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Foreword 
This is a toolbook. 
ir can be used eizher as a test or a reference by people 

studying or doing such things as project analysis. 
In phciple, analysis is the mother of rationdioy. Thc 

word u ~ ~ i j ~ i s  labels a h g c  array of ordcdy efdobtr to 
transform the imponderable k t o  the manageable. Pcoplc 
tr)l through analysis zo identify the key properties of 
problema~cd siruations. 60 contrive promising soiutions. 
and to frame these solutions in convincing ways. 

Three things affect t!te slrcccss of such efforts-sle 
rzum re of the "reoEty" being examined. the power 01 rEe 
alljtlysis tools r h s  are used, rnzd the decisional druutge- 
mcnts to which mralysis co~ztribuser. Whas is oat there and 
our interest in it set the basic requixernents of amaJysis.Yhe 
tools and their use dezemke whaz we see and influence 
what we then try to do. This vo!ume focu4es upon tools 
and their uses. It indicates how they can be applied to 
srudp varions kinds of redzies, or ro imposing a sense of 
order upon real-world c o ~ ~ i ~ t , .  it docs not address the 
third $ac;--- which affects the success of analysis efforts- 
the dc~isioll-rnai??~ sctcings in which rhe tools a ~ e  
applied. 

The trend of our times b to demand more and better 
anaiysis tools in order to try ;o solve increasingly cornp&- 
catcd problems through planned, managed action. The 
solutions often breed new problems. The tspmdmg pres- 
sure to *nose a d  resoive outruns our ability PO re- 
spond. One Anerican soci010gist speculates that the dti- 
mate outcome of this dynamic imbalance might Se the 
collapse of societies in "the stupidity Geath," as the needs 
to interpret and manage fatally exceed the capacity so do 
so. 

No s+Ie book will solve that problem. This one 
may make some incremental conwibudons to the htcll[i- 
gent use of andysis in sensible problem&&iti~n and 

irrforrned solution-seeking. For example, it presen-s a wide 
range of analytical took-about forts-md it & d i s  
them into nine function4 categories, &mi methads of 
generating ideas to techniques for contro3ling and evalu- 
atilg results. There is an important implication here: t2a-e 

are many kinds ofarwIysis which can be usedforu variery 
ofp~r rposes. 

Why does this matter? Partly because the f o r i d  and- 
ysis strategies of social and economic change oqanitadons 
are usady  quite selective. They are usually skewed in 
favor of certain kinds of issues and techniqces.  he pat- 
tern of ohis book at least shows &ar ebcre are +&cant 
cate9rie.s of a&& kyond the economic and b c a ,  

and beyond determinate systems %echniques for ~ I d g  

hpkmenradon. This its h p r c a n c  because some of the 
bcstcmbluhed, most convcnciunal tcchniquw of and- 
ySis. uscd undixcminglly. make it possiblc to design mn- 
workable programs and projects. 

~ R i s  bask rcgccts another important idca: (t?~u[t*~is is 

not soIely olre prohcc  of hsuIared experts with littlc 
respunibility for enrrcpnuurship or in~plemencarion. 
Some of ohe techniques prcsentrrd here arc as useful to 
--operators" as to "andpsts." Afl of tbcm can profitaMy 
bc understood b!: people primad? concerned with pro- 
motigarnnd execurLng projects* 

1n practice, the linterplay of analysis and anion is quite 
conmplicared. How it works deyends chic&)- upon the rkird 
factor mcneioned at thc beginning of chis bdcf essay: thc 
dCckiod arrangements to which andysi contributes. 

En most ogariraaions which rely upan analysis u an 

important input into decisions about programs and pro!- 
ects, sywernaek analysis and decisional action tend to be 
rather loosely linked. 

A good past of this looseness k necessary and desirable. 
Studying things and Jabg dings are &equentlv very ).- 

fzrent &ds of actiwity engaged in By different kinds of 
peolpk. Even so. &cision makers and pe~ple  with discre- 
Gonary responsibiiiq for executing &cisions bad k c e r  
un&rstannd the mature-a.:d the limitations-of the ana- 
lytk techniques upon which their d e c ~ o n s  and their man- 
dares n n q  be based; just as analysis specialisrrd bewise 
ro perceive the prarricd use9'pliness of their products and 
the h i t s  thereoZ. 

Various kinds of and>-9:s produce knowledge for USC in 
designing, reriewkg. deciding, and executing programs 
and projetxs. Such d y s k  coupled with criteria abom 
goals and standards, helps deddond frameworks 
and progmnnatk targets. lt dm 6dps prodace &cisions 
about parrkuiar phns or p r o p o d :  Do they kit within the 
&ameworks? -he  they Ekdy co achiive acceptable tar- 
gets? By helping answer these questions. the analysis may 
reduce the tmcerthty of efforrs to &ape the future and 
lessen she need to rely upon hope and intuition. Even 
when uncertainty deiies -parion, the amhorimtive we 

oZ systematic analysis techniques imposes a degree of 
order and kcus upon &&ion making. - - 

Order k a much vdued quahy in ~cumstanceswhere 
;mceninr)- abounds- Lt is $so a Ibmited, potenti&r per- 
r1erse quality. The qpLest f s ~  order sometimes bmies real 
uncertainties beneath e-dauseiwe analyses. The% a-zdyser 
tools apply rechiqueswhich leak me: n"l;;mu%s or recipes 
for cdc&&g. deciding, amd planning. They are &en 
mated as 8 they are fom& Or recipes. :bey are =of 



dccisi<rnJ ~ C C ~ ~ C I .  kndly& tc~h~ t iqucs  only 
x n q ~ t . i f r r , j ~ ~ ~  S;,r cooling in dcckion-makirlg pots. ad for 
rnvbjr~s1i~3g tlw fuzurc. Wirh suffiricns skill md jwdgmcns 
tjrcsc ing,rcd~er~rs t3rc prtrduitsuf arraljrsk-cln be U S C ~  

cix,'hlnj; up programs .rn.d ~ ~ U J C C Z S .  Hut they arc readily 
a~riluscd t rm.  

Tbc scndczrcy toward rnisux k cncounaged by thc nop- 
51drJ. rrub,lsaccd q w r k y  ul our ~ggrqa~i.oro of took. Thc 
o~.urc I J J ~ ~ I + J . F ~ C U L ~ ~  ~~PIPTYYY~NJIIC 541e rook. thc more aarac- 
ejve t i r t y  arc. Ecunnmic ~ndyws and finaachd mdyxs. 
dnd schemes for *.a~;zpping*" fomdkcd plans of arf~io~3 
rwl~ich are rcturUS ~cchniqucs far LopcfaUy idcdkmg 
what Is inzcnded *. &c' ~ttractive. Quantita~ivc uidyws QC 
u r a s  and bencfi~b. of cash Goua. of scn$Svlitics, am2 w 
d 4 3 r t 1 2 .  pr<Jdurc dc~crnahjicc anlwsn, cvcn if impamant 

Inuss ofrsn bc rripdatrd. Projcctcd maps of future 
scqucnces af cvcnrs have xrhc appeal af apparent cc~iriru&. 

cvcn if rhcy dc? nor rc!3 us k~~u,rrbcsc wqucnccs arc pirug m 
Bw rauscd an3 roa:roHcd. or !low rInusiblr they arc. 

Tc'o ray rhcv ~lring!i is nos. ro reject the merit ofquan~i-  
auxiw analyscs and prcciw-2ooEng m p r  of future cnemcs 
of acEioa. Bazh a n  bc vabable,jusr ovborir are dangerous 
11 rbs hdn& of shL1srt who WLC rhu prod~as  "tme." 

U~~funsraa~rly, islar~micds dcrerrnbdre zcch~aniqaes 
arc not nurcbcd md balanced by ancrhods for dnndyzimg 
tlrn7 h b s r  rt, r yqdni:c t5r: activity. k ~ r a g  ro d ~ r t ~ m d i ~ ~ < *  ~IUWJ-  

gr('ri~3 r<,dr32rrCc* rr.r-d!.i and ways m mecr rhcm. ~ L I Y ~  to 

.;l)t*cjf_y ihrj brct~~it iws whish will bcrcase shc prababilhy 
of succcrs, dnd how sr- ,QYFJS*W r l ~ r  jir91 r.-yqe ojfejfecos. 
ttnr tools fix doing tthesc hrtcr things arc at be= =then 
messy and imprecise. Sa dclrisions read eo rum more upon 
rhr Bnrlkgs and pxojcc~ions of the alcaser tcchmiqncs:anad 
errd't+.sssff~rt g e s  Inso rehiuag and apply h g  them. 

This general observation is reflccsed in thc ,anwnts of 
rh& bu& Ir does prewnr heulislic techniques for address- 

ing sornc ui ths rrovblcsomc prabkms of design-geeer- 
a5kg ideas. pknins dawn sbjcdves, and q h g  to map 
cunrples rehtioruhipr, for esam$e. Eut. unders.ssanda5By, 

much of isr $a?% presents rcP;rtiveny dcrrermhatc compapta- 
tiond torsir. &E~USC zhesc arc: rhc tooh wr Lave. 

A l o n g r  cssar on ehc irparcaprlay ofi'anllpsk and acricm 
would address other iurnprtmt asperrs of the wbjcct, such 
as the use of andysk 00 mrmipdarc consent and acceg 

tmec and 0be rnamipdaokaorn of andy& to secure acccp 
rancc $or far propol&- 'bhc function of mdysk in the 
dccisioaaal p a o c e ~ r  of &~dopwcnt agenaies is not 
Pmised to tbc aaaa~ormzamhaDca geacration oh u ~ a d a b l e  
objccrivc premkcs. nor can ie ever k solhitd. 

Bur thc dtimatc ju~st~?caticm of analysis as a kind of 
acsiviuy is its coa~eribaneio~ to knrr haowledge. bemer 
un&nstm&g. better &&oms-to the reduction of error 
a d  the cdargcmemt of human capacities hr wspicioms 
action. lo b to these aims, char this todbook is dedicated. 

The $soh i t d f  is trhc wcmrud produet of a quesei3n 
pat to PWQ young induscd  engbecpr at she University of 
\Vkanns;lPn a few years 90: o b ~ ~ h a t  sorts of e w l s  amd re&- 
niqu~er do you p~apBe ULSSE: in defk-mg prob1emsand &aping 
r[nlutjlOm which might be taaansEmbPe to the fiBdofcco- 
nomk m d  mcid develapment?" Here are the msw- pro- 

vided $)- bft-om ~ d p  and Thesen and rheh assaeiates. 

Thew: answers are neither eshoustive nor defmitivrr; 
there is Piaele Bmsit ru &P fuOn array of tooh rhat might k 
cised. .Many oi the individual sooh offered here are them- 
wiu-es subjca~or of more than owe book, But ahnis work is a 
vduable ~ ~ o d a u ~ i o n  arnd cvmvieW. Each tmH is presented 
b a way whkh Gcditarcs btefiigennr j u h m r  about its 
use. The md &scriptions are buttre-~ed by cieaoierns 
which enable the reaho m pursue topks of s p d  hter- 
ese. 

nf rhk book &odd somehow. caw one conscqwand 
ePp.Qr to be ;voided. in the design or hpnernmm~on of a 
single project sigoificamrlp affecting the Bbes -and well- 
King of some peopad. rhe cntcrprk which has produced it 

semd jus6iibd Givean the limits of 03s aV&tp zo ;ma- 
Byze crmain AL1 of cause-effecr relations w e  &all never 
know. 



Preface 
The word *-tool.'* in i:s saictest sense, resers to an im- 

plemenz. a means for effecting some purpose. When lve 
started the project which led to zhis volume. we ascd scch- 
niques. methodologies. and tools synonymously to  de- 
saibe various means for planning. On reflecrion. perhaps 
the stricter definition is also inappropriaze. for 1% collec- 
tion represen= a set of implemenrs-took for inrpkn~e~rr- 
inga systems dpprroach to pbnvlimg. 

Systems system models. and she systems approach 
rend to bIur together inso a conccpzud mass whost: ran- 
gible aspects are represented as cools. We've called them 
"sysrem tooh," no.; because they are necessarily Jerived 
from systems concepts or systems cr._@necring. bur be- 
cause h e y  are took which farj3io~e a s?=szems approach TO 

- - 
pLnnt~g. A systems analyst slscs techniques which shape 
pians from a systems perspec~ive. The whdissic. fasure- 
oricnred. inter-relatedness of systems thinking models the 
siruation facing 8eve:oprnenr: planners-situations filled 
lvith myriad inwrdependencies. uncertsn futures. an 31- 
defined present, mda data-deficianr pasr.The ~ternaeives 
ro a systems approach rend 20 fraggenred h c r c  
menrally effective (if not coun~er-producrive? develop 
mtnr effarrs. 

Act io n-or iented development acriviries are imple- 
mented as policies, programs, or projecrs. We have nsed 
the project concepr ro repxsznt borb programs and polii 
cies in the  sense that one or more projects are specific ac- 
tivities in order ro hpiement a pragam or policy 0 5  ac- 
tion. The distinction bezxveen a projecr and a syazenn is not 
always clear. 

Often the system took describe rechiniques $or plan- 
ning a project or a system. For es.. ;.$e. cost-effectiveness 
analysis is u-ed to  evaluate 1) d t e r n a ~ v e  components of a 
sysrem, 2; alternative system-% or 3j a3ternaiive graj:cts 
(which may involve many inoexactining systems:. In many 

cases techniques for project design an; techniques for 
system design are indisringuishable. 

Planning, as we have nsed the zem. encompasses rhe 
ensire range 05 zctirribies associared uirh achieving deve!- 
opment ends. P3anninga project requires that all aspects of 
the project be desiped or specified This includes iden& 
fying objeczivez, mbobjectiver and criteria for evduatiig 

rhe achievement of objectives. I t  includes specifying the 
essentials of implernentarion-those messy details of 
ting from an idea to a project. A systems approach to  pan- 
ning requires rhat the requkites of management be incox- 

poraced into thc design and rhat rhc t-sscneials of eralu- 
ation be considered in rke plnrrrirl;, procc*ss. Short-tern1 
feedback systems ro provide manasemcnc inforoueion arc 
designed to complement long-tc:m feedback of prtjcct 
impace in order to  infurm dcrleloprncnt planners. T h i ~  
head view of planning ~ n d  its intimate conncceicxt tt9irn- 

gkmenrarion has pided  our wlecdon of rcchniqucs and 
ihck dcscrigdons. 

One aspect 0 5 t h ~  description lvhich nee& elaborating 
i s  our disrinction bct\vccn decision makers and analyst,. 
Certain techniques require special skills for succrxsiul im- 
gh-neaaationo c.g.. Sumrys. Cost-BeneG"Fe~n;r?ysis~. An 
analyst. possessing thcse needed skiPIr rhlay also be rhv dc- 
cision m a  her. In some rechniqua che two roles are dIsrincr 
(DeIphl Progam Planning Method;. while in others t h t  
scpasasion of rdes is not Adecisian maker h~ 
discretionary control over resources incLdinp chose .r;+- 

quire$ for andpis. Therefore. he views the prublrana ~ r i  

grojccs planning from a ditferent perspective i k m  the 
analyst and us~ally a different degree oiaccuun~abilit~. 
This reflects nor only the way ezcftlniqercs are crnployed 
bur the decision to employ a particular tool. The classic 
case is an anaiyse who needsinformation rscommendinga 
sample surrey. and che decision maker reconsidering this 
approach because of political wnsitit<dca. We have in- 
cluded &is ditinction where relarive to rRc applicarion d 
the rechniq~c. 

W K l  we have soushr ro be comprrhsnskr in our cwer- 
age of sysrerns moPs for piiaxinninng rt-e recognize :he on& 
sion of a great bodv of planning techniques da--eloped in 
scch fieids as ecanammics. business. and oprationn~, re- 

search. Linear programming. input-output m o d e l ~  or ma- 

r& algeba-a are useful planning roolls. bus they represcnr a 
?ex-& of sopBaisltication. a rigidit). of models. and a &pn& 
ency on accurate data and cornpurer innplerne~tarion 

u~hich seem inappropriate for the intended audience of 
this ~olume. 

This coNecdon of techaicpes and m e f h o d d ~ i e s  is in- 
rended for prachirioners in rbe m i t p  diverse firlh in 
which devellopmerat so~ciars both the peoples Ekes and 
livelihood. 0:1r e~rns,~les ah.e drawn from agriculture. edm- 
casion. health. f a d y  phnippg. employment annd r e  

source management 2 0  underscore o w  belief in h e  mniurr- 
sd uzili? of these saeh in pHa~nning. We have focussed on 
project design and implementadon as rhe acrion interface 
o fphned  development. 

Peter Delp 
Nairobi. 1977 



Acknowledgments 
Producing a volume of this scope is a long and difficult 

pruccss. The support. constmc6ve criticism. and encour- 
q r n c n r  ofmany have bclpedusin thiscndesvor. 

We muss begin by thanking t'nc tnany authors who de  
vcioped the ccchniques drscribcd in this vo8urne. We Rave 
rried so gve appropriate credit in the last ~cs ionsof  each 
tool dcscription. citing the origiaators of she techniques 

rlatc, where approp.. 
We are pasicularly indebred to our collcapes at the 

University of Wixonsir.. Professors Andre Delbecg. Davc 
<;us~afson. Howard Harrison, and Gerald Nader. Their 
namcs wi!! be found throughout the biblirrgrapMes for thc 
rcchniqurs. We paseful!y asknodedge zhei conrriba- 
tions. ahilc excusing them far aU responsibility for any cr- 
rors or rnisinrcrpretacions in our renditions. 

Valuable criticism and support were provided by DL 
Richard Bloc and Dan Crccdon, United Ssa~es %cat y for 
i n-cr  national Drveiopilent: Richrd Hook and John 
Thol7as. Harvard lnsrisure for International Develop- 
mcnr: William Sift%. Russell Sfout, and Paul Cunningham 
lildiana University. DT. Sifh's promori~n. support. and 
professiond cf this projecr from conceprioil to 

final product was highly valued by the authors- 
We are indebted KO the Program for Advanced Studies 

in Institusion Building and Technicd Assistance [PASI- 
T&Ml for tL s u p p a  necess- for redrafting 
materials rased in rhisvdame. 

~ i n d  editing and prcdraction has been the responsibi- 
iry oi Mknncr Piaa who deserves major credit for trans- 
forming the writing of system engineers info useful com- 
munication. .Ms. Plarr w.orkedrI~sel~ with Peter Delg over 
ahc count of a pear. edeing aad revising rhe work of four 
authors inro a coherent volume. Other members of the 
PASITAM prodecrion staff deserve much credit for pro- 
fcsiond work. espcciaHy C l a n ~ y  Maloney who inked thc 
nnany aliagrarns appearing in thc volumc. 

We need also :3 thank Pa: Hochrnurh who edited the 
fibs: working %aft. andSuzanne Macher~ and Doreen Mar- 
qua& who cheerfully enhred our endless &man& in or- 
der to a first draft. 

A final cribure is due our families and r'Fiends. especially 
Sandra Kahcheua. m5thour xvhose support. encourage- 

- - 

men:. and :often. direct assisrance. comp'ledon of this 
\-cork would nor have been posiMe. 



BCR 
BSG 
CB A 
CE A 

CFA 
CGA 

CPM 
CSM 
DIS 
DLP 

DTB 
DTR 

EXF 
FEX 
FLiV 

GAM 

GNT 

HIS 
IDL 

IMD 
INS 

IPX 

Abbreviations 
Benefit-Cost Ratio 
Brainstorming 

CoseBenefit Analysis 

Cost-Effectiveness Analysis 

Cash Flow Anzlysis 

Contingency Analysis 
Critical Path Method 
Computer Simulation Models 
Discounting 

Delphi 

Decision Tables 
Decision Trees 

Exponential Smoothing Forecasts 
Function Expansion 

Flowc bans 

Gaming 

Gantt Charts 

Histograms 

IDEALS Strategy 

Interaction Matrix Diagramming 
Intent Structures 
Impact-Incidence h r i u  

IRR 
IVW 

LGF 
MCU 
* P A  

NGT 
NPW 

OBT 
OCA 
OVD 
PPB 
PFM 

QTN 
RGF 
KTS 

sch' 
SDX4 

SPA 

S W  
SYN 

Trn 

Internal Rate of Remm 

Inreni.icws 

Logical Framework 

Mu!tip!c Criteria Irtdity Assesrncnr 

Morphdogicd Analysis 

Nominal Group Tcchniquc 
Net Prcsonnt U'orth 

Objective Trces 

Orpaixasional Climate Analysis 
(3-al Diagramming 

Planning. Yrogarnming. and Budgtin~ 
Program Planning Method 

Questionnaires 
Regression Forecasting 

Ratins Scales 

Scenarios 

Sysrem Dcfinidon *b2arrix 

Subjective Probability Assessment 
Sun~eys 

S y necrics 
Tree Diagram 



Introduction 
Designing devdopmenr: projects requires some form of 

"5)-s~ems" approach If any plan is to succeed, shc factors 
that will probably determine th+ outromr must h idenri- 
f%d. and their reIationships must be cts~lsablkhed. Thar 
mil1 always be surprises as implementation proceeds, for 
our abiity to  predict and conmoI the fvruxe is limieed. The 
object of planning and design is to h e p  those surprises ar a 
minimum. A SySTemS approach. properly used. can serve 
this aim. 

There is anothrirjr:tification for a systematic approach 
to project planning and design: Even the simplest internen- 
tions have secondary effects-consequences which are 

easily overiooked because rhe? arc incidental or even irre!- 
evant to the project itself. An irrigation projecr. desiped 
to raise farmer income &rough increased productkit)-. 
may rheaten established social and economic relation- 
ships. Ir may i~troduce water-borne disease seczors. I t  
may have other unintended consequences which, in =me 
cases, are more important than the direct impact of the 
project. 

In the West, the word "systems" has acquire& for some 
people, a certain magicd quality. The term is used promis 
cuoudy, vaguely, and enthusiastically. The problem lies 
not in rhe meaning of that term but in the way in which it 
is applied. 

Conceptually. asystem is imply a set of interactive eIe- 
ments. In conventional usage, the tern refers to a set of 
factors which are known {or assrrmed) to be necessary and 
sufficient to some purpose or effect. Systems thinkers 

often work backward. bcginnning \virh a dcsircd obiscrivc 
and then deteminbg \a..vhat facrors arc needed t a  acctlrn- 
pLsh thar objective and how those factors musc be relared. 
The success of this approach to &sign depecds not on the 
usc of the rem "system." but on rbc ability of the dcsip- 
ers to nu iy  know what is ilecessary to the desired effect. 

There arc many areas \\-hers s ~ c h  k n o ~ i e d ~ e  exists. for 
ermpk. in desiping an elecrxic moror. an autornobilc. an 
airplane. a cornpurehitcd data processins program. or a 
water control system. In these and similar  example^ the 
system can be rhou$it of. for all gracrical purposes. as 
..closed." It is a tidy sysIem. There i s  relarivcly pt.rfsct 
knowledge or' its parts. and oi their rr!acion to a desired 
effect. And the essential mlationshnps between the sFstcm 
and i ts environrnenr: can be knowm and controiled. 

Problems arise when this alhring idea of "system" is 
transferred from the fields of determinate &sign into the 
messy world of '-open systems." These arc: loose and not 
necessarily stable arrangements in which the environrncn: 
of an action system such as a g~~~ernrnens program. an 
enterprise. or a gaming venture. is always affecting ;he 
working of that system. 

In rhe language of systems, the "enbironrnenr" consisrs 
oittte factors which affect the system's working but which 
are nor subject to full control from within the system. The 
weather is m important environmental factor in +cd- 
turd systems. "Poiidcs'' constanrly affects the behavior 
and potendai of a bu~eatlcratic program system. In shon. 
open syszems are not meadv so determinate or so capable 



of precis specification as the more closed syszems of in- 
svbscd cnginccricg. Thcrc arc two poccnrkl dangers in ap- 
plyin;: the idea of a syzrctn to desigrhg dcvclopmcnt proj- 
CCSS. 

Thc first is the danpr of fding ~o identify essential c lc  
rncnts of an opcn sysrcm. or EO cffectivel?; judge their 
probable working. A systems pcwpective cannot guar- 
antee against this danger. I t  cannot tell you ahead of sirnc 
what thc factors are or how they wili work. It can. how- 
ever. makc you aware that they cxist and that you had bcs- 
tcr try to find and assess them. 

Thc second danger might be labeled "undue narrow- 
ncss," the danger rhar "incidental" effects may be ignored 
or undervalued, This can reslrlt from systems andyscs 
which, as noted above. start with some desired aim or gcrd 
and then work backward tcl~dcntify h e  necessary arzdsuf 
ficient f a c ~ o s  for meetins tht goal withou c also consider- 
ing the other cffccts which those facrors vriU have. 

I t  i s  possible EO examine and analyze the larger array of 
e ffcc ts produced b?. any system. Some systems a p  
proaches fail to address this vital matter. but only abroad 
systems pcrspecrive can considcr these cffecss in a reason- 
ably orderly way. Therefore. tbc syscems approaches re- 
flected in this collection of tools and techniques a r ~  co?n- 
preknsir~e. The aim is to help people search sysrcn;aticdly 
for the broad impIications of planned change. The aap 
p r osc hes ~up~orted by these terlzniques are friarre- 
oriented They offer help in trying to forecast immediate 
and longer-term effects in open systems designs. The a p  
prozches suppotred by the following tocls are essenridlg 
prugnutic. They address the realities of the soci~politicd 
environment of any of the kinds of systems likely rocon- 
cerit us. 

In these approaches, the systems a d y s r  atternprs ro 
de J wirh unbounded complexity by idmticying a set of 
salient variables which describe the problem. The organjz- 
ing concept is the notion of a system. defined not as a 
static bur as a iparnic  entity. The values of descriptive 
variables and the status of relationships are projectedinro 
the future in order to look at :he conxqoences of planned 
interventions Th2 systems designer recognizes both the 
limitations of deterministic analysis and the realities of 
power as it invariably affects the best laid plans. Conse- 
quently, a hallmark of a systems approach is pre-planned 
adaptability Adaptive system are better equipped to deal 
with uncertain fktures. rhe ugafies of power, and the real- 
ides of complex social, and technical interac- 
tions. 

Engineers have long straddled both hard and s ~ f t  ap- 
proaches so problems. In true engineering fashion. heishe 
uses whatever rechnique fits the task or pro111ises insights 
into so~utions ]For che non-technicd aspects of problems. 
the systerns engineer must Nm to  other disciplines 

Tackling complex problems requires a variety of m b  
niques. Flowcharts {FLW. page lo?. a diagramming tech. 
nique which flourishes in the computer sciences show the 
logic and scqanence of complex computer programs. Not 
much imagination is required to a3ap rhe technique ro 
the compkx decision processes ccnfrontbg development 

The aim for design remains the same: u&g the 
technique to understand &c deteminanrs of kcision and 
action. 

This adaptation @!systems aecbndogy (software) to 
the complex mdrn of humat behavior is a two-way smet. 
Behavioral wienrkts have developed systems oriented 
a-chniques which have been readily ado7wrlby project dc 
signers. Erainstorming I~BSG, p a g  318 and Nomind Group 
Technique [NGT. pagc 14j cmerg-xi from a matriage of 
small group theory and empirical creative process analysis. 
System designers utilize rhc tcchniqnes because of their 
demonstrated power in generating ideas and innovative 
solubons. 

Critesia used For deccing (or exe!e?di& reet.niqucr 
from rhe volume wre  based on the nee& of the intended 
audience. Many sophisticated techniques ur$zirig optimi- 
zation theory and computer technology ti the systems 
!iteranure an2 stem inappropriate fcr meeting h e  nee& of 
a project planner in the field. Consequently- linear p r e  
grarnming techniques. quearkqg and game theory, input- 
output models. and cross-bpacr matrices Rave not been 
imduded. By and Iarge noehiig more sophisticated than a 
pocket cdcularor is required for any of rhe took The ex- 

ceprion is Computer S imddon Models (CSM, page 120j. 
which was judged suffiiiiently important that a summary 
description uxs included Complex marhematical formu- 
lations have k e n  avoided except where a step-by-step 
procedure can be described [see Regeaion Forecasting, 
RSF. page 160. and Discountkg, DIS. page 1841. 

TOOL DESCRIPTlONS 

Each tool describes what the project planner needs to 
know in order ro i) select a t co l2 j  udite the tml, and 3) 
understa~d its implications and underlying theory. 

To aid selection. each tool begins -4th abrief statement 
of purpose and a sununsr). of user A shorc description fol- 
lows (suppicmenzed by key de6nitions) and is augmented 
by a listing of advantages and limitations The decision 
maker is thns given a brief overview ofrhe tool to help him 
decide if the technique is a cadidare for a&sskg a 
problem To this end, a secsion on required resources (ef- 
fort. skills. time) concludes the k t  par: of each tool de- 
scription. 

In order to  use a tool. a detailed description is nee&& 
beginning with required inpur~ expected outputs, and trp 



partant assumptions Moving horn inputs to outputs in- 
volves a pocedwe. which is hxribcd for the tools at $if 
fering levet of detail. An examplc illustrates the ?mcc- 
dure . 

Finally, a brief section on the undcr9yins theory and a 
bibliography conclude she tool &scliptio?. Togther with 
the listing of assuml;sions and limitations. &ese attempt 
to give each zoo1 a theoretical basc. while leading the 
reader to additional sources. 

Ideally, each tool description should k self-s-sufbidcnt. 
5ut in order to save space and provide essential continuity, 
the prerequisites of each ?ool precede he description. For 
example, the description of cosr-benefit amalyqis ICBii. 
page 212) rakes the form of a summary linking p~erequG 
site tool descriptions comprehensively. In somc cases. a 

common example iscafiied through several toob. 
The examples draw on a broad rang of problems and 

situations confronting project planners in the develop- 
ment fields, ranging fiom education and health to aLgricul- 
ture and economic p d i y .  Most of che examples refer to 
the developing country of Temsek which [for conven- 
ience) has a widely varying climate an2 &vcrx ecol+cd 
zones The popdation i s  rnossly agrarian. The exanmaples 
are &awn frc% -:st-hand experiences, hypothetical situa- 
tions, or the literature. 

USING THE SY!XEM TOOIS HANDBOOK 

The toob included in thjs volume fall into a number d 
carego&s: gerrerating ideas; asses-ing qualitative factors: 
& f i g  objectives; describingcomglex relationships; ma- 
Iyzing compIex processes; accomring for dtennarive out- 
comes; forecast and preJict5on; andping projects; and 
planning, conrroKig and evaluating projecss. Clearly, 
many techiques cwld be includedin more than one caze- 
gory. For example, computes simdztion mo&is 
p q  120) codd be rsed for the 1st six Parposes listed It 
is Fxesentedin analyzbgccrmp!ex processes because Phar is 
the most basic use of computer simulation. 

Each tool is designed to  standalone as a source of infor- 
mation for a decision maker, as an aid to the andgsc, and 
as a catalyst for multidisciplinary design teams. T5e tool 
description (together with my ;rrerrquisite tools) provides 
a basis for action andlor the evaluation of actions by 
others (e-g., permitring a decision maker to interpret the 
models used by analysts). 

DEVELOPING SYSTEM MODELS 

T h e e  tools are paramount to the description of any 
system: Tree Dbpms (TRI?, page 741, Oval Dbgam- 
k g  (OVD, page 8'11, a& Interaction Mcmk Ciagram- 
ming (IMD, page 93. Each describes the complex relation- 

ships of a system and defines a syacrn as dbrincr born its 

cnvkonment. 
One possible seqrwnce foa using the tools is giicn in 

f p r e  la. The analtyst uses a treec diagann <mom spcific- 
div, an influcaacc tree) ro dcvcilop thc re~atiorrships which 
prisescribt system bcbwior. Thiirs G a b  to a aspecifi;aoiosa of 
sysocm variables and cnviro~~mcrred factors which influ- 
cncc variables withiin the system. At some point. the trsr 
diagram is rc&awn as an avd diagram to show the feed- 
back rcbplionsBaips and molrlplc interacrions sf  system var- 

iables. If the OVA dimgram bccamr.s toaunnwirldy. h e  ma- 

lyse may turn PO a matrix Jcxrigcion. This has the distinct 
advantage of ~yrrcmaeica~~ pinpoint in^ m-cxy ps..ible in- 
teraction among rysocm and cnnr<ronwzntal r;r;iaIrIcrs. 
u-bile refiningrhc oval diagram. - 

Th analyst may wish to begin with an intrractiomrna- 
trLx diagram rather thna a! tme d iaprn  (see fgurr Ib!. 
This approach appeals t o  those who art murc comKortablc 
separating the iCnfificarion sf~~ariables fmn: zhespccifi- 
cation of mlarionships. )\ tree diagram or an oval & a p m  

is then used ro interpret thc interaction matrk in a dorm 
which permits tracinng&e wqucncc of cause amdcffecr. An 
interaction matrix diagam is gmicularly UX~WI in break- 
ing down ~ f o m t i ~ m g a t h e c i n g  and analysis ozsks into 
distinct p u p .  thus facilitating task assignrnen~ 

The o v d  diagram cansdtures a f i s t  astempt at acaurd 
mo&l of she spsrcm: it ?resents an explicit statement 
about key varhb1es ;us u~P1 as hypotheses abut cause and 

FIGURE l a  
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cffcct rriatioaships. The* hYptLscs  may bc ~cstcd by 
scpc\\iun analysis :see RGF. pap 1160, and then yantisa- 
xivcly rnodclcd. Thc oval diagam is ahen uwd in various 

ways zo gain pester unhrstandin;, of sysrcrn bcha>jor :see 
figure 2: .  FOT examp1cc. a coxpnrcr s~u9a:ior modcl 
'CSM. page 120) can bc coascmctcd in order to pscditt thc 
conwqacnce of c b a n p  in the system. A xcnark iSCN. 
p q c  164, may br &vc!opcd using the oval diagram as a 
basis for describing rhc bast s 5 3 ~  and the kinds of changs 
cxpcsrrd in the future. 

C E N ER ATlNG AND ANALYZIXG ALTERNATIVE 
PLANS OF ACTION 

Tree diagram in rhe form of ends-means d;agams {see 

TKD. pap 771: arc nJcfd far brce.aLnga system inm corn- 
pnnrtats or  an obb+ctiw into alternative meam. Thisbegin= 
J wqzcncc using sever2 rechniquss so analyze dternasiw 

jxx f i i ~ ~ r z  3). The ~-3ad s o d  in this process is the 
Decision Tree (DTR. page 1311. B r a n c h  of a decision 
tree rnap sltemativc acrions and probabilistic ootcomcs. 
The alternatives may ibr. idenrifie2 by rhe tree diagram 

branchmi: process or the matrix format of rnoTho?+cal 
anzlvsis ;h@A, page 10). THC probabilities of various out- 
comes arc often subjectively assessed ISPA p a s  137;. 
Clox.lv rehscd to the decision tree. conagency mdgsk 

'CGA p a g  1471 tabulates zI ernari-e gEar.5 against rhc 
various possible smccs of mature which affccr th, cur- 
COrnCS 

Ouecames for bash techniques arc exPrescd cirher z= 
monetary unirr Icosus and beneks )  or as utilities, using z 
conccp whkh rraklates preferences for an outcameinto 
a dimension on an hsPecmd scak fscc RTS. page 29:;. UdE- 
airs asscsscd far variou5 c&e& are combined in Muldplc 
CPircrk t'5li.y Assessment $ACU. page 32). 

In short. ohex P~s~ ib lc  sequences of cools ( fipre 3) de- 
scribe a process af analysis which $e@jtns with gneming 
aUremat<vcs and results in an evdnatirrn obaB:cmaeive our- 
comes. The end us@ may be cmploycd for a cost-benefit 
analysis or For the stkction of plan elemcars. 

CO-OPTISG CLIENTS. RESOURCE CO'WFCOLLERS, 
A h i  EXPERTS INTO THE PLANXIKG PROCESS 

T h e m  is a scr of occbn&ucs which c!ah tkeir greatest 

smcngh in thck ability co gcmcraec cooperztion a m n g  
vs3 ious actors on slnc p83lannhs smg. Thc ccntrd tool is zhe 
Program Plranaimnng hkohod (PPM. past 227). Supporting 
this tool are a number oit~chni~enes. each of which is pow- 
soft11 whcm reed alone m d  P o t ~ n d y  mom so %-hen incor- 
porated innuo a strategy #,see figwe 4:. TbeNominal Group 
Tc.chiqnc 1NGT. page 14; ~ a n n s i t s  marimurn efficiency 
in generating ideas Io is partieular8y rrffcctbe when uscd 
5y diwrsciy compscld p u p s .  
A companion archniqte is &e Delphi process FDLP. 

page 168' :u ~uhiih experts and decisiot. makers contri- 
bute u4chout face-to-dam confrontation. This anonymity 
is often Pneccssary if tbe panasnit of ideas and consthuctive 
problem ex;?baarion is nor ta be &dereed by social and 
bureaucratic sanctions T h e  DeIghi utibes repeared 
rounds or'qucsrionnaires :Qm. page 19'~ 

Thc P r o p  Planning Method combines these tech- 
niques to produce plans which ct~opt clients. resource 
controlera and eslperts inn a carekDy orchesmred plam 
ninppr~cess. 

FtGURE: 3 
A NORbL4TIVE APPROACH TO PLANNING 

O n e  planning strategy be-&s\vith anormath-e concept 
of the iha! sysrem. rather than a~alyzing what caonfd be 

FIGURE 1 
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FIGURE 5 
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wrong with the existing one. This strasegy is embcldind in 
the IDEALS Strategy {IDL, page 234). Two other ccch- 
niques svppon this agpraach {see f i e  53. 

Funcrion ex-pansion (FEX - "gc 45) forces the sys~ern 
designer TO think in terns of the purpose of &e system 
desired-whar rhe system should be doing. This leads t o  a 
specification of the ''ideal system targeti' which becomes 
the basis for &signing a feasible system. using esscndaDy 
the system desiga strazegy. The form of the speciGcarim is 
rhe system definiiton ma& {Soha, page 67). which is eihe 
output of the IDEALS process. 

Focusing on Eunccion rather than on problems 5 1 s  pee 
pk involved in a constructive assessment af what should 
be, rather than what's wrong and who's to M a c  There 
are sound arg,ments far both approaches. The IDEALS 
Strategy often comes under attack because its emphasis QII 

nonnative specification may possibly ignore experiences 
gained from problems with the exi&gs)rsrem. If the ideal 
sysrem target proposes a change, where mly incre- 
mental changes are acceptable, normative prescriptions 
may be counterproducrive. Still, &ere i s  an inmitive a p  
peal to any process that encourages minds to expiore an 
unlimited problem-solution space, nnnbourrhd by existing 
system dedptions. 

USIXG SAMPLE SURVEYS TO GATHER 
INFORMATION 

A sequence of ~ c h n i ~ n e s  is pakculaxly useful for %ah- 
ering informatian across a broad specmrn. The principal 
technique i s  the sample survey iS\JY. page 36). which be- 
gins the design of the srxrvey questionnaire {see Fpre 63. 
Where nrbkcdve assessments are to be quantified and as- 
gregaed, the questionnaire may incorporate rasi% d e s  
(see RTS, page 29). 

The questionnaire {QTN, page 49) must be pretested 
and refined so that the objecdves of th survey m y  be re 
Jied.  The means for obtaining the &sired infornabon 
may vary grcariy, but one usehl technique is the direct 
interview (see XVW, page 23)-  his j r w d y  she preferred 
approach in pretesting the m e y  because it requires kss 
time and gives more design information &an d d  ques 
~ 0 n ~ k e s .  The htszr technique. however. is uiddv; used 
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n+cm a large sample is to bc covered by the surrey. rven 
though a hi$ remrn b seldom possibJu. 

The survey rewlas are apamtifiedand agScgatcd. oirm 
in the form of histograms from which soatiseics mat. be 
compulced INIS. gage 131;. These results are: rhen used to 
fomu2arr -OBici~. :O specify bystern dcBp see Sgsrsrn 
Dcfinidon Matrix. SDM. page 67'. to cost$ and 

benefits /CBA. page 212;. and to cvnlaaee programs sce 
Logicail Framework. LGF. pg 260). 

PROjE€T FINANBAL ANALYSIS 

The financial aandysis of~ojecrs i s  a sequential process 
which begins by idenri&hgcostsaad 5ened;t dnr 3rreams 
;Cash Flow Analysis. CFA. page 177; and culminates in 
the presentation of recommendations and assumptions' 
to decision makers ,see f i r e  71- Many techniques sup 
port thk analysis at each stage. A survey may be necessary 
to garher fmaaacial and produceion data. The various im- 
pacts of a prcjecr may be tabulated across dihecdv and in- 
&ecdy affected groaps im ann impact-incidence mtrb 
;IPX. page 2071. This techmiye attempts mot only to 
quantify impacrs of a project. but nonmonetary im 
pacts ofa project using n h g s d e s  Rl3, page 29). 

The h e  streams 0: costs and benefits are discounted 
ro give rhek present value in order to compare project d- 
:erna~\-es (see Dkscotlatbg. DIS. page I%j.The criterion 
%r comparison may be net present ~ 0 6 t h  :hTW, page 
1883, benefit-cost ratio jBCR page 194): irnernal rate af 
return (IRK page 200),ora combinadon of these. 

The cash flow analysis, the evaluation cr i t ek  and the 
impact-incidence analysis are bronght together in cost- 
benefit analysis (CBA, p a s  212)-"The end r d r  may rake 
the form of a single gGno go decision on an? project, 
or a rankhgoddternazive projects for hndkg. 
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THE "CGNVENTIONAL" SYSTEMS APPROACH 

Systems analysis &gins with identifying objecrives. 
sycIfyin, drernative means. specifying the criterb gnr ra- 

iecring arncng the alternatives and rhen synthcshbg a 
system or plan from the choiccs. k sequence of eechniapes 
for applying the systems analysis strate9 begins wirh0b 
jective Trees (OBT. page 491 andlor Inrenr Smcmres 
(INS, p q e  5Sj tspe $%use 8j. Brinstorn~ing, Nomind 
Grourt Technique. or rnarphoJogisal analysis m y  be used 
ro specify atenlarive means (see a h  Tree D i s .  TRD. 
pagc ;'-I). '?'he alternatives are analyzed using either &cE 
s i o ~  trees or contingency analysis ro develop the project 
plan. C o l t  -effective ardysis. multiple criteria utility 
zssessment, or both are used as criteria Car evaluating alter- 
natives. The plan xay be specified as a System Defmition 
Matrix, ~ogud Framework, or as an "prating Yhnhg,  
Prograrnmin~, and Budgering system (PPB, page 236:. 
This strategy is nat aItcgcther different from the IDEALS 
approach; however. the starting poinr oFrhe latter is rhe 
function of the system rather thm objeceives for a project, 

PLANNING PROJECI' ACTIVITIES FOR 
IiMPLEMENTAT1ON AND CUNTROL 

Two complementary techniques which spcificaUy ad- 
dress the scheduling of project activities are the Critical 
Path Method (CPM. page 241) and Gantr Charss {GNT, 
page 252)- The techniques may be incorporated into a 
strategy which plans and hcditates the irnpkrnuntation oZ 
a project- 

Critical path techniques begin with a hist of project rc- 

zivides essenrial ro  he achievement of project goals (see 

Ggwe 93. The &st may be generated uskg techniques 
such as brainstorming or, more formally, fmm a system 
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spedi6carion (see Syswm Definition Ma&J. From rhe 
critical path network, a Gantt (bar) Chvt may be pre- 
pared. enabling a planner or manager to schedule activities 
and resources. He may =%I? te pxseiit &e acriwides and 
officers responsibie in an interaction m a 6  (MD, page 
92) in order to emphasize Borh the kterrelatehes of 
rash and the mddpL staff xespon&&ties. A Logical 



Framework may also beused to sharpen the identification the result of a straregy which incorpmarer intuition and 
of cbjtcrively identifible indicators of progress. These j.adpents into a coherent framework tsce f i g r r  1 J :. 
milestones are shown as vertical lines on specific dates of FIGURE 11 
the Gantt Chart and written on the Critical Path Mcrhod 
network at the appropriate nodes. 

Altogether, the techniques serve to  ease the manager's 
job by breaking down a cornpilex project into finite tasks 
with planned start and end dates. Progess monitoring per- 
mits effective use of staff which is essential ro successfd 
project implementation. 

ANALYSIS AND P R O G W W G  OF 
DECISION PROCESSES 

A decision-making system exists for a specific purpose. 
The fm: step in any analysis is a hnction expansion to 
specify that purpose IFEX, page 45) (see figure 10). The 
aim is to  sperifir eke key decision points and rhe condi- 
tions which Had to particular actions. i.e.. the decisio=- 
making policies. Two processes may be used to obtain this 
informadon. If the system exists. decision makersmay be 
interviewed (IV\IV, page 23). If she task is ro design a sys- 
tem, then idea generating techniques ;e.g.. Brainsoorminag 
BSG. page 3) are used. 

T h e  Delphi technique (DLP. pagc 165) begins by 
&caing quesdonnaires ro  a selcctcd group of prognusti- 
caters. The results of each round are summarized for the 
bPphi goup, oftcn in the form of a hiiragram which 
aggregates the hdibid~ad judgments. Raringscdes aorcmpr 
to  quantify priozitics and opinions. The Delphi rounds are 
then used ro produce ehc successiv~ sratc descriptions of 
the scenario. The desi-ed resdr is a clearer understanding 
of rhe forces md constraints which are involved in planned 
change. 

FIGURE I0 PROBLEM ANALYSB STRATEGIES 
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Problems in qstems [whether ongoing organizations or 
newly designed projects; may be analyzed by urilnga mm- 
ber of wchniques. none of which guarantees a solution. 
Raxher. they promise a greater pnnderrtan&ng of the di- 
mensions of Ae prsblem. Two techniques are central to 
the analysis of problematic behavior: Oval Diamrning 
10VD. page 83 5 a d  Organizationd Climate Analysis 
:OC& page 40; ;see figure 12). 

I FIGURE 12 

The results of ohis analysis are presented in ohe form of 
flowcharts {FLW. page 107) or decision tables {Dm, page 
113). The flowchart uses different symbols to display and 
analyze complex processes. The decision table presents 
rbe decision as a preprogr~nrned process by specifying the 
conditions which precede-and the action which f08- 
lows-a decision. Both techniques u e  usefully employed 
in management mining as well as in diagnosis of potential 
problems in implemer,ration. 

QUALITATIVE FORECASTING 

A scenario draws on a varier). of expertise ro produce a 
map of the future states of a system (Sm, page 164). It is 

Problems are &st identified using a techniqie such s 
Intent Smlctures (INS, page 55; to  specify con&cPingob- 
jecrives and competing interest groups The Nominal 
Group Technique (NGT, page 14) or br&oonningA,FSG, 
page 3) may also be used The problems lists may be ern- 
$eyed to pide the infomation-gathering, the interview 



ing ncccssary for ;m analysis of org;miza:ional dimate, or 
the tackling of identified by a Syneteic p b  
Icm-solving team (SYN. page 6,. The .;cry lcasc to be ex- 
pccrcd from a Synecrics group isa bettct definition of rbc 
problem and a creative: attempt ar a solution. 

One highly recornmcnded rcchairyuc: for combining all 
thcsc analyscs is an oval diagram which describes the sys- 
rcm or organization. Most problernas:.~ behavior sterns 
from poorly deigned fcedback of isformadon witbin a 
sysrcrn. and poor understanding of rhe far-rcacRingcffccc~ 

The analyst may altirnatcly wish ro rcst the problem 
analysis by using alanagcmccr games {sec Gaming, CAM, 
page 124) which are cazefdly designed to idcneify 

problems which a& from shdateb fmeracrion among 
system and arganizariond compnenbs. 

CONCLUSIONS 

This vaPnme is a colleceion oftechniques &awn from a 
variety of disciplines and presented in a standard format H 
order to brimg zogezher various means to acornma end- 
'bcrocr development project design. The organizing theme 
is a systems approach ro project piknnirng The techniques 
are means to &vdogingproject &signs which are compre- 
hcnske. future-adented, and prapoticaHl~. shaped by the 
realities of Dower and unrerrainty. While no single tech- 
nique is the systems engineer's ua~iqur contribution, all - 

shoddccntdboe to bezter project design. 



Generating Ideas 

Brainstorming 
Synectics 

~orphobgical Analysis 
Nominal Group Technique 

Questionnaires 
I~lterviews 

Techniques for generating ideas annd garhering information are essential for project $am 
ning. Eliciting inZomation $mm dents. cxpera. and decisio~n makers in order to generate 
innovative alternarives is a cmciah step in a s) .s tem~ approach. The selected techniques. smc- 
ture group "creativity" jB&szonning Nomind Group 'Fechiqre, and Synectics]. pro- 
mote systematic synthesis of alternatives {Morphologicd P.maXysis;l and f o m J i e  interper- 
sond communication (Inremiews and Questionnaires]. T w o  of the technq~es gain heir 
s t r e ~ h  throe?& interacting group processes [Brabstornnning md Synec6cs) in contrast to 
carehly strucslnred goup interaction (Nomind Group "I"echnique1. 



Brainstorming 
PREREQUISI[TE I'OClLS ADVAhTrlGES 

None. I,i OligbaU a d  innovative ideas may be if 
pramamre crickkm is not anowed to inkbit spontmcit)-. 
3 Cross-fenodizarbn of ideas occurs. especialy when 

USAGE &e group is composed of caper= from diffkrene fid&. 
3? The mBadvePy nnsmmcmred nature of brainstorming 

PURPOSE is sometimes preferred over methods like the Ncmind 

Brainstorming is agroup creative process wed to gemer- Group Technique :NGT. page 1-4). 

ate alternative ideas and suggestions in response :o a stated 
question or problem. 

USES 

Braimsonning is used to: 

1) Generate many alternative solutions to a problem. 
2) Generate alternative ways of l o o b g  a: a problem. 
3) IdentZy experts who will aid in diiTerenr 

solving phases. 

SHORT DESCRIPTION 

Brainstorming,is a gsoup process where the members, 
usually from different backgrounds, respoild to s cerrtra8 
question or theme. Emphasis is placed on generatilg a 
laxge number of ideaswhiie deETsmga-iticisrn and svdua- 

tion. Brainstorming is especidy usefur for attacking new 
pmMems or for identifying new ways of looicing at old 
problems. 

13 Brainstorming may be unprodiuctivt: i K  the gocp 
members are meeting each orher for rhe firsr drne dming 
the session. f he efiectivecess of a brainstofining session is 
gseady enhanced when the members knew each orher be- 
fore the session and when they are morivated to solve the 

.problem order consideration (Bouchard, 1971 j- 
23 Superior-subarhate relationships outside the ses- 

sion rnz? agfect the free intercham* of ideas within rhe 
session. 

31 A brainstorming session often in\-olves misdirected 
disc~ssion which may be Prngrodacritri: and a waste of 
t h e .  

4) Discussion may be d o k a t r d  by one or two mem- 

bers. and may s a t  the panicipariooa of other members. 
This is in conaast O;i& Nsmind GroupTechniquc [NGT. 
page 14). 



KISQUi KEI) RESOURCES 

T ~ I C ~ C  .IYIC*~C.CY~ ~ T C   NU^ Ij~llliE&cd OP C ' V ~ I C ~ ~ C ~ .  The erofc- 
dx~un is d~clzr b:; uJng scchniyrrr= iibc 1)rcisioa Trceb 

I3'FR. p a ~ c  1-41; o r  ~"asa-l$enck?r ~ o d ~ s i s  .C*%A. p a g  
212). S ~ e r n i n $ ~  o-urd.raodidn ideas ~ r c  PPOO im~~~r'dia~t'ly 
rcjc~ red: "rc? gcascratc more pras:ica! a! ternatives. 

slcct.swry b;!urc br . i ina~ur tn i~r~  s s > i u n s  rrc productivr.. 
1%11"ORT.-\ST ASSUMPTIONS 

(;~.l~ur.Ji.~. rrlcrrlbcrs will brirrn cxncrr skills. bur dlux n a w  . a 

.ihlc t c t  ~ , a ~ r ~ p r r l a t c  5r~cr~1d tllcir owrr cxpcdcmcc. The 1 Thr Brainhr~zrnk~ rcchniqae assumes ch2z the 

gruu?> 1cadl.r will rlluri. +.f.fccs&c if 4 1 ~  hds r r , ~ c  waini;n5 goup prorrsh oE gcaoer*ting ids&% ~ v d i  mure C ~ ~ C C P ~ V C  

X,T ch~,cri.-.:~cc. 9.11 L # + ~ 3 d l ~ ~ : ~ ~ l g  bTdllISIUn~ing 5cfijY3n?.. par- zlnrln inde?cndc3~'n~ ch'or~s .ii ROC inn rota! nernbr  of idcds. 

tisulariy i r ;  I P T ~ C T  IU i ~ i < > p ~ i ~ c  WI>.L'I? r31C group bt~~slilcs I ~ C ~ I  i:2 q~~:i~I;. oE'idc~,~nE-rate'd . 
mi~dircr.rcJ. 1 ,  nt i, ashur:~cd ~ i u r  parniripdn~s xt-il! cwcrsomc sirrir 

t lw  lrur~lbrr ;,f l > d r t i ~ i f , ~ ~ l ~ ~ .  IT .aix~* ~ C ~ C I I ~ S  QI1 ffw ~S. IVC~T!  GES;EKXLPROCEDL;:RE 
r>f tlic jiic3ti~11 i1116cr CUIIYJ+.T;LI~~>IL 

Tire proc;ed.;rc nz ~ddrc..iscd to :ihc prrhcm w-hu rwifl 
conduct rhs bnir15;ormtIta~ k - ~ ~ i o n .  

SPEi:ltZL KEQIJiREMENTS 

1;l.iiLhorrJ AIJ chsik. ur a f l ip  i l l a r ~  ~ l l s r k i n ~  Fen>. 

arc uwd ru record ~ 1 1  swggcstrd ;&as. Wriringrnatcri~L tor 

caijl :::T:I:~cT ncz.GrJ. A recorder may bc used to 
r,s.iard tlzc wssiur~.  

DESCRIPTION OF TOOL 

1 ! A sta1cr:lznt ai'rtac prublt.m. usually in zrhe Grm of4 

clueslioa~. i o ; r c ~ ~ s  paricipanu' ideas. r-9 ,  -'Plow can :he 
iracri-~sc in T~macek's population k sstopp~di" 

2 ;  Partisipanzs illay be slperrs. cunswmcrx. c?iens. or 
p:-~ctitiu~?rrs. Conrribusions. horvn;c.z. may be made by 
caper~s or crsativc people from anrclated fields. 

Thc principal rzsul: of a br~inscorming~sion b a Barg 
~ u m h  of ideas which ma? sn7e AS possible answers to 
the qutstian. For esanrpc. brainszomed answers so the 
probknl of do\vi~a~ Fopula~ion hcrcasc may be: 

1. IhganPzc rhr group. 
1. l 1 3 ~ ~ 3 d i ~  P~~cxit:i+d partici?anrh- kcc.ping iz ~nind 

tino I1dLtm2 0Od tau' pzoblc~n. Fur C X L L ~ Z ~ ~ C .  L i  rhc 
prable~a ioncsrlrts populartior; iorncrd. paremrial 
p~rrkipaezh are A plnsicLn. a psr-clndogkr. a 
govsrnmcnr oificitdl. a IncJdl care administrator. 
cummcnity W-QT~L'~S+ porcntidl ~Eient~.  CLC. Thc or- 

pnizeas ui  a brainstorming wssiar~ may use the 
rzebnique cu genenrr rile lise of potcmdai partici- 
pans  for itimrc pr~b~em-sd~-ing~o"sps. 

1.1 Limit rLr goup  size ro seven ro tea- Sonnnehes 
l a ~ g ~ i  g o ~ p s  are ~ w d .  dncsugh afriel; rend r a  de- 
crease &C ~s.efa.llncss of die sessions. 

3. Insrmcc the parricipan~s- 
3.1 Esphin the g a r  -piding principles of bain- 

sromiang: 
a) Thers are no correct or i m o ~ ~ c r  ideas. ,All 

ideas arc acer.ptrs8 on eqt?d ground. 
bi Xot-el and creative ideas arc encooraged m-a-d- 

less of how- 5.ibokh z h ~ y  may seem. Criticism is 
nor dowcd. 

c: Emphais is on ganrrahg a large nnwbir of 
idea L- order to get --all xocnd" che problem- 



d! Curnbinatiorls and cxxcnsions oi ideas .arc c3- 
couragcd. 

2.3 S ~ a i e  the qucsriun or problcm undcr considcra~ion 
and discussir briefly in ordcr socEcnr up r;iLundcr- 
sr~ndings. Lor 11lc participsms r l r i ~ t L  about rhc 
problem toor r k w  minutcs. i t- ldic~~c tilrt tilcy can 
nukc norcs. bur: discour~gc my o~rbur,ts liis. 
"l'ue got the scludon1" 

3. Conduct thc session. 

3.1 Ask a participant :o respond to ihc qucsrion and 
ro briefly explain it. Pasdcipan~s may rakc r s r a m .  
giving one idea at a time, or thc proccss may br: 
sponra:ieous. in ht31 cascs. an idea suggsstcd b!. 
onc member ofsrn ~riggers an idca frvm anori~cr. 
This is rcfemd zo as "Lap-fro_gging." Enrouragc 
--icap-frog&" in rhe goup. sinsr onr aim k shc 

La\ Hu\vcvu;. genrration of a !arg nun~bcr of id-*-. . 
dae leader shonld excxcisc his j ~ d p c n t  in keeping 
order Li zdlt session. 

3-2 I f  nrcrssary. remind rnrrnbrrs about the rules ot' 
brainstorming dming the session. Sornrdmcs 
m:rnbcrs nccd a new dirccrion. ur thcy ma? br 
ractfuU)- asked to curtail cstranrous discussion. 

An amoapherc of cordiality and free expieesion 
must bc maintAncd at dl rimes. The session L ~ C T  
must exercise careful judgment. 

3.3 Sometimes ic is useful rg present a mock problem 
r o  the ~ o u p  to familiarkc rnembcrs \\nth r l~e  
merhod. An esercisc wi~cre members pncrate d l  
possible uscs of n nuchine or rrchnique k hslpfu'yl. 
A problcn~ cxamplc mighr be '-lisr cunvenxhnal 
and unconvcnriotlal uses $or a biq-cis." Such an 
exercise might relax rlle members and makc the 

main session more sffective. 

3.4 Have all ideas recorded as rhty are generared. A 
tape recorder map be used ro provide a record, bur 
r h i  method dossn'r dlotv for imrnediarc rcfcrcacc 
to responses. When no more ideas are 

generated. end Qc session. 

Consider J. aicu~titsn \vc-lrrrr tile insif .mri .srrti .urrritv k b r  .G 

local govcmmcnt of!Siirl i b  :tr.cdcd r o  ~ ~ ~ P ~ ~ T I F I C I : E  .I jtr-.a!ttt 

c~rc prcrjcct. TIlr prublr.111 is trotV r o  rrb:airr tire r.r*rpcrd 

tiun of dais pcrso:) in a ru~svrrahl~ .lirjrt I ~ I I I T .  <:rnrlt 

trrandccring bmrcisncratii suppr>rt ircrtn iris hiplac: a:z:htrcr. 

ticscan ofrcn bc J 1e1t~eJly md unkccr~rilr proicss. 
A braia:storuning ?.c>sitllll is U ~ ~ J O E ~ I C $ .  k'rrti.-iprrlb i r a  

cludr zhe projcct Ir4dr.r. r local pcrso~~  ait'rli~tcrl tvitlr llir 
projcsr. a troubli.shula~e.r in ,rn r.lr.c:it>n c ~ r i i p a i ~ n .  rr,. 
Sotnc brainastor~ned suggcsriuns arc ~ ~ Y C I I  bcDow. 

I; Appcal thl: local oflirchf. crnpI~asi/in~ tIrc inrpor 
zancc of rhc projesr. 

3; Bribe rE;c tucdE offici.aU. 
3: Bribc thc: lllRhcr JU~ I ICW~C~  .zriRCcrt.d Yrrrtne i Jca  -I . 
1 , Disregard ao t*Ynurity ~ l l l r j  do wir!atnr e !ULA; hck. 
5~ Muvc ro anmochrr Arc& \%-hcsc tlac iut~n uftir.iJ I, 

rnloae coopriasivr. 
6 ;  U s r  :he mcdir cu apply pditi~.tl prc*sLnrc VUP F E W  

a~ehositiss. 
7; Convince the L O C J ~  c l i s ~  ot t!zc I n l P < ~ r t a t ~ ~ c  t>t tltc 

projccr and work rI>ruugln peer prcsure. 

THEORY 

One principle irr  tine tfneory ofcteativic~; i s  tiur crrlu- 

arinng or ranking r n  idea stifles chc gcncratiu~n of furtiarr 
ideas. Tllercfore. generation sEruu!d be sparared from 
sr.aharion. hnuu'izcr satca drat group Irruicswb 
may bc nmre uffccti\.e. tiam individual chforts in generaritng 
ideas. %rgcl>- bccauw of cros-Grtilizariun. Sce trouchard 
; 197 1 j and Osburnn : 1963) for a more detained diacussiun 
of the d~currric;rl bases otr brarinsuunning. 

BIBLIOGRAPHY 

Osbom. A. F. -4pplicd imigi~rrlrio~rc mrd Creoril~ity. New 
Yorh: Cttades Scribner and Sons. 1963. 



Synectics 
PREREQUISITE TOOLS 

USAGE 

PURPOSE 

Synecrics is an intecacringgroup proccsr for generacing 
creative ideas in response to a problem. 

USES 

Synectics is used ro: 
1) Identify possible so~uuons roa given problem. 
1) Infuse novel thinking into one technology or disci- 

pl ine  by transferring kno~vlcdge and expertise from 
another technology. 

SHORT DESCRIPTION 

A group egforr is directed to problem definition and 
crrative problem soling. The group discussion relics on 
two basic concepts: "making the strange &miliar" acd 
"making the famitar strange" (Gordon. 19653. 

Synecrics depends. finr of all. on findingandogies ro a 

scrange or novel situation (in she probkm context! in 
order to makc it familiar (making the strange familiar)- tn 

contrast. "making the famliar strange7'means to enhance 
the possibilizy of new solurions by looking ar something 
familiar from a different ricwpoint. 

Diferent && of analogy are used during a Synecrics 
session to draw out thex ideas. c.g.. comparing parakl 
sisuations different fields. Thc group> ideas may tllcn 
be explored and developed into possible solutions, often 
b)- a technical staff member who sits in on the session. 

1) Solutions generared by the Synectics method may 
be quire nove! arid innovarive. The rcchniqur draws o u r  
rhe creative expression oi paaicipan~s. 

2; Diiferent analogies used in Synectics provide cre- 
ative insights into rhe problem. 

3) ~ f t e r  parricipacing in repeated Synecrics sessions. a 
maiqed team is available for atracking new problems- 

4) Kegdar participation in Synectics sessions niay im- 
prove a member's creative thinking outside of the sessions. 

1 ) Sywctics reyilires that the members communicate 
free!y and often impersonaue inanimate objects or abstract 
ideas. Some people may be inhibited and may nor pard- 
cipate activeiy in rhe group sessions. ALo. superior- 
subordinate relationships outside h e  sessions may h i t  



discussion. if such problcms arc rr~ticipazcd. Ni)~ni:>ai 
Grogp Technique ;NGT. page i3) may be a bcttcr nlrthod 
to employ. 

7) Initial use ot' the Sgnccrirs~ncthod  nay nor be pro- 
ductivc. Howcver. cxpcriencc wirh trial p~ub len~s  in- 
creases the effeccctivrncss of the mcthod. 

R.EQUIRED RESOURCES 

LEVEL OF EFFORT 

A Syncctics scssion i:lcludcs eigh to twcivr: trlurnlcrs. 
The). mus: mccc and be organized into a group scssion. 
Participants must be nladc familiar wish drr technique. I r  
i s  ofren in organizations to arrange a puol of po- 
~ent ia l  mcnlters for Synccsics sessions.This will minirnizr 
the effort rcuuircd to arrange any onc Synectics rncrring. 

SKILL LEVEL 

A Syncctics group usually includes one or two tsch- 
nical experts in the problern area. Orl~er rnc~n'ben, shuuId 
bc able to fanrsizc. enlpachizc. and role play. Thc g o u p  
leader needs a thorough unders~andin~  o[ rhc zcthr~i~uc .  
as wcll as some training as ;i session Icadcr. 

TIME KEQUlKED 

MOST problems require only ant. session Lstingat rnosr 

b u r  hours. The novelty of  rhc problem situation and thc 
varicz): in the backround of E~IE m c ~ ~ ~ b c r s  aifcct $ 1 ~  

length of rhc scssion. Progrcss is also affcsrcd if' group 
members arc inexperienced or overly inhibirrd. 

DESCRIPTION OF TOOL 

DEFINlTIONS 

T11c.y ~ r c  gr.rr;rlly r~pirs;~ir.d in two \serf+. rt>:s;lD?- cf.. 
sctibirlg :wo cot~flicri:i~ arrribrric~ ot t1ir p:ohfcrr~. I. rvr c x  

~ ~ i i p l c .  thc g r ~ i ~ r  3ruragc prvblsrel nu! t:sc "CrowdCJ 5cp.1 
n;iorl'- to cicscribt. c31c t;cc.c.c ot' tilc prtbblctrr : I I J ~  ~ b t  

pacicd s l o r a g  and allat ot Brrfticicr~r gtria sr.pdr.bclr*n r-r  

allow for airtlow. 
-3: I;trlr~.cy JSZJL~F i, zlrc p.trtirip.t:t~'a wisi~&"l!it~ii. 

ing t i a ~ t  thc problrrn may- soEvc irhckr'or isarc ri,cxi>i. 1 r ) r  

cxamplc. in tIlc grain srorasc prublcrti. on<. I . l i l t r>)  . s ir-  

dog): rnay bc. t lu t  .*Grains do nor p r r ~ l i ~ r ~ r c .  C \ T ~ I  l i  IFC.! 

mu~sc.'- This Isads to rhc idca ~i irr~Jiari:rg r ; r ~  srai:r in 

i A jtatsrtlrnt ot' ;hc prublcm Ia  rlcccbarry. Fur sx  

anlplc.. '*<;raita, rnuso be dricd and s u r d  csom~ntiiaily i l r  .a 

poor region \vtlcre rhc cliniatc is \vrr.'- 

2j Participanss in  a Synectics scssion are ,spcrts con- 
cerncd with the problcm. along \virb six to cighr crtitcr 

mernbex.r, prc$crabLy from ;I uitrivty ~i discig?incs. 

TOOL OUTPUT 

1:. A rcsrdtcmcnr of thr' probirm dctinicion i d 1  br r x  

psctcd. In thc grain storagc problem. Ehc rc.st.~tct~~rnt itlay 

bs, "It is scquircd ro store grain su rhar ir doc5 not spcril.-' 
2) A Syncctics session results in a numbcr of possib!c 

solutions ro thc problcrn. s-g.. --irradiate p i n  and srorc in 
any ordinary '-score wish bags cd ci~emiuafs thar 
absorb nlotturc." or -*plant crop so that rEs harvust is in r 
dry season." The merits or' each suluriorl may rhea br 
evaluated for feadbiliry. 

IMPORTANT ASSLikllTlONS 

Ycopls vary greatly in rllcir ability ro utitire art;ilorics. 
and ccnssyuunrl?*. rheb concribudon ro a S y n s c t i c s p ~ p  
will differ markedly- The assumption bhind S>-ncceics is 

1) Persorlczl d r ~ c l l o ~ ~  is used in Synectics sessiolls wllrrc rlla: cross-fertilization at' ideas xvdi had to ii~nov~cicsn and 

a group member idenrifics with an elenlent of the problem crcarive responses. 
and loo?.. a t  it as though he were rhar cfsrnent. For ex- 

a m ~ ! ~ ,  if the prablenl is to develop inesprnsivc. \\*ays to 
dry and store gain in a wet climate. a member idenriiks METHODOF USE 
with a single grain in a storage bin. 

2) Direct uplalogy compares the probIenn being faced 
to a parallel si;uarion in another field, technology. or Jis- 
cip2ine. For example. the grain storage problern may be 
compared to  a bacterial colony whose propagation is to be 
controlled against distcrbances in moisture and airfiow. 

3) Symbolic analogy describes the roblern by objec- 
rive and impersonal tides- These titles are uxd to identify 
other problems which may be described by rhe same title. 

GENERAL PROCEDURE 

A Synectics session has basically two ph.ses. The Erst 
is to introduce the problem to the groop and obtain 

a redefinition of chr problcrn. 'The second phbc uriliz=.s 
four anal%? merhods to generarc possible solurions. I t  ia 

somerimes necessary to idenrify new- anand rekted problcms 
that must be solved before the original problem solution 
can be attempted. 



i . f >ctilic thc prr j l rkrr i .  

iarrscnt rfir prnbJem to thc  grncp. H a w  a tcchnica'l 

cxpcrr or thc dr-cihiua rrraitr briefly chF t i n  and 
rn;J:;/c rhr problem. 

1. I'nrp- idc~s J I Y ~  critic istns. 

2.1 Ad, r34.it 211.: i ; l c . ~ ~ ~ b . c s s  lugqcat ; ~ I Y ? .  ~rsisrtiurls or 

idcc* j~nr:lcdi.irr.l) .tf'rc: :hc pnc~c::rasiot~ r -4  ria, 
+>r%)i71<.122 * 

2 2  #jdv:a tire r-xpcrs-Jis~uh~ sirc :C'~bibilir)- and suit 
.~l>ili,; ?rf sits-sr ~clcr ,  .i> tl:+ ,arc- ,nggcstcd.T;~B 
giver ~ u ~ t i ~ i p , a : l t *  J ~ C I Z C T  ~11J C3rcpcr rrndcr- 
>ts:dinp ui rtlc ;,ri~?dcrn. 

8. Forcc f i r  somo ando$;ics. 
8.1 ! i :SBC i l ~ ~ a ! o ~ i c >  do PIOE di:C~ct~ aid in striving tkc 

urigiztrrl probirnar ahen .-t'crrcr fi:"sn analoe. 
8.2 Sars swnc dspccz oi t'tir E.rnrbiunr rrrd elrcn 

J ~ ~ [ ~  i t  dirccs13; ro dnc d:x*l:ogy to pri .~~idc  
csz.utsr InsiSi:t inro ti~r cu:r*train;s ~ n d  circrr~ar- 

s:sncr.s r b i  t lrc pr0B3:cna >ir-czatitrn. For s?r~rn~Pc. 
stored g r ~ l i r - .  scanrair:;rrrr il i; gct* wct. What 
wernh! i ~ r p ~ a ~  t t b  r b ~ i ~ ~ r i d  C L ~ [ ~ Z U C C  , ~ ~ > U C C  tit hc> 

direct a11~3~2,":. .:' 

3. Rcstarr thc pmhlcm. :l.n i;cncr~:c JTPJO~~CL ;~.tcp 4-7; in .my c w n r m i -  

i. 1 rZsk t hi. ~ u r r i c  it>.n:z3 ~ ? s ? > p c t ~  rc:.:atslaYcn::. of cint c,rdcr. I c  ma&?- L- wcsswrp. :u rssc onc cs 

r i l ~  p ~ ~ b l ~ 1 1 1 .  I ,rn>t< of' ritcse ~llaralu~iss during rtnc d i ~ u s i u n .  . .. 

3.2 Sclcct <III<. J ~ i i t ~ i t i o ~ :  T ~ , ~ J X  5 ~ c l n c  I ~ O Y U  JCCCPE 
9.2 LZiiicc: rirc grcrrup Enro usk:;~ rt~csc anatogass :n . " 

A ~ I C  1 0  ~ Y X T ~ ~ ~ > L ! I I I ~ .  
~u~~3hI:~a:io::  r j r   ti elc;D :!kc F D I C ~ ~ C ' P S  CMCC 1% 

dYi  . L # x " d L J : ~ *  

5. Lkc pcrsunal ~jlaiogics. 
5.1 t<c .q l l t s~  aumc ri1t.1 I ~ C T J  i a f  tb~.  ~ U U P  TO pldy the 

rolvs oi' sorlw clcr~jcnts ut'rht. problm;. 3'11~ c4c- 
rnr!lts rnry bc *ininl~lte or i:id:litt~atc. F o ~ c x ~ ~ P -  
pic. I ~ j r x i ~ i ~ ~ a i ~ ~ c ! : i i g h ~  bc a~kcd  to be rrccsand 
~ h d ~ f l i l l ~ '  t ! ~  pr<ri~lr'z~l ~i p~cvenrix~g LTCSZ ii~ss. 
ideas and fkc3ings exprescd b!, parrkipants 
r n q  rrigcr ~01uric;r~s to thc problcrrl. - . .  

5.1 It rnay bc ncicL;sarp EO dbk qucs~ions 01 pa-tzti- 
pdnrs to gcncr.i:c f'ur:ltcr insigh? iii~o :hc prob- 
1~111. 

6. Usr symbuiic an~10~it 's.  

b. 1 Ask p~rriiipanr?; ro gcncrdtr. apnbolic tirlt.:. for 
tbc probi~aa- Such titles slwuld be expre-ed in 
nvu tvurds. u30aliv dcs ir ib i~  :wu cunt7icting 
arrribntcs of E ~ P  Problet"ln. 

6.1 Select onc anal%)- ~ n d  have nnc~abcrs esplorc 
it. 

EXAMPLE 

Tilt tw!Luwins c.x;annplur 9icc:, sornr. cucrp tb  $rum tine 
bscwsion in a Synectics wssiam The sreps arc idenoficd 
in P d ~ ~ n d i r - ~ ~ > .  

. - 
LE.WER: K c  ;r-,rnr arr dr-%-ilwp r ~ s " s ~ <  unr r~i.-.; ;r:.r;cc.;r~-. h.s 

-". ~b~fcrdtc  UT X"I:OP :x:~~zc. ZCL :=.:-J,:: ?:iaFc~.:< u LI'?C?LI 
gaqp s:Fr&?rm A% Given;. 'Fii;r- 1~.~dr..r. I.): rybr s- 
gr.~up xuu3 bc l:r;.rapc. E:cr grur-.-v r* r h *  ci;u>+rrr- 'm- -F 

Lwn.c.cn dg?'c l̂.;;,nz a I p c ~ t r d ~ b c ~ . .  h~ ~ : l  S\JS~~I~! IS.  d gn1u;' - .  
~ n a j ~ n  c::a,,n,j,i. bctu-cr-rc dik-tcrrnt Y P C M ~ ; ~ ~  ,,\i hcalthr 
cxc dc!:vc:>. 

PETER. Have rhr. le;rdr.r c x p h  *ltcr3~t%v.b ~ a D y  ED P!X 

group and ;rss~~i,n~c a q - m h i  wit11 each .?Ctcran~tivr.. 
LC: rhs gozp L D ~ ~ C K  the 5ymB01s 00 &ow rhei 
c3o:ces ,.Pllrge;. 

EXPERT: Birr riac tntxnhrs mzy nut 2bEe PO r e u b  t h e s o -  

~iatiunr TiSIDl of Idea3 duringpqrj. 
LE.WER: Pat, ..i yo?: - TC d l i t c a t~  rnndZP~t~r'sme3uod wme 

ad~.~>t+'d amlrulii y3u do? ;Pewnal halugy) 
7. Us- fantasy analogies. Pcrcr, n-iX2 - ~ ~ ~ O ~ S F L L ~ C  tlnc nlcdnard, 

7.1 Suggest s a ~ ~ ~ r  or rhsorcticd impossi- gi,.,\.r.n .j?;- at' rlre drc-rma.,ivea Pat. 

bditics related LJ the problem rhar may eiimi- Nu$-.- cixcws*- the *?mt . " 4=---.r~- xoucchoice 
natc or sinlplify thc prublcrn. oidtcrn;lti~rrs. 



:!x> %vdil~ld hi*, .I:I-. 4 sr a I! ? ! - : . i i ~ .  1 , :  : : ; *  : : r , . ~ . r .  

S e z  :;jL,. j i i  &.*I 1. ! ; ! ~ 1 ~ 1  . * : ~ ; i \ ~ a ~ i : L i  ! i L L , ~ i l  4,: :I:< 
aiwu #<drd~lgscd!~ - i<*rs- p3gC Zui - 

dif f;-r;.nr 14.r ids. 



Morphologica Analysis 
PK EREQUlSITE TOOLS 

Nunr. 

USAGE 

h~orpt~o io~ca l  analysis gcncaatcs ;I large number of 
cL11lctlr combinations for iirrrber csaminatinn. 

USES 

Morpl~or2ugi~al ~ l n a l ~ s i s c a n  bc used to: 
1 ) Analyze a problcrn sysrematica!!y. 
2 )  :)cve?op alrcrnati:~e projects and progranzs. 
3) Idcutiiy J. number of pussiblc future states in a 

problem -.itus~icn. 

KEY i)EFlNITIONS 

I 1 An eic*mt?lr is a Fart oi a pobkm descriprion.e.g.. 
population. land use. and climate may bc. some of thc 
elements in an +cultural policy proFam. 

2) An ~tsribrite ot" a. system includss &e clemenrs or 
culrlponenrs of the system and their rchtionships. 

SHORT 1)ESCRIPTION 

h1orphologic;tl analysis invoivcs decomposing a prob- 
lem into ~ P S  rlrments. identifying a number o f  alternative 

arrribenaeh for cvcln cltrr~enr. and s>-nchesizing nlternativc 
solutions by combining she attrihtcs in diffmenr ways. 
Ths attributes arc wiatcn in the form of a matrix to sim- 
plify the proceu "see figme 1 ; .The eiernenes may describe 
a i'umrc cnvkonarnmt. in which ca* the cornbiationn will 
be differcar futures. 

1 ,: A laqe nunzkr of possible solutions are generated. 
2, The merhds  rrlhaustive nracure dccreaws the like&- 

h o d  of overiooking posibk solutions. Ir ofcn identifies 
solurions rhat may have been o.~erEookr.d if other 
methods. such as KomhaB Group "Technique {NGT, p a p  
I4 j, were tised. 

3) Secauw rhc process of symthesizingdrernarive soh- 
r i m s  in morphological analysis is systematic. the biases 
md prejudices held b)- rhc person using the too! are 

avoided w h k  generating ideas. 

1) Large problems lead KO a krg number of r!ements 
and attributes. In such cases, morphological andpsis leads 
to so many possibie sohuPions that evaluation becomes un- 
wieldy. 

2; IF arry sigr,&cant dement in a problem is over- 
looked. &e morphological analysis suffers accordingly- 
This is Ehe major iinniration af the technique: it daes not 

ensure rhai dl eieinenrs are specified. The systems &fur- 



FIGURE 1 

Aewibutcs <or an E n e r g  Policy Situation 

tion rnatris $DM, page 67, ur Triv Uiagan~s.TKD. page 
74) may be uscful in this regard. 

REQUIRED RESOURCES 

SRlLL LEVEL 

Knowkdge rclaring to rhe problcrr~ arcs and rhe skdi to 

decornposc the problem into i s  dernrnrs are essential so 
use this approach effectively. The analyst requires t h ~  
a%i%sy to recognize potentidly inserrsting cornbinarions. 

TIME REQUIRED 

The t h e  required depends on the complrsiry of the 
problrm and the number of  elements idtnriGed. X sk~glr.  
problem may need less than a day. The rime required in- 
creases very .yapidly as more elements are identis"led. 

DESCRIPTION OF TOOL 

REQUIRED INPUTS 

A statement of &e problem is necessary. such as 'Give 
possible descriptioas of the energy situation in Tcmasek" 
or ''A primary health care program needs to be de- 
vehped." 

Morpl~~l~gi~al andysis rcsults in a mmmbcr of' alrrrnr- 

eivr solueions ro al~s prubIena srarrpnnear s\;ntEnerircd frtrrnr 

cornbinarions of aerributcs for the diifcret~r clz~:lr.nr~ 
idc3ri$icd as par; oduhc prublcnr simarion. For cxannpls. a 
tablr uith s L  rlemnrn~ard four ~ttribmrcs a n  hilvc" /4jC = 
4096, pssiblu conn~binaaioans. However. many of tbcw 
conlbilnatioans may be pphysiwlly iii nut ahcurcrirrl8y inr- 
posdblc or mc;uning8e,s. Thr rrnnaining &a.asiblr cuntbina- 
ions represeunt ePne producn of a anmphu!ogiwl analybis. 
Nowcvr.r, even d!ugic;lil combirrarions lD3dy trigger fc'r.;*<iblc 
alternative soludona. 

IMPORTANT ASSUMITIONS 

+ P mlcnn. A or task is dkkibk banro &C'PC~L .I 
each of which has on+ or pawe aloernnrirr rtmibutes.TE~ia 
is mot a !hiring assatmpzlon since r h e ~ l y s t s  ma); s l n ~ y s  
det"nnc problem in such a way rhar decamposirion b 
feasible. 

METHOD OF USE 

GENERAL PROCEDURE 

f .  Identify elementsand their ataibutes- 

1.1 Consider rhe problem as s u r d  and think of thc 



s~tr:atiwn. c]crrrr.nrs rhdt orc F a n  of rhv problcna .' 
. ~ ~ l l ~  vlur.~rcnrs can hc idcnridic-d &rcc:ly froan rhr 
I > r o $ l c ~ ~ ~  s:;rrcmcaI. Frrr cx~rnglc. cIcmcarr. Ink:. 
--tyl)c casdc." "umctkud of raising,-' arud 
--\r~lc of ilrdustry" Lllouv directly from '-it is 
rcy,uircd r r r  develop 113C3t indust~y.'' 
~i t~ i :  111 I ~ C S C  C ~ C ~ ~ C I X S  may bc dcssribcd by 
difk-scl~r .~rrribntcs. 

1.2 I;~-ric.rrtc ii.4 113~ny at:ribur~% a, P<~25ib3~. An as- 
rriburc ccraarr, to mind bcfc'rrrc thc clcnnt-nr, 
3 ' 4 3 ~  r.\.iir~plc. t h ~ .  .r?tributc -'guvcrnrrrcrlt wlrsidy" .. rruy lcad r.o rhc. clcnlent "suurcc of ruvsnocr. 

(~tl3t .r  a:tribntrr, &r ~ h u  cictrmcnr 4rr c11c.n idrpaai- 
fir*J. r.9.. --private d,~.os?rrions" c,r --lorrcry tiskcts.** 

2, fZcvck>p die tablcof ~ttrihutcs. 
3.1 1 ) r p n i ~ c  fhc clcrnci~f~ drld .~rtn.iburc~ into r ubulm 

i < ,rlra ssli f ' 3 g ~ ~ r r b  I , . 
1.2 Lisa orlc cleir~*.ns pcz ruw with it3 ~stslburcs. The 

~ a h l x .  will llavv a3 7tn.rnX rurrvs as thcrC rrc clsmcalr~ 
itlc~~tificd. i 3frr.n. the. ~?rocc*s ui fi l l iosin clac rdblr 
will \Llg<~'hr ~lcts r'jc~tlcnr:, <>T JTI~~~ULC>.  Pncludc 
riw,~, in rhr ~ahlc.  

3.2 Combine cEc rctriberscs to dcscribc a particular A- 
zcrrracivc. 

5.3 'I'hrow o a r  cunnbina:ions wlnich arc arnfcasiblc or 
ilIopicrt. 

3.4 Ex.umilc +c remaining combinations for possible 
problcm soiutions or fcasiblc aitermarrives. 

EXAMPLE 

In ordra to dcvclop an cserpy policy. a govwnmcne dc- 
cidcs to use ~ouncin~cnncl; ana&sis :CC;A. p3gc 347;. A 
numbcr oh po%iblc futorer starcs nccd ro be identified. 
hterrpholtogical analysis rsas used as follotvs: 

Sonnvc ui ekac slcrncntr are &cuvcred innmeditr-ly. r.g.. 
'*cnurgy dcrruarbd"md ..suoccc. ot"erm~r~-~"Ucher eIcmcnss 
likc -'usrr ai en<-rsy" and **rate ~ j g o w t l t  of economy" fol- 
i o ~ ~ .  A rabtc: k r  rhcw arrciburz~ is gircn in f iprc  1. A h -  
native t"ee3rc 3:;r~cz arc svnrhcs i~cd  fronu the ubEc.: 

a , A siteaaaion of h n i i  caasrgy 2drnn;md wirh ru rapid eco- 
nun1 ic g ~ . ~ v t l n  :: t h ~  Ixsesr source af c n e r z  is oil used pi- 
znarilv in rraospourartion :show2 in Cgurc 3). 

1, A zero gir~\~t.eEr rconcmmy. w-ith low cncrg dcmaand 
wins  solar suacag? pai:ararily ior hoirsrhuld corrsurnpeion. 
Eigiurr-ci$rt orhcr rvnabinadons ~ ~ e r s  posible. though 
only a icw wcae used irr rhc conringency analpis. 

FIG UKE 2 

C ~ I C  cornbin;lriun of ~rrriburus indicated ia a MorphuQwgical Chart 



THEORY 

Morphoiogicrl arlalysis w.a, dcvtlupcd by ZwicLy 
i 1969) 2nd used crtcnsivcly in J raricsy oi sunisrts rirr:g 
ins from new- producr dc.tvt.lopmczlt to prabilrra solving. 
Wisserna ( 1  976 ;1 reports an i ~ w r c s z i n ~  rpplicariora oB rbc. 
technique in tc~hnclo~ical  forecasting. particulrrly ctn- 

phasizing tha? morphological ana3y6s: could be used ro 
construct scenarios (SCN. p ~ g  164) and Ilciphi q u c ~ r i ~ : ~ -  
n a b s  (DLY. pagc 158). 

Kaufman (1968j deals with clrc problem uf r;lnLkgshu 
combinations of aruiburcs 2 0  facdita~r ~ l lr  scl~ction of 
feasible alrcrn;ltivcs. Hc csplurcs rhc bnplicatiotls {or dcci- 

Kaerfnseun. Arnold. 7hc ScL-rrst* I?c,ikitrrr . lbrki~y.  k - w  

'dork: \IVodd Unircrsity Library. Xlc(;r.r<x Il lilt. F %X. 
p g s  234-4 1 . 

Wisscmr. julaarn. G.  '-h'LurpBadug,ic.d Aa~,rF~.ciia: Ir> dpp;iu.&. 
siutl :o Cornnpany T r . ~ h r n r r l r ~ ~ i c ~ ~ ' O  F t ~ ~ i ~ ~ . t E z r ~  ! ~ r n x ~ ~ : i  
geioa," I f i t  n1rc.s [Api! 1'270 :: I4o-53. 

Zwicky. Fritz. i~ i sa -~ : - tT? .  l # ~ ~ n < ~ t t i k ~ r r *  Rt:<rdrt-h ihrL*r,,<:t 
tkr. .lkrr;~lrtrL 3ii-A. lylpnwr.I~. "'O'~>rt>nr~,.~:srar~l,:. k l a t  



Nominal Group Technique 
PKEREQLllSITE TOOLS 

Nunc- 

USAGE 

PURPOSE 

Tllc Non~inaf Group Tccimiqsc (NGTj is a goup pao- 
ccss far eliciting, opinions arrd aggregring judrmmts so 
increase rationality and creaiivity when hced urjth an 
unstructured problem situation. 

USES 

NCT may be used to: 
1) identify rhc elsmenrs of a problem. especially 

whcrc there are polidcaf. social, and curlrural ekrneenats. 
2! Identify and rank goals or priorities. 
3) Identify rtspcrrs whose ~aperkncss or ski!lsmay be 

ux  ful in otit~cr dccbio~~-m&mg rechniques. 
41 inl.olvc pcrsonncI at all levels in thr deckion- 

making process in order to proniote she acceptabiGry of 
tlir final dcciion. 

3. ~n i i~~tr ' r~cr ing group permits discussion '-tween 
parrisipaants ;c.g.. Brainszcraning. BSG. page 3, is an inter- 
acting group process;. 

3) Rash-ordering i s  the process of weighirrg one item 
against orhcrs and then ordering the items by weight on a 
scale wch as imporm;lncc or prioriuy. 

SHORT UESCKlfTIOK 

'The Non~inaI Group Technique is a srmcrured process 
which taps the esperieenaces. sklPs, or feelings of p d c i -  
pants. A qnnesein is posed to ahe goup- Each member 
wrires down as man,+ responses as possible- The group - - 
Lader asks each membr in turn to state an idea koin Ris 
or her list and w-nites it on a flip chart placed before the 
group. No discussion is permitted u n d  d ideas have 
beem lisred. Each item is then briefly &classed in an 
inreractirnggrotcp format. The pamicigants indicate fheir 
prr&rcnce for important items by .m&-orderirrg, a 

process whkh may be rcpcaced with irlrervening discus- 
sion and arpnnznt. 

The outcome of the process is &e mathematical 
aggregation of each member\ prefmenaces to give the 
groupas ranking of responses eo the ~ u ~ ~ s Q o ~ .  

KEY 1)EFI.X ITIONS .4DVA\TAGES 

1) A n o m i d  group is a goup process in which ehr P] Dounitlance by high-sraras, aggressive, or arricerkte 
members work independcndy bur in each other's pre- members is reduced since each has an equal o p p m r i ~  

sencc. ea participate. 



3) The group rcmains probkm<onscious: and prema- 
rurc evdrrasion. criticism. or focusing on ideas i 
avoided. 

3) The d e n t  generation of ideas minimizes the 
inserruptions in each person's shought processes. 

4) A wrirren record incrcar*cs thc group's abiiitg co 
ded with a large number of ideas. 1s a50 avoids thc loss 
of ideas.. 
j) Discussion only to clarify isems helps clilninatc 

misunderstanding. without ~educL1~ S ~ C  g o ~ p ' s  cffi~i- 
ency. 

6) Some studies have shown that. compared co 
intcract3ng group processes. 2.g.. Brai~~stoming : S G .  
page 3). the Nominal Group Technique {NGTi enhances - 
rht: tondirions for creariviry when gcncracingid~rma:ion 
on a problem. It avoids ramblii Jixomrsc and 06: zr Je- 
fickncies found in goup processes. 

LIMITATIONS 

I) Cross-fersillzarion of ideas is dthiniihcd due to 
the structure imposed by h e  NCT. 

2) The NGT may reducz flcnibity. e.g.. some goup 
members may feel that the purpose of she meeting or 
the question posed is imelevanr or misleading, but rhcy 
have no oppotsvnicy ro change it. 

3) Bringing group members sogether may be cost- 
probibirive. 

REQUIRED RESOURCES 

LEVEL OF EFFORT 

Some administrative efhrr is required to dzeernrine 
the purpose of rhe meeting and TO smcmre rhe 
proposed quesrioa. Potentid group members need to br 
identified, notified. and assembled. 

SKILL LEVEL 

The leader of the nominal goup shodd not bis  the 
goup toward his view: yer he must control unwanted 
goup behavior without alienating people. 

TIhlE REQUIRED 

In a study quoted by Delbccq, et 4. (1975), the t o d  
admmisf~ative man-hours to prepare, conduct, and fo1- 
low through for one group required am average of 4A 
hours for NGT. 4.2 hours for ~terac&g processes, md 
7.2 hours for the Delpb process (DLP, page 168). 

A flip char and marking pens arc nccdcd d;,r c4dl 

goup. In dcx cards (or sirnib smdB cmds],approsinnatcl~; 
six per participant, fz;&eatc drc votiagproccs>. 

The ~.osimg arrmgmmr: must alhow all mcmbcrs tu 
carsiiy focus on rhc idcas lttcd on rhc flip chart. Some 
means of dispbphg rhc complsrcd chiarc gases i 
ncccrrary {c.g-. mcks or m;lskiag tape ;o aiix tirenr to ~Tlls 

walkj. 

DESCRLPTPBN OF TOOL 

SUPPLEMEhTAL DEFINITION 

Rourrd-aobia is a process for xniaily rsrurding ideas 
whzrc tach participant provides an idea in tusn. Nrr 
discusion occurs. $though thc leader may &li for J 

show of hands an bow mwg. patricipants h d  ~r similar 
idea, ;TKi is noted next QO r5e item an the hi*r.j Thur 
rcspondmg ohem eBimbate urhar idca from their rrspr.cmivc 
bts. The process may comdnuc iaa a circualar fashion und 
d1 paticipan~r' lists we esltrauswd. 

The nominal gorap gneraly includes five to nine 
mcmkrs. L c s  than dive members may not allow ifor tine 
q ~ d i r y  m d  diversicy of opinions rtqukcd. ~ w g e  groups 
prducc more bntcrpcrsona~ differences. whkh lengthens 
the process withou~ a substmtial h c r ~ a s e  in the quality 
3; ouzpue- If more than ten ysrsons muse pmkipatc. it 
i s  beaesr to divide the group for the round-robin and 
combme them for rial dkcsssion aad wohg. 

The p u p  leader may be diecely involved in gcn+a- 
atinn% and dxo?rssing ideas. The cornpsitian of the goup 
may be homogeneous or heterogeneous- Studies have 
shown that heterogeneous goups exhibie more creativity 
+Mbecy. 197 5;- But hoergersond differences 2nd 
comrnunicaeion probkms ma): hcezse for such groups. 

The NGT question probi&s h e  basis for generating 
she ideas. 1: sho& be worded to prevent misunder- 
srandhg and should h stared as obj~ctivel~ as possible- 

TOOL omm 
The NGT prodraces a h r  of ideas and a aaak-oadering 

of their importance. The goup  kader may wish to 

combine overlapping ideas under a common h d k g .  

hlETf3OD OF USE 

CENERAL PROCEDURE 

The general procedure for olhc Nominal Group Tech- 
nique is stbaighdowax'd. Bun because it runs cam:cr to 



~ I j t '  i-xj,crlcslcc r,! rni,5$ ptt.rjdc i r r  k o d i l ~ ~  goups G'. 

p~r . t ic ipa t i r~g ~,miqxrr~zcc work. :hc s~cps  m ~ s t  bc 
f,,;l,owcd ~ l v ~ , ! ~ .  Wid, this in mind. ~Iac guidcjilxcs 
preat rjI7et3 by rlac -ur~gi:r;riol-s rrf' ifrc Kvmind Group 
. I . c . c I ~ T J ~ ~ ~ T J L .  !j4w h-br;.~~~ rcpr .ud~ru3  L3ow ' l ~ u l h c y .  2 s  a!.. 
1,975. figurt- 3-7, pagc s.67-64;: ' 

w ~ i z j . ~ ~ g .  

2 V c r b ~ J l ~  I L ~  TILL* yucstiun. 
3.3 I ~ ~ ~ I L ~ ~ T J I c '  ICYCI of dbsrr~stion m d  sopc dr3ised 

w r l ~  c u n ~ ~ l c  wlrict~ d s n  nos disrorr ]cad: 

gTx'";7 3opo3rxx. 
1 --!I Av<,i4S ut i l~ r  rcqucsxa {or slarifica~ioa, 

3 "5 c : l r j l~gc  &c g u u p  to w41c idrrs in bGef pirrax* 

< Y I  %t.d.tC3l ' iCl l~ .  

1.b Ask p u u p  r~rcnabrrs m work dilcndg and - - 
indepcjldcn tly. 

1.7 hlodcl group bd~aviur. 
1.8 San+,rion Jiwup~io:i oi rhr $lunx. i32depend~me 

~ c r i v i t y  b?. L ~ D P ~ T I ~ ~ U ~ S *  .13&esrd 50  gwup AS ;Y 

I ) PraviJ~*% rdcqa~te r b ~ r  fur slrjlahg. 
7) F ~ c i l ~ t d t ~ s  i l ~ d  work by d~ m d c l  of otlncr group 

rarcnakxs r c i l ~ t r k ~ ~  cllrd wdtrsng. 
3) Avoids intrrruprion of zach 8odrcr's r3hkimg. 
4; Avoi&. 'pret-narurc &.cuing on J;nglr ideas. 
5 )  El i f a in~~cs  doanuldnc~ by Kiln-stams us agggcsive 

mna1brr3 in idcd genrrarion. 
a t;rcp~ the p u p  problemicns~r~d. 

1. Rnuwd-robin recardi~g of ideas on a &p p d .  
2-2 Indicarc ebjectivc of rbc s~ep is to map the 

BOUP'~ riainkins. 
7.3 Explain need ro pmseir.nt ideas in brief words or 

phrases. 
2.3 Esplain process of ukhg one idea !&any horn 

n3emhr- 
2.4 Expiain group mzmkrs must h c i d e  if kerns 

arc duplicates. 

2.5 Eaplain clla~ an individua3 ma>- -.pas" when he 
has no furrhzr items, bux may -'reeorer" hser. 

2.b Esprcss shr. dzsiraEilit!- of &zischh&mg md 
adding new ideas evca 3 rhey are nor on 
il~diaividual ncminal worfsheru. 

2.7 Exphirl inappropdaatcness sf d k u s s k n  prior to 

rompkrioa of king. 
--- 

.From c;~nlcp T ~ ~ c k r ~ ~ x ~  for J'rugrarn Pkrrdntq by And& L. 
Iklk.cq. Andrcu* Van dr. E'en and 13avid H. C~rafson. Copyright 
i ~ ?  1973 by Ss~sz, 'rarcsman and Company. Reyrinxed hr per- 
miwall. 

2.8 Kccord udcas .as rq idk~;  a5 posibk. 
3.9 Kccurd  id^& Li ;hc words used by goup 

rncmbcrs. 

2.10 Pruvidc . J s ; S i s u ~ n ~ ~  in abbreviating ORXI; in spc- 
c i l  G;u;arioms- 

2.1 1 MaLc chr cnmcire Esc kjsible by tearing on 
complczcd sirccrs dind tapisg them on AP area 

visibic P.U Alt group ntemhrb. 

2.1 3 Sanacnoan as r wXde iiindwidua8s engage it8 

wde convrrurions or attempt to discuss items 
prior TO complcdng the Ilistitng. 

i l :  Eqc?uattc$ opprsunlr ro prcwn~ ideas. 
2, A ~ ~ c s  un separating ndlcas from perwnaPioies. 
3, Paavudcs a \\drocn occrllrd arad pndc: 

a, nrnctwws goup's sbiliiry a o  deal with a larger 
~ U P D I ~ C E  ~i ~ ~ C A S .  

b, Awoid~ 10s ~i idcab. 
c ,  Conniernas rltnc g a n p  \vizb dnn anray of due. 
d Encouragv:vr, hutchhiking. 

4; PLAC~L*~ conflktinz idec.~ls comf~rrably in franc of 
goup. 

5, Forces 611s group ro fully clplorc. &c groblcm. 

3. Schd dkawian P;N. & f i ~ a f b .  

3. B Vrabdly define. the p.:rpos.sc of the step: 
d; To slarigy i ie .  maniag of iiarrns. 
16- To explaiia reasons iiru agrcennaent or Jk- 

weernent. 

3.2 8zdicars thar $in$ jud-gmencs \\-ill be expressed 

By rorbg. so arrpmmos arc unnecessary. 

3.3 Pacs cine gozip so rbae dI ideas ~cco ivr  sugfi'k- 
cnr rime $or cl~h~caeian. 

3.4 Avoid foucizg the anncnan&.r who odgindy l i r s  
the idca to be solcIy a~s~opnsiblc for cbdyinng 
zh~ .  itcum- 

n; Avoids having b i o a  k~cos annddy orn any 

idea or subwe of ideas- 
3) Helps ~haniwte mknnadersrandinng- 
33 Pro\ides ogporranunit?- too express the logic khkd 

items. 
Jj Alllow> nnemnbers eo dkagee ul;ithomo aapmemta- 

don. 

4. R&inar_v vote om iremi irnprrance. 
4.1 ~ s k  &tar goup to select ifcorn the entire kt a 

specific number 7 f 3; of priority (imlportane) 
Irems.' 

*Five to nine iwms am dU that can h c f f e r ~ k d ~  ranked om om 

&n?riusior* of diccL.lnninati~n (see &kg Scales. RTS. page 29). 



Numbcr 
from 
original 
PQUP 
list 

. . .. . . 

Rank-Order Voting Process 

4.7 flaci cash prioriry ircnl an J. scpardrc 4 1 5 
card o r  raring form 3 sec Gbmrc 1 1 . 

4.3 Rank-arder o r  raze rlle wlesrrd prioriry izcms. 
1.3 Collcct the cards or r n ~ i n ~  Lrmh dad s!>uh1e 

rllern to razain anonymity. 

1.5 Tally zhe vote and rccurd rhe sr2sults oa slnc flip 
cinrt in fronr of rlrc goup. 

Benefits: 

l j ObtHning u~dependenx judgn~cnts in wrizing help> 
elirninarc. social prcssurcs. 

2j Expressing jud&ments matbcnnarically by rmk- 
ordering or ratins increases accuracy of judgmenss. 

3; Displayiig tile array of individual vuses r1r;lrIy high- 
kiShts ascas  leed din^ Lrther ~ l a ~ s a s i o n  or discusion. 

5. Discussion of the preliminary \*ape. 

5.1 Drsnc. the role of rhe s&ep as cIari6cation. not 

presuri. toward arrifirkl consensus. 
5.2 Keep the discus-!sz Lusicf. 
3.3 Caution gaup mcmbcrs ro 5311nL ssrciuUy about 

any changes he)- ~n&c ii rt~cir voritlg. 

\$'HAT A R E  THE IEAKRDEKS 'I*() KECE:WIM; 
AI)EQU.+TE HEALTH CARE IS CJUK COUNTRY? 

Recurding og Ideas ORB a Flip P d  
'The Icindcr $06 cash g o u p  ;A mrrnbir O K ~ ~ U C  r.vaha:ium 

.jta<f rsrarioed in NGTj ac6ci-d a dnc rcsordcr tw rria!lv Pist 

thr idr;z,. Somr o i  ehe idcar gaeratud by omt- p u u p  in- 
cluded : 

Benefits; 5. Ovro rcbancc. om traditiond remcciics 

1 ) Psovidcs group members a Fma! oppurmnity 10 
clarify rlacir positions. 

2) Ensures rbzr --spready' vorcs wallv rei~ccrsd &c- 
fercnccs in jud-gea~c. not nnequal informaziun or mia- 
undcrslunding. 

6. Find vote. 
6.1 Repeat srep 4. 

6.2 Closure to the rneczinp. 

bj Nor r.aou3Ba docross 

Nore that zhis lisr coorains some co~:~madictions. The 
1cadt.r dcfcrred discmssion annei! ahc ncxr step. Mowerer. 

. " 
xvh~fi: Ite:n ii wzs v w  ;cd. jomeone asked twhcehcr rbi; wxs 

rhc same as item 4 binncc dccturs are isclanded in chairred 
pcasonncl. Thc Izadsr asker! tine participant if ?rs thought 
irenl 6 should be Jropped.~hc reply was m-g4;trivs. and dau 
sound-robin rccor&ng conrkued. All af die ~ o u p s  

g~nrra~cd I S or more itcmc. 

-- 
hnefits: 

'This eha~.~ple is adapted from m. exrrck- cundttcced b? o m r  ulf 
Accuraze aggregation of goup  judgments and error re- rhe aurhcws at aeorbbup :o t z ~ b l c  coznrg k ~ l r h  agcncw, tII. ph 

duction. for rhe ~carnncnr uiaicoholir>. 



Scriri i)iscus\ioz~ for CJvificariors 

I>urrsrg tfac d~acuss~ojr uf crdr item. ~ h c  participanh 
c l d r j t i ~ d  ~flcir rcbponscs. c-g.. rime trained pcraonnci cen 
r c j r l ~ ~ c  nr.iuy furactrr,n> o i  tJ~c phykian. ittms 4 rind 6 
~ C . \ E T V C ~  3 c p d r ~ f c  L < J ~ > ~ ~ c T ~ ~ ~ c T I I .  1 t r . 1 ~ 3  5 incl~dcd going ro 
.i trrdiriur~al ~JIsgc Jacdlrs in5rcad ufsbc ncarcse clinic. 

Yrciaminuy Vote on I t e ~ r r  l~rrp~rtat>ce 
i:d~ p ~ r z i ~ ~ p ~ a r  wrs r5hcd zu r ~ n L  from shc Jar, rhc 

ilsr i ~ t ) b ;  5 i g ! ~ ~ i < ~ d n 1  barricrs fo rrcching sdcquatc hsdsh 
cart. TJjc 1.i31y thrr voxc wrs sccordcd an tho flip clrarc. 
uurlg drc t~uanbcrs from the itc~ns. A vurc of five ancm: 
rf~as r b -  patisip*nr vlewcd  hat izcm as tlnc nnosu signii:- 
i r l n ~  ~ . A E ~ C T .  Tlac v<rZc> fIlr T ~ J C  iir$f Six itenas were: 

l rcrn Nu;rabcr Votes Tural 

i)ixuu;ion and Find Votc 

i)urii~g tlac Ji,crrtl~ion Ibilcrwing rRc Grss vorc. rhc pre i -  
i ip~rrr \vllu hr3 p~catn~rcd iscan 5 ~cxprcusd hh ml;iLcm+me 

that rllc ucllcr members h d  nos found tbc hscrfcrrnser oi 
supcrsririor>s and tradiriunal iacders so be a bdrrht. O ~ h a  
p~rticipa~lrr, were nor  % W + V " ~  bv ilia xgumema. annd tine 
i ind  vurc un rllc ircm was unchmged. Totding ehc indi- 
\-idad ~r111Lin~s for cadi of tPtr above irernsgarw item 4 dw 
must weigh~ (1 1 )  ioflow~d by ~ T ~ P P L  2 i9) and item 6 :8). 
Notc thdt thL csrlnplr is incomplerz since tine rrsa of zhc 
Lsr: has laor been preset~tcd. bur the c s x n d  idenremains 
the usnc. A group wkh ra~h l r  hrgc status differences was 

able to usc rhr Nonlina3 Group Technique to idendgY and 
rmh prubkms in rr.se3ving health care. 

THEORY 

The Numin~ll Group T ~ c h u r i ~ u c  is ehe result of analysis 
and expruirnea tation wieb goup processes for effccrive 
planning and decision making. and i crtdted to Van de 
Venn and @-lbzcq :Dslbr.cq.ct an.. 1975j.Thc creativity of 
r g o u p  is an irnprtanr durcrrnioanr of irs success. Types 
of g o u p  ~POCCSSCL and lcadersbip eechniytpes for allowing 
c rcrt iv iey  have &co discussed w<&Ry (Maicr. 1970: 
Orburan. 19SJ:Cdlins and Gurczlow. 1964;. 

The Nominal GroupTc"chniyoz utilizes rhc maehemarri- 
cs! agg~cpeion of 9 0 ~ 9  judpcgts EED come EO a goup dc- 
cision. Thc ducory is dkrr=d by H u k r  and Uclbccq 

P 97";. The advantags over ctrnsca~fiond means fotc~rn- 
ing ro r g o u p  dscirioa ;e.g.. conwasus or major i~  mle) 
arc described by D~lbrcq. ct an. ( 19751. 

Collins. B. E.. and Guuehow. H. -4 SocLIPsyckohgy of 
Croup PZOCCSCS f ir  Deci;iot~-~PIiistg. New York: 
John Wicy iii Sons. 2964. 

hLhsq. And&: Var~l dri Venn. Andrew: and Gustafsona. 
David. Croup Tc*ckrri9rws jdor Progliln~ P h n i 8 y ;  A 
GnriiJta to -Y:unairul Croup *mid Delphi. Chiago: Scott 
Foresmann. P 975. 

Plubcr. George. and Delbrcq. Andri. "Guidelines for Com- 
bining the Jnndgnnr'nr oi lndividud Members in Dcci- 
sioai CumCcrcnccs." .icdonry Q ~ ~ . ~ I J - U ~ ~ ~ ~ I C ~ O I ~ ~ I C ~ I  
P3.Junc 1972:: Pbl-73. 

Osborn. A. F. .+ppbied Irnclgitiariom. New York: Chartes 
Scnibner's Sons. 1957. 



PREREQUISITE TOOLS 

Questionnaires 

None. 

USAGE 

PURPOSE 

Questionnaires generate ideas. opinians. or infoma- 
cion from a seleczed rarget pupabfion. 

USES 

Questionnaires are used ro: 
1) Structure the conren; of an interview (Pn~emk\+~s. 

I WT, page 23). 
5)  Obtaia responses k r  a sample survey (Surveys. 

SVY, page 36). 
3) Provide the f~rKllat for comrn~nicarin~wioh Delphi 

participants (Delphi, DLP, page 168). 

KEY DEFINITZONS 

1) Open questions pennit the respondent to answer as 
he or she chooses. 

2) Closed gwestions require the respondent to limit 
responses to ~res~ec i6ed  categories, e.g., Yes/No,Ogdor, 
A, B. 
3) Freqrrmcy dkm.busions. or his~ograms. pior h e  

frequency of different categories of response [see Histo- 
grams, HIS, page 1313- 

SHORT DESClUFTION 

Qu~stionnairc design is an art with scienrifir clerncnts 
dcaerrnhncd by the pnnrposc the qwcsrionnaire. r61u type 
of responses: dusired. the dnaracterirtics oi d ~ e  resgondcnt. 
and the method uf dkrriburior~. (>uosrionnirc.s niay be 
distrbutcd by md. by pilone. or direcdy. Thc rrsponws 
may be obtaincd from a direct inrcruiew or by a xPE- 
atbninistered questioanakc w-hhich is then cohlccted ie.9. 
by retarn m d j .  The lengrb and foamat of thc question- 
naire arc crucial Lctors affecting rhe return rate. the 
v&&ty of responses, and unirntennciona8 biases or distor- 
tion. 

ADVANTAGES 

1 j SeE-administered quesdonnairr-s allow the partici- 
pane t h e  to pnder the questions. 

2; Maded qttestioanaires may be disrribured to a p p u -  
lasion at less cclsr than intemiews. 

3j Pirone questionnaires involve m i n i u ~ n  cost and 
m2sianum speed of response. 

3) The anonymity of be respondentsmay be msurcd. 

: 1 The retrern race for mailed yueseionn&es is usually 

very low. 
2) Those who do return the questionnaire ma)- share a 

common interest that biases the =apk. 



3,  I >jslribu:iolt by rn,aii js ~ t ; ( . ! >  jlllI,TdCzjCdl bCCauIC Of Mail fdciIX:ics d:nd ~ l i - a d d r c s ~ c d  sarnpcd enve!upcs arc 

r t : I i . ~ i > i h t ~  .m6 time ~ o ~ ; s r r . ~ ~ r :  15. rrsscr~~iai  {or ~n J?cd qucscionnairrs. Inctudc r covcr 1cr:cr 

sc]j .4  Jlrlinistcrcd q u c ~ ~ ~ o ; l n ; r i r c s  arc ri$d i n -  dc>csibing ii;c purpust: and dcraiEs ui d:c qucszionnairc. 

f]ckihfc Lu;liuaicJ:l IrlJ Jlyl12j9yi;jcr ~ ; 1 : 3 f ] t > T  b ~ .  <jArificd by C V C ~  if t h ~  targc3 popula~iun ir& bccr! p r ~ ~ i o u s l y  in- 

.rtr J:~rrrvicwcr. forkcd. For cxampls. Dcfphi par;iiipail:s arc in\-oEvud in a 

s j  ~ ~ - 1 1  sJ~~>injsttrcd i ~ ~ o r ~ o n l l a i r c s  z;ln': br. mlp!r,2.cd scrir.5 of qucstion;~aircrs which are rctrrcned 3r;  a ra*o-\vay 

i t ~ r  jl l itt-rlr~c o r  semi-lizcrarc pt>pxldtiov3. aild xo ~ o r : ~ r n u ~ ~ i ~ a t i u n  :see i)clpIli. DLP. p a g  168;. 
C . T T ~ I I E W I S  T C S ~ I D I I ~ . *  fur l i i ~ r d ~ ~ .  b i : ~  I Y I ~ X C ~ - C U ~ T U ~ L .  target 

KEQUIKEII RESOURCES 

1%). Lr r h ~  grcdrcsr cH<fr,r~ r:3u>r ~u inro desigrlirng and 
;c>ti:jg ~ f l c  tirrr:i.r~ r,t :ilc qucstiunrlairc. Orhci 1256s. such 
A S  disrrih~ltirnl rnd d ~ l ~ l ? - ~ j s .  Jrc prt>~orl ional  to tine 

1111r11bcr ui rcrp~ndci~rh. 1 1 1 ~  n ~ u ~ ~ b c r  r > f  ~pt 'r l~ndcd  qacs- 

tioils. .tnd tlxc I c I I ~ ; ~  of t l ~ c  quc~i iunn~irc .  

SKILL LEVEL 

t)ut.stiurl~l.iirc dcsigl: r ~ q u i r ~ s  skills 'vhich arc only 

by  C X ~ C F ~ C ~ ? E C .  i r  is in~p)mIh!c IO ~nticipazc r lw 
~~:isir l tc~.r~,r~.t .~tia,t~~ dnd ptssonal logic in rcspanscs: rhcrc- 
it>rt., prctcsting T ? J C  quc~riutlrl.iir is i~opiwtant to swrcss. 

SPECIAL KEQUIKEhlEhTS 

The ~~cccssit>- to duplicate and rssenlblr rhc question- 
~laisc sugiss rnusr nor be ignurcd- Manual analysis oi re- 

sponscs can bc tedious. and r.:rsrronis compurariun cquip- 
r:rsur ,incladins spciially progr;ln:rncd d i r a l  colnpurersj 
is a s c a t  rclirt'. Whcrc ssucii means art. cosrctft'ctive, riw - 
-. , iapollse . format siauuId be desiped witlx computer coding 
in mi-ld. 

DESCKlPTION OF TOOL 

Questionnaire design begins -4th d ~ e  purpose and 
Target popularion cicatl?; identified (see Sunycys. SVY. 
pzgc 36 !. 

TOOL OCTPLT 

Individcsl quc~riunnaircs arc no: i3ar cnd oi - I 

cjtrr-srionn~irc d c s i p  ihc a~~r .rc '~a:~~~'d  L- b r o p o n x s  ot x r w  

prr:icipsr~;, i dcrircd. ~ ~ n a c ~ ~ ~ s n ~ ! ~ .  a n  i~lcoanplctu ur 
. - ;;dzl:iia:ed ,prsti~;:ns~c ~ k r a ~  is rsturrlcd is valid iaf;rnra- 

~Iurm tur :he .caLy>t. 

I ) C S ~ S ~ O E I  :11aE.~rb d ~ ~ n a ? ? d  iarbrrnatiore in an easily di- 
<~:i.s:r.d i ;~an.  Tilis inclcd~s  ssrnrnaric, O: E ? , P L c ~ L ~  ~ C S ~ O I I ~ C S  

rls xsii AS indi;asiul~a ot' ;igc rarrern oi :;.sponwh. r.+ J 

gap:? of thr. ~ ; C ~ E Y C I I C ~  of iatcgori~.i1 r ~ s p o n ~ c 5  :SCC H i s w  
grams. HIIS, p a y  ! 3f . 

U S U . J ! ~  sine quessionnairc rcsuits vcEll be a:r inccr- 
snediaer prodoct in $uirr;hcr ~nalpsis whicin may or may not 

bc zrdnsmittcd to drcision makers. but  mosr: of cht  rirnc ir 
will $c ~ ~ ~ o n d z d  to A i inal rtporr j e t  Surr-cys. SVY. pigc 

36, and !>elphi. DLY. g a g  168:. 

.A q.~csriun!lirc ia a :::;.aauria~g irrl;rr.~rncar. Ir is a trans- 
. . 

nJctcr ui intorrnnarior~ trutn a >clccrc-d Iz~diviJuaI ro r:n ;rn- 

;ilyss, Tiir respansex anlust bc ~lccepccc! clr Cacc valui. in rhc 
ab~cncc of an?- udncr illiorpnl.i~n~:>. TIxere:Fr~. ?he irndyst 
asscmea r h a  rcspunses were give= by rile sclecred indi- 
vidual. char dlc rcsponsL.5 were 5reeIy given. &at Ehc re- 
spcndcna was not jusr csyiiig ro please ttin~. st~. Somc of 
dlesr: nr'ccssar>- assunlp:io:la may be vdi&rcd by ran- 
domly spur-cl-icc king rcturncd qucstionnaircs. c-g.. by di- 
rect intervkivoor phone. 

METHOD OF USE 

GEXERAL PROCEDURE 

1. Specify the purpose of thequestionnaire. 
1.1 idenrify thc topics ro bc covered-keep the nrrm- 

bcr tr> ;L minimum. 
1-3 Idend+ the target popularion and any special cruG 

mral or educadonal chxacterkEics iz might hare, 
1.3 Desermkc e5rt means cf disbiburion and ccnec- 

tion of die questionnaire. 
1.4 Specify an acceptabk return rare and adjust he 

sampIe number of yuectionn&es accordiaglk-. A 



return rare for mai!cd qucsrionnaircs Izlav bc any- 
whcrc from 15% to 90:;. dcpcnding on rllc ~~lotiva- 
tion of d ~ c  rcspondcnts and d~r. topics sclccrcd. 

2. I3csiga tbe questionnairr (Pllillips. 1966). 
2.1 Start with Lasic infomiation ~ b u u t  rljc rcspat-r- 

dcr~t: consider oz~iy that iimhrn~arian cssr:~rial for 
analyringthe results. Erlsurc aaunymity if dcsircd. 

2.2 Or. any sopic. begin with scncral cguesrions. Tllurr 
gct more specific. 

2.3 Arrange the qucstio~ls Ioilicaliy ~ n d  avuid abrupt 

transitions. 
2.4 Esamlrlc the order for qucseions w'nlc:i may cxcrt 

an undcsircd influence on d ~ r  responss to subsr 
qucnr questions. c-g.. a qucstion WIIIC~I  is Ekc1y to 
antagonize che respoxdcnr should bc ncar 

d ~ e  endof the qucsrionnairr. 
2.5 l i  necessary, codc thc qucstio~nairc so that re- 

spo~ixs and parricipans may be corrclatcd. e.g.. 
arrange quucstions in diffcrtnr scquenccs. 

3. Edit each quesrian after completing the itt .  
3.1 Avoid long quusrions. 
3.2 Elinzinate anlbiguiri~s ar~d doublc entcndrcs by in- 

corporating es;unpics or by serring t i le qucstion in 

contesr. 
3.3 Determine if an opencnded quesrion can bc ru- 

wrirrcn as a closed quesrion- 
3-4 Mskc certain that rhe categories of rcspunsc for 

closed qucsrions arc suf-i<ciend?- compr~!~cnJvc. 

r.g.. by including a '*no~zc ofthe abovc" category. 
3.5 Eliminate emotionally charged words and leading 

or baded quesrions. 

6. [)isrributr the quatin~miirc. 
6.  I Include a ia.i.ci tccrrr irr .u rn~iicd q<:c>:;.uzrt.rrrc. 

6.1 l l lr-:~ld~‘ d % ' ! f . ~ d d b ~ ' ~ > ~  ~tjlbl€;ll'r! t t t ~ c " i r 3  1 'c. 
6.3 Arrsrzgc :'or c~rl?ssriorx p c r i ? ~ ~ z  kbr g i f  -.uJzn i:ci.s:c r. ~ r i  

qccadrrna~;lir~ md i ) i iL ~iucrlz rrp r*ircjtr:r. 

6.4 i3ruvi& r.rr.insa~u:ta:io~~ ftr; dircit itrrrnacw- . bCi  

Ir~rcrvic\-cing. IVW. F.L~C 23. - 

, " 7.3 t \ g g r c ~ a ~ c  doc rcsponnss to i i i , k ~ - d  .'y*.ir*~i.~:r ;!trl 

eabrilatc the frcqucrrcis~ in elrJer rcr prvpaz  a 

hiarogrsnl :Mi>rogr;lnl. HIS. prsr 131 '. - I.1 Prcparc r &nd rcpors t o r  raat:z;tiiarir>rb. innrt::Jinae 
*- 

:ins origins% quCstiutcn;rirc as alu .q?pr-ntcl::a. 

Thc i'oflowini qucrriuns wrrc r;lkcn F;oacr r ~ u v \ E ~ ~ > c I -  

riaire di.siSncd to r tk ic  basic &C.P tar: b t t m  r u r g , ~ *  p.wr srt' 

a cosr-bunch a l a ~ l y l i z  ,CEA. page 212l.. Tbc :aogc:c-e lrtrpu 
Batiurl is tlnc Grlnrrb a1o:ng tllc %ti Ricer in rtrr CIIUC::P>- 
Tczna~ck. 

2 north of M i  Riwr 
3 of ricer 
i3 nor& ofvillagc 
7 - struth uiviildgc 

3. D e s e  validating questions into rile survey. 4. Sizr of farm: 
4.1 Repeat the same question (rephrased) at a h t c r  

E smdler than onae hecrarc poinr in the quesrionnairc. - 
4.2 Indude E o ~ r b o r r ~ g  queldonr a - between one 'nec~ilreand nuo h c c u r c ~  

idtrgr than rwo hrcr~rcs 
~ e r s ~ n a l  b i e s  are likely to influence the rc- 
sponse. c.g.. "How many bushels per acre did your 
last crop yield!" may be followcd b>- a quesslon 
..Whaz tvas the a x  on :-our fiarvesr?" 

5. Pretest the questiounaire. 
5.1 Try tile questionnaire out on fe1I0w staffers and 

anJyze the results to scc whether the dcsircd in- 
formation has been elicired. 

5 .2  ~drninister the quesrionnaire ro one or more 
members of the rarget population. checking par- 
dcukrly For cuitzlral or edcca~ional anomdies. 

3. Noniber  of f~rrtn worken ,including n ~ r a n h r ~  ui 
fa;imdv> 
Av~dabBc a t  Inarvrsr rime? 

6 .  Did yau hire farm labor this year? 
Yes __. - No - 

7. Ifyes- h ~ ~ c ' r n u c h d i d ~ ~ ~ ~ p a y ?  
per hotrr? _-  per day? - - 

8. How many did ~ u u  htrc? 



- .  I Irc rjucstrorlnslrc hcgirls witla gxlcral  'ncusrrl; quch- ymcs~ionnakc. However. ohcrc i s  no substisotc for cxpcri- 
riun,. (~ucl:ioa 3 ia .r ilc2,vd qucsrian whurcas qllcstion 5 is ence lincludhslgprc-rcsthng): each sislaari,.m is unique. 
r,pcrr l ~ t  qurntif:cdl. 

i f  thc rrumbcr rrl fdm~ wc,rLcrs nvcds ro h cross 
c ~ c ~ ~ c L ! .  the ~ j l l ~ b t j ~ l l b  0 7 3  I I I C ~ ~ C ~  of the htnijy avilrlblc 

f<,s f a r n ~  wort can bc owd. Hnwcvcr. cvcn such rclariwcly BIBLIOGRAPHY 

nun~bc=r of t rxts  .iddrrsacd tu Sunc 3- research .. Fes~inger 
rrld PIT/. 1953; Wdrwick and Lzl~ia~gcr. 1935).Fb1c e8lt.orY 
is b.i,~J <3n nuzncru~~s cmpkwrl studies including ehc cf- 
L c t s  on tllc return rdxe of $dczars S L I C ~  a5 dik-leren~ $neb- 
tionnairu layours, d~t.  color of pspur, or rhe length of rhc 

Clover. Vcrnan T .  Barsi#uess Rese;lrch: Basic Pr&ciples and 
Teckrriqaccs. Lubbock. Texas: Kodcas Lirho. 1958, 
pp. 101-72. 

Fc.stingcr, L.. and Kaoz. D. Resrwrck .tletlzods in the Be- 
La* ioa~I  Scieraccs. New Yo&: Hdt. Kinehart and 
Zinsron. 1953. 

Phillips. Bernard S. Socid Restvrsir: Srrdregy m d  'Idcrics. 
New Ilctrk: Macrndlam. 1966. pp. 107-14. 

Wanvicb. Donald P.. m d  Linninngcr. Charles A. Tke SmdpIe 
S ~ ~ W C J :  7'drcoay and Prdcrice. Nmv YorL: McGraw- 
Hill. 1975. 

Young. Pauline t:. Sckarr$c S o d  S E ~ W C ~ S  and Kcse~xcJ~. 
Epng!le\voad CEffs- NJ.: Prcnoice-HaU. 1956, pp. 
9 76-304. 



Interviews 
PREREQUISITE TOOLS 

Qucsriot~naircs iQTEr'. page i9j. 

USAGE 

PURPOSE 

tcnninud hrgly by tlnc parrisipaanes.7'h1~. intcrvicwcr nnay 
bs speciaUlv trained. The urtt*r~~ic~wr sr-Srethtk rna? bc arur: 

rurrd :cL,wd c g ~ c r s ~ i i ~ ~ ~ s p  or unstructured .,~rpc.rc qr i t r r i ~~ r ts  

and discusstoll:. The rssgandrn~ nlay be i pruTessicrnaI. a 
pro-i.ccr participant. or a randomly sclccrcd lnicrrrbcr u i d  
rargct population. TPxc combinnrion of t i ~ r s r  factors is 
dictated by tIlc purposc of rhe inrervicw JIB$ tht- topic. rrt 

An interview gcncrazss ideas and gathers inforination inqub- 

by posing relevant questions to the respond ens;^). 
ADVAKTACES 

USES 

lnrerviewkg is useful for: 
11 Obtaining background h$ormarion abous a grob- 

Iem situation. 
3) Collecting information and ideas from a scllected 

sazzple within a rarger population (see Surveys, SVY. page 
36). 

3) Eliciting informadon and ideas from cxprrss or pro- 
fessionals, e.g., agency represenratives. 

KEY DEFINITION 

An infenriew schedwle is the plan for conductkg an 
intemsw. It includes the questions to be posed. 

i ;  An interview Frou+des a drgcc of ilc~ibility in ub 
~ining information and generating i d e ~ s  that ia not like!>- 
to occur im impersonal mansacrions, e.g.. a mailcJ qucs- 

rionnaire. 
2) 'The questions may be a&pred dtlring the course of 

the interview in responnse ro immediate feedback iron1 dre 
respondent. 

3) Face-ceface interaction tends to heighten ths rc- 
spon~eni-s kteresr in pardcipadon and forces him or Rcr 
co consider the qaesrions innmedkcely. 
1) Where icaformation must be fro111 an il- 

Pirerate or  semi-literarc pap~keioa. knniews rnay be the 
only effective L~srrumunt. 

5) The interviewer can use curs other than chc contenr 
of responses to assess their validity. 

SHORT DESCRIPTION LlMlTATEOMS 

1 nrerview s involve interpersonal mansacrions. The 11 When several peopte have to bc inteniewed an 

prepararion, conilucr, and results of the interview are de- similar topics, or w-here a wide range oT Issues has c o  be 



C < I V C I T ~ .  I!W IICLC,S.~T~ TC\UUTCCS rta.iy bc cost prohibitive 
~ 1 l r . 1 1  COIII~IIFJ  tu u ~ i n g  ~ ~ U C ~ Y ~ O I I Y I ~ ~ T C ' ~  I.QTS. page $3;- 

Zj An inrcrvitwer withaur zhe necessary skills may 
~ B i c n ~ r c  thr ~ c s ~ u n d c r l r s  or allow him or  hcr to dornimatc 

3'icdJ r t q : l i~~d ,  ~ T Z > U P  P ~ U C C ~ Z C ~  such Noaninill Group 
'I;-< irniquc . NGT, pag. i. 4 ,  or Hrrir.atorrning : B S G .  page 
.%. t1r.iy bc r~iurc~pprcrprjatc. 

5 ; T ~ I C  ;anrrnytnj~y uf r c s ~ v r ~ d c n ~ s  ;and d ~ u s  thrir 
c + ~ I I ~ o ~ ,  L . ~ J I J ~ O I  bc c~15urcd. 

REQUIREI) KESOUKCES 

SKILL LFVEL 

An irttcn-ictver nlust iuve certain skills to cnsurc prirpcr 
and t.ffcirivc ulr~.mcriun ;Bocc!lino. 1973); 

1 )  trait lit^^ to ~scu~niniz~ hklher own prejudices in 

order 70  rnairluin an open tnind. 
2 j t;irring i r cd i~  lvhercvcr dur and acknowl- 

cJSi~ls  lwir>. 
3 Eti~phaxirin~ cuurtcsy andrcspcct. 
4 i Jtcsp~ut in~ rllc skills of rhe respandmr. 
5) tistening rilorc than talkinp. 

Preparing for an 111rervI~w takes about a day .  An intcr- 

s i c w  l a s t i n g  l o n p  than an hour usually results in 
d i n ~ h ~ i s b i ~ l ~  returns. Tinw must be budgeted to write the 
inrcrvisw report. 

SPECIAL KEQUIKE?LiENTS 

Elcctrurlic rccordizrg {audio or video] of questionsand 
resyozlses catr bt- 3 great tirne-uver a d  can allow the inter- 
dctvsr ro give hB artention to the responses. Ho~vrver. 
there arc solnc costs. such as nanscription expenses and 
rhr: possible loss of candor by the respondent. If elecaonic 
cqciprnent is zo be used, the respondent's prior pcrmissionn 
i s  cswnrial- 

Ideally. clic interview shout8 u k c  piircc in , tocacion 
frcc from d~strac:ion ;noises. cclcpfiunc calls, children or 
otIlcr onluabor,. c t c . ~ .  Onc tcchniquc used in a village 
Inouxi~uld snrvc? ia I n d i  was to provide a highly visible 
distraction irr tfar ccomrcr of thr village wwlde the interview 
team discretely circulaccdamocy the houxs. 

DESCRIPTION OF TOOL 

Tiac purposc of rhc iaccrvic.-.v must k cscabnished and 
should guide subrc~urnt dccisicrnb. I f  rhc inucrvicw is thr 
nlcasenring inst:ul;rc.nt for ,I rarnpli: succy (SVY. page 
3 3 . .  tiac mrgc: rapujation tv\.i!E En~tve beem sclectcd and a 
qucs~ionnake: deziGrncd .QTX.page 19 . 

ii the inr~rvicw rcehs ideas andl informarion from cn- 
?ems in dif:-crcnt fields. cbc: pacparatio~rb und rhs aoining 
of the inrcrvir~vcs wJ3 differ. In all cdrscs. !nowever. thr 
purpows must k csaablished i r ~  rdvance. 

At1 Inscrricw usual!? rcsolrs in a report or tabulated 
rcsponscs which nulay be analytcd and transmitted to dsci- 
sivn rnnaRcrs. Thc datl mil?- be in chc form of a h i s ~ o ~ a n n  
.HIS, page 131 . a sP.dcrnmE of preferences, rrc. Ofrcn. 
thc r c p o n  xvill bc s ~ c n ~ t h r ~ x c d  by induding iIlustrative 
,. .csponje, .- to kc)- quc~eions. but mproceswd responses ape 
wldrpm uwiul. 

The inrerriexwx is assumed to be an unbised, naainacr- 
active transmirrer 05 information and ideas. WIiere. &is is 

nos :he case iritlner by design or ckcumstancej. the infor- 
maticn must bc alppropriarely brerpreted. For esamplc. 
the manner and stvie o h  rhe L~rervie-ever may Gggrr more 
megarive ;or posirivt) responses &an especred for a 
neutral reporting hsmumenr ie-g-. a seli-administered 
questionnaire; . 

METHOD OF USE 

GENERAL PROCEDURE 

The following steps me ~lsefuB guide!ines for 

and conduc.6ngahn inren6eu.. 

1. Specify the purpose of rhr inteniew. 

2. Determine who is ro be interviewed. 



3. Prepare an interview srhcdulc. 
3.1 J.3csign ~ h c  qrrcstiontrairc and dcrcrminc olic t y p c  

of rcsponsus to be allowed ,,Qncsrionnairo. QTN. 
page 19:. 

3.1 I ~ c t c r n ~ l n c  Ilow zllc rcsponws rrr t o  be rccordcd 
and. if nccrssd:?. dc-;clop a codcd iornm. 

3.3 Makc psovi~irms fcrr ~ ~ n a s r i b i n g  clccsfonicaily rs- 
corded inren-iews ; opriorml?. 

4. Select arid train i l ~ t ~ w i e ; ~ e r b  (optionat]. 
4.1 Sckct inrcrcicwcrs based on thc eyprs u? r:- 

spondcnts. 
1.7 Train intcrv3cavcrs ru c~;rninasc bE.iscr. and proride 

for uniform rcportlng. 
4.3 P r c ~ ~ s r  all qucsriun~ and m ~ s i p ~ t e  anrbipuitir>. 

5. conduct the inturviews. 

5.1 Arrange for nm,portar;un. 

5.2 %nfY rcspoaden~s in advance ;uprionaf*. 
5.3 Arrmgc. for immr:dia~c colkstion of rcptrrts. 

6. S v ~ ~ r h ~ ~ t z e  and analyze the response. 
6.1 I3cgin h~arnediarcl~ ro rlimhdtc. r~nbi~uoua s*-- 

sponsrs in saw sorrecrionsare ncccssy .  
5.2 Rcpurt rhe overall rcsulss in a iorm suiwblt. for 

transnzissisn to  .otflcrs ,c.g.. sonsidcr s ~ i h  fat- 
rors as anonymir?. oi rcapandcnt,. biasr, ot 

iptsrviswcrs. dnd sysremaris dir.rorrionr in re- 
sponses j. 

Rarher r h ~ n  p-escnr the protocol of an inrcrvie~~.  she 
following cxanlpk5 describe rcclornmr.ndcd procsdurr.~ for 

conducring rwo very difercnt tin& of ~ r ~ ~ ~ i e ~ v s .  

Interviewing3 Peasant Popuhtian 
for an Aid Projrcr 

T11c follot%-ing cunsidernrions wcrt. rcsoxnn~mdc..r! by A 

colleag~e wish extensive field cspericnces in data gthcr- 
ing ;Ingersoll. 1936). 

1. Entry 
I f  rhe ir~tcr\*k\v is not simply an academic pursuit of 

howledge bus project centered, the porricipant have 
a much greater incentive to particlpnze. Factors to con- 
sider In planning the inscrvicw include: cultural values. the 
hi2ucnce of the cstzaded family, outsiders sitting in on 
the inrenisw. and differences in percepGons of space. 
rime. and guandty . 

3. Rcspandent in center 
Make rhe respondcnr chc center of arscnuion durin~ rhc 

inszrvicw. Be senskive so parskipans who need curs to 

3. T~IC itrccrricwcr's pusturc 
'The idcal b nncuznii~~, ~ B t i n r w ~ E r  io rnar- bc- txc~.r$saor lc- 

be posirirc :o thc rc~pumdsn;'r vEstv> i ~ a  mdcr G,a rinc irrrt-r 

vic\v to proceed. Rcccivr nlli rrg!ish with ia;cr.rcd. AvSbrd 

$ady English  moddin^. din^. Enygc in ~ t i v c  I i s ~ t - t a b u ~ .  L-.y.. 

rcprr;roing cxsrtly. wLar t i a r  gnrrsouu a?*. I)L'LU~C I l r r w  ~ t *  

Unandc confuioa  over a qmr~tioac. c.g.. rcyhr~iiltg .a q ~ a c - .  

tiun or an1 sx.rasnpic. Xotu ~ r !  turnkc; pttpbc i ~ ! n ~ ~ . r  .a 

qucsian ior inclusion inn rhc rcp..purr ut' due iratcavisvc. 

4. I>rp;urmrc 
Make ~ u a c  skr~: rluc respu~udcae is  atcrr IC~F rvttir kriw i a r r  

prcssioras. c.g.. that  n oncw road d" b c .  h i l o  x. J J ~  ituru 

nnediatt: rcsuRr uf h i  pm:icip~rion. (iivc wazac pc~~csr if nrr-rr 

infuraapa~ion and ideas itnavs $rra volun~ccrr-d. SipraE rbc 
scd on' zhr. k r m d  intcrvir.w.r.g.. c l o ~ i n ~ , ~ ~ p  tbc ~ C i ~ ~ l ~ ~ . t z r i .  
Observe the social mncninic> uprm rErpr*ourc. e.g.. ~~rlali'E . ~ ~ , t i u a n * .  ulb.llDaar may bavc rer coaagc. bdck with nrocc 

1. Prrpare for the innerview. 
P .I Research the bckgound of rhc r r ~ p c ~ a d c n t  nr be 

coranr: familiar ucirln .any spccia! t~~minulog>-  or 
jxgosa. 

1.2 SchedeBc tlnc htcrvie\+. we11 in adrrncc t c ~  ~ l l w w  

the rrsponndcnr aimc TO preparc. 
1.3 Arrange chr interview rhrough ellr u~spondcr~t', 

imnm~cdiate superior . \ ~ i ~ c ~ c  thi is icasibk; to  as- 

snrc she respondent e h r  hi parricigariouu Limpor- 
~ n t  md approved. 

3.4 Gez the respoandeanr's correct mrnc and riolr in ad- 
13ncr'. 

1.5 Avoid xheduEng intcnirws ior late in rhs day. 
just actcr me~lzhr., or jus: &gore a weekmd. 

1. Conducr rhe interview. 

2.1 Inaodvce and clarify rhc pwposc oi thc 
interview even if there has &en prior notifisa.- waon. 

2.2 Keep &e inren-iew t o  the nnbjcct -ruspest e&c dc- 

maah on each orher"; time. 
2.3 Srzrt the bte&w with bread qucsti~ns. 
2.3 I f  the responses are not satisfacrory. emphasize 

the importance of rbe resgondenr7s views For P ~ C  

decision-making process. 



2.5 Allow rhr rcspondcns so think during occas~onal 
pcsiod3 of silence. 

2.6 Wllcrl ;( reply is unclaaa. ark r&c rcspoa&nr ro 
wpantc opinions from facts. 

2.7 Ilon't Ict nose-raking inscrrlzpr rhc normal flow of 
discussion: use rbbrcviarions and sym&ols or clcc- 
tronic rocording iwirh prior pcrmbsioanj. 

2.8 Cunc11:de d:c in~crwiew by allowing a fcw minutes 
for infurrnal convcrwcion and summaeian. Oftun 
r h u ~  cummcrars $!ray divulge useful infournation 
and may give m indication of tlnc validity or sin- 
cerity of rlrc: previous responses. 

3. Fuirliaw up the intcrvirw. 

3.1 Preparc thr rcport of she interview bmcditcly. 
3.2 If a follow-up intenicw i5 necessary, wnd ~ h c  re- 

port !,or d dgc:ss of thc firso htcrvicw] co thc 
rcspoadcnr in ~J*~~I ICC.  

3.3 In all casus, x n d  A form4 rhannk you ZCI &c respon- 
dent and his supervisor acknowledging tbcir ca- 
opcrarion. 

THEORY 

'Thc:r 3s IIO rhcory of intcrviswing ia ths xnsc of 
gencrzl Lws or --xruths." Each inscrvilew is different, Haw- 
cver. rhcrc k some nlcrit ro ahg 3 ~ S E C ~ S  approach to 

rllc Jcsign of rn intcwicw. particularly when oxd a the 
n~c~sur i~rg  insrumenr for sample surwrys ~SUWCYS. SVY. 

p3sc 36). 
An intemhtv is analogous ro a cornmsnnication system 

having go- principal components {Wanvich and Linkga.  
1975.p. 1W): 

The interviewer 
The rcspondenr 
The study consent or topic 
Thc iatervirw situation 

Each of ohcse fa;rcrous interact to dlcecrrnhc the efficiency 
m d  ckfcctivcnerr of ihc innrewkw. The efficiency conccrm 
rhc amount of infvrma~ion gacbacd pcr unit of rime and 
cose. The cifectivcncss relates GO rkc u~efulness of ehc 
ideas or indbumarion FQU example, the htcr- 
viewer andJor thc respo~ndcrnr can iinaod~ee both biixsl 
and  ditorsion hro the hf~rmation gaehwcd. Cans- 
quc~dp. if inacrviewimg is to h m cfecriwe tcchmiqmc. rhe 
spccificarsio~n of any one of the Components must fakc in:o 
accauno obc bterardon with thc other factors. i~., &- 
signed as an iunfournatian-garlh~in~ system [Hartman. er 
a!.. 1968). 

Bocchbo. \C"dliam PiA. J d m u ~ m m r  Infbnnario~r Sysrern,-: 
"Pools anrd Teckatipes.  EnngPcwd C&"fs, N.J.: 
Prentice-Hall. 1971. pp. 83-84. 

Harumam. W.; Matehcs, H.; and Procmc. A. Injornzatio*~ 
Sgrstt~ns H ~ n d b m k .  ApePdooun. The Netherlands: 
N.V. Philips-EkcaroPogica, 1968. Section 6-3.5, pp. 
1-10. 

fh~~ers-soll. Jay. "'Lecture to Development Sbudiies Pro- 
gram~." US- Agncy for ~unrcraaarional Development. 
Washhg~onn, D.C.. Spshg 1976. 

K&n. K.L.. and CanncM, C.F. The D-,.rrclrnics oj-Inter- 
n~iewig: Theory, "Fecizniqrres Clses. Mew York: 
John Wdey and Sons, 1966. 

tvar\vicli, Donald P.. and k i g r ,  Charles A. TheSmnple 
Sunmey: Theory dm$ Practice. New York: UEGraw- 
Hill. 1 $7 5. 



Assessing 
&ah tat ive Factors 

Raring Scdes 

Mulriple Crireria Utility Assessment 

 here is a danger in project design andl systems m&Phgof meaPoakhga factor because 
it 3s nor in quanGtazive form. Techiqaes far assessing qan&n'naaoirc faams are rsscntiah to a 
system appxoa&, and Four such zechniquesare &scribed TWO are sealing procedures [Rat- 
ing Scales and Multiple Criteda Udiry Assessmenol. The other techniques are broadly based 
assessment pmc~edures {Suvcy-s and Orgnnkatiod Crmate Andpsis). All proride a 
means or' mns$crming qualitative at~ribuscs into quantitative measures. dnongh clearly the 
latter two have a variety of uses. 



PREREQL'ISmE TOOLS 

None. 

USAGE 

Rating Scales 

A rating scale measures zhc degree ro which an e m r i ~ -  

possesses or exhibbirs a specified propersy. as eishcr an a b  
solute or a relative judgmenr. 

USES 

Rating scales are used to qnand5y $actors which m y  & 
hihly subjecri-~c or qualitative in namre. Once the judg- 

mcor- menr is scaled, she qumtitacive measure may Be ' 
porated into analyses such as: 

1) Raring rhe individual usilirks of various c r i t e ~ a  
uskg Mulsiplc Criteria Ut%ty Assesmena (MCU, page 
32) - 

2) Evaluating alternative decision sequences in a c h i -  
sion m e  (DTR, ;rage 1411. 

3) Evduadng drernaoive plans, given various condn- 
gzncies whlch may be expected to cscm (Contingnq 
Analysis, CGA, page 1471. 

43 Ranking dternarives as in Nornind Group Tech- 
nique {NGT, page 14) and Delphi [DW, p g c  168). 

There a s  four glrinnaxy qpes  of rating d c s  tscr f i ~ ~ e  
Ij: 

ij .YsmbatzP scales simply carrcgohize differerne fa'acrrrcsj 
e.g., hodcold, c!~~LJ!iiht. and b&ck&ap~whiur reprereno 
nomind 4 c s  for Enena. dEunninarion. and ca!or. 

3) O r i l l ~ ~ 1  scales are used e o  raunk-uadec a we of JniiPar 
objects $ong ;r crite50n &-mion which reflects a basis 
far comp&oa. b ~ t  nor the &PC of difference. e-g-. 
warm. warrnnr. hot, homer. homest arc ordina! rarnLing uT 
he21 sensariom. 

33 lntembub st&s reflect not canny due rank of one 
facror over mother. bat h e  degree to whkh o m  excee-is 
h e  06kr. The diffcrrnce between &em corresponds ro a 
hngth of wde inremal-The zero point k arbitrary. 

4J A mth scak is ana interval wde for whkh &r dbcn- 
sion oi comparison hs a mmrd zero go in;^ e.g.. rbe ccnti- 
p d e  temperamre scale. 

SHORT DESCRPTIBM 

Rating x d e s  arc dzscribed By their uses-. 
1 ) To rank she preferences for a u r  oh factars: ordiaud 

and intend x&s. 
'1; To c h i f y  or categorize a &im3ar see of Sactors: 

mmirnd scales. 



3j TtI i33Jicarc l l ~ c  dcgcc WIW LCWT U I C C C ~ ~ S I  A~UZ!UCY SKLLL LEVEL 
im 1 ylrcificd bdsis of co~anpfison:: ir~crirldl a313 ~ t i o  EExpcrnk rpqukcd in alr.cdng appropaiats kind 
xafca. offraraimgss$c md ic pararnetehs.Th~ nringpmcrss is ~ 5 -  

Tire ~clcctcd dctcrmincs bow d'iscrira~i.~a~im; abr j~ct iw~:  and nuay c ~ m b i o t  the individual j u d - p ~ b ~ ~  o ~ F  CX- 
rdxcr can bc. pcm or project cBerne, r,wc kiphi. DLP, P 683, 

A#>WAN'TM;ES TIME KEQGLRED 

KjrilJg bCd1S6 qUiU1Ljt2d,qC CIOPPIP16SU3n. l i  rilC N~miinZY sales u~wa11y rcyulrc Uindc rime sinw only 

unll,d ,+.un i nv,u lurs rEVr.ral hcrors. xjrc k h l h d u u  h- chUikadun L inrolucd OPdliwdD scales can be cmstrustcd 

Iwrr!, fdcrors is by rchtiag ir 5 0  a phyaicdi di- y"U~k1~. puoicuhrUy i d  only a few f.ctorsi?rrc cercr Be ranked, 

lIIcI1 J U ~ =  jthC Pi)5ifi~n G:. inrr.md i?n s~rio xalesj. Inn~crvJ ;stand ratio wales map require more &me to con- 

t'a.ckc$rs qunrii$cd On ra&g Kalrs m y  bcsomAintd so ~ n w ~ h m d  cszlbhlr rasirrng b ~ r u ~ x  marc judgment is 

r rflcct ;z qusnt i t~ive  ascssrnrnt of cumulative effect. ~ g . .  bvonwd- 

r hc poc~lcd judgmcn of n goup of~aters. 

DESCRIPTION OF TOOL 

:ldting W&A ;arc cons~rucrcd by subjecuive judpnenu The b p u ~  are &ply the %as %Iected foa he 
in ehc assignn~rnr oirank or b1ewa1 on dnc %ak. This fa Lnomhal, ordhsrlq rrc.jl and the factcPrs PO 

is so~-lnrrirnry lost when the sating k rnmskrred 0 t h  -red. Pf ah@ raGg b ra, b ccoraduaed by someone 
rzks  ar swd 35 infomzarlon in O & ~ T  asks. shm: ohc person who connsehslcted the d e ,  a sample rating 

is useful to illusmate the procrs.The dimension on which 

REQUIRED RESOURCES 
the compahironns and coaamasts are PO be ma& must be 
clearly idendfkd n n d e r s t d .  

LEVEL. OF EFFORT 

The major m k  is ro assign zhe rating for each $actor. TOoLoUTPCT 

This may k 21x2 i33~01ved OT a strai&tfomard PTOCZSS. de- The o q u t  b a rasing %& which qnnan&es rnbjec- 
on the u3t:~pratc use of 2be rating. For e-annple. ~ v e  asse%mes,u of~he facuOrs, 

nlag usrd dirscdy as part of cost-benefit ad?& 
&&A, p;ig 11 2) or as an awegazed form to reilect muk- 

hcns ions  of dirbz~inaoion ih¶CU. page 32). +he f i m R " f = ~ ~ A S S ~ b ~ o N S  

qg~cgr ion  process tends to miniranwe rhe conbibudon of The comcriorn zppbadon of Fa&g des rmp 

;my one satiag an &t sumptiom that hmmscafi &stximiate donng the 



raring dimcnsion. Tlicrc. arc two linniriag factors involved: 
compararivu and abolntc judgmcns. The fins w, IWCI;SS 

tlut humans arc limited in their ability to discrin~in~rc 
berwccn two adjaccns factors along dimensions such as 

color. tom. volumc. s m d .  size. kngxk, crc. Thr second 
suggtszs char zhc number of discrctc inrcrvals which ma): 
be rcrogked along any one dimcnsion i s  iimitcd. For cx- 

ample. wc rccognirc only four diffm- L . C ~ ' S  tastes: SN-cct. 
sour, salt, and birtcr. Discrin~ination is bascd on a curnbi- 
nation of tasre. texture. smell, and appearance. Thc innpli- 
a t i o n  is that it would be z~n~roductivc (and rnjslcadi;~~) to 
ask rhc ratcr to distinguish n l a e  Intervals than it~r is 

psycho-physiologically able ro {Garscr. 1460). 

METHOD OF USE 

GENERAL PROCEDURE 

I. Determine the atrributes or Gcrors ro bc m t d .  
3. Determine the bes: ~ 3 1 ~  for razing the factor. 

2.1 Consider the degicc of mbjec6vc judgment tRas is 
fcasiblc. 

2 3  Determine rhr time ava312tMc and tlzc diiscrhina- 
don desired. 

3. Construct the rating scalle. 
4. Rate die attributes or factors. 
5. Verify the consistency of the ratings- 

EXAMPLES 

N o m i d  S d e  

Any classification system represents a nominal scaling 
of varisblrs. For esample, she took in ti& handbook are 
caregcrized nominally by tlheir major purpose. In general. 
rhe nominal classifxcarion of items is possible ady if she 
caregoria arc mutuafly exciusive and exhaustive. "Fhc 
larzer requirement is usually met by a catch-41 caresor?. 
e.g, "none of the above-" 

Ordinal S d e  
There are several examples of the construction and ap- 

plication of ordinal scales in this handbook. e-g.. the r ~ ~ r k -  
ordering method descdbed iri Nominal Group Techniques 
(see NGT. page 14). 

It~cr.rral~nJ Lt iu Scdr., 

Inservd scalrs arc nx.d in ~ s s c s s i n ~  r:tliiiy S u r r r r i r r l r ~  

;scc Mul~i~lc-Crircrij, U,"riIitv Asscs;saorrnt. XXYl.'. p ~ p  
37':. Subjccfivc Prabrbhlity Asxsrmcnr ,,S!'A. page 137' 
rcquircr an inccrval scale to raoc th.: liEicUihood o i  cvcncs 

occurring. KrucckcberF ;PY74'. dcsc~bcs uhs uw tvd 

rating scalcs in urban 

THEORY 

Karina?; s d c s  arc. brxd on tilt tiaccbr! o! ps?ctrrb 

physicd arncdLsurcmcne ,Garnrr. 1960'. Tlkc Iitsraecrrr r r t  

psychology. social-y. and drsizirrn ~thrlirr:_:.tbtruriJs tVirSs 

cn~pirical sradirs on uhr' S U ~ ~ C E " .  

Two works arc of particular irresrcsr : hault.rrsnb 1 "17t~1 

$L'xPPbcs rating scdcs in J rurarrnkrnr LU! J +btctn:. .hp 
proach to idr.nsifying and solui:rg ptoblcrna. Krrcfprctb. cr 
d. B 972 ? taeaUug a number of diiicrsnt warrtlr a%wssnrcar: 

t~chni~rnr.5. Uehes scu&c:. ,Hmbcr. r? a].. 14691 d r ~ !  wi th  

rhs issues of dne dl-qrrgaeiny goup jledp~pa~rrts. Ttw r~-,ulr* 
arc significrnr. particularly wiaorr pricrritieh arc t t r  br 
ranked in mcln a ~vn.*y allm~; sscozrd and third c h ~ i i c s  arc r n -  

cludcd. 
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hqultiple Criteria 
Utility Assess 

PREREQUISITE TOOLS 

Nunc. 

USAGE 

2) A ~riliryfnr~zcsiem associates the pcssiblr Fn-els a& 
acrion may rake with h e  udities for rhose kvels. 

3; A ndit_t. war& presents the elements of a decision 
under cerr$nq: alternatives criteria for rudua5ng&c al- - 

ternatives rvejghrs innbcadrmg the relative kpimance cf 
tbe criteria. and rbe assessed udlixisies (see figure 1 >. 

PLRPOSE FIGURE 1 

Multiple crireria utility assessment is a syssernaric pro- Utiliry 3latris for Ebduating Arcrnatiues 
~marives. crdurc fbr sscssing the worsh of complex de- ALTEKYYATlVES 

USES 

Utility asessment a common scale for corn 
b i i n g  judLmmts on more than one dimension. The tech- 
niquc is used ro: 

1 1 Eva!uate alternatives using more than one criterion. 

2) Combine egfecciveness measures into a single agggre- 

pted utility. c.g. as in cost-effectiveness analysis tCEA. 
pagt119:. 

3 f Determine a sornrnon crirerion £0: valuing the p+ SHORT D E S ~ ~ I I O N  
sible outcomes in adecision under risk (see DeckionTrees 
DTR. page 141). 

4) Provide a cornrncln meascre far comparing the per- 
fomuncc of drernacive p!aas (e.g., Conringncy Analysis, 
CGA, page 117 j. 

In order to compare and cvduare various alternatives 
i-%, B, , , -j. wvcrd criteria ;XI, rt, . .j rre &st speciiied 
(see figure l~).Th+ decision rn&eaconsiders each criterion 

separazely. =sshg the relative uriiiry for different crite- 
rion levek. The criteria are \t*eigb~cd to represent th& 
relative hporsnnnce w che decision maker. The aggmgare 

iCEY DEPINITICINS m&q-  $or each dteaatib-e b determined by cornputkg the 
1 )  uti&jy is quan~cative expression of the worth or weighted sum of the individual raaies for each criteiion. 

liatisbcrioe associated with an ourcome. /ilrernacivrs are comped on the basis o f o x - e d  u&es. 



Valuing alternatives ilsing measurer, like exgecrcd pay- 
off or COSTS ignores tjlc the decision m a k a  
ma): ]lave fur incrcn~entd benefits or cosa. Utility asscss- 
nlcnts transform ihcsc prcfercnccs inzn quailtitativc scaics 
which can bc combined so dctcmalrc agggrcgatv utility- 

M'licrc a c o m ~ l c a  altcrnarivc rnust bc uvaluasud. :Ilia 
t c c l ~ n i ~ u r  requires I ~ L '  dccision n l a t r  to considrr onJg 
onc criterion at- 3 rin~c. This Jmpliics cllc asscssmcnr cask 
and incrcascs t!rc consistency of subjcctiwc judgmcnrs. 

LIMITATIONS 

Not d1 qualitative criteria can h assessed qmantiia- 
tivelj-. e.g., political acceptability. Multiple criteriautility 
assessment makes no allowance $or preferences which 
change over dme. 

REQUIRED RESOURCES 

LEVELOF EFFORT 
sufficknrly drtadcd so tE?;tt thc dccisiun rn;rihcr c.an ju&c 
the cstcnt to which each mccrs the  criteria. 

Xlultiple criteria utility assessment requires shc cou~cr 
ation of the analys~ and thc dccisiorl ma&. Thc atlaIysr ~ m ~ ~ ~ q - p m  
frames the decision situation by identifying dserna~t*es 
and working with the decision maker to specify criteria for The first produces of &e ~nuPriple criteria utility as=* 

cvduating the alternatives. The decision m h r  quantifies menr rech.mque arc the utility functions correspombng to 

his preferences in the form of a n d i y  function h r  each each criterion [see f i r e  2). These transfer the criterion 

criterion. Aggregating utiliries is iken a srraightfomard Ievels to utilities fe.g. the utility of 65 bushels per hecrare 

analyticd task. is Ex). Utility hncdopns can be analyzed to indicate the 
underlying p.seZcrences of rlhe decision makers. cg. a pref- -. 

srence eo avoid risk [see Bierman. et d.. 1973. 
S K X L  LEVEL In a &cision simarion. the ultimate result is a quantica- 

EfFecrke corrmunication benveen analyst and decision t i ~ e  ranking of the dternaritres by &creasing agregarc 

maker is essetltial for dkidngndity funcdons and weighr- u d i ~ .  This measure can be ased in other techniques 
iq criteria The a d y =  x c m  'x a& to evaluate the &- where dteanath-es are evaluated using multiple c;itrria 
g e e  to d i c b  each dsemative meets the criterion in qwes (e-g.. Cost-Hfeceiveness Analysis. CEA, page 219;. 
don. a process which cazq involve subjecPive judgmear. 

I B l E  REQUIRED 

Derermining utility functions and checking for consb- 
tency can take half a day. Other-wise. the cornp~~ations 
and evaluations are not he-consuming. provided neces- 
s a q  information is available. 

DESCRIPTION OF TOOL 

REQUIRED INPLTS 

The criteria by which rhe alternatives are judged m u s ~  
be: specified. The criteria may be derived from an mdy& 
of objectives {Objective Trees, OBT, p e e  49) or from rhc 
nature of the decision situation. The dtcmatives must be 

Utility b a measure of satisfaction m-irh an ourcome 
and Inas the property of ad&rivicv. Utilities assrisscd ior 

more &an one criterion may be addcd to indicate a prcicr- 

core based on cornpl+.s mulei-dlnensional judpenrs isre 
Raring Scales, RTS. page 29). 

The mireria appficable to a decision are fixed dimem 
dozs 5or assessing the degree to whkh an alternative pos- 
sesses each of rhe attributes, e.%. the dimensions do not 

vary from dteraative to alternative in the decision sima- 
tion although the criterion Bevel for each aiterna~ve varier 
That is, subjective preferences are consiscendy applied to 

alternatives in the decision situation. 
- - 

'l'zilirks arc dbnensionless, but may be thoughr of as prrrccnmgc 
:c!a~ive to complete uris6dc'aon ; 10KG: w-ith a rrittzion kr-t-'1. 
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METHOD OF USE FIGURE 3 
Utility Functions for Evaluating 

GENERAL PROCEDURE F m e r  Contact Scraregies 

1. Identify the decision criterk ud to assess e?ch ;Jter- (iincriuo 1 : Sumbr of iarmrrscuntacrcd prr y r u  

native. Uriiit 

1.1 l)etesrnhc nomind scale cascgorics for the y d -  
UA 1 

rative criteria (we Rating Scales, RTS, page 29). 
3 -2 IIcserminc thc practical limits for quantifiable 

cri~eriu. c.g.. yield pcr hectare may range from f O 
75 

UI,, so 105 bushcls. 

a. C:ansrruct 3 utility function for each quaIitativr crite- 
rion. 
2.1 Identify a most ptcfcrrcd and a least prefcmed 

Lvcl. 
2.2 Assign utilities of 10@?&;md Whraebfaccion. 
2.3 Assess the udizics for inremc&te levels of rhe 

3. Cozlstruct utility functions for cach qrranticasive aite- Criterion 1: P c r c o n r ~ ~  o i h r m a s  ronrrccrd who own 

rim. Pcsa rlnan 10 hectarrs 

3.1 Assign 100% utility to thc quantitative criterion 
level. just bcyord the practicalhiit which is most 
preferred. 

3.2 Assign 0% utility to the criterion level at the ocher 
extreme of :he practical range of dues.  

3.3 Assess the utility value which indicates the per- 
centage satisfaction with intermediate criterion 
levels, e.g, "if your satisfaction with a harvesr d 
105 hshcb is 100%. then what is your satisfaction 
with 60 bushels per hectare?" 

3.4 Connect a curved h e  through the inteamediate 
utility values jsec f p r e  2). 

4. Test the inter~wl consistency of theutility assessrn=ts. 
4.1 Pose questions like: "You have said that you 

would be 35% satisfied with 35 bushels acd 75% 
satisfied with 60 bushels. Are 60 bushek actudy 
preferred three times a s  much as 35 bosheh?" 

4.2 lf the answer is no. then adjust one or both utility 
assessments. 

5. Considexbag one criterion at a time, determine the util- 
ity for each alternative. 
5.1 Construct the utility ma& (fwre 1). 
5.1 Uskg the utility function fur she respective crite- 

rion, evaluate the udities $or the various dterna- 
rives. by assessing the criterion Level achieved by 
each and then using the udity function to read OR 
the corresponding utility. 

5.3 Enter these percenwges in the rows correspondmg 
to that criterion of the utility nr;?trh. 

Criterion 3: Acc~7Jbdiry b!- farmera 

low medium high 
A 8 

Accessibihnit). 
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6. Weight the criteria. 
6.1 Ask the decision maker to order the criteria by in- 

creasing importance to the decision. 
6.2 Assign a weight of 1.0 to the most importact cri- 

teria. 
6.3 Ask the decision maker to indicate the fraction 

corresponding to each remaining criteria, e.g.. "is 
this criterion one-half or one-third as important as 
the most important criterion?" 

7. Compute the aggregated utilities. 
7.1 ~ u l t i p l ~  each utility by the weight assigned to thc 

respective criterion for that row of the matrix. 
7.2 Compute the aggregated utility for an alternative 

by summing the weighted utilities across all rri- 
t e r k  Referringto figure 1, for dtem- ,rive A: 

Aggregate u&ty of A = w, UA I + . . . * w,, Efi ,, 
where 
UA,, =utility of alternasive A for criterion ra 
w, =weight of nth criterion ja positive fracdon 

less &an I )  

7.3 Rank-order the dtemotives by descending values 
of their w e g a t e d  utility. The alternative giving 
rhe greatest satisfaction is the one having the great- 
est aggregated utility. 

EXAMPLE 

The Temasek Minirrry of Agriculture was considering 
two alternatives far disseminating innovations to mall 
farmers: A) esrabhhiing farmer txaLning centers at sma- - - 
tegic locarions in the region, or Bj strengthening and ex- 
panding the agricultural extension service. The effective- 
ness of the alternatives were e<aluaxed using three criteria: 
1) the number of tHmers contacted per year: 2) the per- 
centage of farmers contacted having holdings of 10 hec- 
tares or less; and 3) the accessibility of the approach. Crite- 
rion (3) was formulated as a qualirativc assessment of the 
ease with which farmers could use the system. 
Utility functions were derived for the three criteria (see 

fwre  3). The Ministry of Agricv.lture decision maken 
placed a high utility on reaching a signi&cant percentage of 
s d  farmers. Also, no utility was associated with reach- 
ing less than 500 fanners as this was the present level of 
contact r'or the existing extension p r o p .  The practical 
Zinit for criterion (I) was the total number of farmers in 
the region, estimated at 10,000. 

A utility 111atrix was constructed, and the udlities of 
the alternatives were evaluated (see f p r e  4). Considering 
criterion (21, the mobile extension workers could be more 
selective in contacting farmers, while only the larger farm- 
ers would tend to use the training center s e ~ c e s .  

FIGURE 4 
Utility htcr i s  fc: Ministry of Agiculturu 

Farrnm Contact Stra tcgy 

The importance of each criterion was cvduated and 
we@& were assigned {see f i r e  4). The total number of 
farmers reached wasjudged to be twice asimportaar as the 
other decision criteria The weighted aggregate utility for 
each m & q  was c ~ r n ~ u t ~ d  For example: 

Aggregate utility for alrernaoivc A = {1.0j(90j * iU.SE(75) 
= iO-S)(ZS,j = 140 

Thc weighted aggregate utility for alternative B was com- 
puted at 113. Consequently, the farmer training center 
strategy was preferred. The aggregated utilities were then 
compared to projected costs {see Cosr-Effectiveness And- 
ysis. CEA, page 219)- 

THEORY 

Huber (1974) idendfks two methods by which multi- 
ple criteria udit)' assessment is carried out. The method 
shown here has been the cknr-explicated model, &ce the 
client (decision maker] indicates Ris utility for various 
:?vels of each criterion. In the observer-derivedmodel, the 
client is asked to make a global judgment of the overdl 
utility associated with a set of criredon kvek  The client 
estimates the utility for several such sets; regression anal- 
ysis (see Regression Forecasting, RGF, page 160j is  used 
to estimate the utilities associated with each criterion. 

BIBLIOGRAPHY 
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Surveys 
PREREQUISITE TOOLS IiEY DEFINITLOSS 

B : A .wbject p p h t i ~ m  k  he set of dB even= oren& 
Qucstionnnks~. QTN. p%e 3 9. 

zies which possess ceamisr ~~ecifiedcharacterkbics, e.g-. dl 
married couples in a region oftbe county of Temasek. 

2 )  A wmph k a subset selected Lorn a subjero popula- 
USAGE don, the ardbcres of which are asmad ro hdd rme for 

PURPOSE h e  mod ~ogoEaeiom. 
3: A measuring nginsbnarmnr k a rechnique SOP- eficiting 

A sarnp!c srzn7sy is used to garher information from a and m e a s n n ~ r e s p o n ~ s  horn a =bjecr. 
fracdon of a subjzct popularion in order ro idmdfy and 4; A cmms a snnna-e.+ o g d  p .nem~rs  ofa =bject pap 
nxc;sul.s ~ E S  atmibures. ulalt30n. 

5; Pmic iprzr  obsenvo~i~m bi &e gathering d infoma- 
rion abaw md impaessionns of a sdecaed p u p  by dkea 

USES inrerachion over apn extended period of time. em%. a socia - - 
A sample mrvey can be used 70: xkntisr living in a ~dlage to interact am4 observe behavior 
'1 ) Explore the issues. opinions. and atdmdcs of &ha&+ pazrem. social relariomhips. and tconnomic smomre-er 

irants of n region or a selesrcd rarger popularion. 
9,: Tvst t'undamcns~l hyporhrws and ~ss~mprions 

whicil i t r v r  heen dcvelupcd by A pas:  ssudy or orht-I. ex- SHORT DESUUPTIOX 

periinrnc. 
3) Provide feedback on the progress of s project by 

measuring she delivery of services. 

4) Form the basis for a post facto evsuation af the 
overall effectiveness of a project by measiring its impact 
on reripienss and non-recipienxs. 

5; Quanrii): ssarisr3cd data used in snhe cosr-benefit 
~ ~ d y s i s  kC3A. page 21 2j and cost-efkcriveness and~sis 
,CE& page 2 191 a$ proposed pojects. 

A sample survey is a meam of gathering m a - h r n  in- 
formdon at minimum coslt A sngk of the mbjeapcpa- 
h t i ~ n  is selected based om &e prpose of rhe mmey and 
rime and cost hnitations. Two c a m o n  meamring i r u -  
rnents are used to gather inf'omwido;z: inremiem {I\W. 
page 232 md quesriomakes (QTX page 19;. The)- may 
be used togeher and achhhered $1; trained penonanel 

Sun-ey results are cabdated and analyzed in order to 

assess chaacrerkics of &e mbjeca: pogukioa Sumep 



are used in evaluation rcsearch for the "assessment of the 
process andlor consequences of hliberatc and planned 
hrcrvcnrions" 1W.mr.icX d n d  i i r ~ i n g ~ ~ .  i 973. page 511,. 
Using razing scales !KTS. pagc 233 and szarirsics scc Hisru- 
grams. HIS, page '131 ).rile analybt makc3 infcrcnrcs about 
thc nccd for. the prugcss of. and rh: irllgarr of d c v ~ l o ~ -  
lncnr projccrs. These inkrcnccs arc tcstr-d using r?lc .am- 

p t  aurvc); results. 

2 )  Infomarion abour: a popularion may be gathcrcd 
from a fracsion of the population. This minimizes cxpez- 

'f" costs. sive data gather: 
23 A gear deal of information can be sathered by 

naking acaefuI selection oSa reprexnrative sample. 
3) In contrast to participant oben~ation. a c ~ e f u l ! ~  

designed mwey permits generalizarion about the char- 
acterisdcr of the population as a whde. 

4: Because kwer inrenriewers arc required rhan got a 
cenms. zhe training and control over them is usually 
bettex. 

Even a s d l  survey may be prohibitively expensivs. 
particularly S accessibiliq to the subject population and 
hainigpersonnel are factors. 

Biases in the information pzhered and the sampling 
procedure m y  lead TO erronteoEs inferences. 

The ream for mailed quesriolmaires is Q-pic&)- ven- 
!ow and may jeopardize the validity of the mwlts. How 
ever, penond hterviews introduce an additional source of 
bias (see Interviews. IVW, pagc 23). 

- - 

A sample survey is less use&] &an partkipanc observa- 
don when the analyst knows l ide about h e  sock? under 
study. 

REQWRED RESOURCES 

LEVEL OF EFFORT 

Surveys are normally rnajw undertakiPPgs. The decision 
maker will have to weight the costs agdttst the benefits 
(see Cost-Benefit A ~ d y s k  CBA, pzlge 322) before under- 
sakingthe survey. Tire analyst will expend &e major effort 
in designing the smey and aody~ing &e responses. If 
interviewing is desirable. the selection. training, and super- 
vision of inreniewers is crud& 
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Survey dcsign requires a p o d  deal of research know 
l c d g  and ssat.isticaP sophistication. Skills in scIcrrins 
rcprescntazivc samples. cotlsurucring qncs:ionr.airca and 

analyzing data arc essential. 

TIME REQUIRED 

A sample survey can h a very rime-~onsurrrin~ ~~~~~~. 
nor only in acuudlv conducting &c smwcry bct in :Ire pian 
ning and analysis stages. A criricall path sckcdt~fc is prr- 
scnued as an example inGantt Charts t (;hi. p a p  752, for 
a 33-day task. 

SPEUAL REQUIREhE%TS 

A variety of seaui~ittl pac!cages arc as-aiIaMc. 011 ccm- 

puter programs. Ho\vevea. to usc them to analpre satfip!~ 
survey results. the &:a must be coded in compatible for- 
islara .>cr v~e-rionnaircs. QTN. p.~ge 19 . TbmYSit i l c n r  

s n i c ~ ? ~  ncLcsuc)-. cotrnp..~tc.rirsd :r.shniqucs have tlkc pcar 
advanrage of shortening rhe &mc required ro analyze re- 

sults aqd pemir~rkg cofiapIex stadstical masures ro be de- 
rived from &C dam. 

DESCRTETION OF TOOL 

P 5 A simple random smple is made so that rtucrt-y mmem- 
ber of the target population has an equal probability o f  
selection. 

2: A srr~~C&d ynmpk selects a proportional samplc at 
random from each of the goups in a strarificationn of the 
rotd popdariona. e.9, the sample irclrrdes ac eqtr$ riurn- 
her of u-aandody sdecred b&iduals from 10% middle. 
and '%gh income strata 

3, Chrsrea arnPIigg is the process oZ randomly select- 
ing several clusters of nabpups from the uotd population 
and sznn.eyi~% all members of h e  selected subgroups. e.g-. 
only three villages are selected in the region of the subject 
popularion. but every iPnhaBitanc of the v % a ~  is inter- 
viewed. 

42 -1fuIti-stage ampiing draws random samples in 
stages. The fuse stage ~ I e c r s  =dam goups within the tar- 
g c  popuhttun. A second stagr' randonlEp selects sub 
goups for b&~<.iduds; from wi~irhi? rhr groups,and so on. 

The drhition. &e desired sanhjecr papala- 
tion. the measurine Lr~mmennts. and the sample size are 
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necessary inputs far a survey. The deri5,ior. maker has to 
interact wirh the andysr to dcterminc the sarr.jJE":ize. Thc 
size wiil affcct caszs as well as reliability. A cholce bezween 
potential measuring instruments is made dcpendi~;;is;? the 
type of problem being faced thc costs of using the instru- 
ment. and thc cxpcctcd rimc lag before arriving at a find 
analysis. 

TOOL ObTPCT 

The tabulation of thc responses isof primary interest to 
the decision makcr. The simplest type of output would be 
mnrpjnd rabulations. indicating how the population i s  &is- 
tributed acruss alist of categories. For example: 

Kcii+un Percentage of Population 

Prc>te~tailt 

Catholi 
1Mnslirn 

13udJhist 
Other 

Hencc. Muslims would .form 3w of the subjeii 
non (see Hiszogams. HIS. page 131). 

Another ourpzl t is "correlati~n analysis."' This analysis 
shows how vari3bles are related to each other. For esam 
ple : 

Response on Birth Control 

Prutcs tant 
Catholic 
Muslin1 
Buddhist 
Orher 

Opposed Indifferent Agee 
3 'A 9:; 90-J; 

60':; 3U.% 3 W5 
55,;- ,Ti lQra 35% 
1 0'5 10% 8% 

70; -, 1 S.'i 83% 

This Qurput lvould indicate that CathoIics and M u h  
genedIy oppose birth control. Hence. the decision maker 
may have +o consider strategies to establish bbs with 
Catholic a d  Muslim priests if birth conwlis to be k p k  
rnerted (see Regression Forecasting. RGF, page 160). 

A Fmd type of output is due to "bngi~zdinal re- 
search," where the attributes of a population are measured - - 

at two or more points in rime. The r e d t s  are used to hdi- 
cate changes in measured attributes w&h are caused by 
planned interventions. For example. the efktiveness ofa 
birth control education program would *be assessed by re- 
peating the survey of attitudes at seved interval d te r  the 
program had started 

IAWORTAbT ASSWMPTIOWS 

A sample population c;m be randomly selected to k 
rcprcsensative of h e  subject population. Measuringinsmr- 
menos arc unbiased The inferences from the rarnpff re- 
s d t s  to the target population are stadstically valid. 

METHOD OF USE 

GENERAL PROCEDbRE 

Since sample surveys vary greatly in purpose, dcsip. 
and exccutiohn, below is a broad sketch of the steps 
involved (for a more &railed &scripdon. see. for exam- 
ple. Viawick atad Liningcr. 1975). 

1, Specify the purpose of rhc sun-ey a d  irs uses. 

3. Identify the subject population. 
2.1 Consider h e  kinds of bfe~ences which are to be 

made. 
1.2 Conider the accessibility and cooperativeness of 

the abject pogolation <they may have already 
been saturated by surveys or experiments). / 

3. Select a sample method: 
a) Simple random sampling. 
bg Sma~Bed s a m p b ~  
C) Cluster sampling. or 
dl haulti-stage m p h g  

4. Determine the best ampling size. 
4.1 Consider the desired accuracy .and reliability of 

&e survey resdts: the larger the m p k ,  the more 
reliable the inferences about the target popuh 
tiom * 

4.2 Consider the cost of gathering &ta: the larger the 
sample, &e more b e  or personnel required 

4.3 Consider rhe cost of pr~cessing the data: unless 
t he  results are processed arrt~matkall~, the 
smaller the sample. the less the cost in both time 
and egos. 

4.4 Consider the Lrked &rimination** in target 
population: th more homo~neous the q e t  
popnhtion, the d r  the sample may h. 

*Stadstid r e W i  k poportiod to the abulDe =p1e size. 
not the k r i o a  of the target ppdardon. 

*'This isxehed to the sampling miethobseledd the a&- 
ation in 4.1. S t a i d c d  rekbiiiq of -*& a d u ~ s  - b 
&termbed andytkdly (see Wamick ma L-, 19751. 



5. Specify the measuring ir~strurnci~t an6 train pcrsormei. 
5.1 If a questionnaire isused deserminc how i r  will be 

adm in  isrcred Isec Questionnaires. WN. page 
39j. 

5.2 If direct interviews are used. x-lccr and train the 
inazervicwcrs, saking in10 account cultural cornpaa 
ihBty 4 t h  Jlc tag t popahtion. 

6. Design the survey questionnaire and pretest (see Qucs 
rionnaircs. QTN. pagc 7 9). 
6.1 Demmine if both open-ended and close-cnded 

quesdons arc necessary. The former will rcgirc 
more training and interprerivvf andy& of reswler 

5.2 Correct any dcficicncier in &sign by prcrestimg on 
a small sample of the sarget popularion. Iff this is 
not desirable. then prcrest on a group which 
rnasches communication characserisrics of the tau- 
get population. 2.g. Ereracy Icvel. candor. cooperr- 

THEORY 

Survsy rcscarch has deu-cloped into a thcarstiirl Arc4 in 
iss own AFbo ,Frsringr and Lao.. 1953, andtysrwick .and 
Llnin;r.r. 1 97 5'. E ffectivr use of rns;rsmring insrnnrnr-rrt\ 
are &scdkd in Young ,1956' and CicourcI : 1 fuw'. 

Tbc umdcdyiong eRcory upon which sample suwrys arc 

based is ebc process ofstadsticd iaf'crcnec and !I)-pt,rhcxs 
tcsaing Meym and Grossen ,1974 Ztxribc- basit sodti5 

dcd mcrho8s. md Smith 1975. gksr a L I S C ~ ~ L L P  E ~ C P ~ I I Y  nt 

of rbcw methods in relation to sample survey* drsigncd ar 
gather qhnmdmrkc projecr data. Kcrd 1476' yrcscnrc J 

c d k c s i ~ n  of cxgcdesccs d+s-oF~brennb. and curntrlrrar 
scnxr inn the &sign and execution of +ample szmc.vc)-s. 

7. Conduct the wvey- BIBLIOGR,WHY 
7.1 Amnge necessary aansporsarion. 
7.2 Monizor interviewers by ~ ~ ~ e - c h e ~ k i n ~  sunTcv re- Ckohnrd. Aaron Q. JPedds m d  ;tfeasi-rrerm-~rr in Scrc*r- 

suir~. Eu1py. N e w  The Free Frcss. 1964. 
7.3 Start andyring reslrlrs immediately in cast adjusx- 

ments to the questionnaire or :he interviewing 
procedure are necessary. 

8. Tabulate and vralyze results. 
8.1 Prepare histagxams for qaanrimrh*c measures and 

cornpure &scriprive smdstics (see Iiisroprm, 

HIS, page 1311. 
8.2 inrerpret and summarize open-ended responses 

(see Delphi DLP. page 168). 
8.3 Analyze resdts to test stahtical inferences. 

9. Report conclusions. 
9.1 Indude questionnaire and sampling procedure as 

appendices. 
9.2 In addidor. to presenting data and summary stark- 

tics reflect on implications d t h e  tesdts. 

The examples of sample mmeys cross many fiel8s and 
address a vasiery of purposes. Glock {I9671 provides ex- 
amples of how surveys have been used in sociology, ec* 
nornics, social work, andeducation. 

The Survey Research Unir jtUo and Lynch, 197Sj has 
been ertensit~ely in\~otved in data ~ ~ t h e r i n ~  for she Bicol 
River Integrated Development P r o w  in the Phipines 
The issues addressed range Corn social indicators FJ& as 
-'The Qudlty o$Life" to yield dataon rice pmhction. 

Frsdngr. L.. and Kaez. D. Resturck 3'frt~~ddS iin r!rr HI. 
1upior.d Scktzces. New York: Holt. Kinchart md Win- 
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Climate Analysis 
PKEKEQUlSITE TOOLS 2:; A rargcr group is a number ~t'ind%duzIs with some 

common roles or characteristics. Exmpics are sorndenss in 
None. a xhooU and employees inn a govrrnenrnragency. 

3; Organrkylrio'crnwl rlrrributes include the elements or 
cornponema of dun oogmixat:onm;uB system and the inter- 

USACE oebtions;hips among them. 

IJ -U~nnrn-i~ag inz.~mrm~~ernt.c a e  techniques ~ Q P  eliciting 
PURPOSE 

and measanring responses horn a subjecr. Examples are 
i )rg ,~nirat i~n~l  Clknarc Analysis detcnnines ~ h c  O ~ J -  qucsdonnake.s -QT~\;. 19: and inteniews ~IVW. page 

~ ~ i z ~ r i a m n !  rlinl~ir xquircrd 2 0  rrrhic.\lr desired behavior 23 ,. 
iruln r taqr-rgrottp within an orgmizatiun. 

SHORT DESCRLPTION 

i:lim.arc anaiysis may br used to: 

I ! Idcnrif'). orga~iiltimz*l drrrilnrres !,climate; which 
af'iect behavior. 

2 )  Uu~nprte the clirnatcs of sirndar org~nkadons. e.g., 
s c i ~ ~ : & r ~  schools within a country. or divisions ,%<tishin an 
army. 

KEY UEFINlT lONS 

1) Orpnkdzio,t;l cjifndte is the rela~ively enduring 
qu.dirY of the inrrrnal environtnent of an organizario~ 
rhat <a 3 i s  cspcricncr.cl by its members. ~,b! influences Aeir 
behavior. and ~ c )  can be described in terms of the values of 
a garricuhr set of chamcteris~cs ior araibuees) [Tagiwi, 
1968). 

see of mmnshable orPmi+adond arrhibtes ruhich can 
be ~ r r d  as c r i~ r rk  for desmibingan organization's dimare 
;i dct crrnimd. Jfeiassaring i~zstnrnaents~ which engage 
people within the organbadom. are them utilized to deter- 
mine she desired valuer d these aa~ibntes and &us the de- 
&ed organka~omal c h a e e .  The present organkzadond 
clinnare is then determined through observing and abjec- 
rively measuring the behavior or performance ofthe rarget 
group. Analysis of h e  climate and behavior thenleads toa 
p~posed orpankaeiond dialre which can encourage de- 
sired behavirc. 

Quandrative measures of orgnkaaicd attributes are 
idendied which help ro demmipte the achkrememp: of the 
desired org&zabonaI cltnaue- 



1) If thc peoplc within an organization arc unabic ru 
cxprcss their percepdons abous rhc orgrnizsrional at- 

tributes. then adequate mcasurcments cannot bc ob- 
aincd. 

2) The analysis requircs an estcr:1~1 consultant whorc 
senriccs may be expenshc. 

3) I f  the coogcraIjon of rhc rargcc. goup is not forth- 
coming, tshc rcsl~tts of thc climate analysis may bc invalid 
or uziaccepublc to kt 2argcr p u p .  

REQUIRED RESOURCES 

LEVEL OF EFFORT 

The analyst will expend considerable effoar helping &c 

decision maker to identify rhe dcsircd, types of behavior 
and the organizational atmibates of the clinnase: to pro- 
vide measures for rhese atsribuscs. ro construce measuring 
insrruments (and possibly adminisrcring rhem;. and ro 
analyze the rcsulrs &rained. 

SKTLL LEVEL 

The analyst should bavr a strong background in organi- 
zadonal theory and its relared aspects in psychdog and 
sociology. 

TIME REQUIRED 

The climate analysis is a major ecfort which takes ar 

kast a month. The timc reqnked varies \vi.virh the size oi tb 
tlrget goup. the number of organiznrions. and rhe dc- 

curacy desired. 

DESCRIPTION Or" TOOL 

Perceptions about the otganizational climate are so- 

licited not only  from ehe target gonp, but from orher in- 
dividuals within &e organbat;-on. 

Behasior may be judged by several criteria. indoding 
routine job perhrmance.. sreativiry. and schoIastic ability. 
These are operacionalited into measurable criteria, such zs 

number of can assembkd Fer how. number of ideas 
generated. and p i l e  point average, respectively. Objecrive 
Trees {OBT, page 49) may be a mefi~l technique for derer- 
mining these criteria. 

Sells (1968) identifies eight criteria rc be considered in 
c h a w  assessment (see 6 g a e  I). 

FIGC'KE 1 

IXmcnsions rt, Kc ~onsdcrcd irr Clamarc :kw+cshnnrrrt 

4. Rrnlotcncss ofgo=*ir 
b. Foorrnal vs. inborrnat ~raodudr of dc%ipratitrsr 
c. U n i u a y  vs. nnulciplc 

2. Pllilosoptty and Vrluu Systems 
a. Uornlia.int ccono~nic FA!UCS wi:h r~bp.xt ru, 1- 

surs of ProOT~ty .  prd i t .  ? ~ ~ d & m .  CIL. 

b. St& :us . t a d  ~..dnnr ~ccrrrdrd r l r r  Intfivrdrr~I. 
~niuuoritics. d ~ p c n d ~ n  t iradtv~drsal.~. and pmp'.  

3. PcrsonncE Caanposirivn 
2. I ntellcceual puacntbi 

c. Polition in sr~ltua hierarchy 

b. T! pvs and degcc o i  :rch nolol.;cal col~~pir.\itr 

6. Phvdcd Environment 
a. SocLP isolarionn 
&. Type, afi f urnkbings 

3. So&-Culturd Environrncrlt 

b. Living standards and routines 
c. Kccreation 

TOOL 0LTPL.T 

Thc  a nlly5t will tell rhr organirariunal decision 
makrrlsj rvhkh organizaeiona! artributes are aidiog ~ n d  
which are hidering achievement of the desired behavior. 
Discuaiorz bemveen rhe analyst and the decision maker 
d l  :hen determine the changes to  be made in the organi- 
zational climate. 

METHOD OF USE 

GENERAL PROCEDURE 

This procedure may be foilowed in a cIin~ate analysis. 
Nore &at these steps are meant to provide oalp a general 
mnderssar.&g. 



-tZ ] ASSESSIN(; QUALITATIVE I'AC7OKS 

I .  1)ctrrrninc the hasis for a climate analysi*. 
1.1 Identify tbc target goup fin consulration wjth &c 

dccision ~nakcr;. 
1.2 I lvf inr.  dcsircd tchavias from tRc target goop. 
3.3 If cr,mparison af org;rnii?;~:lons is to be done. 

dcrcsir~i~~c the number to be includcd in rhc study. 

2. ()htsin opcratianal definitions of clirratc arrd behavior. 

3.1 !derlxifv uric ur ralurc ~musurablc: areributcs for shc 
oiganird:irrnrl clilnarc. Thc rsmibutcs may be 
cunlprclrcnsivc oi. rhcy may bc sclcctively per- 
ceivud. 

2.2 I)rfinc objcctivc crltcria for rncasuring behavior. 

3. it!rasurc climate and bshaviur. 
3.1 Idcnrify individuals iil thc urger p a p s  
3-3 C'oalatruce a measuring insrzurnent fat di:=nven-iag 

lt~dividurl pcrccpcions (suc Rating Sralcs. KT::. 
p ~ s c  29. -1516 Quesrioir~lairos. QTN. past 19). 

3.3 Ad~nicisrcr shc mcasulilrg inbrrumcnt {SCC inrcr- 
views. 1VW.p~g 33). 

3.4 Obtain objective rncamres 05 individual behavior 
by abscrvarior! and Cronr past records. 

4. 11naIyzc rcsu3rs. 

4.3 A n ~ l ~ r c  r33c rc3pulracs to dcterminc the pcrccp- 
tiuns of tl~r organizationdl clinaze. 

4.2 Agg~ega~c the responses Car > ~ c h  organizatiann to 
pravidc a mcasuzr. of climare far the organkarian. 

4.3 C:ump;rrc the measused atrributes wkh the nles- 
surcs of heh~uior to dcrcsminc which attributes 
aigrlificantlv affect bchrvior !see Mcgession Fone- 
casting. RKGF. page 1160f. 

5. Propose thcdeskcd organizational climate. 
5.1 identi$y rhosc artrihures which seem to signi- 

ijcantly affect rhc desired behavior. 
5.1 Propose an orgznizadonal c h a t r  which may 

achieve the desired bchaaior. 

Shukla i197-l) intehviewcd 25 people !&cult)-, stu- 

dents. staff3 in a univcwity department to assess the or- 
g~nizational climate. This climate analysis was intended to 
scrvc as a basis for: 1 )  changing policies in the department 
by the rop managtrnenr. 3) identifying teaching needs of 
thc faculty. and 3) changing orpnba~ona!ateibutesand 
practices. Same of th t  or~anitational attributes identified 
wcre dccen~alizcd decision making, imeqcrsonal rela- 
rionships, cohesiveness. re-& from teaching, £acrPlty 
work!o;rd d~tribution {research. teaching. and advising), 
flexibility in choice of courses for students. student and 

faculty perceptions of indepcndemr snsdy, deparrmcn~l 
goals. and admission reqaiuemcnts. 

Yacc 11 968) synchesized rate rcsuits of s+evcral climate 
andyscs relatsd to chc rncasuccmcnt of collleg cnwican- 
mcnts. I)imcnsioss of tlnc coilleg climate were scholarship 
;e.g.- intclllecmai ~ r i c ~ ~ m ~ i ~ s n  of stuldlenrs). awareness (eg., 
scif-e~~rcssianj, prackal ic~ *c.g.. vwriond student cul- 
uurc;. burraucracy leg.. faculty aff'dhdonj. and proprieq 
:c.g.. s m d  ccrsaf~rnrie~~. These dimensions and their at- 
mibures wcrc them rerlorcd to somc masure of &haGw. 
c+. K i  produc&vitv of scholars. research work. 

Fha: analysis ctf organizations encompasses a variety of 

&scIpiincr i2cHubag ydricjcal scicncc. social psychdog. 
swiology. public administration. micro-economics. hsi- 
n c s  and rnanagmene xicnce. and indu~miaZII endncming. 
The analytical bias derpenndr largely upon the fusrcrioa of 
the orpnizarioa. 

UqanHauioml Climate Analysis focuses on identifying 
the attribures whic11 \till enable a diagnosis of problems in 
the u?rgankatioraal enrioanrnent. and asscrssing quaIimtive 
factors with which to measarc improvement. The focus is 
largly on interpersonal factars and the oricn~ltion is 
sack?-psycholagicd. 

Pace. C. Roberc. "The Measurement of College Environ- 
ments.'' t n ik-amizatiowaH Climcrte: Exora t ians  of Q 

Concepr. edited by &mato Tagiuri and George K. 
Li;Fvinn. Boston. Mass-: Graduate School of Business 
Adm3Pnismadonn. Vh-ard University. P 968. 

Sells, S- 8. -'Ann Approach :o rhe Narure of Organkariod 
Climate.'' Inn Ckparkrttimd C h o r e :  Erplarutions of 
a Concept, edited by Renato Tagiuri and George H. 
Litwii. Bostom, Mass.: Graduate School of Business 
Administration, h v a r d  Uniuersiq, 1968. 

ShuUa. ~amesh. "Repora to the Graduate Task Force on 
Department C b t e  Analysis-" Department 06 In- 
dustrial Engineering University of Wisconsin, 1974. 

Tagiuri, Renaro. "The Concept of Olpizat iond CG- 
mate." Inn O ~ - m z k , z ~ i ~ m d  C h o t e :  Exxpbrarionc ofa 
Corrcepr, edited by Reaaato Ta9;ut-i and George H. 
Limh. Boston. hhs.: Graduate School of Bushes 
Abinist~ation, Ilmard Universip, 1968. 

T e u d .  Renato, and Linvin. Geagc H., e&. Organka- 
fiomd Cfimdte; .&rpbrdriol~ of a Concept. h s ~ o n ,  
~ ~ . :  Graduate SchooP of Business A h e a a t i o n ,  
Wmard University. 1968. 



Defining Objectives 

Function Expsion 
Objective Trees - 

Intent Structures 

DePming project objecsives is a u r k d  hpmxive  ofa ystenns a ~ 2 l b .  Obje&er are 

often unspecSed, ili-defied nomonnsensud, m40r t h e - v q h g .  T h e  techniques we~e 
selected whkh address these characteriscia. Two ~chanitpes focus on structan&ngobjectives 
In a hierarchy (Objecwe Trees and lanoens Structures)- A third tool h r i r e s  from systems 
cnghe~;I% and represents a hierarchid view ofsystem branhon (Function Expansion). All 
three assume that defining objectives b a neDzaHe task 



PREREQUISITE TOOLS 

None. 

"USAGE 

PURPOSE 

3" Fu;nra#critnrr hnerdrchy ijs an ordering ot bFltcna h r c -  
dons from I ~ C  mose specific co ~ h c  boadrst function seC 

k3pre 1; 
-8, The p a E  uf JI arojecr; is Y ~ ~ E U C '  jsndgment ahich 

saristit> omt- or more meeds. I r  nnw~we~ :he cfhcaivmcsb 
of achieving a bnnction. For  this ecro)l. a gwE is cypisaEPy to 

rninhnmab~ EOS~S. nnn.mimizt prob%s. or reduce oucrtirnr. 

Function expansion idea&es thefirncrbn of aqsrenr 

and relazes it to a$&txrion Aier~rchy. SHORT DESCKIPTIOS 

USES 

Function expansion can be used EO: 
1 ) Gecerate a hierarchy of duncziolns. 

2) Sekcz a necessary fvnczion in rhe hierarchy fcr 
which a sysrean is to be deGperl 

3) Communicase and 5acdirasc undersranding of rhe 
system's fUmtion in a hierarchy of systems. 

4) Geate cohesiveness among goup members in mov- 
irng roward a common functicm and rehsed project goals. 

5) Provide input to other tooh. e.g. IDEALS Strategy 
(IDL, p a g  231). 

KEY DEFINITIONS 

t )  Thefi?zc:ion Is rhe primary concern oi a system. 
e.g.. the mission oga project. 

7) A -ystetn is a collrction of coxmponenrs which inrer- 
act to achlcvea common funcricdn. 

A fmncriom crpamsion i s  o Iisr 06 trunsirive action verbs 

whkh describe rhe functionr of systems. A functiun 
csganmsiran esciudss Eerm5 such as &'make ,I prafi:'' or 
--minimize casos.'" $PEES P ~ S C  are goats or dedrsd zncasures 

o f  cfifecei~*enness for achkr+nga fuannction, The hnction of a 
system describes whar JI sybaern shout$ achieve; the systsnnr 
outpudcscribes %vhat gocm the achirvenmene ukes. 

A jrmcrior~ hierdrchy ih  isreared horn rhc fenceion ex- 

pansion lise. It corresponds to an expandiag perspecrive oola 
she &fin-:d scope of a system-each qstcrn is part of e 
larger sysrema, and so on ixr figure 1). 

ADVANTAGES 

1 )  Efhr:s so identify pprobPenans with the existing ayb- 

tern usuall! make people defensive and uncoapcrative. By 
concentrating can the tinnrcrions of the hystem k ing  
analyzed or d-siped. all may be effcrrivdp in- 
volved. 



I-IGUK13 ? 
1 ru t<  a i w r  Ilicrrrch y ftrr Ernpiugarullt Sysrcm 

1 7. Have jobs and wrriccs csrricd our 

8. Gcr jobs dca~xe 

0. Provide wnliccs 

10. Krep ccunomy f u nccimoninp 

J 1. I'rorlw~r. gccer;ll wcIi".irc 

7) Attclari~n IO L11~tiuna. r,ithrr a331n $~a ]s .  $acdinurb 

sItcrn.rrivc ides scncrasiun Sscauwr a s ~ ~ l  (as de%;ned 
~i7twr.j i ~ n p f c ~  An evaluation crirrria. Evalansrion must be 
dckrrc*J W~ICII gcrrcraring ideas .:see Brii-aiostoratni~lg. IBSG, 

KEQUI RETI RESOUKCES 

Fanncsionn c?rp;rnsion ~ C T E L P P ~  cxercisrs rcqroirc skill in 
Icddersbip drnd cspcrier~cr in gruplp prucrsacs. Someone 
r n w t  5c a h k  ;a dirrc: and ~hanncll chc d%cusions. avoid- 
ing zirnc-consuarring digehsions abm: prQ-rblcrnsand prob 

TIME REQUIRED 
" - 
I 11s sinarc rcqtnircd depends .span: 

1 ; Tllc iornplr.xit~ of shc 2)-ssem runn4t.r >cerdy. 
2 Prcviuus Lno\vlcdgc of ibc s y ~ ~ c m  a rimilir rys- 

I E c I n B .  

I cCumplcringa riuncrion n p a n d o n  ~ypically rcquireslsss 
rllan a dry. Pru rhc design ptaroccss. more rime alrsy bc re- 
yiiircd ech KCVBC. UBPI; im~ct ion  hlcudr~hy- 

A g o u p  hnacnltmnn expansion c~crcise is t'arc7itdrrJ by 
tr*iag .t b1~cLboard or $lip chdrr: and marking pens. Splcr 
for poating t?ip CBPJITU pages ifor easy vic~vinp is d~'sir~i31:. 

pdsc 3 ) .  
3 )  r:rc.arivlr?. in d~vcluping soluzioas 33 cncuur~gcd by DESCRIPTlON OF TOOL 

hiowins d!1 rhe  Ir.vc.1; in  drz hicr;ir-~hy of c-inctiut~a. The 
clcci,ior~ 111;tbc-r can f;)cus 011 S ~ B T ~ I I ~  funczion r a ~ h c ' ~  durn SUPPLEXIESFAI. UEFISlflONS 

1 1 l , ic~~tif~ing the redl tinscions of2 syssrlli m u y  bc nno 
easicr rhan iJ~*llri$j-ing prullclns. It reyuircs insight mad 
kii<>,vlcdg~ about the sysrenl. - 

2)  ~ysrc:ns Arc oiren so~nposcd of many snbsyssems. 

rach wit11 .a variety of functions. Irlcn~i4;.ins all of rhem 
idn bc taxilag- <IrJzring thc guncrion expansion in a hicr- 
arnhy gives srructurc or priorities to thc functions. 'There 
xluy be noa~cr'ment on the t;nai ordc-r. 

3) MUSE J ~ ~ ! ~ S I S  rend tc c o n h e  goals mith 5unctiam. 
Specif?-ing 2 sysrc~ti's p a l  rather than Irs hnition does 
not rc..d.lv charactcrizc. rhe sj-stun's primary concern. 

1 ': A rqad~rir? is the nmosr frrycnendy rrccordng ;or rhe 
tnrast hnpor~antj  condition oi-ve~;ul cki;macte&dcs. 

1j chtpurs are the desircdilwd the undesired results of 
rhr trasfoann~atioan process of a svstenm. TRc desired r c s ~ l t s  
cnablc the syszern m achieve i t s  hunction. 

Drvc~oping a functicin expansion for a system1 requires: 

I )  Famihir): u-irh sj-seem or sourcle of expressed 
need. 

2.) Experuke in leadig goup processes. 
3) Participation of people in the system. uwrs of the 

system results, experts. and derision mkms. 



TOOL OLTPLT 

A f u u ~ t i o ~  cs~a11sion P T O ~ W C C S  a list of ail possib!~ 
functions of rhe systern. arranged in a hicrarchy. This hicr- 
archy can bc uscd AS an inpus to the &sign of 5:;sacrns 

using orbcr rncrbads such as tile !lPEAtS Scratcgy , i i ~ .  
pagc 733;. 

Thc hierarchy provides a grc;lrrr und~rstilndin~ of thr 
system under study a:ld irs relasion ro hrsc:cr !,yscumns. ~i - .  
which rbc sysrcrn may bca coinponttlr. 

IMPORTANT ASSUMPTIONS 

I f A system is design;rtedas such E C C ~ ~ U S C  ix has7 futlllc- 
rion or fgncrions. 

2 )  Every S Y S Z C ~  i s  part af a Lrscr system. 
3) Every system may bc divided inro smbaysrcms or 

co~apot~cnzs. 
4 j  A hierarchy of functions coarcspondr to the him- 

archy of sysrerns (and ~ubsystemsj. 
The Systcrn Definirion Mntris ;SUM. pagc 667) dis- 

cusses thew assumptions. 

METHOD OF USE 

GENERAL PKOCEDURE 

1. Generate function Statements by considering desirable 
outputs. 
1.1 lnvolvc concerned people in generaring funsrion 

statements using $or example. a Nominal G r o q  
Technique ',NGT, p r g  14). The group should Bat 
:~eterogerrleons. involving clients. workers. deci 
sion makers, a ~ d  managers- 

!.? Define a funcdon sratclnens in thc forin oia rrrn- 
sit ive action verb and an objccr. This allorvs 
members of the projcct g o u p  so readily vi>ualizc 3 
sysrem's action. Typical 5uinncrioas arc: 

Suppiy services 
Donate manpower 
Dissribure health supplies 

i.3 Avoid verbs which h p i y  the movement of the pre- 
sent condition roward a more deskablc srare. 
These are mote often end goals or objecrives. 
rather shaa the purpose or primary concern. Some 
constructions to avoid arc: 

Increase profits Optimize materid usage 
Decrease expenses Avoid waste 
Make money Increase machitne 
Improve produczivizy nrilization 

h fucacricm xrarsnlrrlt i:. thC a~cn cjr rcsrrlt -.:~JF .1 

~ Y S E C ' D ~  JLC~ICVC~. t~ C X P C ~ ~ C J  E C B J L C ~ I ~ V S .  with nrr 

rr'fcr~rcr;~ PO how ,who. whcrc. ~ ~ I I S I L .  ctc.' o r  ~ V W  

wcli qer.tniisics. q ~ l a r i r . s .  r I t r  >ysFrerz rq?cr.urr. 81: 

is cxpcc red to o p s r ~  re" .,Jc)I'~nrclr~. I ')175' . 
1.4 Avoid tying multiple itansrioas rupthru with 

words hikc *'and" or *-in order EO." 

1, Seiuct the 151iur specific prinrary L;~rrcriun of tit'. syh- 

tc'II1. 

1.1 Sclrct dnc initial sgscit;c it~nctitm frtrrn :hc 1Ebt r d '  

possibk hancrions by uaiexg .I cor~rparisun rss:. Ad, 
a question likc. "Is the h n c t b n  ai thr systelar t d  

.:f;nrlcticuun l i in oodsr to ;a'unceiun 3;  vr vict--- 
- .. v c i a  Fur C X ~ E I I ~ ~ C .  is t h ~  f;:tction the systcnt 

to *.iraiptc Gelds" in order to --rcplarc warvr 
flow." or i:. rhc liweztdun to "rcp!atc water ilcrw" 

nn order ro "imiguc fields"? Clrrrty "rc;wlate 
v-utcr flow" i.; a function of thc n~orc n.wrurvlv 
dcfimcd system. Simzilarly. ru "irrigate tiuIds" i* ;: 
mure specific functitra of a systcrrr to "gnrv 
crops." 

1.2 XVrite the sclrc::.d funrrion at the top of rr large 
sheet of paper or flip  char^. 

3. Expand the function into a hierarchy. 
3.1 Ask the group. "What is rire most in~mcdiats or 

- - 

&rrct Fmction of this ide:nrit;'itc.d ftmrrriurr?" For 

esamplc. obc hncrion of the systuan to -'rcguP;lrc 
water'" is to "irrigate tielcis.'' Ask rkr urns ymrs- 
uion for irrigating ficl&. 

3.3 Repcar srep 3.1 until nern-Iy idenrificd functions 
are bcyvud rhr. scope of audy. The functions arc 
thus arranged in a hieiauchy. This process will 
srinunula~c ihe crcarivirp of the group ;tab identify 
fine-sions that were not on the original Isu. 

4. Select the function level on which planningand design 
should conccnmtr- 
The recommnded solution or system rt.suldng frorn 
such cffores should achieve at least this function. 

krecauoions 
i 3 Ejo nor conrusc a goal or end result wit% at function. 

"%Ialie a profir" or "decrease poverty" are goah. nor func- 
tions. 

2) D o  not branch away f r ~ m  the main iuncrion in an 
artempr to include all possible sub-functions. The f ~ n c -  
tion expansion will become roo unwieldy. Thc concept of 
reguhrity hdgs avoid this gitfdl. If the funcdon expan- 
sion is not focussed on the most repIat, dominant func- 
tion in the sy stern, then the expansion may go off on tan- 
gential; less imporrant funct io~~-  



Frrr crtrmplc. t h c  funccinn expznsion h a l i b r a r y  may The morz specific iuncrinn was idcntificd as-'to FO- 
dcvdop ns shown in figure 2. Thc funcrions arc arrangd vidc list ojjob oppottuni:ics."TRe funcrion hirnrchp was 

frtrrn thc r n r l s t  gc:cncr;rl t t r  thc most sgccific funct:~ns.  then dcvcSupcd using soaaur of ;he ofher funcrians <XC 

t&rc I I. 
Fi(;URE 2 

This exampic is  coaneinoed in lDEALS st rate^): (IDL, 
t:orccascing thc 1:unction lspansiorr on rbe 

page 2231). 
hbst  Kcgularly Occurring Co~~ccrn 

3,  i)o nor mahc hig ]caps in the funcrion hierarchy. 
'I'l~r lluyic~i tfuw from sprciGs ro ~nose gcncral functions 
niusr hc rnairltuinctl. i t  is 5crtcr ro be redundant, e-g.. rc- 
phr.hsi~lg .a f lni t iun wirh siigIatly diffcrenr words. sban zo 
risk being incornpicrc. 

EXAMPLE 

A furlction uxpansion was to he developed for an em- 
ploymcnt arrrjcr sysrrm. Ehe initial step in the d c s i ~ n  of 
thc S ~ S ~ C J I I .  The lunctions gncrarsd in she tbst orcp arc 
lisrlrd in figure 3. Salx~c were ideariiicd as goals rather than 
it2nctjo11sat1d wcrr. nor considered furrher. 

FIGURE 3 
Fullction Expansion f i s t  for Employment Service 

THEORY 

Function clpansion is based on the fun&merrrrrlchar- 
artcrisric of a syrtcrn: trs function CNadPer. 1967). A sys- 

rcm b a cu!Pccdon of elements and dimensions which 
intcracs ro achicvc a c o m m o n  function { x e  Sysrern Defiai- 
don Matrix. SDM. pap 67). 

Starting rvith the basic prcrnisc thar a sysrern is dcsig- 
narcd as sxch bscarcse it achicvrrs an identifiable function. 
furlctiorrs can bc identified for a hierarch? of systera~r. The 
princjplc of>ysscrn hierarchv has s\vo parts: 

1) 2 c t  pcuple and jobs mgcther 
2)  Find enrp!oyrneni for peopk 

G;tt + 31 Reduce dnen~pIoyrnr~~r 
4) Dcrr-rnhr available jobs 
5) Dcc.rmmme client job skills 

Goal 6) Increase cmplaymens I 7: 4id jobseekers 
8j F 9  vacancies in compmics and govem- 

mtnt 
93 Comm-mkatc job opporrunities to un- 

cmploycd people 
30) .%:cb job specifications with applicant 

qualifications 
11) Provide ssasktics a b u t  zlnem$oymene 

G o d  + 12) Act as a "themo~~etcr" for job needs 
ro advise funue careers to rmdenu; 

1 :! Evcty sysecrn i s  part of a Iarpr system. 
1': E V C T ~  sysrcan can k divided into subsvsrcms or 

connponcncs. 

Sincc each sysrcrna in a l ~ i c n r c b ~  of systems has a function. 
she hicr;lrchy oi fu ncciuns corresponds to the hierarchy of 
sysrcms. TBlc function hierarchy begins with rhc mosr 
specific primary function and uxtencb to the ultimate. 
more gcnra;rl function of F ~ C  Bar,~sc system af interest 
[region. ssac+. nation. world. etc,). 

Many of &sac idcas abour systems and systems deu:rip 
tions draw upon uhe body of knowledge idenrified as 
Gcnnal SysrcmsThcory. 

Thc effectiveness of the g o u p  exercise has been sup- 
ported by empiricaf rsscaach ~ E F O  design strategies [3!utr. 
1974j. 

Johnston. James. --Ohss Notes for I E B 26:' Dept- of In- 
dustrial Engineering. University of Wisconsin- 
Madison. 1975. 

Nadlea. Geratd. tr'orh D~sipz .  Hornewood. Ill-: R.D. Iruia. 
1970. 

Nader. Gerald. i.t'ork System Des&~r.- The 1DEill.S Con- 
cept. Homewood. 111.: R.D. Im$n, 1967. 

Nutt. P.C. "Design Meahods Research: An Experimental 
Comparison of the Efkctiveness of PIanning fie 
cedures." Ph.D. Dissertation. Depr. of I n d d  
Engineering, Wrivemity of iLrkomb-&&on, May 
1974- 



PREREQUISITE TOOLS 

Objective Trees 

USAGE 

PURPOSE 

The object:vc s e e  technique helps ro defmt. prajcct 

objectives and prL .*ides a way to order them UI a hierarchi- 
cal smucmre. 

USES 

An objective tree is used ro: 

1) Provide a piding rationale for systems design and 
evaluaticn. 
2j Indicare how rhc at~ainmcnt of sub+&jscrives corr- 

tributes 10 the acconip2ishmenr of higher level objscrivcs. 
3) Show how objccsives for a projerr are intcmciarcd. 
4) Identify criteria for evalilating alrernative means. 
5 j Help assess rhe level of impact or scopc of a projccz. 

6 )  Provide rlecessaq inpua to odrer tccbniyues. such 
as Loskal Framework (LGF. p a g  1601 and Plalming. Pro- 
gramming, and Budgeting (PPB. page 236). 

1) An abjecri~ye is a specific stamnnen: of purpose cs- 
pressing a desired end. The usud form is: 

2; A rree gr~pir  i s  a see ol; lirn keb r lal~~cnrs ~ I D C ~ C  unIg 

oar. link esists bccwL-n any two iactors (x'r Tree l l i r -  

gram. TKD. pag  711. Thc ~lsnmcncs in an ob&r .- tn-v - t:cr 

arc rrhr obj,jsctivr soatrnlcales or pbrascs see GPre i ;. 
3, .tlc.~ln-c.>wls m~!vsis is tlac idsnuitication uf akcr~ia-  

tivc actions to achisvs splrcificd a d s .  

SHORT DESCKIPTLOX 

Cbjcitivc trees bc consrrersssd ru aid project dc- 
sign and cval~aoioc. objecuivc rrec C U ~ S ~ C S  of ~ T O ~ C E E  

ilbjcctivr.s EnLrd I-uicmrchically in a Free xrdF?k: objrrrives 
a e  a lower IcveI conrribute to zhe ;rrt;U~a~ncn~ of an ubjei- 
rive a1 a hi11r.r Pcvrl :wc iiLmre 1;. TPPC ubjr.crirrs which 
arc n~casurcd so indicate the success 06 a projrcr arc C'W- 

d1y found at rhc IOWCSU le\-t"l. 

Objccsivr. olecs are one of rhr many forms of ace dia- 
gatas .;TRD. page 74;: and ~ r s  chosoly related to nrems- 
erz& ytulySii. 

I j The objecrivc rrce allo~-s a rigu:urows dcvc8opnncnt ot 
rtspbcici: and compml~cnsivz objrrrivcs. TPli helps the de- 
sign or hpiemzntaeion o i  a projv.;r ru acinieve d:r desired 
ends. 



50 / I)EF1NINC OfiJECTIV WES 

FIGURE 1 

An Exarnplc of a Partial Objccrive Trec Ucvcloyed for a Hydra-Eicctric Project 

2 )  Sincc the objcccivcs arc nude cspEcix. r!~c diagram TIME REQUIRED 
is usciul tu rurnlnunisarc rile rclasionship bunvrlen objcc- rcqUi;rL.d degenA on -+it? and un- 
rivcs to other dcckion nlakers and intercsrcd goups. ctxeainr?; of thc objccrives and the Ievd of detail desired 

3) Objrc~hr mccs may incorporars bod3 quaratitativc for tilc objccriwc race. A tree may lx consrmceedwithin a 
;wid objcctivcs. Quditarivc obj3jt.czives may bc few tnc~rnrs or urea sercra! days, dcpcnding on the scope of 
cxprc.ssrd at a lowcr Icvcl of the IJerarshv. tile project and r"n eladcy of objectives. 

4) The process of developing tire tree o i ~ n  indicates 
interlinking or rclreud objccsivrs which mighs not ethcr- 
wisc bc cotlsidercd. SPECIAL REQUIREhlEhTS 

Indei cards ,;or any small uniform bEamk card) axe US- 
ful for laying out objectives in a bier~ctn~.  

1 f No single objective ace k Maid for a particular proj- 
ect. Each pcrson d coasaucc an objecrive ace in a m e r -  
cnt rnmner. Thcre is inhcrcnt unccrzahty and ambi$piq- DESCRIPTION OF TOOL 

in specifying objectives. SC?PPLE~~EWTAL DEFINIT~ONS 
3)  The stated a d  rhe actual objectives of personnei inn 

an  urgan eation d i ~ -  Ggnif cL+.n dy - Dcter~ning The foUowhgdeiini~op1s =e 8usrrare.d in figwe 2: 

actual objectives is a difficult {if not impossible) :ask. 1) A qz~~?zdt~f~iwe objecrke represennm a quan&fibly 
3) There may be confusion over means vs. ends. An 0b- verifiable end or resdr. 

jectivr tree structures the scatemlent of gods {or endsj by 91 A biirsy+vmo 0bjeccir.e either clearly occurs or 

identifying sub-objecthe (means) to their attainment. does not occur. 
3) Qurfiit~rive abjecn'pes are judged subjectively to 

determine if-rhey ha%-e been accomplished. 
REQUIRED RESOURCES 4) A detm~inktic memremer,t of an objective is 

where the realization oh t5e objective is unequivocally 
SKILL LEVEL derermhed from numerical data. 

Strong interpersonal skills arr: usehl ~o successfully ob- 5) A probdbilistir measurement of an objective occurs 

tab  thc appropriate infomarion for conssructing an ob- when the atzahrnenr oE h e  objecdwe ma): not be deter- 
jcctive tree. The abiIity so logically decompose objectives rnined vri& certainn~, cs., because d vahiab6ry of the 
is necessary. data. 



6 )  A L?cicul nJe*larrcmcrz: Bctcrmbcs whcthcr a bi- 
nary-cvcnt objcctivc hasor has not occursrd. 

7, An ~xiobgira3 mr+rlsurcmcar involves vaivr jndg 
~ C J I S ,  where zlac data nccussary to dctcrwinn- accon~piisin- 
mcnr of dn obj?jsctive arc gazl~crcd subjcitivc anrthods. 
e.g., interviews !.lVW. pagc 23; or ulrvcys (SVY. p a p  36:.  

REQUIRE13 INPUTS 

Oac s ~ c p  in dcsigningan objective ace  invoivcr clasd'y- 
ing the types of objccrivcs. Warficjd and Mi13 (197", ;cbsJ- 

fy objectives according ro whczkcs thev arc ylcr3arritrrritr. 

biwryevent, or quditrlrir7c.. as wcll as by she mcsfulsd used 
ca measure thc asrahmcns of rhc objcctivcs. Tjnesr classifi- 
cations arc shown with cswp1es  in f;$urc 2. 

A yuandzativc objccrlvc may br mrasusrd cithcr by 
dcserminEtk or proobabi3lrcic methods. A dctcr~ninnrsk- 
nlcasuxcmcnt is made when definite rrrrialtnent uf ;in ob- 
jective is dcremined horn numcrisd &zr. 

A probsbist'us mcasurcmc~lrt is made when rise col- 
lccred data arc insllffxicnt ro dctcrminc with ccsuinry 
shat an objccrive has been armbsd. This is  the caw wlnm 
dara are collected on only a sample of d ~ e  target popuh- 
sion jsce Survcys, SVY. page 336;. 

A binary<venr objecsivc clearly occurs or  does nor 
occur. Log,ical rncdsinremcnr 3s urcd as a basis ior dsrcr- 
mining whether a binary-evzn~ objective h u  occumcd. 

Quagrazivc objectivrs arc thost: judged subjechivr.lv ro 
decide if s i l t y  have bccn atra3ne.d. Axidogical measure- 
rncnr. Gr measorcmsnt which is judptnrd pct more or 
less evidem, may be ~ccornplished through inssrric\v,vs 
jiVii7. page 33; or sumcys (SVY. p a s  36 ). 

TOOL OUTPUT 

The ourpnt will be an objecrive tree which idcn&ss 
and links objecrives (see Gpre I). Tilk is essential for 
other tools. e.g., intent Structure {INS. page 35) and P b -  
nhg, Psogramrning, and Budgering (PPB. page 735j. 

1MPOKTANT ASSUMPTIONS 

The major assumption undcrlyi~g the ~bjectbc wee k 
the hierarchical relation beween objectives. The objec- 
rives sbr a p r ~ j e c ~  may be uncertain or ambious  because 
they have not been ardcubtsd by rhe inrrrrssed pxrics. 
and because pals arc not constant over b e .  The objec- 
zive bee technique assumes that the objectives higher in 
the tsee are less variabk over time, and ~har they are shared 
by ahrger number of interest goups (Granger. 19533. 

The assumprion thar yua9ita:bs objeceives can be sub- 
divided into yuandfibk su&objrctives 3s hphcci: in the 

FK;URE? 
Eramplcs of Qmanoitatwu. Binary-Event ar~d Qua1ir;rrir;r. 

Objccciiver (:lassificd by hlttisds ot Mcasururcmr.~~t 

UrrcrmSirr~ Heasurcnocnr 
1. To ac!.rkvc annruai d c s  r > i X  #c&z 3 15k).rWu?.sh00 
2. To build f 50 low-kucurnr ?lauws 

3. To doiV 300 rrrrits cuiohc prt>du;r 
4. To lacrt-ag ri'ic sr.t:ovI's rcasl;t.r.sn~.dctt~ T+CEuB Err 40 

p:r l U00 
5. i'c* u h o ~ ~ i m  chrr i rablc  canrrib~r:irrcnz C X L ~ V ~ ~ G > K  

5 11 Jd~.ll];rltu;l. 

Psubabdkair ~1camrmmcaa 
l. To '~ucihirvc .uTV r irrwtq erlf JL leas  10 mT1Qrvn 
2. Ha prtsdur~c rhr product airh nrr nuore r k s n  I".,. ullc 

ic,iir"c 
3. Tu pcus~rde AT krls: Yul'ul'L ~i ~ J I T  driw~r> PO W C J ~  X . J ~  

bensr 
4. Tu :cdw;c the crime rat Err, 5W;. 
5. Ta9 6rarrraw. Eife '\pcst*Qi> $I> DO ?car>. 

Amslugacd Mrasu~<.-nrme 

I. To inpric\r rhe appr'arazaer-cpt the p~oducr 
3. To proride a p:c~*mr rad cumforcablr: ridc i-rr pas- 

SOTE: Reprinted from "3 Uatq%z.! Sysa-mr 5h~gfizeri~g C ~ ~ ? T ~ F F E  
by ~ h n  Y. \2'~akld and J. Do'* Hit! b? pmmkiua of%arteUlr 
Mrmoli+? Insrimre. CoF)-TiRc ;c. 1972 by cbc Barrc:Er YrmoruI 
Iwritute. 

eccinnique. Prs vdidiay dews not i~iiect hale rinse of she objec- 

tive tree ro espkidy r2vca.i and en&. whether rhrp 
are measurabk Q- nor. 

METHOD OF USE 

GENEKAL PROCEDURE 

WBlen begkznbg zbe carrsaucri~n of an objective tree. 
one sinouEd mot strive for pmiTrcrion. inni&My. getting 
scarred is h3lportant. for &e htrmction between &kc- 
~ v c s  cannor become apparenr cncd an initial framework 
or tree has been consmcted. -4s $ne n-er rvo9vrs. oar 



bcginr, r" ~tnj.idcr nrtjrc carefully rnd rt-fine tAc EKc. 5.2 If zhc ercc appcan cornple:~. go io s:cp 6. Other- 

I h c d  urr the work of Warficld and Hill 11 972j. rht: foilow- V ~ X .  : ~ ~ a t n  uo szep 4. 

1. (;errcratc a1.r ini~hl !is2 of ~ h j c c ~ i v c ~ .  
3 . 3  I)<-finc tllc P T O ~ ~ C P I I  xca. 

1.2 l dc l l t ~ f~  rhc puoplc whu wifl bc ir~volvcd in de~ign- 
ing or dircctinl; the project. 

1.3 Elicit rlrcir prujtst-selrscd objcczivcs. 
1.4 ldcr~ r i f y  q n ~ ~ ~ y  prujcrr objcctires a p~sJblc .  

wirlruat rttv~nprir~g tu ssrusznrc thc objecrivcs. 

2. 1drl1 ti$ a11 uvrrdl ul>jcctivc. 
2.1 Idcri;iiy 3 3 1  ovcrill t~bjcctivu [or rhc prujcs~. to 

w11ich r31 orlrsr ubjcctivcs rvdl rclarr. This objec- 
tivc will rcflucz. :r v d l w  j ~ d g ~ ~ c n s ,  2nd ir  wi13 nccd 
1liologica3 nao~surcmc~~t.  Exampics of such abjcc- 
rives drc: "so naucz tllc rxrcds af rile counmunier+' 

o r  ..to d c j l i c ~ ~  cqu9izy in 31uusing2Pcncf rs." 
3.3 This rjbjtrcrivc is lwx.isionr.d dr ells first level af  the 

trcc. i.c.. as rf~e ~ c r p  uirllc rrcc. All oeltrr ~ b j c c t i ~ c s  
will be pusisiunud bcluw ir. 

3. Extend t l~r ucc otic kvel down. 
3.1 Sc3r.c~ objcstivcs for rhc nexs lcvel down from rinc 

list pmerdrcd in atcp 1. or gcncrrtd addisiomd ob- 
jcsr~vt.> by d3ting " ~ l ? s c  are the m$.obj:srivcs 
nccrsar) to rscon~pEdl rilrsc objecsivcs?" Tlnh 3s 
tl ls  b n ~ ? . c h ; n ~  ruL fur rhk r)ps of trer diagram 
(scc Tree L>Lgan~s. TRU. p*c 74;. 

3.1 13raw line5 on the trrt to cscor~~~rst ihcsc iowcr !eve? 
ubjccrivcs ro rhe uJD3ct:ivc. &cy help achieve. 

4. Extend rhr mCc to ~ I I C  next Iowtst k w d -  
4.1 Clrousc one of rhe objectives ikrcd ar ~txs currenu 

Iawcsr Icvrl of' rhc tree. Idendfy rchr sub- 
objccrivt.:~] which bclp ro acl~icvr. ir. 

4.1 Keprrt step 3 for all otl~ir  objectives at the kvr.1 
,nost rr'ccndY coastrucrsd. Anoober level of objec- 
tives rssulrs when all rllr objcctjvss in this kvcl arc 

Jcdc wirh. 

5. Review rhc tree. 
5.1 Rcvirw he rrw E I J ~ S T ; U C T S ~  50 far. It mly be 

found that: 

a! Some objectives are missing: 
b] An inrcmzdiarc Icvsl of objectives nnay be 

added: 
c; It is possibk to csrend the srec uprvahds Erom 

the +st ;top j Ir?vd:or 
d; An oajcctmc at a kvel b seen PO achieve moxe 

&an one objeczivs ar some higher level. In this 
cae.  redeikition of she objectives is mrcessr)r- 

6. ChccL thu measuraMity of lower Icvel objecrivcr. 
6.1 T ~ k c  an objccrivr aE rbe iowh-ssr !eve! of ehc objcc- 

rive ;rec. Ask rbs qucseion: Is this objcceiw mca- 

L U ~ ~ ~ I C Z  This L uhe ~ropping mCc for EIEZ tree dia 
Thc mcasurab3i~y o f  an objecdvc dcpcnds 

OII two pruccsxs: 

a) The scEection 0;4 rn~casurc or unit by u*EnicB the 
at:ainmcne of objcczive~~ udl bc PC.SSSC~. (TKi 
rncrsanrc lor unit s!ko~"r d objccrively ucrifr- 
able .> 

b; Thc dlrrign of a mrr'asurcment srfaic and d a e ~  
conrcrian gaucc%. 10 aid in determining zhc &- 
g c c  eo ~ , h i ~ &  arra abjccrive ma!: be reached \we 

Ik~tin~Scrlcs. MTS. page 239,. 

-2 <;enr.wlly chc objccrivcs ;ut F ~ C  IUWSSC Bevel d1 fbe 
qumJtr;i;c or biinal?;i-~~nt. Qumcieariue abjcc- 
rives gemeramy have a nnuanerical ehachhold to bdi- 
a c t '  wlnae pcrliormaacc is acceparblr.. 

6.3 I f  she lowest levdB ubjectiw 2. nor rnnnrascrable. 
thncn cstend obc objec:ive dmvn one more kvel. 
id.. rceurn FO step 4- 

6.4 Mepeas ssep 5 for rack of the Iowcst level objec- 
tib"r.s. 

The govcrnmepmr of Temassk was consicbring the con- 
stnusrion 05 a Barge hydrotlecraic power prakc~ for Mek 
River V$lcp. The dam would form a !are  rcnswoir with 
uses oshcr cham hihg tine power phnr  mrbinus. In order 
r(4 undsrsrand the alaernnad\** objectives of such a large- 

surlc project. the Mk&trr og Pianniag asked his staff to 
develop an objcccir=-- tree. 

*rc~ives Generating Initid List of Obi 
The s-Cf iidcnoified rhe problem: prowide energy for 

ehe gowth of rhc region and counery. They assembled a 
group of industrial leaders, mcrcbants, farmers. and 
Plbcrre-ers from rhe region. The Nominal Gror?p Technique 
;XGT. page 14: was used rts i & n d p  list crf objectives: 
protide energy. permit Wiaeion, promote navigation, 
conurol floodbg. and promote  he weifare of the region. 

Identifj-iq an O v d  Objective 
"P'hc goup discussod h e  L o  and selected the Pasf item as 

she overall objecrive. Tbk was ehr mp of PPne Dee. Pro- 
moting rEte region's welfare requires a value judgment 
since iz is not Jircrlp measurable. Yet rhe group shared 
the view that &is was a wor&w& god. 





Extending thc Trec 
to Luwcr 1.cvc.l~ 

Y hc r c n i i l  n i  ng obj~ctivc~ were positioned in 211c 

~ ~ r . i ~ l c l ~ c ~  01 an ~)bjc~t ivc  STCC 'SCC fi~ptc 8 , .  T~ICII addi- 
titrnrl objc~zivcs wcrc idc~rt~fjcd. ir~cludingai~igilcr objcc- 
r ivr:  prorrarxc n.itiunrl wclfarc {we fiprt 3,. This ac- 
krruwlcd?!; c.i shar >awing Iivcs. iacrcasiagemploymcapt. and 
13ruri2 .ling sr,tarn.rcrcc wive Iaighcr 03;4'cctivcs than those of 
I!:< rcgion. 

CJnc tc-clilllquc fur iacyisaring drc consarnctio~a af U ~ C  

rc5t ot tllc trcc is to list cdcil objtctive on a xparatc hnQc.?r 
cxci. Thc indcx cards may then be laid out on o table ro 
drtcrsr~irlc tjlcir hicrarcbic~? rciationships. Additional ob- 
jccrivcs drc i~xwrrcitl .is nc.cdc.8. 

a~echirrg the hfcaurability 
of Lowrsr Levd o b j c c t i v ~ ~  

Thc ubjcc~ivc lrcc rwrcisc was complcrtd by consider- 
ing tllc m c a s u r ~ b i i i ~ ~  uf each ccd of the branches. For 
cx.xn~plc., sunning irrigation pump3 and h-csrins fish can 

bc :acAurca qr?~n~itutivciy. However. the transformatioa 
of rhe flood plain is A qurrliracivc ubjcsdvc and muse h 
brokcn down furthcr in order so idrpasify qmantitativr. 
mcdsurrs !c.g, incrcase in d c ~ M c  crupping bronrglnr about 
by farmers who no longer risk flood damagj. 

Scvrr.il objzcrivcs achkvc rnurc tiram une Inigiaer level 

ubjrctivc :u.g.. p r ~ r i d i n ~  dcstrLity a d  regulating water 1. 

Thc strff drcid~d to ~ 3 1 0 ~  the intcrcoonection with 
brolrc~~ lines radlrr than redefining sbjcctivcs. dnaugih the 
lattcr may bc prcfcrrcd. Kcphring water for irrigation 
n 3 ~ y  bc ~t cross-puqmscs. and the objccrivc mec should re- 
veal this ta planners. 
This I~rrer  point dlustrases 3 3 0 ~  the objective pree 

mighr: bc uwd TO irliluencc dw scope of the projecr. "The 
Jrcision n2aIicrs  nus st decide aat which level in ahc wt of 

objccaivcz :!lc proJic~i will be addrcsss-d.Thi in pan deter- 
rnincs the brc~dzh OF of r tw prujec;. eg.. is ehr hydro- 
slccoric grojrct to address the krigrar's nccds as well as 
skc & m a d  lor cheap clcct;ic power? 
This cxmple is dcvc!opcd htrrther in lntcart Srmcsurcs 

,.iNS. page 55;. 

THEORY 

The szrucrmrr. of objcctivc rrrcs dcriVcs from the theory 
of graphs and acm-orb ,.warfield. 1973:. Thc idcntibka- 
rion and muasuremcnt of ~'61s aur Jnment of objtctit-cs is 
T Q O T C ' ~  in worrln assessment md value Acory. See. far 
csmmpilc. hNeuhi l l e  and Srafford < 147 1 ;. 

Inseracrion marrH diagrams illlrPD. page 92; may &ow 
shc ocltasioansbips among rhc muntipns objecrives. The 
ccsrr+spondcncc krenrcen a matrix rcprescnwtian and a 
;rcc diagram makcs thc joint MW of thc E C C ~ R ~ ~ U & S  a logical 
cxecnsiom of objc.cske urces. 

hNcuh2Br.. R.. and Srafford. J .H. Sysrenrs -4~rdysi.cfrrr 
~ ~ ~ ~ K F E . T S  dnd .%f,xu;lge". i\Ecw York: ~cGraw-nil!. 
197'1. 

Granger, e'. H. '*The Hioauchy of Objectives." Hun-uird 
Review ~fB~rsirreu:  "May-June 1964,. 

!-Vanfield. John S. -'I mtcn t Smnctuacs:' IEEE Tra~swrions 
OM S3rrems. i..afan. and Cybeenzerics SYC-3 (March 
1973 4: 13340, 

tliadield. John N-. and Hifl. 4. Douglas. -4 lizifiedSy: *terns 

E ngipree ri,zg Concep~. CoIumbus. Ohio: Baerefle 
Memorial Institute, 19 73. 



Intent Structures 
PREREQUISITE TOOLS 

Objective Trees (OBT. page 49;. 

2; h logic elcrncnar is a symbol indicating ihc natucc 
of she rrnarilannship be:weenn two ou mom objccrtver .IE 

adjacent levels in a hierarch?. 

USAGE SHORT I3ESCKIPTION 

PURPOSE 

An intent smcmllre defines objectiaws, identifies she 
umzers associatc.1 wish each ohjeczke. and describes she 
logical relationships among the objecsivrs. 

USES 

An intent saucmre is used in the same manner as am 
objecrive rrce jsec OBT, page 49). in addition. an inre~nc 
sxructurc : 

1) Disdnguhhes objectives hdd by various hseresr 
goups. 

2) Reveals gossibk conflicts among sub-objesfives. 
3) Defines alternative objectives hi a fogicany con- 

sisrent framework. 

Objccaivrrs for ~rrriour inocrest goups. or owners. are 

defined anad amangd hierarchically so that an)- objrcrivr: 
is achieved only if the specified subobjrctivus arc 
rca8ied ;see figure P. The owunerlsj of each objecrive i\ 
identified on the diagram. 

An intent structure may also show the rr?arionm arnong - 

objaj=c;ives ao different levels by connnecring logic- elr.. 
ntenrs ;see GFre 2). These specify thaec 
connrcdounsn whether all. army. or only one of oh- 
subbjecdves must be achieved in order to attain the 
higher level objective. - 

An erbjecrive tree is simpPy an innrent structure for 
uvhich all wb-objeceives must be realized. and in which 
ube c:5ma oi each objective is ROE designate& i~xf ie ld  
{1973j developed the incent strrzcmre ro comcca de8- 
ciencks in the simple objecrive tree approach. 

KEY DEFINITIONS 

1) An owner is one or more organizations or persons rnVrnTAGES 

who possess intent far, or have vesred inrerest in, a An incent structure defines the reladomhips between 
p~ojecr. For example, &e 3iiiaPbrry of Agiculrurc's objecrkes so &ao the andyst is encouraged to rLik  
prime objective is the increase of g o d  producdon: the about the various interesr goups. Comsequendy, the 
farmer has an interesr in Y i e :  farmgate prices. btenr sncmre may be employed to dd-y &mkkg. eo 



FIGURE 1 
Formar for inrent Structure 
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FIGURE 2 
Lo+ Elemenrs for Inre~tt Structures 

CDIVCS are necessary 



indcctrinate ncw personnel. and to ideasin). possiblc 
conflicts in objccrives. 

The logical elemenrs give the analyst she option of 
describing alternative and inzeraceing objectives. and a 
means to exmine :he consistency of rclatianships. 
As the project evolves. the intent smuccnrr: can be 

czsdy modified so incorporate new ddiresdons. 

LlMITATlONS 

There is no single intent s~uctusc which i s  valid for a 
particular project since people will consvrrcc an intenr 
structure differently. 

DESCRIPTION OF TOOL 

1; Thc .2SD bp"c elmerr: iintScs herb-objcztirr* 143 

objectives whcre 311 mb-objcsaivus must be ~chicvcd in 
maer so aarain ahs higher !cvcU objcc t iv~ ,~~!  1.e~ ~"iprr  3:. 

3: The OR bopic ckasiernt links trbjrcci~-L-+ rhr rs  the 

arx~inmcnt ai Any oac or a clonnbiinariua uT sarb 
. , ~ ~ c c ~ ~ v c s  d l  ,chic\-c thc highclr lmcI objc~riw~- ,set- 

f i g l rc  5:. 
3, The SOlP logrc demrctrt UiapLs rnarcurliy rxc lus i r~  

sub-objc~tivcs ta ~ h r .  highcr !ere.$ sbjcseivr*,~ . x c  k<;Pgmtc - * 
3 . Omc sub.~bj~jec~ivc done aofricws G ~ C  itkher b c !  
objeccicc. e'sruall? tlnc subobjccritrs YFC mutu~B9) csrlau- 
GVe only ii- rhcy arc inncompziblc. or I< they cornptc- O;bS 
rhe same I i iacd resourcca. 

REQUlRED RESOURCES 

LEVEL OF EFFORT REQUIRED INPCTS 

The primav task is to identify ~ ~ j ~ ~ ~ i v c s  and ~ h ,  ~tmCrurC uti~iScr inpug uf rvmdl 
associated ofi-3;crs. Re;p.rc=nrat3ves of concrrnrd inrrrcsr pcop],q direct+. c. iandirccdy assNiaaed wltk the 
goups should be iden*ed for PUTose- The to gnera;c the of objectives. Tbcsc PCQ)$L' and 

secondary task is to arrange the objeczivcs in an incenr orpn~artlonnarl rcprew-noar~rs mar). also bc invdved in 
smcture which reflec~ the inrcrrciadomhipc of g-ls- ,,;,,;ng ~ ~ k h ~ d  smucEure. in mcrdnf>i.ing ir 

lbereer aeRcct rhenr iinseneoes relarive to thc other owners. 

SKILL LEVEL 

In addison ro the inrerpersonal sB11s mesessaxy to 
elicir objectives from possibly disparate sources. the 
analyst must be aMe to !o@ca!!y SQTZ out the objectives 
and fd in tfie missing or unstated sub-objectives. There 
is no substitute Tor practice; however, sidi at construct- 
ixg skpk  objtcrive vees PBT,  pase 49,) and &uncxion 
expansions (FEX, page 15) Is nwcul. 

TiME REQUIRED 

If a group discussion teclhnifme, e.g.. Norninnan Group 
Technique (NGT, page 84; is used ro gberate objectives. 
about haif a day will be necessary. This does nor iincluds 
she h e  required to assemble the goup. Acmd cansrmc- 
tion of &tent ssucture shodd m t c  an additional m o  
ro four days, depending on the scope of rhe project and 

TOOL ObWUT 

The mar  genera% y y e  of intcnt swacaurc incoa- 
poiraces bath OWP;F and fqjc elements in a. hierarchical 
structure of objec:ives :see figure I;. T~TSC rndifica- 
uiitons are commady used: 

S j  The Owner-Free Lnncenn: Srmcrure is normally mcd 
%hem &e owner B the wme ~hroa~hoan: &e sarocrure. 
annakiog it mnneceswy to kt rhe owner wirh she - 

objectives. 
2) The Logic-Free Intent Smcewnrc (or Objective 

Graph) owim the logic elements from &e inrent nmc- 
turc. Deletiam of the logic may make ehe intent seauctenre 
less confinsing in some cases. and thus czsier te mad. 

33 The Objscrive Tree OBT. fagc 49j L a  bpsciaI h e I  
of 0 b j ~ t i - r  Gr;rph in ~-lukh rhe m c m r r  of she gapb i a 

atle &agam ;TMD. page 74*. 

the n m b r  oi owners inv~lved. 

lntenz sm~mres comecu some of the deficiencies 
SPECML REQWJJIREME~ which occur when trying to represent cfirnplex projecf 

The rne&*d consmc~on $ven in the f d o u % ~ ~  objectkes as a s h p k  objective tree (see OBT, barge 49). 
xc&m req*es 4 33" x 5") cards and tape. W a f d d  How*-. smmpdons must hold. ie., the objm- 
(1973) has devebped ctlmputer programs for rhe same +es are 6kernaNe and %he objedves have some e k ~ e c  

purpose. of c c ~ ~ s t a n q  wer  t h e -  The problem d consmnsus 





a; Mnrualir Exslusjvc f3bjcczivcs :XPcans: for Kcd3sinas Biriitrarc 

1 Government. Papubre of Region I 



dmnng thc  variou5 cnrisica aa5wiaz-d with che objeceivcr 3.2 Kc-cxamirrc ;"n owners rssocidted with each 
i+, t.xplicirly srcarcd by jdcn~ j fy in~  owncrs. assuming chat objccrivu in light of rhe logicab links bcw-ecn 
flit currcct owncr:, can bc found. sub-abjciccdvcs. 

3.3 If necessary. redraw rhc d h p m  for dis:riburion 
to othcrs t c.g-:-. rcprcsmrvtivcs of "ow+ncr" or@ 
nixa;ions]. Innclandr. ;r simple kcI. for r b ~  logical 

MLTt4Ol) O F  USE 
elements .see figtxc 25. 

1. (;rncrarc a l i s t  of objectives. 
! . I  Idcnsiiy thc owners and owner rcgre*eamtivcs 

who h ~ v e  an ir~scrcst in the project. 
1.2 Cencratc as many objectives as possible. Make n o  

atscmpr ro structure rhc objecrivcs. Brain- 
ssurrnirlg BSG. p+i: 3 8 ur Dclpf~i s DLP. page 168; 
x ~ u y  bc U ~ C J  TO c l i ~ i ~  I!JC opinions of the uwncrs,' 
T .  . ~ p r c x ~ ~ ~ a t j r c s .  

3. Construct an intent structure. 
2.1 Wrire c a d i  objccrivc on aeparatc cards and 

indicate Irs OW~CT(S). 

7.2 Lay the cards on a flat surface. Begin arranging 
rhcm in an intent smncmre. Note: 

a] I f  objeccivc A Taust bc accomp3khed in order 
to accomplish objcctiv-- B. A 2ics below B iin 
the sttncmrc. 

bj if accornpli+bmenr of objcstivc C. cirher 
scp~ra~e ly  or in cornblnasio~ with ozbcr 
objectives. rsprescnts an alsernarive way of 
accomplishing objective 2). C lies bdow D in 
she srrucrure. 

2.3 in  arranging she cards. begjn rrri~b any objccsive 
Isvc-l. 11 is nor necessary to begin with h e  

objective ar :he r o p  of the -- =+mczure. 
2.5 1%. in tile process of arranging she objecs~ves. some 

objecrivcs are rnksimg or arc krekvanc. &en add 
new objcctivves or discard shem. 

2.5 Orice a suitable arrangement has evolved. .ape 
the cards to 3 large sheet of paper. 

2.6 Review rhc inrent strvrtn:e TO see i i  the arrange- 
ment is 4c$caI. 

Incorporate the logic elements (optiond). 
3.1 Introduce the k g i c  elements into the intent 

saucmre by asking if .ill. an>-, or adv one of the 
linked sub-objccrives mast be met in order to 
attain each objecrive higher in the structure. 

EXAMPLE 

An ubjscdvc t r rc w;r~ dwc1op~d for Y hydro-c~eotrtr 
rcscrrlcli: prujrrt scu OBT. i i p r c  3. p ~ s c  5.3 . "rhc U ~ ~ C C -  

rives iur slrc prrjccs i;ncludcd gmrrating rnrrp!. pet. 
mitring irr~gatio~n. prornuring dlnc tisinnmg imdut~y m d  wav- 
i p r ' a n .  .rind wvnns Eir uz and &rn&gc rllrrlugh tiloud sun- 
uol. 

An inrc~nr seruc:ure wasprepared which esy~nds on tkr. 
original ubjcceicc crcc .rcc G p r e  6;. IE included some of 
xhc owners ~i the objcair-us and ehe logic elements re-  

latins the sub-objccrir,cs eo higher Ecvel objectiscs. The 
owners of each or allncw objectives could be idci.tif<ed im 
mosr catrcs. c.5. garners desiring Lzigasion. shippers wanr- 
ing navigation iarliratcd. rhc guvtrnnrnent and citizens 
w~.nndng jobs. 

?dl the higher level objectives were brought rogther 
under the objrotivc .'PROhIOTE THE REGIONAL 
iVELFARE" though rhc Iogicd "OK" relation. Re- 
@anal we96rc is promoscd by achirving any one or more 
of the su'bobjecaivcs. How~vm. one might argue rhar eke 
lagic elernranr shonld be an .-excUusave OK"' <XOI,) 
because senbobjc*:;ives are conflicting. For esaanpk, 
releasing warrr <or h i g ~ i o n  nay  be compkrelp counter 
ta providing a uniform flour. for ~xbines.  The comperi- 
tion bezweenn ceruain sub-objectives can be shown on rhc 
intent srrucmre using the logic elements which connect 
rhe objecrir*es- 

THEORY 

Intent structures have been developed by Warfield 
{March. 1973aj. supported by &c BarteBIe Memorid 11nsd- 
zurtt. 

WarGeleld 1973) applies h e  intent structure 
technique to the analysis of a U.N. Document. -'Towards 
Accelerated Developmenr: Proposals for the Second 
United Nations Development Decade." published in 
1410. Warfield's intent smucmre reveds ways to b d d  
on a committee planning approach "as weU as some of 
the weaknesses of i:s { the committee's] (page 
8-1). In particular. Warfield e e n e s  the Iagic and 
consiste~cy af rhe reladuns moag the stated objecoipes. 



This application of &e technique emphasizes thc 
utility of rhe intent smucmre as a basis fbr IogicarI 
analysis of project purposes and goab. The logical 
relationships between objeczives permiz rhe smcmning 
process to be automated on a computer (Warfield. .%-ch 
197%). Then, through cornpurer manipulations. rhe 
hierarchical relationships are consmcted by synthesizing 
the simple subjective judgments of the relationship 
ktween each two objectives. Thcse latter judgments are 
sti l l  rhe domain of humans as b h e  identificarion of 
objectives These points are explored furrhes in Iasm- 
action Matrix Diagramming (lMD, page 921. 
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Describing Complex 
Relationships 

Sysrern Definition Matrix 
Tree Pbgcarns 

Ovd Diagramming 
Interaction Matrix Diagramming 

A sysretn is a cuilec~ion of  campunenrs whish inrcrrcrs r o  achieve a specific function or 
purpase.Tflis versatite concept ?emits the analyst so d e s c d e  the problem and prescribe a 
sdurion [System Definition hllarrix:. ldenrifving rhc salien~ variables and describing the rela- - 

rionships alniing :hem is a necessary ingredient in the sysrews approach. Each of rRe tools in 
rhis sectiun approaches this p~oblenl in sii~bt??. difhrenz ways. Hierarchical relationships 
(Tree Diagr.inmingj. causal Isops and feedback relationships : ( h a  Diagrbms). and cross 
interrctiorl relatiunships ;lnreracrion Matrix Diigramg gresenr approaches to stmcruring 

complex relationships. These techniques rely primarily on risual representations to define 
tile sysrem and arc linked by a common example. The prob!+ms of nomad pastordists are 
described as a sysreni of ecological. ecor,ornk. and social-cuIcura1 varizbles srnd relationships. 



System Definition Matrix 
PREREQU lS1TE TOOLS 

None. 

USAGE 

PURPOSE 

The System Dcfinidon Mamix is a prescriptive model 
for ideneif3-hg the conditions and derails that need to be 
specitiod in developkg a plan or design. l t  is also a descxip- 
rive rnodeJ for uadersranding and specifying rhe corn- 
ponents of a system and the interrelationships of dnc com- 
ponenss to the system-&rzcriot~ and e?zvironrne~zr. 

USES 

The Sysrern Definition Matris may be used as: 
1 j A comprehensive means for identi5ykagandmo3el- 

ing the essrnsiaI components of a system in order oo con- 
mnnicate and ro help understand che sysrcm's hnction in 
its environment- 

2 )  A d~erkl is t  to guide information-pthering for dc- 
sign or analysis. 

31 G Cormat for specifying details of a sysrerq design. 

dcr ro achieve JI common !-unction. 
4: The &-;rncnio9l is she primary concern of rhe system. 

Ir is the' hndamenwB dimension of pun-pow. X O ~ C  thdr 
functions arc moo ai~c goals, or rhe desired results. of tbc 
sysrcm. This dissinctiunn is further chrificd il Function 
Expansion F EX. gage 45 Y.  

3: checklist is ~ s e d  in drsign or analysis whcre items 
are marked o r  otherwke noted item by item. 

SHORT 13ESCRwrION 

The System Decmirion Matrix has eighc rltments (rorvs 
of the ~naeisj: purpose, 5 1 p ~ r ,  ourpltr. seytretzce. et~~%rot~- 
nrerr r, p3rysic.d c~rrllysrs. krmrrl~z dge?tts, and ir&rm~tio?z 

C ~ P ~ Y S ~ S .  

Each of rhe sysrern elements can be described in five 

dimensions (columns oof the matrix;: fiartdanrmzrrri, rurc.. 
ro~zrrol, i~rrerface, andsrdte dimn~sio~ls. 

The specification of  eIemenrs by the= &nensions 

composes the System Definition Matrix (see figure 1 ;. 

KEY DEFlNlTIONS ADVANTAGES 

1) A descriptiw nlodel is a ;epresen~a:ion or imaginary 1) The Syscern Drihition Matrix enabtes clear scpsra- 

cnriry containkg hformation in a Ec:m, in- tion and identifica~ion ot̂  che LqterrcPatiomhips mong 





components of a sysrvrn in urdcr ra c'naracrerizo shc 
sysz~m szructurt. 

2) It provides a more dcradcd model rllass that found 
in Logical Framework (LGF. page 2601, 

3) Specifying rate, control. and sratc dimensions rc- 
quircs a dynamic view 05 ~hrt system. TKi csplicit rrrat- 
men E of h e  facilitates planning and project control. 

4) Simply specifyijlg rhc fundamcnd aspeczs of each 
~ - 

elmcar COZ be advantageorzs, c-g.. the breakdown of thc 

system may bc used in oshcr tools Ifor example. Sccaaarios. 
SCK, page 164, and Comgurcr Simulation Models, CSM. 
page 1 20).  

5) Compfex systemscan srructurcd by rreatbgcach 
row. co!un-rn, or cell as a Systcn DcGnision Matrix. Thk 
can be estended as far as necessary za handle thc corn- 
~lesities. 

3 )  A somewhat mechanistic approach ' m  [' p n:&se- 

guence -t output) may not be palarabk to project 
personnel. Describing a project in a ma& may Be alien 
to rhek way of thinking. Other ~echni~ues  for character- 
itmg system srrucwre :see Section IV took) may avoid 
this. 

3) A System Definition Mazix is seldom comp;ctcfy 
specSed since components may not be i&ndltLMe. or 
thek specifscarion may jot be relevant 10 rhc desrrigticn. 
Confusion may arise over where a system component be- 
ion+? in rhe maark, 

REQUIRED RESOURCES 

LEVEL OF EFFORT 

Considerable eEorr is rleq&ed to completely specicy 
five dimensions for each of rhe eight elerneots, pdcularly 
since entries in the ma& may be hard to define. How- 
ever, simply completing the fun&menzd dimension rr- 
quires the least e9'forr and may give the greatest return. 

SKILL LEVEL 

Identifying or specifying matrix entries requires a 

thorough understanding of each entry in the matr;~. 
Working through examples of farnibs systems and com- 
paring them with sirmilar efforts wiU provide confidence in 
developing System &finition Matrices. Funcdon expapar;- 
sion (FEX, page 451 is useful in developingrelevant sms. 

TIME REQUIRED 

The rime required is directly proporriond to zhe com- 
plexity of the system and the degree of ma& complete- 

ness dcrjecd. Far design problems. ohc Jrgrcc of crC.rrariry 
onc ir able to cxercis~ in spcciKying cntrics ink3ercncr.r ohc 
time. 

DESCRIFI'ION OF TOOL 

SUPPLEMENTAL LIEFINITIONS 

1) Thc ~:rr~~iaonrnc~za b the wt of all fasruas which r r r  

d k n t  so abc rrardcrsraading of syrtcms tch~innsinips. ba; 
which arc outsic& the ~ ~ ~ ~ L P C ' Q C C  of the systun~ variables. 

3; liwpu~s arc the pcop:~. inf~rrnatioa. andjar p h p t o i  
items which santcr lrbc system ro bc amsformrd by r ~c 
qucncr. into outputs of the sysecrn. cs.. rht raw mnrcrals 
of tine project. 

3: Owrpwts are the desired and wnndssirsd rvsullab of' rbc 
transformation psoscs~ of a sysrr.m. Thc doircd resu!ts cn- 
abi: ahc *).atern ro achicvc its funncdan. Paciencs leaving J 

hospital. cured or mot. arc ovultphts~ of a hospital qbacnr. 
41 A seqwenrcc is the process by m~bkh rhc inputs ~ r c  

worked on. transf~nncd. on processed into outputs. uuu- 
ally with cche aid of catalysts, e.g., the steps in diagneGng 
trtaeiapg andcuninga patient. 

53 Haysicai cawlysr~; arc rbe cqnipmenr, facilitia*, rtc. 

whkh are necrs=p for uhc barputs to k aransformacd into 
outputs, but which arc not cbemrlves inputs or ouopurs of 
&e system. 
63 Humtn g m w i  are ehe personnel who may be nectr- 

ssy for the system oo achieve its function, gst are nor 

themselves inputs or ourpues of rhc system. e-g.. mediczl 
srafffor a "norpitid system. 
73 b ~ o m r i o r :  c , z t~ i~s t s  are the comrnunkarion ( 4 r -  

ten or vcabd) and the knowledge which enable the system 
process to maw. yet which are nor inpurs or outputs of 
rhe system, eg.. staft-hug ;rssiprnenrs at a hospid.  

83 AfundLx?neztd &-om is uhe basic chuxteristic 
of the eight system elements. The hospital buiHdmg is rbc 
fundarnend dinanension of the physical catalyst element 
of the hospital system. 

93 The rate dimension is the performance measure for 
a system element. FOC example, a hospital system may 
have as its input 50 new cases per day: the rate dimension 
of outgur may be 40 releases per week 
10) The canrrol dinrension evaluates and regulates any 

element's specification, eg., more than two rnorralides 
per w-eeR [rate &mion  of ourpug in a surgery unit may 
result in corrective action (control dimension) by the 
Hospital Review Commxtt~e. This dimension measures 
each element as the sysxrn operates, compares the mea- 
sure to what is designed or desired, and rakes acaion 8 rfie 
difference is greater &an desired. 

I f )  Interface dim-on is the relation :o 0th- sys 
terns or elements-a linking e n q  to related System mfi- 



FIGURE 2 
System I)cfiaitiua Matrix in List Format for Alcoholics Trcacmcsrt Csntcr 

Function 

F~~ndmnensal Dimension: Trcat aUcoaPolics 

Katc Dimen Jon: Reduce allcoholirn 

Control I)imcndon: County department of health review 

i~~ccrhcc Dimendon: Disease treatmema 

Futurc Searc Ilinrcnsiasa: Trcatmcnt ccnaers expand ao meet :iring dmmd 

Katc Dimension: Approximately ten per day 

~otlzrol DimenGon: Chcck that no more ahm two mmed atway per month 

Interface Dimendon: CSkno idcazificadon. clean bedding f-om laundn; system 

Future State Dimension: in five years may mkc dmplg referrals. eliminate repeaters 

Output 

Fundamental Dimension: Desosiiied cliena 

Katc Dimension: 100 percent release 

Consrol Dimeneon: Check for subsequennr referral 

I nterfacs Dimension: None 

Furure State Dimension: speciGed 

Sequence 

Fundaznesral Dimension: S i n  in, contact rebsive. derain, examine,rele- 

Rase Dimension: Detain 34 hours. notify relarives within 2 hoazrs 

Control Dimension: Check that no clients deuabed more Am 48 hours 

Interface Dimension: PhBicd esamkation system 

Future State Dimension: Mot specified 



FIGURE 1 
Condalucd 

Environment 

Karc Dimension: 

Control Dimension: 

Inserface Dimension: 

Future Szaze Dimensio~.: 

Physical Catalysts 

Fundamental Dimenion: 

Rate Dimension: 

Control Dimcnsian: 

Interface DimenGon: 

Fume Starc Dimension : 

Social: wnsaapprarced, gaiidcd, drcrinninrdizcd 

trcatmens. physical: pleasant surroundings 

N.A. 

Arrnoqhem should not  condone behavior. no crrddlinp 

Nos: specified 

Not spccificd 

Bedr rozcts. hoe coffee 

Ten beds available per +he 

Chcck for clean bedding 

Laundry sysuem for bedding 

Not speci&ed 

Fundaments? Dimension: Social worker. f m a y  coansellcir p o b n ~ .  physicians aid 

Rate Dimension: 2+bour staff on band 

Control Dlmcnsion: Shift sssaff sa maximum use hours 

Interface Dimension: Poke regerral. AkoBndics Anonymous 

Future Staxe Dimendon: Kos speciiied 

Information Cady sts Y 
Fundamental beas ion:  Admission and relessr foms. client identification 

Rate Dimension: N.A. 

Control Dimendon: Four weeks ssnpply of f0m.s on hand as s-,iety stock 

Interface Dimension: Police record sysrem * 
Future State DimenaGon: N3 police record in three years 



nixion hlatrico. c . ~ . .  rhc- input af s hospital sysscrn is 
Iinhcd r,) zh.c -mtpur rrfva cmcrgcncy transport wwicc. 

j 2, ?;IL~~c d h l q * 1 1 3 ! d , 1 ~  IS .Y ~ p c ~ ' i f i ~ ~ t i ~ m  of af~zicipaz~d 
sii~lrgc~ .And p!;rns in spccifir rime I~orizclns for c . ~ h  odtIlc 
44, Ir cli~l~;.nsir,nr. t:i,r cximaple. ekprading t3ac nmbsrnber of 
twtfs fplaysic~3 c41rl~:l; in two years clr pltysicians ibuman 
agcnrs, in rh:cu ycars 4: c Iicrspi~.l. 

-I.!JV pli~~~.t l) :  ~ ~ P P U L  fur ~ p c ~ i f y i n g  or  dcvcloping r dc- 
xril9rrvc Syslc~ar I k i i r ~ i t i ~ m  Mrtr ix is tv p i n  a farndidriry 
vrstf~ r?rr existing ayscclrr. For de5igning or phmnniang a syir 

tclrz.xc 'll)EALS /iI>L. p.-gc 331 1. 

Tllc 4,urpur is rile SYSLCI'II I ) ~ ' i k ~ i t i ~ n  Ma~rix with p a -  
rial us c u ~ n p l ~ ~ c  5pccitic~xi0al ~ a f  clcrncnas an10 b e n i a n s .  
+T?ic S!stcm I)cfizaitiun Mazris nwy T J J C ~  be tiled in othss 
ruuis. suclr 45 Sencnric35 !SUN. page 164). G m h g  :CAM. 
page 1114)- Coat ~~,r.ncii: AnaIysL :CBA. page 2121, an6 
Cull) pu tcr Shzlzrlrtien MoJcls (CSM. page 1 m]. The 
11)EALS Srrarcg~ :).(DL. p g e  231) uscs rlnc Spstcm Oefinaf 
~ i~31a  M a ~ r i s  .i~ 4 forn~dr zu specify rcaulis. 

An nlrczn~rivc b ~ s k d ~ w n  of ~ ~ S ~ C P D J  c ~ c ~ c ~ &  which 
dc3criLcs wrvicr agcncics naay br. used to avoid the 
inpur - scqucncr + ourput tcrzlainology. Thc tmmb~!~gy 
~rui& tjar jargun uscd i;lh fhe S ~ E C ~ I  Dcfmid~rn .hazosb 
t-lm~ents. TIlc liar dnd qvesdoas which may be asswiatcd 
wirh r ~ c b  clcmcor {and thc corr5spondiang m a d s  ek- 
mcnt ! arc: 

~urposc .~  ifunction): Why? WLat is she mission? 
Baskgound iind-bm~a~ion): What dr~ I LnowIWhrt a?--. 

rhzk prcGous sxstares? 
Clie~ats (inputs): Who? Whas ;KC thek present saates? 
Kesults (outpurs): What arc the changed states of 

clients? 
Metllod jseqli~nce?: \Vhar ways? How to ger resoits? . - 
Sc t t ing (environment]: W3a; is pdaicaP or social 

atmosphere? 
Peopk (human agens!: Who are zhe dorrs? 
Facilities (physicai cataPystsf: \Vhat is  nee&d to do it? 
Doliars (inputs): Wluz are dle costs? 

IMPORTANT ASSUMPTIONS 

The development of a System ~eftnidon Mauk 2s- 
srrnlcs that a system can be broken down waxphologidy 
into distinct componcnts.The distinction beriveen inpurs, 
outputs, and caoalysts may ofies be blwed. Thii is par- 
ricularl? rme if the same set of components is bvolved in 

quirt diifmene iuncaioms, For clc;r;nplc. hosp'rrrl staff arc 

human agc:c:r in a paaicaz rreamemr sptem and inputs EO 
rhc haspiral m a n a g m a r  conaol system. 

METHOII OF USE 

Thc bc\rrlloprnsnt of a Sysrem Dc.fisnidon Madx  mag 
bc a crcaeivc as well as an ;s~nalyticaP exercise. Cansequent- 
Iy. involving knl~wB~d[~~~blc staff is productive. Nominal 
i;ror~p Tcc'hniquc ,>NGT. pgcr I4; or braitrsuormbng [BSG, 
page 3' may be u e d  to d k o v a  mmier. 

The procr.durv k@s with function spec.cification. but 
r~nay repcat and bacLwask os ruece.ss;wy. 

I. Sprcify :;&c funcrion. 
f .I W;XUSS ti13 syswm e 0  &tcrmbc irs gunction (a: 

funcrion cxpan$un. FEX. page 45. may be asd,!. 
1.2 Procccd to rbc funhnrcntal speclf'icadon of oohm 

clemcfias befare specifybag :he ather four dimen- 
~ ~ Q I P S  ~b   he s?.-bcem fanction. 

3. Ucndfy linputs and orhe;: sysrem elements. 
2.1 Try to complete an the eannies for &e fun&- 

mcns;ul dhcmsion column d the matrix. 
2.2 I f  a Ikt f r m u r  is being used, skip dhcnsions of 

rate. canohd. COE. and retam to them a h a  orher 
clrrnenes hawe Pwen s~&ed .  AD dcohol work- 
shop i&n&ied the hgoacs for the treatment 
system as " & a s  with a sinking problem" 
{see &w 2). 

3. Cotizp'lete the dimensions for each dement. 

3.1 Compleae the rare, control, and state h e n i o m s  
for all elemems except funcdom. It may not be 
possible ta specify d ccMs irn the ma-, and Aey 
may be t e m p r d p  kfcbhnk. 

3.1 If art clement o$ ehc system does not include a 
paraicubr h e m s i o n ,  indicate "nnonne recP&ed" or 
"not applicable, NA." in the m& toshowthat 
the p~ssibdie). hs nor been ovehHoolied. es., &me 
may be no concoil &ension for system inputs. 
Figure 2 connmims a descdprion af a partidy spe- 
d i e d  alcoholic meammar qsrcrn. 

4. Complete syszern fuficrion dimension. 
4.1 Complete the &ension s P ~ c a t i o ~ s  of system 

filnnction if pssisabie. 
1.2 In this row, indicate foreseeable changes ro the 

system hmcdoxa. 
4.3 Nore interfaces w-i& o&m ~ y ~ ~ e n n s -  



5. Complete intcdacc dimensions. THEORY 
Whcsc appropsiarc, complrtc rlzc inscrrfacr column of 

the System Definition Maaix fur tbc cighr clcrncnts. Tkc thcorrrisall bask for thc Sysccxan I)cliraahtitvau \bcra.c 
34 founded in ~ h r  thrtxy ot sys:c:m. In Bclimi:rsrEtu~ as For csamplc. rhc akoholic aeatmcnt systcm inputs 

!cEcetscsj may interface with thc ourput of public scr- mcrant by J sg-s:cr~a. dift"tar-nr G ~ T I E E ~ ~ x S ~ ? ~  ~ e ~ d  ;cur[* erE 

d c t d  may br uxd. bur cswrssl2fi~ .I dercrrpri\z mvJcl3s vice agcncks (6.g.. thc polkc;. 
dcvclcrped. 

Thur Sys:cm Ilcfinnition ibt~trix i~napw.c* ;r anrvrg!rdiyiralI 

6. Check tbc matrix for cornplettcatrs. 

Fill blank ceit  as adcgisional informaticn is gauhcrcd. 

7. Repeat process to desired lwei of dcrail. 
Krpeat the process for parsiculax cells. For cx;mrp'lc. 

rhe conaol dbcnsjon oi sysscm ourpur may suggcbejr 
subsys~ern whose funczion. inpus. outputs. etc. may 
bc specified in a scparaze rnatrh. In &is way. r vcu? 
dclaacd morphdogical breakdow:~ of a system and irr 
subsysscms may be modckd. 

EXAMPLE 

F i p ~ c  2 prcsems a pasriaUy specified System Defini- 
eon V J P ~  (in list formax) for an alcohc;!ic mr~smrlnr 
systcm. 

S ~ ~ P - W C ~ U T C  on ;I concsptual m d d  to prtrdnucva dcscrrprirm 
of thc sgrtcsaa compncgrcs. This may di6k.r f r ~ ~ t t a  ritmil~t 

sysscms dcwriprions iar tlac rxpllisit rrr~rrmcnr t ~i b) srrtrr 

Yunctions arnd dimsncmdons of ratc ~ n d  Furlrtc stsrc.N~dkr 
,1970; is rcspondkdc for tlw Sysrcrrr I>ct;nirtcrm Xlsroin 
formrr. particuhd~ tIrc snaphasis on tutist.st%t.r rvxd e l r s  c.r 

~Skk t.~c.armrrrt. of ssaalysa. 

NadLr. C;. laork e>tasipr. Hunnc'cVwd. PID.+ K. a,. trwm. 
1970. 

N~dlm. G. Bt '5~rC Sp..~srm~> Ors[p:  ? % r a w  IW: -tJ..S C ~ * ' i t - p ~ .  

Honnrwwd. Ill,,: K. D. Irwm. 1 %bS. 
Tlnuwn. A. *'Some Xotcs on Sysac.nnns MwJcDs and Mudc!- 

ling." Intemtcrturrud jowr#~ai 4 S ~ ~ ~ ~ V P C S  Scit-ttca* 5 
*1973;: 1-05-5 2. 



Tree Diagrams 
PEREQUISlTE TOOLS 

USAGE 

PURPOSE 

rrec diagram 133ustrares a set of complex rdationohips 
by fizzins rkcm bra a Jdrrzrcky of relaxed $across. 

USES 

Tree dhgwarns arc used to: 
1) Dexribe die rehzionships among objec~vcs of a 

~ ~ o j e c r  (see Objet~ive Trees,OBT, p a g  49 ;. 
2 ) Describe she r e h ~ o d i p s  among dterlna~vrs. zs in 

~ m ~ u - t - t d s  ~vxdysis or Deckision Trees [DTIR, pzge 141). 
3) Clariiy sequences of rehtionnsfii~s in Interaction 

Manis Diagrams (IW, page 991;. 
4) DrvrBp reheionships among variables of a System 

AS in infica~cz trees which may then be rehaurn as oval 

diagrams (OVD, page 81 1. 
3) Provide a measure of &e degree oT relatedness 

amoms diigerens sets cf factors, as in rekvmce irees. 

1 ) A d:ierarcI~y i s  an ordered smcmre iU-&g 
wbkh factors zre mbo&a~ xo ae%ers. 

3; ,IIeana-ennds umnndysis is ehc identification of alterma- 
zive asrions to ashka.6 specifiid em&. 

3~ An i#z&muce mee diagmrns ehc vkb8es  whkh in- 
fluence other a~whbles which are higher inn &e reree. 

-%J A se8ea:unce mee &agpms the rehd~msbips momg 
differerne sets of Caceorsaz each level ofa hierarchy, 

5; A mndel  is a rcpresennaadonn or am imaginary endrg 
sbar conaaiuns b50maeiom in a certain pecHefmed form m$ 
bas specsed mbs &r krcrpremxion ~"rhesenn, 1973). 

43 A treegraph k a ser of b h d  elements where ody 
one hke-xkts kwmm ant; two factors :see fqum 1;. 

7) A bra'~1~lth~g rule ~ Q V ~ E P P S  the c~~stm-t ion of rela- 
ziomships H a mee diagram (see w e  2)- 

SHORT DESCWTfON 

A tree diagram is a w d e !  w k h  &scribes a set of reh- 
Ci~IIShips by k g  a treegraph per: ffqprc 1). The branch- 
k g  points are hgcrors rebred eo each other accorchg so a 
Brandzing rule. The qpes d &ct~ir= show md the 

branchkg =Be used are determined by the parpose ofthe 
diagram ;see f i e  2:. For example, project ob&cGvesare 
modehd as objecrive mees ;see QBT. g a g  $ 9 ~  a:, &scribe 
sabordinnare rehdo=hips- k4ore idomna~on amy b 
added to the 3 i p m  ro facilitate zdysis and to clad3" 
rehriomhips, e.g. to h e  Bevels d a  re1, P v ~ ~ e  tree 
on ro assip weights ro deernative outcomeses. 



FIGURE I 
Trcc Graph Form 

KEY: 
0 Factors {vaiab1r'~, objectives. alzcmasiur.~. cvc.j - Welasiunships (cansal. influence, mbordinaze. e~c.) 

A tree diagram is conswcted by dcing a logical break- 
down of complex relationships. The branches of rhc &- 
Sam reduce a set o: relarionships to its essential cornpa- 
nenrs to espd i te  analysis. 

LlMITAT1ONS 

A tree diagram implies a kvel o f  derermkacy which 
may be snwarranred. Al elements of the diagram can =I- 
dom 5e determined in advance-a fact which muse not Bn. 
overlooked during subse yuent analysis. 

REQUIRED RESOURCES 

S K U  LEVEL 

Tree d i m k g  can ire karned rapiddlp with practice. 
Because other techniques may be required so make maxi- 
mum use of the nee  diagram the skill level required de- 
pends on the purpose. 

Trcc diagrams r n q  bc drawn rapidly tire ~crc8og- 

menr is uscally qwize B+caE. Sumr rime i s  ~acccsur~  br 
in  t o:m.trium .gikcircting rod arndlysis, dcpcndinK urn E ~ C  

paazica!aa rypr of Ewe $ ~ ~ J R I .  

DESCRIPTION OF TOOL 

1) A systiwnxr iu .a ~ol[kctPon ofi~orn~anenrs r t r i d ~  ilttcr 
act ro achicvc a common hncrio~n. 

2 .  A C U ~ X J W > X ~ Y U  oOi Y S~SCC'PIP k am entity whichmy Ek* 
elternend or ia may bc a srnb,perm h~t ing  dirinct cunzpu- 
DPC.lUS. 

33 A rtTppuq rnrk detcrmincs rhcon am) br~oach of t'nr 

tree $iigram should end. 
4: An i~~fltre~tcc rehrioonslaig occurs when one. vari- 

able's ch2mge in vahe influences change in another .lati- 

able. e.g.. the ACCEPTANCE OF 1NNOVATlONS is in- 
fluenced by ehc YIELD FROM CROPS. 

5: Them xs a p~erduc~-prodrrcr rt.bnon&ip when uwc 
vuirblr '15 a product of the ather LC-g., RANGE FEED ia a 

produce of AVAILABLE PASTURE). 

Thr: puppas+ of the rrce bagranma should Ex cclr.~rPy vb- 

srbLhed prior to its consurnchiorr :o d~tcsnnine ti le rygrs 
of facxors zo $6 shown and rlne r~lariunahi~s ro &. dc- 
scribed. Some hmaiariry with tlic problem contest is 

necessary in order ro be able ro depkr re!aeion*hips and 
idendfy 6acrou-s- 

TOOL OUTPUT 

'Free diagramming results i~ a descmpcionn oEa conipEx 
set of rebanonships. Simply hveloping the mre diagram 
may bc sufficient for gaining an um&rsomding inha :he 
smncntre of celari~nshi~s and the pan ohrelevance af rahi- 
oas Lceors. 

However. rree &grams are usudiy zhe intermedare 
ourgut of z more &tailed analysis, e-g.. i f l ~ e n c e  dia- 
grams may be converted inm owat diapnns :OVD. page 
81 1. and addiuiunal information can bc garhered ro corn- 
pleee a decision eree {DTR, page 141). 

A hierarchical rerllatiorn&ip is assumed to esist among 
rht elements of a tree &gram. For example, if the set of 

complex miariotlships describes a syscenr, &en h e  mee 
&a- decomposes rhe s y s ~ r n  into compnents, each of 
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wlrich may be furthcs broken into coalponcnts, rrc. Or 
every sysccrn may bc subdin='idcd inro s~~b~ysocms. and ron-  
rcqucntJy. cvcry systcni is a cornporrcnt of some larger 
system. 

METHOIIOF USE 

I .  IIctcrmiae the type of factor5 to bu shown on the 
Jiilgrani. 

2. Dcrc-rn~ine the appropriarc branching rulu. 
3. I)cterminr: the starring factor of t'trc tree. 
4. Idetltify relatcd facscrs using the branching rule 

and &ow tbcm as branchcs stcmmirig from chc starting 
factor. 

5. Uctcrrninu thc approprkrc sropping rule. 
6. Kcpeat srcp 4 for each newly iduncified factor 

unlcs thc sroppirlg rulc apptics. 
7, Kcview the crcc for consistency of rule application. 
8. Add any information r~cccszary for analysis. 

EXAMPLES 

TWO c x ~ r n ~ l c s  will be used ro iHuscatc the tree dia- 
gran~mii i~  technique. Orher applications are found in ihe 
O!>jt.c.~ivc T r c c s  !OfiT. p.igc 49). 13ccbioa Tsrcs :DTK. 

141). and l~~rzr~ccivll hldtris Dizgama llMB3. page 

92?. 

Relevance Tree %gram 
A riievalcc tsec can be used to describe ithe relaxion- 

ships of difgcrrnr ekmcnts in a family planning program 
{see fi~wrc 3). 

T h e  starting variable is a simple identification or the 
~nissiun of r l ~ c  prograln. The branching zule is in four 
parts: 

1) What arc thc goals which correspond to this mis- 
sion ? 

1) What are rhe objecrives which correspond ro each 

3) What arc die urgers for each objecdve? 
41 \Vlrar are thr instrulnellts rslevanr to each target $or 

acconiplishmg the objective? 
Identifying the instruments corn~Peees the tree and 

thus decomposes a complex program into its various 

Influence Tree Diagnm 
Much of the success of this technique depends on the 

art and expertise of the analyst. The example &at E~llows 

cnarnines some of the relationships which describe the no- 
mad pastordlsrn cc*sy stem. 

Thc followkg cxcengts from a &scripdon ofan M.I.T. 
study dcscribe the factors affccoing thr condirions in the 
Sahd: 

In tiw S~hc! Eve P E ~ C  T I O R I ~ ~ S .  who ~QEION, ~ 6 1 ~  rainsw F ~ C  nordl 
L'VCS? and rewear, to ~ Y U  s o w h  in rbc. dry wason. Thcir num- 
k r s  hzvc aadiriomll~ k e n  limired pareid?; by ebc numkr of 
rows and $oats thc Uand was zbtc ro support. andl by the ditancc 
bcrwmn warcr hol~x. Wcstcrn agcnrks working irr thr area &uhg 
dls past dccadv rn Jr chr cbviwua bur ill-advkd move of &=kg 
wdls rhrorn@u'an ehc grazing conmarah ' K c  numbas of carrzc, and 
propl. grcw phro~~orsionaccrlp. using much of rhc grazing land for 
rhr gcarcr part of she ,.car Lnsecad of xwn;rBy,  ailowing Ehr land 
no eirnc 5.3 T~COVLT. TI;c herds moving w~chward &ring Lfnc &? 
wson have €wen forced w trawl ovrl  land ohat bas &cad? bccm 
ovctgraz~d and. finding waxer bar no Focagc. thaw 1irmiLy wamcd 
nu shr: WaUCK holes. . . . 

Ir i uhhs widcsprcd ovcmx- dnar is prcvtrxzing rhc land from 
rccuvc~tng cur3 whcn railill doe4 fatl. Inszcad of  being &sorbed, ehe 
rain f~llnng on rlac urgcwraon-strippd pound mmdy wahcs off 
thc ropw3.  Tnt. cycfc-nvrrpzimg. wind, rail-is calrsing the de- 
unihc~rwn od mu& of tbc. knE.- 

Thr variables and relationskips which describe the in- 
fiayucomcss on &vesrock populaxion arc sbownn in figure 1. 
The sovrdng variabPc sePected was HERD SIZE. an e r e -  -. 
g+;lred reprewaradon ofall domesticad gaxing anhBs in 
she Sahsiian region. XOMAD POPULATION is an equally 
appropriate staning variable. but &e tone ofthe excerpts 
suggests that rbc r~.larionships bcm;ccn animal poyula- 
&ns and range condition, are cmmd z a  describing the 
cco-sysacm. 

-rRc follaw.t.inng branching rule rvas applied to each newly 
idcnrifird variable: 

Idrrcltifv the swiables d i c b  influence c h i  variable. 

Other rrrlatiolnships can be diagrammed by insenkg 
..produces"' or *-causes this variabie co changew in &c 
branching mle. 'The ruIe specifies h e  rehtionrhip, 
tsherher ir is cause-efec~ pdrtcer-P"~drrct, or simply 
rhe inflsence of one variable on another. 

~f the BranchingmL were changed ro: 

Identify vsriables which are influenced by this variable, 

the direction of influence implied by the tree structure 

would be reversed. Generay, ir is easier to smr~ with ob- 
served effects and aztempt to identify causes. 

Two stopping rules were used to terminate the branch- 
ing process: 

1) Srop with aay variable which is aleady shown on 
the diagram, OK 

*S,B.W., " 'Tragedy of the Commons' in Asca," Irr&~xu.?o= Re- 
riew [October-Souember. 197.12, pp. 73-74. 
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23 Stop with any variable which is considered outside 
the puxpox of shc systcrn. and which is nor likely zo be 
influenced by any 0 t h  factor previously idcntifred. 

Kulr 2 app6ed for variables like SEASONAL RAIN- 
FALL and SOCIAL VALUE ON CONSUMPTION {see fig- 
4) .  Assuming that rhc eco-system functions to msrain life 
on the SaAd, shcsc variabies are considcrcd outside the in- 
fluence of factors ~ i t h i n  tile systcrn. 

Kulc 1 applicd several rimes (c.g., HERD SIZE) and was 
employed ro avoid redundant branching. When numerous 
branches terminate with the same variable, an oval &a- 
garn is a more economical form of reprcseneation for rhe 
cernpkx rcladonships. This example is continued in the 
description of the oval diramming technique (OVD, 
pdge 81 !. 

THEORY 

Tree diagrams are rooted in graph theory and the repre- 
senration of hierarchical r~larionshi~s (Warfield. 1953). 
The adoption of tree graphs for the ace diagrammilgtech- 
niqoe rciatcs more closely ro systems theory than to 

mathematicaf ropology. 
Warfield (1 474) has described the structural represen- 

tarions of cornplexiry which emphasize the correspon- 
dence bczween a'matrix and a graph of relationships. A 
tree diagram may be used to trace the linkagesin an hrer- 
acrion marsix digram (1MD. page 92) in order to clarify 

Relevance crees have been discussed exfensively in the 
techaolojcal forecastbg Brerature {Alderson and Sproull, 
14723 as one of rhc more whl qu&tative techniques. At- 
tempts to the order and strength of the relation- 
ships in a rdevance trce [Eixbcr, 1970) are beyond the 
scope of tkis prcwnmtation. 
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Oval Diagramming 
PREREQUISITE TOOLS KEY DEFINITIONS 

Tree Diagrams {TRD, page 74). 

USAGE 

PURPOSE 

1) A mriilble is a factor uxd ro describc a system 
urhich may change value as a function of &ne. 

2) The environmatc of a system is the set of all factors 
which arc salienr eo the  underscanding oKs).sccms relation- 
ships. but which are outside the influence of the system 
variables. 

O ~ ; J  diagramming describes a as a ser ofcom- 3: Dymnric behavior is a conrquence of delayed in- 

reladonships among s.srem . Jkbles vasiab~es in teractions amang system variable~-The dynamic m t e  of a 

the system environmerzt. system depends on the prior values of state variables. 

SHORT DESCRIIWON 

USES 

An oval &warn provides an esplicir statemenr of cause 

arid effect relationships within a system and between the 
system and its environmenr. This &gram may be used to: 

1) Examine the internal consistency of the anndpst's 
concepdon of the complex relationships. 

2) Communicate the analyss's understanding of c a u d  

relationships to others and to provide agraphic definition 
of the system. 

3) Promote hrther study of hypotle&ed causes and 
&senred effects, parricnlarly when these represent prob- 
lematic behavior. 

4) Provide an input for techniques such as Computer 
Simulation Models (CSM, page 1201 and Scenarios (SCN, 

Page 164)- 

An oval diagram i s  a model which i&ndFws sysrem vari- 
ables tin ovals) and the connecting arrows which Link the 
variables together (see figure 1 j.The type of interaction k 
dererrrhed by consickri~~g the effect of a unSL change in 
one variable on the magnitude of another. 

An oud diagram is :onsrruceed by drawing on the ex- 

periences, observarions, and inmition of the analystis) in 
order to mandate mental models into an explicit state- 
ment. This statement fonns the hamework for resting 
hppo&eses, gathering addidonal dbta, or +zing the 
system's dynamic beItpylbr. 

1: In oval diagramming, complex causes and eEfeco 
are seen as espandbg sequences starting from a key vari- 

able. 





2) The chought that g ~ e s  into oval diagramming ofzrn 
uncovers relationships rhar may be the key to a furzircr un- 
hrsrandiig of system behavior. 

3) Oval diagrams facdizatc cornmunicasion bctwcc11 
analysts azd decision makers by highlighting udcsirablc 
cficcts and relatiaaships &at require careful atscantion, 

4) By trcatiag assumptions and b~poehrses exp3idrlp. 
oval &warns may resolve discrepancies or deficiencies in 
the mental modeis used by decision mrrkcrs. 

5) The span of reielcvant factors is easily shown in thc 
oval di-~ni so that changes in A c  problem scope can Ix 
sicorrij~datated by changing the diagram. 

LIMITATIONS 

I) Diagramming all conceivabb inreractions resaalb h 
a compkx and unwieldy diagram. On the other hand, Yxih- 
ly aggregated models may l e d  go fakc infercnccs a b u t  
sysrern behavior (see DeNeuMk and Stafford, 1 969). 

2)  The v&diry of the oval diani can only bc in- 
ferred by relation TO experience. Any hypothesized rcla- 
cionsLip may be proven false by a saarkrica3 analysis of 
dara, but failure to do so dca not vddatc the rehion- 
ship. Fox ellample, ir may be dernonswared &a= a reladon- 
ship bemeen NUMBER OF EXTENSlON \VOWERS and 
NUMBER OF FARMERS ENTERING A PROGR4M 
docs nor exist; however, no wsc dl ssurc one chat dncre 
is a causal re~as?onsbip. 

33 An oval diagam may k idiosyncratic bcca~sc &ere 
is no unique represenmtlon of a complex sex of reladon- 
ships. 

4 j The selzctioa of salient variables and rePationlips 
reflects the biases of the analyst, even &caaagh thc diagram- 
zsaer may arremps to incorporare shared values into the 
hypothesized relationships. 

5) The oval diagram is a ckscdpsive model only-the 
complex interacrion of rndripk variables and ~chdolr- 
ships can only be inferred. Other sechaiques =are required 
to &Uy unders~and the behavior of the enzire ?stem ;see 

Computer Simdation Models, CSM. page 1203. 

LEVEL OF EFFORT 

The level of eforr required depends on the plsaned use 
for the tool. 

1) If the oval diagram is a f i t  ssep in compkx model- 
ing and systems analysis, then the efbrt will match  be in- 
put requirements of the tool used in the next step. 

3; if ~lrc fa01 output is mwd for communication. dk- 
cussion, ar C-aininsng, ohem more cfforz may be spcnr on rc- - 

the find &agram. 

35 Ir" z"n tosol is  designed to facdietrc un&rscaadirrgxs 
an aid to decision making. or for cIad&ing issuncr. ehcn - 

nlorc aeacn;ion must &c given EO the dcveiupmsnt process 
and explicit srcamcenr of assumptions and hyporhws. 

SKILL LEVEL 

Tile alnalysr mssa bc able to sec rRc prablzm arrd errui- 
IrGnrnent as a system. A S~SFCRI Definirion Matrix tSLUPRt. 
page 67J may bc useful bere. 

When i d en r i f~ in~  variables. hew is a ~cnderac). dakk - - 
onDy in Terms of system components, eg. .  osgmizarional 
ranis. Thus sLlL used zo i&nbr'). sy*5zcm funtriuns{Fuoc- 
tion Expansion, FEX. page 451, and sysrcm pat"osmancs 
measures ;Logcall Framework. LGF. pagc 3-60; can use- 

ful- Oval diagamming mrsa be harncd by repcatrd at- 

rempxs as &scribing complex relatianships. 

TkME REQUIRED 

@a! &a?gra~nsrnay k cons:ruc~ed either in a short time 
~ ~ C S S  than an hour:. or over a bnger time leg.. ahe Oifc af a 
project,, depending on the level at detail and internal con- 

sbrency desired. 

DESCRIPTION OF TOOL 

13 A caam1 ckizi~z is a sequence of causc and effecr re- 
lationsbips between vwiables  see G p r e  2;. 

2? A catsrlb h p  is a c a u d  chain which is cannecttd ro 
that a chamge m any variab'ne eventually Ecsds back 
rhrough dte chain so &cr this variyMe- A causal loop has 
afeedbach effect isx 6-e 2). 

3.1 Mwtn~cnllY-carMB variables occur when a change in 
one variable causes a change in another which is Xhd back 
ta afkct the &SE, e.g., a c a c d  b o p  invohing only nrro 
~ & b k s  ;see Fire 2:. 

4) Feedbak smcttrre is the see of relationships dc- 
scrbimg a system &as huolves one or more interlocking 
causal Poops {see figure 12). 

53 CorreLtivn ban observed relationship between two 

or more variables in which the changes in one variable may 
be associated = G I  pre&~ble changes in anohes; &e re- 
hdonship, however, i s  nor necessarily causeeffect. 

6) Logical inconsistencies occur when hypodeEizrd 
rdariomhips a m o ~ g  varkbks are imconsistent. This mzy 
result fmm an imprecise variable defidon, faulty logic. 
or a conhion at? ccorrekdve behavior with cause-cfEect re- 
Pati~mships. 



84 1 I~ESCR1BING COMPLEX RELATIONSHIPS 

Kinds; of interactions: 

1) A direct cfjcct is an interaction between two v x i -  
ablcs so rhac a change in onc rcsults in a similar change in 
the o~hcr, i.e., cizher both incrcasc or both decrease { x e  
figure 3 j. 

2) An irrvr3rtcd ej'f'ict is an inocracrion bccwecn two 
variables so h a t  n cbang in onc results in an oppositc 
change in shc orhcr, i.e.. if one increases tbc atbcr de- 

creases, if one decreases s l p ~  other increases <see figure 33. 
33 A thresi~old effecr occurs when anc variablr: docs 

not change unsil the ather variable changes significantly 
(sce figuru 43. 

4) A variable interaction Is irrcwrsibie if &c vakblc 
only incrcascsor only dccrcascs {we f iprc  53. 

FIGURE 2 
Muhipie C a d  Relationships 

Population Births 

A Causal Loop: Feedback EKeco 

FIGURE 3 
Types of Interaction Berwcen 

Two V&bles, and E 

EXPLMPLES. 

HYBRID SEED YlElDS [(VariaBEr. A] influence NWM- 
BER OF SEW ADORERS [Variable Bj 
POPUEATPOS OF FERTILE FEZVALES [Variable A j  
prodwes SEUMBER OF SIRTHS (Variable Bj 
FERTILIZER APPLIED {Variable A) catzus CROP 
WELD IYariaMs Bj 

EXAMPLES: 

A\TI-SMOKIWC ADVER"ffSMG (Vuiabie Ai hflaences 

CIGARETTE CONSU!MTION (Variable B) 
EXTENT OF FLOODING fVz&ble A) prohces CROP 
YIELDS (Variable 5) 
CONTRACEPTIVES AVAILASLH (Variable A) causes 

N W B E R  OF BiRTHS (Variable 5) 



FIGURE 4 
Illusoration of Threshold i elation ships 

rnusz inercar 
significand?; hcfort. 

B &creases 

P. must decrease 
ipifrcandv hforc 

B increases 

EXAMPLE: EXAMPLE: 

\%en POLITICAL AGITATION (A: excccds a Itrel cb ib%m C(N>PER.!TBVE MEh43ERSHIIP !A) cxccvds a 

rofcrancc, rfir LEVEL OF CIVIL i.IBERTlES (Bj is threshold mrrankr. FARMCATE PRICES ( B i  may be 
affccrcd affecacd 

FIGURE 5 
Illusmation oi ImevcrsibBe Effects 

A increases, or 

--- 

EXAMPLES: EXMWLES: 

Increasing PRICES (A) causz inaeasi-ng WAGE DE- Increasing OIL CONSUMPTION (A) decreases (depk~s] 

MANDS (C) the OIL RESERVES {C) 

Decreasing PXSTURE RECOVERY RATE (B) causes Decreasing PRODUCT QUALITY {B) dccrelps [d-oys) 

increasing DESERTIFICATION (C) COMPANY REPUTATION [C] 



86 1 DESCRIBING COMPLEX RELATIONSHIPS 

REQUIRED INPUTS 

Oval diagramming is most ef'cctivc wl~cn the purgosc is 

so increaw :~ndursrandh~ of a complex problem. Familiar- 
i ty with the pr~blcr.1 situation is there fort desirable, 
though much of slre input d1 come from a basic urrder- 
sanding of relationships, c-g., che mental models that are 
f ~ f m e d  from cxpcricncc and observation. 

Whcn oval diagrams arc constructed by a t c m ,  tine 
rncrnbers should broadly rcprcxne rho* conccrnc~ with 
tIlc problcnl. More than five pcogle working on one dia- 
garn limits cffccti,7cncss. 

Trec diagrams :TKD. p a g  74j may bc used to kelp 
identify variables. An intcracrion matrix diagram IliMD, 
past 99) is also useful fo: idcnsifying the significant inzer- 

TOOL OUTPUT 

The oot~ut  is an oval diagam which provides agrapbic 
statement of slrc variables and reladonships necessary to 
describe rhc system. The boundary of ,he sysrem and -$me 
scopc oS possible interventions arc defined. 

The ovd diagram focuses attcnrion on thc need bt 
further irrf~rrna:ion-~therh~ and tcssjlng of hgpathesiaed 
relatianships. Thc oval diagram provides ehc basic hput to 
othcr techniques such as Scenarias FCW, p a g  164) to 
gain greater undersanding oi system dynmk behavior. 

Deckion makers use mental rnodeh as well as ammore 
formal models to uadersmnd behavior and select chokes 
of action. M e n d  models may be very complex, yet they 
are seldom made explicit except by inference from the ac- 
tions of the decision makers- O d  diagramming depends 
on  the abiility of analysts (and decision makers] to picrure 
rhe hypohesizcd relationships and the assumed sauses 

and effects. 
The assumed interactions between variables is idend- 

fied by considering small changes in the causal variable. 
Relationships often change character when large magni- 
tude variatio~s occur, but an examination of &is behavior 
is outside the province of this technique. 

The oval diagram represents a defmition of the qstem 
rhat is distinct from the environment. Settingabounw 
berwcen the system and its environment assumes a hier- 
archical relationship between systems and the larger 
systems which conrain them. Hence, any envisamend 
variable is part of an expanding system hierarchy (see 
Tree Dkgrams. TRD. page 74). 

METHOD OF USE 

GENERAL PROCEDURE 

Ova! diagzamanhg is esxtnbidly a wid and error pro- 
cess. Therefore it is hpotmnt to start diagramming im- 
rrrcdiarclv. Thc rec~munetrdcd proccdarc k FC start" with a 
shplc  arce diagram (TRD. p a g  74) and when man? 
fatctoss kccp rcwcuming ipn diffcrenr branches of&e tree. 

to switch to an oval diagram. 

I .  ~ozs:ruct a uce diagram of the system. 
1.1 Pdantify variables for an influence tree. 
1.2 Select a starting rariablc which describes rhe con- 

didon or s);mpom of the problem in neattal 

w i n s .  

1.3 Canstnnct the trec brancbcs after each variable by 
identifying the variables which influence [or pro- 
duce or cause> rhk t.;rriabIcr no change ,value. 

2. Convert &e influence tree co aval dipan form. 
2. B Locate the sar5ng variable in the center. 
2.2 Cluster the ~fluencingv&ab~es around it. 
2.3 Indicate the branching rcladoas!ips as arrow5 be- 

tvr-eean ovals, 
2.4 Form carrwl ckdals of variables. 

2.5 Do not repeat variables on r he diagcarn. Form 
causal loops back ro previously shown variables. 

3. ~dcnaify che 5.pes of interacbns k e e n  varbbies. 
3.1 holate two variables and h a g b e  thc effecr &;it a 

small inncrease in the causal vnriablc will have on 
the dfecrcd variable, asmmkg that all other 
hctolrs do not change. 

3.1 Intiisate whether the relatioanship is a direct or in- 
verted effect [see f n r e  3). 

3.3 Indicate ifa dzresi~oH efdect k hypothesized [see 

Figure 4). 
3.4 Pnndkat:: if the variable hoerackion is i 1 ~ ~ d b &  

(see fifp.. 51. 

4. ~denrif~ variables outside the system. 

4,1 Apply the influence mee stoppbg (TRD, page 
74j to identify any factor r k h  is outside the 
hfluennce of other ~r izb les  within  he qstem. 

4.2 Enclose these vasiables in a box to disdngu~$~ 
them &ow systemvariables toptionaP), 

9. Review the diagram for consistency- 
5.1 See iP &e v;&bPes reflect o s h i h  level of &tail# 

aggregatian. 

- 
"Ov;zt &grams may be consmc?edhw InntmaEPionMaaaiFes (see 
LMD, page 921, BUE &is ezmpMes i&nih?yhg 4 ra+bIm &st, 

&en detminhg h e  mktioanships 



FIGURE 6 
Summary of Symbols and Notacion <or Oval Diagramming 

VARIABLE 

SYMBOL 

EX(X;ENOUS VARIABLE 

MEANING 

VARIABLE iWICH aNLY ISCREASES 

VARIABLE W.WICH ONLY DECREASES 

DIPHRECTIION OF CAUSALITY 

DIRECT EFFECT 

INVERTED EFFECT 

NATURE OF IXTERACTTON CHANGES 

NATURE OF I N T E M m I B N   CERTAIN 

THRESHOLD EFFECT 

BKEAK IN ARROW {FOR D I A G W  CLARiFY) 



-5.2 Eiivjmare any scdunblnr ~c3atior~shi~s. 
jd3 Look fur spunom currrbrions, t..g., r-xa variables 

which are show31 44 ~ ~ u s a 3 1 ~  TC:B:C$ w h ~ n  rhc ap- 
p ~ T c J 3 2  CdUW .:lad C ~ ~ C C I  hYrL!~d~ti~ll j5 J C Z U ~ ~ ) '  rhc 
ci fcsr uf a rllid v~ri&ilc.lfhc cl~ssic cxrnenplc. is rirc 
cumclrrjon bcrwcvn F I R E  TKUCRS rlnd FlKE 
I3AMAC;E. Tlw n u ~ ~ k r  of firc trucks rrsporndin;: 
t c ,  I firc docs nus c a u r  IJJC maounz ~C&axagc:ric 
j,, of I ~ I C  fire J ~ ~ C S C C W  b ~ r h  varidblcs !DCXCUL~IIC, 
19B9!. 

5.4 " l rc~r  zhc c d a d  drains of j ~ ~ ~ o < h c w s  by coa5ids.r- 
ing t l ~ c  rddid1nng u f i ~ s t  of a wndl ciunyc Ina a w;rri- 
31';~' b3 S ~ C  ~ j l d j l 3 .  f h ~  SCLIUCnCCS O ~ ~ T C T ~ C ~ O P ~ ~  

CUTISISICDI  wid'^ tbc i . > b x ~ ~ d  b c l a a v j ~ ~  in 5 1 1 ~  

6. ~as.raplt.tc thc diagram for dkpby or analysis. 
5.1 If neccssdry, 3cdrdw drc dLgram so re&- 

zit*~$hip% :\Ic'c' 6j- 
6.3 IAO~~SC .C*IUS~I liaapsand hcy wariablc3 by highlight 

g os & + ~ ~ n ~ ~ n i n g  xhca~ xpaascly. 

The era-sysrcm problrnl whkln was diaprnmred A .*na 

i a ~ i h r ~ l i c  rrsc ,scr T T C ~  DLp*~rns. TRD- pdgc 74' k 

Cur~srruct a 3-~LY W i a m  of xhc System 
r rcr  du-gram rejrpresn- Lctura which h ~ n c t  ro 

cilusc. r l ~ t .  nomad pwpula~ion's problem% in &ounghr- 
srrichn Sallrl. A ardrring vadabk for zhc diagram w a  

xlcctrd by #&ST s ~ r l n ~  the known ronbti~:: ;zFmp:om 
which describes rhc problem: zhe region is a*.eqmpu- 
lared both people and animals. The .lt-:-r &agarin 
cou'ld have been srarzed wish OVEwOPULETION OF 
NOMADS or OVERSIZED HERDS. Wuwzres these ram- 
ab1c.s art: nut ncanal. L'-g., overpopulation k only relative 
to av~dablc resuvses- Conwqucndy. H E W  SIZE \rs 
sclrcsed* because i z  may cirhss bcsrase or dscreaw in reh- 
tion :0 orbrr variables. Tllv gr-mirs the probfern TO 'he rs- 
prc=rred as Jic intcrastion among sysrcrn wariabks, 

Kcpcatrd ~pplisadon of :he branching sulc. '-ldenrify 
rhe variabks which influence rbis variable." for each nrw- 
1.: idendied variable rcmitrd b the complcred &dean 
sl~owvn in i & ~ r :  7 isss Tree Dkgams. TRD. page 7-1:. In 
practice. cnlp i par~jdl  tree is needed to s t a t  the oval &- 
&Tarn. 

Convmc the lnfllnrrracr Tree ro an1 O v d  U i r a r n  
Thc sur:ia% variable was drawn in rhr cmrrr with rhc 

varirbles which C~fluence it ce';sce~.ld aarrued (see f i r e  
8,. Tim branrhcs of ahc toec dLgam bccamc W~OUIPS 

sncca rhc variyb'dcs which bccawe ova!,. Each baancltp be- 
came d causal chain. and when n variable w a  rcpeatcd inn 
X ~ C '  ZTCC diagram ;c.g.. HERD SIZE) a causn loop was 

formal .see C' iguc~ '  9. tho. r n r r r r d l y  c~~wB-r~*Laiw~~d~i~ k- 
wcrn HERD SIZE mdkVAFEBT AVAILABLE:. 

FIGURE 7 
L~lflurncc Tree Uigrarn Prepared to 

SP;~IDOV~ Diagram d 
Nomad Pasrordism Eco-Syszem 

SEASOSAIL 
RAINFALL 

- iVATER HERD 
AVAlLA SIZE 

AVAILABLE r PASTURE 

;;;,"' 1 HERD 
SEE 

GmzmC 
PRESSURE 

-- 

'NIDhlAD POPULAT!ON would haw "=~m an eqvdy arceprable 



OVAL I)X:\i;KAhlMlS<; .; S4 

FIGURE 8 
The Initiaj Stcps in Coastructingan 
Oval Diagram from a Trcc Diagram 

IdenEify the Types of 
Interactions Between Varizbles 

ff HERD SiZE were to increase by some maall amount. 

ths WATER AVAIL%.BLE would decrease if ali orher 
factow were held consrant. ?he - sign by she arrowhead 
on the relationship shown in +re 9 hdkared shk in- 
verted rela~onship. By posing similar changes between 
each pair of relazed variables (comidehg on!: one re&- 

tionship at a time). th analyst indicated on the 
the hvpothesized interaction between the v~riables. 

7 - 
One such hypothesis concerned the rs;ation&p be- 

tween d ~ e  RATE OF PASTURE RECOVERY and  he 
AVAILABLE PASTURE. If the IL4TE increased slightly. 
rhe AVAILABLE PASTURE was directly aEecsed If rhe 
rate decreased below some threshold value. the rdarion- 
ship became distorted (DESERTIFICATION increased 
irreversibly, which decreased the AVAILABLE PAS- 
TURE). These hypotheses were nored on the oval 

diagram using she symbols shown in %re 9- 

identify Variables Outside the System 
The SEASONAL RAMFALL w-as shown as a variable' 

which was outside &e system. AAougln &is variable pro- 
duced die WATER XVAKMLE and LAuenced the 

IL4TE OF PAY7 IJKE RECOVERY. rrothing, wi:hiri c i r r  

sysrern diag.int was "ovporFtcsircd :tr iraflucncc eirc SEA 
SONAL RAINFALL. 

Orircr factors \vcsc added ro rhr. oval Jiagsann .rrc 

figure 1,  zo show zf~c cffccts of vxrcrnal in::t~vn~itms urn 

shc syszcrn. c ~ , .  disiag i3EE.P VELLS or irnyusins 
M N G F  EPMiTATlOXS and HERU CONTKOL crar rErc 

nomads by govcrnnrcn: intcrf~rcncc. Each uv t&rcs acth,ns 

wcrc dcrcrmhcd by ~CE'CIS ~ ) i  vdui.~b!cs within rhc +tu.ln 
and could aka tc shown on chc diagrrrn " ' ~-.g., tile* TE-IJ. 
tionship bctwecn GRAZING PKESSCKE md HEiClr 
SIZE CONTROL;. 

Kewcw the Diagram for Consiarenr y 
(9nr of efnc biggest problems it1 oval diagran~nnin~ i s  so 

show wi.wdclY var: inng lsveiis of d ~ u i l  .diuggregatcd L ari- 
ablcs). In ehb cxampk. a18 nomads and APE &ivestucE, were 
aggrcgatsd inro just wo vmidblc,: POPULATLON and 
HERU SIZE. TLIC w d  di~gram could bc rsstrmctured gtx 

r l ~ o v  regional warnab1r.s or  tribal groups. bat olnL dlctaiEing 
shuruUd foIIow a firsr artcapt at a mom gncrd  nndcl. 

A redunn&snt rrnarionship was shown initially in rite 
oval d i w a m  k s v c c c  HERD SIZE and KANC;E FEED 
:compare figure. 9 wiuh iigure 1). GRAZING PKESSUKE 
9 ; s  defined to link HERD SlZE \vielit KATE O F  
PASTU KE KECObrEMY. U%he rrcviewing ~Enr diagram. it 
u*ds o b s c ~ ~ d  that  tlnc effecr of HERD SlZE an U N G E  
FEED was accounred for by tbc Enhgc chro~~g,h 
GRAZLNG PRESSURE. 

Social value rclarioaships were shown rathca arnbi-p- 

omsly on the diagram. A r~. lat ionzhi~ benvecn DESIRE13 
HERD SIZE and SOhfiD POPULATION was hr;porh- 
esitrd ED h ~ l u d e  mot O P P I ~  the D E m S D  FOR FOOD 5ct 
a sct of CULTURAL NORMS. The norm innay be a wadi- 
tion aha: X cattie art: desired tor Y Lndy members- Such a 
hpporhesis acqviPes that inahrnnaeioap $e ga&crud for 
krrber study. 

SOCIAL VALUES : CONSUnZaPTION influence how 
the YIELD from the HERD aSds ro be mhn-either m ei- 
fccr FOOD SUWLY or  to produce BNC9ME from milk OK 

beef sales. The INCOME may be agpfed to fuzthrr build 
up rhe HE- SIZE. By cunsmceing rhese nm&cs. rhe 

L 0b.d  &a- hypothesized relationships rcpaesented in &- 
gram wehe sysremaricd!: examined. Ir is important. how- 
ever. ro consider both increases and decreases in key vai- 
abks. 
-- 
'Ir would have been ;m rmar to depko Q)WOUCMT as a v;rrbb!c 
since this K just 3 very !om* Irwel of the mead uariakdtt. SEA- 
SOSAt KAtNFhEL 





Complete Ehc D i r a m  for Display or Analysis 
Thcre were a number of interar:irsg causal loops which 

Icd to t5c prsblerns of thc nomads. Each of these loops 
could bl: isolated for further analysis and perhaps pro- 
prnmcd on a conlpurer simulation model {CSM, page 
120) (Picardi, 1974). For purposes of prcscnurion to &ti- 
sion makers, is is desirable 10 isolate thesc ~ n a j ~ i  effects by 
redrawing the d i g a m  or highlighting the rclarionships 
involved. Transparent ovcrhys arc cffecrivc in consrrucz- 

ing the model before an audience. Color-coding and go- 
metric shapes jother than ov&j arc also clkctivc in clani- 

, ICSCS. fying the complcx caud hypo-3 
Ar the very lezsr. zhls ermpk alirssrarcs rhc kinds of 

interactions which help so orient effick~r infomarion- 
garhering for deza3ed analysis avid design. 

THEORY 

Oval diagramming, ar causal mdcYig. draws from 
many disciplines including ccoaomics. socidogy. bud- 
ness. and eneecring. DeNeuhdlc and Staf'ord (1964: 
describe the use of ..arrow &grams" so model the causal 
relationships benuccn variables. The field of Systems 
Dynamics (Forresrcr, 3 968> srcms from cffors to model 
the complex rchsionships which Icad to problematic be- 
havior In indus+d or~izat ions .  The MiT group sub 
sequendy atrempted ro model cities (Forrester, 1969) 
and the world (Meadows, 1972). 

W i d e  dxse cffora were mady concerned n-ich de- 
veloping a computer simulation model ro z+sr hyposhews 
and demonstrate the probable consryucnccs of dift>rmt 
policies, each must start with a causal model or oval dia- 
gram of the rettionships a be tested. 

The work of Harrison (19721 and Abraham {1975' i s  

particularly noteworth)- in rhek arempts ro manslare 
cornples rcchniqucs into ssraiglaarfor\vard models of 
problematic system behavior. 

A second approach concentrates on identifying the 
srrucrue of interactions (see lnceracrion Matrix Diagrams. 
!MD. page 92). Interprz~i~e SmuctwraI Moderig IiVirr- 
field April, September. 1973; 1974) rebes on cam- 
puter assisrance to  manipulate the matrices of rdation- 
ships inso a modef. An interaction marrix has a &cr cur- 

respondence to  an oval +am 2nd a goulerhnl 
technique tbr automaticdv aadyzing large nmbcrs of 
complex interacrions. Gerardin (1973) describes an appli- 
cation of the technique to  phnriing. and at a rcccnr con- 
ference (IEEE Conkrence, 1976) several authors applied 
the rechnique to developmenr problems- 
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Interact ion Matrix 

T~~~ j)hgdms (TRD, 74; and oval ~ ; + , ~ ~ ~ b ~  1 :, A madrrix is a rn.atbrrnaticaU and gaphicaE rcpresen- 

jOVD. page 81:1. sation in nvo dimcnaiorz. 
2 A sei)~ianrerdcrioa matrix represents relationships 

within a dn$r wa ofvrriables. 

USAGE 3 : A cross-int~erdcriojz lna~trh reprcaenrs relationships 
htwcen disirndar set5 oivapnablcs. 

PURPOSE 1) A reduced mzrk is formed by ominting one or 
nmre rows or columns horn the original matrix. lnreracsion matrk diagrams dtsaibc complex relation- 

5; -* set is :. coPilectioom of elements having some com- ships by idenrift-ing sex-inrcractions nishin members ofa 
set and cross-kreracrions between members of &&rent mon propeaay. 

6 ;  A mtrix- t.r:ray is the symbol used to  indicate she 
wrs of elements. 

rsistrnce or absence ofa rclacio~nship beween &e element 

USES 
in the row and the clement in the column (which together 
define rAe entry j. 

Interairion matrices mag bc used singly or in combina- 
;ion to: SHORT DESCRIPTIOX 

1 f Identify the elements ;e.g.. objectives. constraints. 
or system variables rekvanc to rhe dcwriprion of a prob 
3cm. projecs. or sysrcm). 

21 Sy~tcrnaticaI1~ esplorc tile possib!e interactions 
lrirbin a ser  oiclemenrs. lsing a se[fimterdcsio~l matrix. 

3) Indicate the rsktence. srrengh. importance. or di- 
rcction of an iaseraction between any m o  elements. 

4 1 identify she interactions bemeen two differen. -sets 

a$ factors. r.2.. between projcc: ohjectib-es and acriviries. 
5)  Provide a matrix checklist for record keeping. corn- 

n~unicarion. and planning. 

Bnreraction matrices provide a technique Em first iden- 
&&ing zhe members 26 a set of elements. e-g.. the cbjec- 
tivrs for a project. 3rd  then systernarically examining aM 
the possibBe inarracGons among members of the ser. If rhe 
Lctors can be categonixed. &e moss-interactions between 
members of disferen: caregories can b determined [see 

figure 1;. X tmnrix emry may show a rang of informa- 
sion. including whcrher she reladonship $eween the rwo 
r!t~rnmzss has been hypothetically or empirically deter- 
mked. or whether the rehionship is or would be desirabie 
if it were established. The maex  eamy may also &ow ehe 





3; Tracing c)-cJicrtl rcJarSonsJlig, imd other linkages FiGURE 2 

r l ~ r t , u ~ h  the ~ n r t r i ~  srrucrlrrc car, he conl'udng- An oval au Piopcrries of Rcbdonrhips 
trcc Jtporrl providcs gcatcr clarity than thc nlarsix 
furnr*t. Sdb-Snccrac.:inn Mrrrir odlKdarinnhip R 

KEQUIKEI) RESOURCES 

C:nnstrucrion of inreracrioo matrix diagrams acquires 
TWO di.rtinc1 sasLs: idcnriiying rclcvrns clemcnss. andl an- 

aly;-ing inrcsactions dmurrg thcm. The Gssr eask may cx- 

plait rhe cuUcctive judgment of a large group using bran- 
sronning ; BSG. pagc 3j or the Nomind Group Technique 
(NC;T. page 11). Secondary infonnatka wucccs may &o 

usd 2 0  dcvelop xhc Ilst. 
Thr rasL of idcnrifying sc.larionshipsrcquiuessonsidt-r- 

~ h l c  cifurt and cxperrisc. Thismay ?w a ream usk if care is 
ukcn ru rxptain rhc clcrncnrs and rhc rciationsbip which k 
tu he cs.mincd. 

SKILL LEVEL 

Thc cunsrtncrion uf m in~cnssion snatris for a teh- 

dvrly >ma1: numbcr of Gcrors may u k c  hours, depcndiang 
c>n onc s ability ro asws thc masis cnmks and the 
-*mount 0iinf;rln;ltion included, 

SPEC3 AL REQUIREMENTS 

lntcraction matris di.igrams may he consrrucrcd using 
special compurcr programs. This grcady iaciliraccs the 
svsrcmaric analysis of many c h m m t s  and permits quick 
and accurate performance. of matrix operations ~.Wadeld. 
1974)- 

SlPPLEMENTAL DEFINITIONS 

3 : A rrr3?zs+tir-e reh~3tiofiCJ5ip requires rhac a directed re- 
lationship among thsec or more elements be ccnslzent. 
c.g. if A is prefencd to B. as.d if B is preferred to C, then A 
 nus st k to C jsee f i p e  33. 

2 i  .A directed reli;,trcllip specifics that the esistertcr 
of rke rcEarionship is dependen: on At: order in which the 
nvo clcmsnzs are considered. e-g.. "is influenced by." '5s 

SYMBOL. DFFINITBOXS: 
a. 5. s. d. xnd s arc elcmnnpnrs oEa set. 
i. j arc m y  ewu rUennr.ntr 
R denutcs a rclaaionsiiip hwesn any two ~Irments. 
a R b s%nifks that slcmeme P ES related LO elt'rnenr b by 
zhr. whtionhip R. 

bC9TRLS RELATPONSHIP PROPERTIES 
Pqfkxir ie .  A retatlndnip is r~flrxivu if a R a. b R b. 
. . .. i R i. I f  not. the r4abona&ig 35inrc.]kxirc Rwcauw 
aB c)aV dbgund clcmcnts are *-(ib.-- 

Synrmt-m. A rc-lariomduip %jrorccn two elcmcnts is 
rrrnmcrrical if whcn E R j. &m j R i. For i-sarnplc, 
Ckoup A -'commrmicat- with ;(KJ" Croup B. In thk 
caw. tbc wo h3bcs -sf thr marrhs arr symmrmicd 
a b u t  &c diiand. I i  not. thzn &c tdarionship is 
~ ~ n ~ e f n ~ c a ? .  
Tramitivit_s.. A rciarionBip is az .sieive if whm a R b 
and b R d rhr.a! 3 R d. For rsanapk. projrt A 'h 
prcfcsrrd to <R)" prujr'c~ 5 ~ h i c b  is pre fmd ro 
Projrc: D. tllcxefarr' Project A must ht prcfmrcd ro 
Product D. lf not. rhe ndazion&ip is ~rtr~uisivcuc. Tine 
cnuaes at cuffunan a of raws b and e a m  d;r'ferent, 
indicating an ianmmsicivr. rclatLmhip {or an ineonlsist- 
cnc matrix m q  :. 

psef:t-rred to." 2nd -5s sabordinaze I 



3) A rej7cxi~~e rehiio?zship OCCUTS whcn thc variable in- 
Zcracts wifh itsclf [scc frprc 2j. 

4) A symmetrical relatio,askip means that the rchtion- 
s h i p  bswccn two clcrncnrs i s  non-dircctcd. i.c.. thc 
c!cmcnts inscract indcpendcnt of rhc order in which rhcy 
arc considered (see f i p r e  7). 

5) Linearly iivkcd matrices hwc s common set of rows 
or columns. 

6 )  Orthogorrally linked mrriccs have the same scr of 
elcmcnts in the rows of onc matrix and the columns of ihc 
orhcr matrix. 

KEQUiRED MPUTS 

If the interaction matrix diagram is to be a group eff~rt. 
team members sfiouId be familiar with the proMern or 
project. They shodd have diverse backgrounck in ordcr 
EO provide a brad perspective on retvant dements and 
possible relationships. 

TOOL OUTPUT 

The intcracrion ;natriv. diagram protides a useful 

model. but may also bc an inrcrmcdiazc product which is 
uscd to y i d e  further information-gtheri~ngand smdy, 

IMPORTANT ASSUBZPTIONS 

The bigramming precess represents a mapping of an 
internal menal model to an expiicic format ;matrices). 
The technique systematizes the rnzpping process 5y cs- 
=mining only one pair of elmenrs at  a time. This may re- 
sult in a relationship between two eiements which is incon- 
sistent with the interaction of escb clement ro other 
elements (e-g.. a trun~itive relationdzip among elements is 
violated). In this case. It mast be assumed that the mental 
model is incorrect. rhough a cognitively compllex view ~f 
the relationship mzy be the source of the discrepancy. 

METHOD OF USE 

GENERAL PROCEDURE 

Throughout the following remember that 
interaction matrices are constructed by simply makingan 
entry at the intersection of a row and column which in&- 
catcs whether there is a specified relationship between rhe 
corresponding elements. 

I. Specify the type of elements and the relationship. 
1.1 Specify iF the element set is objec~ves. con- 

straints, agencies. needs. variables. inremen- 
dons. erc. 

1.2 Specify if rbc eclacionship is dircctcd or nun- 
dkccrcd. c.g,. mom-dircctcd rcirtionships in- 
cPmdc -3s associatrd with," -~cornrnunica~cs 
with." and "inrcaacts with." 

1.3 l i  thc rclaoianship is dirrcrcd. i.r.. from one 
clcrncnr ec ehc other. then specify iif :kc scl*. 

rionship is  tranvsirirc or inrransirkc '.see rlcfini- 
tians in figarc 7). 

1.4 Specify if thc rclacionship is  r~$rsi~~tu or not 
\see f iprc 2:. 

3. Gcneratc a list of elements for each set. 

2.1 Ask rhe qnesrioa: t\rhae elcmcnrs ore neccstr]: 
to dcscribc rhr: .;type cf clement) Fur thc ;con- 
text)? For example. "What dernenr; arc accrs- 
sary to describe rhu objcctivcs of zn inreqaacd 
mra! dcvcPopmcnr project? " 

1.2 Colnbinc individual answers to this ~ ~ c s t i o n  i i  
a group process is atst.$. c . ~ ,  brainstomling 
ESG. gage 3). Nominal C~roup, 'fechnique 

-;NGT. page 14). or Delphi (DLP, pagc 1681. 

3. Construct rhc interaction matrices. 
3.1 ~ i s t  111 the ePrrncnrs of onc type in the rows of 

a matrix. 
3.2 Prepare a sdf-interaction matrix BY. repeating 

phis Pisr oh ePernenas ;is the columns of the 
matrix to foam a sqanarc (we figure 1 E. 

3.3 Prepare a cross-interaction matrix by listing 
clrments from a dihhet-ent sct in tbe columns of 
the masdx to form a rectanplar rnaeis (see 

i-wre z j,- 

4. Determine matrix entries 
4 Spccily thc q!nbol for a posicive entry to indi- 

cate the esis~ence of a relacionship, e.g. '-I." 
"X." or "I" jsee aiso f i p r e  I). 

4.2 Specify the symbol which indicares that there 
is no interaction bemeen two variables ie.g-. 
''0'' or bhnhj. 

4.3 Beginning with the Fist row of the matrix. 
agpjy rhe rdationship tcsr to the row dement 
and each column dement. Test by asking Is 
LePernent i )  irelationship) (element j] 7 For ex- 

ample. "Is Project A yrefkrred to Project B?" 
or +'l s variable X infllrcenccd by variable Y ?'" 

4.4 If the answer to  rhe relar;onship rest is posi- 
tive. then the corresponding mamix entry is 
the positive symbol specified in Step 4.1. If 
not. either enter "0"' or make no eniry. 

4.5 If a group process l riwd t a  examine each rela- 
tionship, w e  a majority vote or group con- 
sensus to ansvrrer &c relationship test. 



4.6 Repeas this test for xhc cntricr in the re- 
maining matrix rows until all possiblc matrix 
cntrics bavc been dcrcrmined. 

5. Exa~ninc thc matrix for candsrency. 
5 1  If the relationship is rcflcxhc. confirm that 

the diagonal cnzrics arc posisivc (see rx~rnple. 
figure 3). 

5.2 if thc relationship is irreflcxive. thc diagonal 
carries should bc zcw. 

5.3 If rhc reiatiollship is ~ymrnerrical 'c.5.. a non- 
directcd rclationrhip such as "is assochacd 
with"], ~hctz confirm that each positive row i- 
colzllan j enmy in 4 sclf-interaction n~arris has 
a corresponding raw j-column i entry which is 
positive. Otherwise, zhc matrix entry is incon- 
aisrenr (scc example. figure 2,- 

5.4 If thc relationship is dkecred and transitive. 
follow the irer~tivc psoscd~rc shown in figure 
3 to test whc~bcr an Inmansirivrl selationship 
has Lcen crroncolnaly rntered in rhc matrix. 
For eszrnpk, assume that rhc matrix in figure 
7 dcscribcs a rciadonship between dcmcnta 
which is wansirivc. e.g. clcrncnt i is subordi- 
nate to c]ement j. Comp~ring the positive 
cnmics B the bortoln row ,e) with the positive 
entries in sow b {step 7 In the test scyuence! 
inJicatcs chat she column cl entries axe incon- 
sisrcnt. If c is subordinare to 6 .  and if 5 is sub- 

,narc to LJ ot dinatr to J, then r musr be suiubord; 
or the relationships would br inwansitive. 

6. Specify the relative degree thar the relationship ap- 
plies {optional). 

6.1 Dctcmaine a scale to indicate the dcgce of in- 
teraction {e.g.. 0 to 10, or 0 to  3) {see K a t e  
Ecafcs, RTS, page 29). 

6.2 For each row, assign a scale value to ahe entries 
which i ndicatcs a relationship. The value 
detcrmincd should reflect the rehciee degree 
to which the relationship applies compared to 
the other rela~onships in that row, e+, the 
strengh of interaczion bettveen the two vari- 
able clenlents [see example on page 993. 

7. Construct a reduced matrix (optiod?. 
7.1 Eliminate any elements from a cross-inter- 

action matrix which have no posirive rela&n- 
ships with eelrrnents in the other set by striking 
the row or column from the matrix.. 

7.2 Eljmina~e any element in a selfinteraction 
maex  on!). 8 it has no positive row end 
column entries, e-g.. it does not interact with 
any other elernenr within ihe set. 

7.3 Eliminate any cPcm=r~t whcre the degree of re- 

lationship is shown as an cnmy if none of the 
ensries for that clement arc above ar specified 
scale value (see cx;mople on pqc  995. 

S. Construct an interaction matrix diagam (opciond). 
8. P Two intcracdon marrice3 may $c linked C* 

gcthcr by rcpeaeing, onc or more elements of 
onc set in both mamkes (see HERD SIZE in 
matrices Aand C in fiere 1 ). 

8.2 Matrices may bc linked together by alternating 
cross- and sdf-interaction matticcs { x e  figure 
1 ) to form IimrdrIy linked matrices or orrho- 
x~?ndly limked nwtrices. For the latter. the 

scl6-iaaueracdonn mawix bccames a pivot point 
bctwcen m-o cross-interaction matrices. 

9. Clarify the interaction matrix by conrtrrncring a tree 
diagram (optional). 

9.1 Select 3 row of the matrix as the saailxting e lc  
merit of the arce (see Tree 0bgmms. TRD, 
p a s  74)- 

9-1 Branch ~hr:  mce at each posithe column enmy. 
The cknnene oa the banch corresponds to the 
column cBcmcne. 

9.3 For each of the= elernenas the process nnay be 
repeated by branching at the positive entries 
on their respecrive rows. For the matrix in 
Gpre 2, a tree aarred with the element 4 

would &st branch to elements b hnd c. each of 
which would branch co clemene J- The branch- 
ing P V ~ C  inn tqli procedure is simply the inter- 
action mamix relationship, e-%, ide-dy all the 
elements eo which this element is subordinate- 

9.4 To mec diagram rhe converse of the relation- 
ship. repeat the abow bvt Branch 
in each case at the pmiI.ive entries in the 
cohmm of rhe element. The brrnchig d e  
then &comes im effect flippe:' wound, e-g.. 
idcnrify all the elements which are subordi- 
nate to  thii element. The oval &gram in 
Cpre 2 resembks such a tree structure. except 
&at element e is not &own &e. 

10. Clarify the interaction n~naix by conseuctingan wd 
diagram Qopriond). 
10.1 Select the row eknnent H ~ I  the most positive 

entries as the rtardng element. 
10.2 Cluscet a3 the elemcnrs which have psidue 

column entriesabo~t the srarting dement. 

10.3 Draw lines which correspond to the relation- 
ship between each of the elements of a positive 
matrk~ entry, 



FIGURE 3 
Examining ari Inceracrian Matrix for Irruansitivs Relatios&ips 

Srep 3 

Step 4 

Srrp 5 

Srep 7 



FIGURE -I 
Rcduccd Crosr-lnccraction Matrix for Environn~cr~ts! Asscssncnt 

Existing environmental 
charactelistics or conditions 

A.2d Water q d i s y  

~ . 4 b  Erosion 

H.la Trees 

C.1 a Wildcrners md open spaces 

C.3b Wilderness qtzdidrs 

C.ei parks and reservcs 

C.3h Rare and unique ecosystem 

C.5b Transportation neswarh 

c.5~ Utiiits- network 

Actions which can 

impact environment 

KEY: 

Relative magnitude of the interaction on a scde of 1 to 10 
Relative significance of the interaction on a scale of 1 to t O  

SOURCE: Agcncl fir inrematiom! Dneiopment. Exviro~~n~enw~.4sse~rnm~t Guideli~res dlrnud. Washing- 
ton, D.C.: USXID, Seprcrnbrr 1974. 



10.4 If  the relationship is dircctcd. e.g-. .'o is prc- 
ferrcd TO h." Iocare rhc arrowhead a t  rhe md 
of the linkage in a way consktcnr 4 t h  thc 
meaning of the rdationship. For csarnplc. chc 
oval diagram for thc matrix in figure 2 places 
the arrowhead at thc oval surrounding tbc clc- 
mcnt which is second in the relationship "b is 
subordinate to a," 

1.0.5 Add remaining elcrnclits and links to the dia- 
gram whcre each link corresponds to  a positivc 
e n q  on she marrix. 

10.6 If thc relationship is symmetrical. only the 
positive enaics on O ~ C  side of the matds 
diagonal need to be diagrammed. 

10.7 If sPnr rcladonship is scflexivc. an arrow may 
be shown emitting from thc oval and looping 
back to  i r .  rhough such links are often 
ornktcd. 

10.8 If the reiationship is rransitivve. the mamix will 
contaiz a number of entries whkh rcprcscnt 
redundanx links on an oval diagram. These 
may be omitted as shown in thc link arrows 
home toaaeddt~ainfigur~ 2. 

10.9 An intransitive reIationsihip may be oval dia- 
prnmed as a feedback imp, e.g. the rela- 
tionship "is affected by." 

10.10 Confirm &at the diagram is complete by 
counting the number of connecting mows. 
any omitted reflexive loops. and any omitted 
redundant intransitive links. The t o d  should 
equal the number of positive mztrLx entries. 

1 0.11 The information on degree of relationship 
may be rransfemed to rhe oval &gram by as- 

sociating the scale number with the connect- 
ing arrow (e.g., either adjaccnt to the arrow- 
head or on a box on the arrow!. 

EXAMPLES 

Constructing a Reduced Cross-Interaction Matrix 
A set of existing environmental characteristics or con- 

ditions. such as water quality and erosion, were identiffaed 
and listed by sariom categories to reflect the environ- 
mental concerns of donor-funded development projects 
{Environmental Assessment Guidelines .lIum-aI, 3 974). A 
second set of actions which can influence the environment 
were also identified by using several categories of acrions. 
These included "alteration of gound cover." energy 
generation," etc. 

A sample eniriconmend assessment was then con- 

from P to 10 (rcc Rating Scales. RTS. page 29!. Tkc a'arse 
cancry Ifor each cornbinaoian of coadirion wa. Jetcr~nincd 
by m asscrsmcnt of the rciativc 5trr:ugh r d  ehr ia~trr 
action. This was donc for cvcoy probrbic combin.atit*n. A 
wcond cntry aszcswd chc aclativc significance a i  rhc htrr- 

asrionn. Finally. a acdmccd cross-incrnctlon trr~oris w.1. 

formed by climinatins thc rows and columns. Tkc rrd*?cr.J 
rnaaix contained only those eUcmcaars whose inovraction 

had a smcngth cr sipificancctgrca~cs r h m  2 on tlxe rcia~ivc 

scale. 
This mtX pinpohted the p~obable areas where 

- - 

project actions may have cirhcr a strong DF sipifirant 
eanvironmentd impact. 

An lnteracrion Matrix Diagram 
of the Nomad P;tsroralisrn Eco-Sysrcm 

The probPems of the nomads in the drought-*trickem 
S&cj were represented as P tree &gram iTKD. page 73) 
md an a d  digram (OVD. page 81 1. The oral diagram 
showed ~ h c  reladonships among a see of v;r&bhcs which 
described the nomad pasroraBsc ecosystem. and key cco- 

nomic and social variables such as the SOCIAL VALUE: 
ON CONSUMPTION (we figure 51. Self-interaction 
mahiccs were constructed for rhc two parts of chis dia- 
gram: the Ikestock-cnvkon:neneaP and the pogulation- 
socioeconomic wariabues {see figu;enrc 1. matrices A and CI. 
In each case. she outside intcrventia~.~ [shown 3s boxed 
variables in dripre 5'1 were dagrammed 4s separate 
matrices (Randl D). 

The interaction matrix diagram provides a sysrc-matic 
\va)- of esanmining the muldplle inreractionns benvecfl an 
outside intenrention and uhe ianrernal system variables. 

The cross-interaction matrices XXB and CXD wcre 
consamcted to determine which systcn variuMes were in- 
flnennccd by the ourside intemendons (see figure 1::. A s  the 
oval &_gram indicaws [figure 33. these intm-cnrions were 
originally d-mFammed as  affecting only a single system 
r.ak&.le. 

The cross-inteacdon ma& AXB Bas  further specif<ed 
by srarting ~ 4 t h  the column DEEP WELLS and asking. for 
each row variable: Does &is internention ( d i i n g  deep 
wells) influence this variable? dddidonal positive entries 

are shown in figure 6 as slashes in the cross-interaction 
mat&. 
In order to deteminc rhe possible influence of system 

va&bIes an the inreanrention (i-s.. martud-cmsuI relitrim- 
s?tips-see OVD, page 81; the B A  and DXC cross- 
interaction matrices' were consmctcd, and the entries 
for each row eiernent (inremendon) were determined by 

ducted by constructing a cross-interaction matsix which - 
listed the environmental characxeristicsas rowsand the ac- -%,, AXB and BXA arc orrfiagondlv ParFkcsw~t 
tions as columns (see figure 4). entries were scaled BXA md BXC arc li~wi!-  inked matrices. 





rhe reiadonshlhip test: Does this column variable influc:lcc 
tihi row intenrention in &c system? Positive rcsponws ore 
shown as sbshcs cntercd on the diagram (set f p r c  6 j. 

Subjccring tbc Jigam to .;his systcmadr prascs re- 
vcaled some omissions in she original coaccption of she 
complex ecosystem relationships. For exarnplc. HERD 
SIZE CONTROL alfeczed a numbct ofo&er variables br- 
sides the HERD SIZE. One in particular whkh shodd nos 
have been slighted is the ncccsdty to influenlcc tbc BIE 
SIRED HERLI SIZE variabk af the nomad pasboralist de- 
cision maker. Also, the cmck! interaction bcrwccap HERD 
SIZE CONTROI, and RANGE LIMITATIONS is pion- 
pointed Other intenemdons such as VETERINARY 
SERVICES can be added ro examkc Ifslrthcr intcrrcdons. 

The oval &gram may then have beem redrawn so form 
the interaction ma& diagram so show shcse addipliomal 
hypothesized relationships. 

Mtznaiplc ~cirraioa~shigrs may be iorr in cbc rurnpkxiay of 
ebc matrix ifaamaz. A simple WLUJ;' to cLrifY the &igam is 

eo conrmca a nee diagram (rRID, page 74) of chc iarocr- 
actions. A tree diagram b shown for the rc!&ci6unf&ips of 
HERD SIZE CONTROL zo ohm rllrcrnencs erirhc desrip 
d m  :see G p r ~  71. The right-hand wee list+ thc fac~ars 
which ZIR~UICIRIC thc ltntervcntion of HERD SIZE CON- 
TROL. The: ri&thrnd kmaches represent the positire 
cnn~ics i m  the column !,beled i4ERII SIZE CONTROL. 
The 2cCs side d w ~ b s s  v;xsliablcs which art influcn~cd by 
this intervendan. TL Ich-hand branches are chc rscrivs in 
rhe POW *.)itla the S B ~ C  la&!. 

Some itcrns are duplicated on both ii~rs, indica~in~rha~ 
nc:a?.nsgdag to conep-08 HERD SIZE. is a colmplex process 
ilnvcvlviung fc'ccdlbck of nrdabnrs such as HERD StZE and 
GRAZING PRESSURE am r a n g  kndr. 

FIGURE 6 
Revised Interaction Mamix D h p m  Showing Influences an Inten~nrions i System 

KEY: 

Entries: 
X - tow va&bIs. 

j, influenced 
by colwnn variable 

0 or b h k  - no influence 



FIGURE 7 
Tree Diagram Clarifying thc larflacnce 

Kcinriclnships in the Intcractio~~ XbtPljlx IXqrdm F Y ~ P P I I ~ B C  

Vdrirblcs Influrnccd 1 ntcnen  don VaoirMcs Ba~flucnciras 
By Inrcmcntion trrtcmr~ntion 

HEJtIJ SIZE I HERD SIZE 
I 
I AVAILA BEE PASTURE 

PASTURE RECOVERY 'RATE I=-- II GRAZiNG PRESSURE 

1 RANGE LIMITATIONS 1 RANGE LIhMITATIUNS 

DES7KE13 HELiS SIZE ! 
11 

R#>ll SUPPLY 

YIELD FKI9M  HER^) 

INC:C)ME FROM HERD 
I 

T!lc 9rablcms of rhc npojnd pasroralists m E ~ P  SahcR 
have bees ndd~cssed using Intrrpret4vc Smacaanral Models 
in rwo recent papers (Gcigcr and Firz. :'376. and Horn- 
luck CT dl.. 1976). Thc papers prescnz ma3 and mee &a- 

g a m s  whkh werc drsivrd win.ish &c ~ssisunce of special 

rumputcr programs designed to transfer the interaction 
m a r r i ~  represcntrilons. 

THEORY 

The matrix rcprescnrador. of rehrionships rakes many 
forms and the rckvanr &ear? depends on rhe paparGcubr 
applicarion- &ckrr ;1971) srases she rcpresenmdon ol 
sysr..ms $~;.orn dicrrcd graphs (oval digrams) ro matrix 

mods;s !intcrac tion matrkcsj to Markov aaniirra 
n3de:s. The irsrcr bus& on probabiy theory with she 
n3ahis sz~tries rcprrscnring the probabi&ty 05 azparanGfion 
from one qscrm srtre eaanorher. 

In~eracGon manix diagramming o~-es a gear deal to 

h c  c f f o r ~ ~  of Warfield and others sr the Bartelle x4emorid 
Instimse {Will  and \t7adic2$ 1977,). Their "Udied Pa* 
gram Planaing" ucas the sclg-hteracrion and cross- 
interactcdon rnatrk approach to seructure the %Mox+ig 
sets of phnning elements: 

DESIRED YEKD SIZE 

CX1.BPRAL KOkVS: HERD SIZE C 
-YIELD FROM HERD 

L W C I A L  VXLL~CS: CONSVMPnON 

These rechniqanes and others are described in Portruits 
~JCmpHexity ; P 975j. 

Inreqaiprcdve Srmcmtah MoLBimg is h e  hsKO for a ramg 
of coangater-assisted diagramming techniques whkh grew 
wt of the work at Battdne [lirarfiek!. Apd, Sepemkr, 
1973: 19743. It relies om computer asdsmnce to rnanipu- 
htc h e  mamices of relationships into a mode1 and pro- 
\i&s a powe&~l technique fax aato~;atid~ andyzbg 
large nnnmbers of complex interacdons. The hsk far com- 
puter assistance is found in &e properties of directed 
g2gPms and rnaaxii pmirionkg. These techniques may be 

n n n a ~ d ~ .  $a: are redonts for hege matrices. 
Gem?& t1973: h s c r i h s  zn agplicadon of the tech- 

niq-te CQ planxlg strd at a receat conference (IEEE Con- 
ference. 1976) several auohors applied the technique to 
developmemr problems- 
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Complex Processes 
-- - 

Flowcharts 
Decision Tables 

Computer Shuh6on A4dels 
Gaming 

Project plannizg demands analysis of the complex processes of &-eIopment. Static de 
scriptions are uschi $or characlee&iang compkx re!adoanships. but dynamic andysis takes 

the description into the time dimension. A powerful technique for dynamic adgsisutilizes 
rhe versztiliry of electronic computers (Computer Simuhtionn Models) :o examine the pro- 
cesses which bring about changes in systems. The connghnrm i s  eor an abseilante reqciremenr, 
as other means of sirnulation ran be used to esplore complex processes. Two analysis tech- 
niques If owcharts and Decision Tables] k c u s  brecdy Qn the sequences of decision and 
action which characterize system performance. 



Flowcharts 
PREREQUISITE TOOLS 

None. 

USAGE 

A tlowchart represenzs complex processes as a con- 

nected sequence of decisions andalternative actions. 

USES 

A flowchart is used to: 
1 )  frescnr &e analysis of a complex decision simariorn 

or procedure which can be broken down into iden;i&able 
processes. 

2) Depict a complex sequential process such as rhe 
Steps in planning and implementing a project. 

3j Indicate how a repetitive acrisizy is ro bc carried 

our. e-g.. the routine msks in controllingprojecr disburse- 
ments. 

4) Design, analyze, and debug compuzer programs. 

3 3 A process sjlnabol represents an action which sakes 
place over time (see figure 1). 

3j  -4 aiececlort symlioi rcgacwnts a step in prwn, 
where therc is  a choice arnang two or more alternative ac- 

uions (sse f k p e  1 ). 
3) A sfdue symhd represents a a~angible prodact, re- 

quirement. or specific conddon asruciatrd with r process 
sequence :see figure 1). 

qj A directed Lie Pinks lrwo svmboUs e-ether with an 
asrowhead hbcatinng&e sequence ,see f i sre  1 ). 

SHORT DESCRIFTION 

A Wowchapt conrisus of process. $Case. and decision 
symbols which ;lhs combined to show the sequence or iflow 
of P complex process. The process may be &e SEC'PS necrs- 

wry TO achkve a  ask a series d decisions w h m  choices 
are dependent on earlier choices. or the routing of infor- 
mation and m a t c d s  in a system isee System Definition 
h.Strkx. SDM. page 67j. 

The symbo'ls a m  Pinked by directed Pines roiardicate the 
order d occurrence :see figure 1;. If a decision has an aP- 
ternative which requires rbe repetitior. of a process or &- 
cision. &en ohr flowchsr depicts h e  feedback loop. 

I )  Flowcham are rebtivdy shg8e to nsc and hw 
wjdc applicability. 

2) The graphic descripdon of a complex process makes 
ic easier to cormmumicare wirh ~ I ~ P S .  



FIGURE 1 
A flowchart far the TWR of Constructing n Flowchart 
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3) Al~ernativc course5 of action are relaccd :G succtts flowcharting rcqukca idcncir>cadon af rkisoinct ~ c r i u n =  
sive steps by their location on the flowcharz. wizhitn thc complex prucew or system. 
1) Thc position of an acriviry in rhr overall a s k  is  The decision S ~ ~ R Z ~ L ) ~  is another building blm k tor b v -  

clearer than in prose descriptions. charts. I r  always eannwinsa qurscion like: 
5) Logical inconsisreneicr in Lcision sequences can be 

I j Did a garsicanlar m-cnt occur? identified, e.g., a porrian of a cornpurer program that can- 
7; Has .a qecified micmion k n  met? not be executed bccansc no action scqucace llcads to it. 
3 j Is a prior campkw? 

LIMITATIONS 

1) Constructing n flowchars may bc somewhat more 
difficult than a simple pro,,e account or thrl S O ~ S ~ P I C C ~ ~ ~  

of a decision table (DTB, p;;lgc 113j. Ir b casier to aver- 
look processes and decisions. 

2) Modifying co incluck new procrsrcs or decision 

chokes may require redrawing the flowshrr. 
3) A flowcharr is less cffccsivc as an analysk u r n !  

where a large number of options are associated with a &cl- 

REQUIRED RESOURCES 

LEVEL OF EFFORT 

Efforr: is expended in identifying possibb decisions. 
determining the processes required to carry oar the ac- 
tivity, and conrtructing a flowchart which l ink  &ese de- 
cisions and processes. 

SMLL LEVEL 

Flowcharting requires h e  ability to anticipate she 
scope of the projecr and to break down rhs projecr bro a 

sequence of activities. Elowcharring becomes easier wirh 
practice. 

Question 1 is answered by r drnplc binary choice yes 

or no. Thcsc answers are asatxlated wish the ~mrrws 

emitting from thc decision symbol and leading! to s u b s  
qucnt rymbo!s inn ehe chart. 

Querrion 2 may bc snswcrcd by yrs or nu. or rhc spc- 
d6e: criteria may be shown as brancbrs rmitoinpfroarr the 
flowchrr decision sq+mbol ,we tiigure 2)- 

Question 3 t a specific case of ques~ion 1 c t h ~  event is 

the corn pieledon of the prior s m g  and Slmstra cer a cornmvn 
occurrence in rbc flowchart. f b c  Branch Pabcled NO will 
likely loop back to the pfior sy-mbol if the prwcsscannot 
continue a n d  that step is completed ;see Gprc 7 , .  

The smre symbol is an optional. rhough useful. camp* 
meno c& tilow-charts. I t  is used to identify the Fs~OUTEBS 

nredcd ,inputs) or rhe result ofa process outputs;. Thr 
suaer. sr-mEd can also indicate the sure d the activity at a 

specified point in dme. e-g., the conditions necessary be- 
fore disbursement of loan pymenrs ma host counrry. 

A psi od connector symbol,. ofucra used in i3owcharrs 
to promore clarity, permits SrcrLing rhc Pine Oinking two 
symbols to avoid crossing Pines w to connect portions oi  J 

klowchart cnn wparare pags  :wc Pipre P A .The -me lertca 
or numEcr shoanld'b uwd din each cirde. 

Ann?; number of other symbols can be used in flow- 
charting as l ~ n ~  as a stairable explanadon of the signiR 
cance of the shape is given- Otherwise. the different 
syrnboIs may tiaa to communicate a complex decision p r e  
cess. 

The Delta chart ;described by Wariidd and Hill. 1911 j 

TIME REQUIRED 
is a klorn=charr. dssigmrd spe~~i'ically as a pPanrning rrldcon- 
pol too!. 11 provides more symbols -eg.. logic rlemcntsj 

The time required depends om ehe number 05acrivities incor~ota:eS a hgrr Leg., pmsun 
and the complexity of the sequence. A flowchart de- 0, org;m2ntion rcsponsiblc for a proces and time 
scribing a sequence of 100 steps may =Ae approsimazel~ a invoh-ed h carrr-hg O U ~  a ~ . o c ~ s s ~ .  
day to construct and refine for clarity. 

DESCRIPTION OF TOOL The flowchart is a pbnning roo1 that indicates how an 
activity can be carried orat in rhe fumre. The planner m y  

REQUIRED INPLXrS fmd the flowchart useful as a control tool if he identifies 
Flowcharts are combmations of symbols: w h o  is responsible for what process and if he ne~edfies the 
The process symbol describes an action or step in :he timing of the processes. 

overall process. The Ievel of de~aii necessary ro describe a The flowchart prorides a description not only for de- 
process depends on how the chm is to be used (greater sign and a d y s i s  purposes, but for repeated use in the 
d e d  could lead to cluttering she &gram). Consequently, operational phases of a project. The operator follows rbe 



FIGURE 2 
Examplus of Ilccision Paints for Fluwclrwting 

Less rhan one 

scqlJcnsr of proccsscs dcscfihcd and brdnchrs ;ur each dc- 
&ion puins .iusurding so she currcnr condi~ionr affecting 
tllr ciccblu~a. In 11~isreg.ud. drz decLiun ~ b k  may k more 
uwiul rhrn a Auw~l i~rr  jscc DTB. p r g  113). 

Flowcbar~s belong ro a ser of techniques which. even 
though alllowing for variaus contingencies assume h r  a 
t;n&rncntal dcrerminacy underlies ehe dmgrammzd pro- 
ccs. Tberc i s  an u n d e r l y i l g 3 ~ c  or basic rarionahr); which 
must hold for the proccss. Orherwise the combination of 
decisions. actions. and sntes is meaningless. 
This feature of flowcharts sugests their use in resting 

the logic and coherence of a prose description of a corn- 
pies process. If the charted sequence does not '.flow*" 
Logically. then perhaps the process king deseribtd i s  in- 
coherent or inconsistent. 

METHOD OF USE 

GENERAL PROCEDURE 

Constructing a flowchart is a heuristic task: 
only gneral pidelines can be given. Be careful not to get 
boged down in d e a l s :  rarher. stan with a high level of 
sbsmacrion to capture rhs basic processes and majcr de- 
cision points. The fust chart should give a broad repre- 
wnmtion of the o v e d  process. More detail may be added 
in succrtsive venions, 

The fadPoruing steps are uurfu'ml guidelines for describing 
3 ~ornplcs process whkh follows a more or less logical se- 
quence from starc to finish. 

1. Identify major processes and decisions. 
1. Single out r h o s  processes (and decisions) which 

rclprcxnr the basic acriVity accomplkhsd. 
3. Order t h e e  in a sequence of succcsivc symbolsand 

sketch the basic flow by showing only rhe connecdons 
which represrnr the most likrcfy choice at each decision 
poinr. 

4. ~denrigy the conditions which must be nzet before 
each decision can be m d e  mnd connect them by arrows 

enrering the flow before the decision point. 
5. Identify the dtcmarivrs at each decision point and 

show these as labeled branches emitting kern the decision 
symb01. 

6- Rather than show a symbol rbr a precess which 
must be repeated. loop bark to the qmbol representing 
the firsr occurrence of rhar proccss. 

7 .  Esarnine rhe chart for consistency. 
8. lf further deral is desired. break rhe processes inm 

subprocesses and insert additional decisi3n points as re- 

quired. 

I f  rhr complex process is primarily a series of decikioas. 
then the order+ in srep 3 &odd refiect the logic of the 
questions asked e.g.. &om gneraJ to specific, or in a d e c -  
tion process. those decisions which Pear! ro an exly accep 
tame or rejecuon, e-g-. r n ~ ~  quaEcatioa which 
aust be met for job applicants. 





112 1 FLOWCHARTS 

EXAMPLE 

The d e ~ e e  to which the public reacts to a plan which 
call s for public participation signscantly affects the 
planning process and the uleimotc course of action. 
Montgomery ( 1974) poses a series of questions which lead 
to three actions: 1) the government ca+.es our the plan 
without public participation except as compelled by ubi- 
trarion or adjudication; 2; the public participates in ea-ry- 
ing out thc phn; or 3 j rhe $an is abnmdoncd. F@re 3 prc- 
scnts a flowchart o f  the questions for determining which 
dtemativc is likely to occur. 

Other examples may bc found in the dercripzions of 
Interaction Matrix Diagrams {&ID, page 92) and Sce* 
arios (SCN, page 164). 

THEORY 

men& (Whitehouse, 1973). Basic laws have been de- 
vcloped for simplifying these representations. though 
their application to flowchar& is more difficult. 

Decision tables have a one-teone correspondence to 
flowcharts (see DTE, page 113). This format %or adyzing 
a complex process lends i d f  to cemin principles of 
simplification {see Lewis, 1470). 
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Decision Tables 
PREREQUISITE TOOLS form of a question, eg., "Are loan funds available?*' 

23 The condition enrries are che conditions of each 
None. Gcror (or question) listed in tbc condition stub, e.g.. 

"YES-loan funds are available."' 
3) The actio* 3 r d  is &at portion of a decision t&ie 

USAGE which iisrs the actions or decisions ro be taken if a parcic- 

PURPOSE ular combination of circumstances occurs, e-g.. ''submiv 
fund aransfer request-" 

A decision d i e  documents a decjsion-makilg process 
4) decision rwks are he action entries ofa deci- 

by describing actions to be fouowed under U e r e n r  con- sion able w;Gch a pmicuh comb-ination of con& 
ditions in a given environment. tbn entries to specified actions. 

USES SHORT DESCRLPTIOk 

Decision rxbles are used ro: 
1) Analyze complex decision siruations. 
2) Provide a dwumented procedure for handling de- 

cisions which may re-occur under different conditions. 
3) Record and communicate procedural d e s  and 

regulations wirhin organizations. 
4) Provide the basis for writing computer programs for 

use in tools such as Computer Sirnulaxion Models (CSM, 
page 1 203. 

KEY DEFINlTIONS 

11 The condition stub is that portion of a decision 
zable which lisrs &e factors to be considered when making 
decisions in a given situation. Each factor is written in the 

A decision table is a tabular representation of a corn- 
plex decision process wbzr~? a number of factorsaifect the 
choke ofactionn(s).The table has four parts: the conditian 
stub, the condition entries or contingencies. the action 
stub, and the action entries or deckion mks {see +re 13. 
The table is used by &st d e ~ m i n i g  the conditions which 
apply It-g.. Ioan funds are a v d b k .  bur the government 
has nor deposired its conmibution), and &en by marching 
the condition e~iaies ro this contingency to berermi~e the 
decision rule column [e.g., column 21- The actions to be 
d e n  (or the decision choices] are indicated by X5 in rhe 
colnmn. The 'X" may be interpreted thusly: If these 
conditions occur, then these actions are specified. 

Decision mbhs m2y be interconnected ro presenr com- 
pks sequential decision processes. 
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FIGURE 1 
Ikbcision 'Fable U.wd by I3unor Agency fr Depositing Loan Funds into Special Program Account 

CONDITIONS DECISION RULES 

‘Special ScgCsa~cd Prqyanl Account for &sLurscment of fun6 to progamr. 

ADVANTAGES SRlLL LEVEL 

) Desisiun tablcs art: a cunciw nnlethod of dcxribirlg The ability to logicaMy break down a decision into rele- 
situarions. vans factors and dccisioa rules for action js fundamental to 

3) Stanbard techniques arc available to sccrzain that coansmuctinng decision wbks. Their htre requires Litrle skill 
rllerc arc no onzissions or inconsistcncics in zhr rabt. once e&c format b understood. 

3) Decision tables aid in uaderssanding and corn 
rnunicacing cu~npies situasions. 
1) The dccisian table is easily rdaprcd for cornpuccr 

vromamnline. 
TIME REQUlRED 

4 4 -7 

51 A dccisiorr involving several facrors iac21 Thc time aeqUnred to develop a decision tab% depends 
of u.hich "la?; assumrr m&ipk values) typic+ requier a on the cow~!cxir~ of the decision situation. LC% than an 

~ ~ c i t i c a r i o n  of a different action for each cornbinarion of hour is requahed ro develop a decision able with 5-8 c o d -  

hctor values. This process is more c a d v  represented on a tions. 8-10 actions. and 1 Q-15 mles. Additional h e  is re- 
deskion rab3e chan bv a prose dc-~ui~t ion or a flowchart quired if several intercoancceed tables ate needed to de- . - 
1st~ FLU:. page 107j. xdbe the itwarion- 

LIMITATIONS 

I]  A flowd~arr has greater visual clarity $ofor under- 
standing the difercnt courses of acoion in a complex pro- DESCRlFTlON OF TOOL 
sedurc. 

2)  Decision mbles arc relatively Ectk used ncd may 
deter thc uninitiated until the mechanics are mastered. 

LEVEL OF EFFORT 

Efforz is rcquked to identify she different conditions in 
a situstion and the actions to be taken when s p e d c  con- 
ditions occur. Developing the table requires Zit~le ad&- 
tional effort. 

1)  A limited entry decision table permits only a 
limited set of candition and acdon enaies in rhe deckion 
rule columns, e-g., YES or NO (see %we 1). 

2) A m+ed enmy decision table permits extended 
encries N C ~  as a range of vallues for a question, What  is 
zhe size of the land holding?" in the coardirion stub. 

33 The ELSE rule is a column in the decision table 
which appks when no o&er decisiofi rules may be added 
to cover che case or where no combition of conditions 
applies. 



REQUIRED INPUTS 3. ~pecifk all possible contingencies (upper right quad- 

Construction of a decision table requires a breaLdown rant). 

of the factors relevant t o  the decision and the 3.1 Enter A YES or NO ro rhr first condition ;or 
action choices. The analyst must consult wick rhc dcci- simply Y or  N) in chr eablear the It;rst rule coiurnrr 
sion maker on policy and condirions ar'fcccing the policy ;see tigurr I :. 
if the tabk is to be used as a guide for action. 3.3 If thc uthcr conditions arc rslcvant. enrcr r YES or  

&O fur cach remaining conbidon in ehar cohmn: 

ii nor. cntrr r " - '". 
TOOL OUTPUT 3.3 Kcpar thEs tor the rrmrabbg colurl~ns rrnriJ 

The decsion table rccbniquc rcsulrs in an analysis of possiblr conlbinarions of coulditions arc rnarkd. 

the conditions and acrion;which compose a particular de- Each combinatirrn CEP~~:..'SL'D~S .a concingcncy and 

cision. The proccss may bc valuable in itself to point out occupies a single column in rhc table. 
i~lconsis~cnc~c in procedure or areas whcrc furrhcr spccifn- 3-3 Coni7rm ehat if there arc rr qtncsrions in rhs cundi- 

cation of acsion is in ~ rdc r .  tion 5tr;b. tbcn :here are zl' cundmgcncic..r ,unlc-s, 
some cumbinarions arc nor fcasiblr>. 

The decision table rechniquc a?isumcs that dlc decision 
process can bc rationaied. and thus acsiom are prc- 
spccifificd- All relevant conditions must bc identified 3 
priori, i-e.. 21: rhe actions which i d o w  from aglvso rr of 
conditions can bc specified. Tbc imp&carbn of a prc- 
programmed aan~omaric response is.somewhat couzrer- 
acted by including an ELSE ruk in rbe ser of &cision 
rules. This permis an escape clause if none of the relevant 
conditions hold, or if the onslysr :-hoses not to specifs 

1- Enccr the decisiorr rules (lower right c.,uadranr). 

4.1 SDLPI wirh the first contingcnuy ~cdurnn 1; and 
iodkare ~Bmc apptop.+rc ; A o n  m<rh an X at the 
hterrsc~iun of rile column =-:;!I thc C O T P C S ~ O ~ ~ ~ ~ R ~  

acdon row. 

1.2 Rcgraa ahis process for each cunrinagencj- unta all 
columns laawe at least one snay in the buttorn p r -  

don of the table. 

- - 
every possible combination of ckcunnstancrs. The action 
for the ELSE rule is almosr ilways ro cdi ir so tbc asren- 5. simplify the table ifposiblc. 

tion s f  a snpewior or higher kvel decision-maliims 3-1 Order ahe decision fronnn fetlp ro ni37ht rllar 
authority. rhe ~ P s  whkh is hdiffcrent to the mosr number of 

conditions is the fisr decision rule column. 
5.1 Order rhe condition questions so ahat rhe decision 

METHOD OF USE 

GENERAL PROCEDURE 

Constructing a Limited Entry Table 
1. FilI in the condition stub of rhe table (upper left quad- 

rant). 
1.1 Determine the conditions which axe rrkvant to 

the decision. 
1.2 Write each condirion in the form of a yeslnoques- 

ales are applied first to rhe conringcncy whre the' 
leas; nmmber oi y~csrions must be aLd.  Step ,  5.1 
and 5.7 should result in the condidon enrrks QC- 

cnpying &c upper right triangle with an kcreusing 
number of indS-crsnt eabnics ; - 2 in the lower 
leer portion (see &gure Pi. 

5.3 Combine any m o  deckian mk columns which &-- 
fcr only by the answer to one conrdirion question 
and mark rsle enmy as indifferenr. since the choice 
of action wiPP not b affected. 

tion. 
1.3 List the conditions in the condition stub. 

Constructing an Extended Enny 
or Mked i E n q  Table 

2. ~a in the ==tion stub of table [lower kft p-- Extended enairs permit more i2exibiiQity in the formu- 

rant]. lation of ccmdicionsand decision rules- Otherwise, the pro- 

2.1 Determine rhe action options whkh correspoaadto cedme is :Be m e .  FOE elrampk, step 1.2 req&es ody 

each possible combination of conditions. that rhe qcesdon be posed in n~cb a way &at a fimite set of 

2.2 List she actions in the action stub. condiriorrs can be written in &e contingencies portion of 



FIGURE2 
Flowdrart of Itrterpohtion Procedure to Determine internal Rzw: of Return 

6 NPV and previously 
computed WPV 

IRR: internal rate 

NPV: net present vahe 

r: discounc rate 

1 Mulciply difference times 1 
I quotient computed in step 1 
1 two steps previously 1 



she zabk (e.g.. farm size in hccsaresj. Furthermore. the de- counr rater. r l  surd r2. rcspcrcsivcly, rhc IKR may $r inter- 

cisioa rule entries need nos only refer to she acrion raw. pokrcd msingthc "otil-ing Eor~nruBa: * 

but may indicate: 
.YPI '$ 

IRR=rl +Crz -rl)X 
I j A further specificadon of the action, such as thc k-\Pk-, - sPb  J 

quantity of fcailircr 10 be disnibused. or 
2) Instructions so go to another sscp or to ancrher dc- The sw-7s nece-ssary to caicuhte the IRK can be repae- 

cision table. scatcd as a flowchart (wc fipprc 2). !kc~uc&ing 06k PO- 
ccde~rc in r&c decision mblc format retpircs the cumBma- 
tion of a sequtaobl grwcdurc with at., iaesativt process. 

A dded " 'On- Th& may bc xcc-y in order to b& pmi&c md 
iingendcs not o~hihmvisc described. This ELSE mit is TO &c ncpdve SPV, 3. 
followed when none of the combinaikm of condirionr ELSE wu employed LVPY dew- 
a ~ ~ f ~ -  mimed from a m i d  r is zero. in which caw dnc IKK. quais r. 
A mixed entry table combines limited entry qmbds  The ahcision aablc ~ F i r c  3) is a mired entry table k- 

(c.g, Y, AT, XXj wizh cxtendedcntries. These m ~ y  ine~mclc a 
caasc the itaativc actions hclrmdc rxtea&d err prier. 

decision rtlle ro go to another deskion a b k  ifa parekahr 
An iknsmorion d inscrpdau~g the IRR for a projccr 

contingency occurs or the ELSE mle. cash flow is given in dale erch~ni~rne dcscrigrriorr IiRR, p a p  
2Wj. 

EXAMPLES 

Limited Entry Deckion Table 'mEX)R'II 
A capital projects Lvebprnenz ofGc= {or a major Deckion u$~es bebag to a of occha~ques 

d m ~ i  agency wanred to ensure thar funds ~ ~ ~ ~ a s ~ d  by are atCgwttd l e c a l  or ;llgmirhrns (~h. 
agency matched rasio o'fudSfr@m 1 9 J O j .  fir um&Tlyhg dm k &nbg&coneimgencies 
the host governmat" The Svernmcno hdfaded 'On- Lrom&na~oas of ca&&nG wfi de rgprop&tc action 
tribute their share of funds in the pst .  Of~m.  when a wr Of prcrpet sd ~ec~onm~cs~~~c~c.~- 
se!l&ed fundS were budgczcd* wme lawr &vcroed Gas aa& has ome-t-ne comespoa&nnce i t h  flow- 
other programs. cham {we FLW. page 1 Q7j. Each mule Zn rhe decision tabk 

In order rc exercise mere conno1 the use 05 a m e s p o ~  to a path chap-t-Decisbn =bles be 
domr's and she re4u~'~~tf0rcosttsih~g 'he ~rnaP1fied $). qPBYiang ceroa$n crf logic if the 
gaver nmeat, a S c ~ e ~ t e d  riccount same actions apply, it k usually unnecessary to &m erq 
(sSPA) was established.  he donor agency rnissionw~dd Jequemce of or every cornbirradon d 
then deposit and release funds if the winlf&y of Finance rionns- ~ & k  meaEed in more kaag F~~~ ;3974), 
had fuFded its ob"3gasions. A hitedeney derision mblc t19e8j. McDan;el en 62970r- 

pmpared to guide dl@ a w e m e n t  poky qwe %re Extended e m ~ e s  mwe flexiKGT to &-ision 
13- rable, bur thep reqa;ire more care bn commnction. Nadler 

The decision table was mn%d so "- ;P970] mdPohck. et 4. (1 971) ghe more hforwahion on 
velopment oEicer need not eramine the other conditions =he 
Y d 2 ~  the necessary initial conditions occmed, e-g.. Boa 
funds are available. 

BlBLIOGR4PHY 

Mixed Entry DecisianTAle 
Compuflng the mterna! rate oE remrn (IRR) for a pro- 

ject is an iterative process: the &counr rate. r, must be 
found which gives a net present value. NPV, equd ro zero 
(see lntexad Rate  of Return, IRR, page 2009, However. if 
one has computed both a positke (iVPLrl) and negative 
(NPV2) net present value ndng two differeat niid dis- 

This  example f h m  a tutorid project by Te& Foley, "Systems 
Appro;rchesro Integrad Raral Development Rogam," Develop 
rnent Studies Frogram, UMW, Wadhgtom, D.C. 9976. 

Fergus. R. M. "Decision Tables: What, Why and fiow,'*In 
Systems Ardysk ;plrd Tecknigues. edited by :. D. 
Gouger and R. W. Knapp. New York: John Wiley and 
Sons, 1974, ~ p .  162-80. 

'T$& i.qua~on is adapt4 from J. Price Giringer. Econmfr 
. 4 d p i s  of . 4p icu lb~d  Projects ~Bdcbnote:: m e  John Hop& 
elni~.~sizy Press, 1972). page SO. Note r h e  l e  &maminaurr 
the right is the sum of rhe ahnuue vaialmesof she @oZve and m q p -  
tive XPVL Gieger  w e s r s  &at the d i f h r e n a  between r ,  und r, 
be 5%orl- 



FICL'kE 3 
M3xc< Entry Ikckiorn Table for Uchcsmini~~g 

!,atcrrrd Raou of Rcouw by lntr~pu8aoion 

step 8 I 
'aO.Computc dligfersnsc be- 

xwsen ihb c&l r and prc- I 
-%us trial r 

11. Campup~r+ product of dig- 
frrrnsc  and qnoticnt 

coaiputtd in step 9 

count Tares 

15. R e d s  is rhc IRK 
NOTE: r = discc~lmmt rate: IRR = internal rate of uemm; SPV = net present vdue 
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Computer Simulation Models 
PKEREQUlSITE TOOLS 

None. 

3) A pawmeter is a quantity with only one value over 
fie entire rang  of ehe system behavior being simulated. 
The dirinc~ion between a parameter and a variable is 
sometimes only a matter of degree oE change. In the - - 

model, the paramerer is assumed nor to change during rhe 
USAGE course of a p k c u h r  sirnuhrion, eg., "the price of gold" 

PURPOSE 
rnay be a parameter in aa economic system. 

4) ~.~eri f i :~~rion is testing a CO?npuKer simulation pro- 
Computes simulation models simulate dynamic system to see %aat he fUncdons s intended. it is 

processes in order to analyze complex in~eracdons. process of ehinarkg logical errors in the program. 
5 )  IT~tihzio~z is testing whether a computer simulation - 

USES 
program simdares rhe observed system behavior. It is a 
process of simulating the past and cherkimg the simulated 

Computer simulation i s~scd  to: data against actual h a .  
I )  Forecast furure systems behavior. 
2 )  Forecasr the efgecrr different decisions have an 

system variabies. 
3) Aid in understanding qsrern processes. 
4) Be used in tools like Gaming (Gat ,  page 9 24j. 
5) Compare dternative system behavior or determine 

Oters. optimum system design parun, 

KEY DEFLVITIONS 

3 j A sysren is a co?iection of components which in- 
teract to achieve a common function. 

21 A variabk i s  a Lcror word to describe a system 
which may change value as a function of h e .  

SHORT DESCRIPTION 

A computer sirnuhzion kvohes: 
1) ~eveioping a model of the sirnukited system. 
2) Progr;tmming the model L.1 a computer. 
3) Verifying &c i n t e r  c e n c  oi the model. 
4) I/aIi&rirrg the model by comparing it wirh o b e ~ e d  

system behavior. Past and present data are needed in all 
stages of computer simulation. 

Cornpurer skn&rions are expoired by changing para- 
meters eo correspond with expected changes in the sps- 
rem. Premt  and future system behavior is &en ingetred, 



ADVANTAGES 

COMPbTER SIMULATIOK MODELS i 121 

Tcchniqacs arc available &at aid in developing models 

1)  Computer simularios is useful for problems which 
CannoE be srudied analy ticauy.Typi~aI1~. probfems neces- 
sitating compurcx simulation icvolve deraikd models of 
compfex systems with non-linear and probabaistic be- 
havior. 

2) Systems which require expensive or impracticaP es- 
perheritation may be simulated in a computer. For cx- 
ample. the performance of a dam or reservoir can be 
studied using a cornpurer simulation rather than by build- 
ing different Ams. 

33 A wide range of dternarives can be studied. sislcc 
changing computer models is relatively fass and casy. 

4) Complex assurnprions can be easily incorporated 
into a computer model. For example, in a rnacreeco- 
namic model, a wide range of assumptions, including 
those aboct price subifit).. exchange rate. limitations of 
nasural resources, and climatic catastrophes, can be inn- 
corporatedin a simulation modd. 

5) Compurer simularion may provide hsiginr inro che 
caasal structure of the system by rcveziing dynamic be- 
havior. 

1) Data may not be a~ailable so construct and/or rest a 
computer simulation model. 

2) Computer simulation models nay become so com- 
plex thar assumptions are hidden and the ability to  
underlying system processes is lost. 
3) Developing large computer simulation models is 

rimeconsuming. Verifying and vddasing enrLe models 
are ohen difficult. 

4) A computer simulation provides only a specific in- 
stance of sysrem behavior. Generalized inferences do not 
always Eollow. 

5) Conclusions derived from a cornpurer simulation 
are only as reliable as the model upon which the shub-  
tion is based. The user of the results may forgex that the 
model is an abstracrion based on rhe developer's assumg- 
tions. Too much weight may be placed on the results and 
conclusions because they are quantified. 

REQUIRED RESOURCES 

LEVEL OF EFFORT 

Garhering &ta, developing a rnodd, and verifying and 
validating the computer simulations aue necessary. ;'sing 
specialized cornpurer simuladon hguages udl ofsen re- 

duce the amount of effors involved. 

for computer simnLstionn: Oval Diaganrminag ;OVD. page 
81 j. lntcracrion Matrix Diagramming ;lhfD, yagc 92). 
and Decision Tablcs (DTB. g a g  11 3). 

Several compurcr Banpagcs also simplify the praccss. 
e.g., DY!4AMO. GPSS. andGASP (see Gordon. P969!. 

SKILL LEVEL 

Knowing about eRc sys~crn b i n g  sirnu:arcd is requlcd. 
h =alyst musr have rbe compwr  usage skdL and the 
basic smtkried knowledge needed to develop and use 

computer simulation models. 

Time required depend: an  ehc number of variables in- 
cluded En the model and the avdabilizy of data. TypicaIlv. 
devciophnng time rnodct may take a week: paogrammingrhs 
model may need another week: verifying md wdidasing 
the model take i ohid week. However, the complexity oi 

sysrem model :.number of variables and re&rianships) 
will1 p a t l Y  influence the time ir cakes to develop. verify. 

and validate the model. Testing aterrnatives b~ shdation 
may require sewerd mzs or it may eontime for the dura- 
riom o r  the project. These eshirnates assume that rhe data 
required are easily available. Addirional time ma?" be 
needed if Surveys ESVY. page 36). Quesdonnaires (QTN. 
page 19:. or other :OOPS Rave so be used to obtain data. 

.Access so a digital connputer is necessary. Many SF- 

ciahed sinluiaeioan Banpages may be used mcc~;-js;6ui!~ on 
a remore cornpurer temical uing purchased computer ac- 
cess time. 

3 1 Tuning is the process of rnakig changes in t!ac 
parameters and i n i d  values for variables in order to mini- 
mize the errors between expected and actual simulation 
output or rhe errors bemqen observed or sirnmlatrd data 

3 j A cmtimolrs mdeI treats vaEiabies thar change 
continuously over k e ,  e.g.. population. 

3) A discrete s tochtic model hscri'oes the changes in 
variables at definite points in time. e.g.. money supply 
increases oil the day the Federal Bank releases norer. 
Often, &e h e  interval between &tee points in time 

varies sandody. 



122 1 ANALYZING COJMPLEX PROCESSES 

KEQLjlREI) INPUTS 2; The discrete stocktic model where the change in 

The purpose lor  simulasion muss be stated before a the variables is experred to occur at specific points in rime. 

drnuhtian c m  k developed. Data necessary for modeling These models are very popular in sirnularion. Many Ian- 

the sysrern and for validating results are required. though pages. imclubng GASP and GPSS. are adable for this 

rhe &fa need not be gathered und variables and param- model. 
crcrs are defined If a parsicuiar programming !anpage is The model of system behaviolr m g  be? rraced through 

prckrred. a compatible computer must k available. Fiowcharrs ;FLUC" page 107). Oval D~gamming [OW, 
page 83 j. Deckion Tabjcs (DTB. pagc 1135. . - 
lnremcdoru Marrix Diagrams {IiMQ. page 92). 

'rhc results from computer dmula~ion models hcludc: 
! j A cornpuser sinnnlaeion model of she  st^^ under 3- Compur&ze the model. 

question. 3.1 ScUect a programming Bangsage. 

2) Forecasts of system bohavias mder different as- 3-1 p r ~ a m  the model- 

surnpzions (e.g.. drcrnativc values). 3.3 Veaijy the model. 
31 A better understanding of the system and its be- 

)lavior. 4. Validate tbe modelusing obsen.eJ system data. 
4.1 n a e  the imlarrion model to comespond with 

IMPORTANT ASSUMPTIONS gas sysxem behavior. 

All &e r e t v a n t  variabks and rclarionships can be qum- 
tified and ail necessary dam are available. Ir  is assumed 
that aU variables and xdasionsbips can bc idcneified and 
defined csplicitly. 

4.2 Design experiments to test parameter values. 
4.3 Analyze she resulb of the experimental firnub- 

don. 
4.1 StatisticaHy compare results with observed data. 

5. Sirnulare and infer. 
METHOD OF USE 5.1 Express policies or dcckions as changes b para- 

meter values or in some stmctural relarionships. 
GENERAL PROCEDURE 5.2 After making ~hese changes. rinrula~e rhe system 

Computer simulation cannot be described hUy with- model k b a ~ o r  and forecast the effects of rhese 

out refere~ce  to a specifi type of model or a particah changes. 
application. The fo3cawing outlines o d v  the sreps basic zo 

EXAMPLE 

1. Define the problem. Conthuous system ma&ls have been usedby Forrester 

1.1 Recognize the syscern problem. ro model urban dpamics <1969). The Chb of Rome has 
1.1 Idcacify the system boundaries. developed a model of the world predicting major chaages 

in popladon. economy, etc. (Meadows, 19721. 1.3 Obcsve current and past system behavior. 
1.4 FormlrIate problem objectives. Discrete event shnuhtion has hen ~ s e d  in a large and 

complex model of Nier ian agrimltare (Abkin and 

2. Develop the descriptive modeL ~aneisch, 1973)- some 2fdtema& policies and strategies 
were tesred usinngzhiis moole1. 

1.1 Idenrify the important variables and the caase- 

e&ct relationships in rhe qstem. 
3.2 Identify che parameters of the system. 
2.3 Selecr the type of model to be developed. THEORY 
2.4 Devebp the model to represent system behavia. 

There are mamy types of simulation models that can be 

TWO qpes of models will be discussed: used. However, rhe types dixlnaed above are the most 
1) The c o r z t i m u o u s  model where the change in the van- pop& and most d d e  wed Andogue comprras sirnu-- 

ables k expected to occur continuously (see Forrester. latioa where variables are represented analogously by 
1969). Cornpurer hguages like DYNAMO can be used alrrenrs m d  voltages in an ekeorortic system constm,~ted 

here. to resemble the observed system, c a  & ?X wd & 



used are more complicased cominuous models that in- 
cluh variables which are probabilistic in Faasre. Forrester 
11968) &scusses such models. 

The use {and misuse) of large computer simulation 
models for nrban problem solving is treated extcnsivcly by 
Brewer j 1973). Srandard textbooks on sirnuheion 
methodology include Gordon { '1 969j and Emshoff and 
Sisson (1970). 
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Laming 
PREREQUISITE TOOLS 

None. 

USAGE 

PURPOSE 

2) Governing nrks describe the reladonships berweea 
decisionas ma& by &e participants and the resulting 
changes in the sirnubred envimnmernt Far example, in an 
economic game a governing mPe may dictate that a deci- 
sion ~0 erpmdnnonen; mpp.plE: kack to iflation. 

3: Scorimg in games is used as feedback to Ehe partici- 
pants to reflect the ef&c&eness ofrheir decisions Scorer 

Gaming provides &cision makers with experience inn a 
are usua4lY related to the objectives of the game. For ex- 

sirnulazed problem environment in order to analyze corn- 
ample. "overd growth rate"' may be used as a score in arn 
economic game. 

plcn processes. 

USES 
SHORT DESUUPFIOW 

Gaming is used to: 
I j Generate drernarive actions in a problem 

siruation (operariond gmind. 
2) Forecast effects of dternative actions 
3) Train present and potential decision maken imam 

agcmcn: p i n g ) .  
4) Provide experience in using diferene tools that as- 

sist k decision making. such as Contingency Andysis 
(CGA, page 1471, Scenarios {SCN. page 164)- and Com- 
puter SirnuiarionModeb (CSM, page 120). 

KEY ZlEFINlTPONS 

1 ! The poblern environment is the set of variables a ~ d  
a-e~a~onsbips which are s h e  to the deckion process 
under stud?. 

Gaming consists of a controlled situation where people 
or teams compere either agakst each other and/or against 
a simullated problem environment to amain predetermined 
objectives. Games kPuh a errpiron-nen~ several 

gm-m-iwg rules. and smrkrgI aPI of &c% are designed to 
represent a red sirnation. Inn games where two or nore 
reams are pddpa thg .  one team's decisions influence 
0&er teams' reactions and decisionr A single team may 
compere %aimst a problem envitommnt in which one or 
more v&bIes are byondlcfie a m " s  k t  controL There 
are programmed rehdonship between the players' && 
sions and the rcsuIthg changes in h e  envhnmenr; Mow- 
wer. the mmre of the reladonsbips is a a d y  nor known 
m &e participating tew a d  thus pdcipamts become 
hoh-ed in analyzing complex processes. 



ADVANTAGES 

1) Decision makers gain experience without paying 
she red-fife penalties for wrong decisions. 

2) A same can be designed to be very flexible and can 

provide a wide range of p:~blem sirrnations. 
3) Because the h e  element is limited, the player can 

make as many decisions in a few b u r s  as he would m k c  in 
a few years in real life. 

41 Gaming helps everyone involved including the ana- 
lyst who de$g;ned rhe game. to undenanda problem. 

5) Games have k e n  developed for typical probkrn en- 
vironments and can be applied directly. The Amerkcann 
Management Association provides olist of such games. 

I )  Games representing large and complex real situa- 
tions may i$e difficdt to consmcr 

2) A game requiring four to a t een  hours reqiines con- 
siderable concenmrion from the pmicipan~s, 

3) The compressed b e  elemens: in a game may m 6  
lead the decision mahr as so the real namre of oRc dy- 
namic change k~ the problem e~viiunmeat 

43 Governing rules in a game reflec: the designer's 
knowledge and experience k the problem imarion and 
thus are a limited represenation of reality. Often novel 
approaches, which may be appropriare in red We. work 
poorly ir~ games, stifling the decision maker's creaziviq. 

. . 

REQUIRED RESOZaRCES 

LEVEL OF EFFORT 

A considerable amount of efforz is required m devrlop 
a erne for a problem situation. A moderare mount def-  
fog b required &om the pardcpants. Some eiaborate 
game situations may use andysts and s t a f f  asskzmrs as 
participants to assist tbe decision maker. 

SKILL LEVEL 

Developing a game requires e x p e r k ,  prirnady in the 
problem environment being simulated. Complex games re- 
quire a team of experts. For example. developing a game 

for national economic policy making may revire e c m G  

mists to develop the governing rules, psychologists and 
educators to design the formar oZ intermediate results, 
cornputerspec&ts to automate the game, etc. 

The skills required for playinga game are mi&d when 
used Qr aaini31g purposes ody. If the game is used to pi- 
erate alternative actions and forec~r their e F k s  am e;- 

perienced &cision maker needs zo pudcipase. 

TIME REQUlRED 

Th~e time required to dlevelop a game depends on the 
cornplexiqv of thc enviro~nnnenr k i g  simulated and on 

the amount of detail required. It alro depends on the nus& 
ber of participants. Gcncrally. a few w-c+ks arc neccmry. 

A typical session of play m y  vary from :wo 
hours tot+; or ten hours. Occasioad1y. games are played 
over a perid ohtwo or three days. 

Games m y  be plqed on a digid computer )isre Com- 
puter Simdaeio~n Models. Gkl.  page 120) 5 0  rhar the pc* 
p m e d  re8arionshigs are automated In this csc.  access 
to computer facditks. including a remote terminal. is 
required. 

REQUIRED MPWS 

Before the acnnal of the game. there arc rwc 
stages af pregaraoion: 

For &e d e e p  ofa gante: 
1) Dcrmi&n of the problem area e.g.. 

&=Popeno programs. 
23 Statement of the gu~pose. e.g, to consider the ef- 

fect of doemarive prcgms or to train area exwnsion wr- 
w e  agenrs 

3) A design team [as qecifiedin Skillssection) should 
be &tinpished horn the participadngtem. 

For the playingofa game : 
43 Specific starring values of variables. 
53 Conmnnimenr from the players. 

~ f h c t s  of &emate decisions on the s;:l;&ted end- 

ronment are obtained, e-g., in &? sgicimlnrrd program 
game, the '*effect of d i s d ~ u t i q  free PertiliersPed to misi 
use of ferrers  amd Iow productivity.'" w& the ".effect 
of increasing number of extension agents and subsidizing 
fe&m led to higher prodracrivit)'.'" This k& to a 
greater undersmadng of the complex processes described 
in the gaming sitcarion. 

Games are used wkh an implich a*aunpuon &at the 
&ision makers obtain ax understanding abnt  the prob 
lem environment when rlbey participate, This -ptioD 
is often challenged. Some echcatoa belleve k t  putici- 
paits learn only by reactkg to the changes in the simu- 
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levels are wed for training as well as for &g decision 
making, particularly in Defcaw Department applications 
(e.g., war garncs]. 
In industrial situations, management games are usec to 

aid in production planning scheduling. marketing. and 
longtern ~ b n i n g .  

In the public sector, operodond games ye used to aid 
in making &ions e.g. urban housing policies. mass 
transit decisions, and economic planning. 

Hclmer. Olaf "Opetadond Gaming." Fw krres (1 972): 
149-67. 

Kibee. _I. N.: C&. C. J.: and Nanus. B. &Irmagerneat 
Cams. New Yak: Rimhold Publishing 196 1. 

Quldc. E. S.. and Boucher, W. I.. c&. Systems Am&& 
and M l i c  Policy.- Applications in &fenre. New 
York: Ammican Elsevier. 1968. 



Accounting for 
Alternaf ive Outcomes 

Hitogams 

Subjective Probability Assessment 

Decision Trees 
Contingency Analysis 

Project planen must deal with uncertainty. Infomation ma be wegated intostadis 
tics which mmrnarize the variabiity of the data. fie likelihood of dtemative outcomes 
must be estimated (Subjeck Prabaibit]; Assesnnennq. Two techniques are specifically 
smcrured to enable the analyst to dead with alternative cpaarcomes or contingencies (Deci- 
sion Trees and Conaingncy Analysis). Uncertainq isrem1wdinn various ways, but d ofthe 
tooL attempt to give a project desiper a grasp on the i n d e t m h a q  md iaaherent waria53ity 
of development processes. 



Histograms 
PREREQUISITE TOOLS 

None. 

USAGE 

PURPOSE 

Hitograms diagram alrernaPme outcomes which permit 
the inspection ofcharacterk& patters and &e quanntibi- 
cation 0fSQmpb statkIics. 

Hisrograms can be used 10: 
I) Show the frequency of the v d ~ e s  of a discrere w n i -  

abk,  such as categories of responses in a question. 
2) Graph the frequency of continuous variable values 

within consecutive discrete i n r e d  e.g., a profie of 
income distribution for farmers. 

3) Indicate the reltge of the variable. 
4) Suggest a cenrrai tendency o£& variable. 
53 Summarbe responses from a sample survey {SVY, 

page 36) or Delphi (DLP, page 168). 

KEY DEFINITIONS 

11 The c e ~ d  zendency is rhe most likely, or avwage, 

d u e  ofthe variable. 
21 A =mp& statistic is ;l quantitative parameter which 

ccharacreoizes some aspect of the Prom whkh a 
set of &rr is &a- 

3) A coratim.our  mia able mkes on an inhite numkr 
of values over some range of possible values, BEG., the 
ternperamre measured ar a fixed location at different 
times, or measured simdtaneoudy ar various locations. 
4) A distreoelrarkbk has only a finite number of v h s  

wKih are multiples of a basic unit, em&, the numbers of 
members in an o&adon. 

SHORT DESCRIPTION 

A histogram pPors the frequency with which ddEerent 
values of a v+bk uccur (see f i e  11- If the variable is 
& u e ~ .  the hiseogaan may be a series of bars cenered 
over each rrdue- If the varktbk k contbuous Over some 
Fied range or if &rere values are grouped. oRe hiogfam 
is a series of steps which correspod to f ied  intentah of 
rhe variable. 

1 j A hisrogam provides a clearer description of &w 
patterns than P simple oaBnlatisn of the values. The length 
or" rhe bar mansfonnsa frequency distribution into ahear 
meamre. 

2) Sample statistics may be shown direcdy on the hori- 
z o n d  scale d the variable. Gross errors in cornpuarioa 
can k identified by inspection. 



132 1 ACCOUNTING FOR ALTERNATJVE OUTCOMES 

FIGURE X 
Sample Histogram Far Raw Data 

LIMFTATIONS 

Hitograms may be misleading 8 rhe observaPion oE the 

bequency is over too short a time oh inclndes roo few mea- 
surements, or if the vaxiabk intervals are too h e .  

REQUIRED RESOURCES 

LEVEL OF EFFORT 

~ssuming the data are at Rand, rhe effort required is a 

function of the number of discrete d u e s  or interads. 

H3sevar;ns may be consmcted quite rapidy. if the 
data are well organized. 

SPECIAL E Q U m m  

A hand calculator speeds up computation, and many 
h ~ v e  been p ~ e ~ r o g r m m d  foa rRis purpose. if data are 
stored on a general purpose di@d computer, a f eguenfy 
hisIogram can be generated -4th a *urn of compiex- 

ity. 

SKILL LEVEL 

Judgment is necessary to mark off h e  scale for &e vari- DESCXP'I'IOM OFTOOL 
able (e-g.. the range and number of intent& for a contin- 
uous variable must be specifled to give rhe desired dari~). S ~ P ~ A L D E ~ ~ Q N S  

Computing statissics from frequency data requires shpk 1) The mean is h e  average d u e  or cenud tendencp d 
algebra. rhe data. 



FIGURE 2 
i%stoyam far Cluwered Data 
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2, 'I'hc r r r r d i .  i:. ij;c va!nc or c las  inscrval which occars 2.1 lavcludc the range aG- che variable within U&C 

most Trcyuu~rtfy. lirn~ks- 
3)  T31c P Z C ~ ~ W I J  i2 the value c ~ r r e ~ ~ o n d i ~ ~ ~  ECI dac mid- 2.2 Mrok off& unirs an rhc axis of the graph. 

point uf sbc drru ;u>uinzs. 

.*I! r*azl&rd &>3bfion js :hc meam.rs: .of $be & 3. Deridc if the data arc ro br p ~ p d  and how mamy 
pcrbiea ~f rhc data vducs abut she mean. groups arc nrceswry to give PIIC drsircd derail {from 8 

5; A cLcc iwrcrvd ia r uniform &vision of zhc vitri- to 25 itcmry. 

cblc rdrrge. 
6, ciustcrcd J J X ~  are C Y ~ C ~  to rgrega:;rr c ihc dara inm 4. Dctambc Chc 4% in tend  &c by dividing the range 

k w c r  points for rnalysi3 and plotring. of &c vlahblc by zPlc namher ofgoupsdesired. 

5. Lkwrmim the dieqaenrcy distribudan of v d k  
valuer within each chss inremall a d  tabulare (see fig- 

The data giving tbc frcgucncy &~butioPrn of dkacte ure 2)- 

va'lur5 af sllc vdiable XI: the  oniy rcquircd hpur. Thc bd 
nidy h tiu: r o u ~ t  of responrr io  S ~ W C ~  'SWY. prgc 6. ~ ~ w = r m i n e  dr h i t s  w e r t ~ d  als. 

36) 01 Ilelphl :BILP. p a g  168) y~csriunlarkc. If ahc vari- 6.1 Sclcco .an 'JIPPCP Bbie: which i s  at Pcastas bagc ;rs 

4Mc rcprcscnts 4 qnalirarivc judgmcn's. then a raring rcifc the maximum hequency comprruaed in srep 5. 

slrould be uasd (3s.c MTS. pdgc 79;. 6.2 SeEcrt a Lowm limia which is either zero or the 
m i m u m  5rcsucscy cosspputr.d m step 5. 

The .rrchnlquc produces a fcqucncy hks0gGsm wbidl 
~zlay irzclud~ T ~ C  mean, m'de, and m d i a  of thc &rr. To- 
gc~l~sr.  tbcst sonsrisnsc rile malysk far rc~rsrrloag tbc re- 
S U ~ L S U ~ ~ S Y T Y ~ ~  or for iecdback to Delphi parrkipants. 

Plorzing xnrasurernmts of r variable in a histogram is n 

srr i igb  t fornard mechanical process. Valid L~ferenres 
sbouz the gcncsd charactcPastics of the phenomenon re- 
presented by die variable depend on an asamption ahat 
rhr mrasurcmcnrs a~r: an adcquauc and unbiased sample ai 
d puszibls vdues af T ~ C  va+Ble. For esaple. 8 rhe 
remprarurc as rhe Tcmasek Lnrer~dond Akiyors war. 

measured ea.ch &ay ar noon, the would cn- 

able inferences about midday ~ r n ~ ~ a u u ~ 2  ar  baa Boa- 
tion. LIowcver. wi~lth0~15 &ff2rtat data. not much couM be 
said about Zealpczratures aE o&zr &cs or ar orher bca- 

METHODOF USE 

GENERAL PROCEDURE 

Frqwncy Histopm for a Discrete Variable 

I. Compute the range of the vauiabk by finding the dif- 
rCere31ce between dae largest a d  smallest data 

7. FBoa uhr frequencies above ahr ccnrer of each class in- 
u~wal  of the variablle. 

8. Exvrninc the plot to determine if the hiiscogram shows 
abe dcsird drger af CcaaiB. 
8. a Esprnd :he scale of the frequent?- a :.is if metes- 

sm?. 
8.2 C h m g  rhr L i e  ~i E ~ C  C ~ ~ Y S S  inten-alts to change 

rhe comesponnding &equcncies. 

9. Finish rhe Rbr- by adding connecting bars and 
hbePs (see figure 1 j. 

Compute rhe mean a d  standard dewiation far raw 
ju~agroaapd j da~a. 
1O.t Elncer rhe. &u values and ohcir respecrive fne- 

qlicncies in a mblrt - see figure 3;. 
10.2 Compute rhe merun drhe &a series ansinagcqna- 

tion 1- fimnre 3. 
5 

10.3 Compnrc the dih~csenuce of each &mnm vaBue 
froan rhe mcm annd rabulare. 

10.4 Compute dne standard deviation *equation 2. 
f i r e  3:. 

10.5 lnndicasu rhe mean vzEt=e on the houizonta1 axis 
ohshe histogram 'see FPrc 1 j. 

11. Camplare the median ~f t5e data series (optional). 
1 9 -1 Order dI =he $am points LT a~enbn~vdoe. 
1 P -2 Divide the number of da~a  paints by wo.  
1 'P. -3 Use &is n m k  60 de:e&c the correspond- 

ing data paint in the ordered srquennce. 



FIGURE 3 Frcquctlc) f 5stuganr fur r Cua~tirrurrus VariabIc 

Xlcarl ~rmd Starrdard Dcviaiiotl of Krw Ikti V~1uc.c The prolcedsrc is rscnri~l l i~ ~ ! B C  sanrar as :tri a Jiscrcbc 
sasiablo cxccpr rXvaz ~auc rariblc values bv ars Cddc 

tiu3n~P mu;tip!~r ot basic unit npra3:rrr. Fhc J r r ~  ~ r c  

uoupcd iaio class inrswds. and cvrrr vrPuc ijFlioasairliain 
~ b c  r:ggrr and Uorver vnlue3 ot' she incc.n.sl ccrnst!r:!re uY:1F 

uccarrcancc or*rbar brrcW.ai. 

Thc rxmapi'yrs in G ~ ~ U C E ' S  1 andl 2 .  w&niIc sbsaair, ZEbs- 

trrcc x v r z ~ i  inserrsrin~ painb. Figarc 2 rr6p:sx-~-el:~ . cbrrs- 
tcring oC rlnc d;lw poinb from1 Ggtrrrr il i r r w  rrnitr,rrafi h-!.a%x 

i n ~ c m d s  ob' rwu uoks each. %ru sliac E l r s  r r f  d c r 3  in rinr 

11.4 If rhcrc are sm rvcn nunahr of &a painrs. :be 
median will be the a t e r a g  ~i rh r  :wa &:a 
poinzs which splir rhe ordered wqucnsr inso 
swo c q u ~ l  pxrs; oshcrabc. chc median 2, rbc 
midpoint in the scqucncr. 

11.5 Thc mcd;an vdhe may bc skcrcnrra an tnc nlsr~n- 
gram ,nox tllas &i docs nor ncccu~dlp somc.5- 
pond to rhe mcan wlue;. 

12. Determine and mavk the rnode(s1of the histogram by 
de~esminig t31e vdur: (or intcmJ3 which or- 
curs most. frequenrly :,option dl. 

13- Com~ure dlc mean of grouped dam. 
13.1 Enter the upper and lower h a i r s  aidle dass in- 

rcrvals used for  sonszm;ring ehc hisrugmnn~ 5ec 

Ggnrc 4). 
13-2 Cornpure the midpobz of edch class inrerval. 

13.3 Cornpullte rhe mean of rlrc Sroupc3 data wsi~;p 
equation 3. figure 1. 

13.4 Indicate zhc mean value on rhe horizonzal a.. H 
of the hixogram isre G y r e  9 .. 

14. Compute the srandard deviation of grouped data. 
14.1 Enrcr the chss intervals and ireqnencls on a 

sabdar umrhhee~ (see G ~ r e  5;. 
14.2 Dctcnnine the origin-rhe class inrenal which 

conrains the mean v d ~ r  ,compmtc.d in srep 13;. 
13.3 Derexminiae the bgerence Between each class 

interval and the origin in multiples of class inter- 
vals. c.g. 2 1.1 2. . . . , insemah from the o+m 
(see figure 4). 

14.4 Compute the standard devhrio~ using squation 
4, 5 .  The =sums arc -crcornpuord by corn- 
plering each row of &e sBH and then adding 
the appropria~e cohmns- 

" " 
slnlpr. of ;lac ;bLtloFarn. TEnc >tar*5us> furs thc :rtcahuurch rrf 

ccntr~ti ecu~dcnc~ ~onucan. nndrr; lihaagc Iircjc. bilowr.vu*r. 
al r r  durwring ,:>i z h r  &ea vsims>d-a-> havc ~*t'C'cc: on IEIC 
.rtaa&rd drvirti*n. 

Tint n>c of inistogranas - j l r d  t'orqnc:rcl; distri8;;riaw~%] i:. 
illuar:recd irt Subjcccivc PrwbrbiTi~~ Abwunurno SPA. 
p a p  137;. l klpbi  ;111.P. p a p  1685. and Strawl;s ;~SVY. 
pagt 36;. 

THEORY 

Frc~usncy b ~ t u ~ r a s m r  arc bawd em raw ocvntep! ut r m  
durrn variables -nd elne drcory uf prerbrbrliey. Probrbihy 
rlac $rcqurns): of usrsrmence of Y ~ ~ T X P C U ~ ~ K  C'YL'FI~ - a  dib- 
cretc vduc or r value wnehian an irttrr=t.al. Though this even K 

ma)- &- random. rite rcrnllt oi man]; rcpsatrd measure- 
arena gemeratea the freqanenc) disrriburion hunueirra uf 
t h ~  candarn variable. Pr is conucnisn~u tu =arrgorizs tbcw 
f,i~crions into char~cr~risric; Arms. L-g.. t h c  uniiorm dis- 
tribntioa charnctcrizcr a vadabie which 5 cyu~BUy fiLc.1~ to 

take on 2ay value rvirhllnin its range. The corresponding 
DPkrogram would be mcady flat. 

Frequanrnac); hk~o_gmms represent the bstribotion of a 
firuinnte sample of meammm~ats. The abidity eo ge:eneraPizc to 
she basic phmomcmoaa meamred is a fum~cion oh sample 
she. 

Smkh .P975; gives an excegenr treatment of data and- 
yds and stadstical cornputadon. For esampk. saying that 
dl response choices %"ma cpestiocnnake are equally PikcEy is 
the sam as saying char rhe response him- is mni5om 
;flat; over the range of raspme. For a s d H  sampk. this is. 
nor likely to k the case. 

Smith. Kemrd~ F. Sta t i s t i d  Sunrey rrrrd = P I L ~ ~ ~ J S &  Hrlmd- 
Book. .%-la. Phibppbes: USAID. March 1.1975- 



FllCljKE 4 
Mevl  of Grouped Data 

MEAN OF GKQUPED DATA = SUM2jSUhla = 246j60 = 4.1 

FIGURE 5 
Frandard Deviarion of Grouped Data 

STANDARD DEVIATION CALCUL.,;ITION: ' 

1)  SUM^ 4  SUM^ = 1 ~ / 6 0  = 2.t; 5) Square root s,4) = 1-43 
2) SUMl I SUMl = 18/60 = 0.3 6) Size of Class 1nt-a! = 2 
3) Square of (2) = 0.09 7) Muidply (5) + (6) = 2 x 1-43 = 2.86 
4) Digerence: j l-  - 33j = 2.93-.09 = 2-04 STANDARD DEVL4TlON = 2-86 

SIZE OF 
*STANDAKD DEVIATION = CLASS X (sUMs/SIJ&t, 1 - [SU&]SUM: 32 j = 3-05 

INTERVAL 



Subjective Probability 
Assessment 

PREREQUlSlTE TOOLS 

None. 

USAGE 

PURPOSE 

Subjective probabiliss assessment quaneifies expert 
judpenrs abour rhe chaxe of specific i c m s  occurring- 

USES 

Subjective probability assessment is used to: 
1 ] Provide the probnBiIif~ distrilnrrions required far 

using certain rechniques, such as Decision Trees {DTR, 
page 1.111. 

2) Make individual judpenrs explicit so that they can 
be compartd or aggregated with each orher. 

KEY DEFXNiTIONS 

1)  An event i s  a hmre outcome, the occvrrence of 
which is uncertain. e.g.. "borable rrading conditions 
with Temasek next year." 

2)  A subjective b a quantified judgmens d 
rhe chance of an evenr occurring. 

3, A probabihiy dkrribdrion a?isociates, each went in 

rhc sec with iu probability of wcenrrence. 
3; A set ofdkcrcre eu*esta consists of a fiaire n~lnber 

oi mutually exclusive events. For example. the pssiMe 
outcomes. or for casting a die would be numbered 
1.2,3, . . . - 6 :  and "'monsoon arrives earlier than usual." 
*'rn~nsoon amk-zb as usual.'' " I ~ o ~ s Q o ~ ~  arrive's later than 
usual*" 

5; An assessor ssthnanacts the probability &tribmtion 
ol'a set cfevents. 

6: The rekztri-e clxnce reflects wherher one event w-il! 
occur rather than another. 

7 ' The mrio merhod esrhates pobabilinies far a seo oi 
events by Fisr obczining rhe relative chance of paks of 
events for 41 possible pairs. 

SNORT DESCRWIOX 

A ssrssmen: of ~~ibjrctive prohabiliries requuc~ the 
iden&~tcation of a seo uj-dircr~c* t=tPt"nrse An ossess~r rlnen 
considers these events. two at a rime, to dermminc the 
relarice ~Izur~ces of t h u s  events occurring. This procedure 
is known as the rauiu mec83d. Simple computations then 
determine the probabiiry k i b e r i o n  for the set ui &is- 

crew events. Subjective probabiiities may also 5e obtained 
for a set ofconti~r~tons even= by rnoaying it into a &- 
crew set. 
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ADVANTAGES FIGURE 1 

1, Probabiliry assessment makes the judgrr>enxs of an A Prababiliry Dcnsi:y Function 

individual cx pl~cit. &us allowing others to understand and I 
respond. 

21 The rario method is c?sy m use because the proba- 
Silirics arc assessed indirccrly by comparing :he chanccs of 
occurrence for pairs of cvents. 

I ; When rhe assessor i s  nor motivated 20 perfom and 
to think about the analyst's questions. :he probabilixies 
obrained may not be valuable. In addi~on. an assessor 
wirh no  backkcourad in probability hrorg will not per- 
form as well as one familiar with rbe rcchniquc. 

2) When there is n large number of events, the ratio 
method becomes redious. This rncthod may a3so lead ro 
inconsistencies which may be difficulr :o resolve. 

REQ'JIRED RESOURCES 

LEVEL QF EFFORT 

After rhe assessor considers and gives his estimates for 
the relative chances ofsarious evens. rhe andyss 
minor computations to arrive as a probability distribution. 

SKILL LEVEL 

The analyst should be able zo inreract rgfcctir-ely wi.izh 
the assessor through skilicd inrcrviewing ;IVW. p o p  333. 
An assessor ~ 3 1 :  a basic undersanding of will 
be better able so q~alatify his judgn~nts. 

TIME REQUIRED 

Considering a set of ten events takes about 30 minutes. 
The time required depends on rhe number ofevents. 

DESCRIPTION OF TOOL 

SUQPEEMENTAL DEFINITIONS 

1) A ser of consinwow events consists of JI infinite 
number of evenrs. For example, the gsoss national 
(GNP) for a coming year may range from one b a o n  to 
five Siion dollars and may a c d ) :  be any valve in that 
r a g .  This may be modilied by gozipkg the conrinvous 
events into discrete events. One event in &e CNP example 
would be .-less rhan two billion dollars'"; another event 
would be "benveen two b%on and three bi!iion dollars." 
etc. 

2: A pr~babikry dozsirq. &ncrim reprerenB rhe prob 
abidiq bs-ibuiion of a set of condnuorrs events. The 
falacdon may be expressed as a curve [see figwe 1 ). The 
area under the curve for any interval of\-alues b the prob- 
a b - 3 ~  that one of the d u e s  in that internal win occur. 
For example. the shaded area Gpre 1 represents rhe 
probaKdity rhac any value From four to five occurs. 

A ser of events d l  be defnned by the decision 
maker by using a technique like the Delphi (DLP. page 
165;. 
The events in a set may be descd'oed in quantitative or 

qua&mrive remy. A qnmcizative descdprion F,e.g. dollar 
value of exports of beet ma): be classidied inn qualitative 
rerms fe-g. highPn. medium. or Pow dollar exgorrs;. A cpali- 
tarive description always &scribes a set of discrete events. 
whereas a quanndsatk,e descriprior. may apply m a set of 
discrere cr tor see of con&uous events. 
The assessor \\ill gene-dy be someone whose +or ex- 

periences, knowledge, or insights are pertinent to the set: 

of events being considered. He way be an externd expert 
or the decision maker. 
The srbjecrh-e probabdi~ of a single assessor is fre- 

quently not as accurate as the awegazed estimates from 
scverd assessors. One way oo improve &e assessments& to 
have a goup diucussion on the questions posed by the 
amlYsr. Another \a). h rouse a Delphi (DLP, p s e  168) in 
which the assessments of each ianh:i&d are fed back tlo 

others in the group. 

Fur a set of discrete even% the output is a probability 
&mibudon. For a set 05 continnow events, the outputis 
in the form odaprobabiIity hsityfinction (see figxe 1). 
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For any inrervai of values. the axea beneath the curve rep His ans'i%-zr should marhemarkally rekkcr his prc- 
resents the probability :hat one of the values in :hat intcc- viousrawcrs. In checking. it is seen that: 

val will occur. For example, the shadedarea representc the 
P , ~ ~ ,  = ! P  r l s  ; P ~2 j X IP  x: P x; 

probability rhar, any value from four to five wll occur. 
= j,? >i 8 , ' :  

METHOD OF USE CIT 

GENERAL PROCEDURE AND EXAMPLE P . x p ' = 0 . 7 5 X  Y..rj 

The rano method is used toelicir probabilities for a set I f  his answer differs from 314. thc i ncons i s~~nc~  

of discrete even=.= The following steps are involved: would haw ro be resol%-cd by having rhr assessor 
re-cstbnasc the relative chances of cvcnes x l  and 

1. Identify and label set of events. x2. or of x2 and x3. 

Give each event a label. mch as XI, x2 . . . , x,,. For 3.2 Another method of checking inconsktcnclcs is to 

example. take the set of possible events: '.number of directly ask the assessor ta  crtimnmnate the probabil- 

rourists coming to Ternasek ot*er <he next fwe years.'" ity of an cvene. This is compared ro the comporrd 

Identirj. and label three e-:ems in the set: probabiiries done in step 4. 

x l  = higher number of zourisrs than last five ycars 
x7 = same number of tourisrs as 3asr five ycars 
x; = lower number oi touriws sban lass five years 

2. Assess relative chances. 
2.1 Consider er7cars iwo at a rime. First, ask an asses- 

sor to  estimate the rehdw chance fur events xl 
and x~ . Then assess events xt and x3. x j  aild xq. 

xq and xs, and so forth until all pairs up to  and 
~ncludmgx,,-1 and x, are covered. For rhr :aurisr 
csample, the analyst may ask: How many times 
is it more l ady  for the event *'higher number 
of tourists" to  occur rather than the event '*same 

number of tourists'"? If the assessor answers 
1.5, this is represenred rnathema:icaliy s: 

where 
P (x i )  = probabiiry of event xi. i = 1. . . -. N 

2.2 Similarly. he may assess: 

PIX?) I P j rg )  = 1/2 I31 
or 

Pix2) = 0.5 X Pix3) ! l l  
Continue this process for each pak of events. 

3. Examine probabilities for inconsisteacics. 
3.1 Check inconsistencies by askbg the assessor to es- 

timare the relative chance of a combination of two 
events which has not been assessed in step 2. For 
the tourist example, the assessor may be asked to 
estimate the relative chance of events and x;, 
i.e., what i s  his subjective feeling for 

PIXI) l+3 j?  
- 
*For more detail, see Winkler (1 972). 

4. Compute rhe probabaicy distribution. 
Computu the subjectiwr. probability of each evcnr 

bawd an cbr. asxsxd ra~ios of rhs paircd cvmrs. By 
dcthition. all rhc. probabilities must sum to unity: 

pixl j ii y.:..;zj i p;xj; = 1.4; E 6 j 

Equations [2 J. 14 8 .  and [ 6 ]  can tbcn bcsoPvcdsirPncr1- 
raneoudy to give: 

Hcnce, the subjective probabieiiics oi rhc rhrcc erenb 
art. 1/3.2{9. and 3/9. 

The assessment of o prcbab&ty disudbution for the 
con6nuoars case b s h l a r  to  rhe &rere case. For rhr: con- 
tinuous case, there is a range of values which may satisfy 
the set of events. This range is &xi&& into inremds, and 
each interval is treated as an event in order ro reduce the 
continuous case to  a Jkcrete event yrobkm. 

1. Identify and Lbel set of events. 
1.1 Iden t8~  the likely range cf values which ehr s r e  of 

events may take on. e.g., the nurnhr of ooudsts 
visiting Temasek Li the next Eve years may range 
from one to three malion (see RaringScdes. R x .  
page 29). 

2.2 Divide the likely range of values into rqird inter- 
vals, the number of intervals gtaerdlg king  &- 
tweea six and eight- Values less than the lower 

limit of rhe range are in tads .  as axe vaiues grrarrr 
than the upper limit. Six intm& Por the i towit  
example may be: 
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less rhm 1 mil lion t~urira 
1 to 3.5 million tourists 
3 -5 so 2 mi?lion rourissr 
2 so 2.5 million soudsts 
2.3 :a 3 malion tourists 

more &an 3 malion tourists 
1.3 Label the intcwals '.x~, XZ, . . . , Xlr- 

2. Assess relative changes (see discrete case. step 25. 
3. Check inconsistencies (see discrete case, step 3). 
4. Compute the probability disaibution (see discrete 

case. step 4)- 

Kcep in mind thar: rhc cvcnts f a  rhc candnuous caw 
arc in trrwls cornpsising a h g c  number of values. Plot a 
fxobabiity distribusion in the Corm of o probatbdity &n- 
sity function. for the touris cxamglc.thc p p h  may look 
like figure 2. Each rccfandc rcgrexnts the proLbaity of 
occurzcnce for the cvcant {or interval]. h w  a mime 

through txhc laid-pins ohcash rectang!e's hciglnr for the 
rc spec tive intervals. This cuwc is approxiamtrly uhc 
probabi3itY density function for she conrjnuous ser of 
events being considered. 

FIGURE 2 
.4 Probabiliey Iknsiry Funcdon far 

the Tourist lndusrry of ~ernasek 

H u h .  George P. "bterhds for Quantifying Subjective 
Probabilities and Multi-Attribute UeiPicies." Decision 
Sciences 5 Only 1974): 430-58. 

THEORY Lichwanstein. S.. and Slovk. Paul. "Response-lnduced Re- 
versals of Prelkrence in Gambbg: An Extended Rep- There are wvcrd other method? of aswssingsnbjccrive 
Picarion in Las Vegas*' ]ourncrE of Erperintenmg praha&!iths. Huber 13974 1 idens8es a Variable Inrma! 
Psychology POI (11972;: 16-20. 

Method for a sex of condnmous evens. asconrrsasted to the 
use of Tied i n z e d s .  Other methods izrrvo!vc the a x  of Wilder, Rokrt L. .4nnlret~~drrcaion to BqeshI~zfermce 
betting or tvagring [lichrensteb andS1a.i~. 1912: Wink- andDecisibri. New Y a k :  Hdt.  Rimehart and Winston. 
Icr. 19721. 1472. see especially chapters 2.3, mdrt. 



PREREQUISITE TOOLS 

None. 

Ueclsion 1 rees 

USAGE 

PWRPOSE 

The decision aee  technique accounv fo~ alternative 
aurcomes by represenring and analyzing the choices ofac- 
tion and the expectedconsequences. 

USES 

The decision tree errables an analyst to: 
1) Reprefeat the & d o n  situation confrontizg the 

decision maker. 

2) QHaitatively assess a sequence of decisions and the 
chance evenrs which may affect outcomes. 

3) Compute the expected payoff d u e s  for a given se- 
quence of decisions. 

4) Determine a desired sequence of decisions accord- 
ing to the decision maker's criterion, cg., m a i n g  pay- 
off. 

53 Determine the expected benefi.c by pclrsuing h d e r  
information regarding the consequences of decision 
choices. 

KEY DEFINITTONS 

1 j The p y o g  rwlues represent  he gain resulting from 
the occurrence of a partic& action-event pa&. 

2)  An rultios-event path is the sequence of dternativr 
acsions and rekvant events represented by the branches of 
a decision thee. Decidig to g h t  new seedvarieties and ro 
double chop and then having fertilizer available and an 
early monsoon is one actionevent path in figure I. 

3) Lltisty is a quantitative expression of the worth or 
sarisfaction associated mith an outcome. 

SHORT DSCRIrnOE: 

A decision tree diagrams alternative choices available in 
a decision-making situation, the evenrj which affect each 
alternative, and the payofls that ~~o~ldresulo from making 
the various decisions. Sequences d decisions and events 
are diagrammed as successive branches on a aee graph {see 
figure 1). The probab&ties of each event occunirtg are es 
timated and used to compute expecred payoffs dvarious 
dtetratives These are used to select o sequence ~f deci- 
sions which maximize the probable payoff. 

ADVMAGES 

The decision eee: 

1) Forces explicit consicterazion d alternative acriom 
and events which lfdect rhe :&oms and 
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FIGURE 1 

Lleciiun Trcc fcr Farmer with Clloicc of New Seed Variety and Double Cropping 

STAGE CINE STAGE Tim 
EECISION EVENT DECISION EVENT 

c?id Seed Fertilizer 
hailable 

Decision Nod+ 

Value Associated 

2) Helps the decision maker to quantify the decision 
process 

31 Provides a comparison between alternatives even 
when absolute measures fm evduiltingdternatives ace dif- 
ficult to obtain. 

4) Easily communicates a complex problem situation 
as a sequence or'decisions. 

LlMlTATIONS 

1) The of different f u m  events may be 

difficult to obtain, thereby limit@ the reEab'ity of the 
decision. 

2) The expected map be diilttllt to quantify; 
and m o g a t e  measures. such as utility, map have to be 
used (see blriple Criteria W d l i t p  Assessment, Ma, page 
32). 

The analysis is rtraighrPormrard; but estimating 
bilities and evdnadng the merits of the differeat action- 
event paths require judgment Subjective probability s 
sesment (SPA, page 1371 and mddpfe criteria utility ar 
s~ssment ( K U ,  page 321 nay be used 



TIME ~ Q l j ~  

Obtaining the data for the analysis may require the 
most time-from a few houn to severa:, months. For in- 
srance, a survey (SVY, page 36) or opinion poll may be 
needed to  estimate the probabilities of the pbl ic  accept- 
ing an innovative change. 

Analysis requires an hour or less, &peading on the 
comp~exiq of the tree. 

DESCRIPTION OF TOOL 

SUPPLEMENTAL DEFINITIOfdS 

1) MuiuaUy-exclusive events axe mch that the occur- 
rence of any one precludes the occurrence of the others, 
e.g., rollinga die (six events are possible). 

2) Co!&ctively-ahstitre menis have the property 
t h s  rhe sum of their individual probabity of occurrence 
k 1.0. 

3) A contingency tabk is a manix representation ofa 
decision involving muldpL alternatives (rows] and mum- 
ally-exclusive, rollecbvdy-exhaustive states of nature 

[even=) (see figure 2). An outcome corresponds to each 
intersection of a alternative and a chance state of nature 
(see Contingency Analysis, CGA, page 147j. 

The decision tree technique requi-es a grasp of the h c i -  
sion situation with regard to both the range of options and 
the events which affect the outcomes. The prohbity of 
each chance event must be e s b t e d  and the value associ- 

ated with each outcome must be determined S the tree i s  
to be used to select the desired decisicm. This may require 
prelimiary data gathering. 

DECISION TREES 1 143 

METHOD OF USE 

P R O W  URE 

I. Construct the fist decision-event 5mgc. 
1. I Identiiy the decision alternatives. 
1.2 Arrane the action alternatives as the branches 

from a decision node (dimand) (see Tree 13ia- 
grams. TRD. page 773.). 

1.3 Identify the chance events which affect the vari- 
ous outcomes of the decision alternatives. 

1.4 Arrange the events as branches emitting from the 
chance node (drck] at the endofeach alternative 
action (see f i r e  23. 

2. Construct successive decision-ewenc stages as necessary. 
2-1 Identify s~bsequent decisions which may affect 

the outcome of the initial Iloematbes. 
2.2 Add these to the approprkre h a c b  as a second 

stage decision {see figure X j. 
2.3 Identify events which affect the various outcomes 

of the second stage decision. 
2.4 Add these events as branches to complete the sec- 

ond stage. 
2.5 Repeat the above process for successive decisions 

and cbnce events which affect the oratcomes. 

3. Determine the event'~robabiiticr aecessvy for +z- 
ing the decision situation. 
3.1 Estimate the p b a i t i e s  6or the occc-cnce of 

each event aflecting the decision-went stages [see 
Subjective ProbaB'ity Assessment SPA, page 
135). 

3.2 Write &e probabiiries on the branches cotres- 
ponhgtct eachdtmt ive  event [see *re 2). 

3.3 Verify rhar the probabilities fm;rlI hmches emit- 
tingfiottn any e k e  node sum to 1.a 

4. Lktantine the payoff or udirg assactted with each 

TOOL OrnPWT 
outcome. 
4.1 Estimate the value oE ea& outcome dich  results 

The decision tree provides a representation of the deci- horn the occurrence of an alternative a& se 
sion situation which, without further quantification and quence and chance events The vdue msy be the 
analysis, can be useful to decision makers. However, fur- cast, payoff, or utaity of the outcome (see Mdb 
ther analysis permits the determination of the sequence of ple Criteria U&ty Assessment, MCW. page32). 
decisions which yid& the best outcome for a 4.2 Wfite the value in a box at the end of 
@en decision criterion, e-g., maxhbiqgpayoff. each tzee branch (see *e 2). 

5. Determine the desired sequence of decisions 
IMPORTANTASS-ONS :.I Determine the oitetk for selecting among alterna-a- 

AU the decision options can be determined a priori, i.e., tives: 
no new options develop as o consequence of future events. a) Murimizingexpected pat'ofE 

AU events &&ctiag the outcome of an alternative ac- b) Maximkingexpected utility* a 
tion are mumally exclusive and collectively exhaustive. c) M i n ~ i n g e ~ ~ ~ r e d c o s t s .  



FIGURE 2 
The Deckion 'Tree Representation of a Decision Under Risk 

a) Decision Tree State 

ALTERNATIVES 
CHANCE 
EVENTS 

bf Correspondi Contingency Tabk for Single Stare 

Alternative a1 

co~puring position values: 

Node 1 = ~ & u m  (xxxhim-) of podeon d m c s  for Modes  2 a d  3; 

Nodc 3 = PI - Vzl 3 Pz - V22 + P3 V23 



FIGURE 3 
Anillyzhg the Decision Trec to Dctcnninc Maximum Expccted ProfirJHccrarc 

Decision Node 

Vdue Associated 

Decision Outcome 

( D Rolbabiities 
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5.2 Beginning a: rhc zeminal decision smq 'the end 
of .he tree;. :omputt? rbe position vahne of each 
chance node. Suz rhe products famed by she 
probability of each event axd xhe vzhe associated 
with h e  ourcome of the evens. Wrire h e  corn- 
p u ~ ~ d  tea! beside each no& (see figure 22. 

5.3 Working toward &e t a n n i n g  of the ecc. deter- 
mine the value of each decision node. Xp- 
pIy rhe criterion to select among &r ~Pires at caeb 
event node hurcb. For example. if h e  criterion b 
ro maximize payoff or azdiq. &en xlect d e  Irrg 
cst value; if d r criterion b to minimize eosss. &em 
sekcs the s m ~ l e s t  vahe among the rscecssivc psi- 
rion wjues. Write the ~ t e ~ t e d  vabe adjacent PO 
the decision n d c  [see f i r e  21. 

5.4 Repeat the above process for cash s t a s  4:hc &- 
cision tree u n d  ~ h e  goition ~ d u e  csd &e k c  deck 
don node #.as been determined. The &shed se- 
quence of decision alterna5ves hi the mmkd 
branches in Sfte net. 

EXAMPLE 

A fanner isconfronte,dwi& hre following decision dm- 
afioa' (we figure 1): 
He may plant a new seed varie y which promises to in- 

crease yklds. but only if fedirer  is applied at the right 
time. There is a chance that o fediter shortage d 
arise which dl numy the beneat of &e new va- 

riety. 
The new variety has a 90&y maturation p e d d  eom- 

pared to the 120 days kiorc she d d  varieties can be hm- 
vested. Thus. if :he monsoons are favorable, the farmer 
may double crop to hrther increase hi yk9& (but not 
n~esslr i ly  to double &no of the Single hamest orn~pt). 
Thi is risky because she chance of an early mons~on sea 
son has been forecast at 8U%. The farmer risks losing not 
only the second crop, bur overall are reduced by 
the additional plantingcosts. 

"This decision sittzarion was & g r m c d  as a m s e  
decision tree, and rhe expected profit was estimated far 
each outcome (see figure 3). It is not necessary to cornsickr 
the doable cropping choice decision ifthe tra&tional seed 

varieties are planted Rho. the event 0s an a*$ monsoon 
d e s  not affect h e  single crop alternative because of the 
shorter gowing season. 

Comgu&g the &skd segueme of dc&xons is rimply 
r matter of working back &mu& the zrec cmpudngtlhe 
poirion vdues a; each node. The position v&er d o h e  
chairce nodes 13. 6. and 7)  were cornpetred ushg the ex- 
pecocd value of :he cbanee even= which h the sum ofthe 

formed by multiplying the probability of h e  
mear a d  the eshnated d u e  associated with that OUP- 

corns. For example. the position vduc of nodc 6 is: 

S jv j  = ;Ow$; X [PIO; c i0.2) X (200) = 128 

fiisvda~e vrnswniren by the no& (see figure 21. 
The position value at: each decision n d e  (I. 4, and 5) 

was harmhed  &om h e  criterion to maximize the pro& 
Consequently. the branch was chosen which gave rhe max- 
imum txpecoed d u e .  The poiticn value of node 4. for 
example. is 130. im&adrug that plating only a && crop 
nrpaximipzes the expcwd profit. However. applykg the 
m e  criterion a t  node 5 indicates that. in the case of a kr- 
diier shortage. the eqecred profit is maximized by p h r -  
 in^ the second crop (even early monsoons are 
Uelyj. These choiceswere indlicazed cm the tree 

d1gm as douMe limes- 
The a ~ d ~ $ s  hdica~es that planting the ncw seed vari- 

e q  Is likely to be the most profitable choice. However, the 
decision to double Crop &pen& on h e  probability of fa- 
vorable monsoons. 

THEORY 

Dmiion trees are an mtgowrh of s f a d s t i d  decision 
theory and probability the- [Magee, 1964F). Tk tecb 
dque is one methodl 0f &ding wi& decisiobp-under-risk 
The a + s t  aF;oemprs to account for dtematbe outcomes 

By determining the probabilities d chance evenB. The el+ 
men= d the &&on are the alternative courses of action, 
the po&bk s t a ~ s  d matwe, and b e  pbaV&ty of each 
state occurring (see Epre  2)- The correspondence b+ 
tween the M o n  tree representation and the con& 
genq table format A d d  be a p m n t  (see Contingncy 
Analysis, CZA, page 147). D G X a e  and Sfafford 
(1971) treat the problems in selecting a Qitesiom and 
d ~ k g s h e  altermatiwe outcomes. 

- ~ e N e a e ,  R., and Stafford J. SyaermAdYsisfbt Err 
*= exwnp]e leu*s &+d SmiMsrepopo, Ferh?i-erm- @ee~~4dL%foWZger~. New York: hk&m?-Hi!~ 1971. 
m%%~on Boject, =1xpt -De~em& 1972 :-ma Mission: 
United Smres ios In-atiod &velopxnennr, January %G J*F. "Deckion Trees fm Decision eg9' Iim- 
19733. w a r d  Brcsiners Review Udy-Augrnsb 1964):: 1238 



ingency Analysis 
PREREQUISITE TOOLS 

Decision Trees, DTR, page 141. 

tion. 5aiIn;rc of ~ O P S O O I L S  Eor RVO conse~~hve  years, a 
large u:wi --nourished population, and u pavt wade bal- 
ance. 

USAGE SHORT DESCRIPTION 

PURPOSE 

Contingency analpsis helps a decision r.laker choose 
m n g  alternative phis  &*ed gar various conatingem 
crs. 

USES 

Contingency analysis isused -2 

I] Inform decision makers about long-range 
2) Sekcr strategies zo achieve specad objectives in 

uncertain situations e-g., a heal& delivery strategy under 
unknown disease conditions. 

3) Choose actions when m; ktr changes in the problem 
environment are expected and where &exe is wcx~airity 
about the name of thechange. 

PossiItBe h m c e  srates associated with a problem Gtu- 
adon are described by continngencies Alternative plans arre 
&weloped for each contingency (see figure 1). Each plan is 
evaluated eizher q u d i ~ e i ~ l ) -  or quantitatively using tech- 
niques such as cost-e~ec~enness andysk CCEA, page 219). 
Plans am compared fm a spec&c condagency as well as 
across co~t5qyx1cks using various chixeria to simpkCy the 
analysis. A contbngenncy table is pepate2 and recommend- 
ations are dbmuhted Eor Pane &&inn mahr. 

bhch of systems d y s i s  assumes a level of determi- 
nacy which ares the many mccaaindes invdved Con- 
dngency annaIysis spec&al]ly encarnags pImdng for & 
ternative ourcomes- Consquendg, the selected and 
implemented e genodymore flexible &an those which 
aihvdopedfor &dy one & m e  state. 

KEY D W r n O N  

A cmtingencq. is a pdcuPar  combination of factors 
that describes a future envircnment. For example, a con- L-ATIONS 

tingen~y in agidtural phningmzy describe an envirom- There is always the danF oE wezIooHing con- 
men* where there is a Lrge &&cia i.a world food proAc- &s, h a t i =  of & necessity of phn.inE at orre 



148 I ACC09h3 iNG f OK ALTERNATIVE OLTCOMES 

FEC URZ 3 
Contingency Table wit4 Qulimtivc Eva1uatiion of Plan Pafonnsncc 

ALTERNATIVES 

NOTE: ?iazssrc tv;rlaa~cd en .a wsk: very p a m p w r - f a t ~ d - e ~ ~ e i l e " n ~  rclroivrve $0 the pticular coaadmgenrcy. 

paint h+-. The h m ~  r lnurka may be &aFd by &e 
~IP-wnr &~riing &cLlotl+ " m&Ag coach$ezzp. a d y &  
ui ermenely ccmptx pzcwess. 

LEVEL OF EFFORT 

The cGort ~eqnkd  xo & Y ~ : o ~  a plaa3. $or a w e  i t u r e  
stare is mdsIpLd by the number of contigendes iden- 
tlf4ed. The rask ~f ideawig coatingencks and d y e k g  
pilns ad& zn the tot$ rgforl;. 

SKILL LEVEL 

The a~dpst  must add foresi$%t and intuition to his 
h i t  p h n h g  sk& in order ro identify dt2-&-e CUP 

comes a d  accounr for &eir consequences. A mdzi- 
&&hary ream brings wfd sfriPJs to the task an$ is 
recommended. 

The h e  needed &pen& on the complexity of the 
regulled. Tine is proportiod m &e number of 

contingenaes considered w d  tihe novelty of &e s insaor~ 

DES-ON OF TOOL 

11 Bestestimate anurlysisselects the plan which &- 
doped for the most ti1asely conQngemcy. 

2) 1t"olrst-c.me amIysir selects the p h  which was &el- 
oped Ear the most advase c o n h ~ n c p .  

31 A fortki m a l ~ ~ c i s  k 2 p ~ c e s s  offexcluding alrerna- 
&es wkh sdB pedom bZy relative to rhr: &em. even 
when hsippned $or h e  most EavoraMe conhgncy. 

4) S d d p  am&& k a process 6 v q b g  the esti- 
mated values ofsekc@~d pameters in the &sip to deter- 
mine the seseaidviq of thc resubs to the ancertainty oZthe 
eh1ptes. 

Cci"ncp d p &  ~ Q & S  a grasp of the mamy LC- 
t o r s  which comtribre to uncenainty in plwing, The 
p%nas must be &eloped using a w d q  ofteclmiq1pes and 
experk?. The more poi== of view brought to b a a  on ;he: 
phming process the more k I j  ahat condragelacies win 
not 'be ovedmked A multi- team approach i s  
preferned 



rarni!cJ as a ceslslr of the nz~1ysIs. ~ h c  very !+SF :Ixe the arpeczed -Frfarmaarc of nfcernirsbes (scccosr-Effec- 
dcckio:: maker czn expcst is an andpsis of ~hif array oi tivencs &a!ysis@ CE% pw 11 91. 
con:ingezt factors 2nd pitmning assumptions i Ik(;rec*e. 8. As a LIE rewrs, conSida phnswIcich rirlser: 
15731. aj Buy tinrr x n 5  the social. potirlal. or wchdcg- 

icd riraation cbrqges; 
IMP3RTk?.STASS~J~OS5 Sj Buy hfomarion in grder ta resohe some of ohe 

.;~c~eah.;irs rffectiig the &tis;ion, e.g.. p t h n  more Ai relean: con+-gncks have h e n  idczt'rsed acd 
dZ.ra;~r 

~ n j p  these celzdcgernies arc ii-cly to osmr. 
c )  3sg ;lexiMity in &sip. ie.. plan qs;ttns with 

Mezmres cf phn or synem efgecri-lrencss which arc ap- 
the cagahitity ta adapt to ~ o ' b l ~ c o n ~ ~ n c k s  preptiate for one contingency can Gsobt applied ro a:he 

There are additional casts ais&ted with each of contingncks. 
the= ogrionr but they may kt  3reberrwap oi&Png 

METHOD OF USE 

GENERAL PROCEDURE 

1. Analyze the problems in order to determine &c fac- 
tors (social, t e & n o l ~ ~  political, or emironmer.ta'iJ 
sockred Hith an uncertain futurr. 

2. IdmtifJ7 &ely combinations of factors: Bee coa 
tingerrcies desaibe possibk futures {see Scenarios, SCU. 

P W  '1641. 
3- Specify aItema&e plans $or deaKing with each con- 

tingency (see IDEALS Strategy, IDL, page231 ?, and Pro 
p r n  PhningMethod, P M ,  page 2271. 

4. Identify criteria for evaluating the expected dfec- 
benefits, or utility for each plan {see Cost-Effec- 

tiveness Analysis, =A, page 219; Cost-Benefit .Analysis, 
CBA, page 212; or Multiple a te r i a  Utitity Assessment. 
IUCU page 33). 

5. Considering only one contingency at a time, evdu- 
ate each alternative relative to the other dter~tatives ard 
tabulate re sds  (see f i e  1) to provide a comprehensive 
picture &the decision parameters 

6. Apply one of the following &te& to reduce the 
number of contingmcies: 

a] B e ~ t - e ~ m t e  amlysis: i h w m  that all uncertain 
factoa are determined by the d Y s t ' s  best estimates. 
Design alternative accordhgiy. 

b) Worst-case analysis: Assume that the mas ad- 
vase contingency & occur. Design a p b  (u select 
the alternative) for this contingency on the assumption 
that if it works for the worst case, it dl work for rhe 
more favorable conthgenck~ 

c) A fortiori analysis: ksutne that all uncertainties 
are resolved as optimistically zs possible. Design (or 
select) a for this case andcompare its pedomance 
to the others. If it stilI performs badly, discard h a t  al- 
ternative. 
7 .  Use sensitivity a d y &  to examine assumptions 

and/ta eliminate v d k s  which hve Jittie influence on 

w t h  oh ts:cenaHrks cf planning far various contin- 
gencies. 

r he Tenaasck Gavernnene wanted za %t-;elop a strat- 
egy f5: kcreasing agricultural productivity %a a region 
poplazed by- snndLhd&rs. A list of unknown factors xvss - - 
generated: rbe degree of cooperation among farmers. the 
migration rates horn to) the regon. the aviIabi1ity of 
necessary c h 5 c  and ue;erhndc@cal variables (e-p-. the re- 
Ton= of new seed varieties to anfavorable monsoon con- 
& t i ~ r n ~ ) .  

Tvro comrhgaucks were formulated and preliminary 
phm were sketched for tach. 

Coatingnq A 
The people ion the regan are expected tc cooperate 

~ 5 t h  permmaar efforts. There is low mipation of pop-  
lation ro urbaan areas. Favorable monsoons are ?redicted. 
Fe&m ape available. 

Pbn 1: Ehcate tire people abut  the need for in- 
creased prdnctiviq-, new seed varieties. and new Mcul- 
m d  techniques. Distribute fertilizer and encourage its 
use. Subd&ecomnae~:ialcredt- 

Plan 2: Form Earm cooperatives with gowernnrent par- 
&patian. Acquire farm Aacb5na-y ~ 4 t h  the ftpnankd 
strength developed, a?skg mod- rec?miiues on consdi- 
dared hol&gS. 

Contin@acy B 
The people in the region may be hosSe to incemention 

and are nor recepcve to Improved farming metho&. 
There is migation of population to urban areas. Monsoons 
are expected to & errarie and poor. A k d i z e r  ohortag is 
expected 

Pltn 3: Nationalkt holdings. Import labor 
if needed. Farm I a r ~  tracts of ltnd -Js:q mechanical farm- 
%and irrjgarion methods 



1 SO I AC:COUNflNG FOR ALTERKATIVE OLTCOMES 

FIGURE 2 
Ccmtingcncy Table for +ricuPrural Straregy Planning 

NOTE: Effccsivcncss measure: Pcaccnugc irjcrcasc i: ;~gricuEcuuall pbpoducrion ior thc region. 

' Escimztcd dcrrcasc uf 3% if H L ~  A is sclcrtcd and Cunoingcncy B occurs. 

P h  4: Encourage private fa-. i%. Develop irxiga&m m E o R Y  
facilities and help fiance. Provide incentives for fanners 

Contingncy analysis MPs under a c a e e g q  of scatis- 
to immigrate from othcr regions .if necessary. 

rical decision rhcorv identified as decision-under- 

A conzingncp rable was prepared so represent the &ci- uncertainty {Pesron and Coddhgtoan. 1968). This situa- 

sion elements (see G p z  2). The andgsts then e h a r c d  
rion L contrasted with mdds for deckionlpn&r-risk 

the e$fkcriveness of each plan using u he crirehionn: expected 
esernpIh7ed by decision rree mdyris [DTK. page 141). A 
&ck~~na-mnder-uncemobh)' Is tmsfomed to a decision- 

percentage iccreax in agxkdhlrd pr~d~~ti~aa given 2gx- 
ticdar conringcncy. Analysis across contiaagncies fol- uader-risk if prababaities of each of the states of nature 

+on&gencLsjt can be estakated [see Subjective Proha- lowed: 
$ity hsessmenr, SPA. page 137;. 

~~~~~d~~~ am]y&; only 1 2 need be Schksia~r i 1 9 6 8 v  PW 388  deSCnks condngnq 

eond&d bcause A is arYlmd to de pL"- 'om Ro d*'erenr poiots dricw- One PUP of 

future envisonmmt. i=xarn these ~u.0, plan 2 was pre planners "believe that :he array and character of future 

ierred. 
conringncies can be speciGed h atance,  and &at de- 
taikd d t w c e  phwaing can be dme to deal with which- 

Warsrcase analysis: Ody plans 3 and 4 were con- ever doesoccacr io+-map italicr! ." A secoIl~goug be- 
sidered P h  3 was chosen due to the higher expected in- 

- c t b  con~Bnks be -~ i f ied F+.eh 
crease in producrion. advance," a d  rhac pians musF be &signed with the cap* 

A fortiori analysis: pIm 1, &-ed for he most 95- b-dity 05 akptimg ro unforeseen contingencies. Ahhour& 

rnistic sex ws s~ iess effective fjarr plan 2. the description of conhge nq- mdy& was written &o;n 
=herefore, plan 1 was --dorn-oed" by plan 2 and was nor :h ' . ; g ~ & i  ~ f & e  f ~ ~ ~ g r ~ z ~ ,  &E coinp!exides of&vd- 

considered further (alrhough pzts  of the plan were eon- QPmenf project pamnbg smnd?f =PPofi the more cam- 
sidered in synthesizinga flexible, adaptive strategy]. tbus approach of the second group. 

Sensitivity Agricdtural producti\.ity mi- 
mates were found to be h@Hy sensitive ro weather con&- ] S I B ~ R N & ~ Y  
rions. Consequently, the planners decided to delay adopt- 
ing a parricdar strategy until pdut field trials were con- Amway, LD. "Criteria anal the Measurement of Effec- 
ducced in the region. ~eanwhile, a sample survey wa- corn- r i v ~ ~ e ~ "  In Sys~nas ,4nai)sir Iblicy Planning, 
mGaned to examine fanner attitudes on cooperathn and edied by R.S. @a& and W.I. Bou&a. Mew 
rnodemizadon. hehican  Ehevier, 1968 
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VII 
Forecast and Predict ion 

Exponential Smoothing Forecasts 
Regression Forecasting 

Scenarios 
Delphi 

Thc selected $orecasting techniques fit into ho categoria. Extrapdative techniques [Ex- 
ponential Smoothing Forccasrs and Rcgcaion f mecasdnn& base forecasts of future behav- 
ior on pas: perfomancc data and asswmptions abut  the undcslr.inp processes which have 
generated she data Inmitive techniques :(Sccnaaios and Delphi) systematidly combine the 
observations not only of pasz and present condirions, bur pmdidons of hmre performance, 
consmdurrs. 2nd forces for change. 



Exponential Smoething 
Forecasts 

PREREQUISITE TOOLS 

None- 

USAGE 

where 

S, = the new srnoorlred value 
Sp-l = the old smoothed d u c  
a = a smoothing constant 
s, = new datum 

PURPOSE 2) The peribd of a time series is rhe time i n r e d  be- 
tween smccessive obsemadons of the underlying process. 

'xpo5en'i.l 'moofhing ~r i ' ,pks  s'or'-=m fore- fib inlewal may a dri, a a or cme or 
of variables by extrapolating Lorn past data. more years. For cxample, the period would be a week if 

the damm is the weel+ total of immunizations per- 

USES formed. 

Exponend smoorhm~ is wed to: 
1) Forecast demand far services orgoods 
2) Obtain economic forecasts. 
3) Forecast any variable where pasr behavior is ex- 

pected to continue. 
43 Provide forecasrs at regularin:ervals. 
5) Trace an un&rlying =end or pattern for a variable 

when random fluctuations in the dara obscure that trend. 

KEY DEFINITIONS 

1) The smoothed value is an eszimate of rhe average 
value of the variab!e being forecast. It is calculated each 
period by the eqw'tiorr: 

SL = +a (xr - sr-l] 

SHORT DESCRIPTION 

A smoarhed value of the average of the daca is the basis 
for forecasting by exponential smoothing. Thi value is 

calcdarrd for each period using the data for that period 
and the smoorhrd value frox tRc previous period. The 
new smoothed value becomes the forecast for the next 
period if the average value for the va.*iabIc is expected to 
remain constwt {see f i r e  la) However, wiiabla with a 
steady increasing or decxeasing average (a trend) can also 

be forecast by obtaining a smoothed value for the average 
and a smoothed estimate Eor the tre~d component. The 
forecast for the next period is the sum of the two estimates 
(see figure 1 &I. 



FIGURE 1 
Plots of Part Ilata 

a j  Plut for a Variable with Consrant Avcragc 

Starting 
Smooshcd 
Value 

t-9 t 

b) Plot for a Variable with Linear "Trend 

Data 

Time 

Starring 
Trend 
Estimate 

KEY: 
0-t-Q Data 

----- - Unkrlying process i 



ADVANTAGES DESCIw"mm OF T mL 
11 Exponentd smoothg is easy tc understand and SUPPLELMmTAL DEnN1mNS 

use since it relies on intuition and simple mathematics. 
2) men changes in the b h a ~ a  d I )  he rmvtkilp cauranr ir afmstM be-n 0 and 

being forecast, evonenia moothmg cMdnue 1 that kdicares the drgra of confidence placed on the 

used goss errors ~ forecasting out after a most ' C C C C ~ Z  datum. I: is  denoted by "*a'* in [ I 1. 
feu. perio& 

- 
3:i xI and s ; . ~  arc &el values ubscrved at eimc r 

3)  Large quantities of past da- need nor be retaked and $-I rcspcctiveiy. 
(see Regression F~recaskdg. RGF, page 160f. 

33 St is the smoothed s t b a s e  of the average talire uf 
rhe variable for the time period ;. 

LIMITATIONS 4) -4, is an csritnarc for the fincar trend for priod t .  

1) Exponential smooshi is not a causal model; it 5) T is <he forecast lead h c .  or the number of periods 
only extrapolates fmrnpast data Smce past behavior ody into the fup3repre for which the forecast isbeing made. 
p d y  explains the future, exponential smoothing may 
not dway s be sufficient. Q] a and @ denote the smooching Constants whosc 

2) A more cosplex smoothing modell i s  necessary to valucs Bic bcrrwecn 0 and 1. 

accurately forecast cyclic variaG01zs in data [see Wont- 7 ;  rt.a and x p + ~  arc forccaurrd estimates of the 
gornery, 2958). variable r calculated at tirnc P for the stsr period and 

for T pcridr ahcab. respcctivcly. 

REQUIRED WSO'LaRCES 
REQUIRED WPbm 

Some uundersding of the variable being forecast 
LEVEL OF EFFORT helps inn estimating any md that may be observable in 

Exponential smoothing involves h e  substitution of past data- f ie  data m y  piorad on a ~ p h  against 
numericd&sinto simple Somu&.The ef&treqPlhd {see t%ure PI. The variation of the data is shown in these 

is m i n ' d .  plots V b ~ d  inspecpion indicates the presence of an in- 
creasingrlrendiaP the plot &own in fwxe lb. 

Sekcting a smoothing constant is also necessary before 
SKIU LEVEL lorecasting can be done. The function of the smoothing 

Basic adthmetic skills are needed ro use exponential 
smoothing. Some experience ipl choosing the snoot&@ 
constant is necessary to  obtain good forecasts. 

TIME REQUIRED 

Once the smoothg constant &as been selected, the 
forecast c d d t i o n s  are stsdghdomard and require lide 
t h e .  it may be desirable to keep track of the e m s  in each 
forecast and take corrective action &odd they become 
too large (see Brown, 1965). This -quires a minimum of 
extra time. 

SPECIAL REQUI=WTS 

A slide rule or a calculator may be used to do the cd- 
cdations. A digid computer may be desirable ro forecast 
a large number of variahIes. 

- 

constant is to control the amounr of importance given to 
the gasc data. The constant i pa te i tham 0 and is u d I y  
lea than 03 .  The smaller the smoothing constant. the 
greater is the importance given ro past data, signaling con- 
fidence  hat the past bekavior of the variable will con- 
tinue. On rhe other hand, a krge smoothing constant {but 
always less than I ) girrs more importance t o  &e current 
datum. However, a large nnao&n.g constmt may l e d  to 
large errors in rhe forecasts. A value of 0.2 is recom 
mended for most appkations. 

Initial dues for ohe smoothed estimates are needed be- 
fore forecasting. The stuaing smoothed Pallre - 5e taken 
from the plot of the past data. When the graph indkates 
that the data have no trend, only the smoothed value for 
the average needs to be e h a t e d .  Tbiscan be taken as the 
height of the 5orizond line drawn through the data (see 

Ggure la]- If the vatisble appears to dollow a tred, stan- 
ing d u e s  for both an average d u e  and a trend corn 
p n e n t  are required. 



TOOL OUTPLT VarLble with Trend 

The artput ir r short-rrm forecasz ofihe fururc vdus I -  U~btemOorhed 
c3f the vir&lc. The fmeurt is compEred fm the esd- Ohah a smmrhed me'- 

mare d h e  avcrrge value or fmm the estimates of the aver- for & '" equaiions & = 
age value and she trend tomponenr. whichever is appru similar. Eq~ation [ 11 is used to c h a f e  &z average 

priatc. The eqmnaoion uxd for e s h a a i n g  the mend its: 
A, ; AS-i * 3 I .Sf - -  St-t J - 1 131 

The model prcscnted here is based on ~ h c  assumpsion 
<hat rhc process which the behavior afahe fore- 
casted variable does nor change with t h e .  That is the vafi- 

abk is assumed ro have cither a constant average or a con- 
stant linear me, d Higher order cxponentid smoothing 
models nlay bc u xd if these warnpaions arc notvbd for a 
variabk (see Brown, 1945)- 

METHOD OF USE 

GENERAL PROCEDURE 

Forecasting by exponcnrial smoorhiq is done in two 

srrps: 

beem newly cdcmlaaed. The farecast isgiwn by the fol- 
lowing equarion: 

st; 2 = Sf + A, is; 
If §orecasting is to be donne for more than one time pe- 
riod ahead. the increase <or decrease) due t ; ~  the trend 
conlponneat nee& to be accounted for. The forecast for 
T t h e  periods in rhe future is given by 

x r + ~  = Sr + T <At) is1 
Note char in case of a variable wi~h no trend camp* 

ncnr. the forecast far one period ahead and the fore- 
cast for many Pcri~& &cad is the m e .  

As before. when a new datum b available. the new 
smoothed ra!ue mi the trend estimate kcome the old 
smoothed value annd che dd mend erFinnare for the next 

1 ) Updarlng the smoothed vducs. perid. ']The cdcu~~ar~~ns  are repeated in order t o  u p  
2) Obtaining a forecast from lrhe smoothed dues.  date smoothed r.d~es. 

in the case of a variabk with constant aven;$e, step 1 
will h used to update the smoothed d a e  for the average.. 

Worksheet 

Jn case of a varkb32 with a mad ssep 1 mill be used to 
91 worksheet cam beused EO facilitate the dmlatjon of 

estimate the trend and the average value by smoothing- 
forrcasrs 0 1 3  9 r~kwhr  basis i(See figure 2) .  The columm ia 

f iqrr  2 rcprcsene &ffcrc.nt sugts in ahe caEco%rion, - 
u<rh rhr iorrc;ust given in the Gnal colunrn and the Variable &t!i Constant Average 
&turn givean in ohr. first colu:..n. Each TOW C O ~ C S ~ O I Q ~ S  

1. Update smoothed v ~ h e s .  
so a time period. The smoorhed vdue far she average is obtained by the 

following equation: 
ST =Sf- I  i-c jx, i a ;  

The difference '#tween d~ 1 new damn, and the old 
smoothed value gives an idea of the error in the fore- 
cast. A fraction, a, of this error Is added to the 018 
smoothed value to obmirn a new s:noorhed vdue. 

2. Obtain the forecast. 
The forecast isgiven by rhe faHowingequarion: 

M*+l  = Sf tz1 
This equation is used since the variable is asnufiled m 
have a constant average esdmated by the smoothed 
value arid no trends. When datum for the nexz 
xt+ 1, is obtained, the new smoothedvdae becomes the 
old smoothed value for the next period. and gorecast- 
ing i s  continued by computing the smoothed value for 
ehar period. These calculations are repeazed. 

EXAMPLE 

It  is necessary to $orecast the number of b"zrz:hs in a dis- 
&ct each momh in order to  ~ F O D U T ~  child irnmu&atioo 
medicine. ~ r p o n e n d  sanoothhg is used to forecast the 
number of births. A slight increasing =end is assumed to 
be presen~ in the &ca (see we 2 for the caEcaJaricms]. 

The worksheet shows that the forecast for b i  b 
February is 207. The S,_E and A;,n walues Eorbcfn e m  tse 
mitten in h e  row comspnd;ng to March. 

THEORY 

The bask smoothing equ~on in exponentid smooth- 
ing is [ 1 ]. can be remittem as: 

S, = a (x,) + i l  - a) St_l L6l 



FIGURE 1 
Work Sheer for Enpuilcnthl ~nloorhing 

The smoo&ed d u e  for rht pretGocls xime pe*d* wvas 

and the >r:13othedvd1~~ lor the perid before is 
s,.? + a  ( ~ ~ - 2 )  3 a [I - a) 51.3 481 

a d  M OR. By repeated substitueion for ixo  161 md 
then Eor into 171, we obi&-: 

From this equariam it can h seen &az past data $ct-q. xp-3. 
x,- j, e1c.j have &*creasingesponentd weigkcs. Hence rile 
=e e-xponen?iial moothing- 'The weights ofthe gasr data 
dccrn= wwirll the a g  of the dam b a u s c  a is less rhan It. 
This makes inruicive s.  IS^ as antare recent &.a are given 
Inore v:c&hr. The a c t d  weighs dspcnd on she smooth- 
ing conssaat. The earlier dixussivn an the value of the 
smoothing constact follows direcsly from 181. 

5r= present rime, rheref~re 7-1 i s  .om zime lpnodgrior,f-P istwo 
rim perids prior, ezc. 

Sim&a formuladons af exponenoid smooxhing have 
bcen developed eo foreclsr data &at have a cyclic rarf 
adon or a combinaoioan d a ercnd and cydic variation. 
Monrgomcry EZEQS]I and Brown (1965'1 &s~w thew 
cases at iraagh. 
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Regression Forecasting 
PREREQUISITE TOOLS 

Ncne. 

2) A depe&r s k b k  in regffssion forecasting is the 
vazkib1e being hhecut. Iris written in rhe regression qua- 
don as king deepn&m on the independent variable. For 
example. m [I 1 the dependent variable is '%umber 06 
b"iP18'' 

USAGE 3) A variable i s  regressed on another when the fomer 

PURPOSE is dependent on tbe latter. In [ 1 1, the "numk of k h s "  
is regressed an &e '*number of marriages regkitezed'" 

Regression forecasting obtains the relationships be- 4) Comebtiue behwior is an assumed relationship be- 
tween Ior more) variaELes based an pairs (or of tween nvo er v-&.s in ,&& he =bge5 in 
put data values. vmiable may be mciatedwith predictable changes in the 

others. The change, bowver, is not necessarily cau- 

USES efiEect. 

Regression forecasting is used to: 
1 f Obrain economic forecasts. 
2 j Forecast demand for services and products. 
3) Forecast any variable when past behavior is as- 

sumed to continue. 

KEY DEFINITIONS 

1) An independentvankbIe is the non-random variable 
which is used for iorecasthg other variables using rhe re- 
gression. M is the independent variable in: 

I3 = a + ( b X M )  111 
where 

B = number of b i b s  
M = number of marriages registered 
a,b= co~~tancs 

Regression relates a dependent variable with an in& 
+t variable in the form of a mathematicd equation. 
The independent variable L d p  time, and regession 
extrapolates the past into the finme. The equation is ob 
rained &om parst data gt~hered in pairs (a value of the &- 
pendent variable comeqom&ng t i  a ~ d u e  of rhe in& 
pendent variable), 

If the relatiomhip is assumed to be hear, the r e p s  
sion of the dependent variable on the independent variable 
is a straight h e  when plotted on a graph (see I), The 
simple h e =  regression equation is ufed to obtain fom 
casts of the dependem variabie for o @en vdole ofthe iu- 
dependent variable. A dependent wAbPe may be re- 
gressed on t\k.o or more independent variables, but t& is 



FIGURE I ations and is often the ody ncroune for forecasting. F a  
Gmph of Regression Line example, in many social ~deC0nomk contexrs.causd or 

predictive models bverd on theoretical grounds n &f& 
cult ra construct. Regresiorr gives an empitical mo&l 
wbich can be wed for forecasting 

LIMITATIONS 

r ]  Regression mohk estimate rhe correlation be- 
tween variables. This unrektive Q e W m  is often mi+ 
d o n  as mel~ling *'a chamge i the independent variable 
causes a chine in the depenknt variable." may lead 
to false asurngoions about causal rddonships {see Oval 

Dbgammhg. OVD, page 81). 
2) Regression forecastkg extmpabo the &fa in or- 

der to obtain the foxcasts The rehionship obtained 
horn the data does not necessjdy bold outside the rang 
of available data, sold erroneous forecasts are obtained 
Far example, the relauiodip between two vatiaMes ma J 

be hear ody in the region examined and nnn-linear in 
orber regionas. 

REQUIRED RESOURCES 

LEVEL OF EFFORT 

The effort recpiredis minimal i f r h  data for the regre 
sion nndki are available. However. a consihble  amount 
of effort map be required if&= coUection i s  necessary. 
For example, surveys (SVY, page 361 m q  be needed ro 
obtain nnrhe h. 

SKIU LEVEL 
Some staristical knowledge is n d d  to fully a&- 

stand a d  use mgression. 

J J u r a p  
The tirne req&ed to gather the &ra depends on the 

nature of the variable and the amount ofdataneeded. A& 
equate repssion models can be obthed using 20 to 50 
pairs of &a points. Once the data are obtained the &- 
ladons require ody a few hours. Regression on mare than 
one waiabk takes mare time depen&gon the numher of 

not easily visualired an a p p h .  The forecasdngmethod is Mtiables 
similar, however, to simple linear regression. 

ADVANTAGES SPEC&% R E Q ~ M E N T S  

1) Regression is a simple aad ~ d o z w a t d  pmcess A cdcllfor or a slide d e  is useful in making h e  cat 
2) Regression can be used in a wide wiety of situ- cdatious 



162 FORECAST AND PREDICTION 

I.lESCRIPT1ON OF TOOL 

1) The regression weffident is rhc coefficient of rhe 
~ndcpendent variable i.1 a regression equation. in 11 j. 
"b" is E ~ C  repcsrion coefficicnt. 

2) Symbob: 
x 3s rfic inhtpendcnt variable 
y is thc dcpndcnt variable 
4 and b arc regression ccxfficknts. 

REQUIRED INPUTS 

Knowldge about the variables defined in rhc reFcs- 
sion equ~tion is needed. Bcmcen 20 and 50 sets ~f data 
points are needed to obtain the regression quation. The 
higher the number of data srts. shc k b e r  the reliability d 
:he regression equation. 

TOOL OUTPUT 

The output is tL re~ession equation model relating 

the variables The model may then bc used to forecast 
values of the dependent variable for given d u e s  of rbe in- 
dependent variable. 

IlMPORTANT ASSUMPTIONS 

Kegxcssion models assume &at rhe independent mri- 
aMc is dtterministic inon-random) and can be measured 
w i ~ h  an accuracy that is much higher than that involved in 
measuring the dependent variable. Ofwn both the v& 
abks arc random, and the variable which car. be measured 
with less e m r  is chosen as the independent &able. How 
ever, most oken obsemitions of one variable are made at 
intervals of time. T i e  becomes the independent variable 
in the regression equation. and the assumptior. abut the 
independent variable is then valid 

IblFlWOD OF USE 

GEmRAL PROCEDURE 

Liqear regression fits alinear equation between the var- 
iables (see fiiure 1). The regression coefficients of the 
equation are sekcred so rhat the dam values have mini- 
mum deviation &om the lime. 

The foYowisg pcedure is recommended to develop a 
regression equation. 

datum point for che depndtno&ble comesfonds to 
each vzluc for the independent vdb1e. The data 
should be rezenr and sBnor~l6 be representative of the 
trend Consider a sitmatior? where the tota? i n d u d  
output in r region for the next is to be torecast 

The i n & d  output is horn to be comekited to the 
annual steel pducdon, The i n d u d  0-t will be 
regressed an the steel produccisa. Data for part f i e  
yeas are wed to o h i n  the cquatim (see f i p e  2). 

2 Detamine the equation coeEF'rcients. 
If the relationship between the variab1es is assumed to 
be beme= (see @re I), the r e p s i o m  quation used i: 

y =a+bx.  PI 
The regression cafiiGiena aw cdculared using: 

= g tX. - $-'I v *# 2 Itv-y J ~ S S ~ X - X I ,  131 

r%-!lerc 
v D 

Y. y = ~mrillgcs oi- n &ea points for r and y 

2 = wrnmarion of an1 terms in pare~rhcscs 
computed from data points 

The cakahrions for [ 31 are easily done using a table 
+E F i r e  2bj. The Lra poinos fa x and y are f i s t  

fded in a d  the averages x' a13d y' calculated. Using 
rhcw averages, the rest of the table is filled in. The 
totab Ear cobmns {r-xr'p md .(y-y" should Be zero. This 
can bc ard as a check for calmhtions.The ratio of the 
rods  h columns 5 and 6 then gives thevalue of b: 

The coefF~iemt a is cdmlated by 
J = )"I - ha. 14 1 

In the e..*atnple, 
= 16.2 - (2.29 X 5.55 = 3.6, 

the regression equation is 
v = 3.6 + 2.29 X x. is] 

3. Forecast wing the equation. 
The forecast of a new value 3f the &pendentvaiable is 
made by dittiqg &e corresgonding new value for the in- 
dependent vAabIe into the equation. For ezmnple, 
steel production is known to be six d i o n  tons. The 
i n d u d  output is estimated by smbstituthgin [5]. so 
rhat: 

p] = 3.6 i 2.29 X 6 = 17.34 16j 
The industrial output (y) isesFinuted at $17.34 million 
using the bear regression equation. 

1. Obtainzhedata- EXAMPLE 

Once the independent and dependent variables are de- Many examples of regression analysis m y  be found& 
termbed, the data values are obtained in pairs, ie., a the litentrs~. Frederick2 (1976) andpsis ofco* 



FIG ORE 2 
R.c.grcssion Comptnraoion 

a) Data for Foiccas~ing Industrial Ourput 

Stecl ProductionJylr {rnilhn ol tons) 

industrid Outputlyr (millions of 3) 

moveme 1s in West ~ a k q - s i a  is illustrative and instructive. Bedwah if S?3] has an exceUeme presentation of re- 
Twelve zrmcmal variables were included in the andysis d gression forecasting when the independent variable i s  
srmctural development tim* 

THEORY BIBLIOGWHY 

Regression equarian models are w i g y  treated in sat&+ Bedworth. D. D. In&A&id Systems. New Y mk: R o d d  
tics texts (Fryer 1966, or wetherdl 19721. "The theory is Ress(.bmpan)., 1973, pp. 83Cll3. 
based on summing the squares of dc dewiation ot each 
data point from the corresponding paksc of the anode%. and 
then selecting coefficients of the model which &h&e 
this nxm If the model equation b a  straight h e ,  the coeffi- 
cients fit a linear regression 111odel Non-hear regression 
models are used to fit equation coefficients to daoa which 
do not appear to MI oni'%ht lhe. 

Mdtiple regression models use tb same bsic principle 
to fit the observed data to two or more independent vaxi- 
ables. The $orec.~er is referred to specialized texts 

(Draper, 29561 for &t&. 

Draper, N. R, and Smith, H. Applied Regredon AndY& 
New Yo&: john UQey andl Sons, 1966. 

Fredericks, L.1. "A Trend Analysis of the Sacrause cf 
the Cooperative Movement i West .Mahyii. 2922- 
1967." Co~~peramivel~nnacion, ILO, January 1976. 

Fryer, H. C. Concepss undMetJmds ofErperimmtal Stu- 
tktics. Boston: MynandBaconr, 1966. 

'X'ethd, 6. b e .  Elernenby S t a t i s  Lon- 
don: <:hapman and M. 1972. 



PREREQUISITE TOOLS 

None. 

USES 

Sc,enarius may be ern pioyed w: 
3. ) ide.eanTy and clarify mior  ISSUC'S for debarc among 

pol icy  makers and i rrrcs t  goups. 
Z j  Fo=illarn: a narzarivc for dywxic behavior of a 

~oci.4 syserzn, r-g.. fo* i n r e r p r t ~ g  8 w d  Bigramming 
{UVD, page XI!. 

3 )  Ptuvidc she bgut h r  tcchniqrrcs oxch as GGarng 
, c ; ~ n r .  114). 

4 )  Provide 4 framexirark for nlormatiw farecasts of 
dmixcd f ~ m r c  coiidirbns. 

A sysrern k 2 cog.-criun uf sonnpcenzswHicl: inter- 
2ct co achieve a ran:rnun Lzrncsion. 

21 A state scmm-13 describes con&dons and events 
,&c seare of the sys6em and the exwrnd context) at a 
sinagile future pbnt in chew 

31 A mamimt scmmio forecasts the &ages in and the 
Sternatiwe ~ ~ E E ~ Q I & s  an ;a system at various stages b &z evo- 

Iurioan of s9ne $1 stem. 

SHORT DZS'CXIFTiON 

A scenn~zi-aa is a nn;&"riinive f o n t c ~ r  of &c f~s;lre ~ L B W S  of 
a sysrem. re is AsvcPoped &am a dzzripEoa ofthe ;xewns 
con8irbra; snd am errrapdated fcwxist of hmrr t 8 ~ d r -  
tions. Thc 6o'orccasr L based on h e  examal conscrainzs eo 
change, a d  the ELly iceractiorns between system v;ui- 
vbhs in &.e prog~ession from camems conditions ro some 
%"utare s u e t .  
A xenado Irnay be either i state scenlario $07 a sk~gi i  

pokr in =he furrrrr cu a tr~nuieetrt sce..unio rracing the ew* 

lation ofthe system over h e .  

1) Scenarios help dl~nmlmate &e interaction dpycho- 
logicd, s o d .  csonomi, culmrall. pajitkd. Fai l lay 
dimensions in a form ehac permits ua&rsranding many 
such interacti3ns af once. They atre espe&dj useid fear 
policy Qecisiom. 

2: Kahn and 'elner (1967) q e  &ao: scern;rrios d at- 
tention to dne hger  range of g~sib&des &ar must be 

considere6 2 haas andysis'oftbe h a r e .  



3) Sccnarios h!p srimulasc anddiscipline ttlc imagi ir~ .  
tion. 

4) Scenarios generally have an iilusrrativ~ and poda- 
g~@cal valve for rhc decision maker. 

1 j Ir is a formidable task to take into accovnr md suc- 

assfully predict the interplay of rhc various dimensions 
(e.g., social, polidcd]. 
3) Sccnarios suffer from unigucness: they rcprcscnt 

only %he views of tho= experts who construcscd tlnml. 

irnd rhcre is n o  gyarantce that the rfucurc is accur;recly psc- 

&cted. 

REQUIRED RESOURCES 

LEVEL OF EFFORT 

The decision maker ~ n d  the analyst ~olPaborative3~ de- 
fine the subjrjcc: of the scenario. The analyst identifies. or- 
ganizes, and iateracts with a goup of expears to undcr- 
stand the prcsezrt system and consmce the sccntarios. 

SKILL LEVEL 

The analyst and experrs should bc able so identify the 
major dimensions and aasibuces of rhc prewnr system in 
order to identify new developments and understand their 
character and significance. 

TIME REQUIRED 

The time reqnired depends on the complexiry of she 
system being studied and d:c time span of the scenario. 
The analyst and the experrs may spend several days Eon- 
srmsring from three to five difgerent scenarios whkb de- 
scribe the same gencrd situadon. 

DESCRIPTION OF TOOL 

SUPPLEMENTAL DEFINXTIONS 

4; A ir;rcybq J.rrcr- is rnm arariburc ob a +?brc!n w9riclx 

sauwr ctnangcs in ;bc sysccPar sr.ttc OVCE ~ i n ~ c .  
51 The kr&.cc sysrt.rrx srcrrc is wt rrf  CrlrrCllE clrnrii-  

iioixs which dcscribc r'tns cswntid c t l d r a ~ t ~ r l ~ t i e s  ~i Z ~ I I S  

sccnariu. It is dcnxutcd by Sttf. wherc 6 k. thc prssrnl titrlr. 

65 AEI iv1~er1lr~~*tli*1rt= jrriqr*. Sir + r r ) ,  r4cx:ibrs tlw 
state of drc qseenr a5trr r time inrrm.iI[ r r .  

Jj Tlnc cxterrtal wtl?r'-vi rcpro.sr.otb ctic sunsrr tints rrrr 

tine base sys:unr. 

Scc~~ario constructit~n rcqukcs prior agrcrfrrctrc rlrc 
kind oi scenario ,ciebcr tread or scatri. tlrt hubj6~ t ok C!~C 

ssmario. and the time span ro be inciudcd. 
F h c  subjecr of alre wcnario is grreadly A s p r e r r r  rrr 

scceor of a conneey or region. r.p.. tbc tourist ialdiraery or 
tinr cneagy siruationl Por ehr country of Tem*cR or  rtrrr 

sorial smuceure of a river basin popuhriun. 
Talc cimu span v4rir.s recording to ~Pre h p o r  tmcc o i  LEIC 

system under con~id~rari~n. The time sp;rn i>fi t k l ~  SCC'II;~- 

rio. for n~osf siruations. shouhd cover ar 15 years tu 

projccr kyund characteristics o f  dre prcwnt siruarion. 
furvrc inragrs bccome bcrcasinsly blurred as rhc rimc 
span is cxecnrdcd. ~ p ' f e c ~ v e ~ ~  limiting a scenario tu 30 
3'c;Lrs. 

The analpst may wish ro asscmble a group of experts.  

each famiJiar ~ 4 t h  a majar dmensiun oh rRe system. 
though she scenario may be developed using a Delphi 
(DLP. page 168). 

TOOL OUTPUT 

The scenario technique generates a narrative descrip- 
don or" the future sm;qs) GET?..= s.,-s=cx.The formar k the 
bae  sysrem rr'rr:re description and one or more hter- 

rnedrare imdges. tagther with ;I dexliprion oi rhc ex- 
rmuf co~ztcxt and the driz~imgjorces brbkd the f~recasted 
changes iser F i r e  1 ). 

Or.e or more scenapios may be consmmctcd: 

1 j Several al~crnarive stare scenarios for a single point 
in time, or 

1) The dintaio*ls of a sysrern are collections of its at- 
2) One {or perhaps w o j  transient scenarios which 

tributes, where each coilectioa represents a major aspecr 
forecast the efgeccs ot' different policies on the evolution 

of the system, e.g., paliticd, economic, social, or psycho- 
of system condirions. 

Logical. These scenarios may be compare4 and contrasted for 
2) The attributes of a sysrem include the elements or ,,,,by bckion m ~ e r s  and interested 

compoirenrs of the system and the interrelationships 
among them. 

31 A g a l  is a value judgment which satisfies one or IMPORTM ASSUMPTIONS 

human nee&, e.g.. '*ta promote equality in school- A scenario is consmcted by exmapolatink future COE- 

ig." ations from present condeicms and foreseeable & v i q  



FI<;l:KE 1 

A Srstrdrrd kornrat fur a Scenario 

Rogrcssion ovcr time interval PI 2 
S ( r  + 3n) .  Intcrn~cdiare imag,~ t r  t h e  ti- 3 w  

forces for change- Consequently. a fundarncns~11 assnmg- 
ti011 iv~>ccr~lirlg dynanlis sysrcnn behavior is implied: a 

rysrenl csfiibirs current conditions whish are the lesuIt oi 
all rhc previous currcnt and prior forces on the s).SEcm. 

Howcrcr. social sysrcms are scff organiring and arnticicipa- 
tory ,  and the current sysrem stare may be ingcenced by 
r l r  rici  par cd iuturc conditions. Accounting for these 
Lsrors in scenario consrrucsio~~ requires that the andysr 

I .  Construct rhc basc systc~r  starc. 

1 . I  l2cnzifq. zhc major ~ubg~oorps in rAc basc syst:m. 
1.3 Ide..nriil; the arecributss of the s~bgrorrps. 

I .j Choosc one of r h ~  arrribnees as tAc driving Eorcc 

Tor change in rehe systcrzl. 

2. Identify tibe exttrnai context. 
2.1 Formulare bypothcxs about the constraints on 

c l ~ a n g  in the bosc svscrm state. 

2-2 Cooasi&r cunsr:akos which may cbang  &ring the 
cimc spm of she systcrn. 

3. ~ e v d o p  the progrsion so the fkrt intermediate 
imag. 
3.1 ldcnaeify m y  trcnda in ohc interaceioo; &-tween at- 

mibutcb o i  chc base sysrcrr for time in~tcmal $a. 

rvUmc~t #: L r y p i c ~ f 1 ~  5-1 O ?;cars. 

3.1 Pdcan~if~ any ciuangt.s in elre ex~ernd consxraints 
lor time inacrvrl st. 

3.3 If alrcr~n.utivr. or con~pe~ng trcrnds are Bikdy. con- 
~ e z c t  am inrcmasdiarc: image ar eiPnc r - n for 
cach major wcnd. 

4. Construct the intennediatr image- 
4 .I  Using dnc dimensions and atnibntes identified in 

srcp 1. dcscdbe the bkcly system sEaGc or con&- 
dons at dnle r + r t  

1.3, Takc into account the forces for change. the ex- 

tcrnd constraints. and thc trmncb inrcrnnd EO the 
sysrem. 

3. Repeat s~cps 3 and 4 until the desired time span has 
been covered. 
5.1 The lase inrurrnediate image becomes <he new base 

system stare- 
5.2 To progress to the next intermediate image. con- 

sider clnanges for rhe internal from time t * t1 to 
h e r  i- Ira,cec. 

5-3 End the scenario with the last bremediare imqe. 

Sc Aware of dlt. possible e f h c t  of anricipated actions on 
If a notmarive scenario is being developed, the pro- ;be f?~;lturc state of the system. 

cedure in step 4 is inverted. Instead of predicting &c inter- - 
mediate Image. she analyst Rier to idendfy the alternative 
actions or poiicics rhat are necessary to achieve a desired 

METHOD OF USE system state. This is typically an iterative process, where 

t%sr one set of policies, the internal trends of the system 
GENERAL PROCEDURE and the ester~nd contest, are used to forecast a &ely pro- 
Tht following steps describe the development of a gression. The discrepancy w&& the nornative system state 

rnlnsienr are based on rlnl: work of Durznd k then used to  indicate alremative pclicks und rhc de- 
; 1972) and Gerardin (1973): sired and the predicted intermediate image mere. 



EXGMPLE in; are' fc,;rrrd h! !>or?+t-wh.r~rx rrrd yr.ec~.\ ~ n ~ r c ~ r c -  rr.:xnarL.rl-lr. I ' E b r  

A scenario 15.as dcvcloprd for rhc industry in a,~iiitdr! ib a s i d  r v  providtv K ~ K I G ~ S  ior cL-c~ tr~rtspvr:.G:tt%rt v * ;  s.% 

wrudal i<rudrro:L. . . . 
counrry of Tcrnascli.Thc goal was *"to improvc tl~c quaiit) 
of lift. for 311 Tcmasc kians."'Twu criteria indcare acllicvc- 

Sc~;c:atl sucir sscnarius wrrc I;urrnu!.urr-d L r e  ac.rlrts- asrrrl 
mcnt of this goal: a dtcscasc of nutritional dcficicncics 

cvaluariun by r i : ~  duiisiun a n d c r .  among shc popularion, and an incrcax in jbrcign ex-  
change. 

The h s c  system ssate was dcxribcd: THEORY 
Four sukroups harc bccn idcnriiicd: cfrc Iacrdsrn~~.r. r i w  arrid- 

dlrmcn. tllr meat-packing indasny ar~d the crrnsulnsrs hccf. 'The 
13crdsmcn arc gcncraflv nomadic and own 90 pcrccnt n i d : ~  carzlc 
in TcmacX. Castle hrccding ~ n d  fcrding prauticcs ~ s c  i;~siGcicr~t. 
Tine n u ~ i ~ r d s  h a w  a sLrc3ng ~-r;lotimd a r t ~ c l ~ n i c n ~  TO tlrcir cattle as 

rhcy cquatc tllc ownership uf'cerrlc rs,iz!r ~rcl;f go. 
Thc :icrdsmcn 6511 t3lrir castlc xu ~nidd1~~11c.n. 7 ' 1 1 ~  c~ttlc ruacl1c3 

sonsumcrs aker going rhrougll wvwal ltvcls uf tnidd1t.mr.n. rhur 
imflating tllc price uibcei. 

Tllc mcar-~ackirrg indusrry ismA at prcsc.r:t bur b t;wcd hv 2 
big multi-nazio~al company. f l ~ e  hcsf is pack4  mainly for ch- 

port . .  . . 

The a~tril~zes of the subgroups were tllu valuc sysxcm 
of each s~bgroup. the econornic fmhgcs btwcsn the sub- 
p u p s ,  and major institurions. Thc i n ~ a r - ~ a c  king indussry 
was selecrcd as xhe driving force for the scenario bccausc ir 

wanted co kcrcase irs growth rase. 

The extert~d c o i ~ t e ~ t  may bc dessribcd as: 

Scunirrius arc co:r,tructedt bawd on .I pl~~it~ierg pi:ilYr- 
sopfry whiclb nligOat br cal lrd "hr~ri.s-crc~civr-",.,(;rr.rrrtint. 

1973). Scenarios arc r.f%ctivc J~c is iun aid, iitlinr do-cisitrr~ 

mmahcr ~cccpts  r;ulsir lu planning plrdrrsnpiry. A ~ U F E B ~ C  Ea I(> 

Jcsipcd wlnicPr is in line with saarsi! goals. A burrrrc w--ili 

rnot be ascsptsd if ir is s i r 1 9 ~ l ~  ill1 extrapulation or  C.?LI~.II 

sior) oi past c w n  ts. 

Sssnados havc becn u r d  n-tdc.lY aurd rrc sspccialtv nsc 

ful for policy making. Kahn and Ztriencr . lYtr7;" .am- 

otr lr c rrJ scenarios fur inarrrraatiunitl poiitii~1 S ~ B L C I I I S .  

Durand ; 1971; arzd C;rrrardin 1973j rccordolil wvr.raB ryp- 

p?icationns iru I-'ranncr. inc!utsins rcSiund dcvClop~anc.~rc plsir- 
~ ~ i n g .  Kracvnsr : 1973; cites a study in urban pb~r~tiug. 
Brown i 1948; dcscribrs puiirica! sccrun~riosdr~nac ~t t l~r  1)c- 
partrnt-at t>fDci>nsr.. 

There \vill hc mainrcrrancc of fhvus;lhlc trading cundisions \*IK~.* 
BI BLlOGKXPHY 

the dcvclopcd counrries. No adverse wcarhrr cundirinns will uc- 
;;rown. Scyurn. -Scenarios in Sysrc~ns Anttlysia." !n cur. . . . 

Sysrcnss --irrdysis ad i'oQicy I~iamrBty: .-lE~pPic;ti+r~i.e 

Starting with the base and external conrest. the progrcs- bz Dej;r~sc. edited by E. S. Qoadrr rnd Uf-1- Buurber. 

sion was formulated to give sh r following scenario: M e w  York: American EBsr.uier. 1968. 

is 1977.ThcdcTnandfor heim ~ , . ~ ; ~ ~ ~ d  countries D ~ r a n d .  J acques. '-A New Method for Cuns~ructbg 

is seen ro incrcasc gccady over next seven ycars. To muer rhis Scernarios." F~ernres [Decembur 1971)- 325-30. 
& m a d  a muld-nr:ioaa! company i n v ~ r r s  20 inillion do132-s in a 

mcar-packing p!sn: gear<d far borh domesric and overwas con.- 
sumption of bccf. 

Educarional cffoorzs arc cmiedout co makc the 1iurds~nr.n sctclc 
and learn bcttcr catrle breeding and iceding practices. T~IS will, un- 
mrc a r i y u h  sapply of hcci for rllc rntzar-packing phnr. Tircrc. h 
conslderablc -escnmcat by rhe herdsmrm. Sirice only a few Ilcrds- 
men rcacr posicivciy ro she cfforts, thc herdsmen arc nor alluwrtd 
to graze on land wherever or whenever &+v wish d ~ u s  forcing &ern 
to sercle. 

By 1982 rhe meat-packing plant bas k e ~  esrablkhcd md must 
herdsmen have reIucrant3y scrtled. multi-national compaay 
pays the f~crdsmen higli prices for their carole. Thc middlcrnt.~~ find 
tfremsclves being forccd out of their tradirional supply links. T!rc 
middlemen, who handu many foodsruffs orhcr &an beef. organire 
into a cohcsive nnit and in 1985 go on ~;kr.Thcre i5 masshoard- 

Gerardinn. Eucien. --Study of Xlcernatirr Futures: A 
S c m a ~ o  Wridzxg Metbod." In .-l Giride rr, lJrdcrkdl 
Ihcbtwlqicad Forecming, edited bp Jarnes R. I~rigLt 
and Maton E.F. Schoernam EngIcwood Cliffs. %.'=).: 
Prenrice-HJ1, 1973. pg. 276-58- 

KAna. Herman, and Wknrr. Anthony f . iih Ymr 2UUO.- A 
Frdmework f i r  Spec~Poltiom i l ~  t:te i\'ext I%irfy-Thrt.c- 
Yedrs. Nav Y ark; M a c r d b n .  : 967. 

Rnemer. Kenneth L. Pul iq  r2rwlys- i a r  Loclrl l;uwnt- 

nti.ni: .4 Systems A p p ~ c I i  EO Decisioi: 31~hiwg. 
Washington. D.C.: International Cky rManagcment 
AssociatZon, 1973. pp. 128-32. 



Delphi 
PKEREQUlSlTE TOOLS 

Nunc. 

USAGE 

PUKH)SE 

The Delphi is z group g~.ocss ~echlli~rne for elicithg, 
collating, and ?generally directbg iniorrned (expert] judg- 
~ncn; towards a consensus on a parrkuh aropic. 

USES 

The Utlplli may bc uscd in: 
1 ) Est;lblishing goals and their priorities. 
2) Identify ing xhe dimensions and the arrributes of a 

problem. 
3)  Providing forecasts (r.g., i&n&-ying future dcvel- 

uprnents and their effects). 
4)  Clarifying positions and delinearing ddf~eoces be- 

tureen group members. 
5) Gathering inforrnaeion from a group whosc metn- 

btrs do not meet face-to-face [eirher by choice or practi- 
cality) and wish to retain their anonymity. 

SHORT DESCRrnION 

The Delphi is a method whereby in&sid& are d- 
lowed to focus on and debase issues anonymously. The 

smdy h e)lpkJly conducted by mail through severd 
rounds of questionnaires [QTN. page 1%). The resu~rr of 
each round are colEcctcd. cdheed, and analyzet! by a dr- . 
sigh seam- Based on ehis a d y & .  questions f a  &e mbse- 
qumt round are developed. The Delphi gerti;2y pro- 
mows convergence of opinions, although it ma; ?-owide 
the basis for &igr- ~emcnu. 

13 The anongnniuy by the Delphi precludes 
some undesirable aspecrs of face-to-5ace conam~mication, 
such as domkmce by ~ c m m  pezerrondities azd inhibition 
of expression. 

33 A Delphi pwdcipanr may respond with opinions 
which more muPy xegresena his or her feelings. 

Sf Indir6dds whct may nos o&&e &ard the t h e  

required for a group m*e&gmay partkipare. 
3) \Wi& h e  Delphi, a large hererogeneous group can 

participate on an equal bask- 
5) The Delphi is obviously usefuI when the respon- 

den= are geoPphicaEg scaaere.:. 

1) The Delphi is precluded when there is a limited time 
available to aggregate participants' j m d p e n r s ,  becatzse of 
the delay in and asshiPa&gresponses. 

2) The Debhi &odd not be used with i d i v i d d  who 
havs reading or e s p r e e g  themselves in written 
communication. 



3) High parricipane inrcrcs~ and cornmi~munr b as- &EQUIK&i) I?iPt:E 
armed or the quag~iry and quality d ruponret ~ C C ~ C W ~  Since ~ ~ l ~ i ~ i  i, lo ic~on n3dbg. it br 
wish successive rounds. most C ~ ~ C ' C ~ Y L *  ii the ~ C C & ~ O I I  m~&cr b i n ~ ~ > l v c J  through- 

4) Desirable f s a ~ u r e ~  of a group nrccring. such u in- out 
sun: comm=nicarion and intel!ccrual srbnulnrion, arc Respon~cnos;hwc~~ br c e r n - ~ ~ r r e ~ w ~ u r  
compromised. 

REQUIRED RESOURCES 

LEVEL OF EFFORT Thc $ize of the dlcsig~ warn wdl varp f g : r s u  two 10 birr. 

The design ream will have to spend a ia dkcct gropartbn EO tbc sku of tkr rcsptrndcrr r goup. 

of t h e  des&ing yucsrjonna~csandanalyzingco~lplicted knbccq. ct a\. :I9755 found  err:. in ah& cspricnrt.. 

y~~stionmaire~. lnxega~ion the decision 30 weUII-ch-cn aerplondcm:s wr*Gc sufficir.:to: ~ G W  ad&- 

and Dclplli design b neccss;2ry to e i o d  ideas ~ e r c  gennmrnrcd by h ~ v h g  ~ . ~ r t i c i ~ ~ n t b .  
or requ=e.mena of $be &=ision are Abou~ B ~~;oir16nc~lr.cocdpauricip~ntsaiU decline. 

srood by rhe design team. For oIao qu~rtionnuire rrc commannicaee ZEICCC.\S~CL~~) .  

the qucacions should: 

S K ~ L L  LEVEL n : ~ as short d l ~  p ~ i b t ~ ' -  
3; bc a d ~ ~ t c d  to rhe lrrmguap ann05e fanndiar to thr rc The design ream m u r  be dbk so esrablih unbuaed 

spoandcnt'sarca of :sprrtkr serew.g. health or educ~aiun:. yutstionnalre designs which rclase rhe Delphi esmcise zo 
3; Elicit U S C ~ U ~  responses at rhc le%rl oC abs:rcrooiun re- its purpose (see QTN, page 19). The Eedbask d conrr- 

y i r r d  :i.c.. gecmnerull vs. sgccidc,. 
mcnts and reactions to the respondents should be succinct 
and reprcsencarive without refiec~iag r4:e bias of the ticsign 
:earn. Members of the design team whoare h;nowlr&able ~ O L ~ L ~ ~ T  
in the subjcc:, rnarrer geatly faclitare r h i  cmria! prowss. 

The oaYagur of ehc Delphi escrcae will gnuraiOv bc J 

convergence ui opinion. 

TLME REQUIRED 

Appro-imareiy six weeks are required to  cotm$+r9 a 
Dclpl~i e ~ c r c k  which comkes oi four rounds sf question- 
naires {see f i r e  1). Since eighr days areaIlow*cd for each 
set of responses (including three days for dawzitgj. she 
Delphi requires only about rwo w e e k  of acmal rifal-c. 

The continua3 mozivation of &c respondents is hpon- 
raar in order to ger: a quick response md good rcmm per- 
centage. Cor.szquendy, &t design team nee& to minkke 
the delay between receipt oi quesgionnaires and n-ans- 
mitsal of the nest one to participanss. Andysis of :he rc- 
turned quesrionnaires aad design of the subsequent q u a -  
tionnaires should be&. imme&arely ratses than waiting 
until she exprctedrecurn 8or each round. 

- 
One type w-@d olnrpuz may be s fretlur.ncy distribution ur 

Iksugrann of forecasts (we HIS. page 131). Far rxdalyir. 
the rcspondenas may earbate what rhc PsPl minimum 
wage shuuld be for the country of TcmawHi in 1980 m 

order t~ ensure adequarr housing a d  f d  for cftbcnr. 

The frequency dnssribution gap5 in figure 2 irdkates rhar 
an iPPtrrr.d of 575 to SlOO was favored by most rs- 
spondents as the desirable rninrirnunn wqc.  1 t aPso shows - 
that a great majority of the respoundents would nor x u  a 
ininirn~snm wage below 575. The mean and smndard deb%- 
:ion may be cornpered for the re5ponsrs and added oo the 
gaph (HIS, page 131;. 

Anorher type of ourprr is the ranking of rcspansrs ro a 
particular cpesdon- For example. €he rrspondmts may Gsr 
the problems they perceive in rhe heal& field.TRe octpu: 
is a vote on rhs importance of die problems 

DESCKrPTION OF TOOL 

DEFW ITJONS h-E"FHOD OF USE 
1 j Dunning is the process of recontacting participants 

who have failed to remrn h e i r  quessionnaires. CEKERAL PROCEDURE 

2) A targetgroup is a sex of persons with certain corn- Delbecq, er 4. if 975j recommed that thc foMowhg 
mon characteristics, e.g., all experts possesshg howkdge steps k iollowed in designing and irn;~!t-zendnga Delphi 
about a particular problem, or farmers with h d  in the exercise. This is only one way in which a Delphi 
rune river basin. exercise rnzy be carried out. The number of rounds of 



FIGURE i 
Schcdulc for !)el phi 

i Activi tics 

1. I)cvclop problem ssaterncrit 

2. Sclcct rcspo~rdcnts 

3. Consac s rcspuopdenrs 

Minimum T i e  Required 

5 day 
one day 

!,i day 

4, I ~ v d o p  qucstionnairc =I and tcsr 

5. Type and scr-rd. our 

6. Kcsponsc rime 

7. Ilunning time +if uscdj 

8. Atlafysis of questionnaire =1 

3. l>t.vc:op quesrionnairc and tcst 

10. Typc and send our 

I 1. Response time 

12. i3unaing time 'it' uscdi 

13. An~lysis nf qvcsrionnakc =3 

11. nevelop qucsrionavirc =3 and test 

15. Type  ~ n d  s c ~ d  ozt 

16. Kcsponsr: rime 

17. 43unning time (if used) 

18. Anajvsis of qucstionnairc ~3 

19. tkwclop questionaai~c 4 and ccst 

30. Type and send out 

21. Kespunsc time 

22. Dunning rime {if uscdf 

23. Analysis of questionnaire =4 

24. Prepare rrporr 

2 j. Type report and send out 

26. Prepare rcspandcnss' report 

27. T y  pc report and send out 

1 day 

3 days 

?.i Gav 

i+ day two days 

1 day 

5 days 

3 days 

?h day 

I.i day two days 

1 day 

5 days 

3 days 

two days 

1 day 

5 days 

I day 

I day 

:i day 

The minimum time i s  17 days, dowing 8 days {incfudmg dunning for each response. 

SOURCE: Andre Delbecrp et d., Group Teciznigxes for Program i9hning; A Guide ro 
iVorni7iaf Group andDelphi (Chicago, ill.: Scott Foresman, 1975), p. $7. 
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FIGURE 2 
Frcquc~cy Distribution of Estimaccs oE hiinimum Wagc 

Esdmated Minimum Wage [S) 

questionnaires, the types of questions, the responses re- 
quired, and the analyses will vary depending on 
the type of application and the actual situation. 

1. Determine the basis for a Delphi. 
1.1 A statement of objectives or problems is dc- 

veloped by the decision maker in cooperasion 
with the rest of the design ream. 

1.2 Targer groups of respondents (e.g., agicukural 
economists, engineers. phnners, ctc. in an agri- 
cultural development esercise f are generated by 
h e  design team. Names of potential respon- 
denrs are then idenGied. 

1.3 Telephone or ~ersonal coptacr ismade -4th the 
potential respondent. The respondent is in-- 
formed of the objectives of the Delphi, the 
nacure of the respondent group, the obligations 
invdved, how long the Delphi wiU take. how 
the Delphi xvorks, and how hi or her pt ic ipa-  
tion will be mumally advantageous. The sfe-  
guards on anonymiry may be explained. 

2. Design questionnaire a. 
2.1 The initial task of the respondents i s  generally 

to genrr,te a kt of i z e m s  Examples os such 

items would be barriers to delivery of services. 
perceived problems. or potential dcvelopmmcs. 

2.2 The design team formuttcs questions which arc 
cansiseenr wizh the starement of objectives (see 
Questionnaires, QTW. page IS). 

2.3 A short cover lerser outlines the task and re- 
iterates the agreemeat reached in the initial con- 
tact with the respondeat in step 1- 

3. Solicit responses for questionnaire +. 
3-1 If possible. the qmcstionnairc is pretesrcd to m- 

sure that questions are not rnkinrcrpretrd.Tbe 
goup may be composed of seveai qpicaI re- 

spondents from the Delphigrotrp. 
3.2 The yueai~ainaire and coucr letter are disuib 

ured to all respafi&cnts. Return of the corn- 
glLted questionnaires should be prearranged 
(e-g., by enclosing self-addressed stamped cn- 
velopes>. 

3.3 if sufficient qucsrioilnaihes xt not rentrncd by 
the sp~cified date. dunning. or r vefuly com- 
posed reminders, should be directed co the 
Delphi goup. A response rate 0585% is usma$ 

considered acceptable. 
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4. A I M ~ ~ Z C  quescionnakc +I. 
4.1 kcsponscs are copied and tat into slips SO ehas 

tach mumhr of dlc design team has a x e  for - 

uach question. For example, rbr thc question. 
'-What sgriculrural dcveloprncnts do you forc- 
xf 5:: Tcmasek in rhc next 15 years?-'theslips 
may read '.~rrore eFfcctivc fertilizers." '-Pining of 

irrig~ltiurl ditclles with concrctc."ctc. 
4.2 Each mctnber sorts ohc response itcmr for al 

qucstians into ssaclis xcprcwnthg similar rc- 

spaases to a question. Tllc stacks arc then 
labeled, c.g,. for qicufsural development. "lr- 
ripsion." "Educarion," "Tccbnology." 

4.3 A member of tbc team rcads hi stack of labcls. 
Through goup discusdon, the design ream 
agrees upon categories of responses. 

4.4 Kesponsc slips are reordered according to  the 
category hbrls. Obvious duplications are clim- 
inated, and closely related items are combined. 
Statements expressing the resulting items with- 

each stack are formdated. The resslh of tIpi 

effort constitutes the X i t  of itemsfor q~es6on- 

5. Design questionnaire 3. 
5.1 Questionnaire X should help respcndents ur- 

dcrstand, darXy. criticize, and supporr items 
identified in questionnaire #I. 

5.2 Sewral d~ings may be askc6 of the respondenr. 
He may bbr asked to forecasc \.;?hen a develop- 
ment may take place or if the items identify 
po t e n t ial fumrr: developrnenrs. He may be 
asked to idenrify what impacts such a develop- 
ment might have, or he rnay be asked to vote on 
the items. The respo~dent is enco~xaged to prm 
vide comments, c.~., he may state why he th ink  
a poblen; is important. 

5-3 If  the respondent is to vore on the items. the 
rank-order procedure may be used [see Nominal 
Gmup Technique, MIST, page 2.11. 

their vorcs. I f  qltnantitatiuc forecasts have been 
made. a frequency distribution is constaucred 
[sue figure 2; and &smiburcd to oKc respondenrs 
in the next quesrionnake (see Histograms, HIS, 
page 131 j. 

7.3 The responses are rcvir=~*ed LO see if Ehcr are 
~xfuirll in achieving the objeccilres set up ia s t ~ p  
. . tf nccersary. the ncxe qnestio~znakc can k 
altered by ciulcouraging a dificrenr kind ofcorn- 
anent or by making rcrponse* more spccifnc. 

8. Design qucsdonnakc 3. 
8.1 This qmestiqanaire h e  to explore d i i e e -  

mcnrs ide~:tificcJ in qaestionnaia:: 3. 
8.3 Thc rcserrPzs of step 7 -the ranking of the items. 

the aggegat~d 'Iarlecas~s. and  he summarired 
commeni%-are gives- LC the res~o.;dents. 

8.3 The cover letter kdorrns the rsspondcrars ~ i a t  
they should rcacr to any qu:stions and criri- 
c h s a n d  fhouP2 lobby for WT against irerns they 
ifeel srrongly about. 

9. Soiicit resronser for questiannairc S. 
Repeat step 3. though a pn.t?st is scridorn mcessary. 

10. Analyze questionnaire a. 
The design teaq reviews the r r ~ ~ t i c n s  to th:: com- 
ments and summarizes them in a procedure r imi to 
that ourlined in step 4- 

1 1. Design questionnaire .* (opiod) .  
I I .  P This is a final artenlp eorvard: consensuz. 
1 1.2 Questionnaire +I is sirnfar co e-.c~pt that i ;  

d s o  protides a summary of responde~ts' r e a ~ -  
dons. 

11.3 The respcndenw consider rhe Fial reactions 
and are asked to provide a v o e  or ~wnticarive 
gorecast similar to that indicated in question- 
naire %. 

6. Solicit responses for questionnaire *. 12. Solicit responses to quesuoanaire a (optiod). 

Repeat step 3, including pretest and dunning iif R e ~ e a r s ~ ~ P 3 ~ o r n ~ ~ g ~ e p i e ~ e s ~ -  

necessary). 
13. Analyze questionnaire 9 (optional). 

7. Analyze questionnaire s. The mnhgs are totsled Eor each item to identify in 
7.1 The commena lor each item are placed in importance. WRere forecasts were made, find 

stacks {see step 4) co be mrnolarized and corn- puency distributions are constructed. 

rnrznicared to the respondent in q u e s t i o k e  
=3- 14. Closure. 

7.2 If v o h g  has &en @lace, the restilts are ag- The pardcipanrs are informed of the imi~ .eso pro- 
gepted and the items are tanked according to vide a sense of closure. 



EXAMPLE 

117, dealing with a country\ economy. rhe dcckion 
makcr determines ziaz conrioued inflation is r major li;;ub- 

!em. T9 cornbar the problem, hr muw identify the factors 
causiqg inflaticn and ir; e6kcts. Targcr goups may bc 

cronomists, corporation heads. consumer advocates. trade 
union leaders, and agrkulnrral crpcrzs. 

Questionnaire 31 asks, %"E3'~as arc thc iacroes which 
may conhibuw to inffation ovcr the next five ycars?+'The 
respondents answer by licizg scvera! items dacy feel arc 
important: 

Incrcasc price of oil 
Strengthen border defense:, 
Shortage of ricc 

Questionnaire bts all zhc: reqonscs. and each re- 
spondent provides comments and ~ 3 5 ~ s  by givi2g each 
item a numaic?l value which curresponds to she impor- 
tance of €hat item. 

Item 
Incrcar.2 price 
of oil 

Vote Comanena 
3 If new sources af oil 

arc found, pncc 
her, may be 9es  

S ~ e r e h e n  defenses 0 
,on Earder 

X i h  l i i e l h o d  of 
military aid from 

.anosl;er c o s m q  

Shorsagc of rice 4 Import prjces and 
n a m k r  of tonsof 
Fice i-npofied 
wiu increase 

The responses POT quesrionnaire arc analyzed. The 
votes n e  aggregated and commenxs arc mmmarized. Ques- 

tbnnaire +3 asks far reactions to the -egated votes and 
comments. One respon&nrJsreacrion may Be: 

Item Vote 6hnm-t Reaction 
Srrengthen 153 High likelihood Thea&er iountr?; 

defenses of military aid fdei co wppofl 
on border from another am counuy Paa 

country year despite 
prevblls pledges 

Qucsaic-nrnahc '.9 rhen ckcubtcs ail rcacciures: and 
asks for a finat vurc. 

THEORY 

A nsrnk~ of theorc~irc~! rrgwucrrts Inaw z~ladc to 

support rhc clainnr tklar the  tk lpi l i  method Kfi~ *upcrivr t~ 

convcntion.4 taws ai groups in p,ollrlenr bcrlvirrg or t'urc- 
cssr;ng. In 11 964. Gatdut~ md Hcimrr bid tExc tuurr&tivns 
lor she Dcipbi. DcPbecq. ct al. ;B975) cumpwrd tlrc 
chnncwr?srics and pmfoamancrs of tntcrrcdng. nrruminrl. 
andl Ddphi goups. Dalkcy . t 969) gr+iidcd cnkplric~l 
mpmcnzs for the rd-ctrc accuracy oT Delphi csainutcs 

compared oo individtnl or face-to-hrr group cstimrtcs. 

Delbccq. Andre: wan Be Vcn. Andrew: and C;ustafsan. 
David. Croup Tedmiques j#r h r rpo~z  PLrmi~lg: -4 
Guide PO &'omiml Group dnd Utdphi. Chicago. Ill.: 
Scoec Foresman. 1975. 

Gordon. Theodore J.. and Heher. Otaf* Report OM rl 
Lo~Eg-Rmge Forecasting Stady. Rand Paper P-2982. 
Sanra Monica, Rand Corporation. September 
1964. 

Helmer, Olaf; Gordon, Theodore J.; Ertzer. Selwyn; dc: 
B r e d ,  Ratan; and Kochber. Richard-Davbprnmr d j  
LonpRonge Forecasting rlfet$zds jbr Connecrim t: .4 
Summary. IFF Report R-5. Middlerown, Conn.: The 
Insdeuoe for the Future, Seprember 1969. 

NIah&o, Joseph P- Teclrnobgkcl! Forecasting for Dcci- 
sbnmnking. New York: Arnerlcm Ekevier, 1972, 
pp. 18-64- 



Analyzing Projects 

Cash Flow Analysis 
Discounting 

Net Present Worth 
Benefit-Cost Ratio 

lnternal Rate s f  Return 

Impact-Incidence Matrix 
Cost-Benefit h d y s i s  

cost-Effectiveness hdys is  

The financial and csonolnic andysis o f  projects requires the synthesis of many tech- 
niques. The p k - y  process k the weighing of project benefits against the costs (Cost- 
Benefit Analysis). The t h e  stream of benefits and costs must be considered (Cash Flow 
Analysis) m d weighted (Disccunting) in order to make project alternatives comparable. 3is- 
tribution e f h s  are an essential factor in a systems approach to economic analysis (Impact- 
Incidence Matrix':. Various criteria are used to h c i &  the merits of projects (Net Present 
Worth. Benefit-Cosz Ratio, and Ir.ternd Rate of Return). 

The effectiveness of projects (or systems) I s  weighed against ccsts (Cost-Effectiveness 
h * s i s )  to evduate the degree to which various alternatives achieve @wen objecdives This is 
a criterion not unlike those used for analyzing benefit-costs, except that benefits are not 
valued in monetary units. 



Cash Flow Analysis 
PREREQUISITE TOOLS LiEY UEFINII;'IONS 

None. 

USAGE 

PURPOSE 

Cash flow analysis deternines the-difference between 
the ii~crementul costs and rhe increraenrtrl benefits for 
each year of a project in order t o  evaluate its financial 
viability. 

USES 

Andyzkg cash flows: 
1) Provides an overall picture oi'thc costs and benefits 

accruing from a project over the estimated life of the 
project. 

2) Enables calcedation of the t o d  c ~ i i j l o w  or tile *let 

increme*tal bene& of the projecr. 
3) Indicates any negative cash tlow yeais which m a y  

affect project viabiity. 
If Pr~vides rhe basis for c&&&g rneasrires which 

account for the time value of money (c-g.. Nes Presenr 
Worth, NPW, page 188; Benefit-Cost Ratio. BCK. page 
194; and Internal Kate of Return, IRR page 200). 

i j  Cnsrz t~~zral  costs crrrd be~~rjirs arc cumputcd by 
subcracring rhc ~tiri~hor; project" values from tE~c *'with 
projecr" values. The)- represent the changes the projecr is 
expected to produce compared to what would .~therwise 
occur. Nore ~har rhis is not the same as compuring "be- 
fore" and --after" project values. since conditions may Lx 
prcdicred to change whether or nor the project is innple- 
mented Isre Skken. or Giteingr. 1972j. 

2j A I I ? ~ U ~  cahflow iS h e  net incremental "benetirs- 
for each year of a project and the Bifknncc betwecn ~tae 
incrernenrd benegrs and costs. 

33 %rill cmh d h w  is the sum of annual cash flows for 
the M e  of the projecr. lo: is an undiscounted measure' of 
the aweprc  changr espsceed &om implementing a proj- 
ect. 
I> Fimmri;tl aralysis is done Gom the vicwpoinr of the 

hditiduai. goup. or business which will diecrly gain or 
lose because of che projecr. Mi cosrs and bcnmcfius arc 

- ~ 

valued at market prices. 

5) Econonric analysis is done from ~ h c  viewpoinz of 
the national government a d  o:he economy. Taxes. inter- 
est, custom duries. ex.,  are exchded horn tbc cadc~~tion 
of costs and benefits, and hbor and foreign exci~ange mzy 
be shadow-priced- 

"In sonrrasr ro w r  pr-en1 or o:ter d k o ~ ~ t ~ e d  rnescntes 
:we D1S. page 184). 



FIGURE E 
Graphic Illustration of Cash Flow for a Project 
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6 )  SJrradow prices arc adjusxed market prices which rc- REQUiREURESOURCES 
Recr the i X d C  bcncfit or cost to the economy, c.g. dzc dif- 
fcrttncc bler~een she rnarkct (sub~sibzcd) pPicc of fereiinizcr LEVEL OF EFFORT 

- . 
and the wodd pdcc E X C  govcmment must pay. 

SHORT DESCRIPTION 

Cash flow analysis is a ccniral part of rhr: financial and 
economic evdwarion of projccss. Disrinp~~shio~ lxswccn 

"with projcct" and 'witbout projcct" kncfits $.:s rirc 
incremend benefit (Gittingr. 1972j and rhe changes In 
benefits thaa. are pzojcc~cd during each year of ehc project. 
Incremensal costs are compuscd using the samc bstinc- 
tim. 

The araunf tusk j b w  is h e  difference bczwccrn mcre- 
mend benefits and hcremend c a t s  in that year. A 
tgpi-1 project has an tady nttgatjve and a later positive 
a s h  flow when rhc incrementd ibencfirs exceed incw 
m e n d  costs (see f i r e  I). 

Cash flow analysis far dcveloplnicnr projcsrr dbeia- 
guishcs bewcca Jir~ar~cid and economic analysis jwc 
mst-Denefir Analysis. CBA. page 212). This Jisriraction 
affects the identiGation and cszhacion of prajecs cos t  
and benefits. OtherwLse, rshc s~tbsequent compuraeionr 
procedure is the same. 

Cash flow analysis shows &c changes &ar the projeco k 
expecred to bring abour: in b ~ z h  increased Benefits a d  h- 
creased costs. There may be changes h the amounts aE 

benefits or costs as wGP as jn the sources (USDA. 29721. 
The project may replace ;ua cxjsting service or producdon 
arrangentnr whose cas3 and hnefiu represent &e "with- 
out projecr" financial sitnasion. 

The total cash flow $or a project gives an in&c=z:ris.n- sf 
Jle performance of a project duaing i~ life- 

A negaslve annual c d  flaw may indicate financing 
problle~lns %or the pr~jrlct, aid credit may need to be 
arranged 

The anmd cash flow of a prcglect is an aggegared mea- 
sute cf the complex inreracdon -0% gross benefits and 
cosrs born '%i& Fojecr" and 'kithour pro$ct'' a ~ -  

mazes. As a consequence, many assmpzions about kdi- 
v i d d  project-iaduced changes in h e  environment may h . - 

Post in she aggregate data. 
The rota1 cash Bow for a project fa& ro accc 9nt for the 

&.e value of mcrey. Cash Gowandysis does not z-ccuumr 

gar benefits or costs which camact be assigned a m o a e w  
d u e  {eg., good m a .  customer conGdenre, or a fanner's 
sense of sea*]. 

SKILL LEVEL 

Skills an e&k~ *scounairag~ bBtmnc.d Ir?* tius sbiPry tw 
judg future d i ~ b u ~ m ~ n t l r .  &PC c~~nuiidll. lidded *re dn~*lhl- 
able. the srrbscgrncnt c~mpuu~~ions; arc rwhca mcchsnilirl. 
'Bur at all times ahc mes~ning chc figurss m a s  
rcmger their ~m-. This k ::rrduub:ediy a skaI muse k 
Bcuned &om[ annalyzimg related projects iar similar era- 
vlronanenlrs. 

TIME REQUIRED 

Sevcrd L y s  to several weleks may be required for data 
p r h s i n g .  A longer per id  ?- necr'silry ilt A slrmey i Ink- 
voQvsd .bSVY. p;rg 36). The analysb shucad not requ~e  
morc than a few hours. 

5udgcuarp dsu and cornpmuuoa devices (e-g.-. band 
cdculatorsi are ~~efiinl. 

DESCRIPTION OF T03L 

Cash ~ ~ Q S S -  analysis reqnirrs an esrimacion of coslrs and 
knefius over the life 'ria projecr. Bfherc accounaring bfor- 
ma&n is zwdable and recrErbk. th2 d~ecmhauion ohcapi- 
td a ~ d  opera&* costs md projected profits is straight- 
fomwd. Howea-er. rhe indi+ct cmb and haatfits which 
may no% 'be easdy &rived requkc ronasi&nab~c ~ K e ~ ~  
and LPnformadon-~;a&&g~ 

Cash flow analysis gives a pattern of hnnefits and coser 
which can be mdyzed &ecdy to influence hvestrmenr &- 
cisions ;fiwrc 1)" For example, if a cash ~ O W  ian any year b 
negadke, rhe projecr may have ro Er r e b i p e d  ar credit 
may have tco be praridrd,T+caPPy. Rrawcver- &e data d 
be used zo compute 3&er cri~eria of economic Lasibdi~ig. 
eg., h e  Ner Present Worth [MPLk" pge 188) a d  the Bene- 
fir-Cost Ratio f E X ,  page 1941. 





Lh3PORTANT ASSUMPTIONS 2.3 ~ c : c c z  4 prtjcs; li;c bawd crss sbex vbrinnuaccs arrd 
t e ~ S  LaOb~-;*Icdsc :;hat CUs~d 0'1 ~w:.s&s ~ > S & - U T T ~ D P ~  in 

ilr i s  aosualcd char shc rc1cv.a.n; COLTS and Ecncfr:. . s " I P ~ V C  
aaurc :f14aj 10 ycdas :t;rsu: 'aiteir eitci t  iril ccltszw 

h e n  idrat:Gcd and q~arrsif"lcd in rnvartary nnisb. ~'kcsr: 
4:iCh rt4 D C ~  pr~~filfit wmth. 'S'hc ~ ~ % ~ " ~ L P I Q C T ~  u!ucb rh& 34 Imp~ssiblc. the cash flow uoal?;sia onl? an ab- 
'WC O3i~utin:t ir lpr [PIS, p.tges 184' ircv s~~ndEl Li EC-. brcqd~scd picnarc of an invcsrmc~; dusision. a4shcr ;rued- 
boiaji iir>rilurs in :he &*: drcadu. o i ~  projc~t. sures. suctr b cu=t-Effccsivcrtcjs Andy$> ,;CEA. pmg 

METHOD OF USE 

GENERAL PROCEDURE 

1. fdcnrify the co5z and bencfi* sompncmss of the proj- 
ect. Identify she rarget population-thc pcoplc who wr: 
to direcdy bcnef t from the invterenrcr~t or grojec: [we 

Impact-Incidemcckxtix, IPX, p%c 1. -7; .  
1.1 Lisr rfie casts which will be changed r 5  s r~suilr 01 

7 

rh+ ~ r a j e c ~ .  T h e e  include changes in rhc CUSZa uf 
goods. service$, labor. lnld nasmrgerncnr idcrzrifzed 
by conmasring shr "msh prqccr'* .+nd she . ~ - i r h -  
our projeer'" sicuasion. The -.w<rhou t prujccz"' 
cash art ZtxQ it' rhe invusmcnr ;s nor rc3;bcmg a 

current pracrice or prodszc~ivr cn~crpriac. 
1.1 Lit rhc caregarics of hncf1r3 whkh ivill 

changed as a w s d s  of ~hc  pr.ajccs. Insreawd pm- 
duction efficiency. higher and 311OTC m a -  
Lubk pr oducrs conaasl "-~ir.ith project*' ben.~.Ci:= 
avith rhc '*wishour project" knci~sr. 

1-3 if rhc cash flow anal?;& L part of r  d n ~ n c u l m ~ l -  
gsk of  he pmjzct, 1drlar3~ she co?;rs and bee.3ef~s 
which rl$fec~ rhe individuai, caogrsasiv*. group. 
enstrprise, aos mrger pop~lkrbn. Thcsc includc 
raJ:es, the subsidbed prices of h~~ulrs. a d  dad prtr;- 

vading marker prkes for 
1.4 If rhz a s h  ~IQW analysis is parr sf an eionlamk 

andysk, identify xhe cosrs and br.neh'3rs far rhr 
~ n r g e ~  popuhGan which represent a rssllrn or cost 

.ro the u~hole sotkzy. Tars are excluded,' an4 rhr  
unsubsidiztd p r t t  of inpnrs and  he wurld p r i c ~  
of exporuble are used. Shadow prices 

muss be determined far k p o n e d g d s  and hbor 
,see Glssinger, 19721. 

3- Determine the life of the project or the rime span of 

3.1 Eszimane JU quaa~sifi~bSs CEbSrb Jnd h-mcitts Fro- 
;;,:cd for r ~ s f s  preujccr y w r  dad eater Ecr & E A I Y ~  
wc figure 5 ; .  T2ne~- arc okc "wida praujc<z-';.2.:-.4. 

A corweuticcsr ~ccoucutir~g lronrrntioru i Ecr A$UZO.BC 

:bae s!i! ca>.rsand b~~t~h'htr  ~ a c :  p;iliJ.u~ ~ h r  r nJ r r l  ti le 
y-;.dr $9 K-c.hic& orcur,. 

3.2 E ~ T ~ ~ B P I ~ I K ~  t h ~  ""tvihhotiz projcii~"" C O S ~ ; I F I ~  bcnciit~ 

;vLLh will &~;pucBztkaUy- occur it' the Gunctcnt  iitw 
airsion coatinues in the absc~cc oQf any hu;cstanis~t 
projcar, Jt ma:;. be anrscwr? ar>cosdducr Y 4uney to 
de:crmbc o'hc ih~~vdge ,L\cus*,~ a d  kemdirh *~.ili'rui~ng 

C u I T C n t  ph;r~'criccs ok' U ~ C  LJFgct POF!A~~<>D 

., wr Yurvry .~ .  SV Y. fag&- 336'. Eizscr ~ h c u ~ .  r . s r h ~ ~ ~ ~ : r s  
ifi ublu .isce iigurc. 2 ; .  

4. Ucvmpurc the i~ncr'cmem;xl costs sad bendits oi rhr 
puqyecr for n c h  ye=. 
4,1 SuBrmcr .~I!nk- **~,i:hout prujccli" bcnct2tj, ironfix 3 b ~  

.- w. p~qccx bcraek"its ro gjvc C~II'L. ~ W C S ~ ~ C F I W D  
ibr*ns*k?t~ fa. each prtrjzct Frau n~ad enntrr il;l the 
able as chrngc duc :o <he pr jecr .  

4.2 ~eabxmct rhr ~ r o s  'kitbout prruijcct"' eas:s II'rarn 
rbc g o 5 3  **uvit!a project"' c o s ~ s  e9;i gir-s rhr ii:tcrr- 

mtend cbsn;~ icipr r~sh proljdt y ~ ~ ~ u d e m ~ ~ ~ ~  tEw 
able a5 2 c&on$e due to rho projccr. 

5- C o n n p ~ ~ ~ i  tbr ammaad cash tlowr or nca x n i ~ c ~ ~ t a l  
bennefirs. 
5.3 Csmmp~ac :he aanuatl cahh f i o m s  by ~~b:ra i thn~ the 

k a e m m ~ d  rso~~s from uhr; IEns;c~z~ne-aad h n r t i o s  GO 

+pl the mer IgPcremenua11 bzneiir. 
5.2 Compute rhe t a d  ~ a h h  fiow die :;-i rhe 

projecr by mrnmb.lg the annual cash k'k041;b TTk 
compuaaxioans in sreprs 1 md 5 are illlustrarcrd Lm 
&STC 3- 

analysis. 6. Digmm che a n d  Eass Rowsioptionalj. 
2.1 Erriinart rhc cfietsive ii?-e of any major caipiul 6.1 p b c  in creme nu^ o a r ~ ~ o ~ v ,  

equipment. e.g., raczors. pumps, bui?~&gs. bensciri;~ ,i;l~b k:ba; :re !*ire 1 ,. 
3.2 E s ~ m a ~ e  &r pioba3aMe h e  s p a  for the fullreaz- 6-2 plo, ;he ,,, haesnmsa$ bncnnefits l J R n e n ~  , -g~l  

zauon of benefits. fiow to reveai the Bucmaeians m kuacnriits whkh 

- m y  ~ c m  thoughw~ he? project Pi;. These 

*Taws arc not a act kwfit zo rbe rconc~n?; as a n-hde, canl>- j! gaphs rre parokubaly useful in cornpat@ the 
rramfer of reswxzcs wixhin &e socicry. Inzernal Kaie oe' Rc~arn. IRK, page 2W.j 
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A saliall i ~ r r n c s  in  T c ~ ~ x E X  avcrafic !903difis of r s e n  

arcs, ~ I + J  rn avcsdgc annual pmdvcticn cos: oft' 100 UW = 
511is. rhc Tc311scjr C L Y ~ C ~ C ~  n~cltcj.. TIICSC CUSG iil~dade- 
lard preparation. culrivatioim. wed. and os1.e~~ producrion 
inputs. Thc currcrlt 1nnua3 bcnr.t?rnrs u3erc UIbiO. giving uljr 
h r n r r  a net prof<c of U610 per year. 

The Minisrry of Ab.ricu1~urc c:vantcd lo intrducr madi 
lv.ilking rracIoss (Gve ro tell borscgowcrj. A tllrsilnicd 
a1~1)sis uf power rcqnircn-rcnrs indicdxcd rilar such a trac- 
tor wuuld cnablc t h e  t m 3 ~  t~ ultlvatr. nnorc in tmskcly 
ir.+, doublt. c ~ ~ ~ p i n g )  and to c~pa3nd biz !zoldmss. in- 

crc.tsing his production by 2OlO"Z :~cc' Barb. 1471:. TInb 
would cvenmJilly lead €0 a WXO rise it1 arlnual bmcfits 
wirll corrt.spondi:lg production casts of 6 130.' T:.~roar 
costs xverc. initblly .a 135033 invcnrrncns with US0 for opera- 
lion and ~nainsrnaslcr ~ C T  Y C ~ T .  The esrirnatrd EiG was ren 

ycab with no S A ~ V . A ~ C  VVPIUC. 
Tilt h'33nisuy of ~~-ricu!turc field smff prepared a than- 

rkl cash ~fow aarralysis from the rltvpaint of a ~ : - ~ i u ~ l  
i~rnzcr ,SW  re 7;. By ~csuunring cunvcntion. a!? cssrs 
and srcsiprs were assumed ro be paid at rhr: end of each 
vr.ar. For csampk, rirc gurihasr pricc of she nacrar \ v ~ s  

lisrcd as all expense for ~llr fksr year. 
A d b g a ~ n  of slls annu4 cash flows was consrruc~ed to 

clarify !:he iompnen:s of thc  net increnlm~al kmekits. 
Thc analyst noxed thar, h~ the &-st ycnr. thc farmer ~vau1d 
tlave a neyatlvc cash flow of U380. Therefore. many 
t:arn~c..rs needed financi! assistance to purchase she mac- 
rur. Feasibk loan arrangmcnrs were inc1~ndcd in subsc- 
qurnt cash fla..i.s analyses. The inreresr costs of bomocr-kg 

n3onr.y wurc entered in rhe gross --xvr.irt~ project"' coses, 

. 

'111 dlis erarnpL. dlc. anal?-&< is financid rarfrrr rhan economic. 

LC.. rhc iosx ~rsrimarcs arc dI b a d  on markc; rdues. 

"It was a s s ~ r n u d  r h r  rhc incrcac in sucd. GrriJizer. and OL%.",-X 

sosrs u*oulJ bc counrercd hy n redairion in labor sosrs 

opaioxa would look as xhe uargeE group as a : IE~O~C and the 
iampacr of dd::: r;Pctca p.wchasc5 on the economy as ;x 

whds. This anaP+ in~calvss mamy irrsumpiorms sbawr; ebc 
rriiccrive. ~hadersv prices tor cccosury; Barn: inputs :e.g., 
furl far the '~r~ct~pr.~ and spare pxts). rhr- cost of 1a5or. and 
eficsra on forrign rxchanagr. This is beyosod dnr xoge of a 

a3~lao~copnomke~ Thr reader is refcmrd a o  rhc many texts 

run csonomk analysis ,r.g.. Gittirngcr. 1943;. 

TKEOKV 

Cash flow \:nanal)-iis colncegrnaRzzr~ 2 sweam of cash 
f T a w i ~ ~  our of pr-ect or e~nterprk. ~ n d  am iocoming 
stream. Tlhs cash oot:aow p p ~ 5  for capitdl go:ouds,wr*6ccs. 

mrnagcnlesr. dad iabar ior rhe p r o j ~ ~ t .  The cash inflow k 
rhc buclaefir srcdu.r OK return< rea uher projccc. Tlne nrt c ~ s h  

tIm\-. rhc dS-5erlmcc. htwcen cub.. 1~:Baw and oudotv. 

2cscribcs tl.c dyrzarnic m.sans~ocions ah chc project a: 

hPnrcmsis. 
'=.he descsiprion of cash fiow analysis is haw-an largdp 

from Girringer -1912, and the Economic 83eor~opansnr 
Pnstirlmue of the ki"urld k n k .  The dkdncdon between 
'"with pr~jscr;"' i d  * - \ ~ ~ E E ; Q u ~  project'T dtuatioans b less 
mixIcal rhrm rbe differemcl-- bemeen Gwaacial cca- 
nomic analysis. PC ncccssatry. "*wi\;nrhouc projece"vaPues can 
be incorporared into the dcrermimarioun of the benefits 
especnd <rum the project eg.. reduced labor costs 
broughc akrour by a product can be neared as an inme- 
rnsnm1 'mnegit of she project:. 

Howcver. rhe dSfcrence bmcen f i incb l  and eco- 
nomic aiulysk signnikkantlv affects tBr inputs M the a s h  
.- 
'Xi exarnp2e is cun:inued &ma:& a seq.s~-nce of  project 
analysis toals ending r i C i  Cost-Bmefi: An$?-6s. 



flow analysis and the cormriudons wllich may bc drawn 
from rhc results. Adjusrrncnt of market pdccr by using 
shadow prices or some 0 t h  mulriplicr is a complex pro- 
cess (see, for cxampk, Urucc. 1976: Lirde and Mir'aws. 
1968: Squisc and van dcr Tak. 7975; and Wcckstcin. 

1971-72j and is rhc subjccz nf some dcbasc. 
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PRER EQUi SITE TOOLS 

None. 

Discounting 

Iliscounring a basis for analyzing and campar- 
ing fusure streams of costs and 'oeozneGts by rcdu.l-lcingthem 
ro rheis rqui\-denr present uhlrrh 

1 Furure paywcnrs. either single. audonn series (a- 
nuiyy;. o r  an irregular series c m  be convrrrcd to their 
present worth by usiilg di<rixr,~? JJEZ.~TS cornpure$ From 
an ~ p p r o p r k ' ~ ~ ~  tlisio:.~ '1 race.  

"1: The differesce between payments made now and 
pay m a t s  nude in che h a r e  car. be translared into a con- 
atant discounr rare to measuse the preference for present 
as opposed :o future IxneGts. 

3' &5souniing permirs inclusion of rim preference in 
anal)*zIng rhe net value of a single project, and incornpar- 
k g  w o  or more projecss wirh dissh-dar he-screams od 
cosrs and benefits. 

11 k+~sent wvrrk is the value today of a 5u;lture pay- 
ment. 

7: DZ>CQYR~ rae is a percentage rape ;umaJly mnua?) 
which equates the presemr m d  the f~ture worth of a pay- 
mcnL 

3' A discoa~tfacror L z fracotn between sera and one 
vrrhkh gives &9me present worth of one rnomewry unit spent 
or received. 

4: T i m  preferme i s  h e  gne rd  preference of b&vid- 
n& for prrren: over h u r e  receipts and for furrue over 
present exgenbmrer 

5' Oppormnir). cost is Aine CMF of cammitring r -  
sources to a panicular use as measwed by rhe highesr re- 
mm eha~ could have been obtained by committing the 
s a m  resomes to aa3 al~emacive use. 

Discoanaxing is 2 precess of converzing a single hmle 
payment or series d hm r e  paymen= to their equir.aEennt 
presenr worrh. The ccampura~on requires speciFying a d i i  
coanc rate fro= which o &owr fctor map be hcer- 
mined 

Discounting kmre payments acco;mrs for the rime 
preference for present rather rhm hmre benefits. B? & 
counting, paymenrs ?has ocmr at vaxio-a tines thro~gh- 
our the life of a projccx cm k nude equiudenr to present 
payrnenrs. A complex flour- or" pay% ncscan be convened 
:o a single nez ffwre. frrciitatimg the vdtlarion of one 

or a comparison between projems in a way that 
s~flccrs : h e  preference and o?pnrrni+ coz, tt is the 
reverse of the compound interess process. 



1) Discounsing provides a logical basis :tim.ns prefer- 
cncc-apporrunity cost) $ofor comparing paymenrj at vrrrioz5 
times. I t  faciEt;&tes rhe valuasion of a single projec: or a 

corn~asison beswccr? projects 
2) Discounting puts more vdue on near-term than on 

disms payments. Since r i r c  distant foreraszs arc gencr- 
ally lcss se;io'bile than &on-tern forecasts. discountingin- 
creases the degree of confidcocc rhar tbc and?+sr may haw 
in his valuation. 

LIMITATIONS 

1 : Establishing &c &count rate is a r?ieoxska!ly 
complex and pmoicd3y &&cult shore. Is may h based 
on &c Icng-tcrm market intercsr rates on relatively sah 
inr-estmen~. t. g.. governmcnr bonds are iinvtrsmr ns recur- 
ities after taxes. Most a n a l y s ~ ~  avould argue thas r5is is too 
low- and &e &count raw shozld be les.skred from rhe 
opportunity costs of capital !,DcSeufvali- and SsdLford. 
1971:. G i ~ t l n g r  ~1973. p+ge 90; reports rhar mima 
covnrrics u x  dixounr rates of 8.:; 3 0  15':; in r t~cir  
analysis. wirh 32'5 being used mosr often. In pr~cz i~c .  4 

high rare is prcferab3c to a low one. 

2) The choke of a particular rate will i d u c n c e  zbc 
artractiveness of a project and may deacmin.- t%c r a ~ k i n ~  
among drernasive prosFczrs. !I is ofsen dr.skabl to rcpca: 
the analysis svith uar?;hg discount rams. all of \v"ncIi are 
considered reasonable on some basis. l i  rbe results diffcr 

the decision maker sho~ld be ma& anare of she 
significance of the choice oE ratc. 

3! The a~propriare discount rare. like orher inrcrrsr 
rates. might h expected to \lac- orcr rime: yrr dissaunring 
c : e n e ~ l y  beats the rase as a Constmi parmerer. IP is, of 
course. possible ro use v q i q  &xouns razes for r a ~ i n g  
guture pesiods if you have basis for making such desaj?~d 
forecasts. 

REQUIRED FESOURCES 

LEVEL OF EFFORT 

Discounting can be rime coansumin_e. but iris nor a difi- 
clilt task. First. the appropriate dirounc race musr be &- 
termined Then the discounr iacsor is eihet comgutcd or 
read from tables. Find1y. :he present 1va.orrh is compznsed 
by multiplying the hrcre payment by she discoxnt factor. 
A pocket calculator and preabmlated discounr faccor~ re- 
duce rhe eiiorr. 

Establishing tht agpwyriarc disount ratc rcquitr.c 
somc cxprrtisc: and subjecdvc iudpcnt .  The oppcrrranir! 
corr of capird rnasr P.i. cs~imdcr'd. rcquiriny J Larvw1cJ~r 

oi the k~: r~turn horn altcrnaticr: SOCI~CL'S ~f invvszuawn~.  

TBac rest of shc discawxGrug procr-ss i s  t.r:hc.r tnccharricd 
and ha5 a bzolr-it: wlf-chccRfi ng process ber. ~;rsarraE &rrc~.- 

durt'. 

The sirnu ocquired to drcoun~ r xdrs of pa! mrr;~ri\ ;b 

f ~ n c d o n  of 1: the number of pa?.mrr:s, 2 ~ h t k r  ?hey 
arc unihm or imeplar. and 3 the ovdilnbiliv ooi r JIICSEI. 
boas andl &scoun: rablrs. Tbb rime is inhipi6canr c c m -  

pared ro ahr effort and eirnc required to e s r i ~ ~ t r .  dae c a ~ d ~  

flow of htute paymmw CFA. pagc 177 . 

i DF IT:*! = discount fac;or of an amount paid at 

clnd of year pa ao r discount pare %,i. 

2' ADF { raet! j = nnmwiry discoune facror at r discount 

rat+ m T b  for n ycar5. 

3 PW {r:*r] = prrrrart worth at disconnr race r 9, of  
arrno?r:a: paid durlngsi yeazs. 

Fur exmpIe. PW [15"5,"10i = -500 DF 115;LV1 [ + 1% 
ADF 3IY5lf01 k & e  present worth atadisc~untrateof 
15L-b. of z 5ingIc di'outsemeant of 500 units ae year 1 and 
ncripes of an mnrzity 05 120 units for 10 years. 

Cornpudng rhe present tvofih requires: 
1 : The sspcci6cazion of the appropriate discount raze 

scc. $OF rad~npic. Hinrkha. B 969,;. 
2' A rabuladon of &e h a r e  payments :costs or kne-  

5ts: for each year w e  Cash Elow AnaIysts. CFA. page 
177 .. 

!Xscoundng $ves &e prestm: worth of a fI5t~re gay- 
ment or srr:an, ofpayments. Tb& &scountedvdtlec~ be 



186 j ANALYZING PROJECTS 

uscd 20 compute financial criteria for project evaluation: FIGURE 1 
l j the netprcscnt worth (NPW, page 1883: computing rhc Present IVortlft of a 

2; the benefit-cost ratio {BCR, page 394): and/or % r i a  of Sonuniform Paymen:s 
3) the internal rate of return (IRR. page 2001. pa ymcnt Discount: Factor Prtscnt 
Any one of thcsc neaurss may be used in the cost- yur im rcccipr)= at 2W5 Wurth 

benefit analysis of a single project or multiple projects. 

IMPORTANT ASSUblWlOh'S 2 ,. '1 OOj 11.644 1'692 
3 200 0.579 116 

Discounting rereflecss the pr-ference for benefits now 
rarhcr zhan as some later d m .  T h i  siPnc? preference as- 0 2.1 06 (36). 
sumcs that there is an opportunity cost in wdr% to re- 'Ncgarive amounrs are slhorm in thc ~ a b h  in parenrheses. 

ceive the bcneGts. One cost is the opportuniq to invest izz 

an atemarive project which r d  yield agreater rcmn t h a  Dixountiqa W e s  of Nonuniform Paymeats 
the amount invested. The second cost is the uncertahty of 1. Determine the discount rate, r- 
receiving delayed payments. The risk increases w%h e k  2. Gnsmnlct a t&lc which lists the yeuaud the payment 
period of delay. m u a t  ia each year {see f i  1). 

3. Determine the &count factor for mch year at the a p  
propiate discount rate. 

METHOD OF USE 4. Determine the present worth of each ~eady  payment. 

GENERAL PROCEI3LXE AND EXAMPLES 

Distountinga Single Future Payment 
1. Determine the discount rate, s (see Net Resent W s t h .  

NPW, pagu 188j. 
2. Cornpure the discount hcwr, DF [r jn 1 : 

QFirIu] = I/[ l+(rilOQ> 1 " 814 
where 

PI = number of years hence that she payment 
will occur 

r = discount rate {%'a) 
Or. determine the discount factor &om the appropriate 
discounting table (see Girringer. 1973).' 

5. Compuoe the sum of the present wortk m order rogive 
a sinde value. (Payments may be both neptive expend- 

Two SIOO expenditures were to be made in consecutive 
years in order to receive 5300 at the end of' the third pear. 
The present wortk of the three payments was computed 
by determiming the pesennr worth of each payment and 
summing fsee f i r e  11). Two convendonswere used: 11 all 
payzments are assnnmed to occur at the end of the year 
5vhkh means that h e  &SF exppndinrre must aka be & 
counted];,; 2) expenrbnnoes are negative amounrs [shown in 
parentheses) and receipts are positive. If  h e  three pay- 
mezs are mmed,  the investor gains 5100. However, us 
b g  a d i o u n t  rate oE2m the mk of the &counted pay- 

3- hld*k discom* factor the payment mnrr t Dolr s ~ .  A Kg&.,.. aiuaoat rare wOm~d 
to get the presentworth: reduce the presern value oftbe series of payments- 

PNf = Payment X DF[r!n] 121 

The present worth of a $200 pavrnent five gears hence 
toas computed for discount rates of 1Wi 15% and 2t&. Piscoundngaa Annuity 

1. &termhe the discount rate, r. At a discount rate of I Wo. the discount factor is: 
2. Compute the annuiry discount factor, ADF [rin] : 

a ~ t ~ ~ i s j  = ri[~+pojioo)l~ = 0.621. 
3z 

The present worth is: ADF[rhj = r = l  -5: i i ~ i i - [ r ; ~ O O ) ] ~  P I  
PW = ($200 X 0.621) = 5124. where 

The other discount fictors are: 
tt 

DF[l5i;o/SJ = 0.497 S = the oft- of index i, i m@g fmm 
DF12w35] = 0402. i= I I to nn. 

giving present worths of 899 and S80. respectively. n = the  number o E F ~  for which the mauiq 

- is m be paid, each papent: at &e 
*Dkawat fictors hr  a single payment m idways tea than one. end of the year 
U ~ d y .  three significant fguxes are nxdficient accmacy. r = &count rate ($1 



The annuity discount fassor may bc computed horn 
the ingle payment discount factor: 

ADFlr,!q] = 2 -DF!rlnl 
r: t 00 

!41 

Or, the annuity discoms factor" may be dctcmined 
from dkounringtables. 

3. Multiply the annuity discount factor by the uniform 
pay mcnt amount to get the worth of the series 

of future payments 
PW jsrrri~s) = paymcns X ADF 1 rfn 151 

A series of five-year.end payments of S40cach were 
discounted to determine their present worth at a &is- 
count rate of 15% 

The annuity dkoanr factor was computed: 

The presenz wotzh is: 
PW = (S3.0 X 3353) = SB 34. 

Diseountinga Uniform Series of n Paymeats 
Which Have Been Delayed d Years 

1. Determiue the discount ratre= r. 
2. Determine the annuity fanocs: 

. A m  [r/dl 
ADF lrjjn+d] 1 

where 
n = number of early payments 
d = yeas before %st payment is ma& 
(a+ d)  = year in which &d payment will occur 

3. Subtract the presenr worth of the paymenb made 
daxing the delay f am the present worth of the pa- 
menis as compued from &e present a, rhe final pay- 
mentin yearn+d 

PW = payment X ADF[rJ(w + dl ] 
- payment X ADF[r/d] 161 

A project which hasa H e  of 15 years required ana i n i a  
investment of $500 during the &st year* The d 
yield $1,000 in ten equal. payments beghhg six yeaas 
later. 1f the discount rate is 12% the present worth dthe  
investment is: 

PW = 3500X DFflZ&/l]  
+ SlOO X ADF[lZbf(5 + l9)j 
- SlOOx ADF[l=j5J 
= ($500 X .a932 * iS100 X 6-5113 
- jSl00 X 3.6053 
= 31234 +- $681 - 5360 

- = SJ6J 
+The factoris o f tencdedle  series &count factor Or the uniform 
series discount facm. 

Note: Mrhougk present worhs of h t u ~ c  payrncnw can bc 
sununcd algbraicdy. ohc diseounr factors atone may nut. 
e-g.. ADFgri(#r + d)j -- ADFlrldj + ADFI r h j .  

&c~un&mg k tbc reciprocd process to cornpoundiap 
om amount at a fixed intercsr rate. The d~scouart rate EOF 

responds to ~ h c  hteeaesrrate mthcmatically. t i m e r  di* 
counting i s  used for analgzbg projecos. the discount raoc 
docs not correspond ro tho interest Tar- on im'csmene~ 
saving. Interest o m  swings may be much lower than the 
r a m  rape from r project The dixomt rate is sekcrcd to 
cornpond to thc hi,&est rcmemra~ a\-ailaMc from altmnativc 
iunvemmeano. Thb repPrrsPnw the time valar: of money 
yorld Bank. 19 /5 j  as an opporsnniry cosr. Thc cast of 
inve~~rnenss m o t  ma& Ithe loss oh a higher rate of return1 
f i e r e s  pmmhendy in the evaluation of pr~jects using a 
Bircmntedaneasure of project w o d .  

Pe is possibk to mtaltnatc E 0 S t  and benefit stream at any 
p i n o  in -.he Iie of the projece. ksernting can be a c d  to 
&ternhe the e9aiwaEenr worth of p y m e n s  after the 
d Y s b  dape. and compounding cam k nuscd ta determine 
rhe ~~~~dcnt worth of payments occurring before h a t  
Ate. T k  advantage of~siao~discmnsingis &at U)rc freatcr 
weight is on cost and benefit estimates in the near 
hare .  In fact the discount factors C0r d:scount rates 
greater zhaz 15% a d  more than "years in the future are 
nte&BIe. Consequendy. these distant  stirn nates {whic:l 
tend ro be incre&nrgly uncertain) figre less in the cud* 
adon of the pmkct 

P ) ~ N c u ~ ~ & ,  R a d  stafford, j. Systems -4~1crl~sis jbr 
E~zginleers a7d Jfdmger;. New k'ork: #cGraw-Ha, 
1971. 
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Series KO. I. \ ~ ~ ~ o a ,  D.C.: tnrernationd Bank 
for Reconstruction and Devdopment, 1973- 11% 
tribmed by The Johns Hopkiwi University Press. 
Wtinaore. Md. 

Giehinger. 1. =ce. Economic .ImIyds of -~gridtwdl 
l f~~ects .  Bdeimore. ~ d . :  The Johns H o p h  Uni- 
versity Press. 1972. 
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Wasbgon,  D-C-: Inte~mtiod Bank foa Rcccn- 

sbmc~ona and Developmeat, 197 5. 



Net Present Worth 
PREREQUISITE TOOLS carhen. A project's alternative time phasings m y  idso be 

analyzed inn -G L  manner. 
Cash FIow Analysis (CFA, p y c  177) and Discaunti% 3) Raurk--c,rderting L the process of weighting m e  item 

{DIS. p q i  184). against orhers aod then ordering tine items by weighton a 
scans such as imporaaance or priority. 

USAGE 

PURPOSE SHORT DESCMFTIOK 

Net present I V C J ~ ~  evduatcs pmject net benefits by 
comparing &I;fc~cn* h e  sfreanns of benefits and costs, 

USES 

Net present \VQIT~ is  uscd as: 
I j A criterion for deciding if a single project should be 

funded. 
73 A criterion for choosing among m~~trdl.~xcL_zb*av 

projcc 1s. 
3) An intermediate tdcularion in determining a proj- 

cct's intern4 rase of return ;IRK, page 200). 

KEY DEFINITIONS 

1 ] Disco~rnted call -&to 5 a s;qle value rvhich repre- 
sents rhc present womb of the ner hcrernenralbnefi~ 2s 
eirnazcd for each projecr year. It iscompuzcd by discounr- 
Ing annual cash i lows at a specified di. *count rate. 

2) JhrnwEZ?;exchsiv projects are incompatible dter- 
nacivcs-implcrncntining one precludes implementing the 

Ner present -.vomh rneasmes a prajecr'r financial and 
economic wiabiEn; by taking inro account a rime prer"er- 
erne for money. The difference between -.with project" 
am8  thoant ant project" benefits and the similarly &rived 
inmemenod costs determine annoal cash fiovss [see CFA. 
page 1771. The net present womb is dermined from the 
discmanred cash& m: Anternaati~evely, computing the differ- 
ence of che project's dirounwd anmd bmemenral kne-  
fits md diio~mted anmnbnd iancrementd cosrs gives the net 
pFese.lr €*.~rnh. 
An appropriate discount rate must bc selected in order 

to esritnare the oppomniry costs corresponding ro de- 
layed benesrs and alrernazive iavestmenrs. A positive neo 

present worth iqdicares ebas the projected remm from tbe 
prcject iwcstmenr is greater than rhe estimated oppom- 
mity :o invest elsew-Rere. 

Net present worth reduces benefits and casts ocm+ 
at didferent times to a cornparbl~ basis: rhe equiwalent 



value roday. This permits cornparison bcwccn alscrna- 
tives and provides a dccision rullc fgr funding a single proj- 
CCS. 

N e t  present worrh e s h a a s  xhe mount that d k  
counted benefits exceed dtcovntcd project costs. 

Investment decisions using net present worth as a cri- 

terion are often sensitive ro the choice of a discount WEF. 
Consider, r'or example. two projects having idr3aricd &no- 
fit streams and equivalent tod costs. A Ggh distounsratc 
favors the pmjecc having I w m  injdaj invcsxmcnt but 
higher annual cosss: aanaiarl costs a e  weightcd~css hcdviig 
Lia the compuation of net Gresenx worzh. 

Net present worth givcs &c size of projected kacfirs 
irom a project bur ir $vzs no indication of how rvcU the 
project uses rhe c a p i d  invcmnenr-thc xmrn on capital. 
Conscquentiy, nct present warrh is nos avalid mcasmr: for 
ranBordering projects when funds- are limited IGimitianger. 
1972, page 92). 

REQUIRED RESOURCES 

LEVEL OF EFFORT 

The major effort is in compiling rhe necessary cose and 
benefit data (see Cash Fk~whdys is .  CFA- yqe 977j.Tb 
subsequent determination of ner presenr xvorrh 15 saaighr- 
forward once the appropriate discount raw bas brn hser- 
mined 

nnzE REQUIRED 

The fisr s-zages of identieing and estimapi~ costs and 
benefits require the moss b e .  The acmd co.,.p- .r dration k 
easier with a simple hand cdcuhrt3r and appropriate dis- 
couqt tables (ibr emampk. Giakger. 1973!. See Discount- 
ing, DIS, page 184. 

DESCRIPTION Of TOOL 

Computation of the net present wvorrh requires nvo pri- 
mary inputs: 

1) A description of the annual benefits ant! c o s ~  for 
the project {Cash Flow Analysis, CFA. page 1771. 

2) Infomation on the opportunity cost of capid in 
order m determike an appropiate discount rate (see Di 

coun* DLS, page 184). 

SET PRESEhT WORTH 3 69 

The eschniqanc give;. a q~;rntinckc rnuasunsr OF thc pin! 
to Ibe expcctcd from o projccc mea~uoed in csrrm of ita 

equivdcnr present rvarrh, This criterion can then Ere. awd 
for f z n d i t ~ ~  dccisioas. Krt present wr.or~h is also an Inter- 

mediate cdsn!aticrHk when dctcminims a projesr"s E O C L ' F D ~ ~ ~  
rare 0frcmr.n YIRW. p a g  200:. 

IbWORT-!iNT ASSUb;lPFlONS 

The nee1 pmwae worth criccrion assumes rbax hmeli<ts 
and coses can bc discounted st a disoora: rJIEe which re- 
t lc r rs  tent opportunity c a t  uf tying up grrojrct rvhurprrcs 

for rhc 0of the projccr. 

1. firermine the incrcmentaP bmciits and cosrs far 
mcla y u x  of the project (see Cash Flow AmlvGa. CFA. 
p a g  137 r .  

2. Spr-cify the discount rate (see niscuunring. IIiS. 
page P w r .  

3. Drrcrrnbe the prewnr worth of rhc incrernrmd 
costs by discountiqg each annual cost st the discount rare. 

4. Dcrrrmbc the present worth of the icrerncnta! 
benefits. 

5. Comprnac the net present worrh from tile diffc-f- 
SHCC: 

NPN = YtV;, - PU, 

6. Apply the c6terion tu thr eduation of the 
project: 

a,+ tf SPW is greater &an zero. the project is 
accepred. 

$3 lf NPW is kss &an zero. the project is not 
6nanciaUy acceptable. 

cj if MPW equals zero. h e  project's rate of return 
is squd to the E i o c m t  rare (see Intern4 Rare of 
Kcmrn. !MR. page 2CO)- 

7. When comparing the ner prescnr worrrh fbr two or 
more rnutuaMg~sc8usivr pro&crs. select the project with 
the gcatesr positire ner present worth. 

EXAMPLE 

The annual cash flow for a mall Fmer  tractor u&- 
zadon project was com~ured in ehe Cash Flow A d y s k  
technique (see *re 2, CFA. page 180). 







1'12 ;' AXAf.Y%ISG PROJECTS 

FICiURE3 

Net P8usvar Worzb ~alcutarcd from Discouncd ~ a d r  Flaw for Tracoor Crilizttion-Rental Opban 

Ncs Prrscnt Worria: 
NPlU = Sum of discounted annual c a h  flows for of project = U1OO.T = El B(P 

C01'31pu ting NPW usingannsrity discaunr facror {we DIS, page 1841: 
l\lP\i7 = v2DAI)F] I3'LIIOJ = j?@ (5.019j = @lo0 

Thc ncr present worth of the project war ro be cdcu- 
iated using a discount rate of Is%, the assumed oppom- 
nity cast of capital. The calculations (see figare 1 )  gave 
;: net present worth of V168. Since this measure was 

posizive. the investment u.as &ancialIv sound. 
F a r m s  in this region also had the option of renting a 

tractor" The tractor and operator r e n d  fee were eshated 
at W10 for a ten-pear period A cash flow ardysis in&- 
cared an annual cash flow of V20 {see figwe 23. The net 
prcscnt w~nh for this option was also cdc~nlated at a 15% 
&count rate by d i c d y  &scoundng the net incremental 
benefits (see fprt 3)- The net present worth was p r e  
jectcd to rc @ 100 for this option. 

Both opions had a positive net present wo& but the 
farmer would gab more by purchasing &e tractor <ice 

the discounted net benefit is greater. 

The ar.dyt;ra8 fohmda" for the met pcesent w ~ h  is: 

~r = number oC pears of the projecr 
A B ~  = g o s s  EnmcmenraE henefits of the project $or 

year i 
-1Ci = gross incremental costs of the project For year i 
r = dksoprnt rate r:&j 
"The fornula may be modiitled to b ~ b h  varying & 

count rates arrd idadon g;rrtors (Heixhen; 19721. Bm 
-- 
'See &iso F i e  3, Cash Flow Adps i s .  CFA, page 162. 



each clcmcnr is an estimate which requires caehB jYdg 
ment by the analysz.Thc projectlifi.,n.rnust br csdmarcd: 
E ~ C  incrcmenrad bncfits muss be estimated and projccsed. 
often from sparse data of the ''withou~'' project Ciuation. 
Thest: esfi~ates become marc qrncstionaMe as the project 
1ie increases. Finally, onc muss exercise caution in chaos 
ing she appropriate discount rare for rhc analysis 

Nevertheless, net pxcxnr worth is a papular means for 
evaluating projects, partly "Dcauw it corresponds ro she 
comrnaaly accepted nodon of a h t  prcdercmce Ifor 
money. Tradeoffs wish oxher crircrh arc bscussc.d 6 u r t h ~ r  
in Cost-Bcncfis Analysis (CBA, p a g  212:. 

FBeixhec. C. A. "Enginemiomg Ecanaunic Andy ir  in l?rvd- 
oping Counsrkr. TCCJZIEOS ;!az~u~ty-Mmctl P67Zi: 
27-35. 

Giszhger. 1. Pdce. ed Conrpurdir{~ and Discm~ntity 
Tahks+foaI'roject IZtvobztdian. ED1 Tcarhir~~NrccdaB~ 
Sc&s No. I. \t;'sRiington. LC: Ir*ter:aatiom$ iiasak 
for Rcconstmcdon and DcwZaprncat, lt97.3. 

Giztigca. J. P. IIco~~o~ruic . J ~ ~ s L s  E$ . - 1 g d ~ r d l t ~ ~ l ~ * 1 ~ y f -  
cczs. Bdthwc. kid.: T ~ F  Johns Hopkins Urriivcrsitlr; 
PPLWS. 1972. 



Benefit- Cos t Ra 

Cash flow Ana$.sk (CFA. page 1153) and Dkxmnti.mg 
(DzS. 3 3 9  184J. 

USAGE 

PURPOSE 

USES 

Benefit-gost ario is a crisexion $or pxajccr. evduxion 
which is us33 xo: 

1 ) Deserdne iz'a projecr should be fiaaa&d 
2 )  Dewdne  rAi. M ~ ~ - o ~ & T ~ Y ~  of several P r ~ j e c ~ ~  

1) R~~slsrde~*g is -;he process of weighimg anr: issna 
a w s r  urhers and ahen ordering zbe items by weigh 
on .a s d e  such as importance or priority, 

2) Eojectef$ciencqr i- rhe ratio of outpuns to 
bpua, e.g.,  he productiar nte fox a &em resouare u&- 
zation rayr. 

SHQRTDESrnBTION 

Benefit-coss rarios are campu~ed by compabg h e  
*"wi& project'' so the "wi&aolt projecd' costs md B e ~ f i a  

isee C a d  FlowAnn~sis. C F A  p g e  177).TL uime prefer- 
~encls-aapgmnuniry :asus of money are weighed i h e  corn 
pudrpn by diaundnng the bemefit arnd cost s m m s  (see 

Dkounthng D11S page IWj. The h m & n t - e r c ~ t  ratio is h e  
pm~nnx wamh ofthe goss innancrememud befirrscEi,~&d by 
uiic pmsenr wm& of &re gross imesane~ntai casts. 

A bcneffio-cost auio greater &- one meatas &at the 

p r o j x ~  k~efits exceed the projccr cosw when &:ousntd 
ae the opppm~nity cost ofcapid The she d & e  bemefit- 
cwu r a t 0  sefleczs uBne efficiency d b e  project Rank- 
o&&g pmjtc~r accorhg to due benefic-cat ratio gves 
rAe highest gf lonq e.0 the project which uses rsoannces 
moste&ckndy. 

rnV,WwAGES 

The benefit-cost rauia re6nnces be bvestmenr: &&om 
20 a sbde number w-WEEP reflects the proporuiasn of rod 
klpeGs to tom1 o m s  Whew r o d  reu3urces are b i t e &  
ram%-ordenisng projcctsby &e Lnaefiu-cost ratio maximizes 
h e  remum far each investment b9na~. 

The dkwibuuion oi Bennefim md cows is nor reflected in 
she hmEt-cmt F~Go* One p u p  ixn society may b e f i t  at 
she cast of d e o  groups [m lwnpxt-I~~~i&nce k d x ,  
IBX. page 207). 



Precisely because rhe hacfit-so* E ratio rcdsrccs thr rri- 
rcrioa so a single dinensionlcsr nu xber. the individua: C+ 
drrares projecsions. and assumptions may bc loss. Nor a35 
bencfiss s m  be quantified. nor expressed in moneza? 
unis+ Hence. tbc benefir-cosr ra~io  ref~ccrs only shc c c e  

nomic aspecrs of efficienz reswrct. arilizatioa. 
If the projects arc murually ercbsivc. thc benefit-cost 

rat;? may give an erroneous ranking. A project may have a 
high 'oenefi~~cost ratio compared TO other projccrs BUT a 
far smaller nes present worth. Since usual objective is 
to maximize the net bencfis. rhc met present worth critc- 

rion is for chc3roosing between rnar~d~exclnuive 
projects (see NPW, page 188~. 

REQUIRED RESOURCES 

SKILL LEVEL 

Judicious use of rhr benefit-cost razio requires an on- 
deistanding of &.. rundcriYing assumprions used in thc * 
sessment Projects can be erroncoudy jas~fid by wbjec- 
tive selection of benefit and cost cornFonenss. dternntrwt: 
vdzations of the factors and selective presentaoion dshe  
results. The decision maker needs to recognize &r re3.r- 
vance and accnracy d & e  andy& components. 

TIME REQUIRED 

The major t lme is qcnt  gathering & s z  TKis may in- 
sludc mnveying :he psojecs area so determine rhe "w3xh- 
out project" siruarion and garbering basekac data era p r ~  
ject the espected benciiz.ts of the pr~ject {see S W C ~ S .  
SVY. page 363. The benefitcost zaxio camptatien for 
fmancial analysis is usually a s~S&rfom=rd dcdation- 
An econcmic avidy& requires more time as additiond 
factors must be estimated keg., &adow pdces far labor. 
goreign e- change, erc.). 

A c&uIlarot and &&cwn&s tables simp!+ the corn 
pusadon procedure. 

DESCRIVTION OF TOOL 

REQUIRED INPUTS 

Thc ra;io of b n e t k  ta cw:s provi&ei r dimrtesi~~~elcs* 
criwdoa for fiinaaaciaj wjiEua600 oil pcejrsc anad for ocrna- 
panison of aPrcrn.4eivr projcca. Thc brrea'rr-cost rdicv a r w  
be used to aedesig pmjccr compwcat> to impnwr cffi- 
ckacy. 

All benefits derived kona tihe pro-icct axe i&oltifi;rbllc 
and measurable. Tkc qpormuoity cost od capital is  spoLi. 
fie& if the bcncfiocoso naio is less rha~ one. the psojrce ir 
not returning as much as E ~ C  best al't~"r~ative ~ Z ~ O - C S ~ R ~ C I E ~  

:assuming onc C ~ E P S ' .  

ICIETHODOF USE 

GENERAL PROCEDURE 

1. Oereranine the Lcremcnd knrfirs and costs of rhc 
project for each year of rhc projec~ lifr, 
The i n c  remend costs ;bemefits,? rrflcce projecccd 
changes in costs :IbeaeGtsi dnnc ro bkc project (sc~C~SJP 
Fbw AaaIyds CFA page 177). 

3. Discount the a n d  inchenarnd kncfits and c o s ~  ro 
Berambe the present wrrrtb. 
h a  appmprbee dkouae rate is  selected in rhcr bs 
counting process , see DIS. gage lM,l. This k losoally 
the oppormnitp cost of capid. 

3. Cornpaw the benefit-cost ratio. 
SCBE = PiVg ; Pitc 
\vhc.~c PN't is prewnt wortla af gas, inLrcrncnt~1 
benet:ss and PNdC b prcsumt worth of p u s 5  

incre.mznt.i! costs. 

4. Apply the benefit-cosc ratio as a airerim for project 
evaluation according to the followir+rules: 
a> If the bebeaefit-cost ratio i s  greater thsn or equd EO 

1.0. COIR&&S due projea for 6arsdigg 
8: If the bennet3t-cosr rado is less tP;m 1.0, &en the 

project shodd not be fi~snna&d 

6. Apply the bendit-cost rado as a crirerion for seleahg 
pro-gets by rank-ordering &e projects according to &- 
cr&g benefit-con farios 

The benefit-cost ratio requires accurare and reIiable 
data on the relevant casb and benefits pnojecoed over h e  
M e  O$ rhe prajject. These cash flows {see CFA, p+ 177) 

EXA.!iPLES 

mu$ be estimated and &counted accdshg to m as- The pmjecoed cash flows of a project to pm~&- a 

sumed &ounr ;are. The kner requb-s idomasion tractor were b 6pre 2 of Cash Flow 

a b u t  rhe oppomnity costs of capid. ysb ;CFA, p s e  180). The bene(it-cost r a o  deteeedl 
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from gross incremcnrd benefits and costs aixountcd at 

15% 4s 2.2 {see fwrr I)  This sinply nlcans rhar &e deci- 
sion to the tractor is fmanciaPlg- sound: rhc cr- 
pected "one fits will ous\veigh the expect,-8 casts for t h t  
life of the tractor. 

The small farmer has mothrzr option: he may form a 
tracsor cooperarive. The coolperativc would pol she mcm- 
bers' resources for credit> to purchase 3 larger =actor. 
Each farmer wollld pay only the initid chancr fcc and an 

annual membership kc. Bera~se rhe tractor's time is to $c 

shared. the projected grass ben~efits for each S m c r  rvould 
be less than if he had purchased his ow3 jsma"nlcr'; tractor. 

A cash flow analysis for the hdividud coopcrativc 
member revea!s an artnnal cash flow of W 125 ahm an ini- 
tial cash outi3ov.7 of ID 25 ar rhe end of &c first year .sex 
F i r e  2). The net presenr worth for the project is U196 zt 

a discount rate of 15%. The benefit-test ratio is 1.3 :see 

figure 3). This latter measure tsev,scharter memhrsbip in 
the cooperative as ;n investment. A similar financial amaRy 
sis could be conducted horn the cooperative's p i n s  of 
view. 

The benefit-cost ratio may be comgured horn an econ- 

omic analysis of the rracror utilization options. This in- 
vdvcs a more sophisticared assessment of costs and bnc- 
6ts (see CFA. p a g  177)- inchdig %hadow prices for labor 
and other inputs. and the sales for increased production 
:see. for esample. Gittinger. 19731. 

These exampks are canheed im Internal Rate of Re 
turn (IRR. page 200j. The cornpanison between projects 
using the benefit-cost ratio is discussed in Cost-Benefit 
Analysis (CBA page212). 

THEORY 

The andyuied fomuLa for the btncfit-ctrst raeio is: 

Each parameter of oh@ forand3 rcprrsrzlts Ann ertinnare 
by zhc projcez analyst. The csainrarrd cirstr and Brcnrfias 
*grow mote unctmain as ohc naurnhr of ?cars tmnn rElc prc+ 
ens bcrc-5. Hea-wcver. rhc dkcuennoinF ptrrrr.ss give mcrre 
wrghr a n  tiuc early pmjcct B1cn~k;ts anad coots. AS with net 
prcwne W O ~ B  :KYkJ. gage 188j. caw .c.tnPnrt be c\ccrcirlrd in 

cstablihing rhr appropri;~t~ &JCOUD~~ rate. 

Thc uclarion of bencfi'nr-cosr ratio to other grtrjci* cri- 
rcria is &cuswd b m h e r  in Cost-EenrGe Analysis <(:&A, 

page 212). 

BIBLIOGRAPHY 
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Internal Rate of Return 
PREREQUISITE TOOLS 

Cash F b w  Andyair 'CFA- p q e  173!, Diounr ing  
,131s. page 184 j, and Nrr Present Z3'arrh , NPN'. page 188 j. 

USAGE 

The inrcrnd raze of rcmm 3RKi is  a criterion ior a m -  

Iyzing pr+crs Lsed on rLe percrnrage return on in\-rsr- 
mcnr. 

VSES 

1 ' The IRK is u x d  as r csi~eri an bear evaluating she 6- 
nancial and economic ' advaara9cs of a single projrcr. 

1. 'The 1KR is used to rank projects according to the 
rtaoat eftkirnr nriharion of resources ,we Cost-knrfh 
Al>rlvsis. CEA. p%e 312). 

KEY DEFINITlONS 

1 : T H ~  i ,~ser~ul -fitwzsi;ll renmr of a projecs is rAe rare 
of rcrarn derived from a GtnaaciJ and+ of the project 
cash flows, i.e.. Cram the \icwpoinr of the indi\-iduJ. m- 
rcrgrisc. or goup. 

I I The i 7 z ? e r 7 u l  ec~nomic  rentm of a project is rhe rare 
of rsr.irn &rived Lorn an economic analysis of the bne -  
fiz3 dnd iOSIS EO the society or economy of the country. 

1WR 1s anr af zhree widely uard criteria for evaluating; 
the ii"nnmncia;nl and economic tiability of projects. Like net 
present w o ~ h  p a y  I$$!, PRR is compured from 
the presmr north of pars nnmmcntd Benefits and cars. 
U&&e net grewant worth. IRK does not indicate h e  pres 
snc wofila oi ohe met incrcmenrd bcnrfir. kc., die equiva- 
Ient p r r s n t  mounnr OF 19n future projrce benefits. Rather. 
the IRK is an efficaenev mrassrt. rcik?cring the payoffof 
chr project in tcrsns w f  the preceaa rerum on outlays, In 

this rerga-d. it is s b h  ro the benrtGr-cost ramk (BCR. page 
194.". 

A project's 1RR is the d i o m a  rare ac which &c 
prewnt wuath of thc net incrernmard benefits i s  esacrly 
zero. Since zhis cannor 'be sdved mal?;ti~ican8~. it must be 
&:ermined by int~rpolazion. 

The IRR compared rrs ogprnnnin-. casts ro htea-  
mine if the cmoant of return an invesmenr is mifiie~ndy 
high ro jusdCy the projecr- The difkrcnce Srtweenn brm- 
t:~1 GnilniLl rrrarrn d~nc inrcrndi economic rerurn i a  not 
0111: in rhe assessment of cosss and benefits, bnr iua decid 
ing m-hrthrr the rrrnrn b suffkiene for the b&idud or Eor 
the society. respec~-ely. 

The IRR ma>- be computed without spedfykng the db- 
count :are which corresponds uo the -portunity cast of 
cap id .  Ner present ~-orth annd hnefit-cost rado require 
obis specification. 



The IRR is rhc preferred cliicrivn for ranking projects 
when total fundsare limited (Gitdngcr. 1972). 

LIMITATIONS 

The IRR cannor be hterrnined 8 she annualcash flows 
for a project are always posisive :or zero j. Therc mast bc at 
least one nega;lsive yearly cash flow so  that the Piscounted 
benefit, are equal so the discounted costs. 

The cornpuration of rbe IRR may yidd more than one 
discounz rate which gives a zera net prescnr worth. This 
usually occurs if there aze large negative cash flows lase in 
rhe projecs. However. most development projccrs start 
with an initially megarive cash flow followed by P rising 
srream of hnefirs from which a single IRR may be corn- 
pmed. 

TOOL OCTPLT 

The tcchniquc gives a single measurer. rhc pccccnr ~ T G c -  - .I. on invcstmcrur. which may bc uied as ;r crircrioa for 
hndling or goo ranking projeccs for Zunbng. The IIRR ZP. 
connparcd to rhc spcciiir crircrirrr: Irt-ci. tw.g,. D ST..  n u i ~ ~ t -  

nwrn rare of return. li the ~ X W  i h  IarFcr. F ~ D C  g:t~jlcLl b 
sccomrncndrd f zr f u ~ l d i n ~ .  t th~cn rerukin? prajcli't5. t h t ~ -  
wtda tbs LrScsz i %K Jauu?d $c is oubsd firs. 

LWPORT&KT ASSUMPTIONS 

IRR assumes rhas one discaunt rake applv rfrrring 

sbc lige of the project. Thi i s  not neccssaril) a Eirnili~~p a r  

sumprion. but ie docs makc &c measurr Ecss ItFcxiMe :ban 
net prcvnswooob 'see Fleibhcn. 1972'. 

METHOD OF USE 
REQUIRED P ESOURCES 

GENERAL PROC WVRE 
LEVEL OF EFFORT 

Compuaimg the IWR for a project isbasicaltva coirl ~ n d  
De~ermining h e  IRR is more d"If f i= l r th  s o m p ~ r i q  emah proccj, srrrrs Erid dixcMllnr 

ner worth or benef i2 -c~~~  rado- There no = + J Y ~ -  ;he pcrdurc for ulmpuriq nrr u*nrh. 
n i  solution for ihc IRK ,r\crpr miform cash q l o ~  . N_ axant rwr uc ccce d umil @ a irrn 

Jnd and error prQLcss musr bc ~a!lnwrd. Tlac bulk pre~ent ~~-s-nmh. 
rhe cffcrl: is in a ~ r m b l i n ~  rlrc ncsssrary i ~ O T  

SKILL LEVEL 

Since compuring the 1RR is nos a ssraightfoawar2 prw 
cess. the analyst muss be sMkd. parricularly in intm- 

preting cash flow parrerns 'see h h  Flow Analysis. CFA. 

Pase  1773- 

TIME REQUIRED 

Compnr3ng &e IRR may rake sign&cantlv bngr &an 

computing net present worth or benefit-cost rado. but she 
o v e d  process is primarily consaaked by &e av.t.dalbiS.iy 
af the approgriar~e dasa on cash flows. 

DESCRIPTION OF TOOL 

REQUIRED MPLm 

A complete analysis of the costr and bemefirs over the 
me of &e project 3s regpired ;see Cash Flow- Ana:ysis. 
CFA. page 177). 

A criterion level .or selecPing or reject@ the project 
musr be specilEied, prefkrably in advance. This la-el may be 
the opportu~1ity CQSZ of capitalor the minimum rate of re- 
turn which a & n b g  a p c y  mil! accept an the project. 

1. krexnrine ohr incremental berncfits and cuss for t h ~  
life of the project. 
This is eswnri~ily b e  proccrdurr found iPa Cash F!ow 
Ananysk - e e  CFA. pap 877 .The nst brtat.=k:r forsach 
year of :he projecr is drummined from c~tirndte~ OE 
"u-irW an2 --wir&aur*' paojccr kmcfTrs and cob&. 

2 ~ s t t n a t e  &t discounr rate for the fks t  trial corngu- 
cation- 

Selecs the discount rat2 by examining &e c d r  flaw- 
pasuern rarher &an by aniihg the opportunity calo wf 
capita!. l i  the projecz imwlvrs  1 a r g  meptive r-ah t lo~3  

kd!o:ved b~ a delay in k n e k s .   hen &e IRR ib  rela- 
rivell: low chhoosr a sl;ial d i ~ o u n r  rate in &e I to 

2E . If the project has immedi~tr positire salh 
flows ,benefias are nor hla?-ed more than a year or 
two.. then :he IRK may be very high :chmse a rhiaP 
&cocnr =.ate of SOj5ar marc . I%uhc cash ROWS br the 
prqiec~ are never n c p d v c  in anv year of the grcpjcct. 
rhen rhc IRK is inntkire and canoaos be xsrd. her 
presrnz \ s o d  oaqbenri?t-cosr ratio may Be substituted- 

3. Compute the net present worth of the pro*ct for tk 
uiddixounc rate.' 
Designare &is rdue as XPUp: - If NP"Ar 2 zero. &en ohc 

-- 
a~! = the mid Jkuun~ raw. 



FIGURE 1 
FPowcharr of In:crpoiation Ruccdure toDcterminc Int~lnirl Kaccof Kerurn 

Sclcce trial r 

POSITIVE 
Sum absdurc valuss I, NEGATIVE I 

I 05' NPV and prcviiornsly 
comgutcd MPV I 

I E)iwidc NPV \vtniih I 

I I I Add thk pruduct: to the NYV: net prswnt value 
lower oC [he avo discounnr mtss I 
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FIGURE 2 
The Annrral and Total Cash Flow sfor the Small Farmer Tractor t'tilitation Options 

'In Unis (V]. Tenasek National Currency 

nia1 discount rate is the IRR. Th f i t  selected dits 
count rate is unmely to give a zero presens worth. and 
rhe process musc be repazed. 

4. SeIecta new trialdiscount rate. rz. 
If  she NPWl is Lss rhan zero. select a discount rate 
smaller &an r l .  H o w  much smaller depeads on how 
much NPWl is less than zero. Generdy. seIect rZ equal 
to less than rl. If NPWn is posiave, thea select a 
larger trial discounr rate. 

5. Recompute rhe net present worth using the trial dis- 
count rate rz . 
Designate this distoclnt rate as NPw2. 

6. Selea trial discoant rates and compute net present 
worths until reaching both a positive and a negative 

present wort& 
increase the discount rare if rhe net present worth is 
still positive, and decrease the trial diraunt rate 3the 
discount rate is negative. 

7- Estimate the IRR by interpohtion: 

.'.r = Uiermce  berm-ccn discounr rates 
Xa = ner present rwrch Ear low-et dscvlunnt r ~ u c  
NH = ner prewnr w ~ t t h  for higher dixo?lnt race 

Nose: The lower and higher diuroune rates must p r d ~ c c  
net prescnr worohs of opposite signs- 

For example the burner dixoum rate :%) is WU wi& a 

net present worth {NL) of S108. The higher discoaant rate 
is 10% with a net presentr worth :KH; of - 350. Tbe s u m  of 
absolute vdues of the eer presenr wonhs is 5350. There- 
&re, 

IRR = * [1W - 8% (SPOOiS150jjj 
= m+ [5{ .67:]  
= 8%+1.3-P% 
= 9.34% 

To reach a net present worth of zero. the IRR must be 
9.34%. 

This be hedced to a simple p ~ d l r a t e  where &e 

early years have a large negative cash flow and thelater 
years have cash f low char are all psirive. The flowchart h 
&ire 1 may be used 8th d y s t  k aware ofthe podbil- 
iby ha t  the multiple u)Iurions to h e  IRR may exist (see 
Deckion Tables, DTB. page 113). 



FIGURE 3 
C:urnputatiar~ of rlrc lrrier~ral Karc of Kcturn for &c Small Farmer Tractor Opoin~ls 

INTERPOLATION: 2 8 . e  13.7 = 13.1 I 
$ isre figure 2: 28Ai42.1 = 0.675 
I 3 0 - 2 5 = 5  
1 5 X 0-675 = 3.4 
I,,,,-- 25 + 3.4 = 28-4 or 2s;"u IRK 

Op~c>?l?: Truct01. R ~ ~ f r i l  

6KR cannot bc~om~utedsincs  the cash flow Is always positive ;we Ewre 3. 



EXAMPLE fobwed. However, ehc vduarion of costs and benefits =+I 
=bret op+r for smag farmer maczor . I l r~EBt~Qn~a~Te  bc ~ O I  &c m g c s  poop of farmrms as s whale. and the 

been presented in she prerequisite tools. ad p6ces djusted . s h d ~ - p & e d j  ro reflea ac- 
net mnsa csh flows are f i p e  2- ~h~ beme- curately h e  inxepact on h e  nation's economy. Because 
fit-cosr =d net present worth $or each op~on were e c ~ n ~ r n k  a d y s %  is a more comprehennsie and he -con-  

cakuhted using a dscona~ rate of 1 5% Em the ogpcmr- Proems. because mere *mm~~ons are 

mzlity cost of capital. rnecesary. thb task requires skills in marno-economics 

The lRRs were cdc~hred {Ggme 33: &e procedure is ,!='. for exannple, UN1DO. 1972). 

give21 the flowchar (fir92 I j. To simpGY &r7 rcpcri- 
rive calcubtion, an al..orirhm was deselog~ed ;see Dis- 
counting. DIS, page la]. THEORY 

I f  the Earner ~urchases rhe nacror. h e  estimated IRR 
is 2 a  This is bw for an agricultural project, but is wen The bzeand rate of return k i e  discount rare r" ar 

above the estimated rate ofreturn from alternative invest- ~t,~t,hich the net present rvoheh is zero. It is giwen by solving 
mects, e.g., the 15%discount rate. the folbwing equation for T ': 

TI the farmer joins a mctor coolpenatbe, the PRR is 
767% which is more than double obe IRR $or purchasing- $ F ~ - B ~ -  .cciia +:.=/100;3g=o 
 his indicates that joining zhe coopera~ve is she most e&- i=l - - 
cknt use of the farmers' limited resources. 

The option orf tractor rend has am idbite IRR. It can- 
not be cllclilated because the annual cash flow is always 
posidve. This happens quite oftea in &e haaacid analysis 
of agricultural projects where there is l i d e  or no capid 
investment 

Even thou& she IRR far the tractor cooperative is 
most efficient, Zurrher andpsis is necessary k b r e  this 4- 
*rnative is recommended 

The computed lRRs represent the inter4 financialre- 
mrn of the project. In order CQ compute the internal ~ C Q  

nomic remm of &e project, a s i r n h  procedure must be 

where 
31 = number 0% years of tke project 

= goss hnncrementd $enc&r for year i 
--Xi = gross hcrernen~d costs for year i 
T* = internad race of refurn ;%j 

The form& cannot be sobed mdgGc$Ly udess the 
pattern of bemefim and corn are udom. O&~W-+W. a 

and error approach [as &scribal in theprace&re) is 
necessary. 

Considerable &Bare Bas &dressed the p a ~ d i g  d 
the IRR as a criterion for pojecr ew&&one CR& pa- 
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zcrns of benefits and costs (in p-icu;ar, a large cost near 
the end 3f z project) may rcsvlt in nnlorc &an one solorion 
ro equation [2]. Gittinger t1972j answers the critics by 
claiming that the multiple soIution problem is nor likely to 

occarr for cash flows typicd ddevelopment projects. 
IRK is a widely med criterion for andyzing the f i -  

cia1 and economic soundness of development projects. Io 
has been adopted as the principal measure for project a p  
prak l  by the US Agency fcr Irrrernazional Development 
jIISAID. Handbook 31. The distinction between internal 
fmncial return and irtremll economic return u n h r h e s  
the imporance of to& financial and economic mdysis 
for project evaluation [Girdnger. 1972). 
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Impact -Incidence Ma 
PREREQu!%"TE TOOL5 WORT DESCRlk-TJOS 

~encf iz-~&z b t i o ,  X R ,  page 191. Ann impacz4wc;jlcncc matrix idendfigs thr wriiorus 
goups affecrcd d .her iarecdp or indkectip by s project. 
and the cast and b~nefit measuremanfs by type [see 6 p r e  

USAGE I ). Thc iiicn&nnce of ncn-monerary project impacts is aEro 

mblared. inc~r~dimgsmic~ly qu~GtaG~*: factors. 
PURrnSE !With h e  mamix. the dec%ion n,aker has an rxpanded 

An impact-incidence rnawk~ tabulates rhe &mbut:oms view of the attributes of the decision with regard ro psi- 
of project costs and besehs 50 xhle af8ectrd groups in rhe $Be nneqnrities in dbtribrr~ia~. Be~efitsost -tias (BCK, 
sociec y . pags 194;, are prewnaed not only for &c project as a 

whoIe, bur for the a5Sectcd g o o ~ s  keg.. difkrenr income 
youps). 

USES 

I j Provide a d,-cision maker with d e d e d  hifornation 
on the distribution of coses and benehs of a projece or -%lYAB'i'XAGES 

alternative projects. 1; In contrast eo a zisrgk economic measenrc dprojccr 
3)  1dentit-y the relative gain or loss for various ~FOL?PS nncfit. hFxt-bci&.me  ma^ requires the &&ion 

affected by +be projscr. maker and the andyso to expand zheir assesrmcrrr of a 
3) Break down the benefit a d  cost dara by qpe of FPOjeEP. To irs &iburi0d and q u ~ r a r ~ ~ v e  impactL 

measurement and accuracy. 21 The: dkparitks im hpxt-incidence anlong rwious 
1) Presrnr measures of effectiveness and other noc- groups are identified. 

monerary projzct impacts L7 conjenancdsz with cosrs and 
income data. 31 Tine type of measurement and the ~ccuaacy of tbc 

5) per mi^ decision makers so ex-ne the inequities in inf~rma:iorn i~ i&ntiEed (eg.. ;tn kdirecdy measanred cost 

projet design regnsd go &r&~n&o-: of Benefits measuremeat is likely ro IZC more subjective ;ban a direct 

nnJ costs. project cosz es&mareL':. 



FIGURE 1 
Itnpact-iusduncc .Matrix foaCZs~ Rarf i r  Andysis 

Ll%t H-ATiCWS "mpsrcr- of   he pr~ jccc and zhenr ideanriE'i.ing &c ~ o u p s  that 

I J 0n1irr.h~ r.irh.er 4 group ur an in~pdct oar J goup  is aue derrcd.  IVA'hzue the goup5 are not immediately ~p 

Izssncd by syszcnaasi~ approash. bur rlnc Anger still parent. they may b: categorized by &aribandoan cdrcsab 

rxkt3. The ~~pilct-jn:ci~nce matrix ma?; gke a a s s .  r n w  : c-g-:.. pogapink. sconomic. ethnic,. The rekvaat irafrr- 
curnpr dlmliuc Each inr pmjcci k2prc jn md0m a n  br. prhcred ~ m p *  survey (SLrY, page 

35 gj. wbkh can be JI major; siiriort. 
5iict rhc mamix is simply xhe rabuhtion of the n ~ e d r s  of 

The imtomariorn ns sare8y ar-ailable from exiting statis- 
rfsat scach. The infomatiam and m l y s i s  & muss 

~k13 data. The are ohen sa gancd ahat rhey xe mre- 
~rececd tbc ma& ~abubtion. 

3) I r  b one thing to 3dendly agoup aigected by a gmj- liable. rnd'or rhey are o n ~ - 0 6 & ~ .  Ne-ger&eLsr he 
impact-incihncre wza&c ii a ase6ul $ormat ior &mg 

ecr and another oa asccrrain she Earurn and estend offhiit 
effect. The skill of she andyss in sumhimg out chis infor- 

and mrpnrking imKm~nadarn-ga&e&~anmd andy&. 

masion consrrains h e  w&dix?- of the hpacr-incidence 
marrk as a deckionm* sool. SKILL LEVEL 

Cosr b r a  nay require accesuntimg;, econmts .  and 
mxksdng to pe8nr.r. assess, and interpret.. Kon-nnoanecary 
iactors mquirc bigha and .am nnbaiq ro grasp impacts sf a 
projeer which are 6ar-cea&mg and &sap: (bod spatially 

I.EVEE OF EFFORT a;d rempody]. A rarieq of s i  ih k essens .  T& q- 
Conszrzlreing an impact-incidence mazrLx a d  ~repwkg sesrs using a team approach, @ h d  by qswrnns mpaoepa 

mmmmics so phpo in~  rhe findings is &r dp of a n  kehrs- and forecasting tods ,see O d  W m a n i y ,  QWD. pw 
Lurkkg below k she d i ~ ~ c u ~ s  m-k of &sz ih&?yks  he $1;. .' z 



TIME REQUIRED IMPOKTAXT ASUbfPTl<?XS 

Tl~c  rime required ro construct an impact-inridcacc 

rnarrix b In .discct groporsion z;o thc numbcr of diideresn: 
goups affected by thc projzct and shr ways in wbict etrc 
projezt wd3 affcir &em. An analysr comp3cocl[y a'nmiliar 
wkb the projcct cavironmcnt arrd with scady ~ C E L S  EO 

d a t a  sources cosld construct a prcljnninary impact- 
inc idcn~r  masrix in r week. Thb would thcn $cave w .u 
y i d c  to csshiatc thc h c  rcquimd for iurohcr informa- 
~ i o n - ~ r h e r i n ~  and analysis rantwhcar: from n;vo ao ccn 

DESCRIPTlON OF TOOL 

Tb dccis~orn to go afnrvd undn P P U ~ C ' ~ F  shr)l~tiJ t ~ ~ t  h- 
ma&* on rimplc cioaaomnc cxtsri alumr, 0 t h ~ ~  mlc&urr.r. 
arc c+uaily impareanz it' umintrsadcd tw :~ncxgrc.ctsd rwrraurr 

quenccs arc tco PC rvoidud . c-g.. umc gr:roup*s faalarrc tw pm 
dciratc b~cjli~se of bcyuilii~s:. 

. % ~ t ' ~ ~ ~ c d  meTJu.ulrcs +r o m l ~  4 gr?cc,.oaI \7cw of ~ F I + ~ Y I U  

Imlmrs. Diwggrcgaairng according to cfktribueiand r ~ i t s s i ~  

pemie- s dcckian: mvaker r.; c~cr~bsl; judgment ba~+-.'uE err 
mn~ltiple atoaibartes -4 ~ h c  7rujce.t Lnpdct. 

METHOD OF USE 

1 j -4 mrckiplieiux cjjccct occurs when 3 prgcct ~ ~ Y U I ;  03 

onc aspecr of sn cconomis system gcnentc* a wimuilreing, 
effect on other aspects. cg.,when al&ar~encrartion pmj- 
ect gives more money so consumers. which espaaads thr 
economy. which kads to more jobs, eac. 

2) Direct nuiuxk~~ ~uhres 'sancasnrr. prljccr cores rya k n t -  

Ess which arc asscsx.d &om equivdcnt n = t r  pricicei.. c-g.. 

average wags. consswcdon COS~J. and pdcr of inpuzs 
whish arc nos subsidized. 

REQUIRED INPUTS 

Before  she imgacr-incidrencc mar& can ibFs can- 
saucrsd. rhr rttchnisd spec& uf rhc project masz be 
specified with enough &z1 to assew she likely hpacrs of 
tbe project on the social, economic, and emvkonmemd 
systems For c--pie. if a power phmt is ro be soasmacted 
and she likely altemaxes are a convsm~onai gosd he9 
burning plant or a nuclear powered phnz. a separare 
impact-incidence matrix h req&ed f ~ r  each 

The objecrives and palrposl of d ~ c  projecr must $p. clear 
ia order 5 0  ident8y interes:ss group and ak-&crcd argmka- 

and individnds- Function Expansion (FEX. page 
45), and insent stmcwes (INS, page 553 are nnsefd for 
thji purpose. 

TOOL O b i L T  

The technique reselrs in an impact-incidence marfix 
which breaks dowa the elements of a cost-benefit analysis 

!q- the goups affected, she type of meas~rement.and the 
r tO ex- degree of accuracy. This p n n i r s  the decision make- 

mine the 3etributional efgichs og a propwed projecr as 
well as aggregated measures. such as the bernefit-cosr muio 
(see 3CR. page 1943. 

1. Dcsr~minc e h ~  paups affected by the pcojccr. 
il .R Lisr r E  puuvpr rlnkh arc rtlccted by r>r otPar:ahw 

~ w ~ c i ~ u c d  wirh thr prciject. 

1.3 C;rtsgorize dae gnxcps by &-~erranitnrin~ wrhrcrlxcr altw 
projsct ~unuprct u d l  be dhacrr or indirect. 

1-3 Condlgcr disaribuziuna8 criteri~ in sareprrizieg clrv 
pwps. c . ~ .  ge,ecgapR;c. e.cslmomic. social or a p  
sr~sus. r~ccuparionat. property ownrrship. 

D -4 Bdenrif:, any rgeciwll imacrcsa pc~ups w h ~  mad uu 
gain or Boje a rcsullt of rhc projcca. 

2. Specify the costs a d  benefits aceruieg from thc proj- 
ect. 
2.1 Dereminc tbc dwecrly csdmabk costs and $cnc 

firs u5inng cai~cris S E C ~  & wd!impnness r o  pry tur tire 
pojecc prdtnc? or +en-ice WCP! dsdirec~ murker 
suhes $or project costs or inconars a~cruing to 
each dcnd2"ned group. 

21.3 Determine indkccdy esthabfc COS~S and knettim. 
such as cost savings &and higher I n d  projects a 

resalo 06 project. 

3. Specify a@ orhen impacts ot tlrr pro$cr. 
3.9 Dczeminr &axe impacts-internal or external or 

uaaagible or iiatanngiblc-which dkce  each group. 
3.2 As tar as poss?~le. q;amdfy thc impacts to give a 

nnnnsnericd measure * , s x  Multiple Criteria udity 
hssemena. MCU, pgc 332). 

4. Compute t?.e benebittost ratios [see E R ,  page 19-83. 

4.1 Add the directly and bdirecdy measured costs for 

each goup; repeao for the benefits. and compute 
the kne&rtos: ratio or &mefirs divided by the 
EOSES. 

4.2 Ccm~ure the total oE all benefits and dl emus 
across all proups and detminnc the  benefitcar 
ratia. 





5. f reparc ;r summary of t31c data in drc matrix. THEORY 
5.1 Idensif? zllusc groups rirst would g i n  signiiicansly 

orlose ~;spropufl~onntc~y as arcsuit uirRc projecz+ Cost-bcnuti: ~nal l ;ds  has praJwrJ rn sxtrrPrivr 1irur.r 

j-2 Discuss hc significance oi %kc in&vidudJ d ~ d  og- surc whicA seeks cirhcr ~ u ,  r.atiumuli7r o r  ~ u 9  diactcd'rc its :rw 

grega~cd bencfirxo~t ratios. - as ,a decision-maling COO! .-.:c. (the e~a~npir .  I.;ryaarf. 

5.3 Clarify rl~e assurnprions abuvs mstlri~~lirr qft.~-r.i or 19721. 

orhcr indirccz consequurrccs of 2hc project. #:cighhg dar &n.r:cfir:. dgainnsc rkzr irrh::, ut' 4 iu*tarw 6x8 

5.4 Rcllrc non-monccary mrrsuscs .land qualjtativc ~cson unrLrs invdiaivr wow. P l o n e ~ ~ .  :lrrri. ti. IIrrrEc sg,.ict- 

I 

iFbPacts to the affccrcd Foups and rhc pst,j,ct. IIP'::~  on bow UT \vhcthrr 10 atrcrnpt tior- :.uA at .lit. 
Ma~imirina~ the public aclfarr. i:. aaoud~r>- ersL: &-&din:: 

wlaar i3 in thc public vr-miarc is the b?;irst stwln~bliru~ [~lr>< L. 
EXAMPLE Thr Pmps~a-incidcncc matrix addrcsss rRs prt&lc~r~ rhc 

i 
dist$lbut:(m t l i  thu bcncGt3. costs. ~ n d  t*ther nrap~irs srd 

A project t2  ssisr hrmcrs wit13 sfau parchax ui'3nl~ll p,uj ,,,, ,;lkhr&ldm 19M: ~ i j ~ ~ , ~  picard. 19;n:- rbr. 
tractors war, rjtartcd withour giving id! cui~sidcratiwn to jrnpasoincidcnocc breakdown is usekl bccauir &\- 
the fanners' diiiicuIiies in Isarnhg :a use. upcmec. drrd tAPUsjSiy,n rui CCarr of I'fiCi giYFnSsi. 

mainuin macro=- 1~ w w  4nitidlly asumcd ihar rhs wacror \r;rh ~ i s S r i ~ u C j o n l ~  3PI+.ct~CLnb .ltZd bStPejhi* .-l.he 
manufacnIHxs would provide a =lining couwc: bur ,+Jrri5icin mrkcr b PrCChI.rrLd ~~h jiuCglpl;.,n ui bcnr. 
when b u d  be ~ ~ d ~ q u ~ ~ .  ihema~ui.c.ur~r~ i;& and rccadhg thcLT~;liups in  >oL;rtg tvhu 
balked at providinga nwre csri.nivs: eifoirrr. Tire .l!inLrry ,, ,;,, ,, b!. prOjCCr Dcscufvil~c staiftir&- 
d Agriculture proposed to give dik rark ro ibc TcinueL 1971 j. ivhde ~b ruunicn ., cu+ crir;ri>m lr.r. 
universiry io k s u p  b i w d  by rhc MinirrryS Grm cswn- hpod i  mdlyi\ :dL- Y* c i n c ~  IlB75j ihc prubbm ic. 
''on- A'f 1J~l'v'rs".*- '0's we'c '0 b-L' "" 4 Jo~u' 3nAia> j ~ ~ ~ ~ ~ i ~ ~ ~ ~ j ~ ~  mcasuremclccr ol rb:PEC ~nlii~CmCDCC 
agency loan. making rfre cost zo ihr Lrmcrs corninrl. ~ I I  irnpdcr of thc projccr. 

An impact-incidence matrix was ?repared for the proj- 
ect ro specif?; the costs vs. rhf bcncfiss for the vanous 

goups which would be affccsed ;see figure 2) .  Each entry 
thc rnatris bpiied asec o;asmmptions aboux rhr'train- 

Bi BLiOGtLU'H Y 

kg program and the k~pi tc t  of increased rractor udization IkNcshdit.. Kice-il~ad 5.. ,nd S:aiiwrd. j .H. S ~ s r ~ ~ r t t . ~  .-lrwt 
on the agricultural sysrcm. 

A csusal scquence og interaction was assumed: 
Berrer urdizariun of cacrurs leads ro Fearer aicrp- 

$5 W. C;raad:. 9. "'Cosi-EcneGr Anal! sis: A Cririiai \"i~-ts-." 
Uncr of mechanization and increased psaduction. winich 

7'hr S~vrlrIz .-ljric-arn~ jopr m u 1  uj I i r - ~ ~ ~ z u n r a i i j  13 : 1 375 8 .  leads ro more demand for prodvcriorl inputs and dc- 
 eased demand for unskiliillcd labur leading to higiws un- Elt ior,  11.. and Pkilrd. D. Usis ~$~lrnp~c~-i~~citE~~~nc~ dl*lrris; 
cmploymenz for the lan&ess cxcsps as b~ldnc~'d by higher .3 irpclrr E ~ i ~ r i o ~ ~ s  .LS J I E  ~ ~ X . Z R D E ~ ! L L -  Kc~ri~rr'fl Report 
vo!urr.c of ctc. This was she most likely R70-34. C~mbri&~e. Mass.: W.B.T. Dcparrmrat of 
scenario fos the causal hteraczionsin rhr sysrem a d  cid En@ccring-bne w70. 
DiLgmmrning, OVD. page Sf ;. 

~h~ values to bpacts. L a y ~ r d -  Richard, rd. Cmr-Bewefir .~YLZ~PL;: SrPtvred 

A benefit<osr ratio was compuEcd for &ecrB?; rnd h- Hcditzgs- kliddesex, Exgland:. Penguin hoL.  1971,. 

diecrly estimared cors md bmeilts each goup-  The lichfield S. .-,-ow-Bcnct;r An,.sb in L.rbm Kedctmclop 
quantifiable benefits outweighed ;he costs for a?P group5 nlenr: A Caic Scud:,.." Regwixa! SrCorcr- -3ssochrh 
except the landless. l'dpers 16 ;P966, : P 19-54. 

Consequently, the LiinTstr): c i  Agrlcuimrc mcdi<s:d 
rhc =&ing program ro pernit landless laborers to rake Sceivare. Frances. "A Note on Socd Cost-~snr.fZr +badv& 
part ir. the coarse. supporred in part by a specid sax on all and Class Conkxcc in kDC's.'* Iforhi Derrlopmcwr 3 
aactor owners hd&ng land in escess of '30 hectares. Jariuary 1975. : 31-39. 



Cos t-Benef i t Analysis 
PRGREQtJISiTE TOOLS 4' Decide among a l ~ m a t k  pkies. strattgies. or 

ronponennrs of P $nngIe p r o p .  e.g., hroh PEaanig, ppO- 
Analysk (CFA? Iy7): DwOnndnb pmmimg- and aYdgGg;pp& Page 236; 

IDIS, page 184); Net Presenz Wonh (NPW. page 188;;Ben 
e&-cast %ti0 [BCR, p a s  194 j: Internal &ate of Remm 
:.IRK. page 200): Impact-lntidencr Matrix {IPX. page 

207). SHORT DESUU&TIOS 

USAGE 

PURPOSE 

Cosr-benefit analysis idenrscs, assesses and weishs 
coss vs benefits ro evaluate rhe financial anand ecoaaolllie 
merits of development projects. 

Cost-benefit analy sk is used to: 
1 : Provide a cornprehcnsive andy sis of costs and bene- 

fits including secondary. indirect, inran@blr. and societal 
bnctfirs andcosu of 3 proposed project or p r o p m .  

21 Provide measures for &cidins \vhe&er a project b 
financially viable an$ in the ?mass of azdysis. ro raise 
questions far considemrioz in redesisp or implernenta- 
rion. 

3' Rank projlects for fun&ngprioriq-. 

Cost-benefit a= J y s k  k a gewric rem om-mGng a range 
of thecae&d b e s  a d  practical techiqnes &cause 
cosx&enr6x andyds has pracoieionerr in man? &cipbts, 
a universal appraach has not erdred. T%h descdpdon 
presenrs the qsrems eungineerimg approach which views 
cose-Ben& analysis as a mdois~qge process Iradhnng to a 
comprehemive pktanre of project kmfies vs. costs {krd- 
man. 1973:DeXenhdr and Soafford. 1971). 

A sys~ems approach using cost-benefit amanalpsis be+ 
by spcifyiang objecuives. generating technkdy feasible d- 
tematives. and &en e\xluaring &eL economic and social 
consequences. Techniques For &rmnianhg wduasian cri- 

*ria are Hiszed as prcreqeisitcs Cost-benefit ana~y-sis i s  a 
synthesis of ahcse techniques as we11 as uechiqpner for 
identifying objecaives, gencr~thg dtebnativeves. and gth- 
ehingcosr-befit &a. 

Project cosrs are bdn dkcr :e-g-, eqaiprnen~ labor, 
mmqemeat physicd r ~ ~ ~ w c e s ;  and kdkeet :e.g.. &B 

.placed workes  pool1ction. added h h m c t u r e  require- 
ments). Similarly. the knefies may be bbo& direct le-g- 
hmtased pmduc5an. reduced m u ~ g o r r  cmts, increased 



earning power, b e r m  hcdrhj and indirect (e-g. employ- 
ment generaxion, rupporz of local senricc cnterprirs. u p  
graded mulpowerj. S a m  costs and benefits may k inra- 
$Ie (c.g.. goodwill. improved morale, aesthcdcs), but ZIL 

included in zhe presentation so decision makcrs <see Im- 
pact-hcidcncc Mas&. IPX, page 207). 

Coss and benefits are idenzified and valued from three 
vieqmints: 

1) The individual project entity {private or financial 
analysis). 

2) The economic system (public or economic analysis. 
see Gittingcr. 1973). 

3) The soci*po~irica~-cconomk system !social cost- 

benefit analysis]. 
The xcond differs from the first in thar market paicss 

are adjusted to true equ%brium vdues uskg shadow prices 
or "accounting prices" {Lir'tle and Mirltcs, 1974:~ ;see 
Cash Flow ~ n d ~ s i s ,  C f  A, page 177). S o c d  coss-benefit 
analy& is the more controvemid approach of usins -con- 
version 5actors"'to weighr cost-benefir cstirnaees (Squke 
and van der Tali, 1975). Subjectively csthmitcd factors 
incorporate social-political sods into zhe analysis. cg.. 
equizablc disrriburion of projrcs bcnefifs favoring ~ern$oy- 
mens generarion, or promoting Indepcndencc from for- 
eign goods. 

1 ) Co sr- benefit analysis rationalizes the decisior~- 
makingprocea to make the best aEocation of scarce &v+1- 
opment resources. Atrendon is focnsed on the direct and 
indirerr projecr impacts. Factors osber &an cast may 
enwr into :he soinpusation and evalcarion. Unintended 
side effecss. (irrdiiect casts: and unequal dismibution of 
bne5tsc:m ofren be pkpoinnd  

73 SocFa'fIy &sirable objecrives may be explicitly 
treated as pan o5the evalaati~n cri5et-L 

3) A common measuremenr dimension <monetary 

cribarc titsic :a axhieing &vsrfapanen: ob&c~ivr.+ , r e  

CoscEffcccivcncss Amdpsir. CEA. gage 11 9 :. 
3; If a projcec is of sudfickndy- Irrge-wdc, rhc 

increased production CM other project outputs -ill bawc m 
impact on prices. ConxqueanrPy, "no -paaid' measure d 
project wonh L ap~ropriatc and m~onchr more rlaborrre 
anna1yticc~I procedures must Erc called into play" :GIcringet. 
1972.pgearn:l. 
4) Conversion fwears for socbkast-benefit analysis 

are subjecdwly estimated value judpcaats. Conllicr in rd- 
ucs clouds thc sakcqwcnr cost-beaaciio mdysis ,Srcwan. 
1975;. 

REQUIRED RESOURCES 

LEVEL OF EFFORT 

An overdl analysis of the project is meccsary in o r h r  
to k aware af its socia! and economic c ffecos. as well as its 
&CP and in&-ect costs and bnefiw. An appropriate unit 
nnleasum must k hveloped to evaluare each vzrbbIc. 
However. value &sir are often not readily widable. 5- 
phisticated models ma:: be necesarv in order ta cdculare 
values for weid ;wiubPes tsce Squire and van dcs TA. 
1935). The Irrve! of cffon will vary w i ~ h  the ntnmbrr uf 
project al~ernari~cs and variabilcs $eig cansidcred. In 
shoa coscbunefir a~ndysk i s  a dift;cult and demanding 
sask. 

SKILL LEVEL 

Caanddcrab1e ski l l  and judpcnr arc rrquhcd to iden- 
tify cog and knack?'nt components. to estimate the changes 
over rhc life af the progcr. and C-EI adjust eke vYBurs using 
shadow prices or connvershnn factors. The lamer is a panic- 
A d y  thorny rask becaur of the dihGcuPty. if m a t  the 
Lmpossi$&:y, of getting the 'Lright" shadow pricrs,Tr;rin- 
k g  in ssconornic anndy&i maand fm;mcd alccounskg is essen- 

units) pem~tscompasing dtemat3ves. 
T L W  REQUIRED 

LIMITATIONS Cosr;-bemefir andyds b a hecanwming  exercise, 
I ]  Many socia? costs andbenefits cannot be quanatal pankdarly when cwt and benefit data  mas^ be gatherd 

or accurazely measured. e.g.. the rJue of educational pro- by k t tmkw or sun.n; (we SVY. pw 36). ~arefui analysis 

g m s  or the Eenefis of incrersed hed& sec~rI:~. or ,re+ and ~ e i g h b g  of dtem2tivcs may take from several drys  to 

thctics. Quantitative factors receive dispr~~ortidnate em- several weeks. 
phsis sirnply becaw they are measurabIe. Cost-effective- 
ness andy& p d y  addresses this probIern (see CEA. page DESCmmION OF "TOOL 
000). 

2) Selecting projects k g  rhe benefit-cost ratio IBCR. REQUIRED LNPLD3 

p a s  194; or intend raze of remm [IRR, page 2001 pre- A fomd cost-benefit d y s k  begins dter project 
supposes that project efSciency is rhe uveierrichg god. Yes Rave kern deihed and the akematiw pmLgams to meet 
an eEcient project may be ineffective: that is. it may con- those are sFc&ed 'see Objekes  Trees. Om. 



49. .111tl Murpl~ol$a~icaI Analysis. MPA, page 10;. In mdcr &lZTHOD OF USE 
i ( 3  irlr.:lsif y *hc s~3ci.13 and ccc~nornic rqrmpncnrs trf both 
C ~ ~ V S  .IJIQ bt.l~tfi~$. Y carcful anajysis i r f  t h e  pnoj~c~arrd its GENERAL PROCEDCRE 

cnvin anrrrcn t is csscntia1 :wr ( ~ v a l  I k~gramrnirrp. ~ V i l l .  AS them arc numerous Eexts &vat.cd excJusivc1~ to the 
p . 2 ~ ~  81 . A systrnns vicwpoinr is rccommcadc.d 'wc Sys- sabt$c-jcr of cost-k~eapei% aoaPgrir rlhc fdovc.ing s teps  
tcrll j>cfinirli,n ,M.mix. SI)M.gagc 67,. skcrclh thc process; in rhc broadest seare. 

A proper cosr-tcncfir analysis prcscnts rccommcn&- 
t o  fanding svvrccs arrd dccision n ~ a k c i ~ .  incl~ldinn~: 

1 ) T1.c financil and csonomis merits of each project 
re3asivr 20 mjnjn~um acccptablc returns on tbr: aesourccs 
invrmd. 

3 )  A rank-ordcling of drcinasivcs accordns so &- 
creasing benefic-COST ratios or dccrcasing inrema9 rases of 
return. 

3 ; A canckc sratcmcnr of the assvrnpsionsinhcrcnt i 
rhc analysis a n d  where possible. the scnsirivjsy af rcm 

nomic criteria ro changes in assumps3ons and andyticd 
parameters. 

41 A discus:iun of In+agjble GE~OTL related to both 
cc. )nornL and non-csonornic criteria. 

IhlPORTAhT ASSUMPTIONS 

All relevant project benefits and costs are IdenatifiaMc 
Sefore thc projcct is kp9emcnzed. Benefits and cosrs 
occurring at dif f~~cnt  Einnes rhe project may he val- 

ued a t  their prescn* worths by assuming a discount rate- 
The Lisco~nrins process rcffeccs the time-pzekrence for 
monr!. ie.. thc opporsuniry costs associated rGsh corn- 
mitring rcsourccs tc .he project and foreping other in- 
vestment alternitrives {we Discounsing. D!S.  pa^ 184). 

IT is usually a s u m d  tha: inflation wdlaffecr all gaajcct 
alternatives equ J1y and thus is ignored in projecting fu- 
ture cash flaws. Ho\vevtx. if inflation sates can be accur- 
ately estimated for each year of the projcct. the differen- 
rid impact on both costs and knefirs may be incoupor- 
ated in the cash flow esrimares." 

Weighing cosrs againsr paojecsled benefits assumes &at 
a ner benefit accrues to scrciety. ie., &at rhe project recipi- 
ents may realize a net benefit which does anotcauxanega- 
tive bcnefiz 10 some other segment of sociery {Sirken, 
n.d.). A compre hengre analysis of indirect cost-. and hne- 
fits theoretically reveals such anomalka bus this degree d 
shomughness is not d ~ a y s  Eeasible. 

' G A  f Itiscbltr, "Enginceing Economic Anal:~k in Drr.eiof*irg 
Cwdn*c%" TzrJmm<lanu~-3¶;ach 19713: 27-35 

1. Identify uhc cost and kncftt cornpanems expected to 
result h m  project hglcmmt;ltion. 
1.1 Idcmdfy those groups drecdp and indirectly af- 

fcfcczed b!, the project : x c  Impact-lneidenrel Ma- 
tajx IPX. par,? 707;. 

1.2 ldcnd$y and estimate all knefiw and costs pro- 
jcctcd for the l i fe of chc project fsre Czsh Flaw 
Analysk CFA. p a p  1177 ). 

1.3 Suaanmarizs all ssmmpdcms d iocreemcand coza 
and kncfits in a clear formar for examination by 
decision mahcn. 

2. lkaermbc rlrt present worth of all future casts and 
benefits. 
2.1 fiscoune the cash flows t a  the prcsnt usiagahe 

ppropPliaoc discount rare isee fiszornnoing. DIS. 
page 184). 

1 2  Compare the net present worth ofthe project cash 
Wow :we Net Present Worth KPW, page 188). 

3. Ilutcrm~inmc abc scficienc!: mcrawtcr uf project perfor- 
mance. 

3.1 Compute the benefit-cost ratio :s* BCR. page 
191,. 

3.3 Compute the hoemal rate oE r e m m  'IRR. page 
2cIo;. 

4. Consider a project for funding 8: 
4.1 The rneu present worth is zero or positive ruhere ner 

presenr tvortba k computed ;ut a discount rare egud 
ro the opportunin; cast ofcapital. 

1.2 The benefit-cow eatb is 1.0 or greater [using h n e  
fits md costs whkh have ken  diseownted at a rate 
equal to the oppomnity cost of capital]. 

4.3 The internal rare of remrpn is not Iess thn  a mini- 
mum accepubk rate ofremm, Le.. the oppom- 
niry cost of capitall :usmaH]Iy speci6ed at 15% or 
higher:. 

5. Rank dcernative projects or components of a project. 
5 1  Ram k she d~rnatiwes in crdet of descendig inter- 

nai rate of rerum or benegt-cost ratio measures, 
unless the drernatkes arr m u d y  urslaask. 

5.2 ff rhe alternatives are rnurually exclusive, d e a  
the one .ui& the largest net present worth. 



6. Report steps 2 &rough 4 for each goup directly target goup and considered rhrcc aJrcmstirc nacans tip.; 

affected by the project {we Impact-lncidcncc hlaaix, .~hCch cach I~~PPJELP C ~ D E D ~ !  a ~ q u i r c  a tr.s+ztrrr. Thew aI~crerr 

IPX, pagc 207). tives wcrc: 

7. Contrast the financial andysis of b e  project with the 
economic analysis by separately computing costs and 
bcnefrb from the viewpoint of the national economy.* 
7.1 Detelminc the costs and kncfits for 43 dircc:lY 

andindi~eccly affectcdgroups. 
7.2 Esrirnaxe the shadow prices for the factor$ of pro- 

duction. 
7.3 Estimate shadow prices far foreign excbang. 
7.4 Esrimase shadow prices for govcmmcnr price s u p  

poztcdcommobdeies, 
7.5 Determine conversion factors $or socicd gods 

(opsiond], e-g.. weighting bncfits by incowc 
groups f a v o r i ~ ~  employment generating projects. 
promot;~g hdepcn&ace from foseign pods ;see 
UNIDO. 1972, a d  Squire and van der TaPL 
1975). 

7.6 Compute the sritcda net prcstnr worth. bsncfit- 
cost ration. and internal rare of return using she 
adjusted cash flows. 

8. Compfete the azuIysb with a considerarion of non- 
monetary impacts of rhe projcn. 
8.1 Impacts which may be quan:Zed but ror in moa- 

etary units) should be listed (see Impact-Inci&nce 

Matrix IPX, page 207). 
8.2 Impacts which may be qudirati~el~ +submated 

should h presented abns&& the qllanti~cath-e 
data The rekvanr impacs. importance. Or sipifi- 
cance of the factors may be ssesstd to aid deci- 
sion makers {see Ratkg Scales. RTS, p s ?  24. and 
interaction Marrix Dkigrmxnhg. LMD. page 9Sj. 

%tian 2: Rent a EraCEOr and scrvhccs trt an crpcrdltrr. 

Clprion 3: roam a co~perative to %lih;lr~ t e ~  U B U C  ~ B I ~ C E U ~ S C  
and m~nmtcnmce udr 15 hurscp#zwcr ttau.Etrr. ' 

A n a c i d  amalysi.lis of thc options $cgaaa 6%- csrinmrriap 
thc projecocd cash flows: option 1 ' was mrlycd in 
Flow Analysis ZCFA, pa. 177 '8: option I\ w a  an~llrzcd 
in Nct Prese~noWmth INPK', QT 188'2: and option 3 ar?. 

izandyzed i n  'Beaefit-Cost Rada ;BCR. pzlq 1'14 ' -The rash 
flows for tht  three aptnuns weas summarized in Intmnd 

Ratc of Raum HWR. p a p  tOO:. A summrq?: af x.\macep- 
tionas wbkh w-ere nccessaF ro connoaa ahc '-with" and 
"wkhourt" dmaoions was prepared ,see fi<prc 2 

Four measures of finmeid soundnevs were somp~trJ 
d set +nc 2". Option 1 0 giwes &c largest toual oarh EBVW 
over the ternyear M e  af &+ project. Elrpaioaa : 3' pSwes the 
next lWst cash flaw. A :ernatkc proj~cts compared 
using the sotd cash flow criacrion must have rLc sanac pruj- 
ccr Yde. ten YCYFS in this case. Huu*-ceer. ehc time valrrr of 
money is not cansidcucd iun cash flow cornrrparis~hnms w,-c 
Dkscoansimg. DIS. page P &a:, 

Dkcournted meawres. net gwsent worth. benefit-cow 
sazio. and bnnpernrir rate! ofreturn take into acc:c~unnr tbc line 
streanas of benefits anad costs A dirouant rate of 155 was 
sekssed so r e k c t  the beso return of mane); invested ire 318- 
tematiwe projects . - 

Thc m e t  present ~ o m h  criterion applied ta the three OF 
6oas indicates that all are fifa~aancid;rllll; fc;usiblr. Since the 
options are nnuannd$ exch+e !s:.g.. the faatrmrr b not 
likely KO rent and purchase a tractor shdtanneo~cl~~. the 
ne3 p s c n t  a u m ~ h  m y  be used ro srlcct rhe best project. 
+tiom 131 has the bighe% net present worth foIlcmud $4. 

upsion [see F i r e  2;. This simply means &at if the 
fanner j o b s  a rracmr cooperative. rhe value of hi future 
earnings tramdated to the present is  more thm for the 
orbea optiannr 

Benefit-cosu ratio annd incatmnma! rate of reman meanre 
The Ministry of Agicultuue in the court- ofTepllasek projecr efficiency. RaaaLmg h e  options oa the bask of 

corn-missioned a cost-benefit analysis of the udkasion of 
bene6txoa maio inndkates ~Pnao option (3j @es anom $em 

small tractors by fanners havingPimited bd-hol&mg (less 
@firs per unit of cost &an o p ~ o n  i2). and optim (1 i h z  

than 15 hectares).** The project andystr identiGed the ohe bwest ratio ,[see figure 2). The benefit-cost mdo rank- 

These  steps represrnt rhporeticaliy complex =& cannor 
be covered in a shorr dacripzion.The reader L ref~mcd ro rhc pmj- 
crs cvduaiion liremture. Scc. for esanaplc, Gitlinger. 1972; L~tzIc 
and Mirtees, 1974: Squire and van drr Tat. 1975: Himichs, 1969: 
or UNIDQ. 1972. 
"*Th31k csamplr. s~imnlatcd by the report by John Bidis. 'The 
UzTiarion of Small Tractors in l n r w t c d  -Agxicuis+wal Dsuelop- 
mcnt: The Tzacror Etdu~tion Pmjogccz Applied" Cornell Agicul- 
4 Economics Staff Paper No. 74-15 ZPthaca. N.Y.: Ueparcmenr 
of Agxicu td  Ec~nornicS, Cornell Unia-ersiq, June 1974j. 

-- 
bgs may dicfer Kmm ehe net prescntworah nnkingswben 
there are difgerenccs in the rehrionships bemeen gross 
benefits and operating CQSB for the wo projects (see 

Gistingu. 1972. page 65). 
. 

^A four& dmnawie is to rondnae cmtnt  puaodcrs ~%ich  ut12ize 
a m h a 3  p u ~ r -  Wow-eve+. this derreatke was =eared i Qc. C& 

flow analysis by c?rterminilling the k a e m e n d  COICS md knefizs- 
b e  diffmnce hcween thc 'kith project" a d  thr Lh-ithout proj- 
ect" costs and benefits. 





Compilting in~cmr3 rare of Jrmsn was nor pasible l'ar 
dl options' :see Inx-ma! Rarc of Rewsa. IKR. pp 100.. 
Thc inwrnal rare of rcmm for =actor rental was inhrer- 
minate. The rhird oprion has a sipiGcandl: higher in tend  
rase of retarn t b u  opdon : 11. and on his basis thc f-cr 
should join the cooprarive rasher :ban ysrcbasc his lsum 
tractor. However. since E ~ C   project^ werc mutudlp exc!u- 

sivc. thc iemd rate of remm u.ould nos normaUv 1Ee 
used for ranking. since ir may @e an erroneous ar&ring 
(see GaSges. 1 972;. 

An inrema3 rate of remrn 0528% for q d o n  1 'simply 
means that this investment would pneratc a return an 
capital which would be equ5valen.r TO a compound iaemcsa 
rate of 28% per annum. B'hiIe &is was nearly double the 
estimated oppomniq cost of crpid.  15%. it was not par- 
ticdariy h i h  for ar, a g i c u h r d  pmjecs. The internal rase 
of remm Ifor crprion ; 3) k more regresenta- $ivr 35 the re- 
rurns ro be expected 

Computing rhe criteria 111ussrates rL mcchniss of 
cosr-beneGz analysis. In or&r EQ &~+cIop a single mesic 
for judgiitg rhe financial worshines of projcccx man!- 

suhnptions xend to get &her submersed 3n she mmipuk 
tions oi she data. 

The impact-incidence manix presents nos a single 
sure such as net presenr wonh. bur ra~Aer a rabulatiom of 
individual menks computed for vzriorw groups direcdp or 
indiretrly affected by rhe projec~ [see Irapact-Incidence 
Matrix. IPX, page 207). Who bne6:s and who loses if the 
s d  farmer mechanize: ?hose r a s h  which require human 
or animal labor? Are all sbe benests and costs quanai6 
able. let alone measarable. in monetary miss? Answering 
&ese qussrions adds esens id  dimensions zo cost-brneiir 
analysis as a &cision-making rool. 

Many examples of cost-benrfi~ analysis ma)- bs found 
in she literature. alihou& only in h e  past decade h s  i~ 
appkadon in service f i l &  s u d  as fady  planning. ehca- 

don, and heal& k e n  documentd. 

The G m b i  ca:. study uones. 19-72: prexnts m excel- 
lent treatmeas of t'.re rechnical side of cost-benefir analysis 
applied to rice producsion- Fhianeza il974j bas a hairl!: 
complete example of cast-bcaefir anadysis applied so the 
locd grape industry in :fie Phip ines  Bmce (1976) pre- 
sents a case szudy of the application of conversion gacrors 

to social cost-benefi~ analysis dong with a cririqut of rhe 
approach. 

'The 3RR may only he calculated if the h a c m m d  rvspercced 
th incrcmmfal kne6rs ar least once ha the life 05 h e  projea- 
Since by convention d ccsrs are computed at vezz-end, opdon (2j  
neva has a wprirrire cash flow-. 

Cost-bc~nc!% 'ntandysi?; acos in shc 19.30s as a tool tor 
walanatimp wawr rcscsurcc prodiecrs in the Unied Sratc,. Iss 
application to othm t2'nrlds pert-. producing .a 5ercarn of 
critica~ cernntjncnc, xe.  for ~ . t i l r n ~ ~ ~ . ( ; r ~ ~ f f *  1975:lkhcreI 
villle md Smfford 197 P : and Mints. 11963' andl ;tlecan~airr 
approaches . Zietnr md Mirlrres. 1971. and UhlIX). 1972 1. 
'hhc wcalnncss of uhc cost-benefit approach and it:; cunrri- 

buaion ter decision making hawe been raphurrd \see, iY,r 
e\~sn-;Bs. Hinricbs. 19611): licnddl. 11978 : rnd t a r  a d .  
7973j. 

Tbc work oi" Gitrinpr ,1972' and rbe Ecmounnic I)u- 
rdcspmrnnr Pmsrimunrc of the World Rank in rEc~-c l t>~in~ 4 

comprchcnd~e approach ro rhc raallysis of a@culrurd 
pto-ircrr provided rhc basis $or ehr wchniqucs in uhL wr of 

roolts. Tht problem 0:" appllviile cost-benci';r analvsrs co 

u~thcr Jrrsors Baarvr bcem reported kwr. Sirkcn. n3.d.. amrl 

Ujvinc- 12946:. though much remains tu be Pemcd abrm 
v d d n g  rBc benefits amdl the costs uf s o c d  x-micc pr* 
Fams. 

Sacid cost-bentfi: mJP)$o. which attempts tuu wr'ng!rt 

cost-beneGt Lceors to incorporaac suciced gods. is r Low- 

plcn process <Squire and ran dcr Tak. 1975). Tkcrc arc- 

nanilnny probnrms with thc added complcxirp and the p s i -  
bdisy rhat value judgments are hidden from J E C ~ K ~  
nanalers- Maray a , p s  that rhe best andysis presents a b r a d  
aaray of eva~unauion criteria to the decision ~ n a k r ~ .  r.tchcr 
than ataempring to proksct. a highiy aggregated sinpic 
Fsure of project menr : Bruce. 1976, and Sotwan. I 975 . 

Boiban,  Sacford. '-lrnproviaag the Accuracy of Ben&:- 
Cost And?-$is."* JE%"dz' Spectm~n (~epternbtr 1973:. 

Bmce. C o b .  "'Social Cast-Benefir Analysis: A Guide for 
Country and Project Ez~nomists to the Derivation 
and Application of Economic aad Social Acrow~ring 

Prices." World B m k  Staff krarhg Paper No- 239. 
Washingon. D.C.: Intematioad Bank for Reco& 
stmction and Devebpment. A w s t  1976. 

Bums, Leiand S. "*Cost-Benefit Andv& of a Huudng Proj- 
ecr." Da-e!opnre@tt Dgesr {USAlD) 4 :Ap& 1966,: 
53-37. 

h V. Graa& J. "Cost-Benest Andy&: A Criticd View-"" 
ale s ~ u t ~ r  -yiic J ~ ~ W E  ~j E C O P ~ E Z R ~ ~ S  43 11 9 7 ~ ~ .  
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Cost-Effectiveness Analysis 
PREKEQUISITE TOOLS 

None. 

USAGE 

PURPOSE 

Cost-effectiveness analysis evaluates the effectiveness 
relative to the costs of dternative systems. 

USES 

Cost-effectiveness anaIysis is wed to: 
1) Evaluate alternative means for achieving specified 

ends, e.g., damnative components of a system or project 

de* 
23 Evaluate and compare alternative projects or sys- 

tems for the purpose of selecting the most cost-effective 
alternative. 

3) Analyze the trade-offs in varying the size, coinplex- 
ity, or scope of a design. e-g., estimating the cosr of in- 
creased effectiveness. 

KEY DEFINITIONS 

2) Project efficlinncy is EL rario of projec~ o n r p u ~  to 
inputs. e.g., rhr production rate for a given resource ndi -  
ration ram. 

3) A system is a colcdou~ ohcornpnenrs which inter- 
act to achieve P t o m o n  henxllction. 

SHORT DESCRIPTION 

Cort-effec6vinrenes analysis is a caancb1 step in a syswms 
analysis strategy. After deci&ngon objectives i&ntSying 
alternative means to xachiwe the &sired ends, and estab 
lihing criteria Eor evalmarion, components are selected 
whih  naaxhiizs cosz-ef&caiverness. Costs and effective- 
ness are central to the evduAon and desi i  oCsyaems a 
projecrs 

The crixria are usedin one o f m  ways to r d  dtefna- 
tives: 

1) By hast-cost, considering only those alternatives 
which achieve the spe&id lnirninnrrn level of effective- 
ness. 

2) By maximum effeaivenea. in which dl alternatives 
have been desiped so as not to exceed a specified maxi- 

mum resource requirement 

11 The effectzyenes of a project or system is the de- Cost-effectiveness analysis i s  si& to cost-benefit 
gee to which the project or system desip objectives are andyss (CBA, page 213) except &at the anommonetary 
achieved. performame ofthe project i s  estimated 



z ln  : r ~ ~ ~ i l . ~ x ~ ~ ~ ;  YKOJEL-rs 

ARVAWAGES REQWPWD RESOURCS 
3 j &st-effccziwencs~ analysis ranks dttrnatives by a L E ~ L O F E F ~ O R T  

process which i f  accessible tocdticd cxgmination, in cow 
tnss so Intuisive or comrnitrcc hcjsion-makingproccrscs. 
The technique provides a framework for systematic &ci- 
sion makingand "efficknr em~loymenr ofrhc kaowjleds, 
judgment. and intxit~on of available expert<' {Qwdlc, 
1968, page 323. 

2) while thebenefits accruing from oproject art &cn 
nor rnelsurablc !parrica!uly in monetary terns], h&xcs 
of effccdvcncss can always bc developed horn project 
srazcmcatr, 

3) In convae to project 4Jiciensy IPJC~SU~CS. C;%. the 
bcnefit-cost ratio ( BCR page 194) and rhe htmJ rate of 
remm (IRR. page 100). cost-e8ecaivenes.s analysis com- 
pares :h9 ~elazivc achievcmens of goals. 

31 &cause cost-effecheness analysis is a carefully 
strucrured ;ipproxh the process ?;.adhag to a drtkion may 
bc retraced; and new 3rmowledge or different subjective 
judgrnenssc;ur be u s d  to upidape recomrnendationa 

The analyst musr necessarily limit &lhe scope ofa cost- 
effectiveness smdy, wkh may lead so s u b o p h i z a ~ o n  
The most cost-effective alternative may not be the best 
choice when rhe larger probl-a situation H ccnsi&red 

The complexity of the mdysis increases s ' ~ ~ ~ d g  if 
more than one furure situation [contingency! is examinned 
{see Conringency Analysis, CGA, pzp I-+?'. Coanse- 
quently, analysts and decision m h m  tend to resdct the 
analysis to the most Ekely contingency. 

Projects with different objecrive~ cannot be compared 
using cost-effectiveness analysis because the scales oPeE 
fecziveness dig& significantly. Cost-benelit ar1dysis 

(see CJk%. page 3 17). al&au& lianit3ngthe choice to &an- 

c k l  or economic criteria, pennits a coqarison of these 

projects if benefits tan be v d w d m o n e d y .  
Ranking projects can be inconclusive when more &an 

one measure ofefEectiveness applies Often, &ttmidag a 

suitable measure of ef&c&eness is dScu1t. ifnor imp09 
4b3e {e.g., e?aluating goal achivement of socia service 
pmgamsj. 

Cost-effecriveness focuses ody on she system and its 

The majar task in cost-effettkenes an.iy& Is gather- 
ing kbomaoioao to measure effectivenes and cost. Once 

these data are o&ed and onnsfmed Eat0 ?aaulritatiue 
measurer At analysis irrervntidy comglere. 

SKILL LEVEL 

Copasj&nble judgment m s r  kre applied to derernaine 
m e a r c s  of effecojveacss and to  appj~ them in the ;mazy- 
sk T L  is mnncver striccdy a rncchkd pcwcss d =anslat- 
iring ga& h t o  measures, dhoaegh comstructior; of asystem 
moh!  is & h M e  for analyzing pdomaa.nces of large 
complex system V, m projects]. 

TBE REQUlRED 

cam-efkcdvcnsss analysis may rake sewera1 days if 
many projects arc xo be compared om more &am one mea- 
sure a i  cffective~~~ew. The a c t d  the required depesds 
pr3milp;dy om zinc arvdabdity of appropriate bfomarian. 

I) Resource am&& is the "'process og s).stenna&dy 
&terninkg the economic remurct impact of dters.atiae 
proposals for danmre cmrses damion'* (Fisher. 1968, page 
124& It hdendes not ody e s b f b g  the ditect costs ht 
measuring the drain on emnode resources which c o d  

result if varims dternarkes were selected and imple- 
men=& e.g., divertkg crsem&! raw materids and sidled 
nnmpwer to a project 

2) Sensr:tiwity at~l1;*7is h a process af varying rhe esti- 
mated v&es of wkcted p a x x ~ r s  in tLe &sip in order 
to ahtenmine the senskkity ofrrsmh to the uncertainty of 
the eschate. Far example, the variatio~ in total system 
cost is determined h a  sekcred valuesdIoey system spe& 
f?za~onsmch as size, responsbeness, ohrehbility. 

performance, in conrsast to cost-benefit analysis which ik 
ciudes benefirs and costs accruing to other elements in the 
enuiromemr. This may not promote better decisions bur REQ2,TlRE.D INPmS 

cost-benefit analysis elem the decision maker to these ir The ohjectiwes must be established (see Objective 
sxes. Trces. QBT. p v  39). Alternative m m  wiU have to be 

Cosr-eiTectivenes analysis may be used to choose spec&d, c.g.. rdous projecr approadnes hawe beereidea- 
among projeca ody if they are alternative means co t9e &wd, 
same ends. Otherwise, a common measure of efikc~veness Cost data maash "be adable to &mine  &e CQ* for 
cannot be ihntifrd for evaluating ezch alternative. each dtemative. 



TOOL OVl'RUT 

Cosz-edfecsivcncss analysis presents a rank-orhring of 
dsenasElqes to aid &chion makers. Ir does not select thc 
best alterna~ivc un!ess non-quauas;d&bli: vairab;les such as 
the policicd, social, and c u 9 a s d  implieaeiom are so h ig 
nor&-an unlikely situsion for development pllannkg. 
Conseqwndy. the results of the cost-effec:iveness analysis 
rcprescnr one pars of the r o d  bfomati~m dtJ,r~d for 
praject selection. 

If project effccsiveness is nos idend6able as a single 
measure, zhe analysis may r a l s  in several nnkinp of ef 

festiveness vs cosr, all of which are presenscd PO the deci- 
sion maker. 

The resulss of a program or project can be evaluated us 
Ing a crirerion which rnrasvrcs she achirvemcnt of objcc- 
& ~ s  The objectives are determinate, stationary. amdl sra- 
bk over the Iifg of the projecr asld consenswI zzmg &e 
decision makers (see Obje+dw~ Tics, uBT. pagc 49;. A- 
though daese asn;mpsjons a n  nor limitin% c h e ~  should 
c ation zhe decision maker and analyst against naively a g  
plying a costdfecdve criteda wi&out considering i e h  
implications. 

METHOD OF USE 

GENERAL PROCEDURE 

1. Given the project or sysrern goals. identify rhe m e a m  
of effectiveness. 
1.1 Translate each god indo rneasuraMe subobjectives 

{see Objective Trees, OBT, pqe 49). 
1.2 Repeat 1.1 n a d  qua3~Nible subobjecrives a n  

idcn&ed 
1.3 Selecs objectives cbacterbe 

the effectiveness of &e projectJsyssern. 

2 Coastruct an effectiveness d e .  
2.1 Determine the uni ts  of measuhemer.c. e.g. passen- 

ger-des per haw. extension contact h o w  per 
farmer. 

2.2 if n e c e q ,  ua a dimensionless index to compare 
subjective estimates of effectiveness. 

23  Identify the range of the effectiveness r d e ,  ?pi- 
c d y  0 to 1 for an index (see Rating Scales. RTS, 
page 39). 

3. Give altamtme means and evaluate their =ffcctivcnes 
3.1 When feasible, conspslc~ aa analytical model to 

cornpuce effectiveness d a t e s  for each dterrm 
tlve [see Computer Sm.dation Models, pge 
1201. 

3.2 When mathemadcd modeling i s  not fea*iMc, ati- 

mate the effectiveness se?b.jecriraEg. Padcdexpeto 
@~+enes may be used (see Delphi, DLP. pg 
168 !. or mpiric9 h o a  m y  be o&raimd ;either by 
e x p c h m t  or pilox rmdy 1. 

damadves 
4.1 DtwPmiae a basis for ccsplingwhich k comparable 

across d dtematbes. 
A2 Iden&"). direct costs. both initial and recurrent. 

3rd costs a~swkued wt& rnakimg resources (e.3-. 
raw maecrialsand manguwcr: ~*ailaSlr co the proj- 

ect w e  C ~ s h  F:cs Aadyw~.CFA.~+ge l33 . 
4.3 If t L  costs are distrihted diffmndy in h e  for 

each alternative. &scount a l  costs to determine 
&e present worth (~sec Discounrirag. WIS. p a p  
aw;. 

5. h k - a r d e r  rhe iJzemacives. 
5.1 Compare the ratio of effectiveness tocost for each 

ahmarive. 
5.2 Blot efdectirreamessvs. c a t  (opaionaiJ- 
5 3  Determime thc cut-off levds for crbonsidcring alter- 

aaokes: 
a; l f a minimum level of effectirenessis required. 

+are an objecthrswhich fall beIow this level. 
If none exezed the level. either change the 
specification or identify new dremaeiues. 

b) If a d ~ r n  Dewel otcost is pernixred, ignore 
all alrrennatbes which exceed &kPimia- I f  nome 
has acceprahle ems. consider =ding down the 
scope of tlrq alternatives or identify less cos~ly 
PneaPLT. 

5 4  Rappk-order the remaining alternatives usiq the ra- 
tio of effectivemess te cost. I f  ~lro or more alter;*?- 
eves have ideatical ratio% select tbe most eEt:ctive 
or hast codg &pending on whether a] or b] 
hold%= 

6. Ttw tbe sensitivity oftbe r d n g r  
6.1 Sebct a v2rkS!e [cost or effectirrearercs) Zor which 

h e  e s k a t e  is most certain. 
6.2 Using either the andytkd model or  an experi- 

m e n d  &sign, estimate bow a s d  change! in this 
variable urill%. a E e a  tk subsequent ccrngutation. 

5.3 Repea: 6.2 dot sewdvalmes inclndedi the likely 
mk of the va&Me- 



1- W : Vnis = tbr.1~tiondcwcnc~of'Z;.r~n3srL. 
1 AsswnaBpm awezagr uwuf 120candoms per yrm- 
3. A~unliny: 35 rFclr.sare rtyszircd each year (inrlu&m< waszagcj. 
1, .Xcs.mingracb IUD inWnc..d is x&vd for zn average 3 years. 
5. As~nninp. 1 O scan: &am a v c ~ c  age ofwcdPzatioion i35) co onset of mrmapmrrr, 
6. X s m i n g  unrc av~zagc. age ufu-iie ai  he m a  sw&cd. 





6.4 Prcscns :hc scniriviry analysis rcsulrs ro shc &ci- 
$ion rnakcr as a t a n g  of variation in thc eFfzxL:.\~- 
ncss to cost rario or a s  a box which indicates the 
nncrrtainty o n  rhc plot of effcctivcncss vs. coszs. 

Thc Tcmnwk Family Plannia~Council proposcd toex- 

an;jnc the uosr-cffccrivcness of various rncans of b i h  con- 
mu1 in uac in Ttmsrk. Thc 03jccdvc od&c project was to 

dcttrmint- the k s t  means of Kith control for 6~nd in~ .  
Two crjtclia were identifwd: t&c rclistbiliry of the particu- 
lar rncrhod and the p tcr  nragc of tAc populazion accepting 
that rncthud. The cffcc.czivcnrrswas&fiacd as thc poe9auct 
of reliability and rate uf dcccptance 'scc fiprc 1 : 

The next step was to andyzc the coszs of &c. drcrna- 
rives. The mcamre adops*ld was &c cgujvJcnt Couple 
Y car of Prorection far cach techiqne (Edrnonds. 1975';. 
For example. daxa indicated b a t  each coupla: used an aver- 
9 t  of 3 3l)condoms per year. Then tach condom afforded 
0.0083 CYP. Similar&-. a stcrdkasion aperadon would 
protect acoupk for the remahin_echildbc~npyc~sTLe 
corrt.spondinpCYP m7ascomputed b!- subtracting &c aver- 
age a F  as stedizarion from she sveragc a p  %or onsee of 
menupause {see figure 2). 

The cosr per year of cach birth control rcch- 
niqvc was computed by dividing &e esdmated method 
cost' by tllc CYP. On a cost basis alone. shere averr vast 
differences in the resources rcquked to providc a year d 
protection by various alternatives. 

The COSLS we+e compared to  she estimated effectiveness 
;see figure 3). Computingthc ratio of efFectivcness to cost 

rcveded that an inrrrcteri~e drvkc was by br the most 
cost-effective technique. However. the kvcD o5efkctive- 
ncss was estimated ar less zhm SWO [due PO the IOW- rare of 
acceptance). If 50% were taken as the minimum level of 
cffeccivcness. then only oral connaccptives and condoms 
\xould be considered 

This andpsis considered only the means of b i h  con- 
troi. A cast-efCectiveness andy& of a birth control prc+ 
garn would ulrimrely have ro examine the effects of us 
ing various tecbr.iques on the b i d  rate vs. the ifmfrasrwc- 
ture necessary to deliver rhe tcctnaigues. Unfortunately. 
such an analysis is complicated by 1) the dday inn obxn-- 
able c h m g s  in bixh rare and 23 the multitude ofdtema- 
tivc explanations $or changes in birth rate. The problem in? 
cvatuating costcffccsiveness of daesc programs i s  de- 
scribed in SchuZtz ,19721. la &.a earlier paper. Schdrz 
3 967) formdated an economic mmodd of Famly planing 
in order ro measure beocfizs vs. costs- 
-- 
' n c r  costs iggosc rht. Xramucturc required for &Evering &e 
various wchniqaes Al&au$ &is codd he innarpta~d into each 
nncthod cas  as an m&iead component. a separate d y s k  of &c 
meansof &%very is n o r e  approprjate. 

Costcffectiveness &&es itam cost-benefit andyds 
: Rowen. 3 969;. Defense Department amdpsa redbed 
&at vflning ohc benefits of weapon systems was not feirsr 
ible and b o h d  for other measures of systenr perfor- 
mance. The tteareticd aanalyris ofsymrn mohlr and tac- 
tical and strategic p!ams folilowed <@a& and BmcLr. 
1 968;. Fhc technique has k e n  applied to plic). planning 
a d  p+co design tn fieQ&lik social semices. The formid- 
abL task of ualluhe&ncfits k circumvented by uskg non- - 
rnoneoaq effcc~vc:eacss scales to compare doernatiwr 

The mEe of resornnc.cc analysis and sensinsicy analysis in 
cost-effectiveness srudies is presented by wade and 
Bouchcr " 14ltrS;. !kN'ewf\dle md Staffordl ( I  971) address 
odddonal &eomFical ~ S D ~ S .  such as ht:ermining&e sptb 
mum sspslcrm c~fecrkcncss as afcnaion of the cost. 

Kr~ecLebsrg and Sdvers ~1974: ginre an excellent de- 
scription of cost-effectiveness analysis applied to urban 
planning arad ehc thcorrricd %asis for selecting among aL 

.-tivenes+ccrsc ratio. sewative prajecosanshgthe ege- 
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IX 
Planning I Contro ling I and 

Evaluating Pro 

Frogam Planr~in~ %lethad 
Sl3L.4LS Stnregy 

Planning. Progr3rnrnir:g. and Budget En9 
Critical Path a ic th~d 

Gantt Charts 
Logical Franiuwork 

-- 

Several techniques have &en sclscted n~hich dc not fan1 exclu,ir.el>- \tithin an:; of rRc 
major purpose catepries. Tavo (Program Planning Mrrhod and BDE.4 kS Smaregv a e  cam- 
prehenGvc approaches to prajccr desigg and irnpkrntn:ation. A farnml system for p l a ~ n i n ~  
an2 zlanagemcnr iPlanaing, P ~ o q ~ n n i a g .  and Budgeting is a h  &scribe& 

Successfu! hp!erncnarion and rnanagemcnr of cornpbs projects depend on carefa1 3 ~ -  

tention to details in rhc p h n i n g  stas. Diagamrning :he sequcncc of necessary actit+des 

(Critical Path Method: and scheduling accordiaap ro at-adable resources :Gantt i3h-x assist 
this process. 

Evaluation of a h v c l - ~ n e : : :  oroiecr mus &gin ~ 5 t h  & s i p .  The &?d recEnnique 'logic2111 
Frameworkj is a t es t  app:u.irh ?,. phaing.  documen~ng. 2nd m-ahating projects. Attention 
is direcred ro &clo@cd assrr3:pdons and indcato~s of grojccr achievetnrnc. 

dl these rcchniques are unified in their atrcnrionn ro ghnning for hp~caaz;.ntadon. stress- 

ing sys~ematic analysis. and emphasizing rerdts. 



Program Planning Method 
PREREQUISITE TOOLS 

Nominal Group Tcchaiquc (NGT. pagc 14;. 

USAGE 

PURPQSE 

P r o p t n  Planning h4crhod p-ovidss a comprciwnsivc 
approach zc: 

I j Identify and define prnblcms. 
2'; specify program aircrn~rivcl r d  hvlvr. I ~ C  prol~lcln.  

3) Sclcct and detnii programs. 

USES 

The Program Plal~nitlg Mcthod is used :o: 

1 i Coordinarc thc bcsr usc of cspr.rr>, rlecision 111aLcrx. 

ant  clicnr/citizens in rhc planning proccss. 
2j !?Ian programs in dit'fcrcnr t'nelds, such .is hralzl:. 

usban. and cducarional planning. 
3) Dcvelop consensus in group dcci3io11 mrikitlp \vlnrt:l 

p o p l c  from widely diSfurcn: b;lckgounds arc iovolvrd. 
3 )  Lsgirimizc decisions in rhc minds of the pu5lic i ~ ;  

order to ilrcrcasc public acccptancc of proparns. 

SHORT DESCRiFTlON 

Prcgram Piaimins hlcrhod is  it sysrernaric a d  srccc- 

mrcd pPrn?linS strasegy involving clicnss or consumers. cs- 

pcrts, and dccjsion makers in group processes. Thc 

Nombdl Grallnp Tccinntqut. KCX. page L'4 is U S L * ~  in 
rhrsc ssaga.. Fksr. r rsumbcr u l  i l i ~ t l t - ~ ~ o b l ~ ~ ~ f i  ~ C C  

idumciiicd and rannb-urdcrsif. ScsonnJ. afnis list is uscd tu 

gcnrrarr gorsi$fr. solution>. kcsuurrcs nsc.d~-.-d ~w lenpOc- 

aalcnt ths solution arc a l , ~  lisosd. Vlnird. rhc p o u p  arri-ic* 

at dlr final prupn].  

T h c  tartpimrturs u r i  rhc Prrnr;.t:nn LgLrbeuil;r5 LIt-rinh~cl 

atr.rrcg? - I)c~hccce Vdn dr. Vcrr. I'IT 1 c!~ilon uh~r i:: 

- - 

itlili~ctlrd partics g,arriiiprrc IFE CRC STSE~:;. 
5 ' F a ~ - i l i i ; l r ~ ~  Frt:pcr probir-:tn i2c:l:iCirs t E t ~  .rl;tJ rr- 

~ U C T Z  the C ~ ; L : I C C ~  of  S U ~ V ~ : Y ~  t h ~  \5"61r3; prc&lczn. 
G F;iaili:.r:ch FEC usr. t s io: tr>idck-xprrtx  ir: :hc E ~ E . ~ : ~ ~ ~ P : ~ g  

PT<JCk->S. 

- J !:!curpurares rhc .dvant;rgc5 r>i' :he Ntmaiti.sl~;rcrr:~ 

Tcch~riqac .ssc XCT. page 113;- 

1 : The prtrsicip~do!~ ;or~mzn~-:. &nJ c:isbnt gsr.up\ 
may bc unfc.;siblc cirhcr t?nanci.illv or Kolgiisrt~alis. 



Ra,&.,=r&t.ir~~ i\ rhc pa<>Ls~h r r i  wrrighing ORC item - 
.~g,ri:as: r ~ h c r b  i rn t  ikc:2 rrrdc;izg ihk. iirrms by. wcigba rrrr a . . 
w.:!c. \111~k 4% '];XU!IQ~:.*IULL. e l l i  I?rtth:iry. 

Yrr P ~ F A U F I  Y l . r ~ r u i n ~  XFcrhtd ncqsirc.s.~ Ilnowlsdfc of: 

1 The pr<~t~llci.nn x c r .  c-+ nrbarn rcnewil. bealcEn carc 
dc!ivrr y. 

1 Thc :;urti-e .r:sr. c y . ,  4 recikrn. r ~onnanunEr.r.. or ira:r 

c~tn~nii F O X I ~ .  
-. 

Y Bac ansa.t hod ;rim rc,i:ni:e..:.. : h i  uher pcuups. cxprrts. d a d  . " .  
unakcrh p r r i c i ~ r t s .  

~: ' t~ixidi . r . j l~l t .  A 3 1 1  i4  P & . < ~ . L I ~ T C ~  ~ ( 3  d i ~ c t ~  the P T O R T ~ ~  Prt~gra~n IY14thtxi:xg kfczhtd xz>ul~ca F R ~ P  prtrblcrn idcnti- 
i ' l . ~ ~ ~ r l j l l ~  X1~1310J. T ~ c  ~ r o u p  1+,~3cr inubr 1-c ~bllc :a* ! , r - .. 

flid3?U:3 13 IICiC1\-drY R C ~ ~ W C  $ ~ P E I I ~ : I ~  I PFJgFam. The bes: 
: I ~ I J T T ~ T . ~ ~ I ~ ~  JIIJ !>rc;*lr J ~ ~ W I P  :hc pl~3111in~ ~ T ~ ~ s c s . ~  iir?r*r s -iudlliii,-d 3w(l~pilc zu idrnlziiy :hc pathkrn arc tine goupr d- 
<!jsirr.rr \c:jc, 0.1' work.rf>Ita p?l.iavs: 2 ,  jdu.nrit) ~ r l J  i:>sc. . 

:c-red by puurrrarnnl prlj-prns trr corrrnlt inadcyu;rw prcc 
I ~ S  I ~ ~ S L - T  rv ~ C T P I ~ C C  g r q w  in r;li.E philsc: . i d  5 .  

grrraas. Thew ?etn$c atri brcm&r tosc~hrr w i ~ h  p E ~ n ~ e r s  
dircit rhc ~r$rn~-r:. so rb.ir ~ h c y  j~r*rf<arm r.;'ft-irivcly. di:d prt>gr:rsn?i p-:xu.rr?;tc.I i r *  Edrn~rf~ pr~blcrns arnd to rank 

SPECIAL. KEQC!IKEMENTS 

TIw P r * ? i ; r z ~ ~ ~  P L ~ t n i i ~ g  Xkthud ~r.i:cgy rcquirc~: 

1 A nlcr.ring ruurn where yonps can c lusr~~ around a 

ta hlc. 
1:: 1 ndcx tr> ~ ~ ~ ' i o r d  d1r. g ~ ~ p  mclnbr'rs' ideas ~ n d  

pXCf CTCIlC<'S. 

3 )  Ffip charts with 1~rge sheets n i  pager. nn;irking or 
:I.II pr.115. m d  rapt. 

DESCRIPTION OF TOOL 

l i A sc,hrtit>az sonzpo~zerrr is h e  part oCa program :hat 
is pruposcd as she solarion. e.g.. a mobile medical anir in 3. 
hcalzh C ~ F C  progr~m. 

rtwrnl. 
Progrannr PlsnnEns ~ ~ c t h u 3  is A o  hwr-d nzr asscnmprions 

rilp:ar$ing &snap prwrsscs i:, orgaai2a6uns. 2nd thu 
PLL= ~i CSpTTL3 in rbc prrwt*. src Udbrcq and Van dc Ven. 

$9-I,,. 

METHOD OF USE 

1. Organhr the client group. 
1.1 ~ d r n r i i ~  ;f crosb w~.orion of clicnes or consumers in 

chi. program area. bnncpilade members of wfie'rc~r 
~ges. iosadons. technical a&Pili~ies. rtc.. depending 
on ~ h r  nature of rhs prabkm or senice. For es- 

ample. in rhe da-rlopment of an employment 
renice. shr clienr goup  would include potential 
employers, the wenndy unenrpkyed. the car- 
rentPy employed, and reeired people. 

1.2 Srlcct a p a p  :~suJly between ZOSPPZ; 50 people) 
that wid represent the clk~it papntzioa. 



2. Idcn tify pprbicms. r b ~  ?~.,:;p J E ~  Ji*ct:--> c.scEr iec!n iyrkt:r. 

2.1 I)ividt. rhc group inzo s ~ f > ~ r r > u p s  rrf' *is i t ,  :lirlc 3,X VrE~zg ihc  ~jl~a~-lkr~t."?i:i~ ~ r b i l l l ~  ;rrur.iu-u!l~rc.. "-."ic. 1 

i h ~  i u r m p ~ ? l ~ n t s  tb'ctm~ltieb c r l l ~ G j l i r ~ k f  is* !~k'  t '%- mcrnbcrs according so 4 commor-r crbar.acrc:i>:i;, 
c .3 .  age. 

3.2 lndicarr d~.rr :hc dcclbto~~ 121abc:s want r t r  under- 
stand clients' virws. 

2.3 Il~scruct r ' i ~ ~  group in Xrr~ninsl Group Tsshniq:rc 
(NGT. page 13;. Strcss 2hc mccring should 
prodncc a lisr of proi~lc:ns noi  sillu tim~s. 

2.4 R C ~ U C S L  lncmbcrs ri: Iiss "pc l -w~~~l"  prriblcias i . ;~ 
rhc propam ;trea i.rn oar. sidc ckrhc index cilrd ;$rlJ 

"orga:sr~izatir,nal" i>rublcrni a n  rhrt ot l~ur  Gdc, F t ~ r  
cx;zrnplc. a clirr~r in thc impravcn~car priyr.am for 
an en~pIa~mcr l t  scn*icr. ma?; list "i do Sadly 111 0r.A 

inrtnrlcws" +iJa pcrsunal prohlrm j l r d  "tht.j<rL op- 
porruiliry lisr cornea too latc'. dn c ~ r s m i r ~ r i ~ 3 a ~ ~ !  
problcm. 

2.5 Let thc nlrnlbcrs i i r  ideaa silently for jrboot 30 
rub1lItes. 

2.6 Record the ;encratrd ircrns on .i f l i p  ~ h d s z  o n r  

for r.iclz subgroup. 
7.7 Using the Iriomind Graup Technique ral~kosder- 

vosing procedure. sclcsr the rup five priority 
i ~ e m s  on the flip cham 

2.8 Expbin rhar some members will participast fur- 
rhcr in dcvcPopmenr of she progdm. Have rhcm 
select three or four represcnmrives. 

3- Generare program ideas. 
3.1 Identif'!: cx~urnal  rechaical and 0r~mizariun.11 cx- 

pcrts whose skiiills rclatc to the Iisrsd priuri:? 
items. idcnrify inscrnsl experts &om chrt principal 
orgmizstion connrcred with hplernenration ui 
shc program. 

3.2 Arrange 3 goup meet in^ to include these expcrss 

and rhe group's rcpresentarives. Explain Nominal 
C. oupTeshnlque to &em. 

3.3 Peeparc and display rhe liss of priorir?. problems 
gnerarcd by the client group and explain each 

item. 
3.4 Instruct the group to pteparc a Esi of sohrri~n 

compone;zrs and the resources required ro 3mnp3s- 
mem thcm. The Inst should 3c in two parts: 2 ,  
shose items currendy available and easiig procercd 
(written on one side of  an index card). and 2) 
rhose items to be developed Pmitten on she ocher 
side of &e card). 

3.5 Allow the members rc write siLnrlp :or about 

40 minutes. 

5. 1 lr.sigo d l v  program. 
5.1 ~kp:ri:r I nirr:ing cr$ tcpcc\i*ent.rrir~-s i:rmn ,Eic:rr 

d n d  rlprrt gr(a!:ph. dc~i,bi~~ik 1?2,dkc~>. .ri:d LT\I*:rTu c 

c ~ ~ ~ ~ ~ F I  iAlr~s .  

5.4 Prczc:xr dez*rik, of alr*rtn,r~ivc- prqrgr.trcas ir,!ta~ ~ c p  -F 
and dixuss thcrn briwt'+-, 

5.3 C ~ J X I ~ Z P C Z  ntimSli~:;tll gruttp ~ t r ~ i : ~ ~  t r r  d t * t i \ L .  .LC fhc 

i 'nn~! dr.33:::. 
5.4 It' ri C G J I S C : P ~ ~ J ~  or ~ i g n i i i c ~ r i t  rugr~'~'IRcIlli i.anad>t bc. 

T C L . ~ V ; ~ C ~ .  rtpc9: L : C ~  J la~ad 5 .J<FL-: 4 few Jc 
1. - ") . 

5.5 The h . r !  5011::~itl)r: 4hi)~dd hr- wtt*i$t ttlrr: SEL .i!l L tlcl- 

ESAXfPtE 

Thaugh P:ogam Pj~n?liian~ ~ ~ c r h o d  B E J ~  3 : t l ?  TCSCILC!~  

bec:i dci-clcrpsd. i r s  :~sc has been rdrird. For c~dmplc- i~ 
was :ksr.d by tbc Ccrvernor's Tdsk Force h;rr Pbnmi:lg 
Hs;l!rh Scmlces in :he Smrr of ki5acunsEn izr 1971. 1r rr.;r% 

~ ~ S L I  uscd by a bc&h pi~:lning d g m i y  in "1'~-135 in IWT3 :%; 

d~aigfl - h c d ~ h  SCTV~CCI' programs. 

THEORY 

Dehecq 2nd Van de Ven : i 97 1 ; dcvcluped che P i u  
gram Ptmaling hkcthob at rhc L'nisecJrv of iVkcunsin's 

Gradustc Sc?~oo! uf Business. The method cscrnds cspcri- 
n~r! ; t~l  ~ m d  5vld research an the use d r h r  Ncminai Croup 
Technique %I phnning processc-s, 

T h c  :cc2rniqnc is toored in empirically derived rheorir-s 
of orp;l:~izarion;ll change processes which ,specif;lc;lily ;id- 



Z3lJ / i'i.ANSIN<i. (:CINTRC)LI.INC;. ANI) EVALC:ATISC; PROJECTS 

Ifrllx-rq. A~ldrl: l... ;rnd V;113 dc VCII .  Andrcw b4. "A Croup 
It)rtlcrs+ Xli*ric! f'ra?h1~?~1 Idt~~tificarior3 and Pro- 
gr.4 TTl p 11 :3 i 1Y s- .' jt91dr>2dj <?!' .dpjdi<'d i3~ i~dt~?d>rd l  

S<.ii.tirc 7 , Sq,vs~nllcr $971 ;: 466-92. 

U>cI'Jccq. And& L., and Van dc Wen. ~ n d r e w  H,'-~orninah 
I;raup T ~ c h n i ~ ~ c . 5  for Involving Clients in Program 
Plenlaing.'" .qcd<dcnr_v t9d .%fcrrrafc*mcrst f ' roc~cdirp  
Au~llnst 1 970;. 

VlcSbcccj. An&: V J I ~  dc Vcra. Andosw H.: andC;ustafson. 
David. Crorrp Ttdc.hrriqtrr $rr Progrdnr P h r u r i ~ ~ :  A 
CrriJc. ;o .t;?nrim'lrl Crnrtp rltrd k'lclplri Processes. Glen- 
ricw, In!.: Scott Frrrcsman. P 975. 

Van dc Vm. Andrew. ;and B)dkecq. Andr& L."A PPanning 
Process for Dwelt~pmcnt of Compacx Rcyjonal Pr* 
p;nms." c;r*dn;tcc School of Businesr. EEnivcrsity of 
\E'jscxmsin. 1 972. 



IDEALS Strategy 
PREREQUISITE TOOLS 1 RcyttLri:~ ib riac aaasr Krcqterora err J<u~nindrar ~ n d  

wc33itnn~131) rhr mo\t i:mpc~r:~nrr crrreditionn ofrunLcrn r t r  
Furdctkm Ehpans'ror. (FEX. p a p  45, and Sysrcnal DcG- thr prurjr;n dr"bip. 

nilion Matski (SDM, page 67). 

USAGE 

PURPOSE 

The IDEALS :Ideal Design of Eficcrit~c and Logical 
Systems) Ssratcgy provides a comprehensive approach for 
solving problems by specifying esrrnss to achieve 3 de- 
sircdfFs?~ctinn. 

USES 

The IDEALS Strategy can be used ro: 
2 )  Design systems and plan for their hplcmenzstion. 
23 Provide a conceptual framework for studying 

problems. 
3) Generate alsernazive solacions to a probltm. 
4) Devebp products or services. 

KEY DEFlNITlONS 

I > An ideal sysrem target achieves the fgnnction in the 
best possible manner as judged by she criteria for evalu- 
ating the system. Such systems typically rcqnirr rhe leas: 
possible cost. the leasr amount of human resources. and 
he least simc wh9c providing mashum benefits. 

SHORT DESCRIPTIOK 

Thc emphasis in rhe mrrhcrduJogy is ~irsc  t n ~  *.why-'and 
~hcn on "how" r h ~  system opcraces. Thr %uancrit,n oT :Be 
sys:rrn is dc:urnnI~~cd by usinng Funsuitrn E~panaitrn FEX. 
p g c  45;: jtnd an it.d sysrcmr t ~ q y * r  UO~DT rlac u~nirs ur r t - ~ m -  

l a r i ~ y  ~ ~ ~ h i c h  m-dl rn=t Ehc gunctiun is devdoprd.iVizl~ this 
ideal syscsrn target ah a guide. altermarit-c sysrcnab. which 
irncosporan r.r.oc5sary irrtstiiaritir.s. arc drwelvpsd which 
arc as close to thc ideal as possible. Onc of thest L, rrccunn- 
mended for hnnnplemenaasiur?. and the derails arc then 
specii-icd using the Sysrem Definition Marrix :,SDh?, page 
67). The process of -mPlernenta~itm is sugesred. rnJ 
measures of rvaiuadon are rsrab!isbtrd. 

1, A kc3' concept is to devdop an ideal system bek r r  
specifying the feasible so8ution. Thus. ~nnovarivc and cf'- 
Cecrive systems arc Iikely to be devePogc2d. rathtr than 
patched up verbions of exisring sy s t em or solutions. 

2 j  Thinkiris is nor imhibiced b!- rhe recorded charac- 
tcrisrics of che current system- The cmp'msk in LDEAkS 
Strategy is on rhe iunrdon of the desired system rather 
than on hprrpvcment uf the curreila 5ysrcrn. 



I,IM1'TATIONS FK;L*RE 1 
Funrriurr Hierarchy for ;13Er\LS Stratrrgy 

1 'TI]!. i g n r ~ c p t  i l j  wfi;tr i, I&.,! r,r z,ptirn.r; nlay iw r ? j f  

I ~ L  i ~ ! :  ?I  rT s 1 , ~ 3 ~  ?cc>plv cr,rnprchc:id .rnd app3y. 
2 ,  *rhr t ~ i n c ; ~ t ~ ~ ~  <); ., \- . \TCIX m.*y TIOI bc c;asiIy idcn:ifi. 

I Funcrion Hierarch? 
. I ~ , ] c .  \C.T !'?311~lli):i lrhpd::>j~:~. r'kX. pX#iJj , .  

UISVUIKEI) INPUTS 

Thc rt.commr.ndarir>n ~ i a  s~lutiun is  r h t  primary uwr- 
 pi:^ Thc rcsomnlcnded systcrn can hc specified in the 
b;>rsn of a Sys:cm Deiinido:~ Wstrix ,SDbt. page 67). Use 
cri Ii)E.L\LS Strategy nfso isskhr into the prob- 
j e ~ i ~ .  

Fl31rt- 1 gives dn csanplt. of a possible ourpu: for z job 
information sysrcrn. 

2. Communicatr job opportunidcu to 
untm ployed peopfc 

3. March job speciGcatioaas \\I<& applicant 
spcci~icrttora 

].C;t;pcaple and jabs mgerbcr" 1 

'Fcaaction level sdcctcd for deign of the system. 
> 

NOTE: Thc Iiit.rdrchS; Eiscs :he fnanctions irom rhe muse 
unique f 3 ~ i i i ~ n  rs: <he top to  he ~ O S E  scnc'nj at t i lu  

'curzf;n~. 

'TRc !I>EALS Srtarcg:; d5,urnc.r :hat whcn dcvcEnping 
. t l r~rn . ic i r .~~ .  r.rratisir?- is improved by iocuslrlg on fmc- 
iiora 2nd an  idea? si:uaria.a rr?thcr chart on thc prablcrnsand 
iinnir-ticans o? the s~isrilag s?.s:cm. The srratcsy aiscl as- 

sumes :ha: F~;rnitic?ns can be cCcarI-j identified f ~ r  all 
sysrclns. and t h a ~  idul ysrcms rrc concci~afric. Howt.t.cr. 
'-id-1'- imphi-s optimization. dnd oprimizing ;r SySFCm for 
1 1  possible cozdiriuns is DOE fcasiblc. hcnce the regwk~rir~ 
cuncrpt. 

METHODOF USE 

CEX ERAL PROCEDLIRE 

1. Determine the function. 
1.1 The function of the system to be developed L 

idcn&'ned by using iuncdon espansion (FEX, page 
45:. A hierarchp 06 fuacrior.~ is developed, and a 

kvsl in rhc hierarchv is chosen as the appropriate 
function for the sysrenl. 



1.3 I)e~crn>inc chc mtrirsnrcs ni crircridi nf chc 3ysxcrn'~ 

cfkctivcncse. Selrc: thosc mc,hsx.J:cs cnm>iOrzcd 
Ilcccssary and impor:ant :r, cnsrirr ihc c..Jimii~;rrion 
of unncccvssar); con~rraint~  and carjdi;ic\ns in ?!?=- 

design. 

2. Uevclop ides[ sysecms tsrgcrs. 

7.7 Firsr. r;.y cfirr;irl~~i;.r~ :he t:lnc:irri> chtr>e~: i:: Sicp 

I to rcvicw tjrc ncrrssisy or' rhc iunction a:ld rcu 

make c c r t ~ i n  xkar only rcquircd S:;SWJTIS .IT< dc- 
vcIoPcd. PTCV~CW tBlr f~ r ~ c t i o n  !ricr;rrr;hy a n 0  rrhcck 
rn scc if a d l f h s r : ~ ~  'usua.lIy higllrr iat~c;iili: lrveil 

may bc morc ajlpsopri;4tc. 
7.1 Identify rcgnl~ri:ics. which arc  :hc prirn.ur~ ion- 

crrt: or I I Y C  mosr f;ccpcnr -h.,ar.aczrri\ricx ( p i  zhc 
sysrcrn. Tht iosus oa rcguiarirics addrc-ssr. the 
consistrnc~. of thc idrdl sir.d~ri.rln. Fr,; cxampic. in 
;I:> irrigation projrrz must c r i  :he dry lrnd is crn rhc 
]:or& sidc of :he rivcr. Thr srp~:.r:i:>- wnccpr 
argu:Yiu for ipo~i:>g th~. opporirc sidc irl iniri;rl pLn- 
nlng- When an cduciriunill syarvm ir  bzin? dc- 
bigned ~ U T  .r rcgi_iu!i \\-bere A srn~Ii pait 1.6 ~h~lr. p o p -  
1ario!r 3s bilingual. thc r ~ ~ + ! . a : i ~ !  cwnsrpt rccasrn- 

mcnds that planning hegin with in..trucri+>~a giri-n 
on??: in rhc language spakcn by rhr m3j1,riry. 

7.3 D C V C ~ Q ~  guidrlinvi  fa^- ~ h c  idr..~] s?sxrfi r ~ - e ~ - r  

based on rhc idrnsii'icd iu:lc;irrr: dnd ;l,gc~*J 2;pn 

mcasurcs of c'ffciriv~ness. For CX;IIEP~~C. 2:arn2 
- - 

p~idc.!inrs dc\-clogcd far t!le dc.+ of .r rCrrilircr 
disrrihution sysrcm ma! br ..lc;lsr i ,~+i:  ui:s;insFo~- 

ration." "mar equirabic disrriburian.'"~:md "lr.2~1 

-onsumption of fertilizer Fcr uai t  of hrrd prqr 
duced." ~ifferendarc hci\c.cr.n the idc;nl sz,nri-p:% 

thar are frssible and rhasc that are nor ixxrrendr 

feasible due r.cl srchnical or rhcorciiia! cunsidc::.i- 
rions. Sdccr o i ~ l ~  rhosc idea? va??lcs ;IT;. 

fcasibt. 
2-4 From rhc guidelines abovc. devr.;op approprid:~ 

ideal sysccms. Seicc~ one 4s :he ide.41 s)s:rm zo bc 
rhc Target for substquc;~~ &sign. 

3. Drvclop the sy;tem Ea he recommended.' 

3.1 Obtain information concerning the questions 
raised during rhc devdopmens of the ideal sysscm 
sarget. Experirnrnrs or anaiytica! calc~iarions may 

he necessary. The purposr is ro deterniae ~Piose 
facets of rhc Ideal sysrem which nerd so bc s1rcrc.d 

and those which cr?n rcrnain as the)- arc. 

* ' f ie idcd ystem targez b e l o p e d  relates oniy ;o uhc rcgu- 
laritg conditions This step takes care oi ?he irrcpdar sotndi- 
rions while staying as close to the ideal system t q c r  as 
po JbL. 

.41a>r~r:;1r ot' cicllirr iier gcceing t-nrtpEPt~cr .anti 
a~plicdnt ruRcr6nsr 

L'u.x>t ,,f ,trtazrging dhc E E * C C ' : ~ I I ~  t.>r ~ n ~ h p i t x ~ c r .  
. " 

f r b r  ~~~~>!i~,.,l;xn;, Eur I ~ U C  ~lg~t~'r*c> 
I i s ~ i o  ~.~i\;tcarlcics ro appbsarb~s 
! t ~ r i o  ui ncnnlbcr job applieana, ~raa~chcd ,cr 

cj  IDEALS (lonccpts 1 
Y d '  . o clay: in Ikdnng Jobs Lor appiisanu ur i 

applica;nrs fir:&ng jobs 
Obzairn sonnapOctc spc~iG'ls~dorr of appbcanr i 

,$i!Ls- 1 
Obsain cowpk~s spcsiiicrnrion of job acquirc- ! 

men% " 
A31 jobs Incrve broad specificaoions 
A11 npp:icacnts Inavc a~~r:rtab!t. skid1, 
Xfl inrcn.icr*-s resuI: i s  jobs 1 ; 

c;;ilcnncics ..sire reported I# 

.Itiain~um ufiore by X ~ ~ C L "  in s . ~ l i ~ i t i n ~ ~ b s  7 
Minimun~ rf;for: by service in findingapplicar;ts 

I 





3.2 Idearify alternative sysrcmr. Group puoccsscs. 
such ss Nominal Group Tccfir.iqac !NGT. pagc 
14). may bc u~~d-Sekcdsnga fcaiblc sysrcm slox 
so rhc ideal targti invo4vcs predicting how. the 
system d1 pcrform as well as coaloasing and corn- 
paring difcrcns suggesrilons. 

4- Rccornmcnd impicmcntarjon procedures. 
This SEcp may involve tcszing she cffccrivcncss of thc 
system Training pctsonncl may 5 c  rcqcked. EsrablisFi 
pcrforrnancc measures for zhc sysrcm and guis3dlnc.s 
for fururc changes in crdcr so cfSccr angoing improve- 
ments in the system. 

EXAMPLE 

Dcvcloping an employmcnr scnric: in 3 region whew 
unempioyment is high is discused in Function Expansion 
( FEX, page 451. The funcS:on hierarchy dcvcUoped is given 

in fgllrr 1. The fslnsrioln kveI selected in step 1 is **to get 
people and jobs r~gcther." Thk sckction dews mashinrami 
flexibity in generaring rlrernativc ideal systems which 
achieve 533~: function. Cdreria for evaluating the sysrern are 

given in f;9.sc 2a. 
In step 2, rgnlarirics and csceprjons in shc system arc 

identiGcd (see f i r e  2b3. A goup prtpccss h awd to 

generate the critcria and rcgu4arisics. Guidelines for idcd 
systems are developed and &zed {figure k]. Ideal 
systems as t a r g t s  are &en developed. From she kt of 
criteria and regularities, the following target systems are 

identified: 

1 j Sysrem to find rhz maximum number of wacaracirs, 

2) System ro assess makerable skills ofapplican~s. 
3; Syssem &as eliminates in:tcmkws. 

The first two farget systems reflect  he necd to %ikfy 
criteria. e.g., having a high ratio of warsncics rcr applicanrs. 

The third syrtcrn bppasws the tknnmcriarn RtTcl "-gt-orbaag 

jabs and prt>plr a~~cthca"  to ~rrivr at xhc* ft'nlna~r ium 1cvc.t 

'.fil3 vacrancics" in rhc function hicnrch). That is, chr iidvjE 
sys~cm far rhc fwernca;oan kvc! ~Ccecd. '-get pcopilr. .md 
jobs sogn,ct"ncr." mJy bc .I sys:cm which .~ccornpiiche~ I ~ C  

higRcr funstinm 05.-fiEl vaczncics" .J> ~Prnrvn in t<;ig:rr 1. 
Spszcrn 1 is wlccocd as r.urscr >!srcm. Put e l t  tihis 

sysrcm is anaahcr syscsm %%-hcrc L'i;a&mal~rinn ahma .nc.mi~- 

abl[~' jobs E obrair~ed. A puu!bn~i~~p saatcnr dstini~ioar 
rnrsris ,S;DAl. pge  67. parth11y rpe~tfic:. :h~* E;'asihiC 
sy""" ;f;igurc 3," 

An cxample of applying th*  srr~trgy ttu iisafcrrm.%titrn 
system d~sign is dmamcascd in Nadirr ct 31. 1975;. Oaber 
ca3rnplr.r may bc h n d  in he.,lr& r.dac*tir,n and Zndul~~aiilU 

THEORY 

Tlnc IDEALS Srraecgy -s deveEoped by Nadler [ I  967) 
and has "ocn used extensively in industry. cummzrrc. 

p~blic >ruviic aF~rrcic~. and goveaaamunr. A dct~ilrd dixob 
siora of the sraJrcc;;y is given in N d c r  ' 1970). 

NadRcr. Gerald. lh'urk Sysrerns Uesigrr: fir IDf!.ILS Cow- 
cepr. Hcamrw+.ood. IIE.: Richard H). Irwin, D 967. 

x\;der. Gerald: Johnarseon, 4.: and l~aiEej-. I. Des*n COPE- 
C ' ~ J $ S  for E + ~ ! I L P ~ ~ L T I I  S?s$tvt:s. h1onogr;rgh ~ r i c s .  

Cnmputcr m d  Information Sr srcrns Division. A1 f E. 
1975. 



Planning, Progra 
0 

lng, 
and Budgeting 

PPE may br. usd LO: 
1 ; Plan a progranl wizh c a x ~ ~ l a a ~ i s  c311 its: gwals 2nd an 

iloav we19 rclch ;tlxzn~azive 3nc.trx rhosc goal. 
2 j Pwparc a bu+t sr~tc.m+nt 531at Ksss s?.pc'n6iii~u~&-, 

d33d C T ~ L I J S C Z ~  OUIPUTS A L C U T ~ ~ L ~ ~  3 4  g ~ b ~ L .  

3: C l ~ u i . ~  (rum nn.uq w.ucral p ~ ~ j c r w  ivliicii nrcsr 

prry.raln gods whcn rrsoulccs arc Enfir-.d. 

First. rh;~ N,~,'U~X-:, p~uj> d' J ~ C L  J ~ U ~ I I C ~  arc dslimcd. and - - 
rhcm prog-dm% drc dcvc:.ilopr.dl ro weer the guDs., Thsn. 
~crclninii~ue* Gfr.  bW~.$r-B~~?y-liijjf Analp 5h 'CIEA. page 31 2) 
~rld Coar-Edfeisi~cnc* A:.ndyBs rCEX. pslg 219) may br 
nw3 ra dcccrmfnr rhc ~P,&>U~CC cc?tjr> and 1hc pro@t.c~ed 
oarpots :;hcncGrh. of ahs propam. Eaimarss oi fewre 
rewurcc co5zs aod wi:pua ;are ,pecuGed. This infwmarrioln 
i, rhL-.-n included ia ~1 budlgc~ ~ntcrncnr wirh ehs pnerpmo 
a,lrnngcd by polliiy gold>. BPcci~ien~x betc~ccn a!cern;rtnvr 
prFq;Pm~ may ix E ~ J ~ V  h3td 003 ~ h c  pLnmi~np. prc1:pm- 
rnijrg ~ n d  bu.dgc:ing e m l s  and A cas:-brraciir annalysk. 

I S  PBE rr.preseSenas ;?l cr;ans%ormadon 00 budget pBanmiag 
bsar4 re.souuc~i.. a;td input  rcq~ircmencs: PO &~ncriaffi- 
ostrpur u n ~ n r ~ . . d  bu+e~ pIaziak~ dzd dc~isiioin nnnahg- 
T h i  rppmacl: lnrs adt;unugcs k r  govrmmcnr budget 
;tfid!-sk. R~wuaio.  11ecd3 irc not merely lkrod under a dr- 
pd?TE11C!3? hl~4dhg: th~"?" g o u p ~ d  by prOgrdmS w!~WC re- 
quired. Thii dEoa*s r dsciaion maker ru eu.Juarr. t h e  coro 
~ i t a c 1 1  prcCg;lm iax+v- lil~ldaivr' to O V D Y . C ~ ~  g ~ a j s .  

2;  PYB d190\\-5 fhc decision nnakr~ e 0  re(~aluaee. UPI- 

!g~ing pru,g. ~ n ~ s  ezci:. buJSc: year. Aurounnotic concL~uatioan 
of R:~&rrg is 1cs3 likely. duc ro ahu improvcd Ledback of 

pertornn~mcr. 



difficul~g in  rcrching agcrntcna. ahc GnaJ A r c  udtc~r DEXKIPTIOS OF TOOL 
too gcncr;rl to bc uwd :br ?cvcloping or cvaluadnp pro. 
grrnls. 

7) The nccruary dau coUccrion t zimc-con~maaain.~.- ln  IZEFINTTIOSS 
addirfon. m a ~ y  dcckian maLcrs icd ;ha; zoo maclt infw- 

1 A :;I~>gW,t?k &;.ft"$<Jry i\ r *I;S$CIIPI EJFCgtWF L U E ~ & I  
mation is prcscnscd for tffeczi\'c cvduation. which 3pcrit'lc ~:;ojrcts. or ~ U O ~ T J P I I D  mb ~ J T C ~ O T ~ C I .  Jqr 

3) Many vdriablcs. ~art icnlas i~  d:c ourputs.cannot JcGvbVC']IUPcd: t.g., dpve]IoPnlent oZ dgri,crlrrrrs oa )acdirTe 
adequa~.;ly yuansificd in d ~ n i h m  uniz ~ C J S U : ~ .  In s r ~ s L 1  grviccs- 
programs. shk L opcciall diffieulr. 7 h prqydttr nrb-c~~t:pry rocbqr t t b  ~"nc zpcril~b 

4 )  i t  ir diifjcuh so show t l ~ e  rclrriu~uhips of program _,j,, c o n s i ~ c r c ~  r posr&m caregr! : c-s.. 
componcnrs XU marc shan orrc godl in slnu bwdpr s ; ~ : c -  su$-cl;c~~rry of agieuOeucd Itlc~eIu~trnnrr; ~ l s  ir? 5r id wcd 
ment. 

5 ;  Tlre PPB approach gives she wks of program 
drvr;iopmcnr ~ n d  cvalua~ioa ro r l l t  u m c  dtcisiu?.; 
n~nkcr:.a;. Hcncc'. o s l ~ p u ~  measures moss idwurdhk 10 uhc 

program evaluarion can bc xlccicd. 

REQUIRED RESOURCES 

LEVEL OF EFFORT 

PPB IS a comprchrnsive plmning rrrhaiquc, rmJ nnorc 
effort b required A zhc complcxisy oi zinc qrtsm ir?- 
c r e a s .  Decision makers w%I adrsn be emg+ in 4 c m -  
Einuous cfiors zo define p a & .  deucUop progu.ms. *~nd 

r Ils OSSC'*- evdrare cosa and ouspub. Whcn ehL irappcns i- - 
%try zo coUec~ dau on cros~s and uutpuss lor  rtne ncxr 

budge: szascnncnt. 
Son~rwha~ more e f h  may bc required than sintnpls 

badgezing and bookkeepin$: I~o~vcver. PPB may be con- 
sidered m dremarive ro norm4 budgeraa)' ctanrrol. 

SWLL LEVEL 

Thc user needs a knowledge ofsysrcms aaslysk rccltn- 

~Gques EL Objecrivc Trees ,OBT, page 49: dand Cosr- 
5ncf:r Amlysis !CEA. page 212). Skdls in acconncing 
merhods and sosr &la callccrion ma:.. dso be nrsessar?;. 

TIME UQULRED 

Time required depends a n  the coanapkdry d rhe sys- 
sem to be planned, programmed, and budgeted. Pn many 
agencies. &b h a con6nuous process. 

SPECIAL REQt'IREhiEhTS 

A PPB system may be done on a computer. as in orher 
cost-accounting sysrcms. lap Bare organizatiom. com- 
puterized hta-hamding may be cssenrid for eifecsivt? 
planning, programming, and budge-. 

dg?*hvn dcvcilopirmg and aneaum;nblr objrcrivrs, tiuc 

ageracy or unit respoasiin$l[r irar gknning mubt umdsrstrrvJ 
uluc c.rg,~.gnsuiz~riwan\ puagcw and P:ww cr~alrr  rrgcn~icr ~ ~ > p c  r 

arc within rhe oaganbrrdunn. 
P;nowMng il~r rcsuurcr r.--;;aksmcno* and she rcsumneo 

.arada$L and having access :a cost &U are E P C C ~ ~ ~ F ~ ; .  

FOUL OUTPCT 

PPB ashnrnrs tbar weilPdcGaed gods cam h agreed 
- 

upon. Using ambiguaw god saatcmennes weakens &r plan- 
&g ~ ~ Q C S S S  and ohc aERempES ro nleasuae prugam result% 
versus program 

The results of a program must be measurable. However. 
- .  

in social pmg-s such as hedoh care, measuring ETRC in- 
=eased he&& level as I resuh of h e  program m y  be diffi- 
cdr, if nor: impaaibIe. Yce, zhe planning process s u n r e s  
char the t'ueure output of a p~ogam can be adequdte:~ csti- 
mased- 

A project leader. or agmcy hcad. muse conmibum to 
&e preszaimciom afwrBBdehed g& for %encry prog-amx 
and rhe cvdua5on of pog3m ~ ~ S U P I P I E S  each budglrr yea. 



METI-IOI) OF USE FIGURE 1 
Gcals and Progsamr br rhc F'edcra! 

I;INEKAP. PKOCEIIUKE Economic Dcvclopmmt Admiaktratiorr 

'Thc i>ruccdurr ir Jividcd into thrcc 3tagC:~s: 1 j plantrisig. 
2 ,  daisiur~ 1n;rkin&irnplc13acntatio11, and S j  rcvicw. 

oai: Economic Dercloprncn: in Dc- 

Pbnning Stage 
1. i)rfitrc the of dic orgaaization or inairutian. 

3.1 I)ccuminc Jlc typc of progsms to bc dcvcloped. 

aid taclp cvrluatc tbc rrsalrs of ~l lc  programs. Gsc Progr;ru:,~ Categories 

trcfiniqucs wch ; ~ s  Function Espansbn 'FEX. A. Educatk~n 

p a g  45;. (~bjccrivc Trccs (OBT. page 49;. and B. Public W.rrLa 

Intcnx Structures: (INS. page 55) ro idcr~eif? C. Buiness Loans 
D. PSa~qin~Grir~os 

1.2 Inizially, state gods in broad turnts. Then define 
csch p h r a ~  in shc g ~ a l  sta;cmcnc in more Bca;uil. Program Sub-categories 

(for Progmn Category R) 
3- I>cve?op programs to achieve ~uaIs. B. Public Works Projects 

2.1 Gatllcr relevant inf'orrnarion. Pragranm devdop- 1. VatrriSetvcx 

rnen t rcydrcs extensive knowledge of the rctevant 2. Ilmdustriul~Commw~L1 
social and economic systcnn and of the lparrkuiar 3.Odre.r faciEitirs 
probtem zo be sawa!vc-d, A wide range ool inlormasion 

~.ar!rcrin~ may firrr bc rcqaired. EspBor~ S;ICOTIL.S Program Elements - 
0x3 t l ~ s  subjcc~ and intcrv&w espcres. Orher tods. [for Sub-Category B.1) 

s11c31 as Delphi {DLP. page 168) at Norphriogical A. iVateriSewrr Eanghecdng Plans 

Andysis (MPA. page IOj, may be usclt:;:i. B. Conrcriucslorr mareriai 

2.7 Use r!lis infc-mutior. ro d:v+lop pogam shae C. Canserncc~osa bbor 

promise to schicvc rAc defined goals. L i e  pro- 
p 3 1 l S  by ~ y p e s  into dii&crrnt proxrma c~t~=gories. 
When a proiffam i~zvolves mere tharn onc project. 5. Evduate progam categories for rub-categories). 

TO-q rdm ~~~b-cdregorius 4 1  ?x necessary j x c  5.1 Detcmbr ahkh program provides the most our- 
figart- 1 ). 

puts lor the bast cost enring cost benefit andysis. 
2.3 B r c ~ k  rhc progam cafegorii's or s~b-categ~ries 5.3 Dercrmhr which program best meeE the gods of 

i n ra P ~ ~ M N I  P ~ C = I ? I C ~ ~ ~ S ,  the xPccific r~',ource.s the agent>-. This goal-related critcpion for evdua- 
rlcudrd ro carry on thc prugaan. aion &itinnpishes PPB from a purely econo~nic 

analysis :as bn ccost-benefit malpsisJ. AP&ough a 
3. Estimate ~iccded rcs~urces (inputs). number of programs ma)- have a favorable Bene- 

3.1 Estiniate the cost of each prograra element and tit-cosr ratio \see BCR. page 1941, s m e  programs 
determine the average cost per prOject. achieve the statedgods Better than othen. 

3.2 Discount all future costs to h e  present for analysis 
and comparisofi on the same basis (see Discounr- Dccision Ahiiix@lmplemenfarion Stage 
ins. DIS. page 184)- In the deckion-m~kn~hp1ementaeion sbs ,  the in- 

formation from tPne pPana&g s- is preenred to l e  Ad- 
1. Estknsse outputs and benefits for each program &on maker. The infermation d inch& the general and 

cstcgow. specific goals of the agency, possible prop- categories, 
Dcrerminc a unit rncasurc of she outpuss. For ex- subcareg~ries and program elements, am analy&ofpro- 
anpic. an education program cartpry  requires a unit gram costs and Benefits, and an evdnation od how she prw 
rncasure to C S ~ ~ J ~ C  the value oFa college education. gm. outputs achieve thego& of the wncy.  
u.g.. dollars. number of persons receiving a degree, or 

1aimfibr.r of graduates rrnpioved. Information on 6. Select pmgrsn categoriesd dements. 
rncasurins outputs {benefits) cars bc found in Cost- 6.1 Evduate the above infomdon rnd d e r e e e  
Benetit Analysis (CBA. page 222) and the Logical which projects and programs are to be bple-  
Francwork iLGF. past 25')). menred. 



5.2 Scr griorirics and. if neccswry. defer implcrncnra- 
tion of some ?rograms :o tllc ncxt ycar ' , c ~ . .  if 
rhcre arc budgt conssraintsj. 

Review Stage 
7. Monitor outputs. 

Once rhe program is fuazadcd. sct up a mechanism 
to measurc program outpus. The unir mczsswcs 
ilavc bccz rstab1isf:cd h SEEP 4. SOP systcrn of can- 
tinuous d a ~ a  coflection 4s necdcd. 
Detcminc rnultipIe indjcaaolrs which may bc u s -  
&I in reviewirrg program outputs in ordcr to ~ ~ i f y  
c31e results. An indicator will widom cover a11 ous- 
puts. These data will be used to evduatc she a c e d  

r c ~ 1 i s  of tihe program md will be used in future 
badgcs analysis. 

8. Develop a comporet model costs and ourpuss 
{optioslaO). 
With the information g+thcred in steps f-7. a computra 
model can be devdoFed to crthaac changes im thc cost 
or ovrpua data ar.d so help cvdnatc C~llmre program 
changes. For a more detaged dixussion. see Tenzcr 

(1 969). 

EXAMPLE 

Fhc gaalls arrd programs for a WB s)srcsa for rhc 
F C ~ C P J ~  ECORO~FIIC I I ~ ~ e S o p m c n ~  Adrn;raistroelon arc givca; 
in figure E . The program b broken dowa into four prupam 
caccoricr: rhc piiblic works projcc~ is divided into chrrc 

subtategorics: and prugam cEcmcnes for the wxrcrtscwcr 
sub-carcgosy are shown. 

Figure 2 presents an ;mdpii;s uf thu wcernd a ~ d  third - 
prqrrlm categories- The specific gad of creating jobs h ~ s  
becn cvaIuased. Pawam d~craacirc &. Public gVl"orks Yrtr 
jecs, cacarcs more jobs than alacrnativc C. Busincw Loans, 
but ac a parer  cast of 52,000 per job. Most ul' rke jobs in 
altchnarkc Y; will 1st only as Eong as the projecr irsclf- Etn 
ai~cmnriars U. morc ol  ~lh~.jobs, shaatld be for dre life of rhc 
busbcss. 

Anoohcr hposrxnt erallnaiion criterion concerns wlbo 
\will rcccivc she basic knetks. AErrrnacivc & dioinguishcs 
knsfixs to many rcd&nncs in tbc dcpxemd Area. p;rr;ico- 
lady brcacsc of a31r watedsewtrr projects- in rltcrnarivr. C. 
she bait b~msiness loan is ;r direct benefic :u only a mull 
gwip csB buuimcss people in rhc community. TL indiect 
knzfics :,incrclased eas bast an!? ?ong-term cmpiopmenrj 
\were ~alr?.?; srhsnwd. h d~kexaxnpk. 

Ilirenaziwe Ps- B: Pubic Works Project 

1. Watcr]Sewer 

I 2. IndustriaPJComm~rchl 

3. Other fa&ties 

TOTAL 

SOURCE: RaYmand H. bQkman, et d.. Alhiuring Ecanornic Dirtres Evalu- 
ating a Federal Efjort (Lexington, Mass.: D.C. Heath and Co-. f 97 21, chapter 7- 



240 1 PI.ANNIXC. CI~NTKOLLING. AND EVALUATING PROJECTS 

!,Pi: was osigb~ally dcvc!ops-d by tlrc cxecntivl- branch 
UC rhc U.S. Fcderal (;ovcrnmcn: tor a g n c y  bedgcs prc- 
paration. It  s ~ c n r s  from rhr applirarion of a systcms ap- 
pro,icll 2 0  p1~11ning and managcmcnr. Thc first task in fbc 

curlvcnzional syszcnas mtdysis strategy is to identify ~ b -  
jccrivcs. zhen to find aPtusrrasivc Incans for achieving rhc 
dcbircd cl~cla. TIlc 3)ratcms ar,slysr tincn dctcrmincrs aner- 
sun-5 to c-valuaoc ihc alrcanasivcs and rmLa t31c alternatives 
r~crrrdi;>~ ru thcir rfActivcncss in reaching desired goals. 

A systems approach rncrgcs pldraning. hplcrncsa~stian. 
rnd cvaluasivn p3~a~3 in a camprchcnsivc sysrem dcsign. 
PYB rcprcxnts onc manifcrrdon of rhc applicaeion of 
rhia 5rratcgy rrr public institutions -primarily shc Depart- 
mcnr of Dcfcnsc. i r  a P X D ~ C Y I ~ T  appcd co ccnwalircd 
decision ~naLsrs kcause of shc appearance of increased ac- 
cuuntaKii~y, thc ijlaplicd rcorg.mlrrion along funcrionai 
lines. and rflc image of scienrific -'sysrcn~a" sopiaissirarioa. 
Thk laster pohs is 3Iur;traicd by 111c mend toward auto- 
m ~ t h ~ g  PPB accaunring md reportkg prosu&res with 
comprc:rcnsive raanagcmmt iniormatiorr computer sys- 

I C t l l l .  

i r  is nut clcrr, howrvcr. whcdler PPB really works as 
in$cndcd. Thcrc L considcr~ble cvidcncc :for she reasons 
cited in Li~niurionsj rhas is .doc> t ~ o z  (scc Caldw~rtll. 1953, 
and Huus. 3 973). Ncvcrs!rclcss. is b an impoxrant tool to 
nndcrsmnd because ir has b ~ c n  widely ~c113llhrd :see 
Hinrlsbs, 1 'Jb9: ~ n d  becaussr it illusaates Inany dspscts 
of rllc system* ~pyroash. Tbc caution far analysts and 
dcclsion mdL+-rs is to be sLprical of any such system 

! i~ ls ludin~ znanagcment 3nfornlasion systcms) unsi! it is 

tested and cvc;lluatcd on irs own maits. ratha than on 
111s b ~ s i ~  of unsubsunhtcd c h i s  and proan;kes. 
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Critical Path Method 
PREREQUISITE "COOLS KEY DEFINITIONS 

Nonr. 

USAGE 

PURPOSE 

I An - r c t i r i ~ ~  ib dan O P C . ~ * ~ ~ C I P P  witin a we!' dctincd bc 
. . 

~ I ~ I I I Z ? ~   and end. r ~ l d  J bpcciLic pu:pur- Svrnc r \ r n a ~ ~ 2 ; r ,  

arc PREPARE QL'E5TIONNAIKE and MAYL QVES 
TPOXXAIKE. activitis, which airy br ne.cr-,Mr): ro corn- 
pfrrr A Sun-c)- .SVY. pig 36.. 

2, x crisic~l clctirirj L an activity wlh~ch. i i  nuE corn 

The Critical Path hlerhud ,CPM) is a ncnvurbing r r ch -  
picrcd un time. \\-ill del~:; ;he entire project. 

3, The crinized p ~ u J t  H rhe sequence of critisvl rctivitics niqxc for planning and managkg projecrs. 
itornn projrc~ I P ~ I  IO projc~t iinish that dsrcrnlinmr rhe 
&orasst projrrt dur~fion.  

USES 

CPM aids in planning and managins rhc excsusioav oi 

activiries in a project where rhe acriviries must bc per- 
iormed in a spcc81cd sequence. CPM; 

1: Idcnrifirs critical ac~ivities which rcyuKe spccial at- 
rcnzior? from rnanagemenr. 

7 )  Assists in esrimaring the minimum rob1 t ime  

needed to cornpicre the project. 

3) Gives the times activiries must bc scl~eduled 
tocompfetc the projecr In the rnininlvrn rime. 

4) Serves as a pllrnning and management device to 

cammunicate comp!es procedvres ro staff and gunding 
sources. 

5) Facllsaecs the consrruction of Ganr~ Charts (GNT. 
page 252j. 

SHORT DESCRIPTION 

Thc Critic4 Pash MsrErod bsgiils by describin~~ thc rc- 

rivicks acccssar?- EO so~nm~lers :he prujec~. Thc time re- 

yuircd to complecc each activity is esrlmarcd. u;nkig into 
considcrarion rhe tcsources avahble and thc Jcsivrd ~ L T -  

hrmancc sgcs~icat2unns. Arranging ranr rrctlvisics in a nrz- 
work shows the logical sequence from smrr er, Finistr ,see 

f i r e  I I. The criricd p ~ t h  thruugb rbc network is corn- 
pueed by deserminning tl:e acsivivneier which arc critical to 

rhc timely completion oi the projccs. From riaex cakuh- 

siocs, the total time ~erded 5 0  C O I I I ~ ~ C ~  rhr: project may 
be estin1art.d- 

The Csirical Pat11 Merhod can bc owd during the man- 
agnzen t of rhe project ro direcr arrcnzion and rewurscs ao 

critical perfuommcr aneas. 
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ADVANTAGES 

1 )  Uskg CPM for a project promotes advance plan- 
ning. 

2) CPM provides ;r concise framework for an ongoing 
review of grojecr progress. 

3)  The visual representation of the zotai projecr cam- 

municates effectively to line pers0nr.d. i~ndizg agencies. 
and other interest groups. 

4) CPM idenzifics those activities that must k com- 
pleted on t h e  in order to end rhc projcct as early as pos- 
sible. Extra atsation can be devoted to these critical ac- 
tivities, or resources can bc scheduled accordiagly. 

5)  Using CPM Zreque;rdp results in a sipscant reduc- 
tion in project duration by avoiding unnecessary delays 
(Moder and Phillips. 1954). 

LIMITATIONS 

l j  I t  is necessary to est-mate in advamce the cxacx 

nature and timing of each activity in the project. 
2) The fact &ax most activities may take less rime 8 

resources are shifted from usher acdrities is nor aeated in 
the critical pa& cafcuh50ns. 

3) CPM does not cons'rdcr additional innfornation that 
the project manager may have. e-g.. tine relative skidl of&f- 
ferent workers or rh~e expected delay in procudqg same 
resources. 

41 Ir is redious to m m d y  analyze a CBM network 
conminiagrnore than 50 activities. 

5) CPM does not consider pLrrning projects when 
shere is limited avahb'ility of a particular rcsorizce. Gantt 
Charts (GNT, page 252) may be used in such cases. 

REQUIRED RESOURCES 

LEVEL OF EFFORT 

Drafting a CPM ~erwork for a k g e  project can be a sig- 
nifrcant undertaking. However, when activities are identi- 
fied during the planning or budgering stage of the project, 
the CPM network may actually provide a &arnevr.ork 
which will reduce the total phnnilg egfort. 

I t  may be necessary to update tlre network during the 
course of a project. Thii may be done on a weekly or 
monthly basis depending on the mature of the project. 

TIME REQOlRED 

Thc t h e  reqaked &pen& on the number oiactivirkr. 

zhc decision maker's familiaricy with the prujccr and chc 
difficu1:y in getting accurate data esrirrlarcs. Conrhrlnc tiurr 
of che CPM nerwmk. analysis of critical activities. and 
computation of mi7hum toea1 projcco cit.tr: rcyuirc oanc 

&y for projects with less than 50 acririticr. 

SPECIAL REQUIKEMCIEkTS 

O n e  index card lor sorncthingsimdar) fc~r tach activity 
is needed. Lzgc sheets 06' papa may be needed to cun- 
struct the Cf M n e w o a k  f ~ r  2 large project. A cl*lcuLtur 
d l  be usePuP for chart compuearions. A computer is dr- 
sir:blr for l~arndlirrg lag project nctworls. Many CYhr 
computer programs arc available see Nodcr and Phillips, 
196.9:. 

DESCRZTION OF TOOL 

13 The durilrion of an ncrivity is rhc rstin~atcd time 
n c e h d  to perform the activity. 

25 The predecessor activity for an actit- it^; must bc 

compIetcdbeffore the htter can start. 
3; An immediate predecessor of an activity is any 

other acriviq that irnmediarcly precedes it and which 
mnsz be complered before the activity can start. 

4) The edrkst srrtrt {ES) of an acriviry is the earliest 
rime (measured &om the start of tine projectr when an ac- 
~\.ity may begin, assuming that all immediate pred~cessors 
are completed. 

5; The earliesr$in%J~ "Fj oh an activity is the sum cf 
its earliest start rime ant: duration. 

6) An inrmdiute successor of an activity is any ac- 
tivity that hmediare?y focrPBows it and which may not start 

u n d  corn plerion d Jle acriviq-. 
7') The IhtestfmiEXz iLF) of an activity is rhe latest rime 

(me3sured from the start of ihe projecr] when an activity 
may be completed without delaying any immediate suc- 
cessor is]. hereby delaying completion of tRe project. 

8) The latest sterr (LS] of an activity is its latest b i s h  
sirne minus its duration. 

9) Slncfc is the amount of ieeway atlowed in eirher 
starting or complehg an acriviv. SLck call be computed 
in two ways: 

SKiLL LEVEL 
Shck = LS - ES 

The calculations on a simple network involve no more slack = LF - EF 
than simple arithmetic. For larger networks. rhe d c u k  - - 
dons are no more complex, but meEd bookkeeping is im- which is simply the differe~ces between the Pacesc and 
portant- earliest starts [ 11 or fiishes [Z j .  
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10; A lnilcsrone isa point in time ;speci5'7: ciate) which 
rnarks zhc ;ampIction of a sequence ofacciviriec ar :he be- 
gifining date for  subwijncnr activities. 

Tire CriricaJ Path Method requires knowledge of the 
project objectives. and the arrjvitjes necessary ro achieve 
tlicm, in order to cstinlatc  he duration of thc differens 
aczivitics and consaucr rRc sequence. 

TOOL I)UTPUT 

The CPM gives the minimum total projecr duration 
based on zhe identification of the cr!tical path. Tihe critical 
padl calcwhzions dererminc the leeway in xheduk,rtgeach 
activity: the time inrema: designated by thc earliest and 
btcst start rimes and the carlicsr and latest fimish rimes. 
This information eaables :he project manager to deter- 
mine scheduling ptiorirics and concentrate etforts on the 
critical acrivities, rhose actiaisks which have no scheduling 
Lew-:ig or slack. 

The CPM i s  the f i r s t  step in preparing a Gann Chart 
!,CST. page 753) for examination of any potential prob 
Ienls in allocating resources to the project. 

All actiuities necessary to complete the are 

known during zhc pla~ning p h a .  A1Z acdviries iden&~eed 
4s necessary must be completed. is.. there is no prohision 
f o r  altrrn~tive choices of action contingent upon later in- 
iorrnation or ai i ions beyond she conaol of project p h -  
ners. One may prepare alternative networks 5or each con- 
ringency \see Uondngency Analysis, CGA, page 147). 

The time esrimares Ccr each actitiry ate determinate, 
i-e.. W M  does not permit variarion in estimating duration. 
The duraricns estimated for each activity are assumed to 
be indepexdent of rhe orher activity jluxacions. Kesources 
rrqukrd so complere any acrivicy are nor constrained (see 

Davis. 1966 j. 

METMOD OF USE 

GENERAL PROCEDURE 

Describing nem-ork techniques may be complated, 
depending on the level of abstraction-This procedure is an 
easy approach for relatively simple networks: theanalysis 
proceeds directly on the network. Other procedures which 
use a complex notation to represenr h e  activities are not 
necessary udess she procedure is to  be -ed out on a 

computer. 

I .  Identify and list dl activities necessary to complete 
the project. 
1.1 Briefly describe each activity in the center of an 

index card (see figure 2). 
1.2 Examine tLe activities and discard or modify 

any whih  are too derailed when compared with 
the othm activities. 

2 -3 Give each activity an identifying number, e.g., 
10, 20.30. ctc., leaving inoemening numbers for 
activities which may be included bter. 

2. Estirnare the duration of each activity. 

2.1 Consider the normai Bevel or' resources available 
to complete the activity. 

2.2 Consider the &sired specificario~ for the ac- 
hizy 3"'s performance. 

2.3 Wdce the dmrarion at the bottom of each ac- 
miry card (see figwe 21 - 

2A List rbe activhes and their durations (figure 3). 

3. Draw the project network. 
3.1 Place the activity cards on a large l e e t  of paper. 
3.3 Arrange the acrivities in their ]logical sequence 

Srorn left to right, and fasten che cards to the 

pape:. 
3.3 Use arrows eo connect each activity to its Zm- 

mediate predecessors and immediate successors 
::see F i r e  4). 

FIGZr'RE 2 
Activity Grd with Lacadon of Notations 

Milestone Acth-iry 
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3.1 Check rIlc ncrwork for tile logical consistclacy 
of activity scqucnccs. 

3.5 Entcr each activizy's imrncdLtc prcdcccssors 
and successors in thc table (figure 3) using their 
identifying numbers. 

4. Identify the PROJECT START and chc PROJECT 
s m .  
3.1 if t h e  projccr begins with ssvcr-al simulrancous 

acsivitics (each having n o  Immcdirrc prtdscrs- 
sors). then place a PROJECT START card on 

thc network and conness i r  with arrows cu these 
activitks isee figure 1 !. This ac:ivir)- has 7crer 

dnrarion. 
4.3 If rhe projecs ends with scvcsal simuPraneorns JC - 

Tivities !each havizg nu irnmrdiarc successors . 
thcn phcc a PROJECT STOP card ua rbc ner- 
work and conncce is with arrows so t h c ~ c  a~rivi- 
ries. This activiry has Lcro dnra tion. 

4.3 .%sign a reference rime of zero to ~"n Cesiscd 
srartingdarc 9f rhc psojccr. 

5 .  Determine each activiry's earliest starr iE5] and 
earliest finish (EF). 

5.1 Begin with PRr3JEC"T START and work for- 
w x d  through rhe ncrtvork. 

5.3 Set chc ES for %hi: PROJECTSTART cquai ru 
zlfro. 

5.2 Cornpine rhe EF for each activity by nddingrhr. 
durasion ro irs ES. 

5.4 For each sequential acrivirt; wirh unUl; onr im- 

mediate predecessor. set the ES equal to rhe 
predecessor P EF. 

5.5 For cach gquen&l acsix-iry with more than one 
immediate predecessor, scr she ES equal ru rbe 
larest EF of she predecessor acrivirics. The ES 
of an activity Is rhc earlicst rime imeasuaed 
from the starr of the project) that an acdviry 
may begin assuming that all irnrncdiaee prcdc- 
cessors are fuss conlplted. There!fore. rhe FS 
can bc no earlier rhan the EF among rhe pl-c- 
ceding acriviries (see figure 11. For urrrnpk. i i  
activity D is by activities A. B, and C .  
and if the earliest that thew activities may be 
fiiished i s  4.2. and 3 weeks from projecr start .  

respectivetp, then t R r  earliesr that actirity D 
may start is rhe foarrh week cf the projecs. i.r., 
ES = 4. 

5.6 !%-ire shc ES and EF on the top corners of the 
activity card (see figure 23 and enter in the wbfc 
( f i r e  3)- 

5.3 Repeat steps 5.3 shrou& 55. u n d  the PRO]- 
Em STOP is reached. Note, the ES tor an acriv- 

icy nw) ti. calu;erh:cd only shtc: tf1c 1:I:b CND .)l$E 

inr mcdLrv prcdcsus~~s.  S u - x  bcrrr drrcr amitrd. 

6. Ik-terminc cach act~viry's larc5t start ; 1.6? ~ n d  Irtr\a 

finish [LFj. 
5.3 Kcpita a: thr- PROJECT 5Tt 6(rP aird wrrrk b.rc & -  

wdrd r'nrougln rbc ~nrtrvc,rk. 
6.7 SCP i!ic kF ~ Q T  ohc PROJECT SFOB* c-qad t o  it\ 

EF. 
6.3 Cornpwatc rise LS for  srch srrivic! by sub- 

tracsing the durd~ivrl $r(lr:nl he5 el:. 
6.4 For s'rlch r i f k i t ~  with V J P ~ ~  G-ZIC Pn~mt-:'rhb.i~~ >:~:LG 

CSSW. we LF e y ~ a l  i~ CEW LS r d  :he" $ a l ~ i c - s \ b r u  

acaiviry. 
0.5 For ~ a i h  actit-i:? with more that8 rrnc Om- 

rncdiaee ~UCCCSSU~. ~ C I  'rhv LF L-qu~li EUF :Jbv 

r~:iicbr LS c-i thc wcccsrrr r~riririli.>. Tile LI' r r f  
an sc~ivicy ia abr laacsr time .mncamrc$ i:trrn rErc 

amrt ui clue projscta wlxcn an ~ T E ~ Y . ~ C E  nEn+ bc 
iirnnplctcd rvirhuut dcilryfnp tbr. pojccr. t l t rn !  

wqeucnrEy. rfic LF mulE SL- tacr l r tca allraoa r h -  t.S 
rinu~b for ail ehc activity> ionnm~~dijrs sucic.:. r hbor,. 

her fiiurc -?j. FUF TXYEIII~DC. tt +~ tEv i t y  I j  is YDII- 
rrar.$h'sslv dolllow-n.+d by as civiricb E and F a d  ii  
rhc 1 ~ t r " s ~  &a; tbesc ~c:i~i:ic:. tmily bcgin r> 1 0  
arrd 9 uiccks. rcspc-crivsl~. ohcar rEne lntssr r h ~ r  
r r r i r i ~ y  nrnnay iiunish ir rtnr inirnrh w r r l  da chc 
prujccr. i.c.. LF = 9 

6.h \%-rise rhr LS and LF oa the  bootam corncrh oi 
rhc activity card {see ikggcurr. 2 )  and raercr in rhr 
table ifiprc j j . .  

6.7 Repcat steps b.3 through &-7 uncnl the- PKt1J- 
ECF STXKT is reached. Nutc ?LC LE h>r 4 1 1  JC- 

:ivia:; ma.; "w rzkuluced irdy ahcr tlnc LSb erlrEl 

immrdiatc wcccssmcs iaavu. been dce.rrr~aihnc%: 

hence r f ~ e  ncccssity FQ pass backward ~liercru~b 
~ I E  n~uwmk. 

7. Compute thcdack ainlrs for each activity. 
7.1 Slack is zero for am acriviry with idt-nnca: ES 

and LS or id~ndcd8 EF and LF. 
7.2 Otherwise, slack is simply the dih'fcrencrr in drne 

Lk-rIrveen ?kc ES and LS or berwscn the  EF and 
EF of ciacia accivie?-. 

7.3 \Vricc the sbch ar she bottom of earcIn aceivity 
card ,see figure 2:' annd enter it in rhr d I r .  

7.4 Check the c;l!cnhdons for each arcririty by add- 
inng dle 2urariom and shck ~o rhc earkor s u s t  

rime. The sum s & w M  give rhc Parcsr finish &.me 
for h e  actitGuy. 

8. Identify the critical path for the project. 
5-1 Amy acrivity w-ich zcco &ck is  aiticd. i;1Ek the 

s~arus in the table { f i r e  3;. 
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8.2 The S C ~ U C ~ C C  of ~riticill acuivj~ics froam stare ro 
f nish is thc critical path for ahc pajcct. {Tberc 
may be mmc than anc critical path-j Mark the 
crirical on dnc ~nctwork diagram wirh hcavy 
l irbcs on t b c  conncrting arrows annd/ur by 
5813di~~~ ;he ~ r k k d l  activity cards in the se- 

9. 1)ctcrrninc tllc duration of she project. 
9.1 Exrminc thc scqucrirc of aceivitiw to wc if rlE 

.mrtivitius are r c c c u a r y . ~  ilslac project mcthod 
rarig!~? bc clsangcd (Mulvaarcy. P 969). 

'9.2 Exariai*lc rlac acrivirics orr <in%- c io i r a l  patla oa r e  
if rllcy rnighrbc shurrcncd in duration. 

4-3 Corlsidcr zhc rpplicuriun abadditiaand resources 

to sJ:ur~cn srirical asrlvk3cs. 
Y A Consider a change in specified pcrllurmrancc md 

zhc ~ c r i v i t y  so ~lnortcal rbc ssrbarcd dumrion. 
9-5 f - ia~a l l~ .  u L c  the durdtion of tlhc prgrcz r s  thc 

EF r ~ f  r'he rcdwity or PRCIJECTST'OP. 

la. Use the projecz network to manage the project- 
1II.l A>su~ning r l ~ v  prujccr is to & cornplcocd as early 

4s possibB~. .ct tbc c d c n d u  A t e  of abc PR04- 
ECT START at rlrc rarlicrt fca=ib!c time. T ~ E *  
bccoj~~ea teI~r tintc rcfc-ersnacc ior scheduling d l  
subscquc.ar acxivirles. 

30.2 Schrdulc every acrivlx?- so stare in its ES xa IS 
~ r l n r :  infsrvd!. NOEC thdz rheac wdl be no !ectvay 

in s l ~ e d u l i n ~  tsirical dctivitics. 
13.3 11 days arc she basic timeunit. shtdolr  ascor2- 

ing co calendar warking days ,unPess ovsrrinae b 
=urhurircJ I. 

10.4 li a deadsine (or cornpktion of rhc project ha, 
been SPT ~ n d  if resources and ssa;lrin'arc mar avail- 

abjr und the hst minuts. set the PROJECT 
START date by submacrinp rhe roeal project 
rime horn tbe dmd!ine, 

10.5 Wrire in signiccanr ~ l i k r u n e s  on the network 
usilhg the ehpsd rime From tile date of the 
PKcij c tT  START. Mileszones u s d l y  mark the 
fazest finish date $or sevcra? sitndmrnsous acriv- 
ity scqueaces. 

EYAl1Pl.E 

Though thc Crisicai Path Method is most usehl 80r 
projects involvins 50 or more activities a s h p k r  example 
illustrates the technique: a planning seminar &ch brings 
cxprm togcthcr w i ~ h  donor agency mpresenmtives. 

Identify and Lisr All Acriwitics 
Nccesaay to Complete the Project 

The seminar plan calls for scleceion of donors and ex- 
perts and she atmongment of financing. lacilitics. and 
taavcl. Thcsc activities arc listed in wbic farm (SF f igre 
51. ,411 activities invwlveabous the same Lvef ofdtetairilt. i.c-. 
minuce sprcificarion oftasks is mitred  at rlhisrtagt. .Many 
other sctiwidcs may be ncccsrarp ca plan a patticdrr 
seminar. but only six casks are shownn in order ro simplify 
asPc example. 

Estimate the lhration of Each Activity 

The dummons shwm in figure 3 r rc  in time units of 
wcc3rs. Thcse arc csstrnartcc h ~ e d  on the aumber aiexpc.rcr 
and do~aor rcprcsc+n;ratir*c~ i w d v e d  in t h e  seminar and rhe 
staiiavaillable to co~nplete the astivirics. 

maw the Project Kctwort 
The acrir-ities arc w i ~ t c n  am irsdcx cards and arranged 

in a Iogical sequeancc ;we figure 1;. t nirioily. the. ~ctwerrk 
:.n~;np look ~irthcr confudnag with rnany arrows miss- 
crossimp. So;mczimes  carr rang in^ E ~ C  acciVicy cards and re- 
drawing connecting aurouvs will cEarufy- the diagram. If 
crossiag two .trrtrws crnnot be avoided. user *bridge'. for 
clariry. 

CEdcc!.. thc network for c~nsistlcncy. Ilr the acriuity we- 
quenc~ logical:' Can aceiviuies xquenced one after the 
othcr be performed sirnaolmneoos~j~? acrivities 10 2nd 30 
a o  dlus~ratu~-c. 

T ~ L '  immedl:e grrdecessoes and successors of all acrivi- 
airs arc motled in rhe mble :.see figure: 3:. 

Identify she PROJECT START 
and the PROJECT STOP 

In this rxmnpllr. iris nercssary to add bath a PROJELT 
ST.3 jCT and r PROJECT S'mP acdriry a . :he project be- 
dns  and ends with simulranelaus acririries. Tbc finai ac- 
eivity is not MOLD THE SEMlKbR since the project is 
connplraed wbca i.craagernenos for the seminar are 
finished. This incbdes setling a dare ,which may be ian 
.wr-era? momthsj. 

Determine Each Aeti~ity's 
Earliest Stam and Earliest Fiaish 

Compzluriom of the earliest star? znd finish i G' .1\;;1 

&ecrly on rEne top ceranms of tach actiritp card [see figure 
6). For example. achivity 50. ARRAhFGE F3K DONOR 
REPRESENTATIVES TRAVEL. is preceded by ac&- 
ixiees IPO and 60 which h u e  elrlncse W n  times d one and 
five w ? e k  respecdve1y. Since =r&it): 50 map srart ody 
after all precehg  activi&s are finished irs ES is fafare 

wecPrs from the sm&g date of the project, 







L3etcrminc Each Activity's 
Lacst S ~ R  and Latest F~nish 

Thcsc silncs arc sornputcd dkcczly by worXincl b ~ c k  
~ h r o u ~ h  tshc network Isce t+c 6 . For cxa~nplc .ac~ivjz~  
61). ARRANGE MEETIXC; TlME AX11 P!,AC:E. b,+c zhrcc 
imrncdizc sacccssors. acd-Adce 319.50, aijd 80 \zhc PMOS- 
ECT STOP). Thew aczivjriec have larcsa starts of &vt. six. 

md scvcn wccts. r c s p c s t i ~ c l ~ .  from rhc stzrtinS &re 3f 
zkc praj::rt. Since a.ctivit)r 60 must h i s h  brdc~c thc fat- 
luwi~~p, acrivitlc; can bcgn. 5 2 3 ~  Icttcst finish i3 &VC ~ A * C C ~ S  

fram the YRT3jE<XSTART. 
Thr: : ~ T C S S  szzri rime oi rhc PK\4," U:T 5 FA K'T i:. co,n- 

putcd as zro.  f i k  provide$ an e3~6y check of r d ~ a r  con~~3:3-  

r3ons fcr dl, activl~ies. 

Cornpure the SlzckTimes for Flack Actisiry 

Tkc slack f ~ r  each activity k shown 051 zbc a.::iu-ity ..;~rd 
and in thc rab'le (figure 5j. Activity 30 ~ P S  t h ~  larkc~t 

slack-four week:. Since iss ES is 'u.+cck zero and i ts LF is 
w e k  ii.isr. rxFcrrs n;y b" identifwd dgrzng any w c k  irn 

this time period. This ~ s l r  ha: been csrimaseb to ~ i r :  or.!! 

a week. bu+ it would be wise to schddul-: ir as car!?; & pos 
dble (even +,haugh ihcre arc Tonr weeks c;f shcai:. 

Idenrify the Critical f ~ r  the Project 

Tbr astivi~ies with zcto sbrk rre noted in ziz ra;ablc 
[figure 5; by wiring "rri~icri-' o n d s  xshc statue coIunn.ln. 
Thc crirkai path is skorm on the acsworli b?; shadizg the 
czitiza! acri-rity cards and &kening rhc cionnec:ingarrrows 
(see .figure 5j. 

Determine the Du,-atiirn of &e Project 
Tke eariicst finish of rhc jasr acsiviry i9 scvrn avseks 

fro~n zhc PKCjJECT START &re. Upon exzmining the 
ccinrsl path, one may conc?ude rbas the moss likely glace 
to sir~reez :he time Is ro espedire rhc arsalsgernents for 
fi~zncing. However. since is largely beyond the plan- 
*ex's canrrd, :hi: total estimared completion dxne is e v e n  
wce;;r;, the EF f s r  the PRQj E m  STOP. 

Li'se rhe %etwork to ~tlanage the Project 

Titc starti~g rime h r  the prcjecr i s  zo be December 3. 
When the acti~+Gcs wi;h slack a n  scheduled the pLnning 
i s  Snished (nore that :he table, F&grc 5, k nor a xbedra'e;. 
The beginning af activity 40 Is selected as a key event in 
the project and the milescone date of January 6 h shown 
&ec:ly or, the network &gram jsee figure 6).  The project 
manager assigns staff roles r o  each task and monirorspro- 
gcss  against the pergormance. Construction of a 

Gansr C & h t  (GNT, page 2521 EacZrares &ese &. 
TKis example b,~ld be expanded to reflect she many 

details shat go iinto setting u~ a seminar and activities prior 

ZCD ~ h u  d.17~ of :lhl~i.onfercnic zr1.i) EcappcnaJcd P Y =  ~ [ t w  IIC~ 

~vark TO F~VC G ~ E  N1tdn piitarc. t'dotvc.r.sr. ir ca tusnr'0h p r t r r f  
. " 

pr3cticc PC1 ~lt.3:t J n~~=.v&rrk ikfltntiti~h ~ k o ~  sr&V.%.% 

activities .tunti the:> r:? redo t i ~ c  aas:worL witlad n'irwt E*rr=ull- 

do\*ul. 

THEORY 

1 hc -L'aZ;ic~11 Pa:h h'ictht~d ,r:P.tl' .ar.d Vrolcce Ec.r%ra.r- 
tion r;nd Kcricw "r~<Straiql~uz : PERT: were. both Jrr,cloprd 
in r!nr Iarc 1950s ,~asdsr  atad Piri3l!ps. b9b-l;. e kigi~~a.r9ly. 
:hc <:PM ncntwork :ccli~ni~uo ccursidrrrd E$- costs rrf 

b~ l i rb t l~ . l l i 3 l~  ~r i t ica i  ;?cuitici~s 2nd thu5 optinlaizcul! rht- t i v i i ~ g  
of rhc fa&, PERT p~rmi t t rd  three P~IIPC CSE~#B:~KGS t;pc5si- 

:4sric. optinpaissic. anad most !ikeQy; €is rbr t?tf:.atit~~. . ~ t  

cacln ;~~.tivis?;. PERT sliurcd rh: p8anarers tu r"btT;~natr: J 

&XC $or pjti: conr+cfit-n. nacladl.ng 11B r u n i i d c n ~ ~  in 
zhc*~ahiwancc of she rst;mrrte i&dam*tr. i 373:. 

S'UL~W~UC~'ET!~. the% tUV0 ~ C B ~ ~ E ~ G V S  h i l ~ . ~  5 ~ ~ 1 1  i X -  

pmdcd and madificd. .m$ iunany orhcr ncr*nrcrk rrch- 
niq~rrs have b ~ c n  drve!ape;E. Eauis 3 9bb). gave ~n IXCL'E- 
i t m r  sumcy of the UrsanrneCF raf rr:ourcc al:us;titrm in ni.z 
wwkl;. Prizske: ID&  hap^ 966 j d<~eiop~ld Y nfcohnd 
\vi;ch considered :be arobabilizy aicz ;c~in  rcaiaicic, not 

cxiuedng $3 limiting asramp5sm of CPM .. 
f: om shr "ug in~ ing~  nac.*~e.ot% arcCrmiqoe~, haw brcn 

progi?rnmcd for digira1 comgucc-rs. zaodsr and Phitlip 
:1963, Ltcd sonnc of thc mrny versions. Efforts to 

simplify rrhe technique for manea~4 ccrmnpuonawa draw 
from t h e  desirable fcaaurrs of boxh PERT and CPX! as weBI 

.,in Gantt or Ear Charts. kIaa!nney (I 964, gpse an excellent 
Bearmcnt u-ifnicin serves: as the mode! Kor !&is aod ~ E X F I P -  

dom. 
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Gantt Charts 
PREREQUISITE TOOLS 

Critical Path Mst50d ,$P%. pge 2-4 1). 

USAGE 

tianai ro rhs dur~rbr :  of rhe acoi~iay. 'The gosirion of the 
k r  along the rime scale indicates the s:arr:ng and ending 

rimes for the ac~iviop. 
The. required ;rmounE o f a  limited resource (e.g. man- 

power) may; be ~ b o k s e d  $or each unit of rime raaEEow for 
a &ecr cxaminzsion of scheduiing problems. Activides - - 
ma:; be shifhed r e  keep oha ~ 0 x 3 1  amount OE &C resource 

PUIIEFGSE wi&n dte Eni z .  
Thc Cant; Cbac faciliurcs pdanning an3 rnsazging 

project actix4eics and rcsovrces. 
ADVANTAGES 

The Gantt Chart is csrd re: 
I )  Plarl a project to scheduZe ~csia9iti.s. 

21 Com~nunicare the project p%n to ufhers and to 
!nark n~ilesronrs in the projecr sequence. 
31 Determine rhe minimum project duration, gven 

that some raorrrces may be limited. 
Project managers mag use Gantt Charrs to xhedtitilcrs- 

sources and ~zaffassi~nrnenzs and to record zc;craal progress 
against the planned performance of activkies. 

The primary advantage d &u Gantt Cwr is i t s  simplie- 
ity and hmizive appeal. Ir is  a popular scheduling device 
L~cause  the timnning ofeach task is ckar!y indicated -. 

L rre cxirica: par& or  seqnence of critical activities is re- 
veakd on a Gacot Chars by direct inspection; there d be 
no leeway in wheduling these acsiriries if h e  project is to 
'm cornplcted in a miaimurn time- 

Allocation of a Limited reSaraace can be explicidy 
rrcatcd on the chart, and activldes can be reschedded or 
resources shifted from one activiey to anorher. 

Mdesrones may be marked to clearly show important 
intermedire smges of the project. The project's progress 
may be marked direct!!: on the Gantt Chart; if 

SHORT DESCRIPTION acriviries are not completed ar ohr ~orrespon&~ d e -  

i\ Gantt Charr displays she schedule of project acrivi- stone. then corrective acdon is indicated For example, 
ties {see i+re 1 1. Each activity is represenxed by a bar that &e 200th working day after pojecr: s w r  is a milestone fm a 
exten& along the time xak.  The bar's lengh is propor- m e y  projec: (see f i r e  1;. 





254 I PI,A%SIh<;. <:ONTKOI,LlNI;. ASI) EVrZ1,UATlSC PROJECTS 

!.i~ij'1.,'+'1.Jt)sS uish a <ic<inirc Gcginoingandend:~Huor is-rkr eime tusorn- 
p!c:e cdcb ~ C E ~ V ~ Y  can be accenrarcny deccr~lnirred during 

l'lav (;c~.)t% {:h.~rr J.or.s nut c;iip!rasizc- the logcal 5c- 
~ h c  phhnnimgphasc. 

qlju:rru *A . ~c~ iv i t j c s  A >  ClcjlrJY .Js ~ l l t  IICI.WUX di;tgrala>s 
Thc <;aartr C:?r;irr rcchniqcc doc* m o t  crrubk op~ifnum 

illc (:rilic.~l I'srh Mc:llad !I:i'M. pdgc 2241 ,. 
;rlluc;ution na'rcstw~ccs--rirmc sophisticared tcchniyuesarc 

J j  ~ 1 d d 3 r t :  1 1 1 ~ i n  TCSI~UTCC is?ilr~i~cd. t h ~  I ;dn~t d:iaast 
rcquircd , Ij;rvis. 1 90G1. However. rhc tccbnique is useful 

tcr lr:>ir1iir. cfr,c*% n r , t  cnszrc an O ~ L ~ J ~ Y ' U I I I  T(:S~>U~(IC A ! ~ o L ~ -  . 
tcx FapJpi~al\y scquendmg sctivirics co avoid cxcccding 

l i 4 1 1 ~ .  :he Jmount af 4 limited Lev ccaaucce. This assuencs that 

t31c imtcwcdoa~ bcrrveen r ~ ~ ~ k c d  rebourccs 3rd the dora- 
ritrn l o f l ' ~ t a n  activity car be spcc&cd reg.. gadditional man- 

1<11I&JI KEI) IIISSOUKCES puwca ia assigned au rhc rcriviry. L che durarion short- 
etacd?. Dsezrnn iinatiur~ ~i the manirn urn project duration 

!Xll.l,  I-i:\fi<I. using a C ~ P D ~ L  Ch.uar b deprgcnding om ehesc relatio~-.ships 

A\ r r l  .Iny prrrjccr p?anning tcclrniqac. Zcvc.iopioS JI 
)"'~Jrcdwo~~h. 1973,. 

<;.rnrr <:3rsrr rcquias* b r c ~ k i n ~  .r!uw:a J project intoitsloSi- 
r.tl anti tfisti~?cr .icrivirics. Ir ~ l > r r  rcquiacs cs~ i la ld t in~  ulac 
J u r . i r j < ) j l  t r f  . d v i t i ~ . ~  .dn3 rcsourcr rcqnircr:rcars. Snncc MF?Fk!OI)06 USE 

'Th!. t jr~lr  rcquircd is d$rcdy rCid?t.d s u  ttn c.rgvr~plesisy 
ai rhc prujczt to he scbcdnlcd, E.\prrLnce in cs r in~~e ing  
rsseurcu rcqnirc?~rCnra and usk ~ U T ; ~ X ~ O X I  ~ R o T ~ ~ J P =  c~niilrt 

~o~lstrucsiorl tinlc. <;ar~tr Charts ufwn rr.quk~ anp&rin2 
during pri~jscs implcmcnusion. 

K)ESCKIPTION OF TOOL 

KEVUIKEI) INPtrTS 

f ;EX EKAL PROCEDURE 

A Gaanmu or l iar Chart is consmusaed by idcnrifyi.ingal1 
~Enc activisich invollved in ohr project and determining their 
sequencer. Each acaiviay Is drawn a5 a bar locared on a time 
cdlc sta rhar ehr ?eagrh of the bar corresponds ta tRc dura- 
r i m  of rhe acrnvity and the podtian of the bar &notesib 
r.hedulrd saart and end + scc figure 1 , . 

Thc iokallorving proctdurc conncmrrares on construcriag 
4 GAP:. Chart &a a heanrioric t r~hn i~nnc  for taking into ac- 

counlt ehr rcquireannenes for a Oinniecd resource. As isuch, it 
cxusn& the C ~ K ~ C Y E  Path Mcrhod pCYA1. gage 2411). 

1. Construct cbc CP%l network for the project. 
1.1 Diapam the ncrwwk in odcr to o b m c  the 10.- - 

cal sequence ahproject acriviries. 
1.1 Compute rrbr earliest (ES: andlarest s t a r t s  [LSj for 

each ;ucuivnviry m d  the earliest *EF; and the Parese . , 

i i x r~wled~e  uf' chc activities ~~e:r.slrr?- to :o~oap?rre. finishes ; &F,$ for each accivitv. 
prr3-jw[ is rhc prucundiriorr $tar drvc!oping a Gantr Char. 1.3 Cornpure uslc slack for each acdvity and derermine 
The Arcs for ararring srad endins thc project fis the tirnc [he critica! parh. 
scale of rhe <;ant1 C'lurt. Kesousce nocds and asadability 1.4 Estimate rhe minimurn psojrcr durarion. 
jnusr LC spcci ikd 1-3 Estimate how much of rho. limited resource is 

TOOL ouwui- 2. Conr~uct the Gantt Charr for an unlimited rcs-ace- 
The p+mar)- O U ~ ~ I P P  iS a schedule &picredby a 2.1 &Park off a horbor .~ l  rime scale zpproximately 

Ganrt Chart. The Chart can dlcn be used to mark the prog- onme-rhkd !parer than the estimared minkarm 
rcss af the project and co adjust ia +ccsrdmg to manage- project duration. (1 f the rime unit & in L u s ,  ehen 
anent decisions. hcnrndc only ~-0rl5ing days annkss overdime is con- 

sidered.) 
3.2 Draw a horizontal bar for ehc fist activity lying on 

the &i5cd parh by s+a&g ac rhe zero re£erence 

The (bnst Chart consrmction assunnes chat a project on the t h e  scale and errending to taPe c ; thmd 
in+ be 1-rokcn down inco clearly &tinsmkhabie ac~ivities duration of  he acuivir).. 



2.3 i3raw J. bar on the char: which coracsponds EO thc 
duration of thc aesc acrivisy on the cairicai path. 
The besnning of sbc bar Inus; fail on rhc sarnc vcr- 
tical timc Pine as the finish of the prcccldirlg ac- 
tivity. Thc bass may bc drawn in zbc wrnae row of 
the chart or in different rows to facili~atc. idensifi- 
cation of the activity ;see figure 1 ;. 

2.4 Continue adding bars consccueivcly unril rBU rhc 
critical activities in dac path arc reprcsenscd on thr 
chart. 

2.5 Make ecxrain rhar zhe end of the bar for rhr: last 
activity falls on a wrrical line an thc simc hcalr 

4.4 1Vi;hin ohc i~bls~rdi l l~% ~*.r)$cJ i * ~  I ~ C  rt~~icdn bC. 

J U C ~ C ~ ~  06 ~ ~ t i v i t i c ~ .  shift d c t i \ i ~ i c b  tt~rsvrlrd oc 

backward . ~ t ~ r r ~  rhc einzc 8c .A btr char tlur aurral es- 

sources rcyuircd do nor cxcccd ttro3r .w~iLri*Ic. 
4.5 G,~.t>idcr Ucr~qbsning a l i ~  J~XTYEIO~ lad non-liriri~a! 

aitivitics ro rrdocc drcir rrscrursc rrt~uir~.~nncrut. 
4.6 i f  ncrsssary ~~)asduls  twc~ hirnarlirrzrrutr.c jsciviticr 

co hiltl~rr. c~cffn orlaur wgu~rlrhlly. 
4.7 Exrcrad rhc total paojccr d~~r.ttion. ~ ~ F I ~ C C * S . U T ~ .  CI? 

avoid c*crcdiny acsourcc linnir;lrion>. 
3.8 ALRc ccrtairn rfrc*r~n)- ~noJific~lriua of' tbr rurigi.lrt.r! 

scheduk that no activity Rsb  hecra dnifrcrl wrcil 

w hicb equals rhc estimated nlinimum project that ia searas butore all prrdrcc-sor .rccititica arc 

durarion. finished. 
2.6 Add the acrivirics nor on a critical path ro olzu 

chart. The position of the bar is detcrlnined by tltc 

earliest starrand earliest finish times uf chc prujccc 
activity. 

2.7 Append a bar to she right ,end of each non-critic~i 
activiry. The lmgh should equal the slack for rlt~c 

activity (see CPxM, page 2413. 
2.8 IJratv vertical mows berween the ends ofshe bdr* 

to show the ptcdecessorrlcri~.~iti~s for each activiry 
(see figwe 1 j. 

3. 1)etermine resource requirements. 
3.7 Wrire the arnounr of she limited rcsourcc required 

for each scrivisy dxecrly o n  rhc bar. 
3.2 Starring wirh the first r h c  unir on cbc scale ;c.g.. 

day 1 or week 13. add the inmount of rhe limited 
resource used in 211 activities sclncduied ;rr rhat 
time and enter it in the column bcfow rhe chart 
{see f ipre  1). 

3.3 Continue cacuhtins she som3 resources required 
for the rcss of the sime unlzs- 

3.4 Sum these unit rorals to give the coral resource re- 

quirement fur she prqiect. 
3.5 Divide this total by the ncmber of time unirs to 

3. Use the Gantt Chart to manage rhe project. 
5.1 1 ndic~lcc thr signifirin; mins~toncs 17: Jrru a 

vcrrical linu rltrrowgh ~Bmc a p p r o p r i ~ t ~  A~c. 
3-2 Consider the  xhr.d~urOiil~ u i  rcrivitiss with d'rlcR: ii - 

rhr activity is xhcdulrd for rhc r.arl;rst sraat rinnrc. 
~ h r  z!arL wiP! all occur at rhr cud: if rlrr rcrivicv is 
sctncdanUed to searr a: rhc latest puaaiblc titnrc. rlrc 

;rctiviry will becarnc critical c o  avoid drl.ey s Err s u b  
sequent acuiritics ;and thr pro>jrce:- 

5.3 -4ssiga sea ff and usher rc5auccc.s to r.;rc!r irc eivir y 
and discuss ehe schrduUz and cxprcred pcricrr- 
rnancc. 

5.4 I)evr.lop r rspocrirng rystern which canr bc uscd xo 
mark the pragcss and corlaptstiarl of cach rrctiriiiry 
on thc chro .  

5.5 Providc for ;Y pcriad:~ staff rrvierv oi projcst  ac- 

ria-icies EO emphasize rIlr ictsrdcp~anhnc~ of thc 
work. 

5.6 I f  she grojecr LiPs m meet tffic schedule. updace 
the chart and. if nrcessary, rccaEcahte the crickat 
path for the remaining activities. This process is 
facilieatcd by providing space on charts to add ac- 

tivities an J to expand or shift the Fime scale. 
give the average resource require men^ per unit of 
tine {e-g., Inan per day, setrearies per week. com- 
puter hours per month). Tbir gives an indication of 

EXAMPLE 

how uniformfy the ]&iced resource isused by &e A simple Gantt Char illerstaares rkr acrivisics required 

scheduled activities. so design m d  erecurivc a survey (SVY, p a g  36). The 
exarnpIe Is adopted korn .W&r and Phillips {I963 j. 

4 Adjust the schedule for the limited resource. 
4.1 Record the amount of the limited resource which 

is available $or each time unit of the projccc isee 
figure 1). 

4.2 Compare this to the tota! resource requirement 
estimared Qr each time unit. 

4.3 If the amount of resource requked exceeds &e 

amount available, then the schedule for chat time 
unir must Be shifted 

Construct. he CTBt Nerwork 
for the Roject 

The survey task was broken down into eighs ac:ivi:ies. 
and the CPhI network rvas constt-~lcted {see figure 2).  The 
czrliest and latest srrrcs and finishesand the slack for each 
acrivity were calcuiaced on zhe neework and habuhted [we 

33. The minimum dzzrarion for thc project w-zses~i- 
mired so be Be days. 









TIlc lirnised rcsourcc for this u s a ~ ~ ~ p l c  was ihe ssaf6 
available for planning and condrrcring tbc survey. The 
manpowcr nccrssary for rdch ;icxivity rvas dctcrrnlncd %see 
tigwrc 3. coiumn4;. 

Construct thu Gantt Charr 
for an Unlirnitcd Resource 

Thc Gantt Cllar~ is show-n in figure I .  Thc scalc i s  ir. 
working days. Notc char: rhc slack for non-critical activities 
L shown direczly on the rime scale. This chart rcgrcscnrs 
an cady s a r t  schodulc since tire dack period always [o!- 
tows each acziviry. 

1)etcrmine Kesourcc Kequiscmcnrs 
??~e roral resources for c ~ c h  day wcrc tabulated. 'Fhe 

total rcqaircment for the project was 84 man-days: rhe 
average dady rcquircmena was 2-44 men. 

Adjust the Scheddc 
for rhc Limited Resource 

No marc than three staff mernbcrs an: available during - 
the project. Though dlis excecdcd rhe averasc require- 
ment. a cornparison with the Gantt Chars {figure 11 re- 

vealed thar four men are needed on days three through - 

cighr of the schedule. Hiring personnel toconducr the sur- 
vey arid designingn.~d drafting the qucssionnale couId not 
be scheduled concurerndy. X I  thrcc st& rmcmbers were 
r~erded to draft the questiann;iirc and the duratien of chat 
activity remained as esrimated Five days oE slack foIlo\vcd 
rhr hirieg of pirsonnel; chis rask's manpower requirement 
could be halved and the duration doubled r\zt-ishout delay- 
ing  he project. Yet, the resources required would still 
have exceeded rhssc available by half a staf; person per 
day. Assuming thaz slhe job of hiring personnel could not 
be delegated to anclrhes part of thc arganizarionm. she on!>- 
remaining choice was to reschedule ... : a v o  activities so 
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rcss ds of Mav 4 .10 ~.c.orKiny Bly s .if:r.r chc ~ r o j c c :  bspn" 
\%=is ,hu\vn on hr chart by C P O S ~ - ~ J L C ~ ~ K I ~  ~ I C  +EJIG~ ~t 

c ~ c h  ~sr iv i ry .  Sure tlrr~ 11o~iciatdb ~ . IL .~E~C~IR Lldrl riot 

Isra~rtcd. rnd rorerlriosn vasgivcs r-u getting riaat task rnnrfr-r 

tray. Ho\\-L'vc~. ie was not ncrcsxlry ru rcdrdw [lac L;JJU:C 
 char^ sinncc sfarrc wassutit'icicnr dacli cucornptcrc dlbr.i,L 
witinour d ~ i a ~ i z ~ ~  aIac prujocr. 

THEORY 

- - 7  I L I C  conatrmctiona of .t I;.rr Chrrt re) EElrrstrrrc. tlrs 

schcdu0c of poojccr ~cricirics trrisirratrz frt~r~l rib.magcrllrnt 

pracricc rasher than frorta 4 clc)mplu~ ehctrry. Ilum-trr.r. etrc 
r;zntt Chart c e i i ~ n i ~ u c  as dcscritrcd Rsrr. c 1 r . i ~ ~ ~  frorrl tau 

rhcorctical arcas: network scheduling tuchrriqus* ;wc. iur 

ssample. Hodcr and Phillips, 1 96-f, and rssourr-c. al:nca. 

tion theory - see Davis. t gob. far .U rcvierv uf rrEr.v;rnc 

tbccdry , . 
The Cantr Chart trchniquc d t scr i t cd  in 113~' gcncr.~I 

protcdure scction c0nsGruc:s r rtrne-,~~lcJ (JPM ncrwvrR: 

s h e  is. r R C Z \ C . O ~ ~  in which rhc lengh of the cunnccring 
~ r r o w s  shows the dunrion ol thc activities. 

The Gantt Chart providcs a g a p k c  record-keepins for- 
mat for schcdmf nga limited resource. Pr docs not pruriJr A 
nnsans for C D ~ K ~ ~ ~ U P P P  aEPvcjrtiorz of scarce rcIsoursss as this i, 
beyond a trial and error rpproacR. Thc terhniqut. has been 

described as Rcuristk and. as such. is more an art t l ~ n  A 

science <see kq~ lvanc~ .  1969. andBud\vs.wrh, 1973). 

Bedworth. David IS. hrdrtrrrid Syrrrttrs, Phizninf, -4rrdl- 

v~Ys. G~ntrrol. New York: The Ronatd Press Co., 1973. 

that they no longer overlapped. Davis. Edward '.V. --Resource AIPocation in Project Net- 
The revisled schedule required a minimum af 41 days. work h43dds: X Survey." The Jo~nrd  of' Irdusrrkl 

bur the manpower leguirement remained within the Limits Eqitzeering 17 >Mmch-April. 1966): 133-88. 
for the entire project ~ e r i o d  (see fiiure 4j. The average 
dady staff requirement was just under two men- A c ~ v i V  bjoder, J.J.. and Ph&ips. C.R. hoject ~llil~ugernm~t with 
3, HIRE PERSONNEL, became a critical acsivis?. in chis cPj\f d,rd PERT. New YO&: Publishing, 
schedule. 1961. 

Use the Gantt Chart Mulvaney. _l ohla. Amlysk-Brlr Cfrrlrti*zgr -3 Simplif'ied Cri- 
to ~&nag,e the Project r icil! Path Arulysis Tehxique. Washington. D L :  

Milestones were added to the Gantt Chart ar 25 work- world ~~~k J Z ~ ~ ~ ~ ~ ~  ~~~~l~~~~~~ lnsdmte. I 969. 
ing days. or May 1 3 .  assuming the projecs began on Agrd 
6, The non-critical activities were scheduled to s-mt ar Ritsker, AA.. and gapp, W.hl. 'GERT: Graphicai Exxlua- 
thek earliest feasible rime in order to povide a cushion if cion and Review Technique, Part I. Fundamen~ls."' 
rime estimates were wrong or delays occurred. The prog- Jortnzal ojF~vrdust&l Engineeri~rg 17 (May- 1946). 



Logical Framework 
PREREQUISITE TOOLS 

None. 

USAGE 

Logical Framework enables &e decision maker to  
identify project purposes and gads and plan for project 
outputs and inputs. 

USES 

The Logical Framework has been used widely by 
USAID Missions to: 

1) Aid in planning a project. 
31  -I Prcede mesnres ta evduate 3 project. 
3) State assumptions about causal Pinhges. 

I f  Thc purpose of a project is i ts primary intention or 
aim; it is the reason a project is designed. 

2)  Thegod of a project i s  a value judgment which satis- 
fies one or more human needs. A progrmn or s ~ c r o r ~ o a l  is 
rhe broader objecrive to which a project contributes. 

3) The oztrpurs of a projecr are the desired aid  unde- 
sired results of &e nansformasion process of a system, 

e-g., patients leaving a hospital, cured a not, are the re- 
mlrs of a health &Bi~eq . s .J: stem. 

43 The inputs of a project are the people, information, 
andlor physical i~erns which enter rhe system to be trans 

formed by a sequence into the ourguts oftbe system, e.g., 
for an agricultural dmelagmenc project, inputs may be 
see&, money. etc. 

53 The sector is rhe Barge system of which a project is 
part. e.g., buddjnng a $am js a project in the +.cultural 
secror. 
63 Objectively verifiable indicators demonsmare that 

cerrain desired resulm are being accomplishedl. 
7 )  :%fe~*rr of verification are she specific mechanisms 

by which quantitative indications of the accomplishme~lt 
of a project m y  be obsemed 

SHORT DESCRLPTlON 

The decisicn maker uses two rypes of logic to arrive ar 
explicit statements which serve to help in planning or in 
evaluating a project in progress. 

A vertical logic clarifies why a project is being under- 
taken. It specifiies the program or sectorgod, and project 
purposes, attputs, and i t r p ~ s .  
A horizontal logic identifies what is to Be produced =ad 

rhe evidence d-ar --.dl signal success. 1 r lisu objectively 
verifiable indicators, me- of~wrification. andimpartant 
assumptions. figure 1 presents the basic formar for the 

Logical Framework. 





2 6 2 /  /YA%NINC;, C:IjbTROLLING, AN13 EVXLUATISC; PRC3JEC"TS 

AJ>VAXTAr;Es Orher tools may bc used to  compile^ the ~ q $ e a l  

3 ,  -j-j ,r l.cpgj;ll ~~~~~~~k is r;mplc ro errurn d. ir Framwmlr. Thc objcctirc m~ iOBT.pagc 49) canhclp to 

I,"wwidcs fur sanccpu- cnsurisug deci- s~ructure pak. porposc.a. and criacria for cwlrsaaion. To 
dutl nl&-r tbjrlka rhroag]l rlru fundamcnoaj ospcce of a cxpimc tbc Jiakis bcwern inpurs nmd orrrp~ts. incaacrion 
j~rcajcct dcsi,gm. nlrrrirz dhpams. ;lMPP. gage 92: w,oanPd k uscfd. To de- 

2; ~ 1 , ~  frualcwork ; r j ~  in cv~ortinR a since v d o ~  P ~ O G C  t b o ~ ~ l l t ~ h  SCNCLU~C o fa  system. the System 

but33 ir~itial go;ri.t dnd fixla! rcsu]P arc cluaajy $dincaesrd 13cAnicion Maaris [SDM.pagc67: can Er: used. 

i Jnli3rr tc:, thc Sy5tcm Dcfinirion Matrix, $DM. page 
r,?,. By cxlriicitly idcnshiyinK how dlc project k to br. cval- 

i ~ ~ l t d .  t l ~  ~ C C ~ S ~ C I ~  niahe~ can ~ n s k c  rsalissic cseimatcs of 
~?rt,jc:cl UTJZCUI~~C?~ and can identify prublrms which mkhe 
hc ex:cuiw~~crvd. 

I.IMH'A'Y'#)NS 

1, I)unllg rhc planning ~IUCCSS- the ]L-ical Fume- 
work does 11ut unctrsaintv inso accourns. Neishca does 
i t  .dluw for thc conzidc~tion af poaendal altcsmadvc 
. 4 ~  rions. 

5 1 A linear c a u d  wqucncc k ;rssorncd which is an un- 

Thc cornpfetcd Logical Framework matrix is one out- 
put of ahc acchniquc. Thc other is the contribution that 
ohe pacxcss makes to tkc project design or maPuatian. By 
thinking throu$ thc Inoizonral logic. crucial hypotheses 
about causatl linkages may bc determined. Developingthe 
h~dzon ta l  lo& forces the pla~ner to think in ~ r m s  ol 
rcalkablrr re:uUts. TIlc Lugisal Framework tllcn wmec as a 
sturemmlt which. co somc dsgco. bdicaats chc compktc- 
ocss and souhnds~ssr of zhcsc analfrEiwl processes. 

likely Jmpliblc;rtion of the relationships among wadous 

proj rc~ cornpoaen ts and clrmenrr in the cnvkonment (we IMFQRTAXT ASSGhIPTIQXS 
" - 
ihal13iagrarnming 0V1). pngc 81 i. 

REQUIRE13 RESOURCES 

LEVELOF EFFORT 

Undcrlyhg my piamnnhg tcchnigue of this sort is an as- 
sumption oC the inherent ratiaundie~ of project inter- 
ceosionrs. One need only idenrigy t h e  elusdl Pinkagcsfronn 
hpinzs to outpus to  purpose, m d  h e  project has been de- 
s$nnrd qsoematica81y. Yet it is not a systems design neces- 
sarily, since sysa~rns seEdom exhibit cxchsivelv hear 

The deckion raaker muss de5nc rile project gals. pur- causakc?-.-. There arc iilteracdoans with e n ~ ~ c l n m e n t d  corn- 

poses. bpurs, and ontpua in mcasura& or objec&elp ponents. feedback relaeionnshigs. and complex reladan- 

vcrifiabl :cnns. Thus. whds thc Logical Frznework mag ships among the elsrnenes of the system- Thus the Logeal 
+Jc the p!anning process. it is not a subsrimtc for Framework assumm a shplkiay qtnaPifcd only bp entries 
considerable cfkr t  required co plan c%Cecrivdy. iaa the "assurng~ioan+" col~rnn. 

SKILL. LEVEL METHOD OF USE 

The dccision maker musr be sble so think logicdly and GEMERAtPRmEDCIu 
to consider rhc impcrsant attributes. both qumsi~asivc 
and qualitasivc. of the prajecr. The rrrcommenhd procedure is based on the work of 

Wosenberg and Hagebmck ;I 973) and the Ofiice of P r e  
gram Evaluation. USAID C1974). The v e k c d  logic (col- 

TIME REQUIRED bnmn 1 in figure 3 I c l d e s  P project is G i g  under- 

G ~ ~ $ ~ * ~  & leogA m e w o s k  a& from rtverd mkc". 1' chaactehizes a pro~ecr ass set oflidedhypoh- 

days to several weeks. depending on the size ofthe project. 'SCS' Ijwe provide h e  foMowing inputs, 
rher~ we can produce the requisite outgu~. 

REQUIRED INPUTS 

The decision &a needs to ialentify the project w&ch 
i s  p m  05 a progan or sector. The success of a prop- 
depends on the success of the vario.as pmjects carried out 

Ifwe prodace those ouopats, 
dzen AE purpose dl be achieved. 

Jf&e purpose is achirved, 

--- then the p a l  d l  K 
"Lcon _A. Rownbcq mkd Many Hageboeck. "'~Mamgemeno Tech 
nology aand the Developing World,'" in S1;~c l r s  Apprmcks oo 
Lktrlopb~z Cowrtb~es. P m c e e m  of the SrmaosErnr~l smmored 

withim rhar program or secsor. by : FAC and IFORS. 5bp 2~-3~;1973, A& 



FIGURE 2 
An Exampic of a Laird FramaworR 

Ro-yarn or secsor goal: 

Provide srsiversal 

Projecz parposts: ~urpusc acI*.ic~crx~c:xz: 

1. Mecr the educational (a; Numb.roi >mde:;rs 
nee& of a mral from m ~ a l  and usb~ln and sc.em&r~; xhtuolth 

aggic~llmral communiry arras propartionate ro in curat arcas to 

course diiccrions inn 
School of Agicnlruri- 

Magnieudz af o=zp~us: 

1. Smdcnrs wicil 

3. Schahrship program 
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ACTION STUB. That pordon of a decision sable which lists the asdons m deckianr ta h taken if 
pardcubr combination of ciurumsuances occurs {DTBJ. 

ACTION-EVENT PATH. The seqdence of altema&e actions and relevant events rVresentcd br 
the branches in a decision vee [MR;. 

ACIZVITY. An operation wirb a well-defined be@nning and end and a spcific purpose \-MI. 
AND LOGIC ELEMENT. I.~nks sabobjectivcs to objectives whme all subobjectives mso b 

achieved in order ro at t i n  the higher Ilevel objective(s) (INS j. 
ANNUAL CASH FLOW. The net incremental benefits for each year d a  project and the difference 

between the incremental benefits and cosrs (CFA;. 
ASSESSOR. A person who estimates the probability distribution &a set ofevents (SPA). 
ATTRIBWE. The eie~n-rs or compncnas of shc syozcm and thc hterrclationships among ohern 

&¶PA, SCN) 
AXIOLOGICAL MEASUREMENT. ~mvoiver d u e  jud-epnents. where the data necessrrp-v to dpcer- 

mine accomplishment of an objective are gathered via mbjecdwe methods [OBT). 
BASE SYSTEM STATE. The set ohmrrenr conditions which describes the e s s e ~ 6 i  c~~aracteristics 

of rhe scenario (SCN). 
BINARY-EVENT OBJECTIVE. An objective that either c!earn?- oca r s  or does mot occur (ORTI. 
nr. - - -  D ~ C A W G  RULE. A mie r h r  governs the consmcriom 05 rehaionships in a tree 8iar;arn 

I T W -  
CAUSAL CHAIN. A sequence ofcause and esecz relationships beou, een bwiables {OVD). 
CAUSAL LOOP. A c a d  chin d i c b  is connected so  hat a change in any variable euenrudly 

Zeds Back through the ch& to affect his variable [OVD). 
CENSUS. A survey of& members ofa subject popdation {SWY). 
C E W W  TENDENCY. The most likely, or average value of the variable {WS). 
Ci-lECKLIm. Used in design or analysis where items are mark 1 or otherwise noted item by itern 

{SDM). 
CLASS INTERVAL. A u d o w  &vision of the variable range (HIS;. 
CLOSED QUESTIONS. @stions whkh require the respondent aro h i t  responses toprespecified 

categories (QTN). 
CLUSTER SAMPLE. The process of randomly selecting several cPols~ers of srrkqouPs from the 

total population andswveying aH members of the selected robgoups iSYY). 
CLUSTERED DATA. Used to qgrepte  h e  data into fewer points for andysis and plotilng (HISj. 
COMPONENTS. h entiry in a system which may be elemend. or ir may bea smbsysmm Raving 

distinct components [SDM, TRD). 
CONDITION EHTNES. The conditions of each factor (or quesdan,t liited in the condition stub 

IrnBI- 
CONMTION STUB. That portion d a  decision table whichlists the factors to be considered when 

decisions in a given situatiom. Each factor is written in the form of a question [DTE). 
CONTINGENCY. A p z t i c u h  combination of factors rhat Jescrihr 2 f:r;lrc environment (CGA). 
CONTINUOUS MODEL. A model which meats variables that change contkuousPp over 6 s  

(CSM). 
CONTINUOUS V A W L E .  Ta-kes an an infinite number of values over some range of 

values (HIS). 
COWROL DI-SION. E v h t e s  and regulates any ehnent's specification. T"n dimension 

measures element as the system operates, compares the measure so what is desiped OF 

desired, and sakes actfon if the &-erence is greater than &sired (SDM]. 
CORRELATION. An &served relationship htween two or more d b l e s i n  which d e  changes in 

one =&ble map be assodated with predictable changes in zqothet. the r&tioPnship, how- 
ever, is not necessarily cause-effect (OVD). 



COKRELATiVE BEHAVIOR. An assumed relacionship between t w ~  or more variables in which 
the changes in one variablc may Be assocbtcd with predictable changer in rhc others [RGF]. 

CRITICAL ACTIVITY. An activisy which. id nor completed on t h e ,  dl &lay the entire project 
,CPM). 

CRITICAL PATH. The sequence of critical activities from project stare to project finish that deter- 
mine the shortest project Lradon (CPM). 

CROSSlNTEFUCTION -MATRIX. A representation of rdarionsbips between dirrsinrh sets of 
variaMes <INDJ. 

DECISION RULES. Thc action entries of a deckion table which h k  a particular cornbination of 
condition entries to specified acaians (DTR;. 

DECISION SYMBOL. Represents a swp in a process where there is o choice among two or more 
olterz;adve accions (FLW). 

SEP~<DENT VARIABLE. The v;ukble being forecast f RGF). 
DESCRI-WVE MODEL. A representation or hagnary entity containing infomation in a prede- 

fined form, intended to be interpreted by its user rules (SDM). 
DETERMINISTIC MEASUREMENT. Where the reall'iadan of the objecxive is unequivocdp de- 

termined from numerical &GI {OBT). 
DIMENSION. Coflections of attributes of the sysoern, where eacb collection represents a major 

aspect of the system (SCN). 
DIRECT ANALOGY- Compares the problem Being faced to a parallel situation in another field 

technology, or discipline {SCN]. 
DIRECT ANALOGY METHOD. Used in Synecrics sessions when members compare the problem 

being faced to a pardel sirnation im another field tecbnolagy, discipline (SYN]. 
DIRECT EFFECT. An interaction between two variables so ohat =change im one results in as& 

change in the other (OW). 
DIKECT MARKET VALUES. kleasures of project costs or benefits which are assessed from equiv- 

alent marker prices (IPX;. 
DIRECTEC LINE. Links rwo symboPs tcgerher with am snowlneadindicatii the sequence [FLW). 
DIRECTED RELATIONSHIP. Specifies that the existence of the reladonship is dependent on the 

order in which the two elements areconsidered (IMDj. 
DISCOUNT FACTOR. A fraction between Oand 1 which gives the present worth of one monerary 

unit spenr or received IDIS]. 
DISmUNT U T E .  A percentage rare (usually annual) which equates the present and the &mre 

worth of a payment 3D1S3- 
DISCOUNTED CASH FLOW. A single d u e  whkh represen- the present worth of the net incre- 

mental benefits estimated for eacb project yeax (NPW). 
DISCRETE STOCK%STIC MODEL. A model which describes the changesinva&blesat defmite 

points in h e  [CSM). 
DISCRETE VARIABLE. A variable with only a finite number ogvahes which are multiples ofa 

basic unit {HIS j. 
DRIVlNG FORCE. An ortribute of a system which causes changes ia the system sute over time 

(SCN). 
DONNIPJG. The process for recontachg participants who have failed to return their question- 

naires (DLP). 
DURATION. The estimatsd rime needed to perform the activity (CPMj. 
D Y N m C  BEHAVIOR. A consequeace of delayed interactions among system vark51es. The 

dynanic state of a system depends on the prior\-ahes of state v d 1 e s  (OBT, RTS]. 
EARLIEST FINISH [EF). The sum of an activity's earliest starr time and its duration (CPMj. 
EARElEST START {ES). The earliest b e  (rneasuredfiam the start of the project) A, pn an acriv- 

ity may be*, assumingall immediite predecessorsarecompIeted (CPM]. 
ECONOMIC ANALYSIS. Analysis &om the viewpoint of the nationd gowernrnent and the econ- 

omy (CFA). 



EFFETIVENESS. The degree to which the project or system &sign objectives are achi-cd 
(CEA) . 

ELEMENT. Part of a problem simadon which can be descrihd by ali its elements (MPAI. 
ELSE RULE. A column in a decision table which applies when no orher decision rules ma? k 

d d e d  to cover the case or where no combination of conditions applies (DTB). 
ENVIRONMENT.  he set of dl factors which are salient to rhe understanding of syrte:cmr relation- 

sGps, bur whkh are outride the influence of the system variables (OBT. SDM]. 
EVENT. A future outcome. the occurrence of which is uncertain [SPA). 
EXTERNAL CONTEXT. Represenrs the constraints on the b s e  systcm {Sm). 
FANTASY ANALOGY. The participant's wishful thinking tht the problem may solre itsclf or 

cease to exist (Sm). 
FEEDBACK STRUCTURE. The set o f reb t ion~hi~s  &scribinga system that involves one or more 

interl~ckin~causllloops (OVD). 
FINANCIAL Analysis from the viewpoint of the individud. polig. or business which 

will directly gain ar bse because of the project (CFA:. 
FREQUENCY DISTRIBUTION. Plots the frequency of different categories of response (QTN). 
FUNCTION. ~h primary concern of the system. It is the fundamental dimension of purpox 

(EX, IDL, SDM). 
FUNCTION HIERARCHY. An ordering of system hnceonns from the most specific to the broad- 

est IFEX). 
FUNDAMENTAL DIMENSION. The basic characteristic of the eight system elemen- @DM). 
GOAL. A d u e j u d p e n r  which satisfies one or more nee& (FEX. LGF. SCW). 
GOVERNING RULES. Describe the relationships between decisions made by rhe pmicipants in a 

game md the resulting changes in the sirnnbzedenvirorrment (C;AMF. 
HIERARCHY. An oaderedsnucn~re illustrating which facrors are subordinate to others {TRD). 
HUMAN AGENTS. The personnel who may be necessary for the system to achieve ie function. 

yet are noz themsdves inputs or outputs ofthe system fSDM). 
IDEAL SYSTEM. A system &at achieves the hmction in the best possible manner as judged by the 

criteria for evaluating the system Such systems typically require the least possiMe cost, the 
least amount of human resmrces, and the least time while providing maximum benefits 
(IDL). 

IMMEDIATE PREDECESSOR. Any ac+-ity which immediately precedes an a c t i v q  and which 
must becompleted before the activity can start {CPM). 

IMMEDIATE SUCCESSOR. Any activity which immediaedy folbws an activity and whkh may 
not s t a n  und completion of the activity {CPM). 

XWORTANT A S S W I O N S .  The &tors which affect the success of a project and which are 
beyond rhe influence of the decision makr  (LGF). 

L V C W N T A L  COSTS AND BENEFITS. Computed by subtrad~g &e "without project" 
values &om the "with project" values (CFA). 

INDEPENDENT VARIABLE The non-random variable whkh if used for forecasting other vari- 

ables usingregesion (RGFJ. 
INFLUEWCE RELATIONSHP. When one variable's change in vdue influences change in another 

variable {TRD). 
INFLUENCE TEE. A tree &at diagrams the variables which influence other v k b l e s  which are 

higher inrhe tree (TRD). 
INFORMATION CATfiYSTS. The communication {written or verbal) and the howledge which 

enable uhe system process to occur, yet which are not inpars or -qua of the syrtem 
{SDM). 

INPUTS. The people, information, anaor pphysid items which enter the qstem to be trans 
formedby a sequence into outputs of rhe system (=IF, SDh.I)- 

ZNTERACTING GROUP. A process that permits dixussion mongpardSpula (NGT). 
IWERFACE DI-SION. The rehion to other systems or dements-a *"en- t o r e ~ t d  

system definition matrices (SDM). 



IN'FEKMEDIATE IMAGE. An inrermrdiatc irnagc describes thc sto~e of thc system after a 5 m e  
In rrrwirl n 'SCN;. 

!NTEIINAL ECONOMlC RETURN. The rate of return derived from an economic analysisafthe 
benefits andcosts to the society -. economy of the country IIRR:. 

llVTEKNAL FINANCIAL RETURN. The rare of return derived from a rmancial analysis of chr 
project cash flow :IKH;. 

INTERVAL SCALES. Scales that reflect not only rhc rank of one fac~or over another. but the 
d u p c  rlr which onc cxcecds the other. The difference beween ;hem corrcspnds to alength 
of scalc in zcrva! i KTS , . 

JNTEKVf EW SCHEDULE. The plan for conducting am interview. Ir includes the questions to be 
zaked 'IVW;. 

INVEK'TEU EFFECT. An interaction Setween two variables so that a change in one resuks in an 
opposirc c haage in rhc othcr IOVD). 

1 KKEVEKSl BLE VARIABLE INTERACTION. When the variable only inereares or only dc- 
creases (OVD). 

LATEST FINISH {LF). The Iaccst rime (measured from the stan ofthe projecr) when an activity 
may be completed without dcPaying army irnmediatc smccessor(~, thereby delayingcornple- 
ticrn of the project iCPMj. 

LATEST START ; LS j. An activity's latest f i i sh  t h e  minus its duration [CPM). 
LIMlTED ENTRY. A type of &cision table which permits onlv a limired set of condition and 

action encries in the decision mk cdmmns !DTB.). 
LINEARLY LINKED MATRICES. Matrices with a common see ofro\# or cdurnns (IMD). 
LOGIC ELEMENT. A symbol indicating the nature of h e  relationship between ru-o or more ob 

jcctivesat adjacent levels in a hierarchy (INS:. 
LOUCAL INCONSISTENCIES. When hTpothesized relationships among variables am inconsis 

tent {OVDj. 
L{IC;~CAL MEASUREMENT. Determines tvherhcr a biaaq+vcnc objective has or has not oc- 

curred (OBT). 
MATRIX. A mathemadca! and gaphical representation in two dimensions <IMD!. 
MATRIX ENTRY. The symbolused ro izdicate rhe nexislrence or absence of a relationship between 

the clement in the row and the element in the cua~rnn [which together &Fme h e  entry] 
(IMDJ. 

MEAN. Th average value or central tendency of the data !HIS!. 
MEANS OF VERIRCATION. The specific rnechmisms b!: which quantitative indications o6rhe 

accompluhrnent of a project m y  h observed (LGFI. 
MEANS-ENDS ANALYSIS. The identificadsg 95 aPtemati~*e actions to achieve specified ends 

iOBT, TRD j. 
MEASURING INSTRUMENT. A tecbique for eliciting and measuring respanses from a subject 

(OCA. SVYj. 
MEDIAN. The value corresponding to the midpoinc ofthe data points (HIS). 
MILESTONE. A point in h e  (specific date) which marks the cornpledon ofa sequence of actis- 

ties or the beginning date gar subsequent activities (CPM). 
MIXED ENTRY. A type of decision table which permits extended entries such asa range of values 

for a question in &c condition stub (DTB). 
MODE. The value or class interu~cl which occm most fiequendy (HIS j. 
MODEL. A reprezcntation of an hagin- entity :hat contains informadion in a certain 

form and has specified rules for interpretation {TRD). 
MU L.TPLLE EFFECT. Occurs when a project impact on*ne aspa of an economic system gen- 

erates a stimulating effect on othr aspcts (IPX). 
MULTI-STAGE SMDLING- D n w  random samples in stages (SV-f). 
MUTUALLY-CAUSAL VARIABLES. Vaaiables &zit occur d e n  a change in onevariable Eausesa 

change LI another which is fed back to SZect the firsr (OW)- 



MUTUALLY-EXCLUSIVE PROJECTS. [ncompatible alternadvcs where Eanp!r.mcntinp osc prcr- 
clude~irnplemensin~ the others {NPW;. 

NOMINAL GROUP. A goup process in which the members work indcpcndcat'r): but in clclr 
other's presence {NGT). 

NOMZNALSCALES. Scales that cateprize different factors (RTS!. 
OBJECTIVE. A specific statement of expressinga &sircd end ;INS.ORT,. 
OBJECTIVELY VERIFIABLE INDICATORS. Indicators &at dcmonsmatc that certain dcsircd 

results are being accomplished {LGF:. 
OPEN QUESTIONS. Questions which permis the respondent to answer 3:. he or shc choowc 

!QTN)- 
OPPORTUNITY COST. The cost of committing resources to  a particular ose as measured by rhr 

highest rerurn that could have been obtained by committing thc bame resources roan alter 

native use (DIS). 
OK LOGIC ELEVENT. Links objectives whcrc the attainnmcnt of airy one or a combination u i  

sub~bjecrives achieve thc higfier levc9 objective ;INS;- 
ORDINAL SCALES. Scales used to rank-order a set of similar objects dong a criterion dimension 

which reflects a basis for comparison. But not the degree ofbfkrence IRTS:. 
ORGANIZATIONAL ATTRIBUTES. The eelements or components of an organizadonal s)-, "='em 

and the interrelationships among them (OCAj. 
ORGANIZATIONAL CLIMATE. The relatively enduring quality of the intcrnal environment of 

an o r e a t i o n  &at {a! is experienced by its members. jb] influences their behavior. and ; c: 
can be described in term of& values af a partic~da~ set of characteristics (WA) .  

ORTHOGONALLY LINKED MATRICES. k%hices 4 t h  the same set of eielnents in the row's of 
one matrix and the coPumns of she other matrix {IND]. 

OUTPUT. The desired and the undesired r e s u l ~  of tbc zransfomarion process o f a  system (FEX 
LGF, SDM). 

O W E R  An organization or persoan who possesses inrent for. or has a vested inwrest in. a project 
(INS). 

P A W T E R  A quantity wish only one value over che cfitire range ohthe system behavior being 
simulated {CSM). 

PARTICIPANT OBSERVATION. The prheritig of information about 2nd impressions of a w- 
lected goup by direct interaction over m extended period of t h e  (S W). 

PAYOFF VALUES. Represent the gain resddnmg from the occurrence ofa particular action-evmt 
path (DTR). 

PERIOD. The time inrerod betweea smrcesive r jservacions of the unhrlyiog Focess {EXF). 
PERSONAL MALOGY METHOD. Used im Synectics sessions where a goup member identifies 

with an =lernenr of the problem =d looks at it as though he were that element (SYN). 
PHYSICAL CATALYSTS. The equipment, Sadities, etc. wvhich are necessary for the inputs to be 

transfomed into outpuzs, but which are nor &emselves inguts or oatputs of the system 
(SDM). 

POLICY. Longrag  deckions mhkh influence a Barge ncmber of &versif"~eci goups wi& different 
PoEcy at one level of an bsdztican forms the gidingcritesa for shorter-range 

decisions at a lower level (INS). 
PREDECESSOR ACTIVITY. An activity that must be complt~ed before another acrivity can srm 

(CPM]. 
PRESENT WORTH. The value today of a frrture payment (DIS). 
P R O s u l L r g I C  MEASUREMENT. occurs when the attainmerit of the objective may not be 

determined tvith certainty [Om). 
PR(3BmJLITY DENSITY f U N a O N .  Rezp-esents the probabiliq- &&bmtioa ofa ser of contin- 

uous evenis (SPA). 
PROBMILIW DISTRIBUTION. Associates each event in the set with i~ probaK&q of occur- 

rence (SPA]. 



272 1 GLOSSARY 

PROBLEM ENVIRONMENT. The set of v e b 1 e s  and relationships which are gemaine to the 
decision process under study ! G W ) .  

PROCESS SYMBOL. Represents an action which takes place over tlirne (PLY. 
PRODUCER-PRODUCT RELATIONSHIP. When one variable is a product ofthe ocher {TYZD). 
PROGRAM CATEGORY. A system caregory under which spec;& projects, or program sub- 

categories, are developed (PPB). 
PROG RANl ELEMENTS. The resources or inputs needed to carny on a project (PPB). 
PROGRAM SUB-CATEGORY. Refers to the specific projects considered under o program care 

gory {PPB). 
PROJECT EFFICIENCY. The ratio of project outputs to hguts (BCR CEA). 
PURPOSE. A project's p&m-y h t e n ~ ~ n  or aim (LGF). 
QUALITATIVE OBf IXTPVE. Objecr~veo that are judged subject&-dy to determine if hey have 

been accomplished (OBT). 
QUANTITATIVE OBJECTIVE. A !  objective that represents a quantihbZy vedimb1e end or re- 

sulr {OBT j. 
WNKaRDERING. The process of weighing one itern against others and then ordering the items 

by weigfit on ascde such as bportlnce or pioriq (Bm. WGT, N W ,  PPM). 
U T E  DIMENSION. The pe&mance measure for a system dement (SDM). 
RATIO METHOD. Estimates probabdEties for a set of events by fist  obtaining the relative chance 

of  airs of events for all possible pab (SPA). 
RATIO SCALE. An interval scde for which the &zmsian ofconnparbam h a  zumrdzen, point 

RTS). 
REDUCED MATRIX. A ma& formed by a irr ing  one or more row5 or columns h m  the a@- 

nd ma& {IMD). 
REFLEXIVE RELATiONSWP. Oc~~urs when the variable interacts with itself [Z.MD). 
REGRESSED VARIABLE. A m d ~ k  is regressed on mother when the dbrrner is depndemt on 

the h e r  [RGFJ. 
REGRESSION COEFFICIENT. The coefficient of the independent varkbk h a regression equit- 

ti03 (RGF3. 
REGULARITY. The most frequent or dominaana; (adoccasirPndy the maso~portant] conditnon 

of concern to the project design (IDL, FEX). 
RELATIVE CHANCE. Reflects whether one event occur rather &am anrother (SPA). 
RELEVANCE TREE. A eec that & p m s  the reldonships among wearem sets of factors at each 

level of a hierarchy PRI)). 
ROUNDROBIN. A process for s e n ) "  recadhg ideas d e r ?  each participant provides an i& in 

turn. No d k w i o n  occurs although the kadter may ask gar a show OE hands anhow my 
parriciplnts had a s h i h  idea. Those responding rhen e h i i a t e  &at idez &om Wiresgec- 
tive lists. The process may conhue in a ckmh &hion u a d  d parddpa"le7 k5 ex- 
hausted [NGT). 

SANPLE. A subset sekcred &om a slbject popdadon, h e  atmihoes o f d i d  areassurmed to b l d  
m e  for the r o d  population (S W). 

SKrlPLE STATISTIC. A quaatitative pa?raaneta wfrich charamrizes some asgea of the pcipula 
tbn &om which a set oi'dara are drawn (HIS]. 

SCORING. Used in games as feedback to the partkipam to reflect the eGe&ermess ofhe$ && 
sions [GAM]. 

SECTOR The larger system ofwhich a project is part (XF). 
SELFINTEUCTlON MATIUX. A represenration of mk60ashipo w i t h  a singe %t c f d b l e s  

f -3. 
SEQUENCE. The process by which the i a p u ~ ~  are worked on, thansforme4 or p m e d  into m- 

puts, u d Y  with the aid 6 c a t a l w ~  (SDM). 
SET: A collection ofelements hiving some common grope- (Lm). 
SETOF CONTINUOUS EVENTS. Consises of= hfinite number of merats (PA). 



GLOSSARY 1 273 

SET OF DISCRETE EVENTS. Consists of a Finite number of m~tual1~-exclusive events (SPA). 
SHAD3W PRICES, Adjusred market prices which refiecc the m e  benefit or c o s ~  to the economy 

{CFA). 
SIMPLE RANDOM SAMPLE. A sample made so that every member of the target populadon has 

an equal probabiiry ofselecrion (SVY 1. 
SLACK. The arnounr: of leeway allowed in either starcing or completing an acrivity (CPM). 
SMOOTHED VACWE. An estimate ofthe average value of she variable beingforecasc{EXF]. 
SMOOTHING CONSTANT. A fraction between 0 and 1 that indicates Ehe degree of confidence 

~ k c e d  on the most recent datum (EXF). 
SOLUTION COMPONENT. The part of a program that is ~ r ~ o s e d  as the &don (PPM). 
STANDARD DEVIATION. The measure of the &spersicn of the data values about the mcvr 

tHS1. 
STATE DIPENSION. A sgeciGcation of antkipaced changs and plans in specific time horizons 

for each of the four dimensions (SDM). 
STATE SCENARIO. Describes con&tians and events {the state ofthe system and the external 

context) ata single k u r e  point in h e  (SCN). 
STATE SYMBOL. Represents a tangible product, requirement. or specific condidon associated 

with a process sequence (FLW). 
STOPPING RULE. A rule thar determines when any branch ofthe tree diagram should end [Tm). 
STRATEFIED SAMPLE. A sample that =selects a pnoportiond sample at random from each of rhe 

groups in a stratififation of the mtd popdationn (S Wj. 
SUBJECT POPULATION. The set of dl evm~s or entities which possesses cen& pe&ed 

characteristics (SVY). 
SUBJECTIVE PROBABILITY. A quandPiedjrmdpent of the c h c e  of an event occurring [SPA). 
SYMBOLIC ANALOGY METHOD. Describes h e  problem by objective and impersonal tides. 

These titles are used to  identify other problems which m;~ be descnied by the same title. 
They axe generally expressed in nvo words, usually describiig two conflir~agat~ributes of 
the problem (SYNJ. 

SMMMETRTCAL FWLATIONSHIP. Occurs when &e relationship between two elements is non- 
di-ected (IMDf. p 

SYSTEM. A cokctiotr of componenrs which interact to achieve acamrnon function (CEA, <SM 
FEX, IDL, SCN, SDM, TRD]. 

TARGET GROW. A set of persons wirh certain common characteristics (DLP, OCA). 
THRESHOLD EFFECT. When one variable does not change u n d  the orher variable changessignif- 

icandy (OW). 
T m  f =FERmCE. The general preference of individuals for present over future receipt anand 

for future over present expenditures (DIS)- 
TOTAL CASH FLOW.  he sum of all anualcash flows for the life of the project; an undiscounted 

measure of the aggregate change expected Er~m implementing a project [CFAJ. 
TRANSIENT SCENAIUO. Forecasts changes in and the alternative actions on a system at various 

stages in the evolution ofthe system (SCPS). 
TWSmIVE RELATICINSHIP. Requires &at a clirected relationship among three or more eIe- 

ments be consistent (IMD). 
TRYE GRAPH. A set ~f linked elemears where only one exists between any two factors (OBT, 

TRD). 
TUNWG.   he process of making changes in the parameters and initial valtaes for variables in order 

to minimize the errors between expecxed and a c d  sirodation output ar betwee2 obsenred 
or simulated data (CSW). 

UTILITY. A quantitative expressioil of the worth or satisfaction asswiated with an outcome 
(DTR, MCUj. 

UTILITY FUNCTION. Associates the ~ossible levels a crkerion may & widi ;he =&ties fcr 
those kveh (MCU). 
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UTILITY MATRIX. Presents rhe dements of a decision under ccrtaiaiaty (MCW). 
VALIDATION. Testing whether a computer shmladon progrm sinmlates the absetved q ~ k m  

behavior. I t  i s  a process of sirnuaattng the past and checking the shu!a~ed &ta againsf actual 
data (CSM j. 

VARlABLE A factor used to describe a system Which may change value as a function of t h e  
iCSM OVVD]. 

VERIFICATION. Testing a campueer simulation pro- to see &at &e program functions as 
intended. I t  is o process of eliminating logical emors in the prqam (CSM). 

XOK LOGIC ELEMENT. Links mutually excPusivc sub-objectivesro:he higherlevd obje&e(s). 
The achievement of one sub-objective alone achieves the hightrrlcvd objective [INS). 
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