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s The Research on Evaluathm Prog

Educ§§1ona1 Laﬁoratory prG]edt of reseaxch,” development, testing,

and tyaining des1gned to create .new evaluatlon ‘methodologies for -
.. use in education.

reports produced by program staff,_v1sit1ng scholars, adjunct

. ' scholars, and project collaborators--all m s of a cooperatlve
5 ' network of colleagueé working on the developm t of new

] methodologles. . . b N 2
THow can oné determlne the proper mix of educatlonal prograﬁs»to
recelve reduced undlng when'budget cutbacks' are necessary? This *
..report prov1des an extensive dlscu551on of the usgﬁof cr1terlon
.referenced, mathematlcal modeling procedures to determine which-
budget réductlonsmmlhlmaily red\ice the qua 1ty of educational
' programs. Part ‘T'of this report p1a1ns bas1c des1gn of .
multlple alternatlves ‘analysis and the contexkt for its use; .-
Part II provideés the. technical and mathema cal details of the
analysis; and- -‘Part III contains an extensive example of the use
of these procedures in:reducing a budget within a local school
district. This report describes a highly technical -but workable
, solutlon to the dlfflcult problemqpf reduc1ng~sphool budgets.,_..

- . "' Nick L. Smith, Editor
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INTRODUCTION TO, THE "SURVEY .- . S
: ‘. Y S L '
e ; < . .. . )

v u’? ! ’ ' ../ : &

Educat1ona1 dec1s1on-mak1ng has evo]ved nto a most complex

"and demandung process What was once’a rea]m almost comp]ete]y .
‘ as§0c1ated w1th exper1ence and arm cha1r reckon1ng . adm1n1stra-“‘
- tive perogat1ve now demands a h1gh1y 1nformed, structura] and
'“ofteh equally comp]ex approach to prob1em Esmed1at1on Eoucators
.-and educat1ona1 adm1n1strators “in part1cu1ar, have—over ‘the past
’."sevenal years choseh to ignore the need to. develop more soph1st1-h -
...cated decigion-making strateg1es.. Now however, the direction is T,:.ﬂ.
.““<c1ear Prob]ems representat1ve ot desegregat1on, dec11n1ng _ ‘
enrdﬂ]ment, school cTosures, d1st1nct consolidation, ,attendance ;

- boundary red1str1ct1ng, PL. 94- 142 comp11ance ‘and (educat1on s

*perennig] nemes1s) reduced fundlng allocation -- taunt every .
‘educat1ona1 system, from sma]] school districts through state and

federa] off1ces. A

R

[

. Many of today's comp]ex educat1ona1 issues can be trans]ated

'1nto what has become known as the. "multiple- a1ternat1ves problem" -
: (whoJeBen,_1980af' For example, in’ eva]uat1ng severa] elementary'
;uschoo1 s1tes for c1osQre, the quest1on 1s not, "whether site-A
versus s1te~B is closed" but rather how manz sites and which ones - -
fishould be deact1vated in order to fu1f111 (1)_the\obJect1ves of
‘ the)requ1red déc1s1on (what we will ‘come - to call 'constraints! )

“'and (2) the needs of .the- d1str1ct 1nvo]ved (which we will soon '

blearn is the 'cond1 1ona1 vector .- L1kew15e 1n«develop1ng
';soph1st1cated curr1cu1ar systems, the spec1a11st d1scovers that.

: many a1ternat1ve Jnstruct1ona1 activities exist which cou]d be

'1mp1emented in fu1(111ment of the requ1rem shts for, a priori
" stated 1nstruct1ona1 obJect1ves (themse] es re]ated to des1red

concept 1earn1ng) Obvious resource factors such: as t1me, cost
and the vary1ng e*gggt:se of ava11ab1e personne] m111tate aga1nst
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fﬁhe otherwise optimal solution of "doing everything". However,

the actual problem is much more‘subt]e For examp]e how re]ated
are ‘activities 'A' and 'B' in regard to satisfying- some aspect of
objective A? Is A more costly yet more effect1ve while B is.
less costly but not as effective? Are both A and B similarly ..
é?f1c1ent in terms- of time required for presentation.and/or
conclusion of the act1v1ty( ) itself? And even more subtle, does
the selection of Ain terms of some stated objective affgct the

_ﬂtt1w1t1es that may be chosen for another obJect1ve related to a

d1ﬁferent though required.concept? - et

Thus, the multiple alternatives approach to modeling various

;comp]ex situations in the educational sector is itself a complex

mi]ieu, with the purpose of designing a- thofough highly-
structural dec1eJ9n1ng model to adequately assist the educational
dec1s1on maker in understanding, analyzing and decisioning (sic)
the mu]t1p]e alternatives' problems faced today..

The treatise contained within this present paber concerns the
expositon and multiple-alternatives interpretation of another
complex and highly volati problem in education, to wit:

Given a situation of. reduced funding allocation (and
~ therefore required reduced expenditure) across educational
~programs, how many programs will be funded and which ones;
subject to the budget being balanced and the goals of the
school (dlstr1ct) maximized .. while (of codrse) minimfzing
any perce1vab1e negative 1mpact upon the system as a who]e.

Thts is the context of fiscal roll-backs; that is, "ro]]ing-béck"
program execution due to‘some level of reduced expenditure
necessitated by a finding crisis. (levy failure, reduced state

5

13
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and/or federal matching support, or, the irfational requirement to _
transfer-monies from one account into another (program to _'ﬁf“‘"
program) because one program is P.L.-mandated (pub11c law), while

the other is not (though required nonethe]ess) S ' . o

This paper addresses (and hopefd]]y satisfies) three main .
goals. Eig;;,-the reader will gain an understanding -of the
budgeting roll-back (alternatives) situation under fiscal crisis.
Conta1ned within this. intended understand1ng will be the investi-
gat1on of "a]]ocat1on versus de-allocation" as a fiscally-
oriented dec1s1on making strategy; and the relevance which
traditignal cost/benefit modeling provides to the int rpretation
of a mu?\dp]e-a]ternatives'framework. .0 '

-

e

Secondly, the reader will be introduced to a relatively
complete (albeit brief but hopefully not cryptic) discussion of
multiple alternatives ana]ysié as a decisioning-‘model.
Principles from the generation of collectively-exhaustive deci-
sioning alternatives to the development of system-constraints
upon that;decisioniA% will be presented and il&@strated.
Suggestions for valiYating the constructed mod8l will be
provided; and the limitations of the mode]yi;se]f, discussed. B

The third and final goal of this treatise is to présent the
detailed results from a fie]d-app]ication of the fiscal roll-back

.decisioning model. Identification of the various multiple alter-

natives (viz., programs) discuésed, thevdeveTOpment of the

- constraints (system objectives) defined, and the construction of

the modeling framework illustrated. Finally the impact upon the
system of the various programs chosen for funding (or defunding)
will be investigated via certain statistical procedures; and the ~
role of the modeling constraints demonstrated in terms of the
degree (or extent), to which the modeT? "mode]ed" the s1mu1ated
decision-making environment.



A finai word’(of caution) is required at this point for the
reader. As discussed in’the last section (IV-A-1) of this paper
(Complex Approaches to CompTex'Issues, pp. 138),%it is
well to understand one of the mang (rat1ona1 as well as

: rea11st1c) biases of the authors. ~ j‘
/ | - | ) |
. ‘ Edueational decision-making today is a tricky business, full

~of ‘hidden agenda and unforeseen pitfalls. The reépdﬁsib]e ;
decision-maker views a cohp]ex issue as (therefore) complex; and
. does not subscribe to the overused adage, "simple solutions to
mplex problems shod]d bevyour'objective." Obviously, the
proflem solver cannot attach issues by "making nountains out of
molehills", but must nonethe]ess recogn1ze each "molehill" as a
part1cu1ate-source of a "new mounta1n."

It is not the h1dden goa] of the authors to convince ithe
reader, that the multiple a¥ternatives approach to certain educa-
tional problems is the. perfect solution. However, we do very
strongly suggest that it is certainly one of ‘a minority of pre-

ferred tethniques which the emerging educational administrator
‘must be aware of and rudimentarily understand.

Gdod reading!!

Brent E. Wholeben, Associate Director
Bureau of School Service and Research
University of Washington

T e

John A. Sullivan, Assistant Superintendent
Sumner School District
Sumner, ‘Washington

~
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}_()'EVALUATION OF POTENTIAL BUDGETING ROLL-BACKS
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* UNDER EDUCATIONAL FISCAL CRISES
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o . INTRODUCIION.

Thﬁs sect1on exp]ores the. ph11osoph1ca1 rationale under1y1ng
" the modeling of fiscal alternatives in response to budgeting
cut- back@/ and provides a foundation for viewing the program .
fUnd1ng/a110catJon decision as e1ther an 'allocation' quest1on k_CL4/
(i.e. giving to) or a 'deallocation’ quest1on (i.e. tak1ng away)..
To 111ust$hte the rudiments of dec1s1on mode11ng, the basic
trends ,of the traditional cost/benefit model are defined and
'diSCUssed, especially with regard to applying multiple, competing
criterion measures across multiple (potential) alternatives _
solutions.  The ‘four main criterion foci of effectiveness, -
efficiency, satisfaction and expenditures are discussed relative
to muTtip]e decision eva]uatiohi and the ideas of preference apd
‘trade-off (compromise) necessitated by the existence of multiple’
criteria in competition with one another are summar1zedgg

——

Finally, the app11cat1on of operations research’ tephn1ques as a
tool for evaluating potential “alternatives is presented for the
reader's understanding. , ’ : ¢
Part I prepares the reader for the technical discussion (to
follow in Part II) regarding the actual construction of the
multiple alternatives model (MAM), through the development of a
MAM-orientation in a fiscal budgeting (allocation, etc.)
situation. Thus this development is situation-specific (to
fiscal management) and will hopefully facilitate the
understanding of the MAM decisioning context. This parallel
theoretical-application discussion will hopefully allow the more.
discerning reader to view the wide-range of application(s)
available to the multiple alternatives design. The reference
b1b11ography at the conclusion of this report will allow the -
: masoch1st1ca1]y inclined reader the ab111ty to read more in the

5 L ]
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K subject of fiscal bddget1ng and decision- framework for ana]yz1ng )
'a]]ocat1on~strateg1es ‘ - Yy

-

A

T - |
" % _ o
PHILOSOPHICAL FOUNDATION FOR FISCAL MODELING

R T O
‘Fiscal modeling refers to the'étudying'pf ah,envirbnment in

‘which some decisions are required concerning funding allocations
and expenditure coqtro]. Practitioners assume that,a110cation by
itself is" an automatic 1nterva1-cpntr01 for expenditure.
Forgotten (or consciously misplaced) is the notion which goes

..beyond the question of "how much spent, totally", to the more
'_ brorodetive and accounte51e inquiry, "how much spent, how (in
which-ways), and where, totally". The decisions .required in-
- order to fund certain programs in lieu of other~(equ§11y
deserving) programs necessitate that the decision-maker
(a]]qcator) understands what monies will be spent.!nere, ﬂgy and
why; and in addition the impact that such expenditure will have
upon the total (e.g. district) program in philosophy as a whole.
To understand such ‘impact (both validly and reliably) and to be
able to make thesdecision(s) reeuired; certain requirements are
mandated. . -

~First, an obv1ous need exists to define, deve]op and measure i
various cr1ter1on variables in order to be able to compare the
elternat1ves, and measure the impact of their funding versus "
non-funding to the system as a whole. For example, women's ath-

. 1et1c)programs in higher education have been h1gh1y Subsidized on
~ some campuses by income from the men's ch]eg1ate varsity sports
programs, and from other specially ear-marked funds out of the

: deneral SEESift programs administration budget As budgeting

6
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| cutbacks,pecoh a fiscal rea11ty ih h1gher educat1on, and

increased costs aggravate the ex1stence of . less mon1es, the
women's sportsy program becomes a ]1ke]y cand1date for ‘cutback'

- or comp]ete deffunding (cut off). A sample of the impact- cr1ter1e,

requ1red by th1s dec1s1on1ng s1tuat1on might Qg noted as: .. °
(1) \measures( ) of total sav1ng§, de]1neated into sub-
5 ”expend16ure obJect codes), so that. he worth of. each
'savings' (or 'eXpend1ture ) ‘area is')known; é& ,
(2) measure(s) of total 1mpact to the: preva1]1ng,campus ph1-'

_ ]osophy of equa] opportun1ty, equ1ty and aff1rmat1ve
action; .and ' ,

T (3) 'measure( ) of relative worth in retaining or discon-
tinuing this program, compared to other programs
(atternatives) which could prov1de equal revenue sav1ngs
(eg . campus and grounds maintenance, secur1ty, remedial
("bone-head") lower-division courses ),

It shou]d.be clear that two factors<afe operating in any
MAM-decision. First, the 'need exists to maximize the positive

- impact to the system, while minimizing any negative by products.v

Second, there must be a near-exhaustive . (though empirically
impossible) collection of criteria through which to measure:both‘
positive as well as negative impact. In reality, it becomes
(itself) a goal of the model bU1]der to utilize the best

k1nd( ) and most type(s) of cr1ter1a in order to validate model
resu]ts ~ '

Maximizing Program Goals Within Budgetary Limitations

N

Fund1ng cutbacks relate both to _the specific form of. progeam
(e.q. student activities, g1fted educat1on, transportation) and

s
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. .programs becomEs the ' program -of a higher order (e g. ‘the same

' ev11' the dec1s1on maker must be alert to which level of
, program is be1ng referenced Obviously a cr1ter1on re]ated to

~-

—
) .
e g e
b

AT WSS Sa

to the more gener1 def1n1t1on in which "the co]]ect1on of a11

district program) t In, max1m1z1ng the. 'good' “and m1n1m1z1ng the 2

the co- cg£}1cu1ar port1bn of a student ect1v1t1es program, ~

-

' “to maximize. ‘the qua ity and extent of each"sfudent's
part1c1pat10n w1th1n co curr1cu1ar act1v1t1es,

may have greater weight to the SBG/ASB advisor than to the pr1n-

_ c1pa1 who needs a higher fund1ng level for a 'back-to-basics'

remed1a1 ‘curriculum,
At either level, the focus is identical:

"to maximize program goals within budgetary Timitations",

" whileminimizing the impact of any budgetary cutback decisions to

the system as a whole. Fiscal made11ng thus takes on the
appearance of a system of .compromise -~ that which is possible
versus that'which is desired. By Juxtapos1tion1ng maximal bene-
fit against minimal harm, each fiscal alternative's "weight" and
"importance" become. read11y apparent, .and ava11ab1e for com-
parative eva1uat1on

P v
~ .

Partial Defunding v. Selective Deallocation

Parallel to.the discussion on-maximizing ‘program goals

'(des1red outcomes) within established budgetary limitations is -Eg%k

the economic notion of a 'break-even po1nt' Often times, the
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educational .decision-maker announces a cut-back decisiod on a

percent (or percentage) decrease in allocations. The program
chairs are advised to "do their best with 1ess", often without

reflect1ons upon whether the resu1t1ng Timits p1aced upon program -

goals-can be rea11st1ca11y aéh1eved At some point (the
'break-even point') reduced expend1ture (reduced fund1 ) results
in program performance occur1ng below acceptab]e program goals;

and thus opens a forum for d1scont1nu1ng that program S op
which would then result in the saV1ngs of the total potent1a1

expend1ture The dec1s1on:maker must. take into account however,:'

the potent1a1 of negative outcome to the.system; and thereby con-
s1der an increase of fund1ng to that particular program, with.

¢commensurate decrease to another program(s).

‘Clear1y, this decision process is complex: Not-only must all
combinations and permutat1ons of the programs EETBg compared
(multiple a]ternat1ves) be. ana]yzed but the system impact of
each combinatorial permutate must F]SO be assessed across all
criteria, Soundﬁ fr1ghten1ng, does it not?) This line of

thought is further ‘aggravated by the aforement1oned notion of °

"~ "multiple fund1ng levels" per pro ram. Yet as’ hopelessly ridicu-
g

Tous. as it may appear, the decision must be made -- and 1s _being
made in every funding cycle of every district.

-

Two avenues of approach to the allogation decision may b?
d

‘ made. F1rst, reduced funding allocation is perm1ssab1e if Af and

nly if the resu1t1ng redué?d allocation does not "significantly"
(or magn1tud1na11y) lower Both s pec1f1 .and generic. program
goals, below some agreed-upon acceptab]e leve*. That is, why
fund a program that cannot fulfill 1ts program goals at a reduced
expenditure level? The second approach however is a more direct

‘maneuver than the partial defunding: approach, and can best be

descr1bed as selective dea]]ocat1on.
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Consider the various mu]tip]e alt rnatiVes as specific_

4-%

;programs whose collective outcomes for \the district's. gener1t

program or1entat1on. .Further, consider that some of the programs
are modeled at "full-funding", some at a
1eve1", and others at some dis rete/ﬁo1n in between. The deci-.
sion now becomes to fund (allocate) at full or acceptab]é 1eve1s,
or not at all. ' This focus upon selective deallocation is of the
utmost importance,\in order.to provide

"minimally-acceptable

control_for regu]atory

L'iaccountab111ty to. the dec1s1on1ng fram ork

!

.&)Funding Allocation v. Regu]atory AccouLtahi]ity
i co L o )

The virtue, "better to give than; to receive" cannot be
app11ed to f1sca1 allocation cutback dur1ng budget1ng cr1ses

point must ﬁe defined beyond which a cut- back‘dec1s1on automati-
cally becomes a dea]]ocate‘("cut back") decision. Suth‘decision-
mak1ngfmust come from the generic-program adm1n1strator, the
spec1f1c pnégram chair is not 1ikely to voluntarily ‘of fer such
suggest1ons But since it is trpe, that "it is easier to give

than to account for", the necessity ﬁor some- form of\Pegu1atory
accountab111ty is ObV1OUS

. ‘The major concern {7 th regard is of'a“vo1atile, political
naturg. The decision-maker fmust take 1nitiative in determining
the level of acceptabTe'fu ding, and moreover operationalize the
stance that at some "defined" point, the progrgm will be deallo-
cated instead of partially defunded. It is the opinion of the
authors that all fiscal ol1-back ‘decisions be made under a’
discrete deallocation philosophy, rather than a progressive:par-_-
tia1‘défundjng scheme./ Such a structured, disciplined approach
is more than offset the enhanced accountability to the modeled
fiscal system. ¥ N
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Full Systems' Orientation To Input
_ . ‘ _

A'model of a f1sca1 system, aSS1st1ng the dec1s1on-mak1ng€\
'_framework for se1ect1ng programs to be funded or defunded
(rolled- back) is only as reliable as its ability to s1mu1ate that
system. Reminiscent of the days of systems' plann1ng, organiza-
titnal. deve]opment and part1c1patuye\management, a f1sca1
‘systEm s mode] must so accurate]y simulate the original
'env1ronment that any influence {criterion-related) Yo the real
system is also” 1nf1uent1a1 to the f1sca] model (1 e. va11d1y
modeled). Furthermore, output from the systems' modeT due to
modification of those criterion-variables explaining
‘(constra1n1ng) the simulated framework, must also ref]ect the
changes expected to the real.system (i. e. reliably modeled).
Such a one-to-one correspondence between reality and s1mu1ated
model requires a full systems or1entat1on to 1nput

9

Input to any mode] simulation refers generally to. the effect '

_imposed upon the model by the: criterion- var1ab1es used to
exemp11fy the rea] system, such cr?ter1on referenced measures are
known as constra1nts The utility of full systems' ‘constraints
“in accuraggTy and cons1stent1y modeling reality is witnessed in

- ‘three areas’. First, the real system is controlled by the main
and interactive” effects of input from innumerable sources, both
internal and externa] to the system. In the multiple alter-

-natives context, such sources: are- modeled via. the use of mu1t1p1e

~compet1ng criteria. A]though certain sources may be more

“influential (i.e. we1ghted) than others, neverthe]ess no s1ng]e i
input (effect) exists 1n};zolat1on from the co- re1ated effects

A

5.

econdgg the source of mu1t1p1e cr1ter1a may itself come f
from mu1t1p1e sources throughout the system. . For example, in-

11
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: dec1d1ng upon a certain curricular program for 1mp1ementat1on, a
reasonable cr1fer1on measure wou]ﬁ be the extent of perceived
effectiveness in 1nst1tut1ng the des1gned 1earn1ng change.” Such

ﬂpeﬂce1ved change however m1ght be d1fferent for each 1nd1v1dua1

’ subgroup:- teachers, adm1n1strators, students ‘and parents

A]thguéﬁ‘a measure of '1earn1ng affec iveness' is- des1rab1e,

necessary also will- be the modeling of -a decisioning process

where each of four sources are‘mbdele independently (tpdugh-
simu]taneous]y) “If the model were tt |
constra1nt to input a compos1te measur

use only a single
of effectiveness,»the".'
original variance between theifive groups would be ]ost and the

system inaccurately mode]sthe‘eneronment surrounding the
decision. B o o f i

Finally, a full system'§ orientation to. input must be modeled
so as to allow an ab111ty to' compare inputed criterion measures
‘(constra1nts) across the a]ternat1ve programs. On]y then can an
adequate “consensus" mode] be deve1oped to portray these system

sources of 1mpact

'
\1.‘

PROGRAM BUDGETING FOR AN ALLOCATION/DEALLOCATION
FISCAL STRATEGY

- The reader w141 reca11 that a decision for a11ocat1on or‘°
dea]]ocat1on of fund1ng requ1res a discrete budgeting-level
framework By d1screte, we mean that if a particular program can
sathfactdrily accomplish an acceptable number of its goa]sjwith
reduced fund1ng, the specific level of reduced fund1ng must | be
| identified and defined for that program. In this way, a mu1t1p1e
'a1ternat1ves dec1s1on1ng mode] for eva1uat1ng programs for f1sca1

12
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,

roll=back can alsg assess a hm1ted numbér of discrete levels of
-funding for=any particular program. Therefore, program 'A" at. -hf. o
_ . full funding exhibits various measures of performance on such ﬂy
. . *pert1nent criteria.as effect1veness and eff1c1ency, as well as T"“'
" ' 'expend1ture level. , If it is ascerta1ned that -a certa1n part of A-*
could be omitted from program 1mp ementation w1thout s1gn1f1-. oo
~ . cantly comprom1s1ng A's worth thlm it 1s reasonaBJe to eva]qate ; o
' 'AX! along with A"as two ent1re1y separate feas1b1e a1ternat1Ves ‘
“That is, 'AX' will also exhibit its own measures of . effect1veness

‘and efficiency, with a reduced criterion, measune for requ1red f

[

expend1ture Tevel. co - -'U. i : _}f'
A note of caution and c1ar1f1cat1on 1s necessary here. fhe'

“authors, accepting the discrete 1eve1 of fund1ng in mode11ng
funding - differen es, ‘thereby. reject the c1ose1y re1ateé idea of'
partial fund1ng 3:a percent reduction. C It s 1mposs1b1e to
ascertain the effect upon a program of an intended 12 percent cut |

- in allocation, unless the dollars associated with the'12 percent
are identified spec1f1ca11y within the program. The act of
"divoting-up" (sic) the reduction -across all shares equally is

both unreasonable and irrational (but we choose not to overstate
our case). o ' |

RS Bui]ﬁing'the FiSca] Program System
"." ’ ._ . . \ 3 1

' The dec1s1on1ng framework surround1ng fund1ng levels and
revenue allocation has often'trad1t1ona11y been related to the _
concept of. system bu11d1ng Under this parad1gm, no pr grams 1}
exist a’ priori, and therefore all potent1a1 programs ¢

- (though unequa]]y) for some proration-of the total ava1

-budget Educat1on became very enamoured with this- concept of
budget1ng, referred to as zero-base budgeting; and many units
used the concept dur1ng the early 1970's.

) ¢
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»(non}se1Ective)’to then be discontinued:

Y
”

: The ph11osoph1ca1 e1egance of a.'zero- -base' mode] 1s

°‘1nterest1ng if not 1ntox1cat1ng requ1r1ng each program to rev1a
- sit its 'roots' and thus 'stand' the cha]]enge from other com- '
v:ipet1t1ve programs as: they support their - c1a1ms*for even ’ L
".j1ncreas1ng Tevels of projected. expend1ture. Others . be11éve that
the e1egance of". the mode1 ends w1th the statement of 1ts ‘
: ph11osophy&§ L 'irif" . o ‘ _.&. .

LR
. L.
.

N " ) !

5e1ect1ng programs for fund1ng (thqt'is, system bui1ding)'can

. also be viewed" as an assessment procedure for: eva1uat1ng certain

a]ternat1ve programs to be added to an already on- go1ng system,
and thereby prov1de>sdme degree ‘of enhancement to the system' s

'm1sston. Under fun31ng crises however, "the quest1on is

(norma11y) what do..we cut?; not what do we add? For this
reason, the mode11ng of a fiscal rqj] -back - decision- mak1ng pro-

o cess ‘can eaS11y assume the operat1ona1 character1st1cs of the

zero- -base . framework that is, based upon a certain redyced expen-

, d1ture budget what neduced number of programs will continue to

be funded?,,the ba1ance of the.current1y operating programs ., *

s T

Revising the Fisca1 Program.Systemwf PR __— *
. . s -y;‘. . ".‘ -" ‘., ’ - LY
&

An a]ternat1ve to the ph11osophy of bu11d1ng'anew the system '

_ 1n order to i nd1rect1y determ1ne cutbacks, is- thek1dea of s*uf?'

‘p

given the - current system of 0perat1ng programs and their

1mpact/effect upon the system as a whole, ?What programs

. can be directly selected for. ro11 back based upon- the1r
&mode1ed performance criteria?

-




Through the phi]osophica1 stance of revisipn; the overa]]'objec-
. tive.becomes to choose programs for dea110cat1on while m1n1m1z1ng
a decreased satisfaction of requ1red/des1red system goa]s, etc
fIn the case of fiscal roll- backs, a revision approach is the pre-
ferred procedure, though in a modified sense. - . - _ -

Since_many‘educatiqnal systems are so 1arge/as to have
hundreds of mdde]-re1ated progﬁams,\it would be very time- -
cbnSuming_to rehuirebthe'modeling of entire systems. An alter-
v‘hative 1s'to'm6de1'on1y thoSe'aiternatives (programs potent1a11y -
available for cut- back), and "to choose from this list of §
'feas1b]e expendab]e programs for solving the fiscal, ro]] -back
issue.

From”a'hode1ing'protoc01 the ro]e of constra1nts in gu1d1ng
‘the fiscal roll-back decision may be seen “as: m1n1m1z1ng the
' 1oss ‘of the contr1but1on to total systems effect1veness and

eff1c]ency, while concurrent]y maximizing the expenditure dif-
ferential which is destined for roll-back. ‘

N4 :

Benefits of Ttemized Budgeting and Delineated Programming

- As discussed ear]ier, the use of delineated programming in .
the form of multiple program versions, w1th different projections
of d1screte levels: of fund1ng, can be very beneficial in modeling
‘fiscal systems for roll-backs. It was also stated that knowledge
of the level of required funding (as a composite measure) was not
as useful as a dffferentiation of the required allocation into
specific delineated object areas of expenditure. |

The typical educational budget 1s grouped into a series of -
expend1ture areas (ca]]ed obJecﬁS) which perta1n to &agh foci as

i
i
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p
H salaries, benefits, supplies and materials, equipment and capital
| outlay. In a roll-back ‘decision, it is reasonable that the
/ decision-maker may desire to coistrain some area (object) of
funding greater than another. For example, the reduction in the
amount of a floated bond issue may require cut-backs, such that
/ the 'capital expenditure object' must be more severe]y .
constrained than other areas of object expenditure. 0bv1ous]y,
the administrator cannot allow programs to be imp]emented if a
capital outlay is mandatory, to the success of these programs,
¥ with no capital monies-avaijable.w
Often times the decision-maker may wish to segreg te those
programs which exceed the Taverage expend1ture level' from the
remaining programs for more detailed scrut1ny. Such an eva-
luation could easily be a useful strategy 1mmed1ate1y preced1ng a
full fiscal study of the current operat1ng system. ‘Finally, the
impact upon the system of proposed roll- backsqdeterminedtby a
multiple alternatives modeling technique, can only be viewed via
the individual efpenditure categories if and only if the indivi-

dual categories were originally modeled.
!

} : :

F ﬂ ’
S 3

1 ) .

Testing for Strengths, Weaknesses and Responsivenéss to Stated
Needs '

Prior to our eminent d1scuss1on of the cost/benef1t modeling
framework as a h1stor1ca1 forerunnerJto the more powerful opera-
tions research technique we calTl “the mu1t1p1e alternatives model,
it is adv1sab1e that” the rationale under1y1ng our preceding com-
ments be reiterated. .

Fiscal funding crises require (norma]]ys some degree of
expenditure .cut-back; it has been the theme of this paper that

P

~
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such decisions should be program-wholistically oriented as com-
pared to leveling a certain "equitable" percentage share across
all programs. In other words, it may be more rational to discon-
tinue an entire specific program, as'compéred to under-funding
seveéa] of the generic program's specific entries. To opera-
tionalize this philosophy, all programs are viewed as multiple
alternatives to a fiscal roll-back decision; and measured cri-
teria are used (as contraints) to evaluate all potential com-

_ binaZions and permutations of thesela]ternatives; to determine
how many programs must be cut; and which ones. Discrete levels
of ﬁdhd1ng in order to determine various delineated programm1ng
alternatives has been discussed as a recommended procedure.

The rationale in the preceding sections has been presented in
order to 1ntroduce a part1cu]ar philosophy; and that ph1]osophy

“reflects the necess1ty of test1ng for the comparable strengths

. and weaknesses between and among program deallocation
alternatives; and to specifically determine (understand) each
program's'(or group of programs ) responsiveness to expréssed~
needs of the problem originally intended for remed1at1on. In

' short, to know what a program is doing and how, and to be able to
state why that part1cu]ar program (selected via evaluation -

modeling) was ‘rolled-back’. Such are the ingredients of a
data-based, accountable decision.

TRADITIONAL MODELING VIA COST ANALYTICAL DESIGN

a

’ The plethora of cost analytical frameworks has focused maih]y ]
upon four specific evaluative or modeling designs: -cost-benefit,
cost-effectivenéss, cost-utility and (though hardly an ana]yt1ca1

17
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framework, per se) cost-feasibility analyses. Some of these
models support thé use of‘mu1tip1e criteria related to a single
focus, while other models prefer a singular criterion formed via
the composite of multiple foci; but‘all models agree upon at

least one postulate: }}/

. The analysis {and subsequeht se]ection)'of an alternative

~ course of action from among multiple alternatives; subject to
the evaluation of each of the alternatives across multiple
(or singular) criferia,_which are purported. to measure the
alternative's impact upon the system (of decisioning) being
modeled; o

and such that:

(1) positive effects to the system are maximized;

(2) negative effects (as by-products) are minimized; and

(3) neutral effects (as desirable ) are maintained at the
central tendency of measured impact. '

To accompiish this end-result, cost-analysis modeling has- deve-

~ Toped into a science of graphic displays, measurement schemes,
and statistical overlays. To date, however, the serious short-
coming of many of the cost-analytical designs has been the
model's inability to adequafe]y control for interactive effects
between (and among) cfiteria for any particular alternative being
evaluated; and an inherent unreliability to systemically evaluate
a 'multiple alternatives soTution"(where the selection of more
than one alternative is necessary to adequately satiéfy the
required demands/needs of the system being modé}ed). Before -
solving this difficult problem of multiple solutions across
mu]tip]é criteria, the reader must first grasp the more tradi-
tional asp?cts of cost-analysis design and modeling. -

~
r
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Application of a Decisioning Matrix

The choice of a solution from among multiple. alternatives,
via the evaluation of each alternative acroés_mu]tip]e criteria,
is easily viewed in a decisioning matrix format (see Figure 1,

p. 20 ). With each column representing the values of stated cri-
teria for a particular alternative, a m X n matrix. is formed;
consisting of m-criteria (measures) across each of n-alternatives
(defined). And as a 5x8 matrix yields (5)( )=40 ce]]s, 's0 does a.
m X n matrix yield (m)(n)=mn measures for evaluation. It-
remains these mn measures which will then be utilized by the
decision-maker to judge which alternative action(s) is (are) the
'best' solution(s) to the problem-being modeled.

The dec1s1on1ng matrix provides a useful formu]at1on for the
eventual modeling of the fiscal roll-back context. Defining each
of the various alternatives (A, 3 =1, ...,8) displayed in Figure
1 as potential programs to be ro]]edeback in a deallocation
decision, the objective becomes: to select that particular
alternative (Aj) which best exemplifies the stated criteria being
used to make. the dea110catiqn decision; and which subsequently
balances the bddget In reality of course the experienced prac-
titioner rea11zes that more than a single-alternative program may
require roll-back if the cr1ter1on objectives are to be met. For
the purposes of 1nstruct1on and illustration of the argument
however only a single- a1ternat1ve context will be illustrated.
The multiple- alternatives context will be discussed in a later
section. (Your patience will be rewarded.) s

T,

ot

For each a1ternative Aj then; there exjgts a series (column)
of criterion measures, a; ; (i = 1 5), reflecting the
nature( s)" of the alternative s measured by each of the

“i-criteria. In the selection of a single alternative, the

({ 19" “ .
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Figure 1. Standard Decision Matrix for Criterion-Referenced -
Analysis of Multiple Alternatives.

\

~ Multiple alternatives being analyzed.

A

o 1 R Ay A R Ag A Ag

- la a fa fa. la la |a a
Criteria #01 11} 12] 13| 14| 15 16} 17] 18

I a fa la la fa }ja '|a |a
Criteria #02 21} 221 23] 24| 25| 26| 27} 28

o » la a a {a |a Ja |[a |a
Criteria #03 31 321 331 34 .35 36 371 38
. a |a a la la }|a a- la’
Criteria #04 411 42| 43 441 451 46| 471 48

' . a a |a a |a a- la }a
Criteria #05 - 511 521 53 54 55f 56§ 571 58
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problem 1nv01ves comparing the valid a1j measures in a re11ab1e

‘ fash1on, such that the "character" of each of the particular

The Composite Vari%ble-Ranking{GVR)Procedure

3

alternatives being modeled is understood; and thus a reasonable,
rational and informed decision ﬁay be made (or at least
"sophisticated]y guessgd at"). To accomplish this. analysis of

‘the criterion impact via each alternative upon the system, a spe-

cific procedure must be devised.

The re11ab1e app11cat1on of any procedure to the evaluation
of alternative action access multiple competing criteria, must
satisfy at- least four primary requisites:

(1) The comgar1son (eva]uat1on) of'muTtiple criteria for

‘ _each a1ternat1ve, requires ‘a s1ng1e composite -value
'represent1ng each part1cu1ar alternative be computed
from the "available cr1ter1on estimates;

(2) The comgutat1o of a single compos1te value requ1res all
- of the available criterion estimates be. resca]ed to a-
common measurement format, both in terms of un1ts (e.qg.
' dollars, square feet, number of pupils) as we]] as
scaling (nominal, ordinal interval, ratio) ——:thatvis,
so that apples can ‘be compared to orenges; '

‘(3) The evaluation of the impact upon the system from the
criteria being used, requires a method for ana]yzing‘the
criterion impact across all alternatives (as well as the

value of each alternative across all cr1ter1a), and
finally,
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(4) The rea]istie,modeligg of a decisioning context,

requires the ability to "weigh" the various criteria
being utilized, and thereby Qary the relative importance
'of the criterion effect upon the decision(s) being made
(alternative choices).

The Composite Variable Ranking (CVR) model has been designed
to specifically address these four requirements.. After the ini-
tial measurement of the criterion variables has been accomplished

{es grams—parts—in"dolTars'; space requirements in
'square feet' or 'number of rooms'; personnel in total 'FTEs s
etc.), the normalized T-scores of the relative raw measures are
computed for each cr1ter1on varjable (across the,range of

measured alternatives). That is, | ’

for- each criterion i=1,...,m. This conversion replaces all raw _
measures (square feet, dollars, etc.) with its associated distri-
butional T-normal. T-normals by definition 'have a mean of 50.0
and a standard deviation of 10.0. Thus, a facility-space measure
of 2560 square feet for program alternqtive C has a T-measure of
50.0 if 2560 square feet is also the .distributional mean across
all programs for space requirements.. L1kew1se, a personnel
requirement of 12 teacher aides has the T= value of 50.0 if 12
(TAs) is the distributional mean across all proghams.

The composite‘variab1e ranking proceduhe summates each

- column's row entries (that is, adds the criterionAT -measures for
‘each altehnative) “producing a single composite measure. per each

‘ -alternat1ve being evaluated. These T-normal sums can then be

ranked such that their ord1na11y-comparat1ve 1mportance to the

dec1s1on be re;ognlgeda

-
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. Likewise, the rows can be summed’(i.e.; adding across each row's
column entries), to understand the relative impact of each criterion
across all a]ternatives within the system. Finally,” standard-
we1ght1ng practices can be app11ed to the criterion T- normals (after
norma11zat1on, of course) before the summat1on of the column vector
entries. ‘ B

The CVR mode11ng technique is an excellent f1e1d tested and
validated techn1que for performing most decision analyses _
1nvo]v1ng decison matrixes. Moreover, the CVR approach is we]]-. -
‘defined and easily constructed. for a fiscal program a]ternat1ve S
setting. The technique is not without its inherent inadequacies,
however, eentering mostly around its predominant re]iancevupon
both a singular alternative context and;main-effects modeling.

Main Effects Modeling = S

In an earlier section of this report, the issue of multiple
alternatives modeling (MAM) was d1scussed in the context of a,
solution requ1r1ng not just ‘one alternative, but rather’ a f1n1te‘

’ _group“ef a1ternat1ves (referred to as the "alternatives-mix set"
~in the first topic of the next section). If g_dec1s1on1ng model
purports to truly simulate a real situation, then the model must
" be able to compare-groups- of alternatives against'other groups of
- alternatives, uti]%zihg.the criterion measures which havé been

selected to simu]ate the “impact of the alternatives upon. the -
system being mode]ed This is the main operat{onal difference
between s1ngu]ar and mu1t1p1e a]ternat1ves modeling -- that

_several alternatives may require operatona11zat1on to satisfac-

. torily remediate the identified prob]em

~




Main/ effects modeling is a correlated idea to the multiple
alternatives context, from the standpoint of the multiple-
criterfion effect via each evaluated alternative. Consider the
foll ing example. Five alternatives have been ioentifiedmas
pot72tia1 remedial ‘actions for a particular problem being
modeled.” Each alternative was measured across each of three cri-

teria to permit a criterion-referenced evaluation. (To save
ime, and wear-and-tear on the authors, the transformation to T-
normals is suspended for. this discussion). The measurement sca]e
> chosen was a 5-point scale with 1nterya1 of 1 unit, s1gn1fy1ng ‘
Tow benefit (=1) to high benefit (=5). The s1mp11f1ed.dec1s1on
matrix is shown in Figure 2. , '
Note that the co]umn sums indicate Alternative-C las a c]ear
w1nner' in th1s,"1dent1fy the most benef1c1a1 a1ternat1ve"
~contest. However, also note that a1though C's sum was the
-h1ghest the measure of criteria #2 for-C ( 2) suggests c, =
demonstrates moderate]y-]ow performance benef1t on this cr1ter1on '
measure. If we approach this simulated example from a '‘multiple
alternatives' vantage, a likely solution might he the 1ncor-;{
poration of both C and B into an alternatives mix- set Note how
B'S measure of moderate]y high benefit '(=4) on cr1ter1on #2 COun-:~n_
~ teracts C's moderately-low (=2) va1ue A]so, note how C must o

then make up for B's apparent d1sadvantage regard1ng cr1ter1a #1
and #3 ' ‘
Main-effects mode]ing wolild have*oomputed the. colomnar‘

summat1ons, and selected the a1ternat1ve 'C', as the most- 11ke1y
solution. It is just as 11ke1y that in a more comp11cated

- simulation, the decision-maker might not recogn1ze the Er1ter1on
#2 influence of alternative C. Clearly, this s1tuat1on is a
potential problem with both s1ngu1ar ‘and mu1t1p1e a1ternat1ves
:mode11ng s1mu1at1ons ‘
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Fiéu%e 2} -Representation-of the Composite Variable Ranking
: (CVR) Formulization for Main-Effects Modeling.
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The’so]utiqn'iS'tq perform what the authors call “"interactive

.:-effects" mdde]ing -- eontrolling not only for the presence of

' multiple so]utibns, but also controlling for the potential of

_ text is the subject: of th1s report

o Generichritehia for'Competing Alternatives

sub-optimal criterion measures for a given a]tennative‘which-may
be masked by the values of other h1gh1y-benef1c1a1 cr1ter1on .
measures. The 111ustrat1on and application of just:such a mode]
the Multiple Alternatives Mode],.w1th1n a f1sca1 roll-back con- "

' We have spent a great. deal of energy thus far in describing .
what to do, how and why ... but have gingerly maneuvered around "
the’ quest1on of w1th what' viz. criteria. Cther1a must be both

‘ system spec1f1c as well as a]ternat1ve(s) SpeCTf1C. Roughly

trans]ated, cr1ter1on measures must ref]ect both the,system being

mode]ed as we]1 as the alternative so]ut1ons being eva]uéted

, cr1ter1on-mode1 the dec1s1on1ng ‘context; and allow cross-

FyL

respectjvely 0therw1se, the impact to the system cann&t be
meaeured, since it had not been modeled (i.e. simulated).

.
R

Eexcept1on. Cr1te’ g 1 oduced measured and ana]yzed '
;across all alternat L )

a11d1y compared n1th1n udget1ng context; and’ the. 1£ﬁ%ct to»‘

the system of each a1ternat__e (or comb1nator1a1 premutat1on .of

all available a1ternat1ves) can ‘be analyzed. Finally, cr1ter1a
must be collect1ve1y exhaust1ve of - the 'foci' required to =

compar1sons between cr1ter1on measures, in order to check for

| *i;collect1ve1y unacceptable "impact’ va1ues (interactive effects
' mode11ng) AR
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Mode11ng a]ternat1ves w1th1n the f1sca1 doma1n represent
c]ear an 111ustrat1on of criterion cons1derat1ons "as. any

}.mu1t1p1e a]ternat1ves decisioning s1tuat1on._ For trad1t1ona]

cost ana]yt1ca1 stud1es, the '‘generic focus of exgend1tur has
been the prov1nCe of cost-benefit analysis. S1m11ar]y, f0c1 of

Bffectiveness and satisfaction have rema1ned strong cr1terqon

,‘g-mthe initial three cr1ter1on.foc1) : ‘i"vg';::3%fe?;$}:
‘ ;{’;‘ Neverthe]ess these iﬂbr gener1c cr1ter1on foc1.(effect1ve-
"ﬁﬂness eff1c1ency, sat1sfact1on and expend1ture) are d1rect1y )

7¥app71cab1e to the. f1sca1 mode11n9 doma1n‘ f

entries 1n cost-effectiveness and cost-ut111ty ana]yses, 1,"2“

respect1ve1y.; An: add1t1ona1 measure focus of eff1c1encx could v
find itself inm e1ther of -the threeé cost ana]ys1s mode]s Zﬁf ;7ﬂz?§
depending upon its: source of data- (as 1s probab]y true.for-a]] of

Y

- =
v B T
Effectiveness ¢ﬂwaﬁ ' Li» - :
1.  How effeht1ve are each of’ the v%r]ous a1ternat1ve
- programs in prOmotﬁng the d1str1ct S. gener1c program :

goals? ,?tf . ‘ ,\h

e ot . N ,'4' do
e ‘ ,‘,.}' - ,' ,w’

. 2.  How effect1ve3are each of the var1ou a1ternat1ve

' programs in od 1ma11y reduc1ng the c rrent prob1ems
associated: w1th each. of the d1str1cﬁs schoo]' “spec1f1c
program goa]s?'ﬁ o - S TR
Efficiency’ lsﬁ;; S .
1. How efficient’ aneéfach of the. var1ous a]” ‘

programs 1:/525QQ§§gng ‘the requ1red 1nstruct1ona1
,t “, 4 . . | X

._programs o thi¥Rstrict?
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f[: 3“=Satis?action.“?;;fi7i - f _ LT
o 1. How sat1sfactory are each 6f the various a]ternat1ve ‘
- B programs in the1r eXecut1on, based upon the dlstr1bu- ﬁeffnnahie
t1ona1 doma1ns of the adm1n1strator, teacher student?f w;fw
: L ﬂ.;parent and schoo1 board? o
a Slizaf%?How satﬁsfactory are each of theuvar1ous a1ternat1ve " i =
lT:fﬁﬁ programs in their remed1at1on of the 1dent1f1ed 7
' problem(s), based~upon the d1str1but1ona1 doma1ns of the
_amd1n1strator' teacher, student parent and school - Cl
’ _board? B ' :§43 = - ‘
F;: e Exgenditure | o
< C

What are the spec1f1c obJect costs to the d1str1ct for

' each of the var1ous alternat1ves, and therefore. thelr.
‘sav1ngs if. ro]]ed—back7 ' N L
g What are the-costs to the d1str1ct in terms oF benef1ts
if the programs,cont1nue7 e o S
o o L _{f. "L-' A

fstr1ct in terms of '1oss' if

3. ﬁwhat are the costs to thef'

“'fbe 1dent1f1ed to adequate]y
model the rather general. 1dea expressed above JFor examp]e, the.
cr1ter1o,ffocus of efficiency for a part1cu1ar set of- alter-

sl teria (measurement Var1ab1es) wou

£
e nat1ves “curriculum programs m1ght be measured 1n terms of ,
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(1) Am0unt of t1me in m1nutes the s rogram requires'forﬂt
| '1nstrumentat1on each- week |

(2) Number of students that .could be hand]ed per class
> sess1on (to 1dent1fy small v. medium v. large group
sess1ons), and/or . ' A

e (3) -Percent of t1me the program requ1res ‘use of a part1cu1ar o
laboratory or 11brary resource room. '

Expenditure is -another criterion focus particular}y suscep-
tible to the 'de]ineation of its content. For examp]e,_the
_ total cost of a program is 1mportant but potent1a11y more impor-
e tant is the program's budget-breakdown by obJect expend1ture
' (e.g. amount for salaries v.. amount requ1red for cap1ta1
improvement) F1gure 3 111ustrates the 1mpact of d1fferent1ated .
cr1ter1on foci upon ‘one trad1t1ona1 dec1s1on matr1x. Uy
It may.now>be tr1v1a1 td" state that éach of the four sub-.
o matr1ces W1th1n the total decision matrix could be itself a deci-
son subﬁmafY1x. Thus the a x n effectiveness sib- matrix could be
executed’ tg determine which alternatives best 'fat',one stated -
effect1veness criteria. In turn, the bxn effncfencx sub-matr1x o
) cou]d be executed for its so]ut1on, and theﬁféach @f the A

u--,

v, h rema1n1ng c x.n satisfaction and d x n exgéhd1tu sub-matr1ces
" could be evaluated. Such a serial procedure would yield four.
 sets of answers (a]ternat1ve so]ut1ons), wh1ch themselves would

require compar1son for a final solution. The question arises, "Is

. this rea11y the best most valid (and reliable) process to
;;afo11ow?"

“
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Hopefully it is also trivial (2) to the reader, that the full .
dEC1S1°" matrix (atb*c+d) x n could have been evaluated; the e




‘Figure. 3.

Representation of a Generic- Cr1ten1on'Dec1s1on1ng Mode1 for:'
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- so]ut1ons determined, ref]ect1ng those a1ternat1ves wh1ch best
' f1t the total - effect1veness, efficiency, satisfaction and expen-

d1ture criterion sets, simultaneously; and thus, optimally .opera--

tionalize the preferred 1nteract1ve effects modeling framework as
“previously- d1scussed.

A Preference/Trade-0ff Analytical Framework

Although preyiously i]]ustrated‘with?n\QEe topic,
Main-Effects Modeling (see pp. 23), the importance -of variable
criterion characteristics for a given alternative musf be
reiterated. Solutions to real-Tifesproblems are found to be
"perfect" only in textbooks, professor's lecture notées, and the
1950's cinema. In reality, all potential alternative solutions
" will be found to have at least one flaw (if Mot many); and still

be the best‘a]ternaeive(s) solution available. '

In se]ecting a final a]teruative as a so]utiop’based upon

~ that same“a]ternative's merits, the decision-make# alsp
(consc1ous]y, we hope) accepts that same a]ternat1ve s lack of .
merit on other less virtuous cr1ter1on measures. Recall the -
1]1ustrat1on in Figure 2 (page 25). A]ternat1ve C was se]ected
based upon the merits of cr1ter1a #1.and #3.» To fill the gap-:
indicated by criteria #2, a mu]t1p]e a1ternat1ves mix-set so]u-

tion was sought with the subsequent addition of 'B' to the so]u-‘

tion set. However had we not the option to choose a set of _
solution alternatives, would we have retained alternative 'C'?
At this level of macroanalysis, the answer is probably 'yes'.

"

b

This is the theory of- preference/trade-off in alternatives
modeling -- singular or multiple. Alternative C was the final
cho1ce due to one preference for high benefit on criteria #1 and
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- #3; and a concurrent willingness to trade-off (i.e. accept the
negative) the low bené¥;t éffect assdéiated with criterion #2.
This cdncept is most important in the understanding of the
multiple-alternatives/ interactive-effects modeling technique to
be illustrated in Part II of this report; and applied to the
fiscal roll-back problem ih'Part III. The main difference bet-"
ween the way the conéept of preference/tradeoff -has been
described, and the way in which it is actually applied will be
evident. Basically, the multiple alternatives model (MAM) will
define preference/trade-off as a willingess to accept a central-
tendenty so]ution_mix-set; where the required impact is not
alternative-specific, but rather is mix-sef generalized. The
measures of central tEndency:and‘Variability (qistributional
mean and standard deviation) will be apb]ied to a yet-to-be-
discussed marve]ouS'béctGr of values called the conditional

vector, in order to assume their preference/trade-off
flexibility. ' | o '

OPERATIONS RESEARCH AND THE EVALUATION OF ‘
' FEASIBLE ALTERNATIVES '

Thus far, thié rebort Has devoted much of its content to the
exbbsition of budgeting and funding as a structural allocation-
oriented activity. A position has been taken which specifically
adheres to the philosophy that fiscal modeling (i.e. the simula-
tion of a fiscal decisioning éystem) must be critgrion-referenced_
to thg actual (rea]-]ife) system; and that these criteria should
be designed_in such a way as to pefform three vital functions:

/
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(1) to. re11ab1y represent the "true system be1ng mode]ed
(s1mu1ated)

(2) to validly represent those factbrs (inputs, outputs,
processes) which are requ1red (and desired) to provide
the necessary 1nformat1on in order to make decisions); '

(3) to totally represent the 1mpact to the system (as a
whole) of the potential alternative dec1s1ons be1ng
-.evaluated.

S

i

~Finally;-this. reportmhas premed1tat1ve1y focused its energ1es_ﬁwmhﬂf
upon preparing the reader to v1ew the f1sca1 cr1s1s situation, .
and its potential demand . for f1sca1 roll- backs, as a dec1s1on1ng f
. framework of multiple a1ternat1ves. In this case the. alter-
natives are def1ned as« ‘either all poss1b1e programs (sources of
»-expend1ture) or s1gn1f1cant1y distinct parts of programs which .
might be discontinued and therefore deallocated from the ex1st“ng
budget; that iS'?ro11ed back in order . to balance @Eﬁ budget. Toz
eva]uate these'many'aTternat1ve, potent1a1 sources of cutbacks, RSOS
cr1ter1a are Jequ1red which will not on]y descr1be the attr1butes %._'5
of each alternative in terms of 1ts contr1but1ons to system func-
tion (or lack of such: contr1but1ons) but will also demonstrate
‘the costs (object category expenditures) associated with each of
the alternatives. The overall goal then is to'select.thoseb
a]ternat1ve programs (dec1s1ons) which may be feas1b1y~and
rat1ona11y rolled- back without’ prov1d1ng major detriment to thei
system's required funct1on1ng, while satisfying-the reduced
budgetary limits imposed by the fiscal crisis.
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Optimal Decisfonindiwithin a Constrained Feasible Space’

Any dec1s1on v1ewed as the best poss1b1e a]ternat1ve course
of action to operat1ona11ze, must by definition be oEt1ma that
is, all th1ngs cons1dered this action posits the best interests
of the organ1zat1ons or system being modeled. Simulation of
these "th1ngs" and “1nterests" results from the use of criteria
to measure the value of each a]ternat1ve and its impact upon the
. syst;m as a who]e -- that is, how the system is constra1ned by
these cr1ter1on measures across all a]ternat1ves ~ Such measures
are referred to as criterion constra1nts. Those alternatives
decisions (when evaluated) will d1sp1ay degree of optimality
("best"-ness) in addressing the"so1ution to the problem defined;
but first,'each particular alternative must itself be’a reaso-

' nab]y potential solution to the problem; that is, e;hibit'the

quality of feas1b111tx

The context of decisioning alternatives is thus a rather
interesting-flew from a traditional needs_assessment (What is the
real problem? that is, not the system of the underlying problem)
to the determination of a set of solutions to be .implemented via
a criterion-referenced model of value and worth, versus impact.
Figure 4 schematica11y‘depicts this (obviously ihterestihg)lflow..

~ After the real prob]em is determined, dissected and defihed
(the 3-D's), standarqs and regulations (operating goaTs) of the
system become the first set of criteria to impact the simulation.
Standards provide the necessary data to assist constructidn of
all possible a]ternat1ve sources of action the dec1s1on maker
must consider and eva]uate (1 e. the set of random a]ternat1ves)
Next, estahlished pr1or1t1es are def1ned and deve]oped 1nto a set
of cr1ter1a which allow further scrutiny of the random.
a]ternat1yes, and their measured impact upon the decisioning
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system. Often times, an a]ternativehmay be "ﬁossible“ but not
p]aus1b1e" due to certain estab11shed pr1or1t1es. Alternatives
which survive this recent~cr1ter1on focused eva]uat1on become
known as feasible. Finally, the more important (weighted) cri-
teria are drawn into the evaluation in order to focus the opt1m1-
zation standards for the dec1s1ons about to be made (that is, |
se]ect1on of alternatives). _ L !

The potential existence of an alternative mix-set focuses /

[

once again upon the idea of singular versus multiple _ j
alternative(s) frameworks. Reca]] ttat a singular framework
involves the choice of one and only one one, of course)
alternative course of action based'upon thé¥evaluative criteria

. used. A multipleralternatives' setting permits the'choice of a

””group of “several alternatives that when imp]emented as a groupf
(not necéssarily simultaneously), produce the”deSined process: and
attain the required result.. : : V <

‘ Fisca} Allocation as a Multiple A]ternatives Problem
Fiscalfc?ises provide the budget manager and program admi-
njstratok with a unique experience, * mto accomplish more for .
,1ess"; Though tJhgue-1n cheek, the unfortunate rea11ty of - o f
‘day s “gconomy and our best program: prognost1catgons for the ‘
é.po1nt to a steadily decreasing funding base..: Decreased
{_d will not however be followed by the public's reduced need-
ducational serv1ces, either in quantity or qua11ty
£ an1zat1ona1 ph]]osoph1es, goals and needs will stay relatively
Ebnstant yet with a new demand for pr1or1t1zat1on and
demonstrated accountab111ty. After 25 years of no-holds- barred
develepment -and spending, caﬁ educatton"equalkivwmeet—the‘new

demands for austerity and roll-backs, in light of declining
1+y and - _ | ,

% .
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enro]lments, schoo] c1osures, a sagging nat1ona1 economy and the
ever- 1ncreas1ng demand by teacher for h1gher salaries?

Whether the prob]em be one of fiscal’ a110cat1on or |
deallocation, the fund1ng framework for program budget1ng is a
multiple alternative modeling prob]em. Consider the need to
determine which programs are to be.funded within established
budgetary 11m1tat1ons, and therefore, which programs will not
This is obviously a dec1s1on1ng situation,. whereby the goal is to
- fund as many programs as possiblé within the prescribed budget,
‘based upon: (l)yeach program's merits, .(2) the overall system's
needs, and (3) the impact of the\a1ternatives -- individually and
collectively -- upon system'functioning as a whole. Each a1ter- .
native's merits (type and extent) will ‘be measured v1a ‘the
various criteria which have been a priori identified -as

'_demonstrat1ve ‘of the system's definition of merht' or '1mpact'

F1na11y, the cost for every aspect of each program 1s computed;
and entered’ as a-measure of 1mpact ‘to the system's budget, in
deciding to 1mp1ement the program (expend1ture) or not (sav1ngs;'
with an opportun1t1es cost) '

Conc1se]y stated the f1sca1 allocation between mu]tpre,,\
compet1ng programs assumes the fo]]ow1ng“d1réct1on T

To choose. (and therefore also fail- to- choose) some f1n1te

number of programs from among the: ava11ab1e a]ternat1ves - v!
~each a]ternat1ve assoc1ated with measur‘
impact and cost --'such that:

..'f merit, worth

: 1, tota1 (co]]ect1ve) pos1t1ve 1mpact to the system is

_ " maximized (meet1ng needs, goals and” 1nterests)
- ,2.,_tota1 (co11ectJve)mnegatlxe_1mpact 1s_m1n1m1zed
' Lnot meet1ng needs, etc.); and
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3. total (summed program budgetary demand does: not
exceed the amount oF ava11ab1e mon1es : %ﬁh

'Figure 5 proVides;a simple outline of'the‘abOVe;stated:goal(s).

2
A

Wh11e resemb11ng the - trad1t1ona1 cost- benef1t ana1ytﬂ£a1 fra- -
_mework d1scussed prev1ouszy, Figure 5,once aga1n affirms the
“demand’ for an eva1uat1on—too1~wh1ch is capable of ana1yz1ng the
role(s) of mu1t1p1e alternat1ves across multiple criteria; and
. se1ect1ng those a1ternat1ves which best f1t the criterion-

constra1ned system (dec1s1on1ng matrix). Aga1n, we are faced
1w1th the issue’ of 1nteract1ve-effects mode11ng

Interactive Effects Modeling S B ’;3

‘In a previous section (Main- Effects Modeling, pp. 23), w
4d1scussed the need to understand the 1nteract1ve nature of
se1ect1ng from among multiple a1ternat1ves, that is, the total
~combi-ned- effect of -one- cho1ce based-upon-the various” vaTUeS“of"“*”‘”‘*
each a1ternat1ve S cr1ter1on measures; and the desire to choose ’
that set of a1ternat1ves'ﬂh1ch demonstrates a collective com= ‘*}”’;“
posite of acceptable criterion values. This is comp11cated by ‘ '
the fact that different combinations of alternatives are poss1b1e
in form1ng the final solution set. Simply (?) stated, such a
dec1s1on1ng requ1rement.1s a,n1ghtmane,, But can a technica1
strategy beﬁformu1ated to address equa11y the'issues of technique
as well as the fiscal allocation prob1em itself? Ne1c0me to the
world of operat1ons research! |
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“ Figure 5.
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The Operations'Research (OR) Approachi . "’

0perations*research as a scientific investigation and'evaé
Tuation too], v1ews the milieu of dec1s1on1ng as 3. criterion-
referenced cho1ce between stated a]ternat1ves. The termuhgl
operat1ons research" is itself a gener1c label for‘Several ‘ ‘
‘._ actua] too]s, and states that a decisi'on s1tuat1on can be modeled | E&ff
(s1mu}ated) mathematically. As you will discover 1n Part Il of
: “this report (you ve come his. far, anyway), the mu1t1p]e alter-
natives model employs a p ancular subset of the OR. approach
ca]]ed b1nary 1nteger programming, which utilizes: systems of

S1mu1taneous 11near 1nqua11t1es (rough]y equ1va1ent to h1gh

{J ,qua]1ty (the 1ndependent var1ab1es as'the programs, and the
_dependent variables as the total system ippact), a value Of"l';
_'(f'e to choose)Aor 0 (i, e;’to*hdt'cho:Se;—can be assigned to:_

each of the independent variables (a1ternat1ve programs)i‘The
best m1x,of L/s .and.0's_(agross. all mu]t1p]e a]ternat"
‘most optimal solution set. - Thus if Program 1= '1‘, Program 2 =

. '0'_and_ Program. 36;,'ltmto£_only_three -program: a]ternat1ves) -the--
dec n is to fund prpgrams *1" and '3'; and therefore not fund
program '2'. Th1s ' the basis for the mu1t1p1e a]ternat1ves
mode]1ng of -a fiscal ro]] back situation.-

SIMULATION MODELING WITHIN A CRITERION-IMPACT DESIGN

.‘, ¢

The theoret1ca] mathematician would say that in the s1tuat1on ‘
of fiscal roll- backs and the use of mu]t1p]e a]ternat1ves KR

) : . : . . o .




o

. mode]1ng in performing such dec1s1on3ng -- the need to determ1ne ’;(;

";;_ roll-backs is the necessary cond1t1on :and the ut111tx\of the MAM . j <
;" “‘technique the suff1c1ent cond1t1en - for the ex1stence of the )
'3'; multiple a]ternat1ves mode]1ng techn1que. However the total uti-" \;\\ﬁg

3 lity of this mode] extends beyond the ab111ty to prov1de

dec1s1on-makers w1th concrete dec151ons based upon a cr1ter1on- .f
impact des19n- | ; a\?g SR ) o
- @ons1der the ab1]1ty (of Bhe dec1s10n-maker) to test var1ous.
hypotheses as” to how certa1n groups of a]ternat1ves wou]d 1mpact 5
the system. Cons1der further the ab111ty to vary the system s .t
parameters (needs goa]s, demands,,etc ). and observe the d1f- )
‘ ferences (if any) of programs se]ected for fund1ng, baSed upon .
the new]y mod1f1ed constra1nts.- Such ab1]1t1es suggest a- sett1ng v
1n wh1ch the dec1s1on:maker can accurate]y (va11d]y ahd re11ab]y) \@Q:‘f
mode] a- System wh1ch ma“‘not yet ex1st"fIt is the"tripartite -
ab1]1ty to represen fan system, experrmen w1th a]ternat1ves
(programs funded and/or cr1ter1a ut1]1zed) and. pred1c w1th .Some
certa1nty the resu]ts of a]ternatlves actions. . Th1s is opera-
'fﬂf'twona] mode]1ng 1n the “crysta] ba]]" sett1ng, or’ S1mu1at1on.
o R '_47»,;-,,,,#,.”“e__,..,.; ol ..L ( oo = ST e
The Yeader may be mus1ng, “True, but S0, muc&iof ‘the con-
—»~ﬁ~f1dence p]aced inthe” resu1ts of’such,a"s1mu1at1ve mode] must.
_1tse]f be based upon the assumpt1on that the mode] 1ndeed L
mode]s' the actual- operat1ona1 sett1ng, both va]wd]y and “T””v: j
re]1ab1y." 0bv1ous]y, 1nd1sputab]e.- Yet all of educat1ona] k h
research was at one t1me (1f not st1]]) he]d to ‘be non- ut1]]zab]e
due to the 1nab1]1ty to control all. m1t1gat1ng and extenuat1ng _;
forces wh1ch convo]uted curr1cu]ar 1earn1ng, management sty]e and
teacher att1tude f1nd1ngs, ad nauseaum Reca]]1ng that the .
mu]t1p1e a]ternat1ves mbde]1ng techn1que (as in other s1mu1at1ve
frameworks) seeks on]y to ass1st the po]1cy analyst s
understand1ng of data to\be used in the a“

‘2

ua] dec1s1on-mak1ng R




“ with po11cy is’ often t1mes both involved and "hazardous to one's

A‘1mp1ementat1on, that. is, what to do when the cho1ces have been

J o ) . ) .
[ : l . B o :
R | kY ) bos ! o 2

J

'"ﬁf'(regard1ess:of how) we feel confident in: say1ng, "Try 1t you 11 :“':“'

~like. qtan In today s educational c11mate, where exper1mentat1on
professional hea]th the MAM framework can with obvious effort _
and d111gence uncover - the prOJect1ve relat1onsh1ps between ' _g!;
program a1térnat1ves, cr1ter1on 1mpact to the system, and . b'f- o
budget1ng conttra1nts. f R T l

Y
x u - L

Monitoring System Impact of Se1ected“A1ternatiwes"I"h
A final note must be made for f1sca1 mode11ng under” .-

K

.‘.-,

made, .. and a]l dec1s1ons are go .f rBorrow1ng as we educat1ona1 ;““

systems' p]anners did from the: e]ectron1g eng1neers dur1ng the "fv
" Tate 1960" s, the’ 1ssue of system1c cybernet1c1sm onge agaln bECo--,
i mes . usefu] Cybernet1c qua11t1es of any moge11ng stragegy s1mp1y

'refers to a carefu] mon1tor1zat1on of the real\system under -

1mp1ementat1on,bas you put your f1§ca1 ‘roll- back dec1s1ons 1nto

i, effect.” Now, and’ heretoforeabnforseen consequences,v1mpact ('ff' -
;cr1ter1onareferences and measurement technlques may be o R ;x
-udqscovered wh1ch can bé 1ntegrated within. the or1g1na1 que11ng

',’framework that ]S, as "a new Tinear constra1nt equatlon or
‘{“1nequa11ty PR '

.!')
4 . !

4The ut111ty of . fine- tun1ng a dec1s1on1ng mode] for more ﬂ .

'-accurate future use is certa1n1y moot. As in mu1t1var1ate N
. lregress1on, the mode] deve]oper may “have to try new cr1ter1a "erf-u"l

'constra1nts (var1ab1es) to assoc1ate their var1ance patterns. with

'the deg1s1ons mode]ed and the: resu1t1ng 1mpact( ) of the dec1f

4

~sions made.-f-’v B o .
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s
: "‘j?@'i‘-" . . Co - o -
at . S E) S " s ' e
: : 42 - ;
T -« ) I‘ x
oy -
4. Al ! P
o ‘ ) i ~ o
" ¢ . ! . ?
¢ o .
¢
‘ 9



-

. 'BACKGROUND TO THE FIELD INVESTIGATION .

. e - . . . . -
RS . . S . o e

» We have attempted throughout Part I to prépare the reader for
: the techn1ca1 discuss1on to fo]low in Part I and the f1e1d-,.
L research results; to be presented in Part [11; concern1ng the' _
< Jeve]opment and construct1on of the mu1t1p]e alternatives mode]
(techn1que) and its app]1cat1on as a fiscal roll-back dec1s1on1ng
model, respect1ve1y. To date (and poss1b1y mdre understandably
hav1ng attempted to tra s]atg the d1scuss1on in Part I) little .
has been accomp11shed pgthe app11ca1ton'of MAM-type models’ to - ,;
3 educatTona] dec1s1on-maK1ng ~In fact, the first systemat1c com-.
p11at1on of areas where mathemat1ca1 mode11ng had been app11ed to.
.“education was found iif one of the "author's own ‘works (Nho]eben,
1980). For the reader's 1nterest these surveyed areas of app11-

cat1on are 11sted in F1gure 6. - . : T ,% e

B

: Noteworthy 1s the fact that no entry in F1gure 6. demonstrates
work in app1y1ng a ‘MAM- approach to the fiscal enviyonment:
Certa1n1y, an OR model cou]d have eas11y assisted educators
expend the bount1fu1 mon1es of the 1960 s; as well as today
se]ect -areas where money w111 no longer be a]]ocated Th1s paper .
- ‘makes ava11ab1e‘such a'dec1s1on ‘making. tool, whose. purpose is:

To des1gn, 1mp1ement and evaluate , .
- a mathemat1ca11yrder1ved dec151on1ng mode],maem”h_e;.wa_;_m

- and its utility ¥4 determining programs - g -

' for fiscal roll-back.

A

."4
11 .

In this- f1na1 sect1on of Part I, early, mu1t1p1e a]ternat1ves
mode11ﬁg app11catzons and design will be d1scussed Resu]ts from
an initial trial exercise in fiscal data w111 also be br1ef1y
presented pr1or to the in-depth 1nvest1gatlon into the recent
ro]] back ana]ys1s and: f1e1d study found in Part [1I. ' ;,' %

‘ N ’ : . ' ' .
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Figu"reéﬁ. Strat1f1cat1on of 0perat1ons Research (,OR ) Applications

. w1th1n Educat1ona]1y Re]ated Enwironments.
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Precedent Modeling Angiéation

) During-1977:79,_extensive work was accomplished in the gdesign
and‘evaluation of a basic main-effects model for comparing ele-
mentary sghool $ites across COmpeting criteria, for potefitial
closure dﬁe‘to dec11n1ng enrollment.. In addition, ear Yy work
commenced on the research and development of a ' _
mu1t1p1e-a1ternat1ves, interactive-effects model dur1ng 1978, ..
resulting in a SOph1st1cated school site evaluation (c]osure)
mode], and a maJor techn1ca1 publication concerning its eva-
1uat1on destgn "and field applicaton.

During 1980, further design studies were formulated which - v
addressed application issues in currieu]ar.development (CAP: The
Curricular Activity Packaging model); and fiscal roll-backs

(ROLBAK-I Model). Through statistical studies of theJ"school

closure" multiple alternatives modeling framework (relationship

\.of criteria-to impact and solution; and the re]at1onsh1p of - ‘
?"mode11ng process to so]ut1on content), va11dated the modeﬁ as a

re11ab1e and useful too] The 1ater CAP-study demonstrated the

supp]ementa] utility of the MAM- framework is 96t only evaluating

between alternatives comparisons, but also within-alternatives

compar1sons (1 e. sub- -program ana1yses) " These analyses 1ed to
the 1980 app]wcat1on of the ROLBAK-I, a. predecessor to the

~ROLBAK - II des1gn discussed in Part III.J

" QUTLINE OF THE TECHNICAL REPORT

A more techn1ca1 and consolidated d1scuss1on now follows in' =
Part Ir concern1ng the design and construction of - the mu1t1p1e

‘ﬁ]ternat1ves mode] ‘ These sections were added for the more



,discekning reader who wishes to understand the content and

. process, és well as the results. We recommend that the readers
study Part II (fok»as long as frustration allgws). Howéver, pro-
ceeding directly to Part III first (returning to Part II, of
course) may help others in their eventuat translation.

Par£1?21 discussion details the ROLBAK-II formulation; and
the analytical results of the execution. We have chosen to
include most of the display figures in the text rather than force
the reader to constantly "flip-ahead" to an appendix section.
~ Moreover, inserting the figures in the text will also force the

reader to at least consciously encounter them.

. .-Part IV -concludes-the-report with-a brief discussion of.major
philosophical issues underlying modb]ing simulation.
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PART 1I

MULTIPLE ALTERNATIVES ANALYSIS

O ASA -

MATHEMATICAL DECISIONING MODEL




e e e s 2 Ly e e

. INTRODUCTION

To include or not to include a more détai]ed and technical
dec1s1on of. the mathemat1ca1 des1gn w1th1n the MAM -- was_a. 1ong
imd arduous decision for _the authors.. On the one hand, 1nc1qs1on

... of a technical section (we reasoned) might sensitize the general

":reader negatively; and preciudé that reader's pursuit of the _
;.remaining text. On the other hand ~exclusion of that same sec- ‘

““tion (we rat1ona11zed) m1ght very we]] undermine the final accep-*
“tance’ of th1s‘,ebqhtghﬁgé-va]id%techn1que

{

- Our f1na1 déc1s10n,to _nc]ude at 1east some minimal amount. of/

techn1ca1 development wa%: made bas"ﬂ “ubon four prem1ses LnE

(1) though a technical decisionfﬁﬁ& iﬁJfﬁéf”tﬁreaten some
readers, the Multiple Alternatives Model is (also in
fact) a technical design, for wh1ch we neither m1n1m1ze
‘nor apologize; 7 ‘

(2) a technical discussion will add credence to the |
operating mechanisms of the model, illusftrate its inter- -
working parts,‘and promote a detailed undérstanding of f
'the “input- -process output": re]at1onsh1p -- far above any
"Trust us, it really. works'" manuever, ‘

.

(3) the technical formu]at1on can be both 1nformat1ve and
,dqcumentary, w1thout‘reag1ng Tike a biochemist's report
on the postpituitary hormone, oxytocin (that is,"
C43H66N12012$2,.if ybu are jnterested); and

e (Y, é“responsibie*reading 6f ParfﬁT”hés"a1Féid?*é%ﬁﬂéﬁﬁfédw‘;'“
~ the reader to the general ideas of Part II;‘that in -

& 47
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Secondly, criterion reference points (i. e., variables) can be
quant1tat1ve1y measured for each of the defined a1ternat1ves, o e
demonstrating an a1terat1ve s impact (if 1mp1emented) to the

system, according to the criterion's derived focus. Furthermore,
this arithmetic 'summation of all “selected' alternative's cris
terion values (across a particuTar criterion) forms a composite
numerical va1ue wh1ch 111ustrates the solution's 1mpact (selected .
’ a1ternat1ves) to the system as ‘a who]e.

Thirdly, the sys'f;eni be1'ng modeled can affix some high (or Tow)
limits to these criterion- summat1ons,.ca11ed upper (or lower)".
bounds. If ;2cr1ter1on measures th Ghotal cost of each program
be1ng cons1d ed for 1mp1ementat1on,”and a tota] ava11ab1e budget
of some specified amount ex1sts -- then the summed tota] of all =,
program budgets (for the program to be 1mp1emented) must.be‘equal
to.or“1ess than the total ava11ab1e budget. ~ Obviously, you can-

gy“;{notf;pend~more than you hare va1lab1e;
3i€3n1strators do it religiousTy:

‘(although progranm; adm1-

,tgexamp1e, the tota] budget
available is. seen as an 'upper bound‘ S1m11ar1y, "Tower bound'
cou]d.be the totaTMamount to be. cut from an operating budget

~ where the criterion is the cost- to- be-saved for each of” the

~ potential a]ternatlve programs (budgets) available for ro]] back e

- . 4

F1na11y, some one, 1nd1v1dua1 cr1ter1on measure is identified .
which w111 be utilized to opt1m1ze the selection of the final N
-a1ternat1ve m1x set so]ut1on Many sets of a1ternat1§4es_(_that~ -

is, combinational permutat1ons) can usua11y be ‘identified wh1ch ;
will provide a solution to some degree or extent However,
rea11ty normally requires an adherence to some’ pr1or]t1es :
existent within the system being modeled; for exampTe, a_des#re'
- to meximize the number of students transported”(on the average)
--Via-each- bus, orwa—desqre-to-m1n1m}zeathe~number~of~stops a bus-—-~~~~-
has’ to make enroute to the school. '

49




.,aaﬁxmix set)
% to-include) f"O' (that is, ‘to. exc]ude)
AL L % e

s to mathemat1ca11y ass1gn e1ther the‘

————-would be—a%%ustrated-as* ———

" Above all else, the MAM framework provides a ready means for éva-

- total),

’ ntege programn1ng : a,‘

The Multiple Alternatives Model is a complex response to a
‘complex decisioning situation. The model recognizes the need to.
simu]tahebus]y evaluate all available alternatives across all
defined criteria, and to therefore s1mu1ate the 1nteract1ve .
nature of a cr1ter1on inferenced, de;ns1on mak1ng env1ronment/

P

1uat1ng a set of- a1ternat1ves, coltectively -- and’ based upon the
set of cr1ter1a which the rea] life dec1s1on7makers have pos1ted
as the deslred 1ngred1ents of their final dec1s1on '

1X2 x3

the xJ a]ternat1ves, j=1, 2 ;..,'n_

In each case of ten a]ternat1ves, the ser1a1 representat1on

Xj X10 3

If the final solution inc1gdedia]ternatives‘2, 5,9 and 10 as
members, then the $olution vector wQ01dvbe displayed' ds

e N e b ek e s e e is St bim e £ S e n e & =hn e st m v o o 8 R« e n o camra oo @ oSt

010010001 la

S
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As we w1]1 see in the next section; the function of a b1nary
cod1ng (0,1) extends ‘beyond its use as_an easy d1sp1ay mechan1sm
for a]ternat1ve so]ut1on membersh1p

-

) Lo RS A

‘Decision Criteria as Modeling Constraints-

»

. We have seenwthat an a]terhative betomes paht of the solution R
-by taking'on the value of 1 (that 1s, xJ =1 for some j of n); as Fjij
'opposed to the value of 0 (xJ = 0 for all j of n, such:. that Xj = |
1, j= 1 2y veey n). The basis for;, ass1gn1ng l's v. 0's, ]1e -
-in the.eva]uat1on of the cr1ter1a Whﬁch were selected ‘and’
«@bjmeasured to 1nd19ate each Xj' s 1mpact upon the system be;hg_ﬂm‘"
. mode]ed Furthermore, it was.the" summat1on of the cr1ter1on';a ;
7values across the selected (so]ut1on) alternatives which. for-
~.;ummu1ated the mu]tlple alternat1ves so]ut1on (mix-set) 1mpact to.
’ fﬁulthe system v - ’iug?_ Q:f. o '
5 ‘ B SR )
" Let us define an 'a' as representing the value of any cri-
terion for- any, a1ternat1ve It is re]atiVe]y straightforward
then to interface a1J as the value of the ith criterion's measure
for the jth a]ternaf1ve. For examp]e, reca]] our prev1ous
. examp]e of ‘ten alternatives. If there e 1sted only one criterion
to ass1st us-in evaluating the ‘set of pot nt1a1 so]ut1ons, then o
the.criterion values could be represente as: "_ ~ ‘-S;\\

Sy

Lo a2 vdn3 ane wor a3y

In a more’complicated ekample,'e set of three criteria used to
" evaluate tenAalternatjves would be representgl as: =~ .

Y

PR g P 00 s PV O g P, DU S U R S T e e P )
g e e PR . - . -




The f1rst case involving on]y a s1ng1e cr1ter1on, 1s'ca1F§g a

.-3 ¥
,vector of cr1ter1on values across ‘the potent1a1 a1ternat1ves.;;fis
The second case where three cr1ter1a ex1sted, is ca]]e&a matrix . :
(i, e.; a collection of ‘two or more vectors) of criterion va1ues \ .?f
. across potent1a1 a1ternat1ves. S1nce most MAM prob]ems 1nv01ve _‘?
more than a s1ng]e cr1ter1on, and because each cr1ter1ons" :\_f kR
measure w111 be- ut111zed to constra1n ‘the dec1s1on to be made (or
more appropr1ate1y gglg_ the se]ect1on of alternatives for 1nc1u-
sion within the so]ut1on set) the matnﬁx is known as the

constraint matr1x. 91»'§o~; . P N 4

3 . . . . . - R

1

At th1s p01nt we have 1ntroduced the var1ab1es mf XJ(J = Lo

'1,2,..., n) and 613(1 =1,2, v..mj =1, 2,...,n) to represent |
the a1ternat1ves and . cr1ter1on va]ues, respect1ve1y, that is: T

. - .
Y , .o . 2. L
‘ . o

YR R
i




: N X e Xt
M_lst,cmtemon >_‘.-Ma,1‘~’._ 1 ay; ~a 1 .3.-:;;. e ', LT
v2nd cr1tehon T .—_32,1\ ,?2’2 Tap g 3.1

mth criterion , an 1 an. 2 an, 3 an, n
(» i .. g . ’

Can-you see '( ?) that a further ref1nement of the above scheme '
' cou]d be made to appear as f’gﬂows D N '
Lajixy agpv a3 X3 e 31X 3
. -,[-..'az,'llx_l' .' az’z Xp -ia.2;3 X3 eee s ..'az’n Xn 3
|3 am,1‘-><1,_ am,z 2 a3 X3 ... amnxn’

— _This_makes sepse 1f Jau_tecaJJ—thatvmu)u—the—vaJrueﬂe, ea \.h —

X3 'will be either a '0' or a'l', dependirg upon whether it is

excluded or 1nc1uded w1th1n the solution set; and that (2) the

-sum of the cr1ter1on va]ues measures the tota] 1mpact of the

. so]ut1on upon the system - '

,:;‘ 3 ) g
. | 53
{:@:. . .,‘%:. o | ' ‘. ' 86



'4‘1"". )
i '

Cons1der a re1at1ve1y small example of foun a1ternat1ves

be1ng measured across three cr1ter1a ~ Thus the mode] wou]d be
represented as ; '

;ﬁwmeaesl 1x1.+ al 2x2“i al 3x3 + al 4x4 (system 1mpact 1f CRIT #1)

32,1X1f+ a2;2x2’+ja2,3x3q§ a2’4x4si (system impact if:CRIT(#Z)'

ro .

3 1x1 + a3 2x2 a3, 3X3 + a3 4X4 ) (system 1mpact if CRIT #3) -

Jp— e,
- B . R .

Now 1F the so1ut1on vector txl Xo x3 x4J was represented as

tl 0 0 1: where on]y a1ternat1ves #1 and #4 were: se1ected the
”“'mode] wou]d be shown as -

We now see why previous d1scuss1ons ofotradeoff/preference
and 1nteract1ve-effects were’ germane to the MAM deve]opment o
Note that it 1 0 0 13 is. “to be’ our so]ut1on, then the VaTues .xftf?f
of ta1 1, 42, 1s az, 1: ex1st for X1 and tay, L \
K= L

32,45 a3 3 for
Thus the so]ut1on xJ, J = 1,4 requ1res that we accedt 'ﬁﬁ

-




. w.o S, .o U . o . '

the cr1ter1on va1ues of (a1 3 32 J’ a3 J), J 1 4IWhether'they
are most de51rab1e or not. ‘what we, also know is that the cho1ce o

v Of X1 and x4 as so]ut1ons must co1nc1dexw1th the~ugper/10wer‘
- va]ue restr1ct1on placed. upgn the cr1ter1a.»~~~; T
. 3 o . . i ‘ ; . :‘Q .

- T : .
el R . . IR L . P
. o E .

y ¥

IR - .
¢ §ystem,EemandjanduSystem Impact -

The 11m1ts p]aced upon each of the composite measures formgd v
by summ1ng each cr1ter1on s 1mpact aoross all so]ut1on a1ter—
nat1Ves (1 e., xJ =1 for some J of n), ref]ect two closely '

re]ated, system st1mu1ated components' demand Snd 1mpact

Sys;em demand exemp11f1es the- need( ) of - the*system by the

emandgs} p]aced’upon the va]@? compos1tes of ‘gach cr1ter1on -

summat1on, th%t 1s, ‘the u _Egerfor 1ower bounds.* o§ the cr1ter1on':b
—(f sum across the se]ected so]ut1on a1ternatnMeSa However, since '

\\\\\

then 1t 1s reasonab]e to assume these sums w111 se]dbm be equ1va-

. 1ent to the bounded value thatvws the compos1te may be’ sgmewhat
1ess than the estab11shed -upper bound’, or. sdmewhat greater than
the estab11shed Iower bound —The- actua] va1 g. and its d1stance |
from the bounded Va]ue ‘i the measure of system mEac (for each o
cr1ter1on of the a1ternat1ves se]ected as so]ut1ons) -

'

' Based upon the a]ready 11near re]at1onsh1p H@tWeen the cri- ﬂf}ff"

—~—~terfon*va+ues'and*aTteratTV“s‘TaefTﬁéd"as“coefTTE“ents and 1nde-~--' f,e
R dendent var1ab1es, respect1ve1y), it is a- s1mp1e extens1on to. o
isxmodel these cr1ter1on 11m1ts as a funct1on of 1nequa11t1es. Thus

-;' a1n a three a1ternat1ves two cr1ter1on mode] (requ1r1ng«a~2 X 3 .
N constra1nt matr1x, r1ght7)7--,where the first’ cr1ter)on has an ;ﬁ;f
upper bound requ1red and the second cr1ter1on a lower bounﬁ---si' o

. e L
: the representat1on may be stated as.“_ B w
\ - ' ':‘l,“'.;~ o J;&' Ty . — -
- K o -‘ R “ - i ,_’:.' |
" J 55 S S
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: L
1,10+ a1,0xe * a,3x3 1 B

- @ qxXp F a5 1xp + ap ax3 * Do o o

- 2,1 1 2,1 27, 2,3 3 2 @

where b.(i = 1, 2) are the upper and Towerslimits of - the First andl

_segond criteria, respect1ve1y These;va]ues by are known giﬁghe_°'*

values of -the r1ght ffand side (RHS) of the~constra1nt matrix; the .

‘values~bj in vector format (b1,bp) are referred to agﬁ%he.entr1es

of the conditional yector. Theréfore if the solution vettor tl

1 03 is to be analyzed, the fo110w1ng algebra1c re*at1onsh1p N
must be satisfied: v v

B

. .;. as S )
o v XA oxp 5By

32,1X1 * 83 2%p 2,b,

If moreover a:particular constraint«Tcrijerion re]agiohshiﬁ3'
exists such that ‘an equality is required, the linear eguality:

0o

I ) 93
. , 28

L.

d. ’ . g l = . L
1,1X1 + 31,2X2 + --: + a1 nX b}

is useful and valid. . S - 4

. . .
The utility of linear equalities and inequalities in formulating

:the multiple alteratives model is obvious. HOwéver, it is redsonable
to expect a situation in which more than one set of_aJternativeé pro-
vides a solution to the MAM problem. I these cases, additional

system priorities must be set.. '

N

4

- & ; ’ v
.

2
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xst% Pr1or1t1es and the QbJectwe Functlon
Y

Cons1£er the c1rcumstan6@where in eva]uatmg the above three-
’a]ternatwe, two &1ter1on prob]em two pl aus1b1e solution sets became

evident: tl /0"5'1: and ¢0: 1, 13. ®ince both are plausible, we know

N [ %
*that each of the reht1onsh1ps . S . "
' 5% ) o ’
s ' . : ’»fg: S ®
. . \., ; / i T
: @ 1*1X1 +a 3X3 = b1 , o e
- . g = ., ‘ » : y 7
K ” a ' .
; 2,1%] * a2,3"3 2 by o
. o b 3 2 d . “
& o 3. “
and S Y ' 5
g By ¢ g, .
o "”".‘ . » ) v . . ] L
o v . a i_ 5, ) . “ e ) '
P o algzxz + a1,3x3 : U]- v
! : . # - : 2
. ) ] : < 7
., Y .
. as
. . 5 . m 2 3X ] I ) ¥
- 37 82,3%3 240y w
% . ,1 e " :
L , o o : &

are 1nd1v1dda11y, s1mu1taneou9’1y sat1sf1ed The Equestion

becomes: how to choose betwee’n the first(el 0 13) and secohd ]
. (I:O 1 1,% setS'? *7‘ - | »c:'; by . . , - L 4
..3, : :,""’g'v' . P %

- The MAM fr'amework pnov1des ,so]ut1on to this dﬂemma, v1a “
theJruse of" anotherﬁcmemoy cal ed the obJectwe function (or:‘sv
cost vector). Unhke the cr1ter1on&constra1nt 1nequa11t1es the
ob,]ectn;e funct1on does not have t?n estabhshead upper (or 1ower)

bound ass1gned Rather the criterton coeff1c1ents for ‘the objec- P

£

A

i
tive function (1abe]ed Cj, JaE W2 3 - .,n) arg)summed and ‘fhe )
v add1t1ona] demand’ estabhshed that her a maximum or migimum suf .
v ., F3 i .
be found. Cons1der the foHowmg scheme: * o ¢ T .
ax _ in . . "'A N ) . i !w'
A o [¢ [ "
) b | . T @
! .. . -‘!;1'
. ’ ’ ' : A ﬂ‘ B
& 57 ) ’ 7" oo
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| (A}ternatives)
Xy Xo X3 . RHS
e ) ‘ EE o o
~criterion #1 = - ay 1 - aj.p° - a1.3 < by
criterion #2 .'v az,l.: o 22,2 a2 3 ? b2
(objective funcgion)' < 'czi . c3

o .

I the.criterion_referenéing the objective function was of af'
positive:consequent nature,. that is meas%ring good’eg%ects of

. each of the potential alternatives, then it is reasonable’ to
desire a maximum value from thessummation of Cj based“upoh the

g

alternatives selected as solution. ., ;
e | - P -

. i . . - M \_ C;‘ l o .
, - If the solution gl 0 13 is sélected, then the evaluafon
© of: o L

*

” .o C1x1 + Cox + C€3x3
" .results in the composite:
) - <."_‘\‘ - ’,* i . K ] : J:'
g e : oo 2
{. . l . ' 1. N ] . cl + CB'». .
- h “\'..’. ". .- & ., 4 "
. . ¢ . 4 ’ . e . )
» Likewise, the solution set €0 1 13 results in the composite:
L - . . oo -
’ ‘o f'-_ . ‘A . . ‘ ..q ..m
. Co+c3 .7
. - . Lo~ o ) . LV o
. . (-: b . t: . ) "_V’( .
: . ‘ § - 0 ’ .
¢ . I ej are positive (i.e., good and desirable ) measures and.we -
therefore wish to maximizge the C; ‘summation -- it is intuitive
: : S .
. 7 IR PO
"9 ) : R )
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that ,the greater of the ((cl +c3) and (cs + c3)) values will

'dec1de the f1na1 cho1ce between the el 0 13 and g0 1 13 sets,

respect1ve1y That 'is, if in fact (c2 +cp) » (c + c3), then
the re1at1onsh1p '

maximize C1xl + C2x2 + ¢3X3

‘\‘»

y1e1ds the so]ut1on set g0 1‘ 13 with a max1m1zed :objective
function of (c Coy + c3) The idea of maximizing (the "good") and -

minimizing (the "bad") the summation of the obJect1ve function.:
coefficients, demonstrates the issue of optimal v. feasible
solutions. Both gl 0 13 and :0 1 13 were feas1b1e solutfons

" in that both satisfied the 11m1ts established via the 1nequa11-

ties and the va1ues of the RHS or conditional .vector. However,
the t0 1 13 solution was optimal as it alone max1m1zed the
obJectlve function summat1on. . %

In sumnary, th1s examp]e could have been stated comp]ete]y in

:the MAM framework as follows:

To maximize: . tlxl + Coxp *+ c3x3 .
SUbjECt toi . al,lxl *‘a1;2x2 + a1,3X3 < bll

22,100+ az oXp * az 3"3 2 by

0 i 2,37 {f gih

Y

LT N
LS
- "~

oy h KT

‘ i@ : : ’ s
The next section will focu 7in greﬁter deta11 on the actual
quantification of the coeff1c1ents, and the d;ﬁ

for the conditional vector. . _ ' &§5

59
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CONSTRUCTION OF -THE MULTIPLE ALTERNATIVE MODEL

Simply stated, the Mu1t1p1e Alternatives Model is a co]]ec-‘
tion of simultaneous 11near equat1ons and inequalities, with an

| additional str1ng of serial values (the obJect1ve funct1on)

‘available to "break any ties" which result when more than one
vector of so]ut1on values' (0,1) exists for the independent
variables (the mu]tib]e alternatives). G&herally “speaking, these

- ‘equationé and inequalities which make dp the constraint'matrixh

and conditional vector (righthand-side) could be further ‘labelled
as the dependerit variables (the foci, of the partic#lar criterion
constraints): ' ' ' o

.
.®

The coefficients of the criterion eonétraints,"the a1J values,
'fref1ect measures for each of the Xj a]ternat1ves (j =1, .¥ »n)
across each of the defined i-criteria (i = 1,...,n). The -
bi values (i = 1,...,n) of the RHS'(right-hand-side) represent
the 1imits‘(upper and lower bounds) p]aced upon the  sums of each
criterion, summated across all se]ected (i.e. so]ut1on)
alternatives. Since a selection means that the spec1f1c Xj value
uw111 -equal ‘1, then the criterion va]ue a1JxJ (or aij times 1)
forces a1J "to be an added %o the sum. .

~ We may now improve tremendousJy ugon oum earl1er‘charac- -
ter1zat1on of the decision matr1x (see F1gure 1 Page 20) B}
,,add1ng the 1deas of the cond1tﬂona1 vector (to 1nsure f]ex1b111ty
. and the potent1a1 for tradeoff/preference), we are ab]e to mode]
the interactive- effects prem1se requ1red of mu1t1p1e a]ternat1ves
dec1s1on1ng Supp]ement1ng ‘the model- f%sther with an obJect1ve
function, the set of feas1b1e so]ut@on a]ternat1ves can be
further anatyzed to chooSe the snngu]ar]y best alterat1ve mix=

set '-- the optimal so]ut1on F1gure 7 d1splays the scheme of the -
S = i

60..
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Figure 7. Representat1on of the Augmented'Dec1b1on Matr]x Mode1 o
. . as the "Mu1t1p1e A1ternat1ves Modqj" (MAM) S o

- T - (Decys1on Var1ab1e5)'?,577'1:-..~5ﬂ'?"ﬁ,,.<-]f$
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'Valtd Construct1on and re11ab1e execthOn of th%*?f

'requ1res»the user to reca]] certa1n rud1mentary face%%g

'praviQedja cnntro1 over the rather comp]ex mt11§g&broduced whenl

ndeC1s10n—mak1ﬂg was evabuat1%g muTt1p1e a]ternatn@e sb]ut1ons e
'ompet1ng cr1teﬂﬁa, S1ng]e a1ternat1ves could be "j

. dr "hot- %6 goodHQOn var1gg§acr1ter1a - com- ”“,
par'd td,the corre1ated cr1ter1on measures % i

presymes ﬁeiatdg 1nteract1ons between the cr1ter1on measurES
'hose same,élterﬁat1ves (both s1ngu1ar and mu1t1p]e) -—;he




. .
| The other 'strong suit':of MAM centers about the issue of -
measuring total system impact. You’w111 recall, that the .
“RHS- values provide a control upon the summat1on of each cr1ter1onj
constraint --thus 11m1t1ng the 1mpact which ‘the se1ected a]ter- L
natives will be "allowed" to foster ~ However, RHS- values
establish either an’ ‘upper-or 1ower-bound to the summat1on, not
the actual value which the summat1on must assume.. Therefore the
" true sum for any cr1ter1on constra1nt might very we11 be (and
usua11y will be) d1fferent than the pronounced 11m1t that is,
3somewhat less than the upper-bound, ‘or somewhat greater than the
. lower bound. -In th1s way, the desired 1mpact to the system is.
icontro]]ab]ebut moreover, the actual 1mpact to. the system is
measureab]e By’ know1ng the’ d1screpancy between the desired and
“actual 1mpact the MAM model can be used to detect changes to the
system (i.e. d1fferent1a1 1mpact) which may occur through the
‘se]ection of d1fferent a1ternat1ve so]ut1ons

P
RSN

H . . Ty
It should be obv1ous to the readgr that ne1ther the contro]
fAjnofu1nteract1ve effects nor the recogn1t1on of system impact v1a h
#ﬁvary1ng a]ternat1ves conf1gurat1ons, is poss1b1e without: the ‘”
ex1stence of all poss1b1e feasible, and relevent a]ternat1ve
; ursés .of act1on for cons1derat1on More succ1nct1y, the set ofy
,Tmulthle a1ternat1ves being eva]uated across the def1ned cr1ter1a"
:;constra1nts must. exh1b1t the.eharacteristics of a co]]ect1ve1y-
\"exhaust1ve popu]at1on of a]ternat1ves The exc]us1on of any
*_alternat1ve from the mode] automat1ca11y prec]udes its 1mpact
: ;;upon the eva]uat1on of the rema1n1ng a1ternat1ves, and 1ts 1mpact
e upon the system as a who]e ' B '

63
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~ Criterion Measurement and Constraint Formation

: 'or more conc1se1y

> constr¥int - (e, its focus). The most common’ sca]es utilized.are

T,
i

..).‘

S1nce the cr1ter1on constraint represents a 11near re]at1on
(e1ther equa11ty or 1nequa11ty) of the form:
e . ) T L
te.e taj g Xy (.=, 2) by

13 Xj * aj J+1’ J+1

.n -

Z 3,5 %] (&= 2) by, for each 1.
extreme caut1on must be used in deve]op1ng the a~j coeff1c1ents

1

1, ..omy

of the x dec1s1on var1ab1es. 0bv1ous]y, each’ 255 must. be -
numer1c, and further exh1b1t such qua11t1es as ‘to allow the1r
ar1thmet1c sum - to be a rat1ona1 and useab]e quantity for com-
par1son w1th the assoc1ated b ) RHS-value (d1scussed.1n the next
sect1on) ‘- _- ” ’ ' P -

| Fourfbasic'scating.sehemes ekiStvfdr measuring and. encoding
data: nominal, ordinal, interval and’ rat1o _ Progress1ve1y
anc]us1ve, a11 can be ut111zed to formu]ate the a1j coeff1c1ent

dependent upon the def1n1t1on of. the part1cu1ar cr1ter1on -

" the. 1nterva1 and ratio measures, due- to their ab111ty to compute;
- measures of centra] tendency (ar1thmet1c means)_and‘d1str1but1ve
var1at1on (standard dev1at1on) *We will ]1m1t.0ur_discussion;to"

these sca11ng techn1ques on]y

I !
LS )

Data concern1ng program expend1tures (e.gﬁ'ﬁn'dollar-dnits),

number of requ1red personnel (e g. in FTE- units),:or3energy‘cdn- »
. sumption ' (e.g..in BTU- un1ts) are easily rat1o scaled measures.

0ther data wn1ch might be’ obta1ned from samo1e op1n1onn$1res con-

S ’f‘l S
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Togm Two,
e ,

o "4'"1 w!
LA

cern1ng the respondent‘sqpercept1ons towards each part1cu1ar
ﬁ.a]ternat1ves m1ght eas11y be -interval- sca]ed (e g..a six- povht
L cont1nuum measure assoc1ated with a 'Strong]y D1sagree, ..,;,“

vStrongly Agree"response format) T e ‘g
- Congider the'obje(:‘tweef e B T

o "To dea11ocate such program alternat'ves as: w111 secure an

expend1ture sav1ngs at 1east some amy unt " '$SAVE'

iy,

C]ear]y 1f we cost out each program'alternat1ve and arrange
‘the constra1nt as fo]]ows ' L

o ‘gi SN ..
$1 1 x1 + $1 ;2 x2 + $1 »3 x% e 84, h xn z $SAVE

}

oo : - , . . y
:then the so]ut1on vector :x xz, X3 e, Xpd must be of such (0 1) AR
‘Q.conf1gurat1on as to allow the sum of the $ to be: at 1east the :
" amount $SAVE or greater Th1s is one of the eas1er examples of
- the use for a rat1o sca]eg cr1ter1on »_.u.‘. 9"

v Cohsider‘another Objeb 'e;for-uséuof the-ihtervalbscale:
"To dea]]ocate such program a]ternat1ves as w111 co1nc1de
w1th the. pub11c S op1nﬁon of each program S re1at1ve 1ack of

e mer1t

‘., Suppose that a quest1onna1re was sent to a random samp1e of

1nd1v1dua1s, where1n the quest1on was asked . 'j'_“i' ;-‘ o

:, N

"Program XJ fu1f11ls the needs of the commun1ty
to- wh1ch it app11es "f_i" s

LS
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:and:the.reSponsehta]]iedgyiaftheLuseAof~thetfolTowingwformatf

10 2 3 .4 5 _g§"

Strong]y D1sagree Moderate]y Moderate]y Agree Strong]y
D1sagree N D1sagree : Agree ~‘3.;._' Agree

foly
Lo : . e
e, “ . A

d-where a ]esser magn1tudq (1 e. 1 2 ces ) d1sp1ayed the
.respondent's d1sagreement with the item e11c1tor, and this i
'measured a negat1v response to the perceived merit for each of ,
‘the programs. If 100 ‘people responded to these 1tems (one.for N
each program a]ternat1ve) the 100 percept1ons (1 2, ety soj |
| 2C0U]d be. averaged and comp11ed 1nto the constra1nt ser1a1 :
N bCpi,.';, + PCP o Xp ¥ e + PRI Xy

“-..

‘"*cWhere PCP1 s, the ith constra1nt and represents the: group S. . :

.. (N=100) percept1on (PCP) of worth or mer1t for each- program Of
'"course, a va1ue for: the RHS (b must - be . Computed, and we w111

.survey th1s development Aan the next sect1on ) ;1s fb':l'.~f .

v

The 1mportance of each 1ter1on constra1nt w1th1n the

*constra1nt matrix lies in its: a'111ty to mode] each alternat1ve co

s1ngu1ar1y (V1d the 1nd1v1qy%ﬁ 1.3 va1ues), and co]]ect1ve1y
(v1a the summat1on of the a1J; j=1, v..,n) S1ngu1ar mode]]ng

"

a110ws the 1nd1v1dua1 a1ternat1ve £ contr1but1on to. 1nteract1on- :

effects to be 1nput to. the dec1s1on1ng mode1 Co]]ect1ve mode- .

»1ing- then allows the 1mpact to the total system of potent1a1
so1ut1ons to be comparat1v'1y eva]uated aga1nst the estab11shed

N CYET
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Computation of the Conditionai'(RhS) Vector

i' ~ The need to 11m1t the Gonstra1nt coeff1c1ent T
‘ reallst1c s1muJat1on of". the system be1ng mode]ed,"as.ﬁell as the
b_ use of these same summat1ons to. detect system 1mpact, shou]d now .
be (hopefu]]y) obv1ous to the reader." If .one: w1shes to 11m1t the
_ se1ected then some. upper bound 1s estab11shed for the sum of ".Q;‘if
' cr1ter1on coeff1c1ents wh1ch represent ‘this negat1ve 1mpact. o
S1m11ar1y, if the mode1er w1shes to force some. 1eve1 of. pos1t1ve
1mpact, a 1ower bound would .be def1ned for the “Sum- of pos1t1ve'
: chter1on coeff1c1ents, stat1ng that th1s m1n1ma1 sum must at .
1east be atta1ned “What may not be so c1ear yet is how these f
- limits are arr1ved at. . LT e
One of the authors has performed cons1derab1e research in the -
d1fferent ways to deve]bp the RHS- va]ues 1n the cond1t1ona1
vector. These efforts have produced two bas1c methods for
generat1ng the RHS (the f1rst stat1c mean1ng to be estab11shed :
a prioriy and therefore non—vary1ng, the second dyn s mean1ng {"5
to .be def1ned algebra1ca11y w1th1n the mode1 the va1ue(s?‘7 ;ﬂ,"
vary1ng as the mode1 var1es 1n its search for a so]ut1on) *The :
most common method is: the stat1c approach because of 1ts ease an 'f?"t
moae11ng and the acceptaif:1ty of 1ts assumpt1ons. We Will' 11mft i
our d1scuss1on at this- t1:f tﬁerefore, to the stat1c RHdea1ue M? ;btﬁ;

-

e [ - . o el o

; generat1on techn1que.'
F1rst 1et us review what we are attempt1ng to accomp11sh w1th
the 11near 1nequa11ty Coeff1c1ents have been ass1gned to each .
of the a1ternat1ves so]ut1on 1ndependentlyar1ab1es (the mu1t1p1e g
vﬁalternatrve dec1s1ons be1ng ana1yzed) based upon- the focus and
1ntent of the part1cu1ar cr1ter1on be1ng mode1ed (as a. E

2
N constra1nt) Execut1on of. the mode]s w111 ‘sum var1ous subsets of




* the set of coeff1c1ents def1n1ng that cr1ter1on; nd w111 ;f

'.T.repeatedly compare that sum to the RhS 11m1t ass1gned\1n the con-
C d1t1ona1 vectors that is: -

'Z_ZE‘Leh7a{jhxj}:;fbj '»(negative jmpact) ~13;3atﬂf.
oh;

g2y esitive mpac).

Recal] a1so that the b1 va]ue 1s to denote 1mpact to the system i ;:3"
as a who]e that is the co]]ect1ve 1mpact ‘of . the subset of dec1-,_ 

's1on a1ternat1ves be1ng eva]uated as a potent1a1 so]ut1on. If.we
“think of, 1as a who]e" -and. "co]]ect1ve 1mpact" 1n the ar1thmet1c

sense, a ‘useful analogy is the- ar1thmet1c average or mean. That A

-the system w111 ‘average the coe ¥

‘hts va]ue be1ng »
ana]yzed and compare th1s averag th the sum. of - the o

’coeff1c1ents.; SO

Td"acébmplish this, " the. mode]er f1rst needs to. predqct how ;.,7
many ‘decision, a]ternat1ves (XJ) are -Tikely to‘be seleeted for the”
“f1na1 so]ut1on, Tet us say 'k' " Thén the mode]er computes the

lamean of the coeff1c1ents for a part1cu1ar cr1ter1on,rtlo'

. R Y " Ce Z o . ' . <
U S |
’ R s .
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- »"m . N
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and mu1t1p11es the mean vaﬁué’A

.

i by the expected number (amount)

'fwy of mu1t1p1e solut1ons, ,;~;,. PR o
v " e, e R
B - TR . T .& L ) ) o .
~'~<_\- X "- . _ . R . :_' LN PR . . RN .

7;._pwhere b1 1s the RHS vaTue to be compared w1th the constra1nt coef—
"vtf1c1ent (subSet) sum.; Thus, ﬂ_"“.. e _v_'n'“r~'"

where the number of J s approx1mate thevvalue of k . kS

U:fortunately, exper1ence shows the ‘use. of the mean (a]one)
to be substant1aT?.n;estab11sh1ng a wbrkable b1 va1ue, this . -
prob]em is eas11y rect1f1eg by 1ntroduc1ng the standard dev1at1on IR
of the cr1tehlon coeff1c1ents to the b formu]a.. REmember1ng o ”d :

h! that the standard dev1at10n SDA 15 obta1ned from

g

-
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~ Use of the mean and standafd‘degjation provides a consistent for-

mat for constraining'the deéisf&%ing matrix; and é%ch constrﬁint,
therein. Not only s systematic flexibility afforded to the

‘model as it searches_for®a unique (optimal) subset of solutrion
i~alternatives, but the problems associated with initial system .
infeasibility are minimized.;‘Jhe“nbtion of infeasibility will be

covered in greater detail in a later section of this paper.’

~

Cyclical Optimatization Via Iterative Objective Functions k:

. ¥

X
ot

In our earlier decuSsion of the role of the objective fuHc-
tion (or cost vector) in ga1n1ng the most opt1ma1 so]ut1on
(decisioning-a]ternat1ves subset) from ‘the available feasible

“solution subsets (acceptab]e to established constra1nts) “the

-,

reader may have become aware of the subt]e bias the ;

_ OF- coefficients place upon the f1wa1 so]ut1on. Often, th1@ bias

is 1ntended As often, however, it prov1des "fueﬁ" for mode]
critjcs to attack the MAM procedure as another "computer1zeg
matbemat1ca11y gerr ymandering" technique. A satisfactory solu-
tionwtO'this 'poter_]ti_a"‘]l’I problem isiévaiiable, and re]atlvely

easy to implement. - ® .
) ‘ - P LT

st
e
A
&)



The idea of cyclical optimization 1nup1ves°the cycling ot
each constraint entry (i.e. the coefficients a-“J of the |
‘ constra1nt matrix) through the obJedt1ve function. Generally
speaking, this involves re-execut1ng the mode] i- t1mes, once for
each of the defined constraints where' °

H

iAo e

each i-th iteration.
* Since we either maximize or minimize the sum  of the
j values depending'upon their positive or negative focus
respectively,. cyc]1ca1 optimization must be strwctured to then
mﬂx1m1ze the objective function when the constra1nt values be1ng

cycled are of a' positive, impact' nature. And of course, the -

-reverse being true for the negative-impact constraint focus.
. ty ) . b . .

~ The MAM structure thus involves aneoptimization strategy, -
which may be depicted as:

MAX EE: x- for Each ih 1terat1on

‘s

. n. . 4
subject to: :E: 3% (:, =, 2) by
- J= 1 L ‘. .l:J :
’ v
; - % = J for all i of m;

X5 = 1,0 for: some j of m.

-Cyc]icg] optimization does ngt'e1im1nate the bias of the objec-

-~ tive function; but rather_allgws each censtraint focus to simi-

i A

o
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1ar1y b1as the result of the. so]ut1on subset selection. E As we
) w111 see in a later sect1on on "solution teach1ng," the cyc11ng
of each constra1nt “through- the objective funct1on prov1des a most

g v

usefulhtechn1que for studying total system impact. : ﬂ'-’

.‘.‘-,‘- Ty,

Eva]uat1on of the Muft1p1e A]ternat1ves Mode€l

After rafher@déﬁﬁﬁled treatments of the des1gn and construc-
tion of the MAM ﬁﬁaﬁework, additional d1scuss1on concerning the
model's eva]uat1on:cthat is, implementation “and execution) may.. .
seem redundant to-the reader. Obviously, the model is des1gned‘
in full acknowledgement of the way in which it will 'work' ta
se]ect alternative so]utions.,4And'the authors have gone to . con-
siderable length to indicate how the model will react to the

various changes in its design and development. -, . .

But execution of the Multiple Alternatives Modei is not in
itself a "static" process. .As a system of simultaneous linear
inequa]ities; varying configurations of the so]ution'vector
[X Xo X3 .ee X 1 will produce different interaction effects
among the criterion constraint coefficients, effect1ng d1rect1y
their sums and thus their u1t1mate comparison to the estab11shed
RHS-bounds. It 1s ‘conceivable (and unfortunately occurs often)
that the initial re]at1onsh1p between the constraint matr1x and
cond1t1ona1 vector produces what is known as an infeasible _

v pe 176n." The model must then be revised by r e1ax1ng one or more -
y ofpthe constraint summation 11m1ts, in order to determ1ne
..(“ggate) an initial feas1b1e space, and 1ts assoc1ated parameters
iﬁva]ues) Since the re]at1onsh1p between cr1ter1a across
7 Jfernatives (viz., interactive effects mode11ng) is not’ imme-

diate]y evident in an infeasible situation, cons1derab1e time can
® often be expended in=locating the "prob]em"ﬂBHS va1ue (or
valqgs S -

& B o \
: &‘ ' :5,5 ' ’ _ 72 o ' o o
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| N, . :
Execution also refers to a prev1ous]y d1scussed not1onpof Vo
cyclical optimization; and the d1ffer1ng so]ut1on vector . subsets
which usually result when the obJect1ve funct1on 1sarep1a d by
different values. The mode]er must,keep ‘track of the difE erept
solution vectors (thus the term, so]ut1on teaching),#and observe :
the nature of each cyc11ca1 OF 1mpat upon the system S final®

so]ut1oq\ o -

ot

wo : u
“. =3

If the above few paragraph s st111 sound like "C1cero s, ora-

e ®
tion to the pretor1um " then we have not errored by 1nq1ud1n£§
th1s sect1on. - . ! L A ‘
. c ) ‘ - . u
* : » ’ -
’ | | \ I
: Tota] System Impact V1a Mu1t1p}e Competing Constra1ntsy et . '59'

e :
¢ ® Y v ;.19» " )

As each potaential so]ut1on 81ternat1ve compeﬁes with othhr
alternatives fqr inclésion®within a sélution set, so also,does_*

any particular permutated so]ut1an subset;c%mpete with other

feasible solutiof vector atternatives. @ Theoformatioh¢of the
optimal solution vectdr occurs as§the systém asks 1tse1f ‘these

B
questions dur1ng executiof: ‘ . ¢ )
(1) how many alternatives will occupy.the solution vector?
: l\q' C . .

° » :
' ? & ,
(2)}_whi%h alternatives will be selected?
. ‘ - ’ ® £ Lo .
(3) will these (e.g.) three a1ternat1ves better fit the

constra1ned system opt1ma11y, versus these other f1ve7
(4) will in fact any comb1nat1ona1 permutat1on of the a]ter- HEm
o
natives be1ng ‘modeled sat1sfyuthe constra1nts7 -

,
.
ST,

v'

(5)  which constraints "constra1n" more than others7 which. '
less? '

&

o } 73 e
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4‘1‘

(6) if the conditional vector is conpr1sed of des1red - 'ﬁ*}f -@
impact,” how closk can the mode] select an opt1ma1
tion vector, and m1n1mTze thg desired y..attua]

:

n N . . b a0 .

b‘(b‘i- - z '|J J) Va]UES. . o S \ :

Jl A v

r

mode11ng) which makes thg%MAM an outstand1ng cngter1on-
referenced dec1s1on1mak1ng too] :

:ty?sﬁ(ply mean§§ that at
J1on'ex1§?§ which: w111 sat1sfy
the mode]ed cr1ter1on constra1nth;ii1near 1nequa¥1t1§k)mm If no

_ such confagurat1on exists:. (that 1?' the so]ut1on vectﬂr’1§=a ;§r0,4
vector tO 0.0 - eX O3, then the system is. ﬂec]ared 1nfea51b1e.
A]though subt]e, the occurrence .of a zero- Vector is a-most 1mpor&
tant (a]be1t frustrat1ng) resu]t : S R

If the system nas been carefu]]y s1mu1ated and mode1ed v1a
va11d cr1ter1on constra1nts ~1th the RHS va]ues accurately

<

’ . . . . . . ‘ 74 .
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f.reﬂectmg syétem needs and/or demands .-~ then' ‘the® resu]t of "a @\k
1fzero vector STMp]y means that nozslternat1ve is acCeptab]e tp the '4,\1\

fsystem as a so]ut1on., In most cases, the mode]eﬂ.wguld then-"d
' "nelax" one or more of the mod 1ed const5a1nts by ncraas1ng an's

\

‘;u‘per b und and/or decreas1ng lower= bound Such, alteraEJOH fﬁﬁ;j'.'..:
,f;2,makes the select1on of some: so}ut1on vector easfer without. U
jﬁj{;v1o1at1ng a constra1nt coeff1c1ent summat1on.” However,k1f the dﬁ‘qu

_«Ni.@ystem mode]ed (1n rea11ty) can ne1ther reasonaB]y nbrnratlonally ?ﬁ.q
;Fj Jaccept the ¥e1axat1on of 1ts "standards and pr1or1t1és " the~ ;,;I;;’}ﬁi
‘ medE]Ed reg1on 1s dec]ared 1nfeas1b1e.A The mode]er must then :)\i;w,n
;'j sSeek new . potent1a1 so]ut1on a1ternatﬁves to be" 1nc1uded?1n th@ ,.,~w);}.
MAMeframeworkj~ But‘1f the ear11er issue of: the colﬁect1ve- e l..»rw
&: exhau‘estweness of.the 'alternatwes has been addr‘esseds the’ﬁ,slystem &
:Y’ ‘ o .

PO 1s:dec1ared 1nsoluab1e.” a AT
A . Sl e L, @ ;‘ﬁ . ’Nﬁ’v o
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N “jiatlon 1s accomp11shed by ut111z1ng!the a7 g'f_*
§f~A¢1J COeff1c1ents of each constra1nthas the c1j coeff1c1qpts‘ofu wj#ﬁ-
‘the obJect1ve funct1on. qu a mode] w1th m- constr91nts ‘a maxa- @Eﬁ
mum of m executqons, each w1th m d1fferent sets of obJectwe‘iyF

funct1on coeff1c1ents 1s poss1b1e._ Dur1ng any parttcu]ar 0pt1-f

'd .
a_}; m1zat1on cyc]e the constra1nt whose coeff1c1ents form the 3%5 b ﬂ? f
h tive’ funct1on 1s st1]1 retained as a constra1nt for.. the f.,xﬁx _ B}
s determ1nat1on of 1n1t1a1 system feas1b1]1ty | ';ffgnﬂfc;~§ ,*[’&' ’

produoa m-sets of opt1ma1 so]ut1on a]ternat1ves.. That 1s, g1ven

a f1ve~a]ternat1ve mode], w1th three constra1nts, ‘the resu1t1ng i'kwj-
three cyc11ca1 opt1m1zat1ons coqu result in the so1ut1on sets.,

75 . L
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X xp x3 xg ooxg. oo TOTAL
0 1

_’As‘éou can see, the f1rst two cyc]es produced a so1ut1on set with

@ 5 twd, so]ut1ons' each the th1rd se]ect1ng a single alternative
‘,donly What 1s more 1nterest1ng (though su1c1de provok1ng in’

Suppose now that a d1fferent examp]e (and more'realistic) is
pos1ted, as fo]]ows

- x’_l,- ‘ .",2 X3 xg  xg THTAL
‘Cycle 1 1 0o o0 1 1 3
AN Cyc]e 2: 1 1 - 0 0 1 3
Cycle 4: 1 o 0 0 1 2
Cycle 5: 0 .0 1 1 1 3 ]
TgTAL: 3 1 2 73 . B

’ ~> | ,‘vd\ . - - : ] ‘ :
This fiye-alternative, 5- constraintﬁproblem has produced'a ser1es,

of '3-3- 3 -2-3" solutions throughout the five opt1m1zat1on cyc]es

. © i .. | . B
Y
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More important (for now, anywayf is the total frequency.wi"‘ - éﬁﬁ%
'iﬂ,;wﬁioﬁ each. alternative Was selected as a-member of the soi%?ton o
fSet. This framework is very tlose to a vote casting situation, 4&%'”'
" -where- -each of f1ve voters can vote for a maximum of three '
‘.cand1dates (we guess voter #4 is as frustrated as many of us
are at- e1ect1on t1me ) Cand1date #5 “p1cked up" a tota] of f1ve
votes, fo]]owd by’ cand1dates 1 and 4.- Cand1dates 3 and 2
acqu1red two and one vote(s), respectlvegy

Such a tallying of solution choice by constraintuoycTe'iSj*
known as solution tracking”“ Each set of constraint values takes
.a turn at influencing the deve]opment of a so]ut1on set; at the
end of wh1ch, a simple ta]]y d1sp1ays the EroEort1o of tota1
choice across all poss1b1e alternative choices. The novice at
.this,boipt may declare’ that.option 5 is a c]ear'choice;_and_that .
1 and 4 should follow suit,qforming.the solution set: o

9/ L 0.0 1° 11z

o Depending upon the ‘mutual exclusivity of!selected alternative
solutions, we chose to agree amicdbly or disaéree vioLently?. 47

Mutual Exclusivity of Seélected Alternative Solutidns .%gf
— . . — F K ” ol

We have devoted an earlier section to the importance of ?5r;
mulating co]]ect1ve1y exhaust1ve a1ternat1ves (see P. 62) for
evaluation via the MAM framework. It was also expressed that the

° alternatives should overlap as little as possible (1ﬁ at a]]),
that is, the alternatives should represent %1ear, distinct
actions -- no portion of which are ind]u‘ d within the dOmain of
another alternative solution being 'e\}:alugd ) Su_c_h' distinction

is known as the mutual exclusivity of defined a]ternatives,

w17
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It remains 1ron1c ‘then, to now state that some mu1t1p1e v
a1ternat1ves prob]ems by the1r very nature\and substance,
" preclude such mutua]]y exc]us1ve so]ut1ons At this po1nt of
amb1gu1ty,.the best;teacher is an examp]e. '

~

. Cons1der our ear11er cyc11ca1 opt1m1zat1on 111ustrat1on Tw

wh1ch the final compos1te so]ut1on vector was: . . ¢
._,; e

P [x x2 X3 % X1 =312 3 5

'; . . . S

Now let us p]ace this so]ut10n into context As a po]1cy a1ter-,3
.',nat1ve to the management of enro]]ment dec11ne, you have chose to
'ﬂeva1uate f1ve e1ementary schoo] s1tes for closure, based upon
five a priori stated cr1ter1a. Being the 1nte111gent and far- -
" sighted person you are (you're we]come') “you decide. to invoke
“the MAM framework to analyze these sites. The resu1t1ng f1ve-
cyc]e 0pt1m12vt1on produced the above composite vector What is”
your dec1s1on? - B
7
Those of us exper1enced in school closures (you can tell by
the scars) know, that the c]os1ng of one site may preclude.a .
" neighboring Jeopardlzed' site from 1mmed1ate closure, due to’ the o
‘transfer of students form the former to the latter school. . Thus
the choice of one a1ternat1ve (e.g. s1te) may preclude the = «
rational selection’ of another a]ternt1ave. Th1s more situation-

specific 111ustrat1on of‘ﬁ gener1c nonmutual- exc]us1veness
_inherent in the prob]em 1tse1f demonstrates the need for the <
mode]er to beware. '~§j;.” S o

-

?

A so1ut1on to this prob]em is ev1dent however Choosing,the
5th site for c1osure, the. RHS values

[




_candbe recomputed with i = 1,..., (5 m1ss1ng) and the. problem .
‘re'executed ' of course, the enro]]ments of the schools neigh-
bor1ng the c]osed site would be- 1ncreased v1a transferred '

d:students and cr1ter1a where enro]]ment was a factor, recomputed 12 .

. A]so, s1te #5 wou]d no 1onger be-a part of the mode]

Thus 1t is not enough that mu1t1p1e dec1s1dn1ng a1ternat1ves
~ be generated distinct -from one another (mutua] exc]us1veness,
input). MoreOver ‘the 1nd1v1dua1 entries. of the derived so]ut1on
Set must demonstrate such d1st1nct1on (mutual exc]us1veness,
output) W ' ' S

'
1

VALIDATION OF THE'MULTIPLE ALTERNAT;VES MODEL .

Y]

A%
As the final section. of Part IT and prior to commencing the -
development and- 1mp1ementat1on of the sample RBLBAK I and ROLBAK o
II models, we wou]d,be rem1ss -in ignoring a most critical issue
of the MAM framework that 15,"Does MAM do what it purports to do_
== the manner 1n which it is supposed to7“ Suth a demand for

.naccountab111ty can only be responded to with a most humb]e e
"(though grat1fy1ng) yes. '

Model Validity and Reliability Testing B

_ Validation of the Multiple Alternatives Mode1 can 0ccur only

" through its ab111ty td pred1ct performances ‘other: thah perfor-.
mance, in 1tSe1f (viz. validity), and the degree to wh1ch mode11ng7ﬂh
resu]ts (the solution vector) are consistent with purported per-

. formance (315. retiability). Validating the execution and -~




results of a mathemat1ca1 dec1s1on1ngzmode1 thus extends beyond'
: the s1mp1e notion of, measurement In effect the mode11ng pro-
. Cess must demonstrate at a m1n1mum '
= 'v(l) that the dec1s1on arr1ved at is 1nd1cat1ve .of the cr1-
ter1a used in the render1ng of that dec1s1on, and. .

'(2) that the: cr1ter1a as a co]]ect1ve who]e are "pred1ct1ve"
 of the resu1t1ng dec1s1on. L Lo
T L - . o k\";;

' For va11d1ty test1ng of the MAM system, the d1str1but1ona1
character1st1cs of each criterion: var1ab1e must be ana]yzed to
determ1ne if a s1gn1f1cant difference’ exists between the d1str1bu-
tion of the criterion measur1ng the. "se]ected" alternat1ves and
the distrfibution represent1ng the "non se]ected“ alternatives.

If the criterion measures are 1nterva1 or ratio- scaTed the anal-"
ysis technique 1s simply a oneway;ana]ys1s of variance procedure,
where the independent variable represents whether the alternativeé
was selected (=1).or not (=0)., The resu]ts "of th1s "ANOVA proce-
dure would determine if the partitioned cr1ter1on d1str1but1on ’e:
represent1ng the se1ected so}ut1on a]ternat1ves actua1]y |

, reflected the initial intent of the criterion.constraint focus.
If the criterion measures are nominal or ordinal scaled, the use
of the Chi- Sguare procedure (w1th a (0 1)¢1ndependent variable)
is recommended - : ‘ S '

Re11ab111ty test1ng offers a new d1mens1on to the va11dat1on \
of dec1s1o#1ng mode]s that is, the test of the modeled.
criteria's ability to pred1ct future "choices" between mu1t1p1e
alternatives based upon. estab11shed cr1ter1a inter- re1at1ohsh1ps.
* Thus in the resu]ts of a f1ve cr1ter1a mode], we ask the
'_quest1on '

30
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“To. what extent do. re]at1onsh1ps between the cr1ter1on

[ -

“var1ab1es (constra1nts) ex1st ~in order to perm1t a -
pred1ct1on of- futureifglut1on dec1s1ons based sole]y
L upon these same inter- re]at1onsh1ps?" o

Instead of a s1ng1e dependent (criterion);andfindependent.' o

(dec1s1on) var1ab1e( ), we.are now (in one eiample) confronted -
- with-a dichotomous dependent var1ab1e (0 1; to choose or not) and
j five 1ndependent variables attempt1ng s1mu1taneous1y to exp1a1n a
"correspo dence between se]ect1on and tr1ter1on alues. Th1s is

(obv1o s1y?) ‘the protoco] for emp]oy1ng d1scr1m1nant funct1ons :
App1y1ng d1scr1m1nant analysis, pred1ct1on equat1ons

L3

f (linear comb1nat1ons) are deve]oped to allow future dec1s1ons -

based upon the mode] S use of the current constra1nt cr1ter1a
Va11d1ty test1ng thus ref]ects ‘the extent to which the MAM

| so]ut1on vectod reflects an: appropr1ate part1t1on1ng of each of

uthe vector S formu]at1on. Second]y, re11ab111ty ana]ys1s
111ustrabes the degree to wh1ch the criteria re]at1onsh1ps are’ so -
we11 def1ned as to be pred1ct1ve (co]]ect1ve1y) oﬁ_so]ut1on vec- -
tor 1nc1us1on versus exclus1on S IR P ;'»u '

4
.- N ] S, e i B R o !

b [ t e . . ,; .
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) Individual vs, Co]]ect1ve;Cr1terlon Igpact ™™ o s, :‘i
| I T IR R
we have re1terated many t1mes’the%2uper1or qya11ty of the MAM
system in control]1ng for the»ﬁmpact‘(and 1nf1uenc§ of 1nterac-¢-
, tive effects In thé prev1ou§ sect1on ana]ys1s of var1ance
procedures were recommendpd“to test thegva11d1ty gf dec1s1on

mode11ng per 1nd1v1dua1 cr1terion However, the MAM framework

does :not ex1st 1n a’ cr1ten1on vacuum but rather supports a, . _’,3 g
. C011E¢t1ve cr1ter1on 5nf%uence upon dec1s1onmak1ng The use of
d1scr1m11ant tunct1ons to 111ustrate th1s colﬂe t1ve 1nf1uence as,

‘9
LA R

7T




" terion- 1mpact be understood o T

't}ComparativeTEffectsﬂfrom*Main-Effectsiyode1Tng"

e

La measure of re11ab111ty, 1s cons1stent w1th the focus and impor- ...
; ltance of . 1nteract1ve effects mode11n§

y

/

A more deta1Ted 1nvest1gat1on is requ1red of the interactive

" effects by the multiple compet1ng criteria because’ of the addi- ..

t1ona1xre11ance upon cyc11ea1 0pt1m12at1on -and the resu1t1mg com=
pos1te-generated so]ut1on vector. 0n1y through the use of
pred1ct1ve 11near comb1nat1ons, can. the true ' pred1ctab1e")cr1-

"‘/ . ‘ B . N ! ) '}

“An ear11er d1scuss1on of the use of the compos1te var1ab1e ’b;fi

: ‘rank1ng (CVR) techn1que (see ‘page’ 21) An’ ana]yz1nq potent1a1

solution a1ternat1ves -1ntroduced the.ma1n effects mode11ng
-approach to mu1t1p1e a]ternat1ves
cedure can be d1rect1y compared to the MAM results for over]ap .
Ind1rect1y, the CVR so]ut1on vector can be ut111zed as’ the 1nde- '
pendent var1ab1e to an ANOVA procedure, or as the dependent

Hf;var1ab1e to d1scr1m1nant functions.’ .The resulﬂ/pg stat1st1cs can

then be matched aga1nst the: same stat1st1cs resu1t1ng from an i'
ana1y31s of MAM resu]ts, and the "d1fferent1a1 1mpact" per

) criterioh, and co]]ect1ve1y across a11 ‘criteria compared

S8 . . Lo

ﬁpv~' . o ’ ‘< ' :

. The reader is caut1oned however to remember that the CVR -
approach does not ‘control for 1nteract1ve effects._ Thus any par-o
t1cu1ar choice (so]ut1on) ‘takes into account on]x the measures

of the cr1ter1on analyzed 1nd1v1dua111y It is reasonable to

n expect then, that CVR resu]ts may produce more agreeable ANOVA

compar1sons The "proof of the pudd1ng" however will 11e in the
match1ng of the resu]ts from the use of d1scr1m1nant funct1ons,_

'gj when all criteria are taken into account s1mu1taneous]y (which is

77: a1so roa11ty s demand) : T

‘,;he resu]ts from the CVR~ pro-:-‘\
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i s1ons w&l] not'themseltes be vague (a]though ‘they may be -
"-1ncoheggnt) And the reSu1ts\3? theseg/gt1ons will, not be amb1--

e

D

p . “ . ,.‘:.,'_ . '
Non Negot1ab1e»501uthon A]ternat1ves S

A [N ¢
i o(".' i Y IR

—Q% A f1na1 £0mnent before d1sp1ay1ng tHe actua] resu]ts of two

MAM app11cat1ons 1n a f1sca1 roll- back context. You m1ght ask,

'5,e why go- to a]] th1s troub]e in order to ana]yze a mu]t]ple a]ter- o
'"-;’nat1ves s1tuat1on? C]ear]y, a great dea] of effort 1s requ1red .

to def1ne the cr1ter1a, measure and 1nput them to the model’ ~Is _

T s
. 1t a]] worthtwt? ‘And if . so, ﬂhx7 *w

) &5 o o l
,,“,_#_ g , e , ,
f'at1on s vague, amb1guous (and otherw1se w1shy-\ ;
_ach;togdecis1on1ng might. 1ead the casua] obserﬂég to
be11éueﬁthat the resu1t1ng dec1s1on can 11kew1se be non-specy ic,

Mh11egth1s mai’often occur, the act1ons der1ved from the deci-

-

..\°

guous (though they may provnde worthless or even: d1sastrous)

- Dec1s1on ﬁak1ng, espec1a11y din the mu1t1p1e a1ternat1ves arena,

: fis nej'j;r,as easy nor as s1mp1e (non—comp]ex) a§ 'some people

.

""havﬁng'rea

s to' be11eve.‘ S 2
,.. a RN o ’ Lo ; ‘,, .. . . 0

.
'
5

Mu1t1p,;'a1ternat1ves dec1s1on mak1ng can only be rat1ona11y

'3 accomp11shec¥V1a the use of- def1ned cr1ter1a, and the, consc1ous '
‘ contro] of tﬁe cr1ter1a S compet1t1ve 1nteractlon. .If you as"a

can accowpfﬁsh th1s sutcessfu]]y wh11e d1scount1ngf,’
‘_fk wesare most humb]e 1mpres§§§h However, 1f

L ﬂ*é_prev1ous pageS'#ou can now recogn1ze the o
comp]ex1ty oF mu]tap]e a1ternat1ves dec1s1on1ng, and the requ1re?‘t

- ment for a structured frgmework in wh1ch to eva]uate these a]terf“,

. nat1ves 3 we rest our. cqsef f-,. S
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PART III
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'FfELD'APPLICAIION OF THE ROLBAK MODEY
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INTRODUCTION TO THE' FIELD APPLICATION -

Part III now prepares to address the issue of actuaIIy -
Yoperatwona11z1ng the c1a1ms of the f1rst ‘and second parts That.
is, can a structured dec1s1on1ng'system be formuIated to eva]uate
"thehspec1f1c ‘criterion-referenced alternatives of various program
un1ts for fiscal roll- back in a budgetary cr1s1s, and can. such a
?/GP?tEPIOn referenced multiple-alte at1ves model be ut111zed
'conf1dent1y in a funding dea]]ocat1:h

’ )/‘1

s1tuat1on? ) , A\

_ : a . -
The authors have had the. d1st1nct (though unFortunate)

- advantage of res1d1ng in a state which now finds itself in the
m1dst of a severe, financial emergency In all sectors of.
educat1on, from the state poI1cy level to the realm of the
classroom teacher, alternatives are now be1ng stud1ed to brace

" for a cut to state- support for both K-12 -and post- secondary
-@ducation. To present the design and utility of the ROLBAK
'forma11zat1on, a single school district has been’ seIected for the
requ14ed pitoting activities to demonstrate the ROLBﬁK y
formulization. ' | S '

-« s

Need'for.lhe Research - o ' 5 ,
./;' . - » , T

In ar age of expand1ng technology, the role:of soph1st1cated REC

. approaches to decision- -making has become  more access1b1e to_the: e
field administratdr. .Nothing supports this view more stroneg |
‘than the recent advance of computer technology in particular. o
Yet, those individuals who could best afford the advantages of =

such soph1st1cat1on remain the greatest obstacles to. the accep- ~

tance of soph1st1cated tools as a benef1c1a1 tool for data anaIy-‘
B

T et
1
?. . v
-

34 . ’



. éis and evaluation. The s1tuat1on $urround1ng the fund1ng
dea]]ocat1on of spec1f1c programs is a c1ear examp]e
: ; ‘ Scant resources require a rév1s1on oF expanding service
| act1v1t1es Compéund1ng the problem of forced decline 1s the
| “fact that’many years ‘of aff]uence in the ava11ab111ty of wide, -
/‘ © diverse service de11very now ctouds the issue of which services
wre essential and which are a 1uxury -- that is, the d1fference
‘between entitlement on the one hand, and enr1chment on the pther.
Therefore, the- eva1uat1on of current operat1ng programs for
poss1blehe11m1nat1on (or reduct1on) w111 not only require L
- assessment of performance, but also a measure:of the program
demand and need. - As-the' dec1swon maker adds the criteria of nee
and demand to the a1ready generic criterion Tist of
effect1veness, eff1c1ency, satisfaction and expend1ture, the rol
. of a mu1t1p1e a1ternat1ves formulation to determine programs for
retention vs. reduction via an- ana]ys1s of multiple, competing
cr1ter1a becomes paramount ‘ i

!
Q

Fina11y, the need for a demonStration of a criterion-
referenced, mu1t1p1e atternatives decisioning model is d1ctated
" by the para11e1 need of due-process. Not only does the dec1s1on
-maker need to be convinced of the efficacy of a carefu]]y for-
“mul ated MAM framework, but the program participants themselves
need a f1rm understand1ng of the modeling perspective, Peop]e
affected by the model-generated solutions (in this case, programs.
to be term1nated) must accept that their persongh 1nterests were
part of the decision, and that the relevant cr1ter1a were taken

"into accopnt in the preparation of the final decision. \ .

. . . [
/ M .




,hrea of f1sca1 roll- backs,, .

' and potent1a1 user. We as .

' sc1ent1sts fully rea11ze, that agceptance of our techn1que can
vn,

inotate the deve]opment of- the

/
reasonably come only after_max‘
have endeavored to step-by-sté

critiqueddnd scrut1ny ;we -

*

ROLBAK model Tor this part1cu1ar study. And, we have emp]qyed :

the use of parametr1c statistical proceduresfin'order to assess

the model's impact upon the task at hand.'n ' _ ST o

That task is this. G1ven an existing district program of 31

individual and d1st1nct units, and the costs 1nvo]ved - prepare,
‘execute and evaluate the results of a mathematical mode11ng pro-r‘
. cedure wh1ch ut111zes a criterion-referenced base for determ1n1ng o

which program un1ts remain operational, and wh1ch program units

1

must be discontinued. . - . - s

-e

—

s [
Y . \ s,

- The criteria involved represent the identified expenditure
" requirements of each'program uniﬁ, de]ineated across the eight
~\"ob\]ect" categories of a program bi dget, and a single measure of
subJect1ve op1n1on on the part of entra] off1ce adm1n1strators
.. as to which units are more 1mporta‘t than others. We limit the .

‘1ne1us1on of criterion references toonly. n1ne 1nd1cators for- !
convenience only. Many ! other measures -must be 1nc1uded in the
f1na1 determ1nat1on of un1ts to be dea]]ocated However, the
demonstrat1on of the model" s ut111ty wilt not requ1re the 1oad1ng

.of a]] re1evant cr1ter1a into.this piloting- formu]ated model.

LS

Re)
w;
e
o)
oo

~ .-



. . i -
" : s

: A oo 'éi )
‘0verv1ew of the Research-

PR : - E i b o \a\_ - \\
T _h\"‘ The out11ne for the contents of Part III. have been _‘ﬂ

) _4-Con ructed to accommodate‘a chrono]og1ca1 d1scuss1on of the -

ROLB uhodel s des1%y, data construct1on, execut1on, -and, post hoc

eva]uat1on 2l " o
The fo11oq&pg sect1on’:;;2s w1th the construct1on of the .
. database for subsequent MAM-ana1y§i§ "The @ext two sections. w111
.. then present the rationale and<methodology for utilizing the T-
norma] transformation of the new- sca]ed measures (do]]ars of o
expend1ture) ‘In addition§ a br1ef d1scuss1on of spec1a1 -con-
‘ siderat1ons ine dea]1ng with scant matr1ces w111 be presented

¢ v
. -

o The f1fth sedt1on deals ent1re1y w1th ‘the search for initial

mode] feas1b111ty -- that is, the 1dent1f1cat1on of the correct

- mix of constra1nt va}ues (RHS)‘to permit an.1n1tja1.so]ut10n to
the mode] I e ' j‘.'h'v '

n " ' .

The next two sections preésent the resu]tﬁ fso]utions)'deve-

1oped through the use of "restr1cted" and "re axed" mode]s,

respect1ve1y. These two. sect]ons have been deve]oped separately

to h1gh11ght the d1fferent1a1 1mpact°bf we1ght1ng -

' % . : 4

" & . The f1nL1 two sect1ons prov1de both . compar1son of the

restricted versus re1aXed so]ut1ons, and a genera11zed d1scuss1on

-of the total ROLBAK performance under.ana]ys1s




<

. CONSTRUCTION OF THE DATABASE y

AT;hoUgh an actual field application (i.e. "for real") of
~ ROLBAK to a fiscaT emergency wou]d-necessari]y include many cri- -
.'ter1on references to effectiveness,’ eff1c1ency, need demand, -
sat1sfact1on and expenditure; the authors have T1m1ted the pilot .
of ROLBAK to a small ‘aggregate of measures. Under the broad
title of 'dat abase’ w111 ex\st the numerical va1ues requ1red to ,
’ operat1ona11ze the funct1ons of thé constraint matr1x, con- '
’ d1t1ona1 vegtor (RHS) and the objective. funct1on F1na11y, -, s
4 three d1st1nct1y d1fferent sczles wilT be used to demonstrate the

R‘—\
versatility of the model's datd-input requ1rements

»

v
. ;! : S : N
Source of Data : - ' N

v -
Al

Data for the modeT S execut1on represents -two genera11zed¢
_ measures (1) a measure of.expend1ture requ1rement( ), in

thousands of do]Tars;fand'(2) a.measure of subjective bias, -+ .

ordina]]y-scaTed in Units'of'rank:(ife., 1,2,3,...).
_ The expend1ture/data is 1nput to the modeT in two separate e
- fashqons The first, segregated by object- category, provide
"7e1ght (8) separate expenditure amounts for' each of -the program f;
k\un1ts under consideration. These obJect categor1es are def1ned

as prOJected allocatigns for

1. CERT - certifipated salaries

2. gLAS - cTassified{saTaries

3. BENE - employee benefits = * - ' -
4. SUPL » supplies and materials : )

5. INST -\jnstructionalpsupplies B

¥
‘ -
38
'...‘ . K
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.9
\ perce1ved expendability" attr1buted to each .of the 1nd1v1dua1

A v a
6. CONT‘-'éontractual“services
7. . TRAV - travel expenditures
8. CAPI -‘capita]l’outla\y

expend1tures required will be input to the model. This par-
t1cu1af constra1nt will be utilized to eff1cnent1y contro] the
'cutt1ng b1as of the model execution.

s : Co-

The second, general 1nput manner w111 be .an ord1na1 “rank. of .

program units. Central office adm1n1strators were directed to

rahk the‘&rggrams under-. cons1derat1on as to the1r degree of re1a-

t1ve expendab111ty, w1th 1 = most expendab]e

. : N ‘ ‘ A

For this'particular ROLBAK pilot, a total of 31 programs
were evaluated to determ1ne the membership of ‘the target set for
deal]ocat1on The cr1ter1on 1nd1cators to perform the MAM ana1y-
Sis 1nc1uded e1ght measures of obJect expend1ture and a measure

. of perce1ved expendability, as we11 as a measure of composite

" These measures (or1g1%a11y in $1000 s) will be later transformed
“1nto T- norma] ‘scores. Secondly, a)category “of 'total n

A

expend1ture ‘ ; . o : “

-~ .

L. 2

)

Method of Data Generation.

Total projected expendituresvfor each of.the_3171dentified
program.units were delineated into 8_object.categbrﬁes, as
.avaﬁ]ab]e,from district office budgéiing records. The rank-
measuras of perceived expendability portray composites from the
aggregated ranks of four staff members: superintendent,

assistanf superi?tendent,"and two administrative assistants.

o

* B
.



In~a;gzt1on, the eight objects were summed to provide a
f_ measure of projectgd total expend1ture by unit. The ft111ty of
_thﬂs comp051te measure will be d1scussed in a 1ater section.
Where no expend1tures were noted for a part1cu1ar program under ‘a
spec1f1c obJect the value of 0 (zero) was assumed Such zero-
‘cel1s form a scant (or sparse) matrix. Necessary contro]s for ‘

‘the analysis of scant matr1ces are discussed in:the succeed1ng
two sect1ons )

~

h?  Matrix Formating for MAM Utilization S T ™

‘normals (see”neXt seetion) aid subseguently evaluated by the MAM
procedure. . Note that the model will -incorporate 10 criterion
measures for analysis: -expenditure by object (8), total expen-
_diture by unit (1) and perceived expandability (1). As will be

~discussed in a 1at§; | :

;rigdré 8 disp]ays the raw database-to_be transformed ‘to Tm~f-<:> -

section, the total unit expenditure criteria
will be utilized twice under'actual model execution: once to
estaBWish'allevel of minimal cuts, and the second to provide an
upper pound on the model's. 'cutt1ng (we did got want the proce-
dure to go "w11d") '

) Recall the reason for the database descr1bed in F1gure A

‘Theseﬁheasures will gu1de the RELBAK analysis in determ1n1ng

which units will be a]]ocated . deallocated fund1ng -- based

not' only upon their expected expend1ture by object but also upon #
their degree of perceived expendabiligy. In addition, the

measure of total unit expenditure (across all 8 objects) will. be’
utilized to contro] for determining when "enough cuts™ have been

made to balance the new budget limitations. '

q

UL
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Figure 8. mﬁn}MwMMBnemrLMmyTmmhmﬂhnmdhhthR&MkaNw&

. Budgeted Expenditures in 51000 bj?Object
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5 fthTIAL T-NORMAL TRANSFORMATIONS
o
¢ , _

One of the originai directions to this paper was to present
the versatility of the®MAM framework to accept a wide array of
measarement scales as indicators for+the values qf the criteria.

. Although not discussed at length, all scales (i.e. nomina] ‘

‘ordinal, intervai and ratio) can be accommodated by the MAMu T
'mode]. '

o G,,«\. .

B g
- . QAN : )

In addition, the MAM framework in genera] and ROLBAK in
particular, can be structured to model- one of two situations (or
both) concerning measured impact: impact of the system mode]ed
4pec1f1c to the pndiViduai effect for eaEh aitennative s value;

- and impact to the system modeled generalized to‘the collective

% effect for all alternatives' values. Briefly, the need for

controi of specific, individual effect (the former) addresses the
need to measure the utility of each program a]ternative, and itqd/////
absolute ability te coexist with ether” ‘alternatives as part of

| the so]ution set., The use of a contro] for generaiized, collec-
tive effect (the iatter) however, addresses a less rigorous need
to measure tﬁe utiiity of a program aiternative, and its. relative

| abiiity to become a member of the soiution set

e
/

rd

Extensive research'haS‘been'accompiished over the past five
years by this. author to understand the implications of a ,
generalized; collective measurement system for criterion eva--
Tuation and control. Specificai]y, this research has centered
about the usefu]ness of standardized (normalized) measures to
accomplish this co]]ective_controi\need. Early-work with z-
"B COres was satisfactory, but\nequired7vigiiance for the arith-
metic impact of weights beneath the mean, that is; the negative
values of z-score. Conversion to T-normals precluded such o

92
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“concern, and forms the pr1mary measurement scale for the obJect
expenditures in the ROLBAK model. e '
, The ise of standard1zed measures allows the dec1s1on maker.
to meaSure the. relative 1mpact of each criterion's we1ght (for
each unit a1ternat1ve);u1thout be1ng concerned about the specific
dollar amount. Re11ance upon relative impact via the "objegt"
| cr1ter1a is va11d within the ROLBAK system, since an additional
cr1ter1on of tota1 expend1ture for each program unit is present

4 . " . - co Thy e

.-
i . ‘ .

Transformationftonsﬁderations for a Scant Matrix | L ',r' L
‘ Before proceedlng w1th a spec1f1c 111ustrat1on of norma11zed p.

transformat1on, we add a caut1onary note COQCern1ng ‘data makr1ces .

- with a h1gh.number ‘of emptx ceHsr Empty cells norma]]y mean one

of tWo things either the. measure ‘was 'zero s and therefore a -

zero was entered or the criterion was. inappropriate to that par-’

ticular a]ternat1ve, and therefore no measure is poss1b1e - As we

said much ear11er ‘the cho1ce of re1evant criteria wh1ch are e

applicable across all a1ternat1ves win ‘preclude the mode] V

- builder from the need to contro] for soph1st1cated confounded

‘@,
effects from 1rre1evant cr1ter1on var1ab1es !

For. ROLBAK the amount of zero-cells demonstrat1ng zero- cost
in part1cu1ar ob;ects for certain a1ten”at1ves s very large 7-:"'
large enough to call the.data matrix a "scant" or "sparse" matr1x
’ (more zeros than not). To contro] for this situation, and to -
. provide a better env1ronment for the use of .the RHS contro]
' values, we chose to exc1ude the empty ce]]s from calcu]atTon of
the normalized measures. -

’ . . ”

5
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Y i GL.?
- This®is to say (please read very carefully now), that:
v T o
3 : . _
the normalized va]ues associated w1th a particular ”
¢ 'ch%er1on(:demonstrate the ‘'relative wetgbt of that cri-
terion for the individual unit, relative to the other

L_»;,)\ © - unit’ we1ghts where such criterion expend1ture actua]]y
'ex1sts :

*(You can 'stop reading carefully now!) | ,
e e T o '\“{9‘ ‘ S \

' 14

In effect the: zero we1ghts denot1ng no expend1ture are not
part of the or1g1na] d1str1but$sn that will. compute ‘the standar--
dized measures, and thus the ca]cu]ated weights will" be*moretcon-
versant with the other un1t va]ues where cr1ter1on expend1ture

actua]]ycex1sts ) .g;ﬁwq+ oy

I3
o t
‘ : Y W

'Firat Stage TranSformation to Z-Scores

DU : .. .
\%he fo110w1ng subsect1ons are preqented in brief to help —
those readers who hQVe m1sp1aced the1r statistics know]edge (who

!
&

QV" A 2 ~score is. a norma11zed measure, standard1zed to ref]ect
" the re]at1ve we1ghts of. each of the 'raw data' va]ues which form
' q sdec1f1c d1str1but1on of scores (in our spec1f1c case, the .
R d1str1but1on of expected expenditures, by object category). A z-
.§corekrepresents the mean of the raw distribution as a'0. 00',
' and the standard dev1at1on as' a '+l 00'. That ts, a raw scpre '.\q.
“which represepts a single standard deviation above the mean of
the‘distribution'ﬁs computed as a +1.00. If a score is one and
one- ﬁa1f times the standard dev1at1on gelg! the mean, it is.
_.represented as -1 58; and so- forth. . )
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- This®is to say (please read very carefully now), that:
LS : - ) |
the normalized va]ues associated w1th a particular ”
¢ 'ch%er1on(:demonstrate the ‘relative wetgbt of that cri-
terion for the individual unit, relative to the other
S unit’ we1ghts where such criterion expend1ture actua]]y
'ex1sts '

“(You can ‘stop reading cahefuliy-nOW!) . -

) In effect the: zero we1ghts denot1ng no expend1ture are not
part of the or1g1na] d1str1but$sn that will. compute ‘the standar--
dized measures, and thus the ca]cu]ated weights will" be*moretcon-
versant with the other un1t va]ues where cr1ter1on expend1ture

actua]]ycex1sts ) .g;ﬁwaa ) ,q-: ‘

i
3 <

'Firat Stage TranSformation to Z-Scores

DU : .. .
‘\%he fo110w1ng subsect1ons are preqented in br1ef to help —
those readers who hQVe m1sp1aced the1r statistics know]edge (who

!
&

QV" A 2 ~score is. a norma11zed measure, standard1zed to ref]ect
" the re]at1ve we1ghts of. each of the 'raw data' va]ues which form
' q sdec1f1c d1str1but1on of scores (in our spec1f1c case, the .
R d1str1but1on of expected .expenditures, by object category). A z-
.§corekrepresents the mean of the raw distribution as a'0. 00',
' and the standard dev1at1on as' a '+l 00'. That ts, a raw scpre '.\q.
“which represepts a single standard deviation above the mean of
the‘distribution'ﬁs computed as a +1.00. If a score is one and
one- ﬁa1f times’ the standard dev1at1on gelg! the mean, it is.
_.represented as -1 56; and so- forth. * )
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For the zaa]ots among you, the transformation formula for
computing-a z-score from a raw distribution is “Follows:

e

X: -~ X ?
Z = 1 )
1 . "S a )
where,
‘7> zxi . s o\
TATTE N {mean)
and,
£(X, - X)°
S = N - 1 (standard deviation)

subject to,

-]
-
4

1,2,...,N values.

Second.Stage Transformation to T-Normals

»  The use of T-normals is simply suggésted as a useful tech-
nigue for circumventing the negative values of z-scores (or
z-normals, if you wish). T-normals are standardized measures, .
with a mean of 50.00 and a standard deviation of 10.00, THys, a
negative T-normal wou]d'resu1t only from a raw measure;Lghose
value resides greater.than 5 standard deviations below: the mean
of the distribution (somewhat unlikely, in the usual case).

-

T-normals are computed directly from z-scores, as follows:.

ST
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: s
T = 10.0(z;) + 50.0,

@ . R < PN

GISeCa

_+2.5 becomes a T =

rd .

such that a z = -1.0 becomes.-a T = 40.0, a z
- 75.0, and so forth.

FORMULATION OF THE ROLBAK MATHEMATICAL MODEL

»Ihe~reader<is“dinee%ed"t0*ngqre'7 (see page 61) to review

the format of the generalized MAM framework. Recall that the
model utilizes three distinct though obvious]y;interrelated
segments. The first, the constraint-matrix,_cqntainé the coef-
ficients for the system of simultaneous linear inequalities (and
equalities), whose independent variéb]es are the alternative
program units. Therefore, these coefficient values aré really
the criterion measures associated with each independent

«

variable's "performance" or "need".

~

The second distinct segment, ihé conditional vecfor'(or
"right-hand-side"), contains the'ébmposite'measures which
restrict{ the summations of the coéfficients'of the ihdependent
variables, as those independent vériab]es are evaluated for
inclusion within the final solution set. _These RHS-values are
the upper (or_]oﬁer) bounds associated with the linear
inequalities, and the exact standard associated with any linear

. equation.

The last segment, the objective function, provides“the
gujding force behind the selection of alternatives for membership
within‘thg so]ﬁtion set. Remember that objective function
(sometimes referred to as cost vectors, wﬁéther measuring cost or
noﬁ) must be either maxjmized'or minimized, depending upon the

s
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objective of the prob]em modeled. Max1m1z1ng (or minimizing) the
-summation of the objective funct1on 1s referred to (in ‘e
fashionable c1rc1es,‘of course) as optﬂm1zat1pn.

Under optimality tﬁen,'the goal of the model is as follows:

) e T T

to formulate tnt "best" solution mix of alternatives
, based upon the va]ues of the objective. funct1on, g1ven

____....4;4
v

JR— T o & R A L

inequali ies (and equa11t1es) as modeled by the
constraint matr1x, and the 11m1ts prov1ded by the con-
ditional yector. '

The Constraint Matrix:

To formulate the ROLBAK problem, a total of 31 indivjduélly _
- funded programs were defined for evaluation. Each program's
budget was delineated into it's individual 'obJect expenditure?
requ1rements (certificated salaries, instructional supplies,
etc.). Theserinitial eight expenditure breakdowns form the first
8 constraints of the-constraint matrix; apd are entered as T-
norma1’transformations. The next two constraints are identical
vectors containing the total,.composite expenditure requirements
for each program unit. Expressed in thousands of dollars, these
two vectors will provide the basis for controlling the model's
final, total amount of final deallocation. The last constraint
vector, in the matrix, contains the ranked vaiues for the
» "perceived expendability" of each un1t where 1 = most expendable
and 31 = least expendable,
. ) ~
Thus the criterion coeff1c1ents of the constraint matr1x
represent three d1st1nct measurement features: T-normals




-

measured -<in standard units, total expenditure measured in

thousands of dollars, and expendability measured -in ordinal
ranks. .

’

EE—

Conditional Vector for a Scant Matrix

M"‘“_“ﬁujhe RHS va1ues of the condi 1ona] .vector served to.opera- ..
.” tionalize the. simultaneous system of the constraint matrix;- that
is, they -establish the limits which the vector-coefficients sum-
mations must comply w1th
- ‘ ' _ M
'.'For the initial:8 object-expenditure constraihts;‘the
RHS-values are computed to effect a‘generalized impact upon the
system as a whole treating all objects equally. 'Tﬁgs, expen=-

ditures projected in any one category do not place their assoc-

“jated programs }n weighted jeopardy. Although in some modeling

| cases,sﬁch weightﬁng will be desirable, the current example '

' weights all equally for demonstnation purposes. These specific
fvé]ues will be discussed at length in the neXt section.

-
”

//f;e next ;wo‘conétraint veétors are identical in that their
coefficients represent ¢composite object expehdituressfor each
program. The district's turrént operating budget comprised 893.5
(thousanqs) dollars. The goal of the model was to develop a plan
for effecting a revised opekating level of not less than 675.0
dollars (1000's) nor greater than 700.0 dollars (1000's). To .
model this objective (constraint), the sum of the first vector

.was limited to 675.0 (greater than or equal, and the sum of the
second vector to 700.0 (less than or equal). In effect, this
"bracketing" allows a 25.0 dollars (1000's) flexibility factor
for model evaluation. o |
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- The f1na1 constra1nt the ‘measure. of perceived- expendab11-
1ty, was modeled to effect a smaller sum (m1n1m1zed) This was
necessitated due- to the fact that a sma]]er rank represented
greater expendability -- and thus, the sum o‘ sma]ler values pro-.
« duces a "preferred" smaller amount. ,
The cons1derat1ons required for a scant . matr1x involve on]y
the first.8 inequality vectors. However, the sum of z¢ will
_not deter from thé ut111ty of the. cond1t1ona1 vector jnsuccess-
fu]]y controlling the sum o? the rema1n1ng sums. S1nce the empty
cells represent no expend1ture for that particular obJect the
choice of the ‘associated program ‘unit will not contr1bute to the
RHS- requ1rement (11m1t) (Again, please refer to the next sec-
t1on for a more deta11ed discussion.) '

\,

“Cyclica1 Objective Function - e | 'aﬁ

S1nce the ‘construction of the obgect1ve funct1on, and the
subsequent , max1m1zat1on or minimization of its sum, defines what
we call 'optimality', the content to the 0.F. is a biasing factor
to the model's evaluation of alternatives. It is reasonable to
expect a different mix of solution alternatives, if the model
utilizes a different objective funttion or changes from maximiza-
tion to minimization'of the same’ objective vector.

ROLBAK examines the effect such'manipu1atidn has upon solu=
tion results by cycling each individual constraint vector through
a separate execution as the objective function. Moreover, the
focus is altered to investigate both optimality directions, maxi-.
mization and minimization. |
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The Prdblefn' . _' ~
G1ven the structure. of the MAM framework d1scussed above,
the resu1t1ng ROLBAK ' model will se]ect (X -1) those ‘program

units to-be reta1ned that are to rece1ve fund1ng

1

’

»SEARCH FOR REGIONAL FEASIBLMTY AS BENCHMARK -

r

The initial attempts in executing a MAM-designed ea1ﬁtion, ’
requires the establishment of first, initial region feasiblity of
- .the decision space, ‘and second, a benchmark from which'the_mani-
pulation of RHS-weighting and Cyclical optimization can both he
measured. Decision space (regional) feasibility simply means
thagbat least one solution exists which satisffes the require-
ments of the constraint matr{x-and conditional vector. If no
solution exists, under any circumstance allowed by the linear
inequalities and equalities,” then the deciéioning (constraint)
region is dec]ared to be "1nfeas1b]e", and the model e1ther
a]tered or abandoned. K ¢

0nce feas1b1]1ty is determined, a benchmark is established

to begin the cyclical eva1uat1on of the various agreed -upon cri-
terion values. The benchmark may in fact b \e~the 1n1t1a1 point at
which feasibi]ity‘ié determined. - However, ser1ous pract1t1oners
‘of the art (obviously us!) will search for two seParate mode11ng
configurations from which to observe the effect of the vary1ng

optimality criteria -These separate configurations can best be
~ addr'essed as states of restriction and re]axat1on 7

- T A 100
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_siderations

The restricted mode1 contains RHS- vaiues which force the

‘ execution ‘to choose its solution set most carefu]]y, that is, the

limits imposed are very restrictive as to what" is a]]owab]e to
constitute a-solution. On the other hand, the: xe]axed mode1 uti-
lizes such RHS-values as will inVite solution set membership pat-
terns which widely differ‘ The authors have chqsen both So as to
piease even the most skeptica1 of. our readers B b |

4 . . o .
- . 3 ’ ES
(I ? ’ — S .

"'N' of the Scant Matrix . e

A

The normai-proceduré in attempting to establish feasibility
is to arbitrarily proiect.the number - (N) .of solution which is
Tikely to result from the successful implementation of the model.
With the use of T-normals, and the given T(mean) = '50 0 and

: T(standard deviation) = 10.0, the arbitrary N can ‘be used to

establish a beginning RHS- vaiue : “
: N(50.0 + 10.0) = N(60.0)  :
for a perceived ugéer.bound; and: .
. / ‘ w I,‘ . ! -
- * N(50.0 - 10.0) = N(40.0)

for a perceiied iower bound (The rationaie for such con-

this report.)

The eXistence of a scant matrix however prOVides a rather

‘ unique situation congerning such "N' formu]ation That is, the

N's concerning each criterion across all’ alternatives will

) differ, based upon .the number of empty (i.e. zero)lceiis. And in

101
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- fact for this particular ROLBAK forgulation, this is éxactly thev

-‘_Ease. Refe?ring'to Figure 8 (on page9l J, you wi]] see that the

number of non-zero célls are as follows: - =~ H& 7gp._thi -
’ SR CERT = 12 R - f/// o
' | : CLAS..= 10 L e e
' BENE =. 8 ‘
- SUPL = 14 .
INST = 10
CONT = 14
COTRAVE 2. .

- CAPI 18f

Under these circumstances, the useful relatjonship of

N(T(Mn) + T(S.D.))

'must be changed to

~

N (T(M) + T (S.D.))

N ~

for each separate k =‘1,2;...,8 of the object expenditure

categdries.

Expected Solution Index

_ The expected solution index (ESI) controls for both the
existence of a sCant’matrix of zero-cells, and the necessity to
investigate'varying levels of solution N's -- that is,“the number
of unité which may .be members of the final solution set.

A]thdugh inextricably re]ated,~we‘w111.develop each separdte]y s
-for the sake of understanding their unique contributionkg%k

v
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' The existence of a scant matrix will provide a varying
number of non-zero cells. .To 0perat1ona11ze the utility of the
N(T (Mn) + T(S.D. )) idea, we must vary the N for each computat1on
of the. part1cu1ar RHS- va]ue Furthermore, the région oF feas1b1e
so]ut1on(s) will Tikewise requ1re the search for a suitable
(expected) so]ut1on set- size; that is, to a]]ocate (for examp]e)
funds to 10 programs, or 12; or 14; etc. '

The EIS is calculated to take into accouht both scant matrihv' 
ces and varying solution set membership by utilizing the postulate:

L)

QN ? 0)(E)

N(total) ,
where, .
(N » 0) = number of Tion-zero cells for the given
criterion constrdiﬁt;
{ ) (E)" f = number of expectea so1ution set
a]ternatjves; and .
N(total) = number of total possible alternatives.

a

“In-oUr ROLBAK example, this expression can be reduced to

N20) (E) .
o

For example, if we weré to examine the ESI for the "c rtificated

salaries" constraint (12 non-zero cells) and an expect so]utibn

membership of 10, .the 1ndex based upon the (N » 0) wou]d be ca]cu-
1ated as: '
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‘and with the expected memBérship (E) oﬁ,lo,

N20)

v LY

'.387(10) # 3.87

.

-

This index and its relatio ship to the T-normal values will be
described in the next subsdction. ‘

a N . . \
. ' .
2 . .

© RHS-Values by Indexi
. . Loy ' ‘ A ‘ P
Figure 9 summarizes the calculation of RHS-values utilizing-
phe.idea of an expected solution index (ESI)‘for a scant matrix.
for example, given the constraint of certificated salaries -
kCERT), with 12 non-zero entries and an expected solution mem-

bership of 10 units, the RHS-value would be computed as: .

— . 12§102 (50 0 - 10. 0) 3.87 (40.0) = 155.0,

9

'~ assuming that.a "Iinear,bound"viﬁ'the desired RHS intention.

The RHS-values for PERC and COMP are arrived at arbitrarily
as well, but without resorting to the above scheme for T-normals.

Search for Feasibility

Use of the ESI system d1scussed in the preced1ng subsection
established immediate feasibility, with concurrent values for

%
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S (E0) = OOO] Tln)s TS0 / 31 = (Index) (Ta10), vhere:

R
SO0

[T
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. Figure 9 Computat1on of Condltlonaf Vector (RHS) Values forXonstraint Matrlx

A L with Zero Sub- Matrlces and Cell- Entries Based Upon T-Normal Scores
"} RN . ’ \A |
" | + . RHS-Values by Expected Indox?
‘ - ‘ l—— LU SRR

Criterion Constraint  Code Mo Moew | B0 Bl Bl pg |
Certificated Slaries . CERT o e s 16 a7
Cl_assified_Salaries". CLAS 10 a3 e s m uwe
Coployes Benefits , BENE 8 %0 1 15 . 16
Supplies b aterials  SUPL W o Car e m w
Instructional Supplies ST " | 10 .33 |19 1% .18 26
Contractural Services  CONT 4 s |8l a7 23
Travel Expenditures AV @ 06|60l 0% on
Copital Qutlay  CAI I O </ TV S 1/
Adninfstrative Perception PERC 3l (Restricted- 500 / Relored = 600)
Conposite Budget '.‘60MP ' 3 (Lower Limit = 675 0 / Upper L1m1t = 700 0)

R [} N

% Index = 3T

1. Index (40) for Lower Bound ﬂ)' N
2 Index (60) for Upper Bound { 3)1
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PEBC ahd COMP as shown. Any value for PERC less than 500,
‘however, lost the feasible reg1on.*/

‘Search for ﬁenthmahk , o _ . T,
1 - . B '
5.5 - The range of'expected membership values was varied‘from,E'=
7710 to B~= 16, and the definition(s) of re]axed.benchmafk attached
tOL..; : | P . T
£ = 16; PERC = 500, | %\

‘and restricted behchmark attached to:

E = 10; PERC’=i600. ‘ o
. Since the obJect categories were constrained to force sum-
mat1ons greater than or equal to the RHS-values estab11shed by
the ESI, the larger the RHS-value, the more difficult to find an
accéptab]e solution, -- therefore, thHe more restricted. “Likewise,
for the relaxed system and sma]]er<va1ues of the RHS, - = ~

For the purposes of the rema1nder of this chapter, the
\restr1cted and relaxed benchmarks will -be ut111zed to observe the
P
effects of cyc11ca1 opt1m1zat1on upon so]ut1on set membersh1p.

-

s

3
L

CYCLIC OPTIMIZATION OF THE RESTRICTED MODEL

The first of two major quant1tat1ve assessments the cyclic
f optimization of each of ten (10) criterion linear (convex) com-
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binations as the wobjective funct1on, produced ana]yzab]e resu]ts :
under @oth maximization and. minimization. Th1s sect1on will
vstudy these resu]ts, and address the1r re]at1onsh1p to both the *

mode] s execution and the cr1ter1a ut111zed for the restr1cted
model. ' '

' 'Maximized/Restricted'ghlutiohsk ,
— e . S

Figure 10 displays the resu]ts of ‘the- var1ous cyc11ca1 max1-
mizations w1th1n the restr1cted sett1ng of . the poss1b1e com-
binations of the available 31 units for so]ut1on membersh1p, on]y
two d1st1nct solution sets’ were formed‘ The mix: set of 10
entr1es ‘ o ,'f'_‘q ' : :

[ 01,02,03,04,05507,09,11,18,17 3
produced a new budget of 680.0 dollars (1000's) for a sav1ngs of
- 213. 5 dollars (1000's), in five cases. Similarly, another five
instances formed the mix set of 10 entr1es . //.

P
7
/

[ 01,02,04,05,07,L1,15;15,i7,23 ]

. /r' N ‘ L]
/
7

'produc1ng a new budget of 680.5 do]]ars for a sav1ngs of 213.0
“dollars. - / '

/
P
/

N Add1t1ona1 technical data has been 1nc1uded w1th1n the
figure for the more techn1ca11y know]edgeab]e

[

i
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(- Cut)  {-213.5) (-213.5) (-213.0) (-213.5) (-213.0)(-213.0) (-213.5) (-213.5) (-213.0) (-213.0) - " - ) ‘
) Note: Tatal lnitial Budget = 893.5 ($l000's) !
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Minimizéd/Restricted Solutions

Min{mizing‘the'varjousvobjective functions ‘within the
restrictive setting produced simiTar‘results (Figure 11).
- occurrences. of the solution vector

Four

) -~
.

£ 01,02,03,04,05,07,09,11,15,17 3
. and three occurrences of the solution vector
ot 01,02,04,05,b7,11,15,16,11,23 :'

: resu]ted in: the minimized, restr1cted sett1ng Un11ke max1m1zed

opt1ma11ty however, the use of minimized objective funct1ons
' *1fa11ed to produce a so]ut1on in three. separate instances.

]

Validity Evaluation of the Restricted Model

Analysis of variahce'procedures weretuttltzed to-detect'the
extent ef criterion difference between membership in the solution
vsl non-solution sets. Since optimality within the restricted -

setting produced on]y two d1fferent combinations of solutions,
| these post hoc assessments were easy to execute.

: presented in F1gure 12.

Results are

.A review of the ANOVA results show that in all cases except
-one, the mean values of the‘"inc1uded" criterion indicators were
greater than the non-solutional weights; and were therefore con-
sistent with mode] expectations and fdrmu]ated constraints. The
one exceptioh oecurs in both optima]%ty settings when the‘percep-

tion of expendability was used as the O.F. s
. e
-':;75 . ‘ ) e
: et
18 ' ‘2?‘ | '. \&
e . & 2§ﬁ |
] 109 .



Figure 11. Effect Upon Budget Oeallocation Oecisions Based Upon the Variable Forms of a Cyclic Objective

3
Function, and the lnteraction of a "Minimized, Restricted” Constraint Interative Problem.

-

) ‘Objeétive = Minimization Constraints = Restricted (B8xP»16; PERC*500)

Budget v -
Alterna~ 1] 02 ., 03 04 05 06 07 08 09 10 SELECTION “BUOGET
tives CERT CLAS BENE SUPL INST CONT TRAY CAPL PERC comp TALLY AMOUNT
ol X X X X X X X 7 87.5
02 X X X X X . X X 7 44.5
03 X : X X X , 4 34.5
hd 0d X . X X X X X X 7 71.5
05 X X X X X X X 7 70.5
.06 -~ . 3.5
- u7 X X X X X X 7 51.5
\E} ., - - 1.5
09 X X X x X 4 43.0
10 - 4.0
11 X X x . X X X X 7 54.0
12 . - 1.0
13 ¢ - 5.5
14 . -- 4.0
15 X X X X X X X 7 116.0
15 X : X X ' 3 23.0
17 X X X X X X X 7 107.0
13 - 13.0
13 -- 2.0
) . - 1.0
21 ¥ 16.0
22 T 10.5
23 X X X 3 55:0
24 . - ., 45
25 - - 2.5
26 * -- 19.0
27 - 1.0
. 28 - -- 1.0
. 29 - 2.0.
30 .- 12.0
31 . ! - 2.5
10 1 0 ;1 10 - 1 . 10 1w
0.F. value: -- 234.5 197.0 366.8 ,/ 3148 313.0 - 482.6 489.0 -
Tteration at ’
ostimality: - S000+ 686 200 85 902 -- 203 S3 . -
Tine (sac): e 4,581 .933 .563 304 1.193 -- .407 256 .-
Ro11-Back : :
Sie1ngS8: -- 680.5 680.0 680.5 680.0 680.0 -- . 680,5 680.0 -
(+Cut) } .- (-213.0) (-213.5) (-213.0) (-213.5) (-213.5) -~ (-213.0) (-213.5) - s
Note: Total Initial Budget = 893.5 ($1000's)
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Figure 12.
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[t is a]so‘interesﬁing to note, that the

t 01,02,03,04,05,07,09,11,15,17 3
pattern resulted in six (6) statistically significant differenges
while the other pattern resulted in only five (5). Though barely
different 1% number, the criterion producing such differences (as‘
0.F.) varied in botn cases. The reader should recall that signi-
ficant differences in criterion mean weights portray the»abi]ity
of the model to utilize such criterion constraints within the
-decisioning and solution set building process. '

P .
Reliability Evaluation of the Restricted Model

Discriminant function analysis was employed to study .the
consistency and predictability of the model's function in pro-
.ducing reliable solution sets. |

Figure 13 displays the discriminanthresu1ts for solution set ’

[ 01,02,03,04,05,07,09,11,15,17 3.

The major criterion” values predictive of the established solution
is shown in the order of their importance. Re-prediction was
established with 96.77 percent accuracy.

The results for the solution set
[ 01,02,04,05,07,11,15,16,17,23 3
are found in Figure 14. :In.this caSe, oh]y,three_criteinn

distributions were required to re-predict membekship af{an“
equivalent 96.77 percent accuracy. o
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Figure 13. Use of Discriminant Analysis in Predicting Program Inclusion for
: Budgetary Revision, Solution #1, Based Upon the Cyclic Optimization
of the Restricted Problem,

: @ R
Budget Incl Budget Incl " Budget Incl .~ Budget 1Inc)
—_— . —_— — ) -
01 1 09 1 19 1 25 1 --
02 1 10 -- 18 -- 267 == .
- 03 1 11 1 19 -- ‘ 27 -
04 1 12 - : 20 - 28. -— s
05 1 13 -- 2l -- /29 -- R
06 -- 14 -- 22 -- 30 -- Tk
07 . 1 15 1 23 -- 7031 - N
08 -- . 16 - v 24 -- o
Sumﬁéry of Criterion Valué in Discriminating Inclusion Décisions:
Step Entered - Removed /" Not Used
1 Budgetary Composites ' ' ,r"Employee Benefits
2 Supplies & Materials  Instructional Supplies
3 Capital Qutlay . J Contractural Services
4 Certificated Salaries - i Travel Expenditures
5 Classified Salaries . - Administrative Perception

Classification Results From Predictive Validation:

(Percents in Parenthésfs)- ‘
Predicted Group

Actual ’ Membershi
Group m 0 1

o 0 21 20(95.2)  1(4.8) ‘
" 1 10 —-  10(100.0)

Percent of Groupéd Cases Correctly Classified: 96.77



f
'SF .
Figure 14. Use of Discriminant Analysis in Predicting Program Inclusion
. for Budgetary-Revision, Solution #2, Based Upon the Cyclic
Optimization of the Restricted Problem. ) ,
BUDGET  INCL " BUDGET  INCL BUDGET  INCL BUDGET .INCL
, ol 1 09 -- By, 1 25 -
02 1 10 - 18 - 26 -
03 -~ 1 1 19° -- 27 - '
04 1 L 12 -- 20 -- 28 -
05 1 - 13 < e 21 -- 29 - ‘
06 -- 14 - 22 -- 30 -~
) 07 1 .15 1 28 1 31 --
08 - 1 T 24 -- .

.16

Summary of Criterion Value in Discriminating Inclusion Decisions:

Al

STEP _EﬁTERED REMOVED NOT - USED
. B! . ’ . )
1 Budgetary Composites Certificated Salaries
2 Contractual Services Classified Salaries
3 Instructional Supplies Employee Benefits

Classification Results ffom Prediétive'Validation:‘
A

(Percent in Parenthesis)

Supplies and Materials

-Travel Expenditures
Capital Qutlay
. Administrative-Perception

Actual. ‘ L Predictive Group Membership
Group. (N) [ 1

0 21 21(100.00) --

1 10 1 (10.0) _ 9 (90.0)

Percent of Grouped Cases Correctly Classified: 96.77
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CYCLIC OPTIMIZATION OF THé RELAXED MODEL

The second of the two major'quantitétive assessments, the
relaxed setting produced a wide diversity of . solution sets. In
fact, out of twenfy executions and seventeen successful

‘feasibi1ities, all seventeen solution sets were unique.

Maximized/Relaxed Solutions

Figure 15 displays ten uniqhé solutions, one for each of the
. cyclic o;timiZations under maximization. A1l solutions were suc-
cessful in rebudgeting between ;the 675.0 and 700.0 limits. It is
perhaps more 1nterest1ng to study the column of numbers 1abe11ed
'selection. ta]]y , on the r1ght side of the f1gure. The repeti-
tion with which part1culér units were chosen for continued
funding. resembles c]ose]y the two solution sets constructed with

the restr1cted model formulation.
. 4

-

Minimized/Relaxed Solutions ;

Mihimizing;ﬁﬁithe relaxed setting prodﬁced three féi]ures at -
set building. Of the seven solution séts'ébnStructed%'a11‘are
distinct; and different from the maximization sequen;é.~ Figure
16 presents these data results.

" The alert reader will also note thét the relaxed setting -
produces varying numbers of units within the solution set (Tow of
10 to a high of 13 units selected).
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Frgure 15, Effect Upon Budget Deallocat fon Decisions Based Upon the Variahle Flows of a Cyﬁ'hc Objective Function,
ond the Interaction of a *Maximizdd, Relaxed* Constrafot Iterative Problem, f -

Objective » Masimization  Constraints: Relaxed '
- TEXPsT0; ERC™ ¢od)

Budet ,

Alternas ol 0? 0 04 05 06 0 03 09 10 SELECTION  BUDGET

tives CERT + CLAS BENE SupL INST CONT TRAY CaP] PERC comp TALLY AMOUNT
0l X X X X X X X X , X X 10 81.5
0 X X X X X X ‘ ‘ ) 1 4.5
03 X 1 X i ’ X i 5 H.5
04 X X X X X X X X X X 10 1.5
05 X X X X X X ' X X 8 0.5
06 X X X R ! X 6 3.5
0 X X 1§ X X X X X X 5 51,5
0 : o 1.5
09 X X X ! 1 H X H X X 10 43.0
10 ! X 1 4.0
) X X X X H X b 54.0
{2 : o 1.0
13 X X ? 5.9
i £ 1 4.0
15 X X K | X 1 X X X X " 10 116.0
16 ‘ ; 1 : X A X 4 2.0
Y X 3 X X X X Ay X Lo 10 107,0
14 X o 4 13.0
20 I bl 100
N X' 2 16.0
i? ECU X 1 10.5
3 S Y X X ’ X S 522 ‘
2 B AN ‘ - '
% &fb . 2.5
% X X ' X X ] 19.0
a o X 1 1.0
b X ) ! 2 - 10y
K X 1 2.0
0 i o 12,0
]l .. . 2-5 ’

12 1R 1 13 )] 2. . 12 13 12

— -— —— =3 — —— — —

0.F. value  485.4 25,5 3161 0 6159 76,6 Yama 100.0 "}:659.04 600,0 100.0

L]

Starting'at ‘ . Co : '

optamality: - 20 60 202 1§ 4 2 163 65 5000+ ®
Tine (sec): 246 B9 Al 2 s 30 60 LI
' T . i ' . .
Holl-Back ' ) ‘ oo ‘
Swing: 6855 - 6055 6995  693.0 ‘6845 6845 695 6155 6155 700.0

a0 (R0) [19.0) (-2008) (-209.0) '(.-zug.o)" (00.0) (208.0) (-28.0) (-193.5)

e . : T
. B L {
Note: Total Initfal Budget » 893.5 ($1000's)
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Figare 16, Effect Upon Budget Deallocation Decistons Based Upon the Variable Flows of & Cyclic objectlve.
Function, and the Interactionof & *Mininized, Relased® Constraint lteratlve Problen,

Al i.ﬂﬁ!.
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Y - L0
|1 ' ] 5,5
¥ . - A0
15 X X X X X o X ] 116.0
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Validity Evaluation of the Relaxed Model

-

Figures 17 and 18 contains the analysis of variance results
cdncerning the mean values for criterion weight membership . As
might be expected due to the d1verse membersh1p of the many |
: so]ut1on sets formed under relaxation, stat1st1ca1 significance
is not as controlled and patterned as -the restricted modeling
outcomes. '

Reliability Evaluation of the Relaxed Model

Because of the seventeen d1fferent solution sets formed by,

optimization w1th1n the relaxed setting, post hoc assessments “of

. consistency werée undertaken 1n a different fash1on than those
under restricted optnna1uty. -As F1gure5’19 and. 20 demonstrate

~ for maximization and minimization respectively, the frequency of
a unit's selection as a solution was ut111zed fdr d1scr1m1nant
analysis. Such a choice to utilize frequency obv1ous1y 1ncreased
the interval variance of the dependent variable; and it is thus
expected to diminish the extent of re pred1ct1ve accuracy. '

Maximization d1scr1m1nants requ1red f1ve of the. ava11ab1e
ten criteria to pred1ct membersh1p at 70. 97 percent accuracy. - o
Correspondingly, the minimization discriminants required six cri- .

terion»indicatqu‘to‘re-predict'at 83,87taccuracy.
. "’_( ' !

o
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Figure 17,

Tests for Level of Satiszctory Signifigant Oifferences Between Objects of Budget
Revision (Included) and 0ellocated Budgets (Excluded); Relaxed Maximization.

\

_ (Objective = Maximization)

Criterion Varying Focus of Cyclical Objective Function
Constraint . B i Y
. - SfRT CLAS BENE SUPL INST  CONT TRAY CAPL PERC comp [Nc (p € .10)]
. Certificated Ps, .00 P- Ps 08P .I9[P= .05[ P+ 18] Ps 02 P .J4[Pe &P .20 :
’ Salaries -1 1%30.4 -27 3 1030.2| 1%26.4] 1#31.3] 1#24.2] 1=32.4} 1=28.0] [=25.8] 1=26.8 4]
. . Xo & 1] Xe14.4] Xv13.4] x=14.3] Xx=12.9] x=16.3 | X=11.2] X=13.9 } X«14.7] x=14.7
) Classifled .. Pe 28| Pe .00{P= O P= .86 P= .37 Pe 67| P= 23| P 23| P= 557 Ps.07
. ! Salaries [#22.1] 1+35.5] 1%30.4 | 1=17.1| 1s20.5) =18.5{ 1=22.8 | 1#22.9 | 1«13.3} 1+26.0 (31
* - Xe12.3) X» 3.9 X=-8.3) X«15.4 ) X«13.7 | x«14.6{ x=11.97) X«11.9} Xx=18.2| X= 9.9
Employee Pe 381 P .1 o O00[Pe BI§Pes JT[P= 7P .B7]Pe 52)P= 47[P= .32]..
Benefits [e16.7 | 1=21.7 ] 1=28.71 U=11.8] [#15.1] 1#12.8] 1=13.9| =16.4] I= 9.5 I=18.2 {21
X*10.7 | Xs 7.5] X= 4,4] X«13.9] x~11.8] X«13.1{ X=12.5} x=10.8] Xx=15.6{ Xx= 9.7
Supplies & P .05 P T4 P= .05 P= ,00FP= .02]P= .00 P .22]Pe .04 P= 02} Ps.1
Materials 1#34.4] 1#31.5] 1=35.0 ] 1=47.4 | 1=37.5] [=40.1| 1+30.1| {#34.9]-1«35.5 [=31.8 T71
' Xs15.3{ Xs17.2 ) X#16.0| X« 4.9] X«14.6. X«11.7 | X=18.1} X=15.0 X=13.5 X=17.0
Instructional Pe 02| P .12|Pe .05[P= .05 Ps 00| P= 16| P= .00| P* .16 P= .02} P~ .08
- Supplies 1230.6 | 1926.5§ 1229.7.{ 1=28.2{ 1=43.3{ 1#26.2] 1+36.2 | 1=25.8] [#29.6 ] 1=27.7 t7)
. X* 9.7 | Xe12.34 xe11.2] X=10.2 X= 3.7 X«12.4§ X=. 6.2 ] X*12.7{ X« 9.2 X=11.5 :
Contractural * Pe 76| P* .86 P* 76| P Q1| P .99 P= .00f P= .32[P* .28 P* .96 P" .58
Services 1220.9{ 1+21.7] 1224.7 | 1#24.1] 1+22.8) 1=39.8{ 1=16.8] [=29.2 } [#22.5] 1=26.1 {11
‘ X923.9) X223.4 ] %=21.6] Xe21.7 | Xe22.7 § X«11.9] Xx=26.5] X=18.6 | X=22.9 }:X=20.6
Travel Ps J5[Ps .J5|P= .67 Pe .BZ|P= .05 Pe .75 Pe. .O7T|Pe .757Pe B2{P= .75
Expenditures [#4.2|104,2fI=s4,5] 1= 3.8]1s 9.1]1=4.2]1=8.3)1=4.2]I= 3.8,1-[- 4.21 - [2)
. Xe 2.6 Xé 2.6fXe 2.5] Xs 2.8] X 0.0 X« 2.6 | X= 0.0 X= 2.6} X= 2.8 X= 2.6 o
; Capital . Pe 00| Pe .00 Pe .00 Pe .04 Ps 02| P=s .00]P= .01 P .0O[Pe= .05§P= .01 : [
Qutlay 1#51.0 = 45.9 [=47.8 1+40.5| 1#43.2 | 1+48.5| 1=43.4 | [«55.0 | 1=39.6- [=44.4 {10}
- X«15.2 ] x=18.7 gle.e X020.8] xu21.4] xe16.8 | X«20.1) X=12.8{ Xs21.54 X=19.5]. .- -
© Adminfstrative Pe .91 | P= .73{ Pe .59| P* .02| P .B3| P~ .611 P~ .06(P= .52 P" .06 p- .56 :
Perception 1249.8 | 1249,2| 1=51.3] 1=45.2] 1+49.5| 1=48.9| 1=49.6{ 149.5] [46.2.}'1=48.7 [2)
Xs50.2 | X«50.5) X=49.3 | X=53.5) X=50.3] X=50.7 | X=50.2 ] X=50.3 § X«52.8 ) X=50.8 B
Budgetary Ps .00 P= .00|P= .00 P= .00)P= .ODfPe .00} P= .00[P= .00]P= .00[|P= .00 o
» . Composites Y 1e57.8| 1%57.1| 1%63.6 | 1=53.3] [=62.2 ] [=57.0( 1+57.8) 1+56.3 | 1+52.0| 1+58.3 {1l
. ;] x=10.5] x=10.9] x= 9.7 ] X=11.1] X=13.7] Xx=11.0f X=10.5§ X=11.5] x=12.1] X=10.2 ’
R : T . . ‘ . ‘ . o~ e
< .1 i . . LR .
M (p £ .10 U5 43 71 151 61 €41 €51 (31 “r51 41
I v b i o e
- Cell Entries: (Ps) = Statistical significance of mean differences, include vs. exclude' -" pas o 1
=) = Mean budget amount 'for included object of budget revision. -
“(Xe) = Hean budget amount for excluded object of budget revision \
Help €.10) <N of pg .10 occurrences, where criterion constraint values reflect desireable mean-value weights;
b o, v across the cyclic’ objective functions. b >
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Figure 18. Tests for Level of Satisfactory Significant Oifferences Between Objects of Budget
Revision (Includetl) and Oellocated Budgets (Excluded). Relaxed Maximization,

(Objective -“aximization)

- Criterion . . ' Varying Focus oﬁ Cyclical. b'jec.ti'v'e Function . g

Constraint : ' L T s 5 o
- . _ CERT CLAS" BENE . SUPL i  INST " CONT " TRAV CAPI  PERC  COMP M (p ¢ 100
N Certlhcated - fPe 299 == - | P= 8] P= .02]P= .27]P= .03] P+ .02 --
A Salarles R 1+19.4 - [224.5] 1=32.1 | 1=25.4{ 1=31.7] 1=32.1 - R 1 |
%=19.4 .- X=16.2 ) X=11.3] x=15.0 X=11.6 ] Xx=11.3 --
Classifled P= 13 = |P= .29fP= 21 }P= 09]P= .04]P= .73 --
» Salarmes | . [=23.5 - 1210.2 | 1223.2 | 1=24.8] .1=27.1 | I=18.1 - t2] P
E : x=11.5) = | x=19.9| x=11.7{ %= g.9]| x= 9.2{ x=14.9 - M
* Employee Ps .32 - Ps 47(P= .39[P=".86(P= .33| P .89 -=
Benefits 1=18.2 o 1= 9.2 I=17.5§ [=15.2 ] 1=17.5] I=13.7 - .
[ Xs 9.7 .= X=15.4 1 X=10.2 § x=11.4{ X=10.2{ x=12.5 £= .
Supplies & - Ps 07 ~~ ., [ P= .0I[P= .66 [P= .04]P= .GA]F= .03 -= ap
Materials f1e36.4  -- 1238.,0| 1+25.4 | 1+34,1] I=34.7] 1=35.3 - .
% ’ Xs14.1 -- X=13.1 | X=21.0| X=14.5] %=15.2 { x=14.8 e o
' : . lastructional C[P= 12 == 1P= .09} Ps .08]P= .62[P= .02[P= .10 -,
— Supplies L 1=26.5 - 1227.3| 1=27.5] I=20.5 1330.9] 127.0 -
o . %212.3 - Xs11.7§ X=11.6 § Xx=15.8}'X¢ 9.5 § x=11.9 =
Contractural o Ps 28] -- Ps 58 P= .25 P= .ZT[P=>,30(P= .58 -
. Services - - 1229.2 -- 1226.1( 1229.5f 1=28.9 1¥16.5] 1226.1 - --
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Statis;tcal significance of mean differences, inclqu N
‘Mean Biudget': ambuht for included object of budget rev'j;lon X
*!ean.budgek\ _ounc' for excluded object of budget revision. 4,

O <]

9
.10 pccurrences, where criterion constraint values reflect ‘desireable mean-value weights
cyclic cbiective functions. . Rl i

10 Eccurrences‘ uhere each defined obJective function produced . desireable mean-va\ue weights Sk ‘
'across r.he criterion constraints. . v . . ‘q,,a;
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COMPARISON OF THE RESTRICTED VS. RELAXED
DECISIONING FRAMEWORK |

_zModelinj"Witnin:tne-restricted setting produced the most
're-predictabie'uand:criterion-significant,resﬁﬂts. Less cri-
‘terion measures _were required to explain the solution set , “}
membership And restricted optimizations tended to- require no
. greater modeiing effort than the relaxed setting (measured via
-iterations and computat]on seconds). I
ResUitS'oflthe relaxed setting, however provide a: strong
preview of the fiex1b111ty of the model for determining a. wide
-array of solution memberships based upon varying standards |
(obJective function va]ues) In addition, the relaxed setting
‘also presents a hint of the diverSity in mode] bu11ding based _
" upon- the’ weighting of particuiar criterion indicators by reiax1ng

. certain RHS-values whiie retaining others in a restrictive At
fasggon I g ‘

ﬂ

3 Finally, both optimaiity sequences demonstrate the utility -
sz of the MAM system in generai (and tng ROLQAK system in o
particular) for evaluating muitip]e*tritenia, and seiecting a
distinct so]ution set from amongﬂmuitipﬂe competing aiternatives

u',
m

Ht I >.. y ,..»q/
W

S

 Effect of the Restricted Environment Upon Optimality

.The restricted environment which constrained the ROLBAK
' deCision -making was constructed using an expected solution index.
(ESI) of value 16; and a perceived expendabiiity vaiue of 500
That i, the design of the solution set (program units to be
funded,- for a total new budget between 675.0 and 700.0 (EUOO S

123 e e
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_ potential solution with 16 poss

for expendability -- Was- required to exhibit the quaTi‘nes of

ib]e "average" member units for

dua] programnatic budgets. Sequentiaily, each c0nstraint was
cycled. through the-model as the obJective function (first for.
maximization, then for minimization) in prder to differentially
direct the construction of the solution sets under optimaLity,
that is those solution sets which best represented the :
constrained environment design by the restricted, linear ine-
quality constraints, and furthermore provided the most max1ma1
(or minimal) summation of the obJective function vector. '
| thima]ity under maximization. Utilizing restricted
RHS - va]ue( ) vectors to. construct a feasiblity region for ROLBAK
decision#makimg, -2 distinct solution sets were formu]ated by
separate sets of 5 of the cavailable 10 cyclic objective
functions. Solution: #1 _ 87

[T 2 3 -4 5 7 9 11 15 171
presented 10 program unit budgets for funding under the reduced
budgetary levels, out of the existing 31 potential mu]tiple
a]ternatives. The 5 object expenditure (budgeting) vectors which
produced:”hese solutions under maximization were: T

1 CERT (certificated sa1aries);
2. CLAS (classified salaries);
3. SUPL (supplies and materials);
| 4.‘¢%$FAV (travel expnditures); and
5 (

CAPI (capital outlay).

A total of 213.5 (1000'5 dollars) was cut‘from'the original

budget of 893.5 (1000's do]]ars), deallocating 21 program.units,

124
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.resulting in a new, system operating level of 680.0 (1000's |
dollars). The other distinct solution set constructed under
maximization, solution #2: o

JCl1.2 4 5 7 1 15 16 17 233

-a]éoﬁﬁresented'lg program unit budgets fér continued funding, out
of‘the potentié] 31 alternatives available. The remaining 5 -
object expenditure vectors which produced these so1utionsﬁuhder
maximization, were: / - ) '

BENE (employee benefits);
INST (instructional’/materials);
PERC (administrative p@rception); and

(
(

CONT (contractual services):
(

COMP (budgetary togposites).

T W N
L] [ L] [ .

i

: ' / ' - .
A total 'of 213.0 (1000's dollars) was_cut from the origjna]‘

budget of 893.5 (1000's dollars), deallocating 21 program units® -
" resulting in a new, system,operat%ﬁ§'1eye1 of 680.5 (1000's '
. dollars). ‘Tﬁus the difference between the two solution sets was
approximately .5 (1000's dollars) and 4 varying unit member
_[Slips. . . oL '
Optimality underimihimiiation. Utilizing restricted -
RHS-value(s) vectors to construct the feasibility region for o
ROLBAK decision-making, the same 2 distinct solufjion set were .-'%./
found under minimization, as were developed unde maximization. |
Differences were observed however, both in the nufber of |
occurrencés of tﬁea§o10tion set, and in the 6bje
which guidéd the so]dtiona]'désign. Solution #1:

ive funetion(s)

(1 2 3 4 5 .7 9 11 15 173
125
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o

' ref]ected,the,or1g1na1‘obJect1ves.of the ROLBAK model. The ori-
‘ginal ROLBAK objectives;were formulated via the construct1on-of

resulted from the following 4 objective: function vectors;

/

BENE

1 (employee benefits);

2. " INST (instructional materials);
‘3. CONT (contractual sekvicesf, and 
4, PERC (adm1n1strat1ve percept1on);

The reader will note, that under maximization, these Same four
vectors collaborated on a different solution set. The resulting
expenditure reduction of 213.5 (1000's dollars) remains the same,

of course. Solution #2. under minimization:

L1 274 5 7 11 15 16 17 233

occurred in 3.instances; under the use of the cyclic objective
fuhctions: ‘
1. CLAS (classified salaries);

2, SUPL (supplies antl materials); and

3., CAPI (capital outlay).

The reader will a]so‘note, that previousTy under‘maximization,

these same three vectors collaborated on, a different solution
set. As before, the.resulting expend1ture reduction of 213 0
(1000's dollars) remains the same.

Validity analysis of restricted results. For the purposes |
of this study, validity tests represented the administration of
post hoc analysis-to determine if the resulting solutions

i
/ i
i

the linear 'object cetegbry' vectors. Validation Undek'these
circumstances proceeds in two stages. Stage 1 validation is

X
3

o . 126



moot, since the executed ROLBAK model produced at least one so]d-
tion vector (in our c&se, two distinct alternative sglUtion ‘
sets),' in conformance with pre-defined RHS-vector/ﬂg?j;s. Stage

2 validation proceeds to analyze the values of the various
constraint vectors; and to test their mean-differences determined
by their. so]utibn versus the non-sclution ~membership.

~ Parametric, oneway analysis of variance procedures were utilized -
to test these criterion, mean-value differences. Solution #1:

[1 2 3 4 5 7 9 11 15 1773

demonstrated‘g of the 19 criterion vectors to ‘produce statisti?
cally significant (p < .10) greater cr1ter1on ‘mean- we1ghts for
the so]ut1on sets, then ex1st1ng w1th1n the non-solution set.
The six criterion vectors were: '
CERT (certificated salaries); o
CLAS (classified sa]afies); S e \'",sfﬁlia:
'SUPL (supplies and materia]é)' R
‘INST (1nstruct1ona] r1a]s)t"i:'
CAPI (cap1ta] out]ay), and. .
COMP (budgetary»compos1tes)

Of the remaining 4 vectors, emp]oyee benefits'(BENE),'contractual
services (CONT), and travel expenditures (TRAV), the lack of p ¢
.10 s1gn1f1cance is not v1ewed as an indication of potential
~invalidity, due to the mean- trends observed. The relatively con-
founded p-level for administrative perception (PERC) of p = .67,
s uhderstandab]e based upon the ordinal scaling for PERC,‘in
which each ordinal graduation (1, 2, 3, ..., 31)-is represented.
Simj]ar]y,_so]ution #2 is: ., '

1 2 4 5°7 11 15 16 17 233

127
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demonstrated 5 of the 10 cr1ter1on vectors to produce stat1st1- |
cally- s1gn1f1cant (p ¢ .10) greater criterion mean- we1ghts for
the solution set. These five criterion vectors were.
SUPL ‘(supplies and materials);
. INST (instructional materials);

CONT* (contractual services);

CAPI (capital 9ut1éy); and
~ COMP (budgetary composites).

B W e
L) .

The_remafning five.critekion.meén weights are‘accepfable, thoggh
~not at the desired p < .10 Tevel. Much of the inability to gain
the desirable p ¢ .10 level can be attributed to the large pro-
portion of zero-cells (scant index) within the constraint matrix.

Re]iébi]ity analysis of restricted results. For the pur-

~ poses of this study, ke]iabi]ity-tests represented the admin-
_isfration of post hoc'ana1yses to determine. if théﬁresu1ting

lléo}utions.were 'predictable' based upon the huTtiple-data distri-
bution configurations of the criterion vectors; that is, whether
a'particu]af program unit's inclusion (versus exclusion) within
the so]ut1on set was pred1ctab1e. Parametric discriminant func-
tion ana1y51s procedures were utilized to evaluate the extent of
such predictability. In order to predict the original solution.
set #1: o

[1 2 3 4 5.7 9 11 15 1713

a total of 5 criterion distributions were reQuireH. Listed in.
the order of their importance (i.e., amount of variance explained .

and order of entry 1nto d1scr1m1nant construct1on) these cri-
teria are: '
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1.  COMp (budgetary;Compositeé);v'
2. SUPL (Supplies and materia]s)é*
3. CAPI (capital outlay);
4
5

. CERT (certificated salaries); and
. CLAS (classified salaries).

. VA _ - 'f . , -
The discriminant re-prediction (reclassification of solution set
membership),resulted in 1 mis-inclusion for a final gg;zz percent
accuracy (repredicability) factor. In turn, solution #2:

[1.2 4 5 7 11 15 16 17- 233 -

‘requ1red the fol]ow1ng 3 cr1ter1on d1str1but1ons 1n order to pre-_
']d1ct membersh1p":'

"ompos1tes)

2 ‘
3

2. CONT (contractua1 servighs); and

3. INST,(1nstruct1ona] materia1s)._

The dﬂscr1m1nant re3pﬁed1ct1on for* the second solution fbrmed o
'vupon restr1cted 6pt’ba11ty resulted 1n 1 mis-exclusion for a
final 96.77 77 percent accdracy factor. The reader will note, tﬁat

the cr1ter1on'qwstr1 %1on COMP was the only vector ut111zed 1n

R

LR
M

I,x KRt n.

32'v\CGM (buﬁgetﬁry compos1tes)




Non-solutions based, upoh>tRAv'tan be discounted based upon the
high proport1on of zero- ce]] entries (29 of 31 possible ce]]s N
equal to 0); in which case, the model could not '‘make up its ‘_
mind'.- Non- opt1ma11ty under the guidance of CERT and/or COMP y
however, is an interesting result. Precisely stated (and hope-

__fully-in English), neither thé;CERT nor the COMP_vector( ) could

e T

summate to a small enough final value (minimum), such that the

; optimal objective function vector cou]d physically pass through
- the feasibility region geometr1ca11y constructed v1a the 11

constraint matrix 1nequa11t1es. (The authors apo1Og1ze for the
last statement!) - : _ i -

f

Effect of the Relaxed Environmji Upon Optimality’

The relaxed environment WhithXCOnstrained the ROLBAK
decision-making was constructed using an expected solution index
(ESI) of value 10 and a perce1ved expendahg]1ty value of 600.

- That is, the design of the solution set was\requ1red to exhibit
the qualities of potent1a1 solution with 10 possible “average“
menger units for each of the 8 obJect categor1es used in

: constra1nts. The reader will note, that since the RHS- va]ue for

adm1n1strat1ve percept1on "(PERC) was increased to value 600,
program un1ts with greater perce1ved expendab111ty' levels ceu]d

“still -become members of the so]ut1on set - that 1s, refunded for

- continuation. As with the: restr1cted env1ronment ‘discussed " 1n

-

the preceding sect1on, each constraint was cyc]ed through the

~relaxed model (sequent1a11y) as the objective function.

Gptimality under maximization. ROLBAK produced a distinct
solution set for each of the 10 cyclical objective functions uti-

Tized during optimal maximization of the relaxed model. In fact,

only the program units: o

?
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- A
Programmatic sav1ngs ranged from a low of 202. 0 (1000'5 dollars)

,,based upon TRAV

ML 4 5 6 7 1115 16 17 21 261

to a high of 218.5 (1000's dollars) based upon CONT:
L1 2 3 46 7 9 15 17 18 423 26 1.

‘Un1t membership ranged from a high of 13 (INST) to a Tow of 10
(PERC). ~ Not one of 7 solutions under minimization was 1dent1ca1
to the 10 solut1ons under max1m1zat1on.

Va]idity ana]ySTs of relaxed results. The approach to va11-‘
dat1ng the results of th ROLBAK execution under relaxed cond1-
tions differed from that previously d1scussed within the -
restricted state. Since 17 d1st1nct solution sets were formed
based upon both maximization and m1n1m1zat1on under relaxed _
cond1t1ons, validation of the effect of ‘solution set construction
upon individual criterion mean-we1ght differences was effected in

 two related ways. F1rst the frequency of p < .10 occurrences,
where each defined objective funct1on (CERT, CLAS, ...; COMP)
'produced des1rab1e mean-value weights across %me criterion
constra1nts was explored, . utilizing (as before) Ooneway analysis
- of variance procedures. These results are indicated as:

Second]y, the frequence of p < .10 occurrences, where criterion:
constraint values (CERT _CLAS, Ceed COMP) ref]ect desirable

(‘mean -value weights - across the cyc11c obJect1ve functions, were
stud1ed, and 1nd1cated as: . o

132
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LN (p s .10) 3.

‘F19UFE 21 summarizes these Np and Ng summat1ons for opt1ma11ty
results under both maximization and m1n1m1zat1on. Thé -

| NR frequenc1es are ana]ogous to those previously def1ned for the
restricted environment. Based upon the computed percents for the
tota] frequenc1es poss1b1e, 10 and 7 (for max1m1zat1on and
m1n1m1zat1on, respect1ve1y), the NR va1ues appear re]at1ve1y .
identical; L@kew1se for the N freguencies. ﬁkumm1ng both the”

-~ NR and NC va]ues, and ranking those sums (where 1 = high and 10 =
. low), an-ordinal measure of re]at1ve we1ght can be deve]oped
Finding the absolute value of the difference between these sum
(NR) and (N¢) ranks (i. e. | DIFF'RANKSI ), presents a measure of -
re]at1ve consistency between NR and Np values. - The -authors have
'prev1ous1y thought that the greater the cons1stency, the. greater
the resu1t1ng value of the particular.criterion vector.” Thus, .
the smaller the rank‘diffErence,"the more va]uab]e the criterion
invo]ved However, careful examination of the ranks of NR and »
NC demonstrate’khat the correlation between the two vectors of
rank to be non-parallel (correlation (NR, N¢) = -0. 666). And
furthermore, that the corre]at1on between the- NR and Ne va]ues,
and their difference (DIFF- RANKS) to be near]y non-existent -
© (+0.129 and -0.048, respectively). Further‘study_1s required in
this area to study ‘these issues of eonsistencyaand’utility.

‘Reliability analysis of reiaxed results. ‘As with restricted
'results, d1scr1m1nant funct1ons were ut111zed to" determ1ne the
predictablity of the obtained solution.vectors. For the relaxed
f env1ronment however, membersh1p in any part1cu1ar 'solution set
was not the dependent var1ab1é, rather, the frequency of each
1nd1v1dua1 program unit be1ng chosen for refunding across a]]
cr1ter1on obJect1ve funct1on§ (1. e._the selection ta11y for the

track1ng matr1x) was used as the dependent (to be pred1cted)
r
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Figure 21. Summary of ( NR(p < 10) ] and LN (p ( .10) 1 values from
' " "Figures 19 and 20.

P
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CERT - CLAS' BENE SuPL INST_ com TRAV  CAPI PERC oMD"

Maximization e . ‘0 .
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, where:

[ H (p ( .10) 3 =N of p ( occurrences where each defined objective function (CERT,
CLAS, ..., COMP) produced desireable mean-value weights across the .
’ crlterion constraints.

4 Nc(p < .10)] =N of pg.lo occurrences where criterfon constraint values (CERT
CLAS, ..., COMP) rc-Hect desireable mean-value wevghts
across the cyclic objective functions

v
=N ]
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’Q;fvar1ab1e Under max1m1zat1dn,lthe re- pred1ct1on of he.selection
“1“frequency (i.e. the N of 1nc1us1on across 10 succesﬁgul v ;

fexecut1ons) requ1red 5 cr1ter1on distributions to formulate the_f'
d1Scr1m1nant funct1ons. In order of entry and 1mportance,.they

were: | o G AR

ff;ig; B COMP (budgetary composit|s);5q"' “ | e
L 2. . INST, (1nstruct1ona1 mafer1a1§) SR SR
3. CAPI (capital outlay); —— ::?f¥h_"\
&, PERC (adm1n1strat1on percept1on), and »”f"ﬁﬁgiiff"
- 5. CLAS (c1ass1f1ed sa]ar1es) ) o : N ';*gl”;

| The d1scr1m1nant re-prediction (rec]&sswftcat1on of tota] 1nc1u-
s1on frequency) resu]ted in 4 over- est1mates ‘and" 5° under-‘
ffest1mates for a f1na1 70¢97 percent accuracy (repred1ctabr];¢§% -
?factor.”'M1n1m1zat1on results on the other hand - requ1red 6 cr1— R
'ter1on d1str1but1ons to formu]ate the d1scr1m1nant funct1ons.
1. COMP (budgetar composites);
:'2;'.'BENE (emp]oyee{benef1ts), {1'
3. CONT (contractual’ sérv1ces),*",
4. TRAV (travel expend1tures),
5
6

e

. '.CAPI (capital out]ay), and ' _
SUPL\(sup11es‘and.matertals). o IR

a Discriﬁﬁhant~re-prediction yielded Qroverfestimates and 2 under- e
estimates for a total accuracy factor of 83.87 percent. It wou'kd .-
.'seem, that the criterion distributions are much more useful in EPRE

predicting indiwidual inclusion, then in determ1n1ng total 1nc1u-.
ffﬁ,-s1on across all cr1ter1on obJect1ve funct1ons.

Non-solution results. "As was evidenced in the restr1cted
envnronment resu]ts, on]y minimization within a re]axed reg1on
produced 1nstances (;) of non- so]ut1on, they were:
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SUMMARY OF THE."MAM" FRAMEWORK AND "ROLBAK"

- . L4
P

¥

. This study- has sought to'demonstrate the utility of the B

mu]t1p]e a]ternat1ve mode]1ng formu]at1on (MAM) in determ1n1ng b
program units- for cont1nued funding dur1ng a f1sca1 cr1s1s. ’
Based. upon an. acceptance of criterion- referenced model for s1mu¢ . ﬁ

. B 1at1ng future, probab]e dec1s1on1ng a]ternat1ves, the MAM f1§ca]

y, mode] ROLBAK eva]uated var1ous forms of data under d1fferenta_v_v_bww’

T system g%p]s%%constra1nts), 1n order to observe the effect upon. .
dec1s1on”mak1ng, that is, wh1ch program unats to cont1nue, and 7 $ow
‘which to‘dea]]ocate. L1ke the schoo] c]osure and curriculum - * R

~———aetfv1ty—paekagmng mode]s preced1ng“1t' ‘this fiscal*roll=back 7~
model w11] ass1st progr administrators. as they seek to'cont1nue :

Lo program operat1on at an:§%%1ma1 Tevel, though 1npa,state“of '

reducéd funding. - . T R . B

L -

o

ki

vThefMultipieéA]ternatives Formu]izatﬁon

‘The mu1t1p1e a]ternat1ves model (MAM) has been dev1sed for °
the s1tuat1ons in wh1ch mu1t1p]e so]ut1onslare requlred. School
' c]osures requ1re more than one site be se]ected to remediate
ex1st1ng'dec11n1ng enro]]ment 1mpacts and wastage of low per-
“ cap1ta expend1tures. Currlcu]um act1v1ty packag1ng requ1res the
—best- pOSSTbIe m1x of 1nstruct1ona] ‘activities to match desired
) outcomes.' And fund1ng crises requ1re some se]ect number of
programs be: des1gnated for d1scont1nuance. !

-u .
'4"-'.' N > o
‘4, : . N '.«‘.:.’, L U

The MAM concept mode]s’these eva]uat1on compﬂexes through o 4
- the use of systems of ]1near 1nequa11t1es *and equa11t1es Each \
1nequa]1ty (or equa]1ty) represents a spec1f1c obJect1ve pre-

def1ned by the dec1s1on maker, cr1ter1on referenced and *bbe]ed a
iv ‘ 'r . 2
137 &
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\ ' ! ¢
. L2 . .

B ° bt ' ‘ . . .
~ constraint (to final solution se]ection) The system of ine-
' qda11t1es and equa11t1es relate efch constra1nt objective to each
of "the! ﬁec1s1on a]ternat1ves being modeled (evaluated for poten—‘“
t1a'| 1nc'|usnor1'w1th “the final solution set) In addition, some -
oneﬁor several criterion vectors is (are) selected to act as the
3 overa]],gﬂ1de to dec1s1ona1 optimality, as the objective

wfunct1on._ .

o 4 : R
W o . ¥

.

"
/ .
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:-~The—RBg§AK MuttTpTe*Aiternat1ves‘Mode1 ’
- &A .g -
. 41
h The RﬁLBAK mode11ng structure studied within this, paper,
a presents a MAM-adaptat1on to ass1st~dec151onemakens_when-prognam——;————
areds must: be 'cut'(i.e. deallocated) due to reduced fund1ng
. ROLBAK exists as a sane and rational a]ternat1u$ to the usual
percentaqe -cut across the-board, and a]]ows the administrator to

systemat1ca11y cr1ter1on reference such comp] ex dec1s1on§

o

Cr1ter1on-referenced constrannts have been shown to poten-
e t1a11y inc¢lude" budgets by object c1ass1f1cat1on, surveyed percep-
tion of affected part1c1pants, and total budgetary composite
contro] @n add1t1on, the ut111ty of vary1ng criterion:. control
(obJect1ve funct1on) has‘been 111ustrated

) . ¥

-
e
R

' ' | . : VA
ﬂm“_ComplexmAbproaehes—to—eomn%ex Issues TN }/r’ o

S v g -
e glhe_authors.maintain that issues 1nVo1v1ng many, potent1a1
solutions are indeed too complex for the human mind to

comprehend Main- effects and 1nteract1ve-effects modeling simu- )
. 1at1ons prov1de a valid and reliable methodology for- eva]uat1ng ¥ S
. the MAM env1ronment W1thout such formu]at1ons, complex . )
- decision-making is little more than' 17part "exper1ence" and

A .. L4
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.« | - sy
o ) . . : - . . ‘ ra



4-parts "blind luck" ( and often with less than successful
results). _

‘But the main areas of criticism will st111 preva11 First
that the need to quant1fy the criteria requ1res a greater com--

- mittment to criterion- Peferenc1ng than many decision-makers

‘possess. Secondly, that high degrees of time, effort and

' soph1st1cat1on are required of individuals who possess little of
the above And f1na11y,~that the system reQu1res opt1ma11y a
-computer, and human-based solutions should 'never' (?) be based

. upon computer analysis.

—As—social sc1entﬂsts-and humans—“STmuTtaneuusiy——We

acknow]edge these misgivings for what they are; and digagree am1-
cably (spmetimes);

B

The Future of MAM Design

Y 8 - . )

The matching of micro-computerized hardware and software to
desired instructional objectives; the evaluation of item analysis .

“techniques for designing cpmputer-assisted'SurVey techniques; and

. the consolidation of school districts -- are a re]ative]y'small

but representative sampling of areas where this author is

current]y deve]op1ng future MAM applications. Wherever a poten-

“tial for ‘multiple solutions exists, the multiple alternatives

model w111 ‘be there. -Multiple alternatives modeling is..not the

_ wave of the future -- it is the a0a11ab1e tool of tpdax Do -

1t"'
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