theae departaenta differ by the sase ~.tant, then their Pij 

will be the ... e, and hence their indice. will be equal. Tet tt 18 

po.aible that the ~Xe8 of equipaent will not b. in the s ... proportion 

.a the total equipaent input., ln vbich caae the indices would not be 

equal. aence the 1nforwat1on b.aad •• aure. J,rovide • .eua of 
, 

differentiatin8 batween departaenta on the baai. of tbe departmental 

technololY six, at • levei that could DOt be inte,rated into the 

developMDt of the prôduct10ll __ la. 

6. S. 3 An axa.1e. ID or4ler to iIluatr.te edculation 01 the 

inforutiOi1 .... ur.. and ful'ther iIlterpret tb.il' Man11l1, 118 bave . 

1uve.t1aated an ...-pIe. !ha abo.. .c~ l. a"lied to (he equ1paeDt 

ais of deputMilt •• a reprÜ8Iltecl 011 data Mt D.I. We have cho.en 

to COQ.14er oaly the tb,r .. cats_rU. of atat1~ diagno.tic 

equiP-nt (He table 5.2). l'ather thaa the eallpleta apec:trua of 

thil'teen tfpf.. t'tda..... eolely to MIte thct final interpretat100 

of rnulu -.ra _",la . 

'. 

i .1 .' . 
" 

.J.. , ~.: 
"', t ' 1 
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A saple of 35 depar:tlaenta we. choaen. lach dePart1lent and the 

correlpondlhl nuaber of .. chine. in each of the ~hree cate80rl~. 
- r 

i. provlded ln Table 6.3. Depa~t8ent 33 i. ab.ent aa it. equipaent 

input on D.l ... indicated to be &81'0 for aIl types. This, once 

alain, r,etlecu a data collection error, rather t~n a production 

characterlatlc. tharafore n - 35 and m.-;3. Tabl.s 6.4.and 6.5 
/~ . 

respectively provide the qij ,nd Pij matrices for thi. saple and 

Table 6.6 li.ta the prior dist'l'ibutions used in !qns. 6.15, 6.11 

and 6.18. 
~. 1 2 

The UD.tandardi&~d and standardized values of Hj and Hj 

for .ach type of equipment are presented ln Table 6.1. In both 

in.tance., .tandardization relultl fra. dividing,all teral by a 

con. tant , 'and therefore the relative values for .ach catesory of 

equipaent r ... 1n the saae. The values of H j 1 &n~ Tlj 1, indicate 

that the.greatest di.tributian inequellty i. for the second type 

of equipaent, folloved by the fint "and then tht> third. Pro. 

Table 6.4 we see that 72% of the total volume of equi~nt of type 2 

for aIl 35 deparblenta l. canta ineel. in only 8 departaent., or 

23% of the s-.ple. The larla.t 8 ~partaeDtl vith r •• pect to 

eqUipMnt type 1 contaln 65% of the total volUM of tbat type of 

aquip.ent and .1adlar analy.!. for equi,..nt type 3 indicate. that 

59% of th. total vol... la 10cated ln 8 deparment •• 

We bave prev~oua1y a.cribed a ape~li .. tioD lnterpretation 

to the Hj 1 entropy _ .. ure.. hOll tabla S.2 ft bu,., that the 

firlt equlpMDt cateaory ene.".. ••• enata1 .tatiooary .. chU." 
....... the _chin.. ~'th. other tw catqorl.-are equipped.' for 

f1uouroacopy. t'bu WO"'d ... to ind1c&te that the Ur.t type 
~ 

of ... 1I1MDt i. la •• 8 p,'cUliuel t~ the oth.r., wb.ich in tum 

CODtr_tete our r .. 1t8:) 1IaDea, the rul q ... dOD. 111: vbat 1. __ t . 

.., apecW'a.4. ta it a ClOIlcept relat:J.aa to fuacttoD or di.tribut1.' 

It lbouW ... r ......... tUt aIt"" _ ....... recopi_ 

thI' .. catllfOd .. -.f .... ,...t. tldA .... aH ~ chat ueh cau 

~*oa17 ....... "tof,~~ ..... , ~an." . 

. 
j-

., .... ,:" 

~~ ': n,~, .fw 
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, . ,----,---,- ........... ----, 
, .. " ... , ... 1." 1 1-'--"" .. ,----, 1 1 1 CI.' 1 ... , 0.01', t 
1 ~ 'O.CI '.01" ,... r 
1 "CI.," t ... on t 0.0, 

r 4 1 CI. CI", 0.'4" 0.04' 1 
• , 0.114 1 0.01" ..... , ,----- --.. --'....--·t--------I 1 6 , 0.0 , 0.0 1 ••• " t 

t 7' •• "9' "Olt 1 '.0 1 
1 • 1 0.'61' 0.0,., ..... 1 
, • 1 ••• ,., O.Olf' 0.011' 
1 II 1 '.10" ,.14. 1 '.0'6 1 
l~ .... --' .... ·---I---I------I 
t,'"U 1 •• 0 1 •• 0 lt 1 0.0 1 
1 li 0,'44' 0.0 , 0.04" 
1 l' 1 O •• lt 1 0.0 t 0.0'" 
1 '4 ,- O •••• 1 0.141' 0.111' 
, II 1 t.OOt 1 '.1 , 0.016' , .... -'-------1--.. --1·------.. , 
1 16 • ..07' 1 0.011 1 0 •• 12' 
, '7 ,... ' •• 011 1 0.0 • 
1 II 1 0.070' O .... t 0.0'1' 
1 1t 1 •• on' •• ou 1 ..... t 
l '0 , •• 1Ot 1 •• 0,. \ '.0 1 
, .......... ' .......... ---1 ........... • .......... ,.... 

t 1\ , O.," 1 O.llt' '.0 , ai , o...., •• 0,. 1 '.011 1 
, l' 1 0.0 t ••• 1 •• 01.' 
t 14 1 0.01" ... 1 0.111 1 
l " , ••• , ••• t 0.01' 1 ............ t..... -, ..• , a.a ··1 
1 Il , •• fI t ... U, t.. 1 
'"" •••••• U .... ,.. o.oio, ••• t 0.'1"1 
t ,. • ..Ut t ..... t ••• " 1 

\

M t t.IM 1 ••• t ,"M' , 
~t--;:;;;-,··i.. -,'''''''' l' = ! ::= 1 :::u '1::'.' 
.. • tr' ... " ta.. ...!!..f ... t .!-!.. • t ;' 

j.,il---;;'-I ~-;;;-r-;---, 
I---.----I---I---It--I 
1 • , 0.0 , 0.0 1 1.000 1 
1 1 0.0 t &.000 1 0.1 
1 1 1 0.1" 1 o •• )) 1 0.0 , 

1 4 f 0.116 1 0.1 •• 1 t.lt., 
5 1 0.6'" O.OSO 1 o.JOO' 

1------'--------......... 1 ..... ·--1 
1 • t ,0.0 : 0.0 1 1.000' 
, ., 1 0.500 . 0.100' O.. , 
• • 1 0.500' 0.'4" O."" 
1 • 1 0.100' o."" o.", 1 
, 10 1 O,'U 1 0.4J1' -,. "', • ,·-----t ... ·---~.--------,------.. t 1 Il f 0.0 , 1.000' 0.0' t 
, II , 0."1 1 0.0 ,o."s 1 
, II 1 O.SOO' 0.0 , 0.'00 t 
, 14 , o •• eo, 0.1'" 0."0' 
, l' , 0.'00 1 0.0 '0.'00 1 
,------'--------1··· ····•· .. · .... 1 1 II 1 0."1 -1 0.0'1' O."" 
J n , '.0 1 1.000' 1.0 , 
1 1. t "'tl 1 0"00 t 0.0" 1 
, J' 1 o .... 1 I.Ott 1 o.,.., 
, 10 1 '.1" 1 .... , , 0.0 , 
1-'--'--"-1---1 

J Il • 0.1" 1 .... , 1 0.0 • 
Il 1 0. ll4 1 0 •• 41 1 0.1'" 1 

", 0.0 1 0.0 , l.tO., 
, ,. , t.MO 1 '.0 1 0.100' 
• " , O.. 1 ••• 1.... 1 
t--t· .•• ,.. -·-1----' 
f ,. f ••• , t....: ... , 
• ., t ••• '1.... 0.1 , 
t " l o...., ... 1 '.400 , 

1
,. •. n. 1 O.IH t ""0 1 

. If '.no, t~o 'o.,,, t 
- a.a -, ..... 1 .......... . 

• JI , .. "., o.. 1 .... l' l U' ............ , Ml ..... 1 ...... , O.ltl' 

t ...... 1 ..... ' .. • f I..!...' .d, .. , ~.~ • 
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1 

; . la • 4. _ 

lin • 0.029 e lIm • 0.333 

i 1 2 3 

Qi 0 .. 471 0.271 a.2.52 
~ , 

Q1 0.338 0.331 0.332 i 

(Dm,€, Pi) i • 1.2 ••••• " 

1 0.004 2 0.00. J 0.025 • 0.07. 5 0.01' 
• O.COI ., 0.001 • 0.0'1 , 0.025 10 o."' 

11 0.004 12 0.0'1' 
.. 1J 0.011 14 0.083 15 0.001 

16 0.058 17 0.008 18 0.05. 19 0.045 20 0.011 
21 c.csc 22 0.058 23 o.OOlt '24 0,,011 25 0.004\ 

.26 0.004 21 0.004 21 0.0'1 If 0.011 JO 0.011 
'1 0.012 J2 0.008 34 0.0.5 '" 0.001 ,. 0.004 

1'able 6.6. 'the prior dutr1'butiou eorr •• pcmdq to tM iafonaatlOD 
.... r ••. fouDrl iD !que. 6.15 (l/tI), 6.17 (P-t)~ aQd 6 .• 18 (1/"" Qi' a' 
'QJ 1) for t" .. ple of cJepartMllte daICr1bed :ID Tabl. 6.3. 

!J!mMr m ... r r - ... -, 
. " 1 O." O •• 

J 2 ' Ô •. fto 0.4l1 VI8'1'.AJIDAIJ);lZID' 

r ·3~· .' " .O~ .. S ,0.351 
( 

(\ 

} '_IDIl 
, , 

., ~ 
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versatile than others. On examining Table 6.3 we see that 

many of th~ galler dcpartnlents (ln tpTIft8 of thf' total nUllber of 

1I8chines) do not havE:' any of the Urst 'type of equlplllent, whereas 

without exception, aIl departments which have some machines in , 
the first category have at least one machine of either or bath of 

the latter two types. Rence it appears that for this ssaple of 

departmenta, having equipaent of the flrst type Is only profitable 

in conjunction vith other types of equlpment, and thus are sltuated 

in larger departaents. 

We .hould note that this sample ot 35 departments ia not 

repreaentative of the complete .ample of 139 departments because 

~ of the large proportion of larger departments •. If lIIahy of the 

deparbDents which have been excluded froll this sample did have 

equipaent of the firat type, then increaaing the aample size would 

tend to introduce more intermedlate and smaller depart.ents, in 
III which cale we wou1d expect Rl to decrease relative ta H2 and H3 . 

If the B8IIIe pattern exi.ts for the coap1ete sample aa for this 
1 aubset of deparc.ent., then Hl would be expected to increase. 

~hu., the R.1 index surely provide. a di.trlbutlonai concept of 
J 

.peclal1zatioo, thouah not necesaarl1y a functl00al one. 

Bxaain~ng the Hj2 , vhich take into accOUDt variation. ln 1 

departaent _ize, ve Bee -the expected pattern ..erse. in teras of ' 

a functlonal CODcept of .peelallaatlon, but vith a di.trlbutional 

quality pr •• ent a •• eu by the differaee b~tveen H2
2and 8)2. 

1 2 . 1 2 
Table 6.8 prov1cle. tbe value. of li ' X~ , G., G~. 
3' ... 1. l-

and Gi. t for .aeh of the 35 departllent. ln th .... ple. By 

COIIp&J:'1q the .. re8Ult. w1th Tab1!t 6~ 3, it msht appear that aaall 

.,utaealta -have ... _ ..,.claU." re.ourc • .:lx._ tlum 1arS8r on ••. 

Yet .. iad1cat" p~l,., the.. 1acl1c •• are tMependent of 

the actuel vol~ of -.c:hila.. DXI 4apa~tMDt 81 .. , but rath.r tare 

' • .,.. .. t 011 th .... t:, •. ~be'(4. lac. the 'tr~ .. ob •• ",. 

111 Mt al ~" _l'Uaa ta at., l'UOUCU ua acqutrH 

ta 8 ~ N1aac" ....... N. woa1cI ft. ~bl.e. ho4ue:tq 

1: 
" 

, .:;' 

~ ~ ,,,,' 

) ;:; r~'~~ .. ~ ~ .. 'f.~~', .. ~ (, , < 
.: ,,;: .. !! 
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~ ... rW.I.U.IF.IP.;"'.;"I7I.I.U1""I.l .. 1.11 ..... 11.1.1 ..... " .... __ _ .. 

1-; ;---;;--r-xr-r-;f-'~--I--Gf-: ,-.-:1--'-1----1----1-----1 1 1 "'41 1.'" f 1 •••• 1 1 •• .,. 1 1.1 .. 1 
• 1 l '.a" , 1.". 1 l~O" 1 1.2'. , I •• ot 1 
, , t t.IU , '''0' 1 0.t41 1 O.'to' t 0.6J1 t , 
1 ;. 1 t.cu 1 I.IU 1 "ICI t o.n. 1 O.," • 
1 1 1 ••• " 1 o.,,, t •• ,e. 1 "Ut' 0.101 1 1----1-····' ............ , ..... --... '-----1..--.--1 

·1 • 1 •••• , fi."' 1,1.0" , I.U' 1 let" 1 
1 l" 1.U, 1 1.041 1 0.4C1 1 o.UI 1 '.40' , 
1 • , ••• ,.. 0.tl6 t' o.tot 1 0.0" ) 0 •. 10. , 
1 •. , , .... , 1 0.914 o.on 1 0.0" , 0.014 1 
1 a. 'a.Ct' 1 o •• " l o .. ,n 1 o.u. 1 o.'M , 
1-UI7.iï.'"l7.;;;-'7.;;-J-ï:i;;-fï:;-: 
tU l' , •• "., o.", , 0.to1' 1 '.)z~.4't , 
, 11 1 ,.," , 0 ... 0 f o •• " 1 O.J1' 1 r 
t '4 " ....... , o •• .,. , o .. alo 1 ••• ., 1 o. ft , 
t li '0.'11 1 0."0 1 o.~, 1 1.'" 1 '.401 , 

I-I--.---I---..I ...... '--:-·-r .'. , .... , t ..... , 1 O~U 1 o.u •• 0.111 
1 U t a.l" 1 Ion4 .... " 1 1.1" , 1.1ot t 
, " ',l.UO' •• e" , •• ,~. t __ lOt , .. ,,. , 
• 19 o."'. 1 0.161 1 0.111 O.lU t 0.1'7' t 

: 
Il t leUI f hln • '.46' 1 t •• ,. , •• 4.' , --:1--'---, .. -----'·--'--1 1 Il 1 '.tU 1 a.nl 1 o •• " , 0.4Y1 1 ••••• 

l " 1 ..... -, ..... l' 0.'01 1 o .. u" 1 J.H' , 

: 
Il 1 0 • .,,1 , a .... t 1.0 .. , l.nl t 1.1" 
'14 t t.'u ..... , 1.4C' , .. na 1 .. .., t 

1 '1 'o .•• ,'' ..... 1 1.0." 1.'" 1 1.104 t 
t-~-t--I .. ---t--I-I 
t ,. 1 l .. ut 1 l.n. 1 1 .... f 1.'14 1 1.1CM t 

at t t_l'" , h'" 1 1 .. 0", 1.'''' l ,.l ... 
tt , ..... , a.'''' •• 4. JI.'" t .,411 1 
.. , •• ftt 1 1.IM .... a. , ...... t ..... ,1 
,. I.t'" I.a •• 1 ••• 1. t ••••• 1 •• Jr~., -.--,------, .1 fi.'" 1 • .,.' .... t , .... , W6& , ,. 1 h'~ 1 .......... t ..... , .., 1 
__ l ']; j blf}'" ......... q ... ... 

, If 1d1'I &.IM ..... l';!! ' .... • , .. ..~: ..!:!!!.I~ a.m I..!:!!!.I 
, , 
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a 141'((f' output volu.e would allow dele(tatinK .. ny of the 

procedures ,to less versatile machinery. This ia a luxury vhich 

... Uer production units could not afford in att_pting to aaxillize' 
~ 

the utillzation of aIl their aechinery. 

To ,tllus'trate the int~rPretation of the re.ultilll inforaation 

a.asures. we ahall focua on d,apartlaent8 1 to 5 in Table 6.8. The 

X,l.and Xl are calculated as v.ighted suas of H/ and 'i 
respectively (see Table 6.5). The independence of these firat ., . 

two indice. froa the total volume of machines (see table 6.3). is 

... Uy s.en by cOllp4rina the Xi 1 and Xi 2 values of deputa_te 1 

and 2 and .of departMnt8 4 and 5. In addition, we see that by 

coaparing departmenta 1 and 3. an iabalance in the ~ of a large 

voluae of equlPilent can lend for a greater llean re8~urc:e 1I1x 

inequellty than a aaaller, .are cOQcentràted, equl~nt voluae. 

Renee, these indices account,for both the degree of 1mbalance 

between resource.. and the Ifature of the !abàlance in teru of the 

.cat'dl:y of the re.ources coaPolilll the .ix. 

,T~e G.l are strlctly a'funetion of 'the t.balance of re80~rces. 
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1. l, f 
rro. Table ~. 5 ve s~e tbat Cl ... t equa1 G2 ,and lt 18 not 3 

. aurprl.1ns tut G
4
1 18 the loweat of the firat five Gi 1 (Table 6.3). Th. Gi 

v~. are very .~lar to the a, l values beeau. the alx of the 

... r .. , departMllt i. alIIo.t the ...... the prlor diatrlbut1.on 

of equ1ftlent proportion. in eat!h el.... ea.pare the Q/ and 

l/rtl ln or.bla 6.6. Since th. proportion. of aU .. chine. of the J-th 
t»e. 1.e: the QJ" are "quite d1ft,reut fToa either the Q/ 
or 1/", a •• hovn in Table. 6.6, th. 7'alue. of G/ ate dl •• 1ailar to 

it. c:ouàterpart G,/ o~ G,/ values ~ . tet th. overaU pattern 

__ tween depUtIIIIDt. i. etill the.... Of' part1cu1ar intarest ia 

th. c:c.parllon of the Gi, l, Gi, 2• ,and (J./ value. of deparœanta 1 

au 3. A11.)~r .. 1Ddi_-ta .. bU ..... bel.ce in the .qul .... t . ~ 

lI1z 1ra ao1al froa 1 to 3. but a atlaificat ~ iD th. uture dt 

.. ad.xM ~ ..... ttatM by tlla colftQOBClf.Da z/ and xl valuu. ~ 
.. 
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l 2.3 ,-It'. apparent tut Gi • Gi. • and Gt al'. eaai1y int6rpreted 

... lIe •• ures of the .pect.lization for the equipaent lIix in \/ 

departDfents, and hence of the Itquality" of the equipllent inputs 

to the production .odels. Tbe .. an values for theae three indices 

(for thi. particular sample) are 0.538, 0.576, and 0.5.38 respectively. 

the homogeneity a.su.ption of the .odels ••• ignad 8D averase 

quality to tbe pljocluc tian var1'ables. Hence hy coaparlng theae 

J' 

Indi~e. to tbelr lIe.n8 we c.n, ln effect) compare the actual 

qual1ty to the "aver.se quality" used in the !IOdels. 

The scb .... we have outlinecl cart he applied to any entit, whlch 

i8 distributed as to eatesory anet location. In a later section 

~ app!y it to three aet. of ,ariables; tbe 13 c~a.es of equipaent 

10 139 racliology depart.ents. ohe .anpower .1x of thea. clepartaent., 

and the diasno.tic c .. e atx ln th.ir ho.p~~al •• 

6.5.4 Monitorty tbe Allocation of TfÇlmolOlical laaourcea. 

Before proc • .ct1ns to exaaine the relationah1p between a 

let ef Inforaat10n aeaaurea and tbe technical efficlency of a 

depar~entt va .ha1l firet fave.tisate à poa.ible use of informatlon 

tbeory in reaoùrce ~loeation. 

In .e~t1on 2.2.2 we cle.erlbed' the bas1ç pbiloBophY vi_-a-vll 

,the allocation of re.ource. in the;bealth aector tut va. adoptecl 

by the qg_bec. Govermaent.. Two r'
f 

.«d 80a18 vb1c~era deacrlbed 

.. taportaDt are: th. central! t10D of .peclali~ re.ource. 

and the d~cent~ali~ation of -apecial1ze4 re.oure... Tbe act~l 

utili .. t~ori of the.e crit.ria in 4eci.ion ..tins i. d~lcu1t 
due CO .. cM f1.l8&Y nÀture of t • taras lnyolvecl. that :I.a. vbat do 

.. ..an by apeclali •• d re re.. or ~entr.ll.atioa? 
. 'lM al entropi.. .1oped 111 .. ction 6.5.2 vere daoutrat8c:l 

to " ....... of apee1al atlOil iD ter. of the dtatrlbutlOD of 
, . 

r .. o.ace.. ... if .. ' r ject thia concept of .paclaU .. t1on •• 

• _iqful, tt ta &ppoR t tbat thue ... ane of the 1neqUll~itr 

ta . the -cll.tnftutt_ ot eaourcu ca be: ...... lD4ie.. of the 
, , ~-

o 

f • 
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If a partleular re.ource i. eoncentrated in a ... 11 nuaber 

of lnatitutlon., 1.e. a large proportion o~ th. total volu.e of 

the reaource 1. .ituated in a • .-11 proportion of the po •• ible . 
locations, then ve can aay th~t this resource i, centrali&ed 

in the •• ln.titutiona. Thi. vould re.ult ln a relaUvely hllh. 
1 

value for the corresponding value o~ /!J' Conversely, if thi. 

re.ource vere aore evenly di_tributed -.onS the po.aible 
- l ' 

loea~ion., the corre_l>Ondlng value of '!i would b. relatively 

... 11 and the re.ource .. y be eonlidered le •• eentral1zed. 

Thi. notion i. independent of a di. tance or aeographie 

concept; abd reli •• aolely on the recognition of differeGt 

re.ource repo.ltori.a. reaareU ••• of their prodlllii,... TM. in 

faet il delirable. Iaaaine two 1natltution., one very larae and 
\ 

, the other very .. 11. Tbe acqu1lition of a r .. ource \that is 

plentlful in the lar,er inatitution, b, the ..aller 0'., ahould 

be reaarded .. a deeentra11zed allocation independent \f whether 

they are next doOr to each other or hundred. of aile. apart. 

One would he bard pre •• ed to lndicate exaetly what level of 

centraU ... t1on. or decentraliution of a partlcular relOurce 11 
1 d •• irable. Clven the prlor dlltrlbutlon of 1/71 for B.1 ' and the 

fact that _ ... ple .. , encœpaa. a broad .pectrua of, in.tltut:lou 

ab •• , it follova tut 9ne would IlOt .nt to ",U. allocatiou by 

try:l.aa to •• t the H/ to a pr •• cdbecl v.alti.. BeDC. t~e aetual 

"alue of the .. indic •• Ar. DOt tapoTtaDt. What cau be ob .. ned 
1 

.. ~rtant. la the chaq. iD Il.1 vitb an aU0C!t1oD of the J-tb 
_ 1 fi , 

ftlOurce. If "i - iller...... thil would 1n~lcata a centrali.ecl 
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&1locattoa ... eu if it ahoulcl clecr ..... th1. woulcl apl, a 

"cantraUIM a1l~tlO1l.. ID acWitiOft, the ~tent of (de)c~tral:lut1OD 

C&1l M obMrvû hI1~1 .. t1Da the relative cbanae :ln tU. antropy 
~_r .. 

lfttbout baYiia .... .., at.at.-nt OQ tha cI .. irah111t7 of 
• r 
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centrallzing or decentraUdft8 an' allocation, ve 'liave pro,po_ed a 

~thod whereby dec18ion~aker. can ~nitor the effecta of their 

decision., vith re.pect to what bal been profe •• ed to be an 

important allocation criterion. 

In Table. 6.9. 6.10 and 6.11 ve .how the equi~t entropies 

which reauit froa lndependently Incrementins each of the three 
J 

type. of equlpaent by 1. in departaents l, 10 and 20 :respectively, . , , 

of the exaapla of .action 6.4.3. The result. are aa expected: 

for depart .. nt l, addina any type of equipaent i. a decentralized 

allocation; incre~tinl equipaent cat.lorie. land 2 in 

depar~enf 10 are centralized, wh.raa. an addition to the volu.e 

of equipaent type 3 i. a decentrall~d allocation; aIl allocationa 

to depa~~nt 20 are dece~trallzed. 

Several facets of the •• allocations are of particular note: 

i) of the three allocations to departaent 1. that of equipaent 

type 2 1_ the ~It decen'taUlled; 11) the addition of equipaent 

type 1 to department 1 is .ore decentral1zed- an allocation than 

th ..... equipwmt tu departiaent 20; iH) alth0ush the allocation 

of equipaent type 3 to all three d.partllenta i ••• en as e 
~ , 

decentralized .llocation~ the effect on the di.tribution of thia , 
relOUrce la the _._ in depar~tI 1 and 10, and lIOat cIr .. Uc 

1À departaent 20, and; Iv) althoulh the acldiC:;1on of e .. chine in 

catetD..-y 2 in clepartMD~ 20 s.a e deCeDtraUucl alloeatiOD, the 

.ffact 1. .ufficien~l~ ..al1 thet for a deparc.ent or1sinall1 

haviq 4 or po.aibly 3 piaca. ~f tU. type of equipaent, the 

... dlocet101l wald" a centreUaec1 one. 

In evaluatina &Il .Ppl1catioa. fra. e radi010IY departllat or 

iD coçarina two or IIOra app11cet1ou. tbe Hf inclic •• proride e 
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.... , of t.l1lQa. tM _181_ •• ter. tbe ~et .. tura of the ) 

pl'àpOlecl alloeatiou .. · 

.. .., axt..t 1;'" 11ft of" cM Bi 1 ~ur .. for the abon purpo~Q 
by Ul1Da ._ of fbeU·. ~1opMata (1967. p. 93-95). ·ru. 11 
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Initial .trop, yalue. fra. Table 6.7 

BqOlPMllft TYPE 

DIPAllTMll1T 1 2 3 - - -
1 . 1 0 1 

1 0 1 1 , 
1 l 0 0 -2 

B 1 
1 - H 1 

2 -
H 1 

3 -
0.656' -0.790 0.565 

B
1 

1 
Sl 

' 2 
Hl 
3 - - -

0.631 0.790· &.565 . 
'0.65~ 0.754 G.S65 

0.656 0.190 0.553 

Table 6. 9. ~uipa.nt ent'tO?i •• (Hj 1) that r.sult froa incrtaentiJ' 

.. eh 01 tbe thr.e type. of eC(\lipaent ia departaent 1 by 1.0 • 

BQUlPMINT TIPI 
B 1 B 1 H 1 

»pAJ.t!I!NI -L 2 3 1 2 3 - ,- - -
10 13 10 1 0.662 0 .. 790 0.565 

·10 12 U ,1" 0.6'6 0.104 0 .. 56.5 

10 12 10. 1 0.656 0.790 0.553 

.. 
" ' " 1 
".bl~'6.10. r.qus. .. _t ntr4)p1ea (Hj ) tbat l' ... lt fl"_ 1ac1'_eut1lla 

euh of th. 'thr .. · typ .. of •• dJIMUt in dep&l'tllftt 10 by 1.0 • 

--20 
, '20' 

~ ," 

... ,,? 

, , 
j 

• ~ftPI 
-L "'2 L' -
,2 ·2 0, 

l' i ., . 
1. 2 1 . , 

• 1 
1 .".1 .1 

3 - - -
0,643 0.790 " 0.565 

,e.6H ,0.783 0 • .565 

,0.656 0.790 0 • .531 

-

~ 
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pur.ued only to tndieate ~he po •• ibi11tiea taher.nt in thi, 

type of index, and henee ft •• rely provid. a di.cu.aion. h_ ~ 

Eqn. 6.13 ve have the follovin8 .... ure of equipleDt-di.tribution 

equeUty: 

n 1 
N., - l q~.1 108 -

fi i-l·"" - qiJ 
d - i, 2, •••• ", (6.lt) 

.. the J lub1seript ia e~ to aIl variablel ,in this eçresaion, , 

and becIU •• 1re do not 1ntroduca ., operation ovar le ulcMt, w 

aball drop it fr_ th. d.rlvation witb the wcler.tandinl that the 

followina expr."ion 11 equlvalant to that.iD Icpao 6.19 and 'that 

.11 .teiiu 6derived fr_ aithar ~ or 'Qijiapl1cit1y ha". a j 

.ub.crlpt. . 

.(, 

• B -
(6.20) 

Q 

v. aov dm •• the 11 cleparm-ta mto g ..... i., 81 ' ~ .•• $ g . , 
wb.a •• ch d.".ttaaQt belolla- to ODe .cI 0I4J C)M •• et. 'l'Jpica11y. 

tiel. lObaeta ai,ht rapra..at d1ff.reD~ aeoaraphic ret10na or 

cla .... of ~.P:lta1.. h; .. cl ~ for: ~1e. Lat"k-
n~.r of .partllea.ta iQ Bk' k - 1. 2, ••• g "re, 

,.-, (6.21) 

.. 
... J. 

.' 
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" Bqn. 6.20 eau nov be vritten u. 

g- (6.22) 

lOI ' 
[ 

1 

fi, lQ' 
. " Je 

+ 101~J 
Q' 

k 

1 
- q'.1I' .. QI 10a 'ft-

,1C le t "ok 

. , 

'!L' - ,1 
, i .'1c ~ ,,1 ~~ """ .. -' ,ltI' 1 

'"'~ ",1 "'{4, ft 
r., i' 

• "" ,1 ~ 1 ~ ,," \,' , ~ "~f\\~ 

':1 '~~~~~' ~~~~ ~ ",1 

(6.23) 

k - 1, 2, ... ' 

Je - lt 2, ..• , 

(6.24) 
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l {l'Tc. 101 Q" 
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L 

i.J 

Th .. ttrat tera on the ript ta the betveeo-aet .,trop1.' q'k 

(6.25) 

bailli tha proportion of .11 _chi... (of th. type be:taa couietel'.d) 

Ja ~k" The eec:OIlCl ten 1.a the -1ahted •• er... of the w1th1.a-aet 

... trop1~ B' te" laeh of th ... 11l'901wa departMatal .qutpaat 
loa" ..bûr ••• a frac:tiou of the corr .. p0a4iDa Mt 1~ rather 

tbà the totd- W1WM of ' .. cb1n... Aa tn.cateet ln i"~loD 6.5.2 

tbe _trop, of, 1q1l. 6.25 :la ..... ure of 41,atr1but1on equaUt1 

1 .. heDa. ft ca eonvert,it ~o ..... ur. of 1neqna11t1 .. wu 

accaap1iahed 11l1qn. 6.14. ~bat·1a • 

'1 
(r -,' 
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CoItbinins t~e .bave vi th !qn.. 6.14 and 6. 24 ft have. 

(6.26) 

The firat tara on tbe rilht .... ure. the betveen-.et di.tributlon 

lnequallty ba.ed on the prior prob.b111ti •• of "k l" for each ~et 

and the obaerved propÔrtionl of Q'k" The .econd ter. 1. the' veiabted 

averase of the vith1n-.et inequa11t1e. and ia It.ilar to th. 
1 . . 

li. ln Iqn. 6.13 ... In the aeparate ."l'thin-Iet apre.liona tbe prior 

p~obabllit1el correepond to equal .hare. vitbin e.eh .et, 1... I/nk, 
and the Ob.erved proporti~ qt,Q'k are allo relative to tbe k-th 

let. h-1b.tr04uciftl tbe 1 IUbaer~pt we hav., 

g Il'' g [ q q JQ' ] 
Hl .. l Q" 108:..J!J.. + r q1L .I l :.iL 10' 1.1 kj 
1 k-1 1cJ ft.. /" H #\ttI ".8 Q' U .. -~ , k ~ •. ~ 

(6.27) 

, 0bri0aIt;" &11 ;'UooadGu 1f111 nn1i Ûl •• al"ai_t value • 

f~ Bll fl'Olà ~_. 6.1 ..... 6.27. ,et the latter -aUàtlota ~11 .. 
• ~. 4etaUed aa1Jda. ... _ .uocat1cllll that.l. n....4 .. 

~~all~ 0'tfta11. Mf ....... _;~t"U"" 1Il the COIltut 

of • ~ ..... t of ___ • Md Ylce""YUû.. for _la. s"" of tM MU .e ........ .u; ~....tti ho.,iU1a tr.f.tb .. . 
tilla 500 ........ cocI14 ....... ' ...... .1, .... 1toau. wtw. 

1 1 l'., ,,1 

;. 
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~li".I""""""I.;I.I"".II.II"[ ....... 1.11 ..... 1' ....... , ... [ 

this group by examining the correspond!ng within-eet tnequality 

mea8ure. and an overall centralized allocation by exaain1ng the 

total inequality measure. 
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We can see thAt adding one piece of the j-th type of equi,.ent 

to .~y radiology department viiI change all the qij ter.. 

i - 1. •• n and the Q'kj teru k -l ••• g .. vell. Hence the effect 

of an allocation ie really Ipread &round to aIl locationl, and 10 one 

.i,ht argue againet the .erit of ex.aining"anr particular ~ith1n-eet 

entropy. In Table 6.12 we ahow the col~a of the qii •• trix 

'correepondilla to the .adit1on of one _chine to .. ch of the three 

cateabri.s in departaent 1 of the exa.ple fra. section 6.S.3. 
1 •• 

I~ 

co.parina theae results to the oriai~l q(l aetrix in table 6.4 ve 

ae. that except for tbe departaent wbere tbe equipaent change oceura, 

IlOSt other qiJ v.lues Chanse by 0.001 C:r lesa. If we consider the 

relatively ... 11 nuaber, both of depare.ents and total .. chine volu.e. 

in thl. ~le. it la ea81ly appreclated that'the effect of an 

equip.ent additl~n to a departlleDt would al.,at totally be concentrated 

in tuf d.partJlent vith a realiatic&l.ly. ahed #APle. nerefo.re 

.. can juet1fiably ex_ine the chanae 10 both the vithin-aet entropy 
1 of iIlteHst and the total diatributlon 1Dequality ___ ure BJ t 

for a te.t alloct t ion. 

our ortalnal 1 inteot vu to prsMnt .... ur •• tut vould raflect 

Y.Tiat1~ in the .u ot certain quantft:L •• at cliffer.nt locatione _d 
• 1 

80 to at l ... ~ partiall, accoUDt fôr differeac ••• :LD the techaical 

efUciencl.s of d.partlMmta. As a by product, .. have propoaed indices 

tG -.1tK the allocation of tacbaoloa1ca1 re.ourc.. in tihe health 
• 

.-cto\". ID tUM of our aoal to .... lop a ,chtM to support th. 
'..,-T ...... 

.<-
dllcùf.Oll-UDt proc ... for the allocatiOD of r.aourc •• by .,..~Ilt. 

'dd,a ~ ,: •• u1~ auat .,. yiftecl .. equall,. iIIportaDt ancl 4a1lG'Y1q 
'1 

of MtbU' !.aYetftf. .. tt.oJa. • 
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6.6 Claa8ify1ns Depar~nt. as a Mean. of !xp141nins Elffclenctes 

A8 evidenced by the d18CUS8io~\in section \6.3, there-are no 

easy solutions or ansvers to the prob~~ of explaining the technical 

efficiency of radi010gy departments. In fact, there are probably .. 
• a .. ny approaches ,ta quantitatively explaining the re.ults of a 

model a. there are 8cheaea for constructing a .odel in the firet 

place. 

In section 6.1 we deacribed four basic sources of Inefficiency 

aa aeasured by the production models. To repeat then, they are: 

i) the conatant returna to aeale aasuaption; ii) the homogeneity 

aaauaption for the variables of a model; iii) an external, depart.ent

hospital, iœbalance reflecting an ineuffieient deœand for radiographie 

servieea, and; Iv) an internaI, departmental re.ouree, tœbalance 

refleeting tbe production organizatlon of ft departaent. 

In aection 6.3 ~e eav that: i) the aasuaptlon of constant 

returna to aeala is appropriate for the aysta. under investigation, 

and hence, not a aouree of ineffietency; ii) the technical change 

coaponent of the equie-ent variable heterogeaeity, a. aeaaured 

by the Mean x-ray rooa age per departaent, la Dot a determlning 

factor of tachnical effielency, and; iii) the l~tter tvo non-.odel 

.ources of inefflei.ncy, eould not be aatiafactor1ly aecounted for 

by departMnt/boapital .Ize related vuiablea. The other .. jor 

éOlipollent of hetarop!lelty. vh.1ch affects both the technologicai and 
... ' 

unpower input. to the 110"1. r .. ulu frca qareaation. 
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ln the prev10ua .. etlon va Introduced an Infornation theorette 

approac:1l to cpautU)'iaa th. ruource au of a departJaenfj.: The r •• ultins 

lIldice ... ra ... to al.8o reflect the bet.rosenetty of the aureaated 

.ariabl.s. lt 11 f.It that b, applyinl theae ... .ure. to differant 

face ta of tbta 4eputaMlt-boap1tal .,..t_. .. cu parUaUy account for 
" both Et. hetet'OPM":r of ... of che pzq4uct1oD variabl.. and the . . \ 

iatUGal/ .. tfJru! ....... rce f.wtM!~ .. ~.. X. th1a MCtioa .. lay the 

IroUDClwot'k fo~r Iatl'04ùc~ tt.ue lIltônaUOa, iD4ic.. to a quatitative 

ap1aaatlœ of afflct.acy. 
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6.6.1 Alternative Approache8 to the Anal~.i. of Multiple 
~ 

Source8 of lnfluellce. A large part of the researc:h -1.n the health 

field II concerned with deteraining thè influence of he.Ith ayat .. 

\ and patient population characteristics on the utiliaation of health 

services. Typical examples would be: AIlnuai physlcian visits per 

capita as a function of population age group, ·econoaic cla •• and 

re8idence (Reinke & Baker, 1967); hOlpital length of stay a8 a 

function of patient ase, sex and race (lo, 1973); percenta,. of 

population with physician visita in a 2 week period as a functlon 

of population realdence Iocation~ aonthly per capita inco.e, 

ale, iosurance benefit status and years of education (l.einkè, 1973)., 

and; the econoaic efficiency of private practicea a~ a function of 

practice facilities, regional location. speciality coapoattion o~ 

ataff and type of physician compensation (Kiabell ~ Lorant, 1973b). 

We, of courae, are intere8ted in the utilizati~ of the 

production capacity of radiology departaents, i.e. the technical 

efficiency, as a f~nction of bath departaèDtal and hoapitel resources. 

o..Dsraphic characteriatic8 of the patient population are a.dtted 

a. contributiug factors ln the technlcal eff1clency becaua. 

di.snoetic radiolosy, a. a co~onent part of the larler hoapital . . 
. ay.t., te ouly indirectly iut.rfaced with' the patient population 

throulh a referrai process. 

The firat .tep ln deter.ini~ the nature of a c.ueal relationah1p 

b.~en vartabl.a, as in the abova eX8aplea. 1& to identity and 

q~t1tà~iv.ly definethe depeD~t v.~lable or ... sure of utiliaation, 

aad the corr •• pondins .et of ~aependent or ~lanatory variables., 

Rut, WB wuld eboose a teéhnique- for analyd.na thl. data Wh1ch ,la: 
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" i) II08t adaptable to tbe pacul.1aritie. of th. data .et, aDd: 11) capa!!1. 

of pr09id1n1 tbe Id:n4 of an.era t~ r .... rch raquire. Bxaple. 

of fraqueatly u8ed teehaiquea ara .Dttiple rear' •• ion (p.l4atelu·, 
Î • 

Genac. 1965) ~ ~,.. variable rep'e •• tqu (10. 1973).' aaalyaia of 
. ' 

\ 

" '\ . , 

/ 
/ 

,1 

.. 

è' , 
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variance (Rosenthal. 1964). autoaatic in~eraction detection (Ande;;on 

et al., 1971);' and the mulUsort methods (Reinke & Bakèr~ 1967). 

Bach of these approaches to data analya18 have c,rtain atrenltha 

àb4,-weakne88ee. The .cwo reare.lion tec~~iques provide the .tr0lJ8e.t 

quantification of a eau.al relationship between, the .et of independent 

variables and the dependent variable. Their application requir.s an 

a pM.oM, .pecificaUon of the _the .. tic:al relationahip e.'pected to 

be present. -D~tai1ed expre.sion of a tesrelalon lIOdel is "often 
• 

inCOIpatible vith the uneertainty CODeemins the nature of interaetiona 

IIl'ld nonl1tÎearlt1e. in the effecu" (Reiûe & Baker, 1967) and ia 

frequently "baa.d on arbitrary foraulations that reault in naive 
, 

ana1ysis" (R.einke, 1973). 

The l~tter three techniques eeaentially uae a block-aplltting , 
principl. to identify factora of pQsalble taport.nee to'the dependent 

variable and th. interactions of theee factora in terae of thia 
, . 

variable. Tbe aaaly.1e of variance ia "extr_ely' productive in 

uncoverina effecta and interactions... whenever each cOllbinatlou of 

tnd.pendent vaTiable. contaill. th ..... nlilber of obaervaUoD8, 

~thou.~ thia condition i. aelda. encoUDtered, except in controlled 

aper1aeDte'" '(I.dnte & Baker, 1967). Tbe .wt18ort technique 18 , 
"!pl approxillation to analY'ia of va~ce, retalniai the block-Iortlnl 

. -
f.ature. of the latter but .acrlficiul'.a.e .. th ... tieal risor in the 

inter •• t. of cœputatioaal .1apl1c1ty" (leiou & Baker. 1967). The 
\ . 

abtoaatic interaction detect~oa technique la a branchina proces •• 
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nieJa becau.e of le. sequential nature "caus •• later identificatj.on to 

be depeodent upoll tbe ,articular population cla .. tficatioaa 1n.ltial1" 

producacl'! (leinke , Baker, 1961), n4 as a r •• ult can be v.ery 1Iia1eadtnl. 

-h IdèIltiàu~ al,l tbr_<.> Mtba4IÎ a~p .. r better n1t~ to cat.lOd~ 
.tat. rather tbaD orÜll&l'or coat1nuoua .adabla. t'ClalDb & Balt.r. 1967; 

Ionqut.t.1; CI' .• 1911;, Itûe11 • Lor_t. lf731t) • .. 

It 11 '.....u, .. c' ;rofita~. to'.1M tbue tectad.quea. OB;' 

'.\' 
t 1 •• 

\ 1· 

<,' 
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vould first apply a block-aorting aethod to uncover the principal 

determinants of utl11zatlon and their interactions, and subsequentl, 
.-: 

incorporatettheae results into a regrea.ion forau1ation (keiDke , 

Baker, 1967; R.einke, 1973). From the ditcassioD of ~eètion 6.,3, tt 
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18 c1ear that we are faced vith a larae nuaber of possible .'t'eXplanatory" , 
variables per departaent, .ost of which are highly Inter-correlated 

• 
and are not readl1y associated vith elther hiah or lpW efflciency. 

lt would thus s ... preferable to adopt the tvo stage process aentloned 

above, rather than proceed directly to a reare •• ion .odel formulation. 

6.6.1.1 The Heed for a Re-exaainatioD of the Radiology 

Depareaents. Two .. j~r probl ... ariae in applying any one'of the 

block-sorting techniques to our problea. Pirat, the data set ia 

reaUr quÜe ... 11; approxiMtely 100 obeervatioR8 per production aodel. 

This probl .. would be further aaaravated vith the introduction,of a 

, sizubl. ouaber of variables iota the analye18. Typical nœbers tut 

have been ueed io previou, utt~izatioo etudte. art; 45,3lS;obaervations 

on 17 independent Tariable. (letnke. 1973), 66,000 obeervatioDl on 

16 inde pendent variables (Reiop' & Baker, 1967).1 and 9,.000 1 

observation. on 6 inclepaclent variabl.a (10. 1913). Tbe •• cOIld prohla 

111volves the choiee of variabl... ... a reeult of the .. 11 nUliber of . 

ob.ervatiool tbat are av~lab1e ve would bave to chaoa. sœe .ubaet 

of the poaaibl. var1abl.s tD ,taclude in th ... l,ai.. t.t it vould 

be d1fficult to dedde a ~ ~ to which vould be the ~uper1or 
Wub •• t. In 111bt of the •• tIfO probl_ lt vu deelded- that the 

-. radi01081 departMtltl abould "' re:-iDve.tipt.ed indeperadent of their 

.ffiet_ete.. Two dl.tiDct appl'oache. for ex_nina the departaeota 

~ to IdDd" both of whlch _y he eoaa14erecl •• claalif1cation 

, fl'oceclur ... 

Pir.t. Olle cou14 ."uce .. ~rp •• t of l~.,._t variable. to 

• _Uer: .. t reprHelltiq mat .of th_ 1Iafo~tiOil 11l the orq1Ul .et" 
1bU' ,ta _t1llè. allacl ~Ut,. l'~tf.oo trad 18 a.,~o_on 

, , 

.;, l ,. ~ 1 

..... / ~ ,'" l' j, 

r , .'~ \ , ' ...... 
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.. 
" 

.' 
-. 
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procedure in 8ocio-economlc research. lt 18 usually accoap1iahed 

by a prihcipal components 

(Adelaan,& MOrris, 1965). '" " 

(Pidot, 1969) or a factor analysis 

These aethods are not without their 

problèMe For exuaple, in factor 8na1y81s the t'factor. ri'll not 

alvay. be easily interpreted ••. Moreover the nuaber of factors 

required to explaln a set of attribut.s may b. relatively hiah. 
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The application of factor analysie thU8 do.e not alvay. auarantee 

retluction ln the sbe of the opportunlty aet" (ltt.bell & Lorant, 1973b). 

Second, one could categorize radiology departaent. into 

groupa ba.ed Oh 801Ie .. alure of aia1lar1ty betveen depart_nts. 

Specifieally, ve hav~ iaplied that departaental efficiency is related 

to the internaI departaental resouree balance and the external 

departaent-hospital match, and thus would atteapt to classify 

depart,aents on this bas18. This type of classification would then 

be introduced, as one of a set of variables, to the kind of tve-stage 

IC~ de8cribed abave for quantitative1y explainina the utl1izàcion 

, of hea1th aervicea. 

6.6.2 A froc_dure for Departaental Clase1f1cation. "The purpo.e 

of .. cla •• Uication bas an illportant bear1na on th •• ffic:1ency of , . 
• ela.sitlcation sche .. and .hould influece the choiee ot •.• techniques . 
ua.d to aelect thia .-ch .. " (l1abe11 & Lorant, 1973). As Indic.ted 

iD the previoua section, our goal 10 c1 .. sifyina radiololY departaenta 

ls DOt to ~xplain the tecbnical efficiencie., but to provide a 

,en.ral description of d.p.r~ts, presu.ab1y Ira. a aew per.pective, 
.' 

which could,ultfaately s.rve that purpo.e. The probl .. then beca-ea 

CID8 of clecidina on the enant to which we will let the fiu1 purpose 

of thi. ana1,.ai8 èOlour the choie. -of cla •• ification _thodololY ~ 

~1abe1l: , Lot'ant (1973b) arp. that "the .eeainllY innocent t •• 1t 

of ~ina br .... ~ or cros. tabulat1ona ••• ua1D& intuitively 

'obvioua' c1&8.Ulcat1ou U le .. eff:1ctat than a .. ~uence of 

.,r • .,..t .. ttc stapa •••• -.ch of the pot_tta1 inforution eIIbocU.ecl 
• a'" -~-

ia tbe ·r.' data 1Iu .illpl1 baan ......... Il,. caaual choie •• of 

varta1ea .... atu""'''' ~ ., .. My ..... appeued eff~'1eI1t, 
..... 11".- dae .~1 ,..~tl.,. '*1: t'ba,. ••• f .. cIt.tnutql., 

, 
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~, 
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icient for teating fonaal1zed belulvloral propoations." 

The procesa of elasslfying or grouping departments Invol~es 

tvo stepa, which in tum, requlre two deelaions. Flrs~. one must 

declde ou'whlch variables to inelude in the set upon which the 

classifications will be based. And second, one mu.t decide on the 

actusl technlque to be uaed. If va require that thia technique should 

be ~ndependent of any a priori problem knowledge. 1.e~ the technical 

effieiencies. and be able to effectively define lubelas •• s vithin 

the ..-ple .. t, then a d.aree of LÏtitude i8 introduced in th. 

, choice of variable •• ' Since the techniqu, .hould aearch for groupa 

baaad on a degree of ha.oaeneity or con.iatency for the departaents 

vithin each group, in ter.a of this variable set, then, whether SDae 

or ail the variable. are b~lieved to be related to the technical 

effieiency ls of little consequence. 

In thl, .ection ve pre.ent a procedure for cl.s.ifying the 

point. in a ... ple fra. a aen.Tal per.pactive, and leave the actual ., 
~ definition of variabl •• and application of this .ch'" to the next 

•• ction. 

Geaerally a cla.atfieatiOR "allocatè. 811titie. to initially 

uadefin.d ~ ... e. 10 that individuels in à cla.. are in 80ae sen.e 

clou to one aaotber" (~mack, 1971). 1IeI1e., th. obj.ct of cla •• i

fication 'ta "to ohtain cle •••• aueh. tut anJ .. ber of a cla .. cao 

.. u-eated a. :U it po ••••• ed certain ~prop.rt1 •• " (Jon... 1970). 

In t~ broader .en •• of data analy.i., cla •• ifications ar~ pur~ued 

"to arrive at a u .. ful dea~rlpt1oD of the .-.pl •. and to d~.eov.r 

unau.pec'ted elu.tarinaa vbich .. y .pro •• t~ ,be laportant" 

(llel.. 1 Zubin. 1969). 

SUd.larit.y betveea poiDta in a cl... or the internaI cohe.ion 

of a cl... 1. iIIpol'tant to deUüq .ubele •••• within • ...,1 •• 

1 ... 11,. i8p0rt_t i.e the relauon.hif, ~etvHa cl ..... ; that 18. va 

l waulcl lib the el..... to he 41ft.reat· or i_lata. frOll each otber. 

',tuH ~ "i.e clM.eU:Lc.ation crit.rf.a, the iAt.nal. COUatOll 

, , . , 

.. 
. ' ) 
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J and externat i801ation of a group of points in a sa.ple, are endemic 

to the idea of a cluBter of pointa and are uaed by the'set of 

technique. knovn as clu8tering procedures to partition data into 

8~bsets (Cor.ack, 1971). 

C1ustering la a weil established area in the literature (Sokal 

& Sneath. 1963; Wil1iam8 & Dale, 1964; BalI, 1965; Cormack, 1971; 

Ling, 1971), yet becauae moat of theae teehniquea have deve10ped . 
"without forma1 baail, a. algorithae" (Coraack, 1971), one cannot 

eaaily deaonstrate that aDY Qne of these aethods ia unlquely 

8uperlor to any otber in aIl in.eanca.. Sinee our goal' la to d~n

.trate that thia type o~ .pproach la of value to st~iea of health 

.ervicea utllization, we are not required to nece.sartly find the 

"be.t" .lloritla, but .. rely one that la worltable in the prellent 

context. Rather than provide the reader vith.a deta11ed introduction 

to clustering techniques,aa thia ia readily avaiIable,fro. the 

aourcea cited above, we discuss threè criteria that vere felt to be 

faportantt and subsequent!y present a 8eheae which appeara to 

Htiafy them. 

In that tvo of these criteria are concerned vith the concept 

of a clu.ter, va will Ur.t elaborate sOlleVbat ~ ~bh idu. To do 

BO, ve .. t 4efiDe aa. tendaol08Y. BaIl (1965) provU •• the follov

~I def1.nltiona: 

MeasuNmertt - By .... ur_nt ft sean a cOIIPOOent of the pattern 

veetor; that 1., It 1_ ou of _everal nUllet'ic:al value. (related 

tG the property of the patt.rn) use4 to deflne à pattern - for 
_ r/ • 

elUlllpl •• one out of ... aral .... r. OD a que.t1O!dlalre. 

PGtum -", pattem wa ... n the colleetiOll cf .Dur_nCa 

eonaidered,to ~ a a1nlla entity ~ the eluat.rina proar ... for 

exaIIpla. the .... n, to a •• t ot queaUOIlI on a queatlonulre.' 

ct .... _ ... A cluseu of patt~ 18 ••• a let of patteru 

CODtatud 10 • hip 4t ..... ioaal .pace whare th. deaalty of 

patteru la lar .. oOè,arecl to 'tha ~rround1na -.01 .... 

Â depu .... t -18 1'epl:' ... ti14 10. a aulti ... cU ..... loul .paee .a a 
, -

"" ' 

... , .... 
" 
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pattern vector coapo.ed of oblervation., equa1 'iD nUilber to the 

dimension of the space. Thu. a clu.ter of depar~nts aenerallr 

exhibite a COlllaOD "patte~". The tem deneity in the definit10n 

of a elulter connotea a dlltance concept, yet the proxt.1ty of 

pointa need not be .. asured in a Buc1idean aena.. Althouah ~ ahall 

concentrate on Euclidean distance œea.ures in th!_ work becauae 

of their st.pliclty, the reader should note that this ia but one 

241 

of _ny accepted .aauree that can be uaed (BalI, 1965). Bav1ag adopted the 

.. asure of aia11arlty between tvo patterns a. the db tance betveen 

tha, ve are theo. confronted vith the probl_ of evaluatiDa the 

partitionina of patterns Into clusterl; that la, how ata11ar au8t 

pattema he for • .aberahlp in the eaae cluater? 

If ve chaoae a a1adlar1ty criterion that la hiahly atrinlent 

for a a-.ple of patterna. then .. ny very consiatent clusters will 

relUIt. If va Ihould lover our stlhta aoaevhat, then bath the 

nuaber 'of clustera and the cohelion of the individual clustere will 

decrease. The two extreae exaaples of th1. proc.ss are; firat, 

wher~ a1l pointa in a la.ple define thelr OVD cluster, and aecond, 

where th.ra ta only one cluater encQllP8lliq the enUre saple. 

Plaure 6.9a lb0v8 a two dt..aa1oDa1 \~le of PatterDI wblle 

rl,. 6.9b providea, vbat appeua to lae, tha obYlo" Ht of cluatera 

for thi. a.ple. In reCOllÛI1Dg th ... four cluat.rl ... have 1apllcltly 

(visuelly) dec1c1ed ou a ,articUlaI' crit.rlOQ for cliaia11arlty. 

Pli. 6.10 s~ th. effact of ar_ully loweriq thi. crit.rion, 

rla. 6.1De to c. until flaaUy 0bly .. 0De clustsr la' .racopJ.Ia4. 

''lM 'rMulta of a cl",canal wU1 ba dapeadent on tha , 
particu1al: cbol. qf Bdi'" .cU .. uace ..,...u.. Al~houah th18 type 

of ..... wU1 ,.ield cl.tIII .... tut ara 1IwU1aat to tr.u1atiœ. 

or l'otatlou • ..,. wlU-..,...... 011 other tJPes of tl'lÙfonatiou 

tbat'ü8tOrt tbe cil-UMe hlat;:lœltUp (Juda ft lart, 1973) • 

• ~. ~ 11 ... *~ "f~t of ~ .... __ tbe reeu1tiq cl.uata~. 
I.a. tIie, el*ter_ t",f..a. ,.~ J. ôlA te fid Mtata! 
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~ea aGd (b) the ra.lt1q ,.t of "o1rtiou." elu.tu •• 

(a) 

242 

" 

" ' 

';N • 
,~ 

f 



groupings of pointe, it :ta dedrable that th. technique b. 1Ddepeudent 

of whether the patterpa are'widely Ipread or tightly positioned. 

In other wordl, the clustera theaaelves .. y vary in ai,., i ••• a. 

to the voluae they occupy, but oot in tera. of wbich departaenta , 
are to be inciuded in Any one cluater. 

Clustera may be divided into two categoriea vith respect 

to shape; globular and nonglobular. rhese are illuatrated in 

Fig. 6.1~. It i. apparent that if a ... ple la repre.ented by the 

eonflauration. in 'ia. 6.12b or c, then there are really tvo .-
diatinct cluatera .a oppo.ed to only one c~u.ter of the entire 

aa.ple; that il, each clu.ter ha. dlfferent properti... Hence, 

in addition..co that aeaU,ng critetion cited above, we would a180 

want"the clustetinl technique to be able to recognize and d1fferentiate 

nonglobular .tructur.a. 

The t,hird loal ve would wan.t: to tapose on the choice ':of 

technique 1a that of coaputational st.plicitly. ~.t all 

aetboclologieal re.earch in thi. ar.a 18, at l ... t :t.pl1citlt. geared 

towards thi. end. In .11 lik.libood va will want to apply thi. 

118tbod to aore than one data aet, and therefore would aleo vant 

the technique to be vereatile :1n teral of -..pIe Aize and 

diMn.ionality. 

The alaoritha ve have choa.o.. vhich app .. ra to .. Ully the.e 

thra. criteria, va. p,:opoaed by Jante , Patriek (1913). It i. an . . 
... ~rativ. procedure in that it iavolv.a a a.rl.. of aucee.aive 

fua10u of the pattern. bto arou,. (Coraack, 1971), and .. y further 

ba couicl.rad a. a "near •• t Miahbour" aJ.aorlt" whieh 'il th • 

• 1JIple." type of a .. 1ôMl'aU.,. IOrtiftl proc;eclure. 

"Vhe ~ .. of clualerina ••• pa~t11:1oB1111 of clata ,ata 
,. 1 ~ 

tnto ..... U ... iD-e1u. "'ua Ar. ·~l.ar' 10. 'CM eaue 

'_ ~ cro •• -claH ..... 1'. ar& 'clia.1IIUar' 10. a corr .. poDclio.l 

.~, ... -'" pUtti_ tbe ,,-H .. 1Pt of AlI)' coaputatiooal .. t'bod 

tllat ufl.ta tl4a l.eoeta Mf1llitiâD ou ... table _tbeMtica1 
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'18. 6.11. 'fbe effet of acaU.aa GD the appuat cluatada8 of 
• uapla of pl,tt8I'U (J)uc!a .l1li Bart. 1973, p. 21.5). , . ' 
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description of .iail.r~tv" (Jarvis & Patrick, 1913). The concept 

of .iailarity preaented by Jarvi. & Patrick ia ba.ed on the idee of 
, 

.bared near neilhb~urs. If xi and Xj are any tvo point. of the 

pattern. aet or data vector. (al' x2,.... an) in an '" diMndonal 

Euclidean veetor .pace, then the fo11owing two ateteaents (Jarvis & 
Patrick, 1973) repr •• ent the basic ideas in the paper: 

1) If Xi and -Xj are sufficient1y stailar, then 

that they COlle frca the· •• e dust.r approac:h •• unity. 

th. probability . 
If th., 

a suitable poillt pair sbd.1arity .... ure cau be found, a cl~tering 

technlque i •• aaily devi .. d. 

11) Data point. are at.ilar to the extent that they lhare the 

Baae nellhboure; In'part:f..cu1~r~ two data pointa ue siailar ~o the 
". 

extent that their reapective k neareat neighbour list .. tch. In 

addition, for thia liailarity a .. aure to be valid, it ta required 

that the tested point. th .... l".. belonl to th. ~n ne1lhbourhood. 

This avoi4a, th, po •• ibiUty of collbinin, a .-11 r.latively iaolat.d 

nUllb.r of pointl vith a hilh denltey Iroup. 

Th. clust.l'ina al.,ritha cleveloped fl'OII the aboYe concept of dllilarlty 

conliata of four Iteps (Jarvi. & Patrick. 1973): 

l. Por '-each of the n pointa in the data .et l1at tbe Je 

near.st neilbbour. (e.'~DI Euclldean di.tan~ .... aure) 10 order 

of their proxillity to the point acier uaaination, that point beinl 

lt. awa nearelt neilhbour. The r.aultina neareet neilhbour li.t 

per point 18 place" in a neilhbourboocl table (an n)( (Je + 1) 

inU,.r .. trix). Th. ra., data un l101I be diaul'ded. 

II. Set up a làbe! table (an Jnt~l.t col_ veetor) of 

l_.th Pl vith the t-th e1eM1lt •• t equal to f. for ~ - 1. 2, •. • n. 

!he reault. of th.. tirat two atep. are ahcMi by the lA.be1 ad ' 

_ilh~boocI tebl •• in fia. 6.13. 

Ill. AIl po .. 1bl.·~r. of .. iahbourbood ra.. are t •• t.d a. 

fô1loW'1a replace bOda laMl .. ctt .. · by ta. _1181' of the two esiatiq 

_tri .. u. 

"' ' ., 

... " 
- , ' , r 

, 
1 
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zeroth ne1ahbour (tbe point tUtU) 

111 1 1·· .......... ·11 rav 1 

~4-----------(~1) --------------•• 

row 2 2Dd label m 121 1 1: ... .. ·1 1 . J. . . .. . 
r 

'~'l 
. c . n · 
! · :. · 

~ nth la"l m 1-1 1 ) .. : 

••• . . . •....•..•..•... 11 ro98 

(initial labal. .bowD) 

..... 
Pli. 6.13. LaW ... -tahb,,-1Joocl -=-'1 •• for • _,le of ft patt .... 
·(Jard ••• 'atrick. 1913. p. 1026). 
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a) both zeroth nelshbours (the points beins teated) are found . . 
in both neighbourhood rowa, and. 

b) at Luat kt n~18hbour Mtchea ex1at between the rOVI. 

If thb teat 18 IIqcc •• aful raplace a11 appearances of th .. higher 

label, throuShout the label table, by the lover label. 

The paraaeter kt jetenad to .. the s1ailarity tbr.ahold •. 

IV. The clat a arè nov indlcated by identica1 labal1iDI of 

tbe pointa belonsiua to a cluatar in the label table. . 

This particular a.t of e1uatera la conditloned by the 'par ... tere 

le and kt' ~e c~ find the .et of clustere eorr.apond~ to • nev 

k and kt by r.tumina to atep II, aa loua as thia Ilev value of k 

18 le.. tban or equa1 to the old value. 
// 

Aesua1na' that tha fiiat cO~ion in .tep III 1~ .atiafied, 

the •• coud coaditloll state. t~ if a utch 18 found between tvo 

... tahbourhood r_ t_./ 0 i ;' 
/ N+8+l \/ 

l' 

/ 
( 

At ter havin, ecud all {H) •• 1b1e .. tehu. th. tV(». potata al'. in the 

.... clue r OD1y lf. 
~ 

'7/ 
liA dearee of r.U ..... t ca~ .... to th. e1uaterlna ach_ by 

.tapl,. -tahtina tha vot+/~f -.r." nelahboul'll accordtna to their 

po.it~ iD t ... o~~ H:f.abbourhood row ... octatecl vith .. ch point" 

(.J-.nie • Patt'ick, 1973). If. "teh ta fOUDll ban:e- the -lJth 

_cl 4-th ,,1a ... r~ taltl. ~on, aad ft ad q 81' .. th. re.p.cUve 

po.1tioaa of th. CCI IIDtt ;out la 'tu.. two l'OWII ( •• a Pia. 6.14) tbeD, 

'lot', , 

'1 

" ~ , 

1 - '1 j~: " 
\ 

, ... "+ fOc. ~. q> 

,~, ' .. ~.~ ~ 

"': \~'~~~' ',', ,":i ~~,:;J",:, ' , 
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(k-l)th kth near •• t 
n.1ah~ 

.... 1 .... f_I---......--... ..... I_·· ._ ...... 1 ..... 1 ...... 1 row 1 

Oth lat 2Dd qth 

.... .~ 

.. teh ha. f(k#~#qJ vote 
_qhtiDa 

(k-l)th kth 

row j 
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TIl<> differ";t f ..... f !(k. >', ~. p'.!'rtdéd (Jarv1 •• Patrl<k. 1973). 

a) f!.1<.~ 1'~ q)"- (k ,- ~ + 1»)( (k - q + 1) 

/ tCk,. l', q) - tk - ~ + 1) + (k ,- q + 1) 

In the firat ca.e tlif the neare.t nelghbour of both pointa are the 

sam.; the match lete k X k votee, while if thè furthe.t neighboura 
- r 

match. the match aeta ouly 1 vote, and, aIl in-bet.een .. tche. 

(vertinl and diagonal) .et votee bet_en k )( 'k and 11
,1 (Jarvis & . . 

Patr ,1973). If thi. product we~htlng'i. felt to be too severe, 

the addi ve weigltHna of the eecot)dl caee can ~e, uaed. 80th of 

theae lIOclif1cai;ona JAre COnJIiet~t w)'th ",the co~cept\ of aharinrs. near 

ne~ghboure. The condi~ion that N 1I~ be Ireater tun or equal to 

kt 11 stilî'applied in tbe .. ,l~tter t1io voUng. ,ch_eB to test whether 

pointa are in th~ .... eluater. Bence the cholce of kt will d~pend 

both on the. value of k" àDd which of the three .ch_e. te uaed. 

\/CoDlider the .et of 20 patterns .hovn in Plg. 6.15. 1iaaJ 6.16 
, ' . 

, and 6~ 17 show the r •• ults of app1ying the above cluaterina alaoritba , 
vith unwelshtea and ~1&hted .ultipllcative votes re.pective1y. 

1 
Tbe computer progra ueed to c1uter the.e pointa fo11ov. the four 

, ,(. , ' 

.teps outl1ned above .• 
~ , 

lt 1.s apparent that iocruain. the '.&1ue of k, for an,. of . , 

the t~r.e .... thod., villallow a Unar choice o~ kt' yet ~t the 

sae tille, thia 111creue 1Il àeJ.ahbourhood .b. will tend to reault 

tn alobuler c1uater. (Jarvi. , Patrick. 1973). 'Rence in a,plylna' 

th1. procedura. a deara. of eubjeétive juMeMnt will be lntroduced 

cO tb. c~içe of le .. 'kt. aac1 t~ votilla ach... with re.pect to ~at 
ta vi...d al the "ben" c1uater au1,..18 fol' tbe probla at hand. '. ' 

In 8441t101l. _ .bauld DOta tbat Hca.... th1. elbtariDa technique 

1. depeadent aD tb. ra1ati.. poaitlon of pointa and DOt the ab.olute 

cU.tlDC:e8. the ''patr poiat aia:11ari"tl ~. bu lt. 0WIl j)uUt in 

,nt .. ~c •• i.... (JUYU .. '.utek.. ~3).. . " , 

~ 1 ~ ,. f,. ~. 

l .. ,", • ~ , 

, , '''.,'. ?~" 

\ 

'" '. fI. 
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'la. 6.15. A ._ple of ~ pattern. ln a tvo-cUII .. loaal epace 
(Jarvil aad 'a trick , 197~, p. 1028). 

1." J.-:1 ",.' 2.~ 1 •• 1 le'! ., ".1 '" . t~el 1e·1 , 
,. ~ '1 ... • 100 !Ii 

.10 1 J-..... .U ... iI Il' 
'U -a. J. 

140 :!: . " lAIt .1' M.:" -sA 
1,. '11 ;4' ~ .. " "'ü S.4 

Je,.., . k -4 
~ 

.~ -, 7(; -3 1c-5 Je - 2 t 

(a> a) (c)~ 
, 

1 .... 

.. i . '-
, l'lB, :ft< 

,-' ,-' . l'; 
" . 
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k -30 t 

(a) 

.1 

(e) 

~ ( I~ , , 

1 .~ .1 
• .. tIl ,. . .' , t. •• 

·1 

k-5 k~ - 27 to 1& t J 

(b) 

l.rJe·.~ •• 1 l.:a 
1· • el 1 

~ ... 

k .. , ,kt - 9 to 6 

(4) 

" 

~ 
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6.6.3 A Source ~f hep_rcaental Efficlency. In aection 6.3 

ft aav that whUe the larger depart:1lent. vere not the 1I08t eff:ici~nt 

producera. t~ey vere at 1eaat a. good. if Dot better, than many of 

the .. nest departaents. 'rOll this we concluded that one eould not 

exp1ain the differanees in efficiency 801ely in terma of variable. 

that vere carrelated to department .ize. 

We have hypotheaized two sourcea of technical ineffic1ency in 

radialagy 4epar~t8 that are unrelated to the aS8uaptionl of the 

production .odell and independent of the abe of a departaent. They 

are the production organization of a depart_nt, a. reflected by tts 

interna! resource balance, and, the radiographie services demand

.upp1y relation.hip between the hospital and the radio10gy department, 

a. ref!ected 10 the external. hoepital-departaent. reBource balance. 

The re.t of thia chaptar 1a devoted to quantitative!y deHning a 

re.ouree balance, and .ubaequent1y 4eterainina if 80me 1.v.1 or 

(ia)ba1ance ia correlated vith teclmica1 (in)eff1ciancy. 

In aection 6.S wa preaented a .et of live info~tlon theoretlc 

ind·tcea which, when applied to, the equ1ptM1lt profUe of • dapartaeut. 

vere aeen to be ... aure. of the tachno101~èal ra60urce ~ ln a 

rad1010ay departaent. If aiaUar ••• ur.a are der1vecl for tha un

power abc in a. departaent, then on caparinl the.e technology and 

aanpowetAe8hr'8, one cou~d, in effect, be examininl at 1e .. ~ one 

facet of the- tec:~QlolY-aanpov.r balane,. (production orlanizatlon) 

1n • departllellt. This typa of r .. ource ca.pariaon 1.1 v.ery d1fferent 

froa' tbat which •• effectecl 10 the froclûCtiOD. ~dell, ,ere 

aureI.tad ~t. .are coaparecl to d~ne dlfferent production , 

pro~.a.... 1 • 

!he equipaet -..1 .. power clau uaecl tG COlUltruct the iIlfotatiOll 

b .... MUUr" 18 fouad OQ data .et D.l. ror equl,..t, va 

rlcop1le 13 poaa1b1e elu ••• per ct.,.r~t .. liated, in Tabl. 5.2. 

To ~truct""""'.....a .. refieeùaa tu _tire ~bOur force 

ta ,lUUoloaJ "p~œnta. ... 11&" ..... of radaacinl rad~o1oaut. 

. . 

, t' 

, " 
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and teehnicians to a eCDIon unit of lIeasure. Sinee the infol'lllation 

indices will operate on the distributions of different labour 

types we have no heait:at1on in coabin1ng' these two groupa. 

Tables 5.1 lists seven autuallY,exclusive and collectively exhaustive 

pol8ib1e groupa of' techn1c1an. in a radiology departlllent. Data 

set D.l provides the number of full and part-tilla; individuels in 

each of these cl ... es. We therefore reeognize 14 (2)<7) tecbnician 

groups vhich. when c01llb1ned vith the tvo (full and part-tille) 

radiologbt groups re.ult. in 16 aenpower typea. Vith theae 

breakdowna for equi.,.ent and unpower, !qn •• 6.15, 6.17 and 6.18 

vere llaecl to produce five aeaaure per departaent for each of the.e 

two resource •• 
, 

rable 6.13 providea a l1st of the flve _quipllent 1nforaation 

.asurea for the a ... 35 depirtaents examined in a~tion 6.5.3, 

except tut theae are derlved for 13 categories of equi~ent and 

frOll a ... pl. of 135 deparmata. In addition, the equipll8nt . . 
lnput. to a production ~el, b .. ed on the firat 6 equlpaent cateloriea 

ln Table S.2 correapondina to each of th... depara.enta 1. allo 

ptovidecl. It la ... ily .een tut the 1nforaatiOll indice.: 1) are 

uncorrelataët vith tleparbleut !lile, aa .auurecl by the total equi .. ent 

input to the.~del., and; li) provide a .. an. of differeotiatin.

between departlllenti vi th the .... or dallar fixecl capital 1nputa. 

·The unpower indic.s were derbed fl'Ga 16 cate80riee and 130 location. 
\ . 

(dapartaenta) • \ { ) 

".taiN that • cOilparb01l betwean tb ... two •• t. of 1Q~ ,/ 
_aquately &ccouata for the iDteruJ,.re.ourc:e ~ in. a departlMnt, 

tht probl.- t ..... ad". of 1Qtroductui ... hoIpiqt! related 
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"1UI'a ta pos-tray ttuf ralatlonab1p batwen the dep.t:tMat ad ho.pite!. 

If _ wu. to tata the ... approach .. Û09'e and COIle_tra'e on the ' , 
ûtput reaourc .. to • hoapit&1, ..... coatrated vith two probl ... : 

.. 
;1<, ... , 
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·-·---..-'--r'-r-' . '''i'.'I~-' 1 If" 1 1 1 1. r • r. 1 1 . 1---1--.:1-1---- __ J __ 1 __ L.1 L_ 
I 1 1 0.101 1 0"'" 1 1. en , 1. n. 1 Il.... , 
1 1 1 0",o0 1 .t.t" l , •• " 1 l.'" 1 1."1. '. 
1 J, l.UI' 1.1J1' o.n. 1 O.SO' 1 o.,'" , 
, "1 1.801 • 1.150' O ... ,. 1 o.no 1 0.1'. 1 
, ,. l.n. 1 l.OU' o.,., 1 O.,U 1 O.IU , 
'-1---'---1---1---1---1' 
1 • 1 0.'11 1 0."1 1 1.'" 1 o • .,,, 1 0.6., 1 

~ l' 1 o .. no 1 O.U' 1 1. U. , o .... 1 0.1.' 1 
~ • 1 1.044 1 00'" 1 o.U) 1 0.01S , O., .. 1 

~" 4) 1 O.ttO 1 0./1" O.IU' o.U. , O." .. 1 
--k la , 1.0,. 1 O ..... 1 0.462' 1 0.2'" 1 0.4'" 1 
'~'--I---'---I-----I-----I 1 Il "'t-~IG' 1.1 .. 1 1 •• U 1 I.on 1 1.ln 1 
1 U' •• f1'k! 0.'02 1 l.lOO 1 0.611 1 0.9" 1 

j 11 1 J.4'O I~" 1 O.'JO 1 1.010 , I.UII 1 
." t.OO6 1 o. nf t o. 'U. 1 0.201 1 Il. JlI 1 
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i) It weuld be difflcult to categor1ze these inputs in a caa.on 

unlt of .easure, and; li) tbe on1y hOBpitsl variables ve have 

are the manpover and non-labour expenses in the dillerent hoeplul 1 

departments (data set D.2) and none of the fixed resourcee except 

hoepital bede. 

Prom thts data set, D.2, ve know the number of tnpatiente 

in each of 98 diagnostic categories that were treated in each 

hospital in 1911. These are as much a reflection on a hoapitsl 

as lta input reaoureea, and in ~uality, are a superior 

repreeentation in terae of a radiographie services deaand. EVana 

, Wa1ker (1972) argue that the indices in Eqns. 6.15 and 6.17 

when applied to diagnostic proportions represeut .easuree of hospital 

coapl~ity, while the three messures of Eqn. 6.18 reflect ho.pital 

epec1alh;aUon. 

"If ve hypotheabe that cOIIlplex cases tend to be handled 

in a fav ho.pitala vith more extenaive fa~ilitie8,and 

sore apeclalized .taff. while relatively .traiaht

forward ca.ea tend to be dlatributed .ore event, 
~.r the hoapitd" ayst_, th .. "e Idlht ~e the 

dejsao of concentration of caee type acro •• ho.pital. 

aa a .... ur. of tta coapleld.ty. A.a polar axaaplea, . ' 

a cl:l.qnoa1a llipt be of .uch cOIIplex1ty thatit couid 

hé band1. by only ODe boapi tal in the province, or, 

a1~.raat1yel1. it could be àulltciently atraiaht

fonarcl that Dy boapital ta th. p'rOVlnee coulcl 

baD41a it. 

la. .... l ... expKt -.11 ho.pitale ta be .o • 

• -,.ciall'" a~ they ah ... r.d to baAclle a _llar . , 

rlDae of ca«Nla." ( .... " WalUr. 1972) • 

, " 
" 

-, .. 
... ',"-

t5~~~-:'_1 t ~ ~ 
~ r."'" 1" 1 

• ~ .... )~,r 
. ~ ,.. ' . ..:': " '~ fi f 
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To reduce the amount of ca.putation and enhaDc~ the dlfference 

betwl'en diagnostic catl'gories these 98 case type. vere aggreg.ted 

into 18 groups (Lavasseur, 1972) .. The coap1pte case ~1x ... ple 

from data set D.2 consbted of 139 hoapita18. 

These three sets of five indices representina the diagno.tic 

radiology equiPlient lIIi~, the di,gnolt1c radiololY unpover llix, 

and the hospital inp.tient .lx, are used 8. the .... ur .. ent. 

which cOIIlprile departaental pattern.. Thele patterns are then 

grouped vi th the shared near neighbour Algori tha duc:ribed in the 

previou. .ection. Our loal in thi. ana1y.i. 1. ta cla •• ify 

::::::.:;n::l::C:~rma o~their re80urce .ixee and departaenta1-

6.6'.3.1 Cpoice of V.ri.bles and Clusterins Par_eters. lt 

. ls obvlously unreaUstlc to clu.ter 100 poinu, in a 15 dillenaional 

space. Two .tep. vere taken to reduce thia problea to A manase.ble 

11&e. Fir.t. we decided to not investig.te ,the' inforBatlon .... ure. 
, 1 

based on uniforlll prior distributions, i.e. Xi. (Eqn. 6.15) and 

Gl
l , (Eqn. 6.18). This wa. done bec.use of thair relative 

n.ivety; that 18, they ••• UIIe 1I&Xta. unc.rtainty 1n the !hter .. 

departaencal and intr.-depar~t.l equlpaent 4i.tributlon., lin 
and I/m re.pectivel,.. Second, •• cho._ tG 8ua1lle d_partamtal 

pattema eoui.t1na of oo.l,. Oll. ....ureaent fr_ •• ch of the thr •• 

i,rie'; of iacttee. per departMDt. aauce •• have r •• ùced the 8Ulyde 

to a 3'd~.10aal .p.ee Wbere ~ axe ... ch repra.eot .~ .... ur. 

of the equip.nt aix, aa.npowr 1I1s _d diapo.tic.b. Thare ara a 
total of 27 cliffereAt c0llb1ut1oa. of variable. tak1aa Olle variabl. 

Ira. .. ch of th. thr .. rapre .. t.t1ve type.. ..eh .of theae bei1la ,. 
'a .aria. of thra. clUf.r_t .... u ••• 

liea11 tbat .. hare ~11ed aD effie1eacy lAttrpratatloa of 

,> , -, ~ 

" -', , . 

, .
o 

',' .' 
" < , '. 

'b'. , ... _ .... ' 
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" ••• in a clustering (unsupervised) operation, the 

question of labelling a. a naa1ng procedure cannot 

and should not be brought up directly. In general. 

custering ca~not provlde naudng. Only the 

e~ternal Interpretation of the clustera can inveat 

the. vith 'aeauing' ae related to the problem. 

If the inveatigator wants to aaaign na.ea to the 

cluaters becauae he feel. that the cluster 

reaulta do reflect the Itate-of-nature clae.ifica~iOD, 

. he ~a free to do ao; but the clustering algoritba 
, 

itself cannot .utoaati~ally do so vith Any 

auarantee that the reaul ts are aean1ngful." 

(Jarvi8 6 Patrick, 1973). 

Althougb ~ have taposed an 1nterpr~tation of the elusters 

in teraa'of the radiology departaent/hospital systea, va do'not 

expect that. eaeh and every analysia should be .. aningful vith 

respect to technieal effieiency. In choosing a particular 

ca.blnat!oD of variable. (one of 27), the k and kt par ... ters, 

and tbe .. thod for examining abared neiahbours (whather veighted 
'. 

votina or not) ... are effectively 1nve.ti.at1q the .... sylte. 
\ . 

fr_ a dUferent point of vi..,. lt .oulcl be fooli8h to .. a .... that 

.ach ~~ .very perspective cau have t~ .~ Maniaa. Aa diacus+cs 

further below, .. oaly a fevof the ... y viewpoints we eum..w are 

thl,. ...-ain,ful in an effieieney COll~Rt. / 

v. _.t1~a t'oraet vheIl reac1illl publlahea r .... reh. that the 

cho~n "ariabl .. ancl pr.s~t~ technique, 'are .Qften oaly tha 8O.t 

productive of a Mt of variabl •• and teelmJ.quO, .ad not llec .... rUy 

"'ucec:l CI ~ a. tha "beat" .... of aolv1n. the probl_. 

The fibt deci.i01l .... COIlfroa.t in .pplYiDa the clU8teriD& 

alaoritl* i. the eholee of par_tera aad the _tbod for exaa1n:1n. 

abared"'neGllbour. that are .,.t .ppropriete for the -..pla of pointa 

tmeler .~ •• tiption. lt._ ~c1ded Chat oaly thoae cluater. vith 

'" '. , 

l • t , oj\I~, " -.' • J ' 
- . 

l ' ~ , ,~ . 
" 
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5 or .ore pointe would be taken a. meaningful Il'ouP" The r ... on 

Fr t.!!!t-I:a. ~-told. 'irlt, becau.e of the auto-.tie .eaUna 

feature of the allorithm, elulter. vith le •• than five point. or 

departmenta, and in partieular singletons (clu.ter. con.iatin, 

of on1y one point)~ can he interpreted as .tray point •• Althouah 

the nUilber five ~y appear .oaevhat arbitrary. it va. found 
, ~ 

upon lnvé.tilating the cluatèrinl relults thar the va.t asjority 

of elu.ter. eOD.i.ted of .itber five or .are point., or, t.a or , 

le •• points. Second, the .adel ... plea, and henee the teehni~a1 

effieiency ... ple •• are ..aller than the elu.terinl variab1~ 
)' , 

... ple. (100 or 102 po~nt. ver.us 129 point.). Tharefore, lt 

i. po •• ible tbat evea when a clu.ter 40è. coatain five point •• tbe 

nu.ber of departaental effieieneie. repr •• ented in the c!uater 

eould be le •• tban five. Henee it vould be diffieult to a.aoeiate 

an efficlaney label vith a ... ller cluatel' whieh eould po •• ib1y 

6ave only one or'two depar~ntal efficiènc1e. repr •• ented. 

In .e1ecting the clu.terin, paraaeterl and votlns .etho4 

ve vant to: 1) .az~i~e the nuaber of • .-ple point. contalned in '. 
eluaterÎ (vith at 1 ... t five pointe); il) aint.1se the nuaber of 

re.u1tlDa c1uaters, short of the point wb.re the coapleté ... ple 

-deflne. one elu.ter. ~.e. ] to 5 relat1ve1, lar •• clu.ter. _ré 

p~f.rred ov.r a lar~ nu.bar of ... llar clUltar •• 1Dd; 111) a1D1-

ai •• the aount of eoaputaèion tequire& in c11,l.teri1ll a Nap1a. 

1. •• lI1nta1u the .. lua of k. 

The re.alta of applyiq "Cloua par .. tar ad Mtbodolol1 

oo.1tiDatiou to tM ....,18 of pttaru who •• ..._._t. cou.t.t' 

of the 'l1Jd~nat1oa ine!. < ...... 6.17) GD the aqut.-.nt,- " 

lAbeuI' .. cti.qaoatic ~. are ..... iIl Appeû1x 1. the COllPl.t~ . , 

rau1t~ of applJ1q dae c1aatadlll acheM rith k -10, ~t- 6 aIld 

~t" Yot1:Dl I.a ,'fOf1W ..... 11 ... u..t1.a& of each 
" ' 

.. ,. ... t sa the l".-1c ..... olUdan .1t~ .t leMt live poilLta for 

, ' 
~, 
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the fo110wing parsaeter combination8, a11 vith' unweishted votlng: ' 

k - 15 and kt - 12, 10, 8; k - 10 a~d kt - 7, 6, 5; k - 7 

and kt - S, 4, 3. ~ 

Three intere.ting.feature. amerge froa the.e reault.: i) 8a ' 

kt la redueed for a fixed value of k. the total nuaber of elu.eera 

(includlns thoae vith ~e.a than five point.) decresse., whil. th. 

clu.tere thease1v.s increa.e ln aize; 11) for any particula~va1u~ 

of kt ' !ta elu.tera are foraed by either the mersin,' of tvo or .ore 

of the cluster. found Ira. the next laraalt value of kt' the .. rsinl 

of those elu.ter. wbich had previou.ly conai_ted of 1... than five 

poInt. each, or both, and; IIi) for any two vs1~ •• of k, es.entially 

the .sae elu.ter. are found vith appropriate value. of kt' i.e. 

coapare k - 15, kt - 12 vith k - 10, kt - 7, or k - 10, 

kt - 6 vith k - 7. kt - 4 (all in Appendi~ !). Witb respect to 

th. thr.e criteria outlined abave ,for chooling paraaeterl, tt appear. 

that k - 7, kt - 3 vith unveighted vottn,. il the ba.t combioation 

for this particular dat. aet. 

In order to find the be.t par .. eter,coa~lnation for weighted 
, 

.ultiplicative voting va u.ed k - 7 only. Thi. va. done ~or three 

rea.on.: i) to reduee the ..ount of co.putstion~ ii) becsuse it va_ 

the balt for uave18bted vottna, and; lii) the optt.811ty of the k 

par_te~ appèar. aore dependet on the lub.~uent choiee of kt ' 

tban OQ the value df k itaelf. The cluaterlna r •• ult. for k - 7 .. 
.ad kt - .55, 50, 4.5. 40, 3.5.d 30 .are &1.0 pravtcl.d ln Appendix 1. 

"ther tban cboo .. a. particulal' v~ue fo. 'let; t~t 18 be.t, it vae 
d.eUe4 tbat HC". of the ~l'.a ,r.,. tbat il *'-1tted .... tfOUlcl 

.. ttl ... kt - 4 3S u th. b.st lubeet of th ... r.8Ul.t., 

6;6.3.2 th. Iufor.atlon la41c ••• 
ft. aboY. par l' ... l,at. Wu applle4 to ooly DM , -

. of • ,.....thl~ 27 ~1aatioù of .u1.ëlu. tt wu "~ld" .tut the , , 

~t.tioDal ~. 11l'fOl. la __ 1dq, -.eh of tha. e_tàa~iOllI 

:la •• faU. MD1l., vu IlOt approprtue tO 'M,i.Mt.te pla of tM. 

IfOI"k •. , 1eR .... "U" .... fowr .èia· .... ~te4 yodq witt. 

~ -'7 • ~ - J ........... _ltt,l.iCatt.,. .,~ vieil 
. l 

',' 
, , 

" . , , 
" , . ,~ , ,....~ , , l' , 

~ ,'. ,~, ' > ~ " "' .. ~~" • ~ 
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~ - 7, kt - 45, 40, 3S to the 27 different coabinationa of vartablel, 

for a total of 108 elu.ter ana1yaes. 

A teeh~ieal efficieney, derived fra. the production .odela, is 

a.sociated vith .ost of the pointa or radiololY depart.ent. in the 

elu.ter samples. As a reault of oaissiona and error. in aoae parts 

of, our data base, .~e of the depare.ents ineluded in eluater. , 
are excluded from the production model samples, and vice ver.a. Por 

,-eh clu.ter eoatainins at least five pointa, in eaeh of the 108 

elu.ter ana1y.ea. we construeted an effieieney hiatoaraa baaad 

on' the depa~taeat. iAeluded in the cluater. 

260 

A e1uater analyais ~ll divide a • .aple of depar~nt. into a ~ 

.et of autually exclusive groups. Thus, for any one 'eluster ~ly.ia, 

an efficiency hiat08ram ean be' eonstructe~for eaeh eluater baaed on 

the depar~nta ineluded ln it aad thêir efficiency reau1ta fra. a 
/ 

particular produetion .odel. Benee the 'et ol hiat08r_. corr •• poading 

" ta the reaultin8 aet of clustera for thi. analy.1a ia e.aentially 

a ~eca.poaition of th~ ~~ficiency hi.t~8r .. for the eoapl~te production 

.odel • .tapie. PeJ'~ ~ater .. alyais, the cluater histoar ... vere 
'·-'Icoapared to t~~del hiatolr... Thi.~ .. dOM ta see whether the 

; , 
/ 1 

part1cular arouP1n& df departaent. re.ultiD& rra. this analy.ia, 

corre8PoDds to a dee~.ition of the ~el biatoar" whieh expla1n. 

part of the d1ffereD~ in efficieney betveen depare.enta. 
'" 

Tva pointa ar~vorth re~tiDa. lirat, a1thouah the -.ishted 

.ultiplicatiVe .ch .... are relat1vely flexible, the eluater par .. eter • 

.. ra ac:tually attUlled to 0Ill.,. ODe of the 27 data aeta. Second, 

( tlaia èlua1fi~t10D teelaique op~at •• irad.pendent of any efficlancy 

coali&tratioll. "ace it i. -.pt .~1i1aiDa that only • hadful of 

-the l~ iUfereat .y. of vi_taa a radiol.y departMDt aetuell,. 

..... r to .,1a:lA the cliff.1i~ iD efficianey "tweeD. 4epartMDta. 

Ouzo 1a:ltiU ~""ia wu that tb ... are ~ eoëlDatiou of 
the iafO .. tt ..... ur •• tluat are COIIduci.e to hi,- .flici_ei •• 

t. • 

.. ., .. ,. __ .••• "f~c'-de.. 1'Id.. ~-.ot ae0e8.arl1y taply 
, .,. • ~ k " 

... 
., 
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tha~ ve èXpeet soœe contlnuo~ relatlonahip betweèn "the.e indices 
" 

and the teehnlcal efUeleneies in the clusterins .pace. If 1ft! 

" 1sbe'1 clustera with respect ta the .un departaental effieieucy of 
\ 

the deparaaenta 'in each elu.ter, va can then coapare. the ..... na 

261 

and the correapondtna hiatosr .. ahape. ta the mean efficlancy and 

hiato8r_ a~ape of the entire lIOdel adple. Thie will indicate wh.ther the 

clusterl do ln fact d~vide the s.aple iDto departaental lubaeta of 

v.i8h and \ow effleieney. 

\ Conaider the esaaple ahovn in r11 .. 6.18. Here va have • 

diaen.tonal da,ta ut clustered into 5 groups where the letter 

iDalde of .&ch eluster indicatea whether tbe aean effieieney of 

o • 

l ' . 
deparbaents in a cluster are above tH) or b.lov (L) the a.an efficieney 

of the eoaplete • .-ple. Clusters 1 to 4 have lower tban averase 

'" .tfielency, wheteas clutter 5 bas abave ~èra.e efficiency. If a 

departaent 1. 1Dcluded ln any on .. of cluster. 1 ~o 4, va can expect 

it ta have lover .fflclancy, and if ln elu.ter 5, ta bave hisher 

effic:1ency. Tht. Ûlpl1es tut the Uve di~ferent cluster. in 

'i8. 6.18, which e.ch exhibit .a.;e c~n property relating to the 

.... ur_ct. upon wh1eh th.ir pa~tern vector. are bAled, c~n be 
, / 

~lned iD tarai of an .ffieleacy tnterpretltion tnto 2 8roup~; th.t 

ta. cluater .. 5 and the union of elu.ter. 1 to 4. Our 1nterpretation 

of ~be.e two Iroups il that ther. i. .0.& relatlonship or balance 

Mtween the' v.rtables reprea.ted by t)te axe. that 11 conduei.,e to 

.ra 'efficient production (cluat.r S), w1Ierdt otber cc:abiDations 

of .,ariables (cluaters 1, 2. 3 or 4) repr.sent at1 1IIbal.aDe. vith 

r •• pect to eff1clancy. 

ta rta.~ 6t19 to 6.24 .. pr ..... t th. resulta.of three 

1tlutftiq 1Dal,. ... for the ... ~ of ef~~cl.d .•• fr_ 1104,1 H.A 

< ... Melin '.4',3). 'J.ee. 6.19. 6.21 ••. 6.23 prodcles the 

clua .. tÛII P""~" ... --=_ .. ~h04 ... , tIIe ~1 .... t, 
-;0.- el .i...,.te •• -~.ra'b1.. (iafOlllatÙll; 1.à~) ~ 

~. c·... .1' , 

, . 

\ 

, 
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Information Keaaure8 

HeaD valu ... 

'2 X 2 X2 
X." 1- --L .- -

\. 

O.9~ 1.78 0.94 

'R 1.11 0.83 - 0.98 

~ 

0.98 0.57 1,,07 

1:.01.:.< .11_ ;1 •• 
1:/ 
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Saaple .... 
SUe .lll. 

100 76.23 , 
• 

",. 

40 82.70 • 
" 

Clu.ter 1 

----'. ctQ-1 --
.JO 

c; 

Cluater 2 

9 '72.36 • 
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Inf~tion Meaaur •• ., 
MaD Value. 

a ~- G 2 G 2 Sap le MUn 

..J.... ...a..i.. i- Sise Iff '" - --
) 

Coaplete S.pl~ 

., 
100 76.23 

.. -
elu.ter 1 

, ' ~ 

lr:DO-:q 
.. 

0.5~ 0.22 0.10 43"' 73.52 
• • JO ' .. 

"t 
Il 

" 

1.17 0 .• 12 0.20 ,44 81.73, t==a r=f , ,. .. 
. cJ.uate 3 - 1: . ' , 

" .. ;~ 
,; 

O .. ~ 1.43' O.U ' w t .. 
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whieh the elusters are based; the complete M.A effieieney hiltolr .. 

(.ee Fil. 5.lOb); the effieieney histolr .. 'for each cluster vith more 

than' ~ points, and; the mean effieieneies and number of included 

department8 for the model and eaen eluster. PLIs. 6.20, 6.22 and 

6.24, show the reaults of eombininl clusters and the correappndinl 
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hi,~olram. in teras of their mean efficiencie~ as de,cr1bed above (rig. 6.18) 

for tlte' exaaples in Pils. 6.17, 6.21 and 6.23, respectively., In . 

the tirst ~o cases the samples are divided into two groupa, one 

of high ef(ieiency and one of low effieieney, vhereas in the third 
f ,,-'1 .., 

'example, the .odel ... ple is broken into Iroup~ of low" average 

and hilb .fUeieney'. 

The initial choiee of-S pointa for recognition of a elu.ter is 

appropr1àte. If the .... ur_nt. coapri:a1na the departll~tal vectoTS 

are iDdicated ae (equip.ant index, aanpower iudex, diagno.tic. 
. -. 2 2 2 
indu:) "tben ve ,Iee that fo~ variable aet (Xi ' li ' ~~.." 8;% 2 _ 
of the aode1 ... plè 11 eont~ned in, 5 clust.l'_, for (G.1' G.1 GJ ), 

. 3 2 2 ~ ~ v 

91% is eo~tained in 3 cluat~r_ and for (G,i ,ri. ,Gi.)' 93% 

t. eontained in 4 clustera. Thil ie not .urpr1aln8 .. tbe par_ter 

~et for the unweiahted votins 8cheae va. dorived for the ftrlt 
1 ~ 

eX8!1ple. 'Jhe,'latter two ex~ple. reaulted froa the fle_bU~y of 

the aultiplicative yoting te~hnique .hen applied with ~~he three 

41fferant values of kt' 

In • ..alnins aIl tbre~ of the •• exaap1 ••• on •. t.portaDt 
, J 

trend eon.leetDtly e.ar ••• ; thAt il, the tecbnololy-aanpower atx .. 
. ~anee appear. to he the overrldina facto~ in explalDinl d.p.r~tal 

.ft1cieaey. Tbi. 1. 1Q contra.t to the ralaeiv_ly unifor. value. 

for either tlt. ho.pitd èOIlPl.x1t, (X" 2) or .pec1a11ution (Gt 2) 
1 

~tw_ elUitera. DeputMfte. are apparatl, cla.8ified 1Il theee 

elu.ter anal, ...... fuac~1OD. of their 1Iltel'M1 ruource., alaoat 

1ncIepead_t o~ the hOlp~tà1 d1 .... ~.t:lc: ais' .... '\!... The IUb.aquet 

,., 

. \ 

• 

., 
, ' \, 

• 
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G 
correlation of the •• elu8tere with the departmental effieieneies, 

eeemi~gly unrelated ta the diagnostic aix, i. in part explained 

hy.our initial chotee for the production model output mee.ure. 
~ 

The volume of profeaaional unita, a8 opposed ta the nuaber of 

diasno.tic examinations, effectivel,. no~alizea for d1fferent 

exaaination,.1xe., which in turn, 18 dependent on the di_lno.tic 

ca.e lIix. "'Althouih the clu.terinl of information .e .. ure. appear. 

adequate for quantlfying whet we bave labelled the production 

or,ganbatlon of a depntaent, 1tt would ae __ inappropriate for 

de.lina vith the ~.diosraph1c aervice. d ... ad-aupply factor. The 

fault li •• vith the ho.pital ... aure and not the aener.l approach. 

To'.~rize then, we have claaaified deper~t. baaed 

ea.eatially on their input re.ource. in a aanner that i. di •• tailar 

to that of tn. production proee.a claa.ifieation. of 'the .odel. • 

(.ee .ection 6.S). For at lea.t a fev of the.e elee.ilication 
"'" .eh .... ,(three are .howD), we a.e that a correlation exi.ta betveen 

the depart.ental srouptnS8 and a level of deparcaental effictency. 

It ia apperent that the analyata ia, a. yet, incoaplete. In the 

next chapter va IUlSeat dlft.reut vaya in whieh ta ~prov. on thi. 

proce.a. 

:laperrant que.tiona auat ~ow he ddr •• Md. I,Fint, do the 

fra. the a~e' analya.a dlvide the ... pl. of departaent. into 

.ub •• tt that are cliffereut' froll tho,. that could l1av. ben derivd 

by uaibl aa.awbat .iapler variabl ••••• vere introduced tn a.etion 6.31 

IR othér worü. _. th. clustel' calyau r.all,. provide new 
~ 1 r -- ~ 

iDfolrM~ ou radioJ.oay clapan..t.t tà .. le 6.14 pr.".t. the clu.ter 
// 

- ~t. ~0t: the ...,le iD. 'ia. 6.19. vith .. ch dune: of clepartMat~ 

. /'. 41riAled with r..,ect to tbe1r output vol... (prof ••• ioDal ç.1t.). 
/ ' 

/ .. U Têle 6.2 ' , 

l ',Frall t1t1e table ft ~ that t,be clut.r anal.y.1. e •• 8IltW1, 

i~t" Upar~t. tbàt al' • .-11 ("elu.tu 1 ad dutar 5),. 
l' • 

,- ~ • ,j " ' 

, ,( . 

/ 

- ~J t 
,.,,-

lJ'1,,- .... * 
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intermedfate, though covering a broad range (elu.ter 4), and large 

(eluater 2 and eluster 3). Of particular note, ia the iaolation 

of cluater. 1 and 5, both of which es.entially con,iat of 

producerl with les. than i aillion P.U., but which re.ult ln 

s18niflcant~ different technlcal effieienciee. While ve previoualy 

reeognized that lerger departaents vere ea.l1y differantlated fros 

the complete aa.ple ln te~ of their efficienciea (aee Plg. 6.2a), 

we 1:0111d Dot at the .... tiae _ke any conclusive atat.enta 

about the ... lier deparbDent.. Although the r.aultinl cluatera of 

depart.ent ... y appear obv10u8 (s.e Ptg. 6.2a), th18 is only ao 

in teras of the efficiancy re.ults,. whereaa they vere eon8tructed 

eoapletely lndependent of tbese reau1t8. lt vould appaar then, . , , 
that the tnformation theorette-cluatertn. appreach ve have uaed i. 

at lë~.t partial1y capable of providiog a unique vant,.e point 
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for inv •• ti,attol depart_nU that ia aeaninaful in a production contexte 

The nest que.tion la:'how auch of the technical efflc~ency of 

a'departlent 1. explalned by virtne of it. -..herabip ln • parti culaI' 

e1uater or •• t of clusten? The anawer to tbll c:an b, found by 

returnina to;one of the technique. de.c~ibe~in .ection 6.6.1 for' .. 
• oalY&in& au1tiple SOUrce. of variation. OU po_ible approach 

to introduclnl 'the re.ulta of th. cluatar1ll. prolf- ta th •• e 

analy .... vould be in tel'M of a bina1.'y vatiable. . roI' e .. lil.e J the 

re.u1ta in Fia. 6.20 would, iol1cate tut if • departaent ta in 

the above avera .. effic1ency clutel', tt would k ••• ipeel a 'valbe 

of 1 and 0 othervi.ê. Aaotbar~ fO •• 1b~lty ta to u .. an inver.e 

ellat.ace .... ure froa th. ce.ter of '--a of th. atto.. aver ... efUetency 

c:~u.t.w. 

1'be hi.tolr .. in 'ip. 6.20, 6.22 and 6.24 inelicate 

~t ta.. cl_tet- ua1YA' dM. DOt ,~de a COIIPl.ta àplautioa 

\ 
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of depart1lent,l e~ficiency differences; that 18 the cdlap1ete IIOde! 

efficiency hi.to~ .. ha. not been di.eected. There are eomè 

depÀrtments in ~he high efficiancy clustera vith belo. averaa. 

efficiency, and similarly,in the lover effieiency c1U1tere there .. 
are .ame dep'~re.ent. with aboye average effici.ncy. ThUi. the 

effleiency r~.ult. of the cl~terlanalY8i., .e .. a.~red by a du..y 

variable o~an iaver.e di~tance .. a. ure per department, .bou1d be 

on1y one of • eet of variable. provided to the aultivariate 
! 

analy.ie. Typically. one aiJht allO introduce the nuaber of 

ho.pital beda, wbich a. we ea. in .e~tion 6.3.1, ap, .. r. to i.olate 

univaraity ho.pit.la in t.X1U of eff,icl.ncy. The po~t then, 18 -that 

va bave p~ov1decl prnloualy unava11able iDforaatlon on departllenu 

whlch parti.lly r.-ove. th. burden of .. th ... tically fO~~i~~ .a 
~ . 

"qp1uatlon" of efficiency on the .ore re&4111 av.i1able, thoulh 

not n.c •••• rily relevant. data. 

~e effect of à tecbno1oaical inve.caent, • aanpower chanle. 

01' bath on the efficieney of ~ d.part1lent ~ould btp .,nitor.d by. 

th. chanae of the c1ueter in which a d.par~t r •• id ••• if any, ... 
'tbouah IIOre apeciflcally qlUlltifled throuab a chaDle.r1n the relevant 

iaput. to th. au1tivariate âDa1yai •• 

fil. ..ka no pretenèe that th. pra.ent ana1y.1I i. either uniquely , . 
~pproprlate or all encaapa •• tni. Dor do .. apololl.é becau.e it 1. 

DOt. Tb.ra .re no ,_., .o~t1on.. U •• 11 -& Lorant (1973b) ar.,e 

tut th. "obvioua" .. y be tar Iro. tbat. frOll wb1ch they c:one1ude 

t.t daacr1pt:lve approach •• , ... ch .. ". ""e propoaed. _y ult1llately 

1t. tha aore '.batanU.. effort u.na uDdar.tandlnl .y.t. behavlour • 

.. 
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examination of 8 senaitivity analysia of the model. The primary 

conclusion from both of theee bwestigat!on. b that "thia type of 

production model can serve a dual purpole by definlng probleal and 

raising 1ssue.~ as well as by providing an.vers. We then descr1bed 

the delitlb'ility of being able to quantitatively acçount for the 

behaviour o~ radiology departments a. observed in the .adel. This 

wes .een as particularly relavant to underetandiDg the effeet of 

technoloalcal re.ouree allocation. on the bahaviour of the SYlt •• 

Tbe att .. pt to account for the technica~ effieiancy of 

d.par~entl aa a funetion of the "obvious" variables did not 

produce the d.sired reeult. It wa. therefore cODc1uded that • 

syate .. t1c procedure for the definition of elanif1cant variables 

i. required. T,*,rda that
o 
end we took two stap.. Firat, ft 

pre.ented a .. an. to quantify the resourees of a dep~rtaent which 

ineluded aueh" of the infonutiOll hidden in the production aodel 

var_tables and wh1eh i. ba.ed on inforaation theory. A further 

devalop.ent of the information .easuras is a .eha.. to monitor 

the'elloeation of teehDoloa1eal re.oure •• 1a th. health .. ctor . 

in taras of the question of eentralizat10n ver.ua deceDtral1 •• tton. 

Second. we de.cri.d a detail.d fraaework in whieh a quantitative 

aaalysi. of departlltmtal behaviour côuld be purnecl. 

" 

It bec ... apparèl 0Il ~ •• ti .. t1na the .alysb of d.par~tal 
~ . 

behaviour that th. chai e of input." to thia a08ly.18 ns ill-.fine". 

w. cSecide" that • viabl aeana to ù,lprdvina the .itua~lon 1ay in a 
\ 

_taUad exaaiDatioa of the cl.partant. theu.lve.. This wa. 
1 

accaapl1abe4 b, ela •• if, depar~t. usina a elu.terina technique 
" 

applt. to 1Il4ica. oc th equt,....,t. uopo1Hlr and cl1agnoatic c ... 

aiDa of the upartaent aGd boltP,ital. Th •• a :l.D.die •• vere calculatacl 

ut"l t'ha P1.'OPO.~4 ~OrMt1oa ... ur... Tbe r ... ulta of thia 

prelt.wh,.ry clepartlMatal clM.if1Cauoa -effort 1Ilcllcata t_t thie 
, e. • ~ 

~ of approach casw provtde valuéle input to a .. ra .. tabl1.W 

fr-.:»tt, .. _tiOlMcl éove, "or ,tM ..,.~ of hulth .. "tee. 
utWudla • 

* J'J,.. - _ -_ .. ___ L __ 
1 

.",;.!, "'t," 
f. ; 

~_::)f:;;(~ ,I~, 'i;~~ 
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CHAPt'Ek 7 

DISCtJSstON 

} 

In thb final c.bapter the •• jor f.atures of the work covarad 

ln thl. the.ia are au.mariaed. Extenaione of the pre •• nt work and 

po •• ible future etudiee are lndieated. A pr~ry cataly.t for tha 

developmentl ,in thia project hal been the neeel'-ity of utll1dnl 

a pre4aterained data baae. Hence, lt ia hardly aurprlainl that tbe 
sajority of the .tudiee va propo.e wl11 ,require the collection of , , 

more exten.ive data. 

1 

7.1 The DiaIDo.tic Radlology bepare.eot MOdel 

, The _jor focus of thl. ltud, hal beau the davalopment, and 

analy.1a of a a.thaatlcal . .odel of a di.poatic: rad101ogy departaent. 

The ~l that wa. adopted falla withln the senaral catasory of ec:onoa1c 

.,deb knôvu aa production fun~·tiotUl. Theae functione delcribe tbe 

teèbnlcal relationehip betveen production 1Dputa .ud outputs, and 
• l ' 

1ad1eate th. ___ t of out9ut capable of ~ ... produced by .. ch 

_d .very .at of apaèified iaputa or factora of p uctiOQ. 

lt,va. arauad in a.ctioaa 4.5.1, 5.2.1 apd 5.2.2, that vith an 

appropr1a~.ly cbo'en lIee of inputs and output: the, p1'O<luet:l~ of 

dlaanoatlc lervlee. la repreeentad by a liD .. r ~en.oua ptoduction 

funetlon: tut li. a productlOD functlbD .xhiblt1Dl cODStant raturnI 
r 

tO •• 1a. JlacolDi~ll11 the theoretlcal difficulUee lnh.r~t to tha 

a.t1utiOD of a contUwoUf fora of thu faction, • piacew1a. lia .. " 

approziIIItion to it ... idatif!ed br .olv1q a l1Dear pro ar- ( ... 
.-otton. 4.3.2 aDd 4.5.4). ~ 

o 'l'he·lU~t" pro4uction t.cttOD 1J 1c.e1f r~r.HIlt" b, • 

A • 

1 ':~ .. , ! 
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linear program, and lt 18 thls progràm which we have labelledlas 

a mode! of a diagnostic radiology departlllent. l 
Twenty-tWQ different modela of a radiology department were 

estimated itr Chapter 5. Each model ia Identlf:f.ed-with the s ... 

linear progr.-.1ns technique, though 1. different in teraa of the 

production variables ca.prising tbeir input sets. Prom this set 

of .adele, two were chosen ae the .a.t credible repreaentations of 
j. 

a fadiology departœent. This was accomplished by"comparing the 

effici.ncy hi.togr... reault~ng from the s .. ple of departments used 

in the identification of each model in tèrma of a set of credibil1ty 

criteria. The two .odela are denoted as M.A and K.B. 

The discussion which follon 18 of a general nature. Oole •• 

expl1clt1y stated otherviae, when de.er1bing "the IIOdel" of a diacnost1c 

radio10gy departaent we reter ta elther of the two ~els cited above. 
~ , 

7.1.1 the Role of the MOdel in Decisiog Maktbs. The stren,th, 

and in turn, the 8ignifieance of the dlagDO.~ie radiology department 

.odel i8 that it aatisfies the set of .odel building criteria developed 

in Chaptera 2 and 3. SpecUically the mode! providea a unique 

de.cription of thi. health care del1very tactlity. Thie description 

ia attune4 'to the deci.loa environaent coatrolling. tbe t.pl...ntatlon 
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• J " 
of n'ev facUities and the types of deciaions that mu.t be puraued therein. 

" The l:lnear prolr-'I!I production II04el "p. a set of production 

inputs (equi~t-yeat't full-tt.. radlolo,1at .an-years, part-time 

racliologiat 1I8ntyeara, tecbnician lIaD-boura and nou-labour expen.es) 

- tnto an output capaclty (diaano-tic radlology profe.doual UIlita). 

Thi. capacity output ~ be' "UMtecl for Gy cOllbiuation of input 

productioa variabl.s. _d heDc. th. _el éan he applied to an1 

diapo.tic radlo~ clepartMllt iD. .. ~te ho.piul ln the province. 

Iy caap,uiDI tH ob .. " .. 01ltpUl: of a depart:aeGt to lU cap.city ou,tput, 

Olle can 'calClllate the heWca1 .,ficleDCY of a cSepartlle1\t; Chat la, the 

_zt_t to whicb 1ta ",,"cCi_ à,éWti .. &ft ~t1v.ly utUiled. ( 

" 
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; In add l tion. by ~hlll\gln.8 ont>, ~r mort' J'nputs to' Il depnrtmt'nt 

the a~location of re90urc~~ 't~\ that dcpartment may be 81mulated, and 

the model can then est!m.Ve a capacity output for the "new" set ~f 

inputs. ~18 cao then he compared to the origi\al capacity output to 

approximate the ef:fect of a re80urce change on Il depart1lent' •• bil~ty 

to produce !ncreased output. 

Changing only one of the 1npu~ re80urces often rapresents an 

unrealistlc radiographic production situation. For example, a change 

in the equipaent input would no~11y be accompanied by a change in 

non-labour expenses,and po.~ib~y the technicien input as well. 
" :~ 

Although siaultaneously Increaeing more than one input can and should be 

pur_ued wit~ the model, changing individual re80urcea still represe~ts , , 

an important analys1s as it will provide information on the present 
1 

balance of resourCes in a department. For example; a ... 11 capacity 

change corresponding to an incr~a8e in the equipment input vould 

indicate that one or bath of the manpower graupi are being fully 
Q 

utililed (relative to the other re80urcea), wherees a latge capacity 

incr"se would indicate that they are presently being ùoder'utilized. 

Havinl recognized the tmPractlcality of estiaatina a ~heoretical .. 
and unattainable capacity output. it vas decided that a depar~t'e 

parformance c8;n reaeonably be ... sured relativ~ to the "best" or !IOlt 

~ eff1cien~ departllents in the province. Although these "best" 

deparc.entl .. y not be act!vely using 100% of their theoretical 

eapacitiéa, they at lea.t represent an attaiuable level of production. 
, 

A linear progr ... ing .cb ... vas used ta ident1fy the most efficient 

pl'.ocIucer. or depar.n,U ~n the province, which vere then usecl to 

fora the 11Dear proar-taa production IIOde1 of a radialogy departaent. 
" -

Tharafora, iD .. .-tatas a deparbDeDt Ca specifie ca.binatfvn of 

laput pro4uct1ou variable.) with the .odel~ the resultant outpu. 
1 • 

'capaeity U that vhich coulet be prod~ b1 coe:1a1a1 tha ~fort. of ' 

tha .at afficient procluction proc ..... ~ia& tha __ 1D.put lavel' ••• 

ta ";lr~t DU 1 .... tipt1œ.· ..... tU __ 1 ... ciibaa'. 

O\ICpot 1 .... 1 .. ~~ t •• ttfj~l;a by ua1Da .... of .,nduëJaia tbat baYa 
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! 
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actually bet'n obset'Ved. The resultant technica1 efficlency i.e. ' 

tne observed output divided b9 the capacity, i8 once again, an 
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efficiency meaBure relative to the best producers. . 

As the Ideptiflcation metho~Ogy ls ~on-statistical and ulti~tely 
on1y 10% of the semple of departments ac~ually de~ine the productioJ functlons 

of modele M.A ~n4 M.B, it 18 felt that the ~ffect of input changes,on the 

capacity output ie subject ta a qualitative rather than a quantitative 
, 

Interpretation. It ls of litt1e co~~ce w~ether the increase 

.in the eAlipment input results in a 10, 20 or 30% inerease in the capaeity. 

What ls important, la whether the capaclty change ls greater or les8 

than the capacity changes eorresponding to one of the manpower, inputs 

or the materlal Input, for thls provides information on departmental 

res.uree uHUution. lis vith the teehnlea~lelency. the result of 

, ehanging an input is relative. 

, ~ T~ queatfon which naturally arises Is: what does the diagnostic 

radiology depar~ent model do for planners? 

An application for new radiographie equipment 1s in actuality a 

request for an increase in the capac~ty output of a radiology department. 

The model suppliee a meaeure of a realizable capacity, the utilizatlon 

of that capaclty output, and the potential ways of inc~ea.ing that 
1 

capacity both by equipment allocations and otherwiae. Thia information 

haa previously b~en unavailable fo plànnera. 

One would initially f.~ur prov1dlng equ1pment funds to those 

department8 which have a Kigh techn1eal efficiency; that id, departments 
, z 

currently using àll o~ moet of their ~apaeity_~utput. However, as the . 
model 11 only a rough approxtaation to the bahaviour of a department, 

tcè~t.i~a:::~~:l:~;~:::l:r~ :::::::::~'vbleh .. ke~ an ~pplicatlon for 

. e. equipàeQt ~ 1. ob.erved to ~e operatins at 70%Jefflciency Vith 

, ocle1 K.A,_ where the avera*e 4epar.t:iwmtal efilc1ency for the aaple uPon 

Which th1. Z9del va. Sa.ad il 76%. -Thi. Wou14 not neo ••• arily taply' 

. the reftmal of the appllcation. althoUSh, the cI*par_t ahouid be ealled 

\~ 
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upon to justify its ~efficiency. Are there hiShly specialized x-ray 

rooma which. theugh necessary in'terme of the pati~t population in 

th~ hoèpital. are used on1y' part-t~e? la the departme~t centralized 
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in one location in the hospital hence reqUi~g a large effort for 

transpbrtation of patients, requiaitions and reporta, or ia the department 

decentralized, having x-ray rooma attached ~o emergency rooms, 

outp.t1ent c11nics, etc.? Is there a forecasted increase in the demand 

for diagnostic services from the radfology department to the 
- -- - -- -

extent that a large part of the "exeess" 30%'-'of eapadty will be 

consllDed tn the near future? ta the hospital expanding its capaci ty 
1 t • 

to treat patients in a particu1ar diagnoltic eategory auch that 

th1. patient group require',serv1ces from diagnostic radiology which 

are presently unava1lable? 

If, on the other hand, the applying radi010gy~epar~nt II 

obaerve,d to operate at 90% efficiency. th~s ~uld n~!, neeessar~ly 
~ply the lmmediate acceptançe of their ~quipment «~licat10n. For 

example. ~te~tlng variou8 input 1ncreases in the mode~m1ght indicate that 

a change in one of the manpower inputs would'resu1t in the molt effective 

increalé in cap~eity. Th1s in turn reflects on the pro~uction letup 

of the department and il partieularly important'in light of the faet 
that, the cost of fixed capital investment la generally, large. 

At pte~ent. aedical equlpment plannera establ119 a priority lilt1g8 
, . 

of those department. whole equlpment applications have been ac~epted in , . 
a particu~ar y .. ~. Thi. is nece.sary 88 budgetary l~tatlon. a1ght 

allow fUD~ing on1y ~ euh.et of accepted applicati~'1 'the ~"nk ~'td~r1ng 
of d.partœ~nt. in thi. li.~~. pre.cr~bed ~y the:planner. t ~erceptiODs 

. ,of tbe Dead for è~Ui,.eDt in the.e dep.rtD~Dt., vhich in tUrQ, 1a ~he 
re.,~t ,of htahly .ubjective evalotion.. Th, .odel can be Uled t~ ranlt 

01'4.1' depar~ta in a aore objectlve aanne1'~ TWo exaaplea that ~e 

to à,ind :a.ecltately,vould bfif" to Hat the approved departlll8UU in 
"" ~ • l ' "', , , • '" 

~.c.nd1n. 01'''81' olt i) tbeir ~eclm1cal' .fficiènc1èe. or~ ii) 'the effect' .... / " 

of' aD equipJIÎeDt, Challâe.· cm- ~heir capacity output. ~ ," 
, " 

.,. 

<, 
,; 

" <j 

" l\ 
J' 

i 
a .. 
,~ 

~s 

;~ , 
',; 

" 
,~ 
(, 

t 

/ 
t 



/ 

• 
, , 

" 

280 

The model can a180 be uaed to evaluate the productivity df indiv1dual 

x-ray roOMS. This 1a accomp1iahed by simulatins a department'with one 

machine, one full-time radiologiat and varying technician and material 

inputs. If one knowa the type of examinations that are performed ~n 

a particular room, then by calcu1ating the avera~e number of 

professional units per examination in that room and ~81ng the output 

capacity (ln professiona1 units) frbm the model, one can asttm&te the 

~ray ~oom capacity for the type of examinations pursued in the room. 

This analysis can be applied to either general or hlghly apeclalized 
, 

x-ray rooms, both of which wou1d resùlt'in equivalent professlonal 

unit capacitles, but si8Dlflcant~y different diagnostic examination 

capaci eies . 

Government planners have indicated that 12,000 examinationa. per 

~ear from a room would represent a high1y productive genera1 room. 

Usiqg ah aver~ge~of 14 professional units per examination (see Fig. 5.6), 

this output is equivalent to 1~8,OOO professional units. From the model 

(model M.A specifically) we have est~téd an o~tput capacity for an x-ray room, 
J 

1.e. one piece of equipment, one fu1l-time radio10gist and the combination 
- . . 

of technician man-hours and materia1a dollars which resu1ts in the 

maximum output, to be 166,000 profes.ional units.' Thi. voull! indlcate ~ v" 1" • 

that our model is very ailll:t.la~ to the e, uipMnt ~lanners' own percePF10ns 

of the system yet at the lame timè pr ides a previoua1y unavallab1' . . 
multt-dimensional viewpoint. 

1 Another possible ,application the mode1 is for individual. 

~n Finance, rathèr than PlaDl\1n&. in the Ministry of Social '4ftairs. 

The'prln~ipa1 easur.e used to aonitor. the .Jate. la the lnveetment_ per 
Their inter~eiS ,1~ the priee eff1ci~n~Y of radlology departments., . 

tql1t output r' 10; ~~t il, the input budaet for ... X;adio1ogy depart..nt t 

'i~ dollara, cli~ded b1 the n~b~r of prof.és.iO~~_, unite produeed in ~. 
y.ar ëncoap •• aed by the budset.' ln PiS. 7.1 trë~ihow ~ ~lot of the 

, • - 1 

t.ebD~.1,ef(1ciencJ vertus the inv.ac.ent per unit output ratio for each 
w ". 

d.,-:~~t ~~.1y.éd_ by !IOdel H.A. _ " ,'. ( , ' 

'> ",. ", t1.o ,~.~tç •• of' partleular ~t.r •• t can -he aeen)11l J'il. 1" 1. -

Ptl'''~~ . t~. ~ •• ùit. 9t the 1Ibde1 ëO~~ in .·,.81" ' •• n~.l fuhion to 
• ~ .... ... , • \ ~. j. .. 
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what people in 'Pinanee aee 8. !mp~rt.nt. 'Thet is, there 1s a .trong 

correlation between the teehn1eai effieieney of a department and t~e priee 

effielenèy; the lover the dollar per output rat10, the more priee 

efflcient i. a raAiôlogy department. Second, we aee that at most dollar 

per,unit output levela,there exista a range ot possible technical 
efficiencies. For 'exàmplé, at $O.35/p~ofesaional unit the technical 

effieleneies ra~ae from 60 to 100 percent. Tbls would indicate that 

depar~ental reàourees çan be ac~ively utilized to vary1ng degrees yet 

have the aàme priee efficiency. Henc~ th~ model can provide'valuable . ./. , 

information by different1ating between departmenta at tqe seme price 

effieiency level, and at the same tlme, demonstrate that 80me 

departments ean have an abave averaae:technical effieieney but below 
àverase priee efficieney"and vice versa. 

7.1.2 AdvanS!8.a of the Present MOdel. The signifieanca of 

the diaano.tic -racU.ology depar'tmeut model il tb&t it aclil1te a uw 

perspective fr~ wh1ch to evaluate applications for equipment. and 
, ~ 

, , 1 on, that ie particul~rly relevant to the type. of deci8iona that .u.t'. 

b~ made by 80.ernment planners ~.Iarding medieel eqù1pment in+eatment. 
Of partièular importance in terma of i.pleaanti~8 this eoristruct . . 

in the dée~.ion' .. king environment 'in governaent 1. ite conceptual 
\ . \'" "," 

.~plic1ty.· Con.ider a sa.ple of radiology departmenta ~ith observations 

, on ~ftly ODe in~ut productiQn'variable and, one output variable per 

depart .. nt. If we caiculate th. inp~t-output ratio for each dep~rtment, 
:l.t i. a simple utter to ieolate tbe moat "efficient" department; 

that j.. •• t"-e one. v1th the lowe.t input pel' ,unit output r.aUo. The . . . \ 

.étf!c1ency of aIl the ~.r d.parbaenta 1n the .ample, r~l.tive to the 

, ' 

.o.t efficient OI1e. C8I1 be found by'coaparing thelr' 111put par unit"·.output, 

~.ti~a to ~hat of the 1IO*t .ffieiét depar'tm.nt. I~ effect; the lineal!' 
• j ',\ 

proar~a8 produ~ttOQ 1ICHl.l, pur.u~. the .ae exerci.e except W1 tb ~~. 
,\t~· on. input. ' 

, , '~ ! \ •• ,. 

fte. '.odel " k1ahb adapt',.; that-1.; uv 1nfonaat.10n 1. "'ully 
• ", ;, • - 1 1 

'. ~t.lr.te4t ÙÎta .1t •• t1'uc:~tq~\> ru.; ,1D~o~t~a aUBt' of 1 cour •• ,be 
1 1 • 'tn ,teltU ,.t,th' .v.,....,l •• ~s.p~lud~ .. in.,tJl. prn.t 1104.1. aud ~ •• uC;h •. 
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would be acquired .s observat!ona on departments ~ot lne1uded ln the 

s.mple upon whièh thé mode1 111, ba.ed. An explnded s8JJlp1e of departllents 
wOuld-not require the ~-identifieatlon of' tbe model. Rather, ea~h , . 
of the new observations eou~d be tested wi~h the preaent linear . , -
programming produètion functl~n. If the c~lculated effie1ancy for 

',.) .,' 
, , ' 

one of theae de~ar.tmenta ia lOO pereènt. /then t;,hat depattment wou1d 
be added in the fOrll of another' column 9~ the D matrix and a , , 
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correaponding addition to the 0 veetor in the objective function of the 

1inear prOSr" (see Chapter 5). ln thi.' manner, a more refi~ed plecewila 

11near approximation ta the eontinupu8 producb1on, tunctlon for a diagn08tic 
rad101081 department can be achieved. 

Adœ1tted1y. the model doe8 not repreaent a datalled picture of a 

radiology depa~tment: Yet the model lI. cOIIpr.henaive in that it 

includas threa ~portant Dacro-feature8: i)~each of the fo~ prin~ip1e 

production inputs are present; i1) the model: e~ibits the "ln" of 
, . 

dtmini.hing .. rgiq«l productivity ~or each of the.~ ~nput •• and; Iii) the 

.oder all~ •• ubat1tut10n between inputs. Xt i. apparent that had we 
~ ..... 1 ~ 

p~r.ued "a highly detailed description of a diagno.~ic rad'iology, 

- department., the result11\3 IIOdél would 'have exhibited properties unique' 
, ' 

to the product~on. ~~ r.~io.r.p~~c .e~ice~. Aa it ,.tandl nov, and - . l 
thi. le a àajot advantage of the aodel. the ideDt1cll aodelina technique 

1 ' 

- caa b~ app1ied"to other .hoap1tal clepartMntl, Auch a. laboratarie. for 
• 1 / ' 

,ex-Ple., ' 
• . -O~ requirem.ent of only oing data available to thil project iD 

cOrultr~tiDI the .,del h.~ ra.u1.ted in .ev~ral ~d:Y811ta.eoua 'lIOCIel <'(, « 

l ,fqtur •• : ,:1.) th~' :oIery ".1apl1city',' of the ~c:Ie1- ~~(:h -va. d1scq. •• ed 
, abov~;,' t1) tu tta préent 'fora t.ha lIIOde1 1e rea4tIy applicable to l;'èa1 

de018:1.on lu.obi • .-{ae. Hp. 5 _12b and 5 .16b) , and; iii) the IIOd.1 ia 
, .... '/- l- ,,<ri .' 

..... 4 ~o thé u~11i •• ttaD of informatton which i. ~e.d:f.ly acc •• ~.d froa 
tb.' IOVëzlÎMàtt~ reS'Üar 4.ta ~11eétlon efforta. 

-,(the 41"..:aO.t1C.~adiol,ol1 d~art.1umt ~a.l hQ- beeu 'foraaily 

pr ..... t.d ~, ... dica1 aqui,.at pl-an .. ~r. :ln th.lUlli.try of SOè:lal. Affa1r •• " .,.t~ :'~'~~. ,", v.~ .. ",aiti_ ~.ad' the,-·.~~ual proee •• ~f f .... tun1q • '-'~',' ::,,,.',, " '"", " , 

'.' ,r:.:::; :; i;.ti;I;~~' ;;;~'~,;;'1~i\~ti~?,jt;\.-: y, ,: ::. ·;>~i;":'.' ,.: .• '.' .:":. (::/ · " 
l "K"") .,' .'J'ff.~ ~rt"J'fII11·~,tIr,J. <J~~\k~· "'~': .. ';"':: ~~.l'f!;:·~'~'r+~~.\ ~::'I ,/ l' ~'~ l \. .. ",' •• 1 'fi i, , 
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this,construct to integrate it i~to their deeision making proces. has 
\ 

begun •. Naturally'1t,would be premature at thil stage ta elaim that 
i , ~" 

our model will be a complete success and that ft viII actually be Uled .. . 
to auppar-t decision making • 

., ~ .... 
, Neverthele81 t we may conclude, th~t the derivatian~of model 

'bùilding guidelines trom an examinatian of bath the ayJem unaer 

inveltigation and the decision environment-in whlch' t~' canstruct 
, . , /. 

i8 to-be implemented is basically sound. We believe,it to be 
, / 

~epre.entat1ve of 'the typé af approàch neces.Ary fo~!~h. develop.~ 
of quantitative tools atmed at impro~ing thé ~agement af the health 

care d.livery system. 
" 

7.1.3 Modela and Health Planning. Mathematicsl ,planning 

.. 

2R4 

teC!hniques' and' !IOdela bave as yet met wit~ 1itt.le succeS8 in Biding 

,planners. Shuman'Bt.at: J (1974) attribute,this tO the fact that "the health 

plannd.ng:problems that have been d~fined and, 8alved (matbematically) 

do not rea-.bte the probleme, for whicb rational 'decisions muet, be 

_de." ,-They ~lalm tb~t ,,'the pr~blems that bave been sttempted have not 

been well formul.te~· âncl in ddttion, "ttie 1.11081 ou:put Didlurea 
, " 

8ucb as qttant1ty, time or doil.ra ~rè Inadequate for'dec1a1a~.~', 
, ' j ;. ----------

" "A1though va c.oncUr vith the •• 'ab.e~ation'. at -thé .... ,t1M t it ia 
, . 

f.lt t'-t tlleyare aYllPtOlUtic' a( a 1ItOre fundamental probletl., ' 

The rejeft'l.on of p1anninc a'ôcte~1Î by dec1~ion makera ia ~ot un~que 
-to the health eectar. In .aetion 2.1 we di.e~aed tht • ..me phenomenon' 

in the context pf corporate- p1ann,11l8. : We believe ',tbat 'the ba~ic' prableia 

ba. been ane of cOllc.ptual.i.~1 -~th-..ticai 1Iode~. aa:cS 'te~~ique8 

/ .. , . ~ \ 

" 

.. 

\ 
l 
~! 
1 

" 
1 

" 



. '. 

.~ 

- ,_'-

___________________ ~_ .......... ,............,. ......... -"P~....--.......... ~~--......,--.-.. ... ..-...,...-rao..."..".,. .......... 4( ... , i j-"""""'I"'~ ___ , 

~ , 
( , 

. 285 

successive phases (intelligence, design, and choiee), eaeh of whieh 

ar~ divided into three successive subphases (generation, manipulation, 

and sel~ct1on). The dec1aione pursued by 1>lanners Ao.in :~he--gevernment and 
. "'\ 

the legislative constraints precipitating the se deé1s1~ps vere )' 

associated with the varioua phases and subphases of thJ\decision 

making proee.s model. Subaequently, we deduced that the manipulation 

subphase of the design·phaae of the planners' decislon process i8, 
/ 

at this time. the a!ea for whleh implementatlon of a quantitative 

dec1sion mak1ns aid 111 Apt to be the easiest and most productive. 

~y integrating the funetlon of this part of the deeislon proces. 

w1t~ certain health care policy goa1a of the goverament and features 

of diagnostic radl010sy. a .et of guidelines were pxoposed for the 

devslopment of a q~antltative tool. Morto~ pursued a similar approach 

in a.. corporate environment for der1v1ng the de.ign criteria ·of a 
/' 

computer-baled support for manasement decision making~ 

It is'apparent that thia approach can be .pplied to any health 

planning -sency, and that for each sueh asency. there will~e a 
different de.cription of the varioui phaaes cOllprl •. 1~8 1ts deci.1on 

r 

making proee... Once a parti9ul~r facet of the deciaion proce.s h.s 
• 1 • 

been dellneatad., itl fe.~~res ~d requirements vill ~rov1de a un1q~ _ 

vantase point for e~nins th, health caré .yate.. At tbat pOint, it 
, , 

ahould bt pO.'1bla to deacrtb the .ost appropriate quantitative 

·deci.ion,aid w1th r~apect to the dec1.10n~kinl needa oi an agenc~ea 
declsiQn environmfQt ~d th realltles 01 tbe healt~ delivery ',Item 
of interast. 
- '. 

. ln' effect. ft are a vocatiDg a detallec! :l.nve.tiédon of health . . 
l.am\üi t • •• prerequielte to an exaination of 

ch they are responaible. At "rasent ~h'tl 
approacb :1.8 al1 but abl . t in the healtb planDfng 11t.~itûre~ ~, 
,uli.st tbat this at 1 ut pa~t:l.a111 accounta for tbe I~.r.ci. r,~i· ~f 
iJapJ_eaubl •. IIOdela or atding p18.1l1lera. . ;. '. 

\ '1 < ~ \ 

" !ha pcoeedUr.. t baà.~ ... ·QUtl1De4 above ~~~~ ... for 
tba ,robl~ .of dev' ot:l.DI credible Ii .. ~t~ ~.t':' P _. ~.o1m1qUe.··" 

.. , ( 

.' , 
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. and modela, and in particular, for the difficulty in quant1fying 

, " 

th~ many qualitative variables in th!s type of ayétem. tet 

aa demonstrated in th!e thea!s, an a pria~i investigation of the 

decision p~ocess and mandate of a health planning agency cau reBult in 

the delineation of a particulaT facet of the health care ~elivery 8yetem 
1 • 

for whieh quantitative t~ola are rèad1ly applicable. We therefore , . . 
conclude that this is the MOst pragmatic approach to improviug the . r 
"real wôrld" deci.ion maklng prob1ems ln the bealth eeetor. 

. 7.1.4 What the Model Doea Not. Do. The linear.. nou81lllldn& 

prdduction model of a diagnostic radiology department de8cribè. the 
i 

pur~iy---t8ChlïIëal facet-of diagnostic radio1os)'; that is, the transforma" 

tion Qf pbysica1 inputa into a physical output. Although this output 

1a associated with patients, it doea not really contribute to their 

treatment proces.. Rathér~ lt la the diagnostic information that 
, , 

ean be"derived from radiographic examination8 that will affect a 

patient1a tteatment program. The model as.oetateeta meaaure of 
\ - , 

productive effieiene~ for the pravilion of 'service. to,a radiplogy 
" 

department wh1ch exeludes, and ia lndependent of, the effectivene8e 
r ' ~ • 

'\\:, of these aervlcf78 for the plltient population in the hoapital. Thua, 

va bave examined diagnostic radiology a. an isolated cOliponent of the 
, , 

~lP-r ho.pi t.al system. 

In .eet~on 3. 3.t' va diseu •• ed a Irqw1ug coneern with the 

overconl!!!Pt1on Qf radiographie aervices. Thi.s i8 a pll~ient rel,ated 
j , 

concept in that"it a.sua.s soae diagnoatic .arvlee 8tandard pe~ 

:patiént 01' pet pÀtient type whieh i8 currently being aùrp ••• ed. The '" 
1 

'prodUction madel cannot dlfferentiate betwe.n tho.e .eryic.~t as 

.... ~red in profe •• ional unit., vb1ch are _ed1ca11Y neee~.arY and those 
'. / 

vh:Lc:h are note Yet the o~erc,ou81àlpt1011 of service. ia a 1Iedical problelll 

relatins to!tbe p;.etlce of radiolosy and the .ystem by which phyalcians 

te~.ltlOn radl0gr.p~ic· •• ~ic .. :lor tb.ir patiente. Aa 8ucb lt 
l , " • 

1. in4epeDd~n,t of the teehalul .ffic1ency of tJle produetion enviromaent . ., ~ , 
·lû ~lch th ... service. are produced. 

• • c 

In:dditiOft. tvo p~~t. are 'of p.l't~cu1u ~ote. 

.. t ' , ,1 ( 

i , t. : . • ,1, 

t j , ' \ ~ " '\~ l, .. 

,~ .. ' ' .... 

lirlt. the om;pu~ 

. 
'. 

~-- ' 
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servi~,capac1tY of a departmen~ '18 the seme regsrdles8 of whether 

a par' of this capacity is util1zed for medically unnece .. ary-· 
.' 't . 

services. Second, because of the voiced concern "l'th overconaUblption, 

we aSlume it to be a genersllywldèapread phenomena. In this'case, 

the model, wherein a11 measurements are relative, effectively 

eliminates thia tacet of a medica! situation from the analya1s of 

productiv1ty. 

lt 1s' apparent though, that etudies afmed at direct!y relatins 

a hOlpitalB patient population vith the provision of radiographic , ,-

services 1s necessary in order to determine the nature and extent 

of overconaumption of services. Yet as indicate,d, above, we believe 

this is essent1.ally, in a broad sense, a med1cal problem,'" and as 8uch, 

the instruments necessary to all~1ate it are not available to medical 
.} 

equ1pment planners in-the govemment. 

7.1.5 Extenaionà. The particular type of ,.-th«matical model 
• - f 

that we have chosen to represent the production of services in .• 

, radiology department waJ adopted. in part, becauae of the limited 

data that was availab1e for th!. project. On the other hand, the 

ut 

data base waa auffic1entiy diverae thàt more thpn one po •• ible 'candidate 
, J ' 

existed for moat of th~ production variables in the mode1. The 
'\, \ ,- .. 

delineation of a $u~table data s~bseb from which a model could be 

quantitatively identifl~~~Ma. ~a.ed on th, lundamental aaauapt10ns 

underlying the m~e1; th~t ;ia. hoaogeneity of the produc~1on var~.bles 
and cOQataatr retum. tri Bcale in production. Theae two assumption. 6 

in turu provide the prt.ary _ou~cea for po,aibie èxtenaiona of the 

preeen t .thod~lo8Y. 
• 

Two avenue. are available for 1ncre.8~ the ha.oseaeity of ! . , -

'production variable: 'i) diassafes_tion into IIOre than one nev variable 

b.aad on ita eOll~nent parta. and; 11) al... heteroseneoua unit of 
.... "re for -the. _ .. 'pr~duction vari4ble. tor the praa.t atudy. 
',- , \. 
eitber One of the.e .ffort. would require ~h.'eol1.ctiOD of,aora data. 

,a.duc1ng production 'variable heteros,neity 11 ieen al t.portaDt • 

, , . '; ~ '-:; \ .. ~, ' ,l, , 

d lit 
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because "when there are ~iffereDce8 between fiX1ll8 in the average 
~ f~- ç 

qua1ity (or, more strict1y, in the distribution of qualitie.) of 
, 

a factor, 'then a f1rm'. techn1ca1 efflclenëy will'feflect the qua1ity 

of :l.ts input. as. we11 a. the effichncy of it. I114D4gement" (Parrell, 1957). 

Cona1der the non-medical manpower :l.Dput to the model wh1ch 
, 0 

18 mea8ured 1n man-hours. Reca11 that we have allregated the seven 

non- MD labour clasilel ayail.b1e from data set, D.1, eac~ of whicb 

can° be cons1aered to contribute different1y to the prod~ction of 

ëU.agnoatic serviees, into threé ~power categor!e, (eee Chapter S)'. 
1 " ' 

Mad.l M.A uses onl" one of these nèw labour classes, whereae model 

M.S uses an aggregation of two of these classes to fora tbe technician , 
input. This input~ in eitber model. caD be made mo~e homog.Deoua 

by ~8ing its original ,components. In the case of model M.A this 

would reault in two non-MD labour inputs rather than, one, and for , 

model M.B, six instead of one. Yet with the present data base luch 

changes would lead to meaninlless resulté. , 

As d18cussed in Chapter S, there i8 a direct correlation between 

the' credib:l.l1ty o-f a model, 1. e. a model resu1tlnl frOID a' particular 
1 

set of production variab1ea, and the re1ationsh:l.p between the number 

of input. to the mpdel and: the nU1llber of poin'ts in the aamp1e upon 

vbich the aode~ ia ba8ed., That ia" for a fixed sample a1ze there 

, appeara to be an opt;laa1 aUllber ~and aix) of .1nputa, below or Above 

wh~ch cred1b:l.l:l.ty il loat in tara. of the ahape of the reau1ting 

~ffic1ency hisr:rsm fo.r, the, model aUlp1e~ Thua in orde~ i~cr~ .. e 

ttie nœber of on-Mo( aanpower. inputs to • IIIOdel, a larger, 8~ple 
of dep.~tmelltd llUVat10fta:l.a required.· , . 

In tero of the pl'u.t .ol'k, anet the finit, number of racl1oloIY 

departaenta in the p~nce. thi. would Ile~.a.ltate la~her1n1 information ' 

on thoa. departaentl, tbat-~. tl~iJl1nated troa, the model _ .. pl". 
, " 

lt .ahqulcl he r~b.l'ecl -tut th.,.,' .re no~u.ed .. a ré.ult of etther 

_~ .. 1_ Ol' ètror. in their -daU ,fite. ~ 

Two 1a,ort&D.t Ûlput ',al'iable candidat •• for deueaa1raa-
~ 
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, -
heterogeneity by,chooaing a new unit of ,easure are the radiologlst 

and equipment inputs. At present, they are quantified as full and 

part-ttmè radiologist ma~-years and equlpment-years. lt is apparent 

that radiologlst man-years in differ~n~ departments can represenf 

v4stly d1fferent productive inputs. The advantage~ of me4suring th!s 

iftput in man-hours are two-fold: 1) the distinction between'full and 

, ,289 

" . 
part~tlme radiologists could be elfminated by using their total 

'aggregated hourly inputt which in turn woald eliminate the difference 
c _ 

l~' • 

betwaen departments having o~ly one of these inputs with ieapect to 

~he linear program (see Fig. 5.12b), and; ii),departmental productlvlty 

differénces which result ~olely from the radiologist ùnit of meaaure, 

~d th!s ia particularly"acute for the<part~ttme category which can 
, ' , 

be deflned as anything from a half dey to four days a week, would be 

reduced. 

As radiologiste are not hourly wage eamers this man-ho ur 

information weuld be tremen~ously difficult to acquire. In addition, 

radiologist-hours really represent an output meicure of the extent' 

to whicn tbis input (radiologiate) la actively used in production. 

Tbis 18 opposed to the otber model !nputs which are fixed at the 
, . , 

beg1nning of each fiscal year, and conBUmed ta varying deg~ es during 

the c~urse of the year. Neverthele8s, ,a the non-_d~cal 

/ 

J 

fully portray the production aetting with the radiologist representing" 

& Ganagement role t it la felt that if the requiaite man- uz information 

vere available ~he advantagea of'lntroduelng 1~ to ~ mode outw~1gh 
the disadvantagea., 

The èquipment-input production variablè resu1ted fra the aggregation 

of aix diflerot categories of eqUtpment talten frOUl. data set D.,le , 

tJnlike tbe noù __ dica1 manpower 'input, eaeh of" the component aembers 
*./ '. 1 

of thil input perfonl an :ldentic:al function 1q. terme of the produet'ion 

of output •• .... ~ed in d1asno.t1c radiology prote.sional units. Renee, . , 

the s:laultaneous :lntrocluction ol more than one equipllent input to a 

lIOdel i •. lIot po •• ible. Tet au WproveMnt c:àn be effected by chang1ng - , 

t'" " 
'" -" '> :~J ,,"-.~ !: ." 110 ~ :6 
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thl' unit of lIu.!asu'ru to 4" valu~' term. This woulel b(io' !pëasured a~ -the 

sum of individual equipment values.~ These WOuld typica!fy be either' 

the di8c~ùnted cost (ove~-t1me) of a machine or thé ~e~a1e/.crap 
~alue of luch an ,&Baet. 

, , 

The, advintases .s8ociated "ith such a unit change are' twO-fold." 
, ,/ 

Fi,rat. the techn:t,cal diffel'ences between machine. of"·different·' , 
,. ~ . . ' . 

vin.tage ~nd eategory would :1Jilpli,citly be inc1uded in the 1IlOde~, and 
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~nce coul~ nQt b'e a major soùrée of measurd depart::menta1 iuefUci.ney.~, 
The second .dvantage relates to usina a model derived fram observations 

taken durlng a partlcu1ar year·to ana1yze radiology department8 in 
li \ 

BOIlle future periode The manpower inputs', both, lIledical and non-medical, 

are not affected by time. Tet materials are lIleasurêd in dollars, and , . 
, \ Cl 

if th1s vere the ca_e for equlpment as weIl, then both CGuld be ~pdate~. 

by an appropriate d18countlng 8cheme. 

At preaent, tt wauld be diff1cûlt t~ l~troduce time,related' . . 
degradation.to the equipaent input of~t~e model. This ia becauee ita 

unit of .. aaure, i.e. 'equipment-yeara, has the s~e meaning fortpaat, . ~ , 

pra~ ~nd future periOd.~ 'U1l11~e dollara \f9r example., Tet the IlOdél . 

(baaed Ion 1971 da~) can eurr6ntly be uaed ~ aulyze a departaent if ( 

eit~er one of th~ 'followU\8, two. hal occurr~' d. ,'irat, the depart1lellt, 

ha. not uddergone a major equipaent cl'hrpge !nca the yesr fo~ whicb 
'. 

the aodel waa estimated. Second, th'e c1epartaent"hu acquired 

equ1paent of the saae capabUit1e.88 those that vere avaÙlible on' the 
" . -. . 

urket in 1971 •. Although we believe" that 1I08t depa~tmènta,l '·equipaent 

changea't ovel' the lntertl'eOilll yur8 ~ll fall within' one of the.e 
, , . 

cate,orle', we shauld note that éqUiPment ,alue informat1od'la 
, ' .. ~... 't~, .... • 

a~q ••• ibJ.e CO the IOvel'lillent as (evldencecr~y, lt. ~re.ence for 80lIl8 , ----- \ departlle1,l~. in the Iacl1ôpap1d.c lqulpM1'tt 11lventory CApp. B). ,. 

, Tbe ~~~~ 0' ~iant;r.turaa ~'.c.le be~ •• n the èap~c1~y 
, ", " " ' " -- '1 • 

, outp~t 0' a, ~.10~08Y de~tIlent, .. tt;ean,ed .J.û prof~ •• ional \lDit.; 

. "an4,th.:üput:,.~~t~,:~~~ •• "to 9,!1" ... ~i ~DOt be ~eri~ied 
r j ...... ;: l " l' ~.": • -'. 1_~ ~ ' .. 1 .. ~~ ~, • l ,. 'j ,( ,. l, 

' ... _t~~-l1. ,'Al~,,'14. ~~.!~ :ü"aç1tr, output II uot obaened 
, ,l' > "' ... ft,.. ' " ,~,. , ~.: ~ ~ , , • .1 

'" ,,,,:' (>;':,; O,i: 
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but est~ted. It has been demonstrated in Chapter 6 that this 

assumption ie at leaat approximately correct for the system under 

investigation. Yet normalized units, 1.e. the professionsl units, 

are not always avgilable, and ln part1cular, if the same methodo1ogy 

ls to be appl~led to hospital departments other than diagnos " 

radiology. In fact, fr~ Figs. 5.2 te 5.5 1t would 

diagnostic examinatlons were taken as the output measure radlology 

departments for our model, then decreasing returns be expected. 

'Farrell (1957)' describes one ponible schem ....... ~u 

non-constant returns to scale with the present"modeling methodology. 

"The only prâct1cfl way of dealiog ~1th this pro~lem 

(non-o<..~tant ~eturn8) seems to be that of dividlng 

the observations into groups of roughly equal output, 

and applying th~ met~od to each of these groups 

separ8tely~ the 8ssumpti~~ be1ng that ~eturns to scale 

are constant with1n a group to a sùffic1ent degree of 

approxtmation. This will yield a different ièoquant 

for each level of output, and comparison of these 

isoquants will show the ~t and nature of the 

economtes of scale. 

This device sbould WQrk satlsfactorily if tbere ar~ a 

sufficient number of observations; but ft clearly 

need. many more observations than the original method." 

The introduction of the aboVe techn:1que involves a trade-off. . , 

Whereae beiore.,all 4epartment8,eould be compare4 vith re8p~ct to 

,tbetr tecbnl~al.effiC~~C1e., now only t~ose de~rtments with1n any 

one. group cau be· cOlipared. Yet at the aame tae. the use of more 
~ , , 

than one product1on'f~ct10U", more'accurately reflect the mode 
, , , 

of ~àd10.fap~1e ,~04uCttoD. 
• n.' ~ • oJ 

" tWo f!ta'~col:lecElon effort! "Jjel .. aut· to the present model have 
w, ;. ' 

'been.tari.cl.,· ftl'àt, recali that tb- lAta ."a:f:lable. for th1s project 
, • t , ~ ~ ,_~ ~ 'Q' '-

. wu for 1971~ Sb. type Qf clata' uaacl . to . 1clezitlf1 the 'model' 1a nov being . ' ... ' " 
.. , JO ~ 

, , . " 
> . , J 

\ 

,', 
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sought for aIl diagnostic radiology departments in acute hospita1s 

in Quebec for 1972 and 1973. By estimating a model for each of 

these years~ vith the appropriate discounting, we will be able to , 
determine whether there has been a shift in radiographie productivity 

over the period 1971-73. If the ahift ia mlntm&l, then we can 

Bssume that radiographie equ1pment, as quantif1ed for the model, 

has not been aignificantly affected by technical change. In this 

instance, ~e will have a larger sample (at lesst 200% larger) from 

which to identify a more refined approximation to the continuoua 

~duction funetion for diagnostic radiology. lt will also be of 

intérest to investigate whether any of those producers that were the 

"best" in 1971 are better or equivalent ta the ~st ef}1c1ent 

deparèDents, or are in fact the most efficient de~ents, in the two 

succeeding yeara. 

Second, we have a1so decided ta collect data on rad101ogy 

departmente in. other provinces in Canada from l:'971 onwards. This will 

allow both inter-provincial productivity comparisona as weIl as 
, . 

expansion of our data base. The diagnostic radiology profess1ona~ 
"" uni ts are unique to Quebec. The only output meaeure ve will have 

for the other provinces ie the number of diagnostic examin4tions. 
o 

Bxàminations and a11 the mod~l inputs are in equivalent unite of 

,ealure 'for all provinces as the source for this' data ie the 

Auleral govel1lmen t • 

The teehnique de.çrlbed aboYe ean be uaed"to introduce the 

non-eonat~t returna eXpeete& witb the exam1natlons outPu,~easure. 
let t~e problell of .non"eOlllp,ra~~11t~ between groups of departments, ') 

i.e. effielencie. aeasured vith dtf(arent production functions will 

art... lt -1 be po~lible tbouab, to" eonyert exat1nationa to 

prof •• 'i~l unite. one ~ of pur.utag th!. vould be to e.ttmate 

the follovina .~t1on: 
, '. 1 

, (7.1) 
,', 

, .;. 
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where Y - output volume 1n professiona1 units 

X - output volume 1n diagnostic examinat10ns 

A & B - p~etters of the equat10n 

This equation would be estimated by l1near regression for a 

sample of radi-ology deparments from Quebec. The plot of 1 . 

versus X from Eqn. 7.1 forç dUferent values of A and 8 > 1 

is shown in Fig. 7.2. A ~ong atmi1arity exists between thé shape of 

the curves in F1g. 7.2 and the plot of professional uni ta ver8US 

examinations based on observation8 for Queb:c (1971) shown in Fig. (:3. 
Equatian 7.1 1a preaented merely aa an examplé; other more sophiaticated 

relationships are poss1ble and should be investigated. lt 18 

apparent that es~at1ng the output in professional units i8 not as 

reliable w1th -'<reipect to productivity meaaurement as using an obaerved 
'" 

output measure directly. lt 1s felt though. that the advântage of 

having one common framework by which all departments. and hence a11 

provinces, cau be analyzed .. ill outweigh the diaadvantage's of Jsing 

an eatimated output. 

Both of the above studies are bèing pur.ued by myeelf et 

Scidea tnc. (MOntreal) a8 part of a project to introduce the re8ulta 
. ~ 

of this thesis to the health planning etrIircmment in the M1r1latry of 
• Cft. 

Social Affaira (Quebee). 

7.2 AnalyziDa Sourees of Departaetltal Bff:iciency· 

-4.1be worJe; in th!. th •• is b div1.ded in two part~ first, a 

, aath .... tieal.lIO~el of a diaanO.ttc redtology' ~apar:~t wu derived~ 
ad •• cand. an au l,aU of the prillary output fra. the model, 

". . ~ ~ 

i •• ·• the tec1mi~.l efllcieQcy. of a radiolO8Y depat:tàtnt. va. 1nitiated. 
• . 'II> 

AGittedly, the buUt of tld.. project' ia de'f'oted td the foraer p~l.'.uit. 
Tb,' latter effort '1a inc'lucled beu._ of tte rel4WaIlce to the 

• , 1 

."àlua~1o~ of êlepartaénta applYiDI to th_ lovernaent fol.'. ne" equipaBDt 
~, _ r , ~' .. 

1n liabt of the lIl(omatioa pto.i~ct, tG··pl ...... by the .odel. 
, #1> ~ ,,~ _ t ' ~ ... ~, _ l ....., ~ 

r 

293 

1 



J 

" • 
.. 

y 

A' > A" > A'" 
,) 

Jt' . , 

-
4 

'ta. 7'.2. Il p~ot ~ ~ y.reu. Z frem the equatioti y-- A.X~ 
for, clifffl'_t:v~l~ •• of A aJ;uS $>1. 
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Departments havin~ above average or high technical efficienciea 

are ~een aa superior to those departments with below average 

efficlencies fram a ptoductivlty perspective. tt ia deslred that a , 

department ahould, li possible, tmprove its technical efficiency. 
! ' 

Thia goal iS,rea1istic. Our measure of efflciency la relative, 

«pd therefore, ye'would in f 

at the levei ach~~ved by the ducera in the provinc$, rather 

than 100 percen~ of their theoretica1 m.ax um.. 
An analysis of the sources of departmenta1 efficieney explleitly 

addreaaea th~ followina question: wh, are some departmente more efficient 
l 

than .others1 This analyéia ia important to medieal eqUipment planners 

in t~rm. of the fOl1~ing~estiona: i) ia the eff1eiency of a ' 

ra~,iolOg~/ department a fu 'etton of controllable factors, ~h as ,the 

product,!on organbation of he department, or unco~trÇ)11abl,e factors, 

sueh ~'the degrad,tion of equipment ,a. a re8u~t of ageing, and; 

ft) ill the alloca~ion of equipment ~y plannera to a radiology 

artment affect-lts techntcal efficlen~y, and can thes8 allocations 

uaed to promote increasad efficleney ln a dèparcnent? 
~ 

/ Ex_lnins the q~rtitative determ.1nation of source'lI of technical 

(1n)eff'ici.ency in a radiolo8Y deparcnent revealed that an lndepth 
, 

anal,.sia was requ1t:ed that vas beyond the scope of the pre8ent thelis. 
, . 

1l0wever t in ~eeognltlon of the 1m~ortance of th1. type of analys18, . 

tt va. dacided that at least a prélim1nary investigation sbôu1d be 
1 • 

pre8eDtèd. Thil investi,ation .stablisbed the fram.work for a , -

continuiDg stady. 

Our investigation eonlisted of three partI: i) -a description of ~ 

:t.:::rcea of .5in)eff~C;ienCY ~ • depal:'tIIlen~ .a "li as a ttraphlcal 
tian of tbe ~elatioaahtp ~etween aome repreaentative , .. asures 

• • .#' J Cl 

of theee .ource., end' the efficieDey of departmenta; il), the e1aboration ' ; 
t 

of a' two stage proee.s, for syste .. ti~lly quantifytng tb~extent ta d 
1 ~ , , ' • 

vbicb .. eh of the efficiency 'sources account. for d1fferances iD . , ' 

efficiebcy ·be~. 4e.partaaeuta • .&ad; ill) the presentation' of a ' 1 

\'~ . , 
~~' . 

.0 , '''',' "'r' '. '1!' " 

~ I,~ 

. :.;,', '. ',.: ! \;' \:'~:';, ~,.,i'I~~~~:Sl~J~~~';(:}r~J; ;·i;,~:/i:' ~ ," 
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Hdu,ftll .. " tu t'-lassHy' d~pllrtml.'ntR and thl' Hub8l'quènt I!xamf nation of 

the resu1ting departmental groupingB as an explanatory variable of 

the tecbn1~al eff1ciency. 

As the second patt of thia ana1ysis was ba'aed on exillting studfe.s 

in the literature (see section 6.6.1), tt will not be re-introduced 

at thia st,ge. ,f 

7.2.1 Sources of,Technteal (ln)Effic1ency in Diagnostic 
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~d1olosy. Two sources of diagnostic radiology departlllent (in)efUciency 

as 'IIleasured by the production model have bean deacribed (see Chapter 6): 

1) tho,e relating to the ass\lDptiona underlying the model, and"; 

11) those resulting frOlJl departmenta1 or hospital featurel whieh 

.re relevant to. the prOduction of radiographie services. but which 

could not be inc1uded in die present produ~tion lIode1 format. 
, 
" 7.2.1.1 Model Baled Sauces. Within the firet 

category, :lt 1e apparent that SOlDe part of the mea.ured effieiency' 

of a depart1lletlt would reault Bolely fr~ thè measurlog instrument 

if e1.ther one or both of thé basic 1I0del aasumptionl vere not vaUd. 

If' the .8aU1lLption of constant fetum. ie not appropriate for the 

r~4ioaraphlc .y.te. ve have de.er:l.bed. then Ully depar~tÎ. and, 

in particular th~ larset QUe_, woul.d in real1ty have (lQWer) h/aher 

eff:l.eleneles than ob •• rved if (increa81os) 4ècre.aing raturns to 8cala 

·iI in faet obeya4 b~ th18 .y8tea. Since ,thé réturns to Bcale earmot 

. be, t •• tad and béeauae lt ·epp.ara. froa the availahle ev1.~ence (eee 
, , - . , 

section 6.3:1), to·be corre~t to an acceptable delree of approx1aation, . . 

·we did not 'punue this louree of effic1enc:y further. 
, " 

Theother -buie a.luaption tif the radiol.ogy model i8 the 
, ' 1 

!!.opleDe:ltr of the production variable,. Adaitted1y, t~a " ... ption 

'will naver he aheolùtely ..,&11d.' No tWo departitllDta will ever be _ 
. . . 

quâlltat1vely ident:l.cal in each of the:lt corresponding variable •• 
; \ . 

r.prelle8' of thelr ,U;U:lt of aeuure or hw f1llely the vat::f.abl.8 ai'eo 

~ê!J.D_. cc:maider Obe of the 8ev~n non ..... dlcal unpoÏrer IfOup. " 

q~t#te4 ,ià. ~-h~r.. 41th~ah the for..~ ~uc.ttOn. of liU1iVidual .. 
, ~ ; , , ~ 1 ù 

," " 

" 
, . 

" 

I-
li 'r 1>- .... , li" ' ."~ , . , 

• 
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-
in th1s group will be the .ame from one department to the next, lt 

ia apparent that for equivalent man-hours, the quelity of the!r 

contribution to the production of services can be vastly different. 

This 1a simply beeause the a .. e non-medical ma p~er input will 

rèpresènt different people working 1ft differe environlDents. As a 

result, the technica1 efficienc.y of a radialo department must 

alwaya to aome extent re~lect the qua11ty of it inputs. . 

In addition, any variable in the presen.t mo was derived 

by algregation must introduce some heterogeneity. t, hetero8ene1t~ 

ia not an important factor aa long as it 1s distribut d evenly aver 

all deparements in the sample. For examp1e. in 

~quipment input to the model we have agsregated three t -es of atationary 

equipmen t and three t~e8 of mobile equ1pment. Mobile machinery ia 

generally u8ed les8' frequently than atatibnary machinery. Hence, 

one might expect effile the moar; efficient producera in OUI' sample 
1 

would have only at4ltionary machines, whe~ees in fact, most of the 

best producer~ ha"te both stati.onary- and mobile equipllient. Thus. tt 

would appear that the ~eroleneity resultinl froa aggrelating these 

tWO" equ1pment groups ia evenly distributed over cf'epartmenta. 

W4! ahould note that thi. 'ia not nece.sarilr the case when 
... ' 

consldering the six d1ffel'ent equipment types cOIIpr181ng the , 
equiPalent input. ,''When there are d:1ffel'ence. between firme in the ., . 
average quality, (or .ore etrictlY. in the di8tr1bution. of qualities) 

of a factor, then a fina's.,Jtechraical eff;l.ciency will uflect the 

. ~qu.1it1· of ,it. input." (rarrell, 1957? ' 

An. addit~oa.l aeana by vblcb heterolen~ity can be introduced 

to the, p~oductiou aodel 18 thrcush ~echrdcal change in the f1Xed 

capital 1np~t; tbat 1 •• the equipaeùt" var1Àble. In order to examiDe 
, • '1 

the r.~tiOlt~h1p betwee11 the eff1~lency of • deputment and the 

vinta .. of lta .... t •• ~ p;ot;ted the t,ceic:al èfflc~ency vertua the 

.e~n K-r'; 'l'OOIID "., of ., dep.~tunt ( •••. :r18. 6-.7). Our' ... umption 
' . 

. ' . 

, ' " 

, " 

, , . " 

_', .;;' l 

. , 
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wa~that tho age of • room reproB.nts 

t7e ~qUipment in the room." From the 

'f 
the maximum poisible age for 

distinct lack of 8 correlation 
1 

~etween the efficiency and mean rQ01Il ag~ we conclude that the 

/ heterogeneity introduced by the age of equipment la, 8S vith the 
/ ' 

/ stationary and mobile equipment, spread evenly over the sample of 
1 

departments. 

To further check this hypothesis we suggest c6llecting data 

on the actual agé of machlnery as weIl as the maintenance coets in 

each room in a department. Admittedly thls information ls listed 

as part of data set 0.3 (see App. B). Yet as the number of 

departmentB which actual1y supplied this d8J:a was far les8 than tbe 

model samplu size, it vas decided that plotting these variables 

versus efficiency would be inconclusive. 

7. 2 .1:2 Non-Model Based Sources. Wi tltin the second 

category of efficiency sources. i.e. variables excluded from the 
j • 

model, we have described two basic type~. The firat encompasses the 

~!~duction environment in d~agnostic radiology, while the second 

1n~olves the relaUouahip between the radiology department and i ts 

surr~ng ho.pital environment. ' . ~ 

n the conte~f the model, ve deac'r1be a Tadiology department 

.01e1y in \terms of the product~n proceas it defines; that i~, a 

departaaent ~ identified by the ratio between t't. mode! inputs. lt 1s 

apparent that'\two or more departunts can provide' diagnostic 
\ -

services_vith v~ stmilar or identical production proces.es, yet at 

the aame time, exhl,bit v-tltly 'different production env1romaenta. 

Tbe tem rodu et ';;W"ll: t for dia oati radiolo includea 

those featurea which v 1 affflc:t a dêJ)ar~.t'a prC?duetiv1ty, but 

wh:lch cannot be ~lic:l.t r~coanilect a. part of o~r produc:tiol) model. 
- / ' 

typical eUaplea .ulcl" be.;· he' Ichedulillg procedur~ for eza:1nat1.ons; 
, 1 \, , • ' .. 

the lo~tion of .ra,., rc:kIU' 1~ the ho.pitel; the a1~, distribution ~d. 

balanéa of tec:bnolog1cal lUlCl IUQpower reaource.; a. wall .. the quality 

ot the 4eparc.Dt t. _n.I __ ~. ~, 

, , 
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In constructing thè diagnostic radiology model we have considered 

the radiology department' as a system lso1ated from tts surrounding 

environment; that is, the hospital 1n which it is located. As a 

r.esult', we concluded that sOlDe part of a dèpar,tment' 8 technical 

effic1ency must be attributed to the properties of this hOlpital 

environment. Specifically, it has been hypothesued that there 

exists some balance or demand/su-pply equil1brium between a radlology 

department and tts hospital whieh ia conducive to more efficient 

production of se~ices, 1. e. a 'greater util1zatlon of the capacity 

butput. Assuming the internal organization of a department is such 

that this' eapacity output could be aC:hieved, then the resultin8 
A 

efflciency will depend on the demand for radiographie examinationa, 

whiC'h in turu, will depend on -the Medical needs of the patient 

population in the hospita!. We graphlcally examined the correlation 

between three different measures representative of the hospital" 

department relationahip a~d the effieiency of departments. \ 

One feature of the service demand impo.ed on a ~epartment ia 'he 

average complexlty of the relultlng examinatlons. A reprelentative 

index of this complexity 18 the ratio of the toe-.l volWle of 

profe.donsl units produced ta the total volume of diagnoltic 
~ -- \ 

examinations. A aecond .easure chataetarizing the radiographie , 
demand il the ratio of outpa,tien t ex .. inations ~o 1np~tient examlnations. 

" 
This 18 because each of the reciplent groupa generally require dlfferent 

" , 
types of diagnostic procedures. Prom the plots of these two ratiol 

versus the te,chnicAl, effleiency, Pia8. 6.3 ~d 6.6 re.peetively, ve 

eonelude that the efficiency of .... racti,ology depàrtment a. lIe&sured by 

our IIOdel ls ,illdependent of the type or -;Lx ~f procedures produced. ' 

This in fact .. s ezpected' aa our cho~ee of professionsl unit. .s the 

output ae .. ure va. buecl on & deaira to nomalize for cliffel'encaS in , 
the ex~tion~ ~tput-b.t .. en 4ep.~baeDt.. ' 

" , 

The thitd ho.pital index exa1ned vas the nUllber of ho.pit.l. 
: 0 

bacl... .'igure 6.4. which show ... plot of *ffieieftcy versui ho~1ta1 

\ . 

. , 
o 

, . 
' .. .,1.,,: .•. ) 
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, 

beds., revealed ~hat those radiology departments in hoapitals 

wlth more th~n 500 beds were distributed over a smaller range 

of efficienciea, 50 to 80 percent, than departmen~a in hOBpitals 

with le8s than 500 be~a, 50 to 100 percent. Three hypothesea vere 

proposed to explain theae reau1ts. First, although the demand for 

apecialized diagnostic procedures ia greater in lerger ho.pitala, 

it may not be Bufficient to fully utilize aIl the special (va. general) 

x-ray rooms vhich are proportionately more abundant in these 1arger 

hospitals. This reBults in lome idle room capacl~y, which in turn, 

ls meaaured by the model a8 inefficient production. Second, the 

larger hospitals are university teaching hospitala, and hence their 

diagnostic ra!.!ology departments are~lleèi upon to pursue tèaching • 

and research. These activities are reaource conauming yet are not . . 
recognized aa productive :iù the model. The question ia whether the 

acade~c activitlea are comp~n8ated by the productive contributions 

of inçernl and resldenta W'bicb vere excluded fram eltber of the 

unpower groupa in the lIod:el. :~t present, ~either one of tbele 

hypotheses eÀn he te. teeS bec.~.e of 1nsufficien~ d8ta.. 1 

Thole departaente in hO.Pl~ls vith le.s than SOO beds comprile 
, \ 

~be majority of our aoeSel lample. ~ their, distribution of 

efflciencie8, ve hypotllee1led that ~ete' ~re soàe funclaent'al 
, \ 

sources of iueffictency At work rel.tina to/the production oraanization 

:~f a clepartllent and ita relationlblp t~\1t.,hOIP1talt that 'i. ~- -
\ 1 \ 

'lndepeuclut of hoapital aiae and ,aeaderd.c '-~rtentation. The reluIts 

of our eff~l't. at c;ouf,ial~17 thi. h1POt~.:i:*\ ... 11)8' the av~ll.ble 
-.~f.',' are ,pr •• _t~ in ~eeti~ 7.2.3~belov. \. , 

7,2.2 A n!li.1!!!" Aul,.i.. Tb.e balic\problea in • quantitative 
, , , " \ 

..-1,..1. of, daparblMlt.-1 ,effiei.ney 11 that ~hoa. v.d.ablea whicb 
, -, 

initially appear "obvioust
• vill 'IlOt nue."ril)' be' tbe ao.t productive 

" \ ' 

, in 't .. ~ of, the tcJal., of the total anal,.i.. Ve have !U8g.ltecl 'tb.at' 
" ':to!. 

.. ~ .. tyat1oD ,of, tbe clata t.n'4eJ!9481lt of, the ~eead~t v.rl.bl~ , 
\ t~ he _lainet, Cà •• n-a ta .u.ri:~t., tht., probl ... 

, l'-
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" , Most often 10mB classification procedure 18 uae4 for _~amining 

the initial data. The technique adopted for this project va. " 
developed by'Jarvis & Patrick (1973), aod falls within the 8enera! 

categorY known a8 nearest neishbour cluBterins al.orithas. The 

relult of applying this scheme to a 8~le of observations 'on a set 

of variables la to define mutua~ly exclusive groupa of observations 

b~sed on a criter10n of sim1lar1ty for meaberahip in a group. Our 

goal in" pursulng }his aral,ysis W~8 ta define gro~ps 'of departllent8 
with .tmilar production ~~troamenta and hospltal-departmental 

" ' . 
balances. Obviously theee two "brases and the notion of .:bailarity 

" . 
will have diss1milar interpretationa when tne clu.ter~g techAique 

...... ' 
il applied to d1fferent sets of departlle~ variables. A full 

discussiQn of the variables that were aatually u~ed. the reluIts, 
- . 

'and thelr iapilcation in tema of explairling the technical efficiency 
, ' ,.j - ~ , 

of departaenta i. presented in aection 7~2.3. ~ 

At thi" point though, va note that there are two advantages 
to usina the type of class'Uieadon, seheae 'llenti01led above over the 

Ilore frequent1, use aulti-variate toals, such ae principal coaponents, 

for ela •• ifylng health 8y.tems~ 

'ir.t, • dater,tng algoritla il norully lllitiaU.lad by a 

set of par_ters, vhieh in tU'f.'D allows freedOll in. tbe ehoiee 'of 

'sroupl11g1 tG the oteut that a cOliplete hierar:.ch:y of Il'OUPI cao. be 

dèfined for a s .. pie. The·tr.de-of~ between d1ffe~eat par ... ter sets 
will be in te~ of the nuaber of relulting elU8te~l.versu8 the .. " 

conatateney ~r ~n.temal eohe.1on ~f the .. ·cluster.... ln thia ".y one 

cau 8 .. r th~ technique to the unique properties ~f a particular ~8Bple 
" 

vith re.peet to "bat ta .aen a. approprlate t"8au1t8 for t~e lems 
tera.a·loall of ,the, .!lA~,.1I; th.~ t •• exp1a1lling effieiency ~~ tel'lllJ 

,,' 
of cleputaelltal cluater •• 

, , 
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8~ou4. our'cluatertna tècbnique ean.de1ineate n~alobular clustera· 
\, . . . ' ' 

wh1ch va recoaa1ze4 a. ~ortant for revea1iug unique sy.t .. properti ••• 

Stat1tltic&1 technique., 011 tbe. otber. haa4 ~ are bas.d ou. _~I and 

eov~riue.~ _d heneë 'toree' a slO:bular: structuré -on the clata.. . 
, f', \ l • ' 'J , 

ft1a . CU A"'k tiIportat 'l'Je. ~ •• tut.s. -' ' 
~ - -' , " 
, . " 

, " 

• '1, 
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• 7.2.3 An Information Theoretic ÂP2roach. It waa -decided 

that two of the effieiency .ources wé have cited. i.e~ the hete

rogene1ty of the prod~t~~ variables and et le.st 9ne faee~ of 

departmental production orsanization, could be quantifie.d by cOIIlparing 
" the technologic:al and .. npower resource mixes of depàrtmenta. 

Both be~au~'e of the lim1ted c s1ze of the sam.pl~ of eff1~:1encie8 
(approximately 100 observations). and the fact that: the above 

efflciency' sources repreaent only part of the possible set of sources. 

1t bec._e apparent that the reBouree mix comparisons IlUst be 
~ 

quantif1ed by only one or two variables. lt was for th!s reasou that 

1nfonaat1on Îleasures were present,ed in Chapter 6.aa a lIeana of 

qU&nt1fy1ng reaource .adxe,. 

'If th.ra are two categories of a partieular resouree t then 

1 

the 1IWc of the.& eategol'ies c.omprisiq the total resource v01uae is 

ea~ily lIleaaured by taking the ratio of the .. ount of the firet eategory 

; to tut of thE\ ae~ond ..... Yet cif the~~ are n categories. whete n > 2 

.then a a1lD11a:i aP,proach would require n ... 1 .... ure •• i.e. the fraction , . 
of the total f~r n-l categories,. to quantUy ,this aix. The proltlem 

. of multiple _Dures ls furtb.er cOIRpouncl~ when c01llpartD.a the 1I1xea:' 

_ of two l'eaourc~.t where eaeh Teaouree cOD.lJute of tht'ee or JIOre 

categoriea. 

The funètaent.l questian ft bave addruieci ia •• follon: how 
" , à ' Cl 

auch infOl'Mt1;on ta prOViclecl Vith mowledse of tb~ voluae of aaeh 

category of • re.ource in a clepartllimt? The anewer' i8 of. courie 
1 ~ '! 

clependent cm the di8tribution of eateaôtiea ve expect a p%'i.oM. If the 
) . - , 

actual di.trlbution ia v.-ry differeDt: fram tut wbieh vaa expected. . , 

110 clOubt we ~. eJItPri.ed aQd b..ce pr,ovided vith. large ~t of 

it\fo'rûtiOll.- Co!Dv.r •• ly,' littl. or DO information 1a provided whà 
~ ~ ~ ~I - , 

the two" cli.t1'1but~o_ are" .:lail.r, or id81lt~.l. 
:;, 

, Bued ,011 tbl8 aiJaple ici ... ~ ,uaa.cl the eptropy, &Pdg deve10pecl 
, ~ ÇI • l " 

'by. Shalmotl. (196~) fôr -""d.1lS' the ~otMtiOll eontent of an iD.cl'1.rec. 

t ... ~ .. 't~, .. art •• r •• Où~ •. ab 1ndl~.~' lot .• cliqooaUc racl1ology . 
, ' " - " ' '1 ~ ~ 1 • , i, • ~r l,"'! ~ , • l , . " 

:: . ~ 
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department or its hospital. The~ ..... )lre.~ "ay ";iiju~' 
to hea~th 8yat~s, -but can be applied to any entity tbât la . 
di8trlbuted a8 to type and location. 

" , 7.-2.3.1 GoveJ,'lUlent Allocation Policy and Inforaaation Mea',ures. 

tt 1s 'i!lemonatrated in the thea1s that Sh8DQon's index cU be 
used to measure the inequality in the d18tr~bu~1on of 

, 'l 
reaourCè type over a set of locations (index H. , see 

! 3~ 

6.5.4). Though not directly relate4 to the problem of 

a par~ar 
section 

quantifying 

, efficiêncy 8ourcè8, th1s result has lntere,u:ing iIIlplicationa for 

medical resouree al10caU.on decision .. king in the gavemment. 

tn particulal:' it vaa dèmonstrated that. this Ileasure can be used ' 

to monitor the alloca1on of aedical t'esources with respect to the: 

govemments poli~y ~f (de)centralizing (non)specialized resou~ces 

in the health 8e~ltor. . , 

_ TwO inte~~~.tatioDB of the inter-depar~tal distribution 

in~qua1ity .e.sure for a particular category of • reaource have. been 
1 0 

put forth in th~ the818. Pir8t, we noted that ,çhe ineq~ality in, 

the clietd.bution of a resource ls equivalent ~o a meaaure of the 

conCe t ation of' that resou~ce fram a lobaI 

if a rèsource is al~ocated to !' location, luch as a part eular 

,type' of racU.ographle equiplUllt to a p~rticul~ d1àgn~8tic radiolo~ 
• • l , 

4epartaeDt, ihen if ~he ineq~lity'~a.ure (a.creases), inerea.el, the 

304 , 

cOtlcentraticm of that 'part1cul.~r re.ource wul have (decreaeed) tnèr .... ecl, 
" ' 

"and thérefore 'the, relo\lrcé ',nu. be _te (cÎe)eent.ralized thau before - - l '. , 
• ~hià a1-loç.t~on. TbU8 "HI . will, ~or- the f~rat, tillé t let governae~t, 

, • ,pJ.aDnèra bow vhether the1r dec1àJona a7:e conaiatent wi'th the Hini.try'~ 
o ' 

alo~al .UGe,.tia poliey. TbU ~.x 1. atao consistent "ith our 
J ~ " t .> - • ~ , \ ' , ~ 

, ol1&inal UtiCIa~e of prw:141q laf~nat~On r.~t to the lovel'llJllGt ~ • 
< <. -,~, , 

dectato,l eIlvir .... t wltbOùt'. aètua11yo aafdna deeiaions; that :11, 

! , '.t 110 t~' 4o,.! illcÙ~te -.t 1"a1 of (.)e_tralization of a 
, ~ ~ , • ~ ~ - , _ f'" ri'," , _ l " 
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corresponds to a distributional. rather than funetional, concept 

of specialization. For exareple, we know that functionally 

medical specialists are more spec1a11zed than generai practitioners. 

Yet in 1972 the~ were 3,392 genera1 practitioners and 4,331 medical 
~ 

specialists in Quebec (Anon., 1973). Renee G.P.s are less common, 

and in a global sense represent a more unique (specialized) type of 

phY~ician. In a stmllar manner, those resources which are more 

evenly distributed are les8 specialized than those resources that 

are centralized in a few locations, independent of their functional 
, 

role or cost. The relative speeiality of two types of resource, 
.: k ' 1 1 - categories tJ and , catl 'be found by comparing H. and Hk 

u J 
This t~ of analysis was applied to the three types of stationary 

, 
radlograph1~ equlpment (without fluouroscopy, vith fluouroscopy but 

wH hou t, a .pot device, and vith fluour08copy vith a spot device) 

for a sample of 35 diagtlostic l'adiology depat;tments in Chapte,l' 6. 

Interestingly, it W8S found that machines without fluouroscopy are more 

specialized, i.e. more concentrated baaed on maximum uncertainty in the 

a ppiari d1&tri~ut1on, than machines with fluour08copy and with a spot 

device (see Table 6.7). In addition, machines w1thout fluouroscopy 
-. 

are generally eoncentrated in the Iarger depe.rtaente. Tvo possible 

explanat10ns are: 1) ae machines without fluourosc~py are 

funct:lonally.less versatile, it' only beco..es profitable to use them 

1n larger depa~tments (wh1cb ar~ few in nuaber) wbere the d~d 18 

suff1c1ent to have machines devoted to less apeetalized proeedurè~, 

) 0X:; 11) fluourosèopic machines vith a spot deyice réprese':lt a more

l'ecent tecbrtolog1cal developmen t than uchines w1tbou t fluouroscopy, 

aod bea.ce oné would expect the latter type of I114cbine to be 'Concentrated 
v " 
1~ tbe older, and aènerally l~rger, rad101ogy department.; B1tber 

one of, these hypothea.. ~01hd be validated by exasUn1ng the equtpœen t 

app~h~t~ons' aade by different: ,type. of radiology departMnt~ ove%, . 

the Put. se •• ra1 yursi 

\ 
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//~- 7.2.3.2 Quantifying Departmental Resource Mixes 

and Hospital/Oepartmental Balances. In,Chapter 6, five different 

information theoretic indices were presented, i.e. X.l , X~2, 
1 2 3. . 1.. ... 

G., G., and G. , where 1.. denotes the t.-th location. The first 
1- 1- 1-

two are weighted sums of the inter-departmental distribution 

inequality measure for each category of a resource (see section 6.5.2~1). 
l 2 The difference between Xi and Xi is the reault of using different 

a priori distributions in construeting their corresponding resource 

category inequality meaaures. The last three information indices 

are intra-departœental distribution inequa11ty measures (see 

section 6.5.2.2), once again, differ~g Bolely with respect to their 

a priori distributions. 

Two properties of the information measures makes them particu1arly 

useful as efficiency source variables. First, of course, a mix of n 

resource categories 18 reflected in~a single measure. Second, they 
\ 

. are dependent on the proportions of the total resource volume for 

each resource category at a location, rather, than the total volume 

of the resource. 

MOst of the efficiency source ,variables described in 

section 7.2.1 are correlated wi~ either t~e ,rad101ogy department or 

hospital size. The information measures for two ~epartments or 

hoapitals will be identical only if the resoutee category proportions 

are the same, independent of volumes. NOrmalized indices lueh al 

these are required to quant1fy what ve have labelled as the fundamental 

sources of :l.nefficien~y in cleparment8. rn the production model, two 

departaenta will be identical if the" to.tal volume of each of their 

IIOdel 1np~t8 are the ,me, and Vtll use the Balle production 

procas. if- thé ratip8 of the:lr inputs are identical. ApplyiuS the 

1nf9~t1Qp J!!aure,' '0 the te.ource cateSOlies ~omp;i.ina a model 
input .11ova on, tG differentiate· 'betveen e~valent depart!ents as 

vell a, betweeD eSuivalent production proe ...... 

Index a.,,3. in p~rt~culatt CD raflect the het",oleneity of a 

, ' 
,\ 
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production variable as it i8 ba8ed on an a priori resource mix which 

18 equlvalent to that of the "average" department or location. The a 

priori assumption for this index Is the same as assuming that the 

heterogeneity of an input ,is evenly spread over a semple of departments. 

Rence G. 
3 me asures the deviance of a department' s resource mix relative 

1. 
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to the sample in a manner whlch reflects a model based source of inefflciency. 

The technology mix of a radiology department was quantified by , 
applying each of the five information measures to the thirteen 

different classes of equipment on data set D.l. The manpowet mix of 

a depllrtment was quantif1ed by using 16 manpower' classes; that is, 

seven technician categories plus the radiolo,ists, each in full .and 

part-time classes, a1so from da~a set D.1. As pursued in a study 
"" by Evans '& Walker (1972), a hospit,al was represented by information 

measures app1ied to a set of eighteen~utually exclusive and col1ectivel~ 

exhaustiVe patient diaRnostic categories. That iI!I, for every dia~nostic 

radiology department in an acute hospital, f1ve information measures 

were calculate,\ in each of three "resource" categories for ,8 total 

of {ifteen measJres per department. ' 
.-/ 

Recognizing that a cluster ana1ys1s on approx~tely 100 depart-

ments ln 8 8pace of dimension fifteen would pro duce meaningless 

results, ~ decided to1introduce only'one'technolog~manpower and 

diagnostic mix measure at a tille. In addition, information musures 
'1 1 

Xt and Gi vere el1mdnated for aIl three mix categories bec8use of 

their naive a pzeiori d18t~~buti.ona (aee, tction 6.5 t 2). This reaulted 

'in three different information measures r 88ch of three mix categoriea 

per-depar~t: Taking only one measure fr~ each of the tbree 

categori •• At a tille, 'producea 27 ~inat10n of three lIlusures. per 

d~partaent. Bence the problea waa reduced to a space of thrée 

df:aensionl • . ", 

clusteJ:'.1111 p&r .. et~r 'let for .. ch of' the 27 ... 18s vould be trellendous 

, .' 

. ,~. ,,' 

.... , ' 
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l' 
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(Bee App. E). Hence, a range of paramete\s was chaseb trom a d~tailed 
eXaBdn~t1on of only one of these samples, which W8S then used for that 

sample as weIl as the remaining tventy-six. The .,sumpt10n here' 

was that the remaining semples were not s1gnificantly different from 

the particular sample from whichQ ~he parameter range was derived. 
t The., decision as to whether the results of a Eluater analys1s 

are accepfable wss based on an examination of the efficleney h1stograms 

corresponding to the departments in each eluster. Our goal was to 

find the particular set(e) of variables and P4rameter set(s). euch - ~, 

JOR 

that the cluster analysis dividea the complete model efficiency histo8~" 

into groupa of departœents with significantly different efficienciea. 

Two featurea of the cluater results' (see section 6.6.3.2) are 

of particular ~portance. Firat, although thia analysis has generally 

diviQed the ample of departments in~o groups of above average and 

below average eff1cienciea, concurrently, there are SODe departmenta 

in the Cbelow) abov~avera8e clustera with (.b~ve) belowaverage 

efficienc1e~. Thié wotild indicate that the particular facet of the 

pr~ductlon o~aanlzation of a de~.rtment and the hoa~it.l/department, 

re1ationahip.that is quantified by our inforaation~heoret1c indices 

doe. ~t completely account for differenees in effi~ençy betveen 

departmenta. In fact, tt wa not .~ppo.ed to. Our original int~nt in 

, purauing thi. analy.!e vas to d~rive only one of a pOI.ible set of 

~ffiê1ency eôuree variables to iutro~uce to a coaplete effi~ieney 

aualysis. . 

Secoud, the clueter analyst. d1vided the sample of departm~ts~ 

, intq groups ~tch ~re most' defln:f.telY not obvioua ~,p2'io~ t~t t •• 
before .calculatins the technieal eUtet.lcy of rad1010gy departltetlta. 

1 c ~" , ' 

,As tndic~ted by rl~. 6.2a iIld Table 6.14, these groups are in fact 

quite l18t»ral in teru of the reau1ttns dficiencies t yet vere d~rivèd 

u.4ipend~~ 9f th~ .. effic1encie'. This H" *1pifieantly clifter~nt 
,:fr~ c;ia •• ify1n. dep.rtaent8 .b1 rela~lll1 a -dePu~t (eUtelency) 

'\ ~ ~. ( • 1 r; 

varlable 'to',. Ht of" iHepeacleat '(ef(lcl.cy lource) variables.' lu 
• ': , ' ~ • t' 1 ...' .1 ., 
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this case, the resulting groups are val id ooly in the eontext of 

the Ipècific dependent variable. We woulct c~aim that our ana1ysis 

has resulted in more universally reliab1e departmenta1 groupings. 

We therefore conclude that the investiiatio~ of information 

theoretic indices and clustering ana~ysis is justified. and'il 
\ 0 

representative of the type of aystematic data examination requisite 

to accounting for differences in tecpnical efficiency, saong diasnoltic 

radlology departœents. 
" 

7.2.4 Extensions. Our effort at classifying diagnostic 

radlo1ogy departments vas presented aa preliminary to a comp~te 

quantitative determination of the sour cel of technical (tn)efficiency 

in these departments. Hence, the pr1mary extension of the present 

work will be the pursu~t of such an analysis using the procedure 

desê:ribed in section 6.6.1. ' 

. Par thoa .. cluster analyaes vhich have produced groups of 

departmentl with above average and below average.efflciencies, 
~ < 

their rèaulta can be iDtroduced to an effiC~deterainatioD .ch ... 
ln the fora of a bin.ry variable; tbat la, ci.ttnB a (Iero) 

one vith those depart .. nta in ~he (be~ow) above average eff1eieney 
1 

group.. Yet before doing .0. lt ma, be .clvi,.ble to further iDveatisate 
• l , 

the cla.aUieat1an analy.i. it.~f, for vh1eh thr •• ~V8Due. exist. 

rirst. although twauty-.even' 41ff.rent variable .eU .. Rte 
~ ,~. 

• '.r 

independent!1 exam1ned vith the cluaterlq teelmiqué, the paraaeter 
JI l' 

, tan~e used fcn all aetl we •. the .. e. It, 1. fe~t tut the ;û'n.at18faetoJ;Y 

d.p.~tIleDtal p'"OupilÎ'8 del'ived froa uny of thé.e v*ti.bl ' •• t.· 
1 

relultad fl'OS di.stallaritiea between the1r ~..,1 •• , and the .~plEf 

for wh1c:b the par~etel's ... re actually ehoaen. I,Y ~ " tl.f.cto~ 
o aroùpinsa ft ~.f_r to· the" produetio,:, of e1th.r ,:' cr oualy ~.rae 

. utah.r of .. 11 cl.uaterl' or a .1ngle clu.t.r It. th complete ,' • ..,l •• 
, • 1 ( l / 1 .. • 

lI~e. __ àtl·.,roveaent Ua ~ .. r ... ult. voul~!e cted if clU1t.i!t'#g 

,_ PJ!I!!'!$er'.irèr ... ~.he4 for .Uch ~ é.t7 ~ ria Iole ~~. 
.::' , ~.c~d. (~~ .~,ôf, th- ,cl~~ .. ~ -.1,. . 1t appura t.~ 

( "" ,f ~! • l' 
1 f ,t l '/,"' 1 .... 1 ~ ~,I " l''} ~ \ ~ , 

• ' <. ,f ~' ,. ~ ~ ,': \},~ ~~ ,~\, ,~ • ,J '&. • " ~ ~;', " '.! .. ,'~ :..,. ; 

) ~ 'j i t~ • _~ • 1 ~ , ' 
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the introdUction of the diagnostic m1x information mea_ures had a 

minimal 'effect 9n definin& the clusters (see Pig8. 6.19 ,and 6.2'-"'" 

This hypothese cau easily be tested by re-clustering ~epartments, 
/ 

in terme of Just the technblogy mix and manpower mix,variables. 

If the diagnostic mix is in fact superfluous to this cla8sific~tiô~ . 
scheme, then two principal courses exist: 1) some other hospital , 

meaBure could be introduced to this analysie, sueh a8 the cost ,p~r 
f 

patient, averâge leugth of stay, or the ratio of 1npati~nts to, 
" 

outpatient visits, or;' 11) ,exclude a hospital relat'ed 
measure fram th!. c1aasifying~roces8, but'introduc~' t~e dia~OBtl~ 
mu measure!l~ .d.ch represent th.e c~p1exitY or spec1:ality of ,a 
hospita! dependirlg on which of the five indices ls used (EVanà & 
Walter, 1972), as an efficiency Bource variable to theeffteieuay 

quantifieation procesa. 
1 

Third, on examining each of the three .eries of five information 
, , 

measures, it vas foullcl that SOIIle of the infoniation lIleasures ,within . 

any one .~r~eà appear ~elate4 (aee Table 6.13 for examp1e). If thi. 

1& the ~.e·t then at least ,BOIlle of the 27 c01lbiutions of infol'llllt1on 

measuree are 'OIIleWrutt ~epetit1ve. lofé- wouId suuest that the 

correlation matrix (5 by 5) be calcul.ted for .ach .et of mixes. If 

within any one series the 1nfo~tion aeaauras are hilhly interrelated, 
L' \1 • 

then, a dimenaional1t;x reductigp 8cbae, Buch 'a. a factor analy.1 •• ahouleS 

be app1ied to tbeae meaaurea. Thi. wou14 p~d~c. a ~ller·.et of 
~ . .... , 

~ , 

var~.ble •• i.e. ,le8. than five, .. ch'of wb1ch Will. provide more 
" . 

Itmfonatd.on" on the .wce. tbau an)"" of tli~ brisinal variabl... TheBe 
.J , 

new variable. ~ chen ti. 1ntro'duced to tbe c1uster analy.!. fn· the -

... f.uhion a. tbe ortainai variable... In thf,. ft" tar leas 

'cOliputatlOn voUlcf b~ re'f,uir:ed. 'to produce .. 'Iood or better departaental 

cl ... lf1catiolul~ J . '. . . 
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i) A procedure vas èstabllshed for 'developlng quantitative 

11) 

, y 

toals to support planning and deciaion making in the 

health aector which la based on an examlnatlon of the 

health systea in terms of the needl of the health 

agency' s de(:islon envlronment for whlch the tool ia,\to 
r '\ 

be -desianed; , 1 \ 
A l1near programaing production model of a diagn~tlc 
radiology d~partlllent was identlflèd wta1ch la applicable 

-to an)' such departlllent in an acute hospltal, e8timates a 

feaslble depar~tal capacity ou~putt al10ws investi8atlon 

of thè effect of varlous'reaopree changea on thl. capa~ity 

, output t'and can be uaed to' calcula te the tecbnlcal 

efflciency of a departraent re1ativè to the IIIOst efficlent 

d~partBeDt. ln the proVince; 

l1i) ~n :1nforaatiOJ,\ theoreUe lndex ;"8 proposed to ln41e~te. 

'" frOID -a 81oba1 'pet'~pectivet whetber the aU.ocation ,of '. 

specifie type of aedie.1 rea'buree tO a par-tieular location 

311 

'i8 consiatent w1th the soverDilent'a pOliey of (de)centralizing 

.(non1epeelall,zed retoureea in the health aector, and; 

1v) lt wae clamonatrated, by eluate~:1Il8: racl:1oloIY clepartllents in 
'. ,.. ~ 

ter.. of information meaeures reflectlns tbeir technolo8Y, 
1 ~ , ~ • 

~owert an4 bo.plt.l diagnostic m1xea. t~at the technlcal . 

etficlency of clapal'blenta 1& corre1'tact vith. if not 

conditioneel by, â bu.ce o,f the •• 1Iixe •• 
, " 

Pieas.o ohce saiel thât ~t 1 •. a 11e which .. ltee ua ru11ae 

~b. trutb. 'A_ rept~.ent.tlOQ',or, 11lt:erp~et.tioI1 ot , e~ec;ifle r~lt, 
, _, Il_el' exactl}' replieate that eDtit,.. ,: And ,et. t1)rouah the eyéa 

,: of the art1.t ,and, the ' .. diua of the work, a ~"r,,~ he ahOVD an 

, , " _" _l~ctt lacet ot ,tisai .na11ty whlch h1tJl~rto ,.y have heen .eu.d. __ . __ ~--
,'; , ',,' ,but wH Ulla.... Matb"'t~"" lI()de1iQa ia aucb the .. a. ·The. .. l)'lt 

, •. ·.-'-~b~iMt:. 'c'~~ p.ttlea .• d-',relàtl~hiP. 'I~OIl « .~t .. · fo~ , ' 
,. > - ~, ' 'r ," ~,,' ,,~ ~ .... \) '., ~ " 1 ~, ' : .. ~ ", ' • \'~ ~~~ • 

. '/ ,,:~ ;-' 'flUlllttft~1OIt til' «*4er to PrOd.".,. late11tict;ual ~t:ruct·, .. 
:- ;,:',' '-''- :~)' '~:, '<",:. ': . ,":;'r' ':;', "'" ,,'" .,' ,'- ," ,.' ~ ",,, 

- '. ~ " ~J' " • >." \ l • 1 t J ~ ) '_-r" V ~. -" j " -
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which portrays a p*rticular system behaviour. The goal of th!. 

exerc1se is to "see" previous1y unobservab1e ayat~ structures and 

parametera. In thi. the.l, we have developed àueh a pieture of 

diagnostic radio10gy through Which govemment plannera ean more 
\ . . , 

effeetively rèaolvè their radiographie equipment allocation deciaiona • 
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APPENDIX A 

RADIOGRAPHIe EQUIPKËNT !PPLICATION PORM 

Thil append:lx cODtlina a eopy of the application fOrll IUbaaitted by 

:lIr,iasnoatic radiology departaentl for new radiographie equipaent. :.' ' ........... .... 
......,. .... DIt LA IAHH 

.INVICI: DI: L·AUURAHCI HOSmAUIATION 

D8MANDI POUR L'OBTENTION D'BQOIP8MBHT 
ItADI00CXlIQU! (SBC1fON DIAGNOSTtC) \, 

A.- RIHSBIGHBMIHTS ~AUX 
H&p~al ____________________________________ ~ __ ___ 

tocalit. ____________________ ~ ______ ~ __________ __ 

Population .pviro~nant. (approx.) 

Noabre de lit. (excluant ba •• inette.) 
Koabre de ba •• ln~tte. __________________________________ r 

. Accr'ditation par 1. eo .. i •• ion canadienne 4'accr'ditation 
. oui' Hon _____ _ 
~ 

, 1.- INSII<f"B. 
" .. 

4fflllatioft unlver.ltalre? OUi Mon . - -
" , '1 oui, ... de l'\l:ni .. rtlt6 __________ ---....-

.... el.lftlltlen\ 'ol'tanbi pou le' 't,\adlant. en _d,cine non OU .. 

.... f O\1i _ tt~" ~ , 
~ ••• 1ftter ....... l'otaUon' ______ ; _______ _ 

.' 
~. de ~'ild8nt. & l' ... tcaine .. nt po.t·or&d~' (.xcluant 1. 

1 

:r.u.ot,.le) _ ...... _____ ~-_~-_----_ 
" ' \ ~ 

, c.- 'J!!!!S!!!:';w ~M'iilMDrf DI RÀPXOLQQU' . 
, ,,'.': i 

.. ~ .... radto109i.~ ... cerdtt'., a) l pl.lA ~np. ____ "y 

" 

'.'1 ",''!'IP.' ~t1el _' __ 

/ 

.' 

, ' 
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....... " eu .... 
........... DI LA eAHT' 

UItVlCIE DIE L~AUURANCS: HOSPITAUMTION -, .. 
( 

MGabre d"tudiant.·technlcienl à l'entrain ... nt 

D.- TRAVAIL RADtOUOGIQUB (Section diaonoltic) 

Moabre d'ex .. en. enregietd. }/ an dernier: Interne • 
~ " Ixtel'ne. v 

ù 

Moabre d'exa •• n. enregi.tr'., depul.' le 1.1' janvier à 
date ( 

aate 
) ltaterne. 

Ixterne. 

.. 
cette 

Noabre d'ex .. en. de chaque cat6gorle enr891.t:r6. depul. l'an 

a) aepa. baryt'. _____ _ 

b) Lav"e,,' baryt'. 
C) Aftg!ocardiograpbie. 
d) Ar"l'lftftraph~.. (P6rlRbt~lque. 

-. (c56l'Mbiàle. ' 
(aDtr8' ___ ~-_-_-_-_-_-_-~.-~~_-_-_-_-_-_ • 

'1 

1) TOIIOQl'apble' 

.) ....... '. pol't.tU. app:roxlaatU.: .ut 1 .. 'ta .. ... ' ' 

1. 1 •• aU. d'0p6l'aUon _ . 

~. ".olpline •• ulv"t •• '.ont~.ll •• p:ra~l~ •• d. façon Actl-
~ •• ' .,.~~e" .hlp~,~., . 

, "'oohbu.t~t 
, Ch~:rù..~. '~*,l~J 
·Qahug!. ~4i.I'·' , ~.tte ,v ••• *lre. 
( ••. , •. ~._~.)," 

i 4' ~". ~ ~ ..... - , ~.- :;. 1 \_~ , r-, 

',l'f: IIcm ----O!""' ad ____ 1I0It ___ _ 
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Noabr. d. 11 t. r' •• rv6a 1 aux pati.nt a tuberculeux ------
Naabr~ de lit. r6 •• rv4. aux patient. de p.Vcblatri., __________ _ 

F.- IQUIPlUCNl' RJ(DI<LOOlQUa EN OPl1RATION <'n\lll6rer ch.que piic. 
d'6qu!pe .. nt. Annexer pag •• ~Uppl' •• ntalr ••• 'il y a li.u. 

œsatlPTrON ANNll! b· INSTAL;LATION '1STIMB Da LA VAL,BUR ACTtm.L'i 

1.- __ --______________________________ ."~ ______________________________ ~, J 

3.- ______________________ ~----~~--__ ~ __ ----------------------... 
3.- ___________________________________________________ ___ 

4.- _____ .......... ______ .... __ .... ____ ~'----------.... ~----------------.... ------------i, 

s.~ 

,/ 

Mp,,6clatton 
dloloot. par 

? 

allou' •• ut l"qulpe .. nt actu.l au Service d. Ra-
le SAHQ '" 

0.- "'~CJU!LL8 D'PIPSMBH1' (6nuainr .n 46t_11 chaqu. pièce 
i'iêiûfptlll.nt, _.n ... ndo.,..,.r 1. no. du aanutaCJ'tud,.r ••• ut' si 
l' 6qtttpeaent •• t II&nut.ctur' pu un leul tourni"."r '. Annexer 
pagee ,.uppl"'ntalr ••• 'il y a lieu) • 

•. of 
t' . , 

In.tallallon additi~nn.l1. ____ d. r.-plaa.-.nt ___ coGt approx. __ 

.1!t1 .... h .. l'eapl • .,....t, !ncU •• " ~ ,91':1 h .... ntionn6 
...... la MClt.1on " il ".,lt. 

.~-----------J"'-------
• • t ~.:' .., ( , ,t ; cl" J 

'.I ••• à1k~lOft.-.u,~lo~.ll._. r_la~~..........s.oGt "pprox:_ 
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- .. -
.' il .' agi t de .... pl.e.-nt •. indi.quér de qu.l h .... nUonn6 
dan. 1 ••• etion , 11 .taoit. 

3.-

---.--------------------------------------------------'\ 
\ 

\ 

) 

ln,tallatlon additionnelle d. r.-pl.c ... nt c&Gt appro •• 
-:-- - -

"li "agit d. r.~l.o ... nt. indiquer de·qu.l lt •••• ntionn6 
dan. la •• otion , 11 "aglt. . 

.... ________________________________________________________ ~4~ 

.f 

ta.tallation .dclltlonneUe_de r"'lac_ent_eoClt approxo_ 

"il .' agit . d. r8llP1aoe .. nt. indiqu.r de c:pa.l Ua .. ndonn6' 
dan. la •• otion , 11 .'agit. ' 

M.- L"qgl~t •• ra.t-Il lnltal1' dtn •. an nouvel b&pltal? . 0&11_"'_ , 
; , . 

, . Il DOa, de. alt'zatio'" .1 la baU, •• actO'U ••• oat-.U •• ",.;' 
: ... l1t •••• pu 1 ... 1 •• hOtIvel1 •• i ... taUatioa., ~1 _"on_ 
SI _1. ..d~ .. ooGt ____ _ 

, , 

)S! thllIIaob •• Uv ... t la pd ..... t. tecpatt. dew .. ~r cet-
,. t .... l., ... put:le.aU.u .f. 1 .. AtaUs .,. petavent .t .... acUt-
..-..... t lnol.' ~. 1 ..... t1onnalr. ci-haUt. . ,.,.. " 

SI '1 _r ... al ....... t 'lift ctl ........ ·l~. "pi •• d.- lO~it.lon. 
pcovebànt d' •• _l.a.t,ol. toucftil-..r. 4'lnatal1atlln. r.dlo-
1.'~1. Il ti'.'l ".. ••••• ù. que le. l'al ..... ~tr. 
·.Ix dt. tou.l ••• u pl.,a, •• dtuà ,.'i'_. 8Otot .. ~1"' •• 
... ··1 • ...s..ai_.~" pl.·H .... · .... al1 .. 'Pout,toat l"tce 
tu, , .. ,t.e~lb' ..... ,vin .de 1~.'" aa.Ml ., par; pr'~.-__ ·_~n •. · .~ , 

u ~ " ~~~. ~~ , , _ '. 
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APPEN'InX B 

DATA BASE DESCRIPTION 

This appendix provides a 1iating of the information availab1e from 
~ 

the three data sets described in Table 3.1. The following descriptions 

are extraeted direct1y from the 'Fiche de Description des Zones' 

accompanying the computer tape corresponding to each of t~e data sets. 

Data- Set D .1 

1 

1 annêe 

2 numêro h8pital 

3 radiographie"pulmonaire de dêpistage - hospitalisês, 
de la tuberculose (petit film) 

4 If - malades externes 

5 If - examena courants 
-,,' 

6 " - total examens 

1- '",' - à l' h8pital 

8 " - autre organismes 

9 radiographie pulmonaire - hospitallsh 
(film ordinaire) 

10 " - malades externes 

11 " - examens courant 

12 te 
0 - total examens ... /" .... 

13 
-1 " - à 1!h8plta1 .. 

14 " - a~re organismes 

lS exUlene fluouroseoQique - ho.pitalist. 

16 11 - malade. eztent •• 

17 " - ___ a courant 

18 n - total ___ 8 /" 

,19 If 1 l 'h8pital 
f' 

" ~O " - aut~ Graul-es 

Ji ex~:~in6radtosraphie. - boep,ital1.,. 
" 22, - ,_. - ~ .... _ternes 

, .. 
,23 .. .. ... aea courant 

.~ .: \ 

',,14- c, " *,1,.'" "-,t!~.l ...... 
, \ .. t ~ 1 • ; • 1 ~ ~, ' 

" ~ _ t, • ,'1- _' #, '. 

,,' ,", .. :: .. ,'., i;;~ ~~~~~ii~i~~~~<~~~~;'~:,:,~k~j;<~:(~;, o.,~:,,:'~ 'E.:â .< 



Î 

1 

.. , 

25 examens cin'rad1ograph1es - à l'hôpital 

26 " - autre ôrgan1smes 

27 autre examens radiologiques - hosp. 

28 " 
" 

" 29 r 
30 " 
31 " 
32 " 
33 total parUe1 - hosp. 

34 " - ext. 

35 Il - ex. COUT. 

36 " - total 
.iI" 

37 " - l 1 'hôp. 

38 " - autres orge 

39 autres - hosp. 

40 

41 

42 

43 

44 

" 
" 
Il 

" 
" 

- ut. 

- ex. cour. 

- total 

- l l'ha,. 

- autres orge 

- ext. 

- ex. cour. 

- total 

- à l'hôp. 

- autres org. 

. 45 total amena radiologiques - bosp. 

46 " - ut. 

47 
48 

49 

50 

" 
" 
" 
fi 

- ex. cour. 

- total' 

- l l'hap. 

- autres 'orge 

320 

51 iftterpr'tat1on8 'crite8 
de radiographiet 

- ra~101ogue - d'bit'e. 1 l'hôpital 
,\ 

S2 " " - non d'bit'e. 
- autr •• - d'bit' ... 1 l'hôpital 

ft 
" .. nOll d'bit'es 

5S .,partels fis .. .an. fluoul'Oaeop:l.., 

56 tf , If ,&ylie=- fluour.. ... petit f1ia 

57 "".. 'It t, .ec 'petU ' f1la 

" 

, " 

. ' . 
r , 

, 
, ' , 

"' :" 
, , 

" 1 

" 

" 
Il 
'~ 
1 

'/ 
\ 

! 

~1 
',' . 
'1 

,'r 

-J 
n i El ' 

; 
!:~" , 
r 
~' ... 1 

'" 'J', 
>- :');'1 

\~~ 

" " 

t, 



• 

___ Ill _1111 

58 appariels mobiles sans fluouroscopie 

59 " " avec flum.tr. sans petit film 

60 " Il " tt avec petit film 

61 appareils clichês pulmonaire 

62 amplificateurs d'image visionnelllent 

63 amplificateurs d'bDage visionnement enregistrable 

64 amplificateurs d'basge mobiles 

6S magn~toscopes 

66 ,nombré d'amplificateur$' branehfs ou magnêtique 

67 autres appareils diagnostique 

68 radiologie - temps plein 
;' J 

69 " - t_ps.partiel ' 

70 autres personnel (radiologie) - temps plein 

71" " " - temps partiel 

72 personnel spleiali.' ~on medicale - temps plein 

73 " ' - temps partiel 

74 ~ " - d'part 

7 S ~" - heu;es rênua6r'e. 

76 techniciens diplSmês - teapa plein 

77 " - 'teilps~ parc:iel . 
78 If - dfpart 

79 If ' - heauree r~arEel!l 
80 techniciens DOn dipla.is - t.p. plein 

81 _" ft - t_pe partiel 

82 " - d'part 
83 .. - !Mur.. rEttuaaaries 

84 t.cbDJc1ene 4. 1.bo~.t01re et radiologie - temps plein . 
85 ' .t - t~p. partiel . 
8,6 ft - d'part 

321 ~ , 

... 

! 

81 '1 - beure. r'nua'rlee 
, '8 '.utt .. P,ei~, t~iCl1:le. -. t...,. pleiD 
89 Il - t...,., partiel 

,', ," "; ~'~ '90 ",'".' , ',,',"~." ' " . ..: cl .... ' 
!"' , " ' " l' ,. , 

'", l '", r è 
, • , ~ ......... ~ "r ,~ .. ' 

, ,! "~~ 1-' ' ~~.; '~ ! -~, ~ "'-' ~ ~ j f ~ ~'-, ' 

· .... '.; .. :: " . i,,~:'.',·:, · '.:~, :.:'~,~;~t·' ;:~;,;~/],;:1~~~~(i,,;~\} ~·",/,,;k,~;~:;,:., .',:' . ' •• ' . 
" ~ ... ,' .-t ~ t r-l,./ , ~I~~.'.).r ~I'~ - "~"..l' • ..1I'.,. ~ 14~,f.~·J 1}j"'1' ~ ~J,?" -,...r- l '.;'~'" t< ... , ~(, \'." ~ 

_'. .,':.' ':' ~,i ". "'f .... ,j ,~,l ,:-=- f.. .\ ~~J.,), 1:'" ~r_-';à!!.,t .... lr<;.. ... t-!,...,1,,:1~ ... t' :.P~"''r_'':'~~~ ~:r",~'i..l.t ~:-;. '" ~ ~ 1 l..'_:' ::',~~jtt"1.' 1 • e--:_, '1-

" 
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~ ,~i', ,\- ~l~t.li .~!_~ ~ 

":';;",, l5~-';;,'~:''''';''<-i<''''''.,.,. 

/ 

91 autres personnel techniques - heures rAnum6rAes 

92 infirmi~res diplSm,ëe - tempe plein 

93 ft - temps partiel 

94 " - d'part 

95 ft - heures r'num'rAea 

96 autre personnel de radiologie - t~ps plein 
, 1 

- temps partiel 97 " 
98 " - d'part 

99 " - heures rênumêr'es 

100 total personnel de rad1oloa1e - temps plein 

101 " - temps partiel 

102 " - d6part 

103 " beures dnum'rêes 

104 traitaent et salariee brut - personnel m'dieale 

105 .. - personnel non mAdica1e 

106 fournitures et dêpenses ($) 

107 total ($) de'radioloaie diagnostique, 

. , 
" 

" 

~I " 

""' 
1 • ~ ~' 

, ' 
, ' 
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Data Set 0.2: 

1 numfro d'hopifal 

2 - 99 nombre de patients pour -chacun des 98 diagnostics 

100 - 197 nombre de jours/lits pour chacun des, ,98 diagnostics 

198 la region de hopltal 

199 le numfro du groupe de l'hopital 

200 - 287 les 4 renseigneaents pour les 22 centr,s d'ActivitEs 

Les 22 centres d'activit" sont: 

600 605 615 620 623 626 630' 641 660 676 

677 678 679 680 683 684 687 688 730 7S0 

755 760 

Les 4 ren.8ian_ettt. sout: 

1 le total des heures de uin-d t oeuvre 

2 le total d.1 coGt. de 11&1n-d' oeuvre en argent 

3 18s autrel d'penaea directes en argent 

4 activitls du centre, un~t's de •• sure 
J • 

Liste des centres d' acU,vitf: ' 

Ho. du c:ent:re 
1 

,600 

60S 

615 

610 
623 

626 

, ) 

MlId.Qlatrattoa des .,ina infiraiers 

Soille infiNi .. s - _~d1es a!su •• 
,.C-

Solna 1af~1... - .. ladi.s 'de 
loagge ~ur'. . 

Poupooaika' 

•• 11 .. 4"èCau~h ... t 
Sall_ 4"o,.atl_';' 

.. 

Unitl de 1Ilesure 

Heur.. r'-un'rlea 

1Ialade trait's '; 

.Jour ..... 1acIe. 

Aceouch_ents 

Durl. totale eu 
htIiIrea des inter
venti01l. 

V1aites 

Visi~e8 

. Vof.:~. teclmiqu" 

',' , 

,/ 

, i 
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'~~m, 93.22Z.6 .... 2E ... :~&.a.cœ .. !œ.a4S& ........... a .. _ ... $ .... ~X .... !.2 ........... s.a ..... cIJ.j2IL.3 ____ 111121'12122111"1_." •• 11.[1.S_I .. tt.YI.IYL~Ufth 

No. du centre 

676 

677 

678 

679 

680· 

683 

684 

687 

688 

730 

750 

7SS 

760, 

" 

Dbignation 

Electrocardiogr~phie E.C.G. 

Electroencfphalograoh1e E.E.G. 

S,rviCès de radio isotopes 
<M'decine mclEa1re) 

Hhodialyse 

Pharmacie 

Radiologie diagnostique 

Radiologie thArapeutique 

Physioth' .... apie 

Th'rapie de rAadaption oceup~ 
ationnelle et'ergothlrap1e 

'Adlliniatration 

Archives midieales ,-' 

A1:baenta tion J' , 
"1 

Bu4ia4arie lifta·rte 

324 

Unit' de>, aesure 

Examens 

EXamens 

Unit's profeseion
elles 

'Traitements 

Preaèriptions 

Uni t'a profea.iou
elle. 

Unitl. profe •• ion
elles 

Unitls 

Moyenne quotidienne 
de pereonnes avant 
participE aux activit~8 
du centre 

Heures rêmunErEes 

Mai8sions 

JOùrs-repas'ou 
Equivalents 

N_br. da jours
stlad.. plu. nombre 
'4 • &ccouch8lellte et 
no.bre d'operations 

~ 

J 

4 
, 
,; 

.' 

J . 
~ 

'~ 
,1 
Il 

t > 1 

J, 

~ 
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Data set D-.3 : 

'~ 

l nua'ro d'hopital 

2 reglon soclo-sanitaire 

3 propriete 

4 nombre de mfdieinl 

S nombre de ~'d1e1n ... spejialistea 

6 nombre de '.diologt.tes .. plein temps 

7 nombre de radiologi~tes .. temps partiel 

8 nombre de techniciens 

9 ftombre de .all.s - generale 

10 ft .. " -' angiographie 

11 " n " .,. cranlographie 

12 " " " 1I8IIIIIlQgraphie 

13 ft " tt neurorad1ographie' 

14 " " ft scopie 

15 " Il " tomographie 

16 " Il " - 'urograph:Le 

i17 ·tt " ,f< - autt'el .pee~ 

18 noahre total cie .. lles 
19 'Ilcabre total cl t ..... ... 19. .. 
20 fi Il " .- 1969 

21· t, Il fi -1970 
\. 

" " il 1'71 22 ... j' 

' . 
23 It ft 'f .... 1972 

, , 

24 -a.b~. cie ft~, .. 19. 
25 ',' lt ,,', ,-,lMt 

i u" ~J _ 1 

,U' ft 1',.' .. 197.0 . 
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Pour chaque 8a1le: 

.: 

i eode d'identification 

2 armE. dt tnatallatioll , 

3 nombre .oyen d' ._enal jour 
4 noabre cltheures en usage/jour 

5 aurface du plancher 

6 fraie d'entretien - 1968 

7 " " - 1969 
'8 ft '1 - 1970 

9 " " - 1971 

10 " Il - 1912 

11 8,en~rateur ... phalle 

12 " -, puissance 

Il " --nombre d'bDpuls1on8 

14 " ,- annEe dl ins t.lla t ion 

15 " - lourn1eseur 

16 table d'examens - inclination 

17 
'18 

" 
ft 

- fluouroacopie 

- *loar aphie 
" 19 " - .. le d ',iuetal1atiOll 

.20 " - founat.seur 

-21 :l.ntenaU1cateul' 4 t _.e, - coc1e 
22 .. t .. .- •• dt tUltallat10n 

p .,.elH cie W",:, t~. ,.' 

24 . - ft, . ... tt. - ~."" •• ' CJ' ù8tallation 
,25 c1Jll-cadr •.. .:.. üa"t.on -.e 
.26" , 'n ... ~. ~ t,t-tJl1at101l' 
·2f ..... ~_: ... ;~04~ ',' '. ._ 
il'.' .. ,'" ·h "':', ~',: ..... 41iaa~U. 

", 2' ' ~'..r~ ':.J ,U. J I~j\.:;. -,} , 

• l,. . ••.. --:>,:it·.c ..... r :'4 •. fUâ. ~·:coCt., " \". 
"', • 1", ,> ,;- ,"~, ' .. :, .. ~.'~T~ ... - -,"'r . ':- ..,I~... 1 

.. " " ',;', ',.;3.~ ';, .' .. ~ ','. '';''.' tt-., .' ,ft ,,~.... ct ~ ~1à,tIIl~~101l ~ 
" "', ji·~~~.~ .... ',~i4.··~;:'·~:'" ,~', ,,~"I' _\ 1 

~. ,'~~ ~~"~r~ "':~,~I, 1,~"fJI"', .... 1 ~_ .~)~~~ ,~\':,_ ~1.;'1'.:~,t+~';1;'!,\»~ :",,' .'f_~',"; .... :/-'y_" ~,~-I-~r'-' 
• ',/. ',~" ·"",:~:;,,12,~ .-- ',' '; . ·i~!,,..,,,ttt'il*~~,.,# , 

.:~ :/t~~~;t~;:;~i~~~~t~~~~;~{;~;i~~~:~%1~.~\;.1'S;;~'i·' :;".,),~ ... , · •... 
~i~~.!t::::.1·t ~':'» ~ '-~~;;.~~i ~.t.,-"!~ 't,~~- ~ '~~.--;' :': \ ~ '1\ -#~ ;;;"(':>'~~ .. ~, ~ 

1< ':; :~;;;~4t ~').~.' "~. ~~"![:': --:; ~'<"~ _~~; , :,~ 'P' ~:~T),f, . 
~ l~~ .. ..,."t .. »t~, 1 ~·i..... ~l.!it'; i.ArN~ .. I ... ~, \ .. ,i'~'~-'(r -;~ • ~ .. ,J:~:'tu'i, r <r 
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~ 
<V-33 injecteur autcmatique s:lmple ; 

34 " " code 
'. 

35 mammographie code • 
36 " ann'_ d' Jlcha t 
37 " dEnOlll:l.na t ion 

38 tOllu~8raphie fot)ction 

39 ft ADn'. d'installation 

40 " d6noaination 
~ ~ 

_/ \ .-
j 

\ 

.; 

, , '... -II, .'~' 

, ,-
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APPENDIX C 

PRODUCTION MaDEL DATA 

This append1x prov1des the nume~1cal values of the production 

variables uae.d for the identifieation of the linear progrBllllling 

produc'tion 1I04e1 of a diagnostic radiblogy department. Por each of 

the 139 J'adi01ogy departmenu !ln our sample, the four types of inpùt 

and the output produced are given in the' following format: 

DEPAltTMENT HUMBER 
/ . 

1 
FULL-TIME ïW)IOLOGIST MAN-YURS 

Medical Manpower 
PART-Tm RADIOLOGIST MAN-YEAlS 

TECBNICIAN (DIPL) & NON-M.D. .. SPBCIALISr MAN-HOURS 

Non-Medical Jl8Dpower 
,. 

TECBNIC~S(NO DXPL), MAN-HOURS 

OTRERS MAN-BOURS; 

Haterial. i 
. 

NON-LABOUR ElPBHSaS ,IN DOI,.1.ARS 
" f 

lixecl capital { EQUIPMÉNT-YWlS / 
OUtput hodueed' t nuGNouJi iAniOLOGY ~OnSSl0NAL 

, 'Jn~tft l' -

, . 
. \ 

.. ' .. , J \ 1 ~ \ \ ' 
,'-
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J 2 3 1 4 5 
---- - ·-I----------I-----~~.~ -.-_...-.-...~ 

0.1 o. t 3.' , s. 1 _ 9. 
:J. 1. 1 O. t O. • 2. 

4027. 5396. 1 14925." a 40392. 71940. 
o. 1 1759., 1 o. , o. 1 15072. 

1828. 1 2117. 11572. , 2137-8. 1 48042. 
5792. , 8736. 1 140769. t 146608. 1 242010. 

2. , 1. 1 Il. 1 26. 1 24. 
~-----~I----~---I----------I------~-I-~~----O., 8.643.. e27379. '1 10384455. 1 1361526. 

6 1 • 7 t e • 9 , 10 
~....-.....-~ I---...-......~ I--...-....-.~-- ............ ,. ... ......-.-1 .-

2. 1 3. 1 Il. 1 6. 1 18. 
2. • o.· 1 O. • o. • o. 
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APPENDIX D 

DESCRIPTION OF COMPUTER PROGRAM waICH IDENTIFIES A PRODUCTION MODEL 

The computer program whieh identifies the production funetion 

for radiographie facilities conalsts of two phases whieh are shawn 
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in Fig. C.I: 1) the establishment of the linear progr8lll (L.P.) wbich may 

be considered to have 3 parta and; ii) the solution of tbe linear 

program whieh may be eonsidered to have 6 parts. If the nuaber of 

input produet'$.on variables ia m and the resulting depart1llent a8lllple 

consiata of a ob8e~ation8, then the 11near program for the k-th 

department cau be written as; 

s.t. 

where 

and 

[DI]A-X 

D - m x 8 Iâtr:lz 

o - s x l vector 

\\ - (a + m) z 1 vector 

x - m z 1 veetor 

- _unt of input i. u8d in dept. ;J 

- aount of output prpduced from j 

d
kl 

a colUlill of .. frb: D 

ner!lfore the •• tabli.lIMnt of a linear progr .. for any and aU 

dep.r~t.~in a 8..,1 • .ërely requtrea the construction ~f vector C , e 
and .. triE D fOr tbei _ .. i •. 
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I. Establishment ofhthe Linear Program 

i) Data Input - two matrices are read, ~A & ~PLE 

Let n maximum number af departments available from data 

sets D.l, 0.2, D.3 

ml - maximum number of possible production variables in 

a model, including the output 
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m2 - number of possible production varia~le classes, e.g. non-MD 

labour represents one class with as many as three 

différent inputs whereas expettses repreaents one 

class and one input 

then DATA - ml x n matrix, (DATA)i,i - amount of variable i 1 

in department .i (App. C) 

8AMPLE - m
2 

x n ~trix, (8AMPLI) •• - l if data 18 available 
1,.3 

(non-zero) on a variable in class i in department .i. 
- 0 othetwise ' 

1i) Parame ter Input - a 8er1es of parameters (NI. NC, NB f NINC)/f 

, and vectora (NADD,MADD. NCLA8 • NaX) are read "h1ch completely 

define a part1cul~r model (aeè exemple below), 

.. 

NI';' number of different lDOdela i~Ut8 <f 
• YJ 

NC ~ nuaber of model production variable cla8ses 

NQ - JI.lâber of ti()d~l input (:1as,ses in wbich at least one 

NINa - of the ~put8 Of eaeh classes must be non-zero, 
, -'1-

e.à, J lIed1eal aanpower i8 o'll~ claas, ,havin. t1fO 

diatinct inPuts - fuit and p~rt-t1me rad1ologiats, 
'1Q wh1,ch, a.: l ... t Olle of these auat be non-zero. 

, .~, • ea. 

l\_ber ,of ,dtffereut input. tG"be iDcreaènted by +1.0 
- '\. l, " 

t4:' .ÛI~tè',ail, :~l~.b1e, toefJource ,cbauae -

" ';cot:r~~))d., ta, f1~à~ NiNe 'el~~ of vector X 
: .' .,;--"',', ',',' ,', '" ,~" 

': ", -" ';~<. :', .> ::" ::.... >. ,.:. -l', 
',>:.,_.'~ .. ',: ,:_"~ ',J ,,~' 

. ;:'~:·~i~~#~J:~:;;<,:;. J::' ... ' .. , '-

, 
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NADD (NI' + 1) x 1 vector. contains how many variables 

from DATA are to be added to form each model 

production variable. 

MADD _ (NI i 1 NADD
i 

x ~ vector, containo indice. 

corresponding ta rows of DATA of which input&-

are to be added to form model inputs 

NCLAS - NC x 1 vector, con tains indices correspond:tng to 

'rovs of 8AMPLE which de8cribe model production 

var1able classes. 

N8X - NC x 1 vector, containe the number of model inputs 
.~ 

in each model input class in wh1ch .t least one 

of these model inputs must be non-zero. 
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Exemple: if the rovs of mstrix DATA corre8pond to tbe follow1ng variables, 

1. equ1pmenr"'years 

2~ 'fu11-time radio~ogi8t man-years 

3. part-time radiologtat man ... years' 

4. Tech (dipl) un-bra 

5. Tech (ndi~l) man-br. ".Vf"l' 

6. "Others" 

7. non-~abour expettaea ($> 
8. diasuostlc radiology prote.sio1l81 uni,ts 

the foU_ "~labl •• 7"' 
" 

'. 
\, 

/ 

! 
" 
~ 
< , 
.' 



.. 
and the output - professional units, then, 

NI - 5 Ne - 4 NB _ 3 & NINC _ j 

NADO- 1 MADO- 1 NCLAS -

1 2 

1 3 

Z 4 

1 S 

1 6 

8 

140 

1 
N8X - m 

2 

3 

5 

111) Setup Procedure - construct vectol' C and matrix D for Hoesr progre 

" 

a) 1llUltlply corresponding elements of 1'0"8 indicated in NelAS 

of matrix8.AWLE- the tesult ia a 1 x n row vector )'hose 
, 

zero elements correspond to departments whlch do ~ot bave 

enough data to he included in the model. L :\. 
J b) for tbo.e dep~rtmentB corre.pouding to a non-zero value 

in the above operation conl~ruct the input and output sets 

as indiàated i~ NADD a MAIJO & aFore in '\i8atdx Dt and 

yector ot respectively. 

c) scan through tb_e l'ove of IIStrix D1 aa indicated by NSX 

Note; 

8~lng ,for zero values, and eli~inate these departments. 

atep c) ia neee ... r, -'for,e~le; a 'model 1. constructed 

~th a non .. edleal ~power tnp~t eon~1.tin8 801e1y of 

Tech (dlp1).: Â de)Hl'l'taent vith a' zero v«l'\le of Tech (dlpl). 
> 1 c~ • 

b~€-tith â ~n-•• ro value for ~ither Teèh (nd1pl) or 

Ot~. or both~ wdll bave been ineluded in the .odel after 
- . '" -. ' 

.titlp b) &~ •• but ,aut- 'in ,reaUt)' ~be~excl~ed a8 the non-

, .. ~êai _~ for thi.' 4epart..Dt· ÛI th~8 partieular ~el 
, 1 .. ~ 

• '. .' ~ ,~~~~:'.' 1> \" l " C-',' -

'. .', Al) the. 'r'-lutiaJ èI:.,att;llèilt., câa nov: be aPi'ropriately àtot'.d 
------...... "',"" ~ r <' .., , "r,"" ,'" -... 

• 1 :"_,, ~ "'i~~-<-~~~-,:~~,~'·,'.;_4;,~~:~~,~_~~~, 4~~crt~ ~~t:1al;1y_ 

·-x.~r:"~i.:~tlt~~~~~~;~::,i~~,~ji;]t"i}~:; .,.: .';;' ,c":~s ~~: :,', . 
.:o"~,,,":'"·'.~f, ."'\l'I,~J~,,.'~;Nt \, '-. " ->'ii,f,,;~, ," /-:",:Jir,·-..~,"'" ,.1 ,,', '. ~~/~' -r' '" ';I..~" . -' - , 

~ ~, ~ .J~_ ':F~_ ., "r.~ ',~..:I .. ,~ .... 'l> ~I-t'[ ~1"j ~ .... )~;~!"' .. ..'.,'r __ '_~," ,,'1" ~ 1 
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II. Solvlng the Linear Program 

i) actual solution of the linear program - if B ls the ~umber of 

departments included in the model, then for k - 1, 2, ••• ,s do 

a) ta f) below; 

8) let X - d k where d k. - k-th cohan of macrlx • 

b) if seme element of X ls zero, eliminàte aIl columns of 

matrix D (and corresponding elements of vector c ) which 

have a non-zero value corresponding to these elements. I.e. 

construct a reduced problem. This procedure will avold 

degeneracy in the solution of the linear program. 

c) solve the resulting linear program using the revised 

simplex method. 

d) calculate and print the technical efficiency for department *' 
! 

• e) caleulate and prlnt sensit1vities fr~ lin es , program solution, 

i.e. the dual priees (L~enberger, 1973). 

f) for i - l, 2, •••• NINC increm~t the i-th element of vector X 
l 

by' +1.0 and solve new L.P., caleulàte and prlnt the ratio 

of the output from the new (input incremented) l~near program . 
to the original 1inear progr .. output - I.e. the capaclty 

change corre.ponding ta an tmpl1mentable resource change. 

after 80lv1ng all a linear prolr .. probleae 

11) print departments ~ef1ning the efficient production f~ctlont 

1.e. ~h08e departmenta wbleh are 100% by the ,analyaia above. 

~1) ~r1nt ,the,freqU$DèY d18t~lbut1on8 of ~fflc1enciea for aIl 

• deparemencs iD the 8.aple. 

, , ' 

! l~ .t",,~ M'r~ j.:. ) L , 

> " 

- f. t r, 'i ' 

~. '::~~~:.}~:~}':,,:~.: ,/1 

, " 

";! 

.. 
" , 

" " 

" 
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APPENDIX E 

SOME CLUSTERING RESULTS 

The results of applying the clustering scheme of Jarv1s and Patrick 

(1973) ta a sample of 129 diagnostic radiology departments 18 shawn below. - . 
The departments are represented in ~ three d:lmenaional Euclidean apac:e by 

their departmental equipment mix. departmental labour mix, and hospital 

diagnostics mix. Bach o~ the three departmental vector caaponents was 

construct~d, by using the information measure described in Eqn. 6.U. The 

various clùster analyses which follo~ are the result of uaing different 

cluster parameters 8bd aembersh1p voting techniques. One auch eet. for 

k a 10, kt :a 6. witJb unweighted yoUng (sharing o~ nur neighbour8). il 

shawn in c~pl.te detail. 

/ 

cluster 1 

, 
.......................................................... 
• • • 'UN S"""'"Y • • • 
• SA"'LE SUI-U. • 
• DIMIHSIOlil OF SPAtE- J '< • 
• NO. DF (:LUSTEfs- 21 • 
• HUGHIOUIISIU- 10 • 
• YMtESHOLDIIC., - , .' 
• "UHOOa SHAUNG Of' IIUA fCEIGHI~S • 
• DISTaNCE MtASU~I-' EUCLIDEA" SfANDARO.ZID l' RANGI • • • .......................................................... 

., 

, ," 
, ' I . .IA .' . 

" 
.1 



4 

• 

5 

1 

6 1 

7 1 

8 

91 

• 

I--I--------I----t----I 
tOI" 1 tOUIf' Xl 1 UIGII Il' MOS' K2 1 

1------1-------------1-------------1-------------1 r .., 1. 1'0 1 O. ••• 1 o. '0' 1 
l " 1.042 1 O.... 1 0 ... 2 1 
1 "' 1."4 ,1 0.616 1 0 •• 60 1 
1 If' t.IU· 1 0.121' t,O."" J 
, 14 1 1.190' a.21. t O •• ., 1 
, al 1 1.10. 1 0.111 1 O ••• ., 1 
1 ta' l.nl 1 O.,,,, O."'" 
l "., "1" 1 0.10' 1 1.0'''' 
t tl' 1.092 t 0.1)" o •• tl 1 

'.!~~-l----!:~!~-I---n~:~'~ I---~: 

1------1-------------,-------------,-----------··, 1 DI" 1 IOU" ltZ 1 Uloa KI' HO" 12 1 
.------,-------------,-------------,-------------, , • 1 0.191 1 1.211 1 0.190 1 
1 12 1 0.102 1 1.20. 1 O • .,.. 1 
, '2 1 O. lU 1 I.on 1 0.190' 
1 lOI 1 O.19C' 0.96" 0.1'" , -----1--------1--·:..-------1--------, 
1----, ......... -------1-----------1---------, 
1 un 1 fOUit' ni, Uloa XI 1 HDSf' X2 1 

'------1-------------,-------------,-------------, , ., 1 0.U9 1 1.20' 1 0.961' ' ...... ..-.... 1-----------,---.-----------'------1 

1.,1.;.a;-;;--I-'lA;;-;;-.:t-;.os;U-1 
llô-'----;:;;;--l-----;:;iï .. l-i:;;; .... I. 
, Il' O.ft' t 0.'71' 1.006 t 
, 60' '0 .... ' 1 O.12~ 1 1.011 f 

.1 t O ... , t O.," t 1.0" 
t u 1 o •• .., 1 o.t.' 1 1.0.,.. 1 

f 
"Il t hOn t 0.1'" 1.041' 

10. t l.OU' o.no 1 1.020 1 
III 1 o ... " o •• .,., 1.06' 1 

t· ........ , ---·---t .. ·•• .............. ,---......... 'f 

t·il;,·I·-·~;;~;-;i-~t··~~;;a;~xi··,----;os;·lit·1 ........ , ...•. :. ........... ,-------------,......... ., .. , 
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1-;;;;·t·--;;~;;-;;--;·--~~;o;-;i-·I----;o;;~1 
1------'-------------1------------- -------------t 
1 1'" 0."1 1 O.... O.... , 

16 1 0.16" 0.601 O.,,, , 
1 n 1 0."1 1 0.601 o.," , 
1 l' 1 1.014 1 0.502 o .... , 1 
t :ra 1 0.615 1 O •• " 1.00. t 
'JO ,O ••• 1 t 0."'0 0 • .,2 • t 
1 JI O.'" t 0.9U 0.tl6 1 

ri
S7 0.151 f O.56i 1.011 , 
S. ~ •• O,' O.," -O.t.. 1 

1 62 O.'HI 1 9.)51 1.010 , 
.,. 0.9lo t 0.4." 0.'''0 ~ 

1 " o.·nl 1 0.199 0."1 1 
6 0.824' 0."1 0.92" f 

1 ., 0.925 t 0.49' 0.94. 1 
, •• 0.,., 1 0.911 1.0" • 
1 •• CI."1 1 0.119 '0.911' 
, 10' 0.912 1 O. SU o • .,,, , 
, lOt 0.900' 0.211 O.t" J 
1 lit 1.001 1 G.n, 0.1., 1 
1 Il'' 0"22 1 q.,.. O •• ,. 1 
t uo 0.184' 1.002 o.... 1 
1 ln o •• ze 1 o.tio 1 leOl0 t 
t------I-------------t---..--------,---------~f 

1-.....--..'--..........,....""--..1--------... --1--... -----, 
• DEP' t fout'.' 1 "ABOR X2' HOS'.' l 
I------I--------~I------·------,-----·--.----I 
1 15' '.015 1 0 .. '" t 1.1'. 1 
1 M t ~ 0.901 1 1.1'" I.zn' 
, III' 1.061' I.UI' 1.UI' 
,---~.--- . ··_-~--.---·· __ ······,--------··---I 

1 __ .. ·-.......:.._, .. _-..;..........-·---, "l" 1 .-au., Il 1 ..... 0It It t HOS' Irl 1 
t------I·······------t---··········J----------... • 
1 ~t f :::~:, 1:::J: ::::: 1 
t ta ' O.Ml J I.nl' o.... t 
1 .~ 1 0.900' a.Z.1 1 •• ~ t 1'... 1 0.M6' ... 170 1 0.9U 1 i 10~ o •• " 1 1.1.. 1 o.," 1 
·,~t ...... o .... !...I ....... !~!~! ... :- !·~ ... I 

1------1· , Q" ....... ~-...... , • -~ •• - ...... 1.,·--.... -··.,._·, 

I..!!!.I. 1 .!~~! .. !!...:~~....!!...I.-~.~·! .. ~ ... I 
. .... - 1.09' r 1 •• ,. '1 O.,." t ''1 1 - t.... ., 1."" 1 0."6 'f 
' J. l ", 1.061 -, l.'sa.' 0 .... 

l '" r Id .. '., 1."' ,1 o."' 
f 

-et. 'I . 1.". 1 1-.101' o.... t' "t , . 1 •• U' ., •• ,.. f o."' '" "' . 1 """ 1 . ....... , (, ...... 

1 lM, ".09.' ;j' '. 1."'" 1. ,O.'", t '... l " t.l:Y.· ' : - ,~:'h"" 1 .o.~ , 1 
~ II_ .j';II, .. ~ ~~ ~" J ~ ~ ....... "" ... _ .... 1 
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•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• · .' • RUH SUMMARY • 

• • 
• SA"'PlE SllE-12Q • 
• DIMENSION OF $PACE- 3 • 
• NO. OF ClUS TERS- 1q • 
• NFIGH80URSfK)- 15 • 
• THRESHClO(KTI- 1l • 
• METHOO- SHARING OF NEAR NEIGHBOURS • 
• DISTANCe MEASURE- EUCllOEAN STANOAROIZEO 8Y RANGE • 
• • •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

"" 
Clusters with-5 or more points 

C1u et er De2artlleutB 

1 ' , 1 35 37 44 54 
71 93 131 132 

2 '4 18 29 61 82 
98 

J 16 17 30 78 95 

4 24 43 57 58 66 
86 117 

S 31 45 50 75 79 
80 139 

1 

, ' 

-.~ 
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•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• • 
• RUN SUMMARY • 
• • ". 

• SA"'PLE SIIE-1Z9 :/ • DIMENSION OF SPAce- ) .' • NO. OF CLUSTERS- 22 
• NEIGH80URS(K'= 15 ' .. 
• tHRESHOlO(KT'~ 10 • 
• MET~OO- SMARfNG OF NEAR NEIGHBOURS • 
• DISTANCE MEASURE- EUCllOEAN STANOAROllED BY RANGE • • • •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Cluatera vith 5 or more pointa 

Clu8ter 

1 

2 

Departments 

1 31 35 37 44 
45 50 54 65 70 
71 75 79 80 93 

118 124 131 132 139 

/ 
3 4 5 9 15 

18 22 29 34 61 
82 97' 98 100 112 

113 122 

3 6 7 10 14 16 
11 20 21 24 28 
30 32 36 40 42 
43 47 SI ~; 57 
58 60 62 '66 
68 69 73 16 71 
78 81 83 84 86 

95 96 9~ 9Q 94 
101 102 104 10S-1])6 
109 1l1-rî~ 117 120 
1.25 1.26 121 128 130 
133~ 136 137 138 

4 23 27 39 41 87 
-88 119 121 134 13S 

--------
" ---------
~ -- \ ' 

-1 

/~-." 

. ,-'" 

,', 

,:ï 

, 
~ 

" 

• /( 

~ 
'l3 
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i 
~ . 
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""" 10 ,", 
il 

1 
1 
1 
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~ 
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.......................................................... 
• • 
• RUN SUflo1MARY ~ • 

• • • • • • • • 

• 
, SAMPLE SIZEa 129 • 

C[~ENSION OF SPACe- 3 • 
NO. OF CLUSTERS- 4 • 

NEIGH80URS(K's 15 • 
THRESHOlO(KT'z 8 • 

METHOO- SH'RING OF NEAR NEIGH80URS • 
OISTANCE MEASURE- EUCLIOEAN STANOAROIlEO 8Y RANGE • 

• • •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

e1uatera vith 5 or more points 

e1u.ter DepartIRent. .. 

1 1 2 3 4 5 
6 7 8 9 10 

12 13 14 15 16 
17 18 19 20 21 
22 23 24 25 26 
27 28 ~9 30 31 

"\ 32 Â"4 35 36 37 
/~ 39 40 41 42 

~ 43 44 4.5 46 47 
50 51 52 S3 54 
56 51 58 60 61 
62" 63 64 ~S 66 
68 69 70 11 72 
73 74 75 16 77 
78 79 80 81 82 
83 84 85 86 81 
88 89 90 91 92 
93 94 t5 96' 97 
98 99 100 101 102 

103 104 lOS 106 107 
109 Ul 112 113 116 

. 117. 118 119 'l2!1 i 
,122 124 125 126 
128 130 131 132 
134 135 136 137 8 
139 -' "" , 
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•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • • 
• RUH SUMMARY • • • • • • • • • • 

SAMPlE SI ZE"129 
DIMENSION OF SPAce- 3 

NO. OF ClUSTERS- 62 
NEtGHBOURSC~'- 10 _ 
THRESHOlO(KT'. 7 \ Q ~ 

METHOD- SHARING OF NEAR NEIG~RS 
OISTANCE MEASURE- eUCllOEAN STANOA~OIZEO 8V RANGE 

• • • • • • • • • .......................................................... 

Clustere vith 5 or more pointe 

Clu8ter DeEartmente 

\ 
\ 

1 l 35 37 54 65 
71 93 131 132 

2 4 5 18 29 34 
61 82 97 98 122 

3 10 63 77 106' 127 

4 16 58 86 99 117 
.#fo 

5 17 30 78 9.5 105 
'" 

6 20 51 81 83 102 
103 133 --

7 23 27 88 121 135 

8 31 45 SO 75 79 
" 80 1,.9 ~-

. ' 
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" 
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•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• 
• RUN SUMMARY 
• 

• • • 
• SAHPLÈ. SIZE-129 • 
• DIMENSION OF SPACe- 3 • 
• NO. OF CLUSTERS- 28 • 
• NEIGHBOURSCK'. 10 • 
• THR·ESHOLO C KT). 6 • 
• "ETHOO- SHARING OF NEAR NEIGHBOURS • 
• DISTANCE MEASURE- eUCllOEAN STANDARDIZEO SY RANGE • 

• 1· •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

A 

.. I~ , ' • 

•• , 1 

,,! > , 

~, .. 

Clu.tere vith 5 or more pointe 

Clu.ter 

1· 

2 

3 

4 

5 

, r 

6 

1 

'8 

Departments 

1 35 37 54 65 
71 93 131 132 

4 5 18 29 34 
61 82 97 98 122 

... 
10 21 60 63 73 
71 106-127 

13 38 72 74 89 
'91 

14 19 28 
30 58 62 
78 8 86 95 96 
9910 lOg 111·117 

13013 

81 83 1~2 

88 

'- ' 

. . . 
" ,r ' 
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.......................................................... 
• • 
• RUN SUMMARV • 

• • 
• SAMPlE S IZE-12CJ • 
• DIMENSION OF SPACE- 3 • 
• NO. OF ClUSTE~S. 12 • 
• NEJGH80URSCK'- 10 • 
• THRESHOlD (I(n. 5 • 
• "ETHOO- SHARING OF NEAA NEIGHBOURS • 
• DISTANCE MEASUAE- EUCllOEAN STANDAADIZEO 8V RANGE • 

• • .......................................................... 

Clu8ters vith 5 or more points 

Clu.ter 

1 

" 2 

," 

Departments 

l ,6 7 10 12 
14 16 17 19 20 
21 24 28 30 31 
32 35 36 37 40 
42 43 44 45, 47 
50 51 52 53 S4 
57 58. 60 62 63 
65 66 68 69 71 
73 75 76. 77 78 
79 80 81 83 84 
86 90 93 94 95 
96 99 101 102 103 

104 105 106 107 109 
lU U~ 117 120 124 
12' 126 127 128 130 
131 132 133 136 137 
138 J39 

~ . 4 5 9 15 
18 22 29 34' 61 
64 '82 ~7 98 100 

112 113 122 

, 13 23 26 21 38 
'" 41 72 ,74 85 

. ':~81 ',If '9 II Ut 
, It:r 'U4, ,13,5. 

, • 1, '~ .. ',' ~ 
, H' 

, ... 

, L ,,' < 'Y',>\, :, ,{ 
,.. ,,'~ J ~i\l{ '. . ' {, .. 

, '. 
, .T • '..~kl ""~~' A :/ ~(, 

. ~. ," ,~ , -
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. . •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • • 
• RUN SU~~AR~ • 

• • 
• SA~PLe SIZe.129 • 
• Ot~ENSION OF SPACE. 3 • 
• NO. OF ClUSTERS. 92 • 
• NEIC ... BOURSIKJ. 7 • 
• THRESHOlC ct<n. 5 • 
• MFTHOO- SHARtNG OF NEAR NEIGH80URS • 
• [ISTANCE MEASURe. EUClIDEAN STANOARDIZEO 8V RANGE • 
• • •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Cluatera with 5 or more points 

Cluater De2artmente 

1 1 35 37 54 65 
71 93 131 

2 16 30 58 86 117 

3 17 19 78 95 105 
111 

"4 18 29 61 82 97 
98 

:~ , 

, . ; , " ;.:, '.- ' o ,_: " 

. :, . .iL~~::·/·.t.~ ..• · :.1::: :Yl;c:· .,'~i{iài. '.,' . 
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........ ~ ..•........•..................................... 
• • 
• RUN SU ~~RY • • • 
• AMPLE SiZe.12Q • 
• Cf SPACe. 3, • 
• CllS1ERS. 4e • 
• NEt GOUR 5 ( K , • 7 • 
• .... ,.. TtoIRESt4,PlO(KT). 4 • 
• " ~e THOO· , SH'R ING OF NE'R NE IGtolBOURS • 
• 0 I~JANCe M~A5URE. EUCllDEAN STANOARDI zeo ev RA~GE • · , . •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

C1ulters vith 5 or more points 

C1u.ter De2artment8 
, 

1 1 35 37 54 ~5 
71 93 131 132 

2 4 5 18 29 61 
~2 97 98 

3 10 21 60 63 73 

\ 
77 106 '-27 

4 16\ 11 19 24 30 
43 51 58 66 68 
78 \ 86- 9S l'OS 111 

117 

5 20 81 83 102 103 
133 

6 23 21 41 72 88 
, 91 119 121 134 135 

7 28 32, 96 130 137 . 
8 36 40 42 69 94 

126 128 ue, ,. 45 75 79 80139 
\ . 
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\. <. \ 
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•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• • • RlN SU~~AR~ • • • • S,6"Pl E S IlE-129 • • Ctf"ENSION OF' SP,6CE- 3 • • NO. OF Clt..SlERS- 11 • • P\E IGt'eCURS(K t- 7 • • THRESHClO (I<T t .. 3 • • "E1HOO- SH.6RING CF NE,6R NEIG~BOURS • • DISTANCE ~EASURE. EuelIOEAN STANOARDI1ED 8V RA~GE • • • •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Clusters vith 5 or more points 

Clu.ter Department8 ") 

1 1 6 7 12 20 
23 27 t8 32 33 
36 37 39 40 41 
42 44 47 51 52 
53 54 6S 69 71 
72 76 81 83 88 
90 91 92 93 94 
96 101 102 103 104 

107 116 119 120 121 
125 126 128 130 131 
132 133 134 135 136 
137 138 

2 4 5 18 29 61 
82 91 98 113 122 

3 10 15 21 60 62 
63 64- 73 77 lo06 
1~ 112 127 

4 14 16 17 19 24 

" 30 43 57 58 66 
68 78 84' 86 95 
99 lG5 lU'U' , , 

5 '31 45 t'O l' 79 
, 1 

80118 24 139 

".-

. ' 
- " , 

f~ ~, • I~' , 

~ 
J '" 
,- 'A. ' , 

, ~. 1 , TL '1 " , , , .',v ~ :),. "" 
, 

" , ,~, 

". .; \ i~ < !_ :':/{f.:}<::';, "~ , " 
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, " ~ l' 
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•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • 
• RUN SU""'RV • 

• • • 
• SAMPlE SIIE-12CJ • 
• CI~ENSIC.t\ OF SPACE- 3 • 
• NO. OF CllJS1E~S- 28 • 
• NeJGtlAO\JP.~(t<)'" 1 • 
• TI-IRESHCLO U(1)- 55 • 
• ~ETHOD- ~EIGHTeO ~OTING(~UlTIPllcITlve' • 
• OISTANce MEA5lJRE- EUCLIOEAN STANDAROllEO ev RANGE • 
• • •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Clustera vith 5 or more pointa 

Clu.ter De2artments 

1 1 35 37 44 ~4 
65 71 93 131 132 

2 4 5 18 29 61 
82 97 98 113 

3 6 12 42 51 52 
loi 125 136 

4 10 21 6D 62 63 
73 '77 106 109 127 

S 14 16 '17 19 24 r 
28 30 32 43 S7 
58 66 68 78 84 
86 95 96 99 lOS 

UI 111 130 131 

6 20, 81 83 102 103 
.j 

133 

7 q 23 27 41 72 88 
91- 92 ut 121,134 

13.5 

, ' 

,1 • , 

~' .. , -l ~. ,1 
'< l'·' <, 

'.< ",:~~ :'r'· ::·"~t: 
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•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• • 
• RUN SUMMARY • . ; . 
* SAMPlE SIZE=12Q • 
• DIMENSION OF SPACE= 3 • 
• NO. OF CLUSltPS= 20 • 
• NEIGHBClIRS UC)= 1 • 
• THRESHClD(Kl'= 50 • 
• ~FTIfOO= WEtr,HTEI") VOHNGCr-UlTIPllCITlVEl • 
• nl~TANCE ~E~SURE= EUCLIOEAN STANOAROIZEO ~y RANG~ • 

• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

. ' 

..... ,.'!' 

C1u8tera w1th 5 or more pointa 

C1uster 

1 

2 

3 

4 

5 

Department:1 

1 35 37 44 54 
65 71 93 131 132 

4 5 18 29 61 
82 97 98 113 

6 7 8 12 20 
42 .51 52 81 83 , 

101 102 103 107 125 
133 136 

10 15 21 60 62 
63 64 73 77 106 

109 112 122 127 

13 23 27 41 72 
88 91 92 119 121 

134 135 

6 14 116 17 19 24 
28 30 32 43 51 
SS . 66 68 78 84 
'S6 95 '96 99 lOS 

111 ,117 130 137 . 
7 31 45 50 75 ,., 

8 

. '," 

el '124 139 

,3~ 39 ,40 47, 53 
~9' ,7~ 90 94, '~04' 

.U6,120 126 ua 138 ' ,. ' 
, ", 

, , 
~ l '~ 1 

~ ~ ~ , ,< 
,'i' -
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•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• .. . 
• RUN SU"MAAV 
• • • 
• S • .,PlE 5' ze-129 • 
• CI~ENSION OF SPAce- 3 • 
• NO. Of CLl:S TERS- 17 • 
• NEIGHBOURSCK,. 7 • 
• THAESHOLOfKT'. 45 • 
• ~ET~OD~ WeIG~TeO VOTINGCMULTIPlICITIVE' • 

U OISTANCE .,eASURe. EUClI0EAN stANOAADllEO ev RANGE • 

• • •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

o ' 

elustera vlth 5 or more pointe 

elueter 

l 

2 

3 

4 

6 

Depar ment s 

l 3S 31 44 54 
65 11 93 131 133 

4' 5 18 29 61 
82 91 98 113 

6 7 8 12 14 
16 17 19 20 24 
28 30 32 42 43 
51 52 57 58 .66 
68 78 81 83 84 
86 95 96 99 101 

102 103 10' 107 111 
125 130 133 136,137 

10 1.5 21 60 62 
'63 64 73 71 106 
109 112 122 127· 

13 ,23 27 41 71: 
. 88 '1 92 ~11' 121 
134 13_5 

31 45 ,SO 75 79' 
. ~O 1~4 .139. , 

:', - , i' -, ~ :; 3,f;;', ,39~ '.40 "" 53 
; . , . -' {. .,' ,:';".' "76' ·'9 _ ~ 104 
.. ,' :,: ,<~,~,lt6 ~.,~. 

:' • • ••• 1 i ';' ,:.: ,,~ . ',·,.·\·<i,/·~.i<·:~'" , ~~:::' >: -.:' .' . 
,,', " ,l..' r , 

". ' •. , j .. '. i·· .•. ' ~."" ... : .... :.:! 1~,,·~:!"~~·~;~~;~i5j:[~~;~! :' .... ~~'.;:.::":. ~.'" .{' .... 
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•••••••••••••••••••••••••••• * ••••••••••••••••••••••••••••• .. . 
• RU'" SU."MAR '( 
• • • 
• SAMPLE S IlE= lZ') • 
• DIMENSION Of SPACE-= 3 • 
• NO. OF CLU<;TER$= 11 • 
• NEIGI-IBOURSIK,-= 7 • 
• THR E SHO L 0 ( KT' = 4 C • 
• METHOO= WEIGHTEO VOTINGCP'ULTJPLIClTtVE' • 
• CISTANCE MfASURF:= EUCLJDFAN STANOAROJlED av RANCE .' 
• • •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Clusters vith 5 or more points 

elu.ter Departants 

1 1 3S 37 44 54 
65 71 93 131 133 

2 4 5 18 29 61 
82 '97 98 113 

3 6 7 8 10 12 
14 15 16 17 ,19 
20 21 24 28 30 
32 36 39 40 42 
43 47, . 51 52 S3 
57 58 60 62 63 
64 66 68 '69 73 
76 17 78 81 83 
84 86 90 94 95 
9$ 99 101 '102 103 

\ 10. 105 106 '107 109 
lU U2 116 U7 120 
122 ~25 1,.26 '127 128 
130 133 136 '137 138 

4 13 23 . 1.7 34 41 
72 ,85 88 91 92 

119, 121 134 135 
, '. 

" 

_ -'31, .5 .,50" 75 .' 19 . " S --. { ; , , , 8(),1~ 1.)9 
"i ~ M 
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.......................................................... 
• • 
• RUN SU .... ARY 
• • • 
• SAMPLE SIZE-12Q • 
• CJ~ENSJCN OF SPACe- 3 ~ • 
• NO. OF Cl~SlERS· 11 • 
• NEIGt180URS('KI·1 • 
• TH~eSHOlO(~T)·ft35 • 
• METHOD- WEIGHTEO VOTINGIMULTIPlICITIVE' • 
• DISTANCE ",eASURE- E~ClIDEAN STANCAROIZEO 8V RANGE • 

• • •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

C1ulter vith .5 or more pointa 

C1ulter Departmenta 

1 1 6 7 8 10 
12 14 15 16 17 
19 20 21 24 28 
30 '32 35 36 37 
39 40 42 43 44 
47 51 52 53 54 
57 58 60 62 63 
64 6S 66 68 69 
11 73 76 77 78 
81 83 84' 86 90 
93 94 9S" 96 99 

101 102 103 104 105 
'106 107 10' 111 U2 
'117 120 122 12.5' 126 
~Z7 ,128, 130 ~1 132 
133 136 131 138 

2' 4 . 5 ' 18, 29 61 

3 . 

, 4 

.2 97 ,98 113 

,13 23 21 '34 41 
'46 72 85 ,88 91~ 
'92 119 121 ~4 ~; 

":"1 45 ,~.50 "-':$, 79 
80 1~' Ut . .' ;, 
,~ " 

.~ • 1 "L 

. ' 
" 

, " 
.. l, • 

, , 
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..•..............•...... , ......................•......•... 
• • • ~ L;~, SUMMAqy • ,. • • 5AMPLE Srlf=12Q • .... 
• CI~ENSION OF SPACE= 3 • • NO. OF ClUSTERS= <1 • • NE IGHf\OUR-Sl K ) = 1 * • THRESHCLO(ICT)= ~O • • ~ETHOO= WEIGHTEO vnTtNG(MULTIPLICt~VE) • • IJISTANC:: ~F4SURE .. EUCLtOEAN STANDARQIZED ev ANGE • • • ........•.......•...................••......•............. ~ 

C1usters ~th 5 or more points 

C1u8te! Department8 

1 l 4 5 6 7 
8 10 12 14 15 

16 17 1~ 19 20 
21 24 28 29 30 
32 35 36 37 39 
40 42 43 44 47 
51 52 53 .54 57 
58 60 61 62 63 
64 65 66 68 69 
71 73 76 77 78 
Il 82 83 84 86 
90 93 94 95 96 
97 98 99 101 102 

\ 103 1Q4'105 106 107 
109 111 112 113 116 
117 120 122 125-126 

,. 

127 128 130~31 132 
133 136 137 138 

2 .11 25 26 70 '< 

87 118 
'1 

3 13 23 27 34 41 
46 72 85 88 91 
92 119 121 134J.35 

'4 31 45 50 75 ?t9 
'Il '80 124 li9 1 

1 , 
~, 

" 
\ 

P 
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