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PREFACE

-
- ’
L . -

F .
The Research on Evaluation Program is a Northwest Regional Educational
Laboratory project of research, development, testing, and training

. designed to create new évaluation methodoIogies for use in education.

This document is one of a series of papers and xeports produced by

program staf;, visiting scholars, adjunct scholars, and project
collabofatqrs~-a11 members of a cooperative network of colleagues
‘working-on the development of new methodologies.

A collection of special xeports has been prepared, each of which ovet-
views a separate discipline a%s dn alternative source of methodology for,
evaluation. Each report sumsarizes the nature of the methods common to
that discipline and examines the possibilities of employing such methods
in evaluation. This xeport, one of that collection, presents, Operations
Research as a potential source of evaluation methodology.

Nick L. Smith, Editor .
Paper and Report Series
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e . . OPERATIONS RESEARCH AS .A METAPHOR FOR EVALUATION
’ * |

.
4

A favorite colleagie, given to mischief-making, has described evaluation |

L]
as "50 percent measurement and 50 percent mush.' In' that part which is

. . “3
not mcasurement, he claims, thers is littls intellectyal coherence, and no |

sclentific respectability. Regarding evaluation iff its present -
o . state, one¢ finds.it hard to disagree * (Page, 1975, 1978). ‘
' However, the argument of this chapter is that the Ymush" may. have made us’ ! .

ailing,but not terminally ill. Indeed, there argz 'pbjegt:ive principles,

of the : - aog:'which h;ve led to the success of measurement and of moOst
scientific activity, which can be applied through the field of evaluation,

. \and can give it: an integrity and lcgitimacy vhich are only, fantasics today.
® e \::ese sav;.ng principles are those of Operations Research (%R): . ‘

.

- & briliiantly unfolding disciplino less than 40 years n:nlr.i.i Probably not one
) percenl of t:oday's evaluat:ors, gven thoge wgt.h extensive snatisr.ical .

lmowl.ed% lmmgOR with anly depth. Yot this discipline addrosses |

®
) - exactly those problm closest to our hearr.s, those of dacision-making. !
\ ~ “fndaed, operat:ions research ;_g the science of evalua;ion. _' ) C ’
.1\ This artitle ctn only be a ‘briof overview of OR, and how 1: ro].ar.es t:oﬁ
\\.| ‘ . svaluatipn. First, we shall demonsr.raco that educar.i.onnl evaluation (BB)

\ is ind;ed',.targa:’od on decision-making. Second, we shall consider how .
® \ ang',guﬁ'ﬁetd ‘0£.0R, decisfon analysis, kcs explici: and tractable - ° |
e ., \\\ the~ ~ elements of our concem's- "Ihifﬁd, we shall illusr.rate some of t.h; *

othe'; subfields of OR and possible apglica:i.ons in EE. With this prapara:ion’

in the most useful and .

' v

o ' \ we shall see how OR ‘provides a me taphor for, EEs
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- powerful sense of mﬂtaphor. And finally, we shall consider wayslin which

\

workers may drav che two £ields of activity. closer to each other.

N\

« Xhe Corollaries offDOciston‘uaking*, . .

Clearly, evaluation's claim to uniqpeness, to ‘being usefully eyond

nmasuremont, depends on its‘being an aid to decision making. while not

»

stated . explicitly. in much o£ the evaluacions literaturd, this {s at least

imgl!cit in much of the wri:ing where EE spokemen attempt to diEferentia:e

\

their f£ield frop the older one of measurement (for 2 review.of six sample

_ texts, see Page, 1975) . Evalqation is not the sams as research, we
are :oId,'becadse BE is “concerned with the’ individual case," aims :o
*'aid the planner, adminis:ra:or, and practitioner,“ and indeed "aid in

making decisions." For such pirposes we tavaluate'’ programs, srudents,ptOposals,

"
S

products, , and personne} =~ all with the aim of making, or at least

influencing, decisions about these subjects of our fnquiry.

Having acknowledged this relation; lat us see whether we' &éan deduct

some corollaries of itt.’

. ] ' " - -
-+ 1) Any decision must necessarily concern itself wi.th cholce among’

e

al:erna:ivesq Ho proper "avaluatiou" can be of just one,'bject. This poinc

-

is curlously Euzzy in.most of the evaluarions lite:a:ure, but.it does

occasionally appear. For exampla Scriven (ch. t in Pophanm, 1974):
Few 1£f any usefgl cvaluntions avoid the necessity o presen:
data on the comparative performance of critically compe:itive

v v

produc:s. All too often the. d'tﬁdnger‘ to some pre-established
]
standards of merit, and the réader has no idea vhether one can

do better' for less, or twice as well for 5 percent more, which is

k]

»
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the kind of information a.consumer wants. . .
v - ] » ’ '
' Let us continue i..r . this passage, for it will illuminate some other -
feaéurﬁq of our decision-makings - I -
. % .

L]

s » oo It is not too thrilling to d{scover that an'iniection

»

of $100,000 worth of computer-assisted instruction (CAI) can
fimprove the math performance of a school by 15 percent if. the;e

18 a possibility that $1,%0 worth of programmed texts would do as
5 . . .
well or bettexr. There are few points where good evaluators ,

distinguish themsalves more clearly than in their choice of

LY

. critical competitgrs. fpe 15]

One corollary of EE as decision-making, th;n, is the need for such a list of
- - ‘
‘ " L

feasible alternatives. ;

2) A sacond feature of any decisioJ\Paking 15 gome value uhich

may serve as a goal. In the above example it is to “improve the math

performance of a school. Lt is not clear ch any decisions may be

fntetligently made 1 the process is truly "goal-free." Indeed, it is

. "often required that such objectives be deasprad,-as they are above, in

}.ratio scale. How é&lse is.one to intarpret an improvement of 15 percentﬂ?
cleprly, then. to dacide amnng altq;natives, we need such a prediction of

outc;gi for each alternat!tgr

3) A third feature of dcciq;on making is an estimate of costs,

accompanying each, altatnative- In the illustration above, costs are
-t . , R N .
.in terms of sdollars ("$100,000 worth of computer-assisted instruction” vs.

“615,000 worﬁh of prograumnd texts'). 1If costs are the same, then we choose

/1n terms of valuej bur 1£ values are the sama, than tosts become assontial.

But in the “roal world" .so prized by cvaluators, some information about”

-

-
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t!or.h costs and benefits is essential to making defensible decisions. )
‘ml(nt ts still less acknowledged in EE, but is implicit in the above
/4 \ -
Ramﬁlre, 1s the needs to measure costs and benefits on the same scale.

. * ’ ‘ v ) K - - .
uppose we can improve a.school's mat.h’ performance "10 percent" by ) »

pending an additional "$20,000" - should we do so? Glearly, we

meed, for mapy non-trivial questions, some way of plotting a fur;ct':ion ‘
PY of costs. against benefits. (Thi& is a balafcing wa perform all the

time in real“life: Else how would we decide to pay $3 £or a movie?)

-

'1 . %) And still a fourth cbrollary of EE as dectsi,c;n making is . .
£ * '

® ‘ ‘i‘this:_ We must have some knowledge of the probabilities of various
outcomes for each alternativé. Lf we choosa A or choose B, that is, "
'w& need to anticipate the "chancas' of vartous resulu, with theiy associated
—> costs and benefits. '
@ 1f we kiiow these certainly, it gzaatly stmplif:l.es our ‘choica. But . ‘
\
- ~ in the much vaunted nraal world® of EE, knowledge about such probabilities |

. ' must be wrung from Nature's close reserve, must be extracted iike juice ‘

e from any high-qualicy eviflence we have.

’ ' - * r
. « And here is & rather startling, though unavoidable feature of these
- ° . . »

corollariest ~These outcomes, both costs and benefits, must be related

* causally to thé decisfons. Mere cgrre}atioﬂal datg, collected fz:om'.

° RS
artifactual records either in this school or elsewhere, will not suffice.

[ " -
.

» L
For no decisfon making 1s rational unless it bears on producing the

itm:n:o dcsirablg outcome, { ' . \ - 8o saying, we have prepared

}u;a way for models of Operntiona Rasearcho Even more: We hava made

BE héavily dppendent op :rnditionalJ knwledje-aimed research, for 1|: is

= ey

from t_rge research that wg*an best hopa to understand the requirad
* .. . " .

cguaal nexus. :
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, s An OR Model for Decision Analysis . .
o RV .- e , y _ . .
Having framed our vequirements for decision making in ewaluation,
we nbw turn to a model from O.Re to show how all t:hesya requirements
" . are confront.ad and organized into a single structufe, Decision
‘ analysis (DA) is only one of the modals fn OR. But it seems the easiest
So, grasp Eor intelligent educators unused to such thid{ng; and i: serves
o as a kind »of.- . prototype .of the more specialized algor;.r.hmsu
’ j - - .
- described later in this grticle..:}; fs the only model - . . .41
- shown here in sufficfent detail.: Vo frobec Lo 0 T
N \ .
o ' calculated. Its main features.are illustrated in Pigure 1:, A
’ - { L
] . 1
> ' A
° ) Figure 1. . ] . -
. ‘ . _ | | '
#
) Figure 1 repifsents a_simple decision tree containing fhe following E:::F
.‘ structure: There 4s 2 set of nodes and branches, according to how " '
the decision problem is envisioned by the designer. There are just two ——
* " ’ N -
kinds of nodess rectansular nodes are decisions, and‘the ‘branches from
., a decision notde are the alternatives among which we mist chooses : The:
circle nodes repre;én: probabilities, or uncertainties as to outcomess .
-_ . “ . , B . : ' o
. The branches. from a circle are the possible events of interest. Each
o . - . 2 ’ . , .
. branch Erom‘afcircth node, st be flagged by some estimated probability,
‘i\ - . and these prqbabilities tmust add up to one for any circle node. At the
end of each tarminal branch (whethcr £rom rec:qule or g}rclej must be
o .

o
' soms (black dot) value a::achad to that outcome, or plan. Io complel:e

L] N . -
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.

the notation for this s:l.mple ‘tree, wa have r.Be licele :oll-ga:e, nqar
the letter B, whare we show the es:ima:ad cos: of ‘that branch. cos:s
and.values, as ve havt‘noted} must be transformad into the same uni:a

. of measure, if bo:h are necessary to include in the problem.
L) " ‘

Let us take such a tree as representing a trde picture of our

N

decision problem, and the prébabili:iu, costs, and values as being a -

reasonable gpproximation to,their true measures. Then <= to the N

+

u:onishnsetu: of. newcomers to DA -- such a tree is solved en:i.rely
aul:omar.ically, algori:hnﬂ.cally. reaching decisions which are demonsr.rably

optimal. We begin at the bo::om of the tree with the temi.nal values.

LI

And we move up the trae by purely ‘automatic procedures. ,If the node abave

o

is a probabili:y node, then we multiply each value by its probability,

&
thus ealcula:ing a mean value which becomes the value now a:tached l:o" .

the .node 1.:aelf.. For the probabili.:y (circle) nodes, these calculations

-

ars shown in Pigure 1. ' ' . . . .
~ s

. On the .other. hand, where the node is a decision quuare) node, ve
nEold back" the branches of less value, indfcating :his by the double

-barrier as seen near the letter A. A(ld we. attach :hq highest branch val.ue
4 »

to the node u:self. Ve work up r.he tree this way,from bottom to :op,

* wi:h these o Iimple operations of averaging and fol.ding back (and \

subtxac:ing cos:s). And in this si.mple, feqursive way, we can solve 2

tree of any arbitrary complexil:y. "In :h!.s {1lustration of Figure 3, if

4

L 4 .
we were considering Plans A and B, we would au:qna:ical'ly choose B,

-

gince 70 is greater than 60. : S .

The Curious :hing about this model -~ about our neglec‘f of it i.n

- -

educa:i.on -~ is that thexe 'is no al:ernativn theory of decision maki.ng. N f
AT . . . "' . ’ ‘
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° * ] That :Ln, there are or.her OR modal.s, “but there is no racionaI way to <.
) decide anyyzatter but. by considcrati.on 'of r.he variables in this tree: :
probabiliu.es, coscs, and banefics. And 3:Lven r.he\’s\é elema:;cs of the, .
.- .prgblgm, then such . a ma:hemticaL soﬁdon, as we ‘lﬁve saidy is . s
i ' demonst.'nbiy equal t:c‘n or bet.car 'r.h‘ any _ sub jective sélucitm. (An §

inporunt. but mglecud aru of resgarch, by r.he, ""71 is the degree
., ’ d' : to which ya, as human decide.rs, can optimize when we‘ sﬁggect.i\yy
. ’ - !

a S ‘ sol:vp t:;eai °£. this k‘ind'. . But see i‘:‘Llil‘.ucn, 1915.) .. { } , , .

’ ) ) - ﬂélc of S:ub:jccﬁvicy :Ln'Dec:Ls:L‘on ;nalg;s't.-s . to- ,:
o . h e . . i ,

’ _ H’e must nots, in Figurs. };’rj“th“’ there are mm@' aspaccs of the
trea wherd" e comonly lack‘%tt& diu:a: often, those very probabilities, )
- ¢cosf.s, and .outcone ,values. Tben we mn;c ‘depend on 1udﬂncs. These . i

.‘ . ’ judgmencs, cons:l.der%d :Lnd:Lv:Ldually, are :Lnevir.abl.y 3o:Lng co fnclude large

'—\ < subjecti.vg componenu. Buc such £nc1ulion does not fender the ' _
° ’ app;oach umcienti‘c. ‘l.‘o r.he contra?). a11 scinnge includes intersubjectivity

4 u a cu:dinu!. test of icé stab.u (Feigl & Brodbeck, 1953, ch. 1).‘ -7

A . :.,'-. ‘ Feigi poinu out., :Lnt:.crsubjcct.ivicy is in fact andther tem{gr ul
‘e . : . object:l.vi&y: the a;umnc at the mogt. elementary level ‘abofu:. wher.her - )
. , 8 sinple evem: did or di.d not occure An¢ one of cH& comonesc concerns

-
b e

tn soctal Icionca 14 the "reliability" of measures, vhich in the case of 4
. g':oro compl'.ex judzmngs, such as those hra cénsiderad, refers to r.he
. - com:ordluca mong judgel ;ging ind‘zpendantly. Thé.difference bptweon

v ey

\ ordimu;& sub jecti.vtcy and vhad I clll judgmont. is r.h difference betwaen

o T uncheckcd, unverifiablo :Lndivtdual exgerience -~ a kind of solipc’ism "
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b and’)ba central, deslrabla lntersuhjecuvltd sciences A virtue of

® - gleclsion aclence is that: 11: tames subjectivity, 31v1ng it wha:aver . . .. »
L role is necessary, but est?!.mating n:s quallt:y; mald.ng sure 11: is » ° S >
'.re;;r H\ve, lnd using it carefully in algorj.t:hms which a:¢' theriselves
¢ . ” ot'ajec ¢« Ina decls;on"r.rea such as Figure 1, where does such

' 4

judgmem: enter? :lnt:o\"l)- the daslg!?of the r.ree,lalnce there may ba -
L more than one "set of alt:ernat:lves to consider; 2 the estipation y
®. of coa:s: using whwtever data are avaflable; 3) en:imr.ion of probabﬁll:tes
(though regression r.achni.quu may provide Lielpful estimates); and ' .

centrally, 1nescapnbly, 4) the estimation of values. e e T (\

: ; . * El::l.ma:ins Valuas fok Deciaiona ' e \ i . 3
. It: is a curiout charpctari‘s;:lc of the?'evaluations" l{terature that
* * . it haa pai,d s0: little syst.emtic a:ten:lon to values. .A great virtue
: of the O approach' is l:hat: it forces us to remedy this lack, and to
) ' make expllclt: some scale of worthe For a-'p:lm requlreum: qf OR. "
®

is s ag:nnd-upon ob {ective func::lon; ":noasunblo valuep o v r.hat: s
fqulvocah\x :’eﬂlacf. the future wall-@s of the organlzauon" (Wagncr"a

f’ 1969y pe 5). rst:, we sean t:o lack any such “measurablc valuas," '
L " -

.: :once ljt feaval (dec;p:tvely) slmple measures such as dollars of profic,
- r F M ‘ '

or milegs of travel saved, Yet we rouj:inely analyze ra:lngs, rankings,

o
* 3:&&03‘, an:i other judgmn't:s in our l:ltcr.:hture, and there is no needed Y
PY S . * epistemology which is not alréady a t;ell-worn t:ool' of behavioral lcie‘ncé.
‘-' . " Also, conr.rary to what mAny thlnk, thare {s not an unbridgeable gulf
. ,- " betweén the hl?es: phllosophlcal valuca and the’ most diacrete tast items
.. d or behavloral objectlves. At connectlcu:, lnt:riguad by this problem,

’ N
sorme of us have dOne wqu on wﬁ’at we call the ban:ea for "baneﬂ.t T-score."

LY
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He pa!e explored what we may tera a "top=down tree of value" (Page, 1972,

19743 'Pa'ge.& Breen, 19"14;, 1.9':'4!»);r A sample tree is showw in Figure 2.,

-
R

[

® ) ) Figure 2 .

[ L]
—
-

HWith Figure 2, we can grasp t:he rezarkable, recursive propel.::y of a

anue tree, and explore some of its mathématical properttes. We defi.ne ]
?- / L

the bentae, at the t.opmosr. level, as includtns 10012 of the
value td be gained from an educdtional experience (iu this illustraction,
the full elementary. and sectndary ex.perience;, the bentee being for

the 'senié‘: graduating from high school). We have div-iaed this

bented : into 7 areas of educational improvement (Verbaly; - ' ° ,.‘

"Quantjtative, 8tc., as shown)g and we h'ave appartioned the values -

according ‘to the judgments of 101 randomly selected judges, half -

laymen and half professional eu‘l;ut:at:m.-sfA The ‘Euk appasrs veri easy for :he’

judge to doz We 'qimply present him/her with a 1i%c of Rthese 7 traits, |

together with a paragraph * description of each., These are preseniéd in a

nay randdn ordarfor each Judge, with a shoer. of paper wi.t:h the 7 arexs

markad, and a stack of 100 ‘chips. "rhc..judge 18 esked to "spend™ the chfps.
The .nethod,is ec;y and"qui.ck,FAnd though individual jud;es may be

+wildly deviant, "l:h'; group estimates rapidly reach stability as

‘sample size _increases. ° WHen w; have such estinmates, :.re can t:t(uen

mke calcula:ﬁm which were formerly impossible. For example., if we

have a group of htgh-school soxﬂ.ors, and sr.andatdihed measures or ¢

astignns for them on czcﬂ:/hjof the 7 traits, we may calculate for a ..

3
cstudauc an overall bentes, by weiﬂtinmh of ~ -~ - B _

s o IS5
S - K

A
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hin, and’ by r.:;g_nsfomin 1s sum to a T-score {with a mean oE S0 and

El

‘standard tic\iiar.:lon oE 10). . Such benr.ee sqores would now permit us to

. . guidance, - v
.rank ordar hhe st:udenr.s £€>r 2 varier.y oE purposes of salcctionland awvard.

The mos x:emkablc €eature of the valua tred is f.r.s ganerau:}n

. He_can use r.ha smg;echniquas at any nodc in the tree. %Wé'can define a new
. e
. bentee Eor, .lay, American lir.erat:ure. colle-"r.ing experr. opinions about

the apporr.ionmnr. of vxlua, building cun".‘:lcula and tests in accordance

<

wil:h t'.hese vaj.ues, and aasign:lng overal], scores as r.he weighr.ad sum of
~tests. Note, I:h:l.s is quite si.m.tlar to what is done :I.n curriculum

and :e';sons.;rucuion today, but r.ha value=tree approach establiaha?_

a2 new 1egi:1t;acy to the pu_l:vcohe, s:l.nca_valu.es are defined in a defens:lble'way,.l'

:he.trée_has - addi.r.io‘nal mathematical properties, wh/iéirpermi:

!
’

us, . in p_r:lqd.ple, Ty EO wa:l.ghr. any node wi.r.h:ln the overall schem

> - k]

of vuluaa by ﬁn’u adapt.act -2 from.a twte of :I.ndependem probabilities.

(cf. Page, 197&; Pago.&.preen, 19741:.) And it?may be’ used., .
L) '
for virwalLy'any purposo or sub-groupz third-grade pupils,' _leafﬁing-

'di.sabled r.acn-'!gers, % .. 4 u%. preemad or engineering majors.

“The tree i.s patr.icularly uuful when facing the problem of r,radaqff;

for &xampldf vhera one gains in math at the cxpcnsc of tima taken from
- evaluation of '

~social scudieu sincg:l.r. permits / people, groups, :I.nsr.fcur.iona, or prog§ms

:I.n terms’ of bverali educar.:l.onul eEEec:sez
L ]

Rnunly diffgrcnr. problems oE valuey of course, are raised. when

ve ar.unfpr. to trade ﬂEE values agginsr. costs,vhen these are masured

-

in diEée’ranE units: fof exampia, bgnr.ae points vs. houis,of teacher timo s

e ¢ | r
or anytima we are faced with more than one kind of ssales ‘




o . . i ]
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- Bu: such’ ques:ions, t:oo, have come undar expert scrutiny by scme ’ -
e , w_orkcrs in  OR.. Sm issues -. " wpre attacked at least
~a . . ' " - .

v

two"  decades ago (e.g., Churchman, Ackoff, & Arnoff, 1957, chy, &), |
and have been analyzad on a.’ deep philosophical leyel by,Churchman

' (;.961). Some . . important questions of value. funétiop, ° were

v -

considered by Raiffa 1968, ppe 51:101)' in his monograph on DA. .And the most
thorqugh mathematical treatment - gi.v.en value tradeoffs is probably

. * the massive work.by Keensy and Raiffa (1:976), which should provide

mtch 's:imula:ign and {nsight £for behavioral researchers. For our ‘

purposes here, we can _ °  say that such problems are not intractable; scales

_can be drawn together "by in:ewiew and experimental :echniques, :o

, . establish the ndeoffs required, in order that decision trees will,

. indee'd; provide a framework helpful to the decision jmaker. . l /

-t . And the mosf ﬁui:ort:an: reaéiza:ion of this sec:ton, for those intercsted
PR of value

i in EE, is that these comgle:d:ieslwere not imronl:ed by OR. Rather, :hey

R . ’
@ . reside in the raal problems facing cduca:ors; and OR appears the only

Fi -

discipline p:epared to make them explicit and to bal‘ance then off ’ .-
in an intelugib_le V&Ya ' - L

;] . - ’ -
o . . ’

‘o, ‘
- . N

.,. T -k Other Subfields of Operations Research oL ,

- Suppou, now, :ha:&o are advising admipistza:ors on a differem:

-

. " problem, the assigmum: of tdachers to courses. We can assigfleach

. 1
L3 - * ‘
@ . :eachur only toa cétain number of couru‘s, and each requirad course

L e in the curriculum mist be :aag,b:o We have a specif.ied goals We w:lsh

#‘ our assigrma: to opci,mize the ,sum of ratings given by departman:

" E‘aads to each :eacheglcourse combina:ion.3 How should we design ' .
¥, . set out to
- B - ) our OR modsl? We coul.d!design a decisigd’ tree, with avary pouibla

1 : . ol , * Y
e O : 17 -
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?eacherlcoursc combination complex.having a brinch of irs owp. But . ,
. s ° - A " ’ - . - °
. the rmmbar of *such branches would bécome ‘exue_mély lazge. For example,
]

+ . if there were just 5 r.eac,hars aud 20 coursu for them to cover {each.

- 4 .
t.eaching four ¢ourses), then there are 300 illim possible asdignmn:514
L for such an assignment)problem,

DA i.s obvi.ously a poor wodel, then, and we furn to the broader field of

19 -
-

OR-‘for a more suir.able choice.

*

[ ] s 7 , Transportation Hodels

.

For such-problexs, a’Suitable framework is an overarching .oue called
! 2 nranspor:ation model. Such a modal provides-one row for each .
® "supply poi.nr." (in this case, . a teacher) and ‘one column for each

"destination" ({n this case, & gourse), Instead of generating

billlons of possible assignment tables, then, we are concerned with just

L4 a5 x 20 table {in this sample problem), and 2 l1imited number of '
’ .
. {terations over this table. Or if therd are, say, only 7 unique courses,

then the table.is Qﬂl; 5x7in this small examples .Such & reduced.table

is {llustrated 14 Figure,3. - - -

: ‘ _y ”~ . - : . \\ >

AS ve nor.e, for each r.ucherlcoursq 'combi.na:ion, there is a benefit, Ty g0 ]

- . 5
b4 . here’a racing of quality. Por each cell in ‘the Figure, there will also
) ' o !
be an xij/with values rangi.ng from zero (when the tedcher teaches no sections

- 4 . ~ -
X ., -

of that course} to &4 (if, say, one teacher ‘teaches all four hours available

1 4

. N u - L ’ s
. in Course #5)e The aim of. the assignment algorithm, then, will be to .
_maximize . . Lo _ ' )
’ ' ' L ~ -
13 .
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This mxini.zaclon {s carried out undar:_’r.he onstraints that. ‘ . i: .~'* .
. uch f.uc.ho: instruct the numbe: of agregd hours, and that ;ach course ” 7
. section be cove:egl by an fnstruétor. ) L "
An expert exezple-of such analy ){.s s p:;;dad by Tillett (1975),_,
- In a realiworld, serious stﬂdy of such assignments,there a.:e of course
¢ . manr considerations beyond those above, aﬂ& ‘I\Hdtt adjusted his model
R for these: For one thing, nefther ratings nor preferences are alone *
o enough- to make out a good assignment. Both must be considered and
‘balanced appropriac'ely, sometimes ln a way different for each teacher
, (depcndi!ng, for example, on senfority). This can be neatly done within
the same general algorithm(p. 102). . . -
the / . For another, teacher prefareuces are .. '’ complicated by

) . the number of secti.ons assilgned of & course (I may llke ta tekch 9r.h grade’

N algebra, but fou: sections of 1L.e.¢ « )0 ‘nlluct t.he:efm:e -

° excended. his model to a r.ht:d’ dimensfon (the nuzbek of sections of
e ll .

eaci't lj conblnatlon). And ln order to nake sure hae obtained feastble
N .~ solutions, he abandoned t.he fast algorithms for ene cnued zero~one -
!..n‘l:ego: programng. Obr.ait;lng dau from 7 Connecticut hlgh-ac.hool

Math depu;muts, ho compand the opl:i.mal solul:i.oq_s for nc.h, agalns:

FoL . the curr.nr. schcdulolnc:’uauy betﬁg tavght. His :esul:s are shown ) .

® 1n~-nb1u 1-and 2. - . ”..




:hcsg pmhrence solutions

Hnturi\i.l'y,'since the algorithm does optimize the objective
function, there is never a case where the solution does not Y

meet or au:'pass the ¢urrent assignment, when only one dimension

65 benefit is consid'_ered. Thus; when preferences ars maximized

in Table 1, - the préference gain is very clea¥, . When we'compare

. with the effectiveness ratingsj

however, we find , there has baen some tradeoff. and the exisr.ing ’
schedules are at times suparior. And wa sce the sama result,,

in reverae; when we maximize only the effectivenass ratings, (Tillett
did not apply the availahle ‘t'.echniques for uombi.ning the two benefi}:s

in appz:opriat:.e vays.) “The clearest ;ness_age 'from‘such w.ork, thm{,v

s that our c.ho;l.c.i.of valge‘glimusions ig of Eu:ndamentnl :i.mpprtanco

to our decisiou-makingo . $

. Nw suppose an cvaiuator is called on t3 help make assianmnns
of this general’ sor:. , clcurly, the OR . framework can enormously , .
a:l.d in kuowin& vha: info:mar.ion to collac;,_ ) wt.;at. oi:inions and
preferences, and how to combine them into a Eeasible and defensible

L]

solution. There is also a sidé banefit frotn nearly all models of
L) - -

. operations research: After Eindins one or more op:.i.tnal"sotutions)

one can do ﬁnsiti\ritx annlysis to find how uable it is under ahiftins -

estimatos 9! benefit. And one can fdirly eaaily calculate alternative
solutionn, if. the aut’.omtic one reaghes produccs soma infoasible antura

not andcipatad in the dasign. It helps us ask questions, as well as -

- L]

- N * . Y.
wake use of thé answers. - . . .
P . . )
. »
s . .
. !
“»
' . i
' 7
‘ ;
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\ Network Models ’ : ‘
\
Another big ‘kl\as of OR models can be adapted for large, unknown
nuzber of aducar.i.onai problems., These are the network model.s.

which are probably most, £ami.1£ar to echxcato:s as PERT diagrams (e.g.,
\ .- ’

Gook, 1966). But -there arc c'ountless othe: potenttnl applications.

\
For example, let us assume 3 question of curriculum design. We have

: b4
a certain gmount of 'tlme\, . a certain mmount of material

to cover (which we can\:x_z\oe-do justice Eo). and estimates of ¢ost and

£y

value for different levels of effart for these ™~ . materfals.

How can OR help us sort out all this information, and come up with the
- { ]
bast possible design? .-

For simplicity, let us {gssune . we have just 10 hours of study;
time, . .. to get through four chap_:e:s of a textbook., For eact'z- .
chapter we have a set of 'altarnati.{re_leve'!.s of effort, with a_,éosr.- ':
and value estimatad for each level. If we think of beginning at ona
end of 2 network, going :hrquéh the qur"cha.p:e.rf., and cndﬁing at the

other end of the network, we migh‘tN draw the problem as in Figure 4. ‘)
N - 4 ‘ r 'Y 1 ,’ . ‘

Now we may ‘think of our problen as picking:our way' through
. & maze of. par:h_é._ Hete we are not jua\t picking the shortest path, .
" as we migﬁ: i.n‘p.lanning{; :ri.i:; axi’ﬂ.we are not just picking the ‘
“Ionzast puh.. ‘aa.we n.ﬂ,ght when anr.i:cipnti.ng‘dtf‘ftcultiea in PERT.

Rather, we are picking d;a: path ‘which produces the mbst efficifent
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trip, g'atniu.g us 'r.% bast ) ' radc; of benefit-to-cost, o N ‘
¢ , posstple. wi.chi.n our set 1Lmit:ati.om . . . . '
) ) And/ we no#ce a peculiarity of the network of Figure 4. There . ‘
° ‘ » are fiye sucr/:essive stagas »of tha tri.p, and rhere is no line, for(hzmple,. " w
directly connccr.ing Chaptar 1 w!.:h chap:er 3.. In fact, this sort
of oblamfj_is: therefore nic d the ‘,'_s_t:_z_tgg_coach" p:l:oblan (Wagner,' e
'. . 1969, p. 256), and :.Lr.-permits,_ ch aasiar‘solutions than if all . . . ‘
bdes were connected with all .otBers, Bec.:use the ,model 138" solvad ‘
/by moving Erom one stage to the next, solving each in turn, it
° ‘48 clasaified as aVdynamic progremaing’ algorithm. -
\ Network problems, like o:}:ers in OR, allw u; to “test. the p
aensitivity of the solution to errors in euimate, and to try out . .
® various alternative valuc; in the i.npul:. Here again, we!ha'(ve a .
. ‘£remevork which halps us ask the right questions, and fit the answera v
. ‘ int’o a rational sel: of sug&esctons, I:oge:har with Somb estinml:e of ’
P ‘ possible errors in those *sugidstions. /. \ - . - _f
.-' . .' . ‘ < .x . - . .
. - . - \ Simulatioh Models ‘ )
4 !“‘ . \ .
PY In séelsingfsugh lagitimn::a app‘roachss' to evaluation, we have
briefly considered t.hree najor kinds of OR models: _decistc;n) analysis,
transportion, and network dasign;. These and others have in common
b , the enormoua banefit of\provi.ding “optimal! solutions, either mxtmi.zing
‘ .» . or n.!.ni:p.i.zing sope function_of. agreed worth, But there is a large
¥ ' clasa of OR mda,la_und;: t.ha'”ganerai head of "simulations", which .
@ | perm"i: ds. t; le’arch‘ out a,lang: number of pc_:s;ibtlg.ttes, but which .
‘ do not aut.omtvicalj:)" home & on the best alternatives. E




"% ‘theory, we aré sble \to "ty out" several plans.for the'library, finding

v, 5 4 . . 13

. . . D [}

lacion models, in Eacc; are sowarfous as to be almos:

-

-

indescribable, s}nce they include :he vast quanti.:y o£ OR, p:oblems !
whi
modals.

cannot be analyzed by one of the standard opt:imizat:i.on

/

Stmulatiom is very vhluable: We often w:l.sh to test a plan .

with thd. enormous .dangers and costs, of a real-vorld t:ri:al., 50 -
set out: the way the-plan Mould be expec:ed to work, often in

:he rm of a flowecharte He?se: out somne statistical features

[ . \
of the,event:s we expect to encounger, oftan usirg randome

3
-

4 14
number generators to simslate their otcurrence. Now we Aritd &
computer p:og&am (p:/obablyr using some of the simulation packages

available), and run a large ‘number of cases, t:ébula:i.ng the results

in summary ways. ‘Ye gain wha:ev'es wisdom\we may gather from,

‘say, ‘'expetienting" . 10,000° such  cases.
L 2 ~ - .

*. Let'us consider a more concrete exaly - We wish classes Eo make

i

—

full use.of the.mew school library being planned, but we ‘are concerned

.

abou: overwhelming :he lib:arian with check-outs, possibly leadins

o tardiness, confusi.on, poor discipli.qe. Such overloads are #hdom

!'ar'

\. events, but we hgve some ,.knowle:;ge about: the méan and vardance

check~out | .
&£ /demand, for c:yaes. oW }:he::e is a particular large b:ancﬁ‘of. . 7

, simulation, so

upu:a'n:gly: By the usa of certain formulas {n this.

' .
for o each i . how often we get fnto difficulty, and how bad the

. " S

dtfftculey aight ba, .o ' ‘

. LY
-

Like the 'o':he: OR models, §irulation encourages ud\ to :hi.nk hard

0

. about ou!: p:oblams, i.den:}»fying ~ kay features, guiding our collection
) : ; . -

1 daveloptd and 5 - =-- 'that:. it 1z softenjl:reaz.ed '
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of 1n£otmal::l.on, setting up our algorithm When we run the problem.
‘ » ) .
o U we get cheaply what might otherwise have co!ﬁ;y dearly. But whatever
the model, the solutions arironly as-géad as the ;n:.arl:ch of the model
with ‘the world.
. ] ' N -
. _ \ .
.~ . The OR Models As Metaphors
+The argument of this hr:ic.lg ‘Ls that décistion king is the most
® ’ impar;:anl: distinction of educational evaluation, an at Operations
. Research is the science of decision-making. Thus, OR inodels would
-
seem to be our preferred metaphor for evaluation. But the Jntroduction
® “of |this term should be justified. One scholar recently wrote that
. , . ~
. "ab systematic way for attacking metaphors exist’:s at this :1me“ (Guba,
1999). I believe, to the con:rary, that some ways af at:r.acking .
g mé:aphqr (or-at leau its ‘£trst cousin, analogy) have been brilliantly’
. h synthesized in recent years. Hy preferred examples are all from the
. (3080’0518813’ 1971)
- ney science of artificial intelligence) For example, Thomas Evans
o (1968) has created an automatic, rule-driven :anal.yzer of geometric
a}dalogy problens of'the sort shen ia Figure 5. . .
/ -
o. N A . 1' . i
N . Lo . ‘ Pigure 5 )
o - His program ANALOGY, .eve;x\a\decade’ago, passed tests with the
N —_ mataphoric fnsight of an Améritan" higheschool student.
/ Ta the more directly verbal real.u':, Reitman_(1965)'programed
® . ’ P
5 - solution algorithm to the classic sort ‘of word analogys
0\ ) ‘
hY - : ~4.

.




HAND 3 ‘GLOVE,1: FOOT (TOE, FINGER, SHQE, LEG) » ,

 J -
® ‘ . . .
\ In this . probl.em, most would Jagree that the t.hf.rd choice, ’

SHOB, is the correct reSponse. But why‘t Apparently because both -

° - . ai.d.as of the etiuacion wi.l.l, then aecf.sfy a relatfion of the forms -
, CLOTHING (HAND, cwvé); and ' .
_ . * CLOTHING(FOOT, SHOE); or more’broadly, ' .
L ; . ) Rayy ! - ' . .
. where R {s a specified relation, and x and y are ordered argmnent:s; v
which satisfy that .re_l.at:l.on. ' ’ k N ’
® ‘. . Such relations are at the heart of mefaphor an:al.ysis. . Indeed,

»

even ' geometrtc-@al.ogies (as fn Figure 5) are 'transl.atad fnto complex

r

-

119&-1)!090881!\3 strings (usf.ng LISP) whi.ch exp‘ress many prppe::t.ica -
y .~ " " and

® ) of forms, /rel.ationsnamong t.hem, and permi.c pacgern recognition by
v compa:l‘aons among Such scri.ngs. Even visual metaphors, rJﬁﬁT

are converted and solved at the leval of symbolic logic. 6
o ' . In e(ral.uation, +*. wg are seeking metabhors which will prwide the

our
besc sprf.nsboard to [successful. perfomnce, 'He seak .q.omparisons of

v
Pl

. real-worl.d problem (let us say, _xx) with some other probl.em {say,

R'ab) which will sexve as a useful modal. m are applyf.ny..:o ouro

-
*

-

problen 4n impl.icu: oquaci.on o£ the form: £ de v

»

® TEL Rxy 3= Rtnb SRR
o There are two sou\rco‘s of difficulgy; 1) whether we have.a clear idea of ‘
,: F c.ha'way :.he mode) itself workss R'abj and 2) whether there is 1n'deed 2
bh . useful match of the two rcl.ations, t.hat. £s, whet.her t.he model s useful.l.y
180morph£c with the rcu-world problem.
. o - . . o ." ‘ .,
' SR 25
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On the first point, OR seams brilliantly ahead of any ‘ather mitaphor .

of decision-making. OR has the ennrmous advantage of all ma:heuatics,
of bringing to beaj a system of damonstrable theorcms, of certain t:uth.

Vir:nally no other, non-mathematical metaphor can hope to provide che -

!

" {intellectual nchor, then, that OR provides. Compare its working model

a

,.All metaphors, then, share the bﬁtden of proving theii‘owh-acéurucy;\“

.

~

. ' - * 2
of decision analysis, for example, with such intrinsically ambiguous
” ) .t s 4

metaphors 2s history or Journalism.

-
¥

On the {&coné point =~ thae £1t of the model to the real~world prdﬁlcm:--

OR shares‘somc of the weaknesses of other maéaphors. That {s, one must

Y "y
labor to eatablish that R really is usefully equivaleént co R', and that -
\ . .
x and Y are usefully analogous to 2. and b of our OR ‘médel. As Norman 773
y »
campbell put it, . ‘e

‘It is never, difficult to find a theory which will explain the

« A laws logﬂcally; what £{s difficult is to f£ind one which will
—
explain them-logically and at the same times display the , v ;

requisite analogys « . If it were found that Eya-analogy was

false it would at dnce lose its valua. (Feigl & Brodbeck, 1953, ,

.
.

pe 289) L. o L
' )

1 9

But even hcre, OR.mctaphorl seem to enjoy unusual statua, s{nca they routinely

O]
provida algorithms Eor dascribing the raal-world'problem (for exatple,
by rcquiring lists of alternativcl, and the values of probabilities,

costs. ada bene‘its) in ways uhich w£11 a: laast probé for any falsi:y in the

kS
-
- . L3

aalogy. PR . ) L

When these two advaﬂ;éggs are put togother -~ the power o? the mathematical
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. \ t- “ . L * / . .
x * £ [ \
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. model in icsalf., and fecs beﬁrtsti’c power in exploring the dimensions
..‘ . of. £it co ;he xeal world-,- ;hgn OR seams ‘Uniquely suited :o?rovide the
: #
. most useful metaphors for educational evaluation,gwith its attendant
. . ~ . .? . - . . . ’ . ) r
- dg:isioﬁ-mking;, ‘ ' & '
) e ‘ ' * " .
. A ” ’ “ ' . . '
. Yoo . . . - =Operations Raseinh and @ducar.ion
’ "rhis final section is intended 85 a guide to - the l.iteracura ‘
® . ] of OR; especialky of those topics most salient Eor educational .

tvaluat.ion. A masterful, prizewinning sumary of the field is the

u\-

iOOO-pagc work by Wagner (1969). ‘rhis fs at once a hcge textbook and
pe " a handpook for professional workers fn OR. There afe very numaroua

b ] 13
. axercisaes and word problems, qyice n’ few wir.h a behaviml or pmcacional

- 1
flavor. Or.her comprahensive eexes in OR arxe by iillier .and Lieberman

®. (1914), and by Gaver and Thompson (1973)+ -All of these have many
problems, and would be suitable f.or courses of two semestars or more.

- " L 4
T For &e suking a par:icular emphasi{ on decision an&sis,

[ thers is an OR text by Trueman (t&?&). vhich devotes six chapters to
| . , such decision trus., And Lf one seeks a combination of DA with our.
" more .classic l:ltiltical °a;:proac-h, .there a _ t.iar.ir..-.s taxtbooks - g
o 4 (without yé!’cr OR techniques) by Hamburg 1910) and by Winkler and Hilliam L.
:ﬁ " Hayl'!(i975), ﬂ"/tgl.l.-h:own psychological ) caciacic

§1. It scems cercain

Z . ’that more, u?i/nics texts . will movqgin the diracr.io of DA, as Bayesian

a® 0

:_ a?pro,,chu bacomn more popular (J.g. » Novick & _Jackson, 1974), ainc&

ﬂ( / there 1s some affinicy between the t:wo areas. And for a special.i'zed

introéuccion co DA, t.hqr is still no better work than that of Raiffa

’ . (aoeett - . !
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As wa\have noted,. psychologists angd educators hav; been slow to

discover OR, but there are some grean shoots" of intereat. &Some basic,
v -r

OR conc.epta have £iltered into edncation, especially in flow~charting
(e.g., Kaufm, 1912), P.BR'ring (Cook, 1966), or PPBS (Hml.ay, 1968) .

These havq typical.ly used graphic aids fiom OR, ' but sel@nr the .'"

. ‘advanced. mthmtical 'b:chniques, let alone- opr.imization, which are the

t

core of OR as a professional discipline. In f.act:, :herrm at least:

two introductory books for edncat:ors (Banghart, 1969; ¥Van Dusseldorp —
Richardson & Foley, 1971), but these lare claarly aimed at familiarization
with some of the concepts, and not at a level of useful expertise.

A spacifit; OR te_a:.tpook for educators and other behavioral scientists,
then, seems a .gap waiting_t:o be £illed.. ,
Educators may noﬁ realize ' just how advanced and coun;@ce OR‘is,

in ather figlds than ourse . " Gourses exist in various uu{.versity
departme :s, including stntistics, enstneating, industrial administration,
.and somatimes depart:mnts of t:hair owq. PheD.'s are given in ng.ny
universities, In the U.S., large- and active professional groups are
fdc&sad i{n major organizations such as the &::rations Raéoarch Society —
of Amcrican (orsA) apd the Institute of Hanagement Sciences (TIMS). -

‘rhcu put out major technical journals,Oparationa Research and Hanag ement

‘

L
Science, and team up for the more applied ‘IIHSIORSA Interfates, and
for large national and intamtional «congresses, with programs running

bl

over 300 close pagas,. OR is at the heart of much seripus' thinking
in gmmnt, indam:ry, and the mili:a:y. And in Schools of Business
Administra:ion, tha tical l-IBA may routinely take two courses focused

on OR approaches. Indoed, it seems to be that Education is tha discipline

-



- . N - -
wvhich is out of step in bR (or which has pa:Q}y began to marchl).
Yet ther; ﬂave beeﬁgﬁ number of efforts to appty'oa.ppproach;s to
the unde:standing of educational p:oblems. and reviews—of some of thesa
have been written by McNamara (1971) and by Johnstone - E-.ﬁ?l&). Much
of the mork‘has been done in higher educatio&jféince OR specialists,
with r.he necessary abilities and skills, have most ﬁ:tqmnt.ly curned
to nearby problems ‘in théir own unive:sities. -1
It is clear that OR techniques have flourished most in Eields
whdre there are easil; available ob ject:.ive functions, sich as time
s&vod, o£ doifa:s profit, 9: hits on target. Our educat{gnal objactives,
howaveé, are intrins{cally le;s tractable; it is a remarkable acﬁievemnnt
of the past half century, th;:rwa have (in Western nations) reached
some fragile cdhcensds about the importance of séoring well on » .
obi\}tive tests. And such measures  are an indispensable hasis of
good educational dncisiondmaking (for a technical, early approach,
see Gronbach & Gleser, 1965).° ~.
Despi;g thoi;;markable. incremantal progress of educationét measurement,
the:; are.still problems.in using test ;co:es as ob}ectivé ﬁnnctions for
OR. One of :hese is that a test score, at best, is of intarval-scale

/ ’ ‘
measurement, whereas Eo: many OR applications wa need\‘§ayscrength of"

< -
ratio scale, that is, using a known zero point. One solution is to |

concentrate on the chanfe of tdst scores, since a zero point of a sé:q

-

.is established for no-change. Yet there are psychomesric problems,

even beyond the relativae instability of measurements of change. Here

fu

again, is a promising f£ield for serious research.

b




’ P/ Anothcr pr{qblem oficas: scores, as we have secn, is putting n
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1n propet perspec:tve as ob jectives of the edu.ca:tonnl erterprises

Hers we have noted some strong bastc wékk in muleiple values (Raiffa,

L] . -?'l“‘

1966; churchman, Ackof.ﬁ & Amoif, 1956, ch. 6; Churchmn,-rl%i; and

=. [ . \ e
cspecj.al],y Keeney & Raiffa, 1976}/ More applted work on this géneral :

-

-

- vrobl.ugn has been’ .‘ “&ired’ (Page, 1972, 1973, 1974; Page & Braeny

1974a,:1974b) . The bentee methods have also been applied by Wayne

° Hart:'in"' (of the National Assessment of Bducational Progress) and by

Dr. W_.illi;m Stretch /(of the Farmington, Conne, Public Schools).. , )
° . 0;:{1&: maj.or vork on the values of objectives has involved the

"belplh" techn:l.cwe (Dalkey, 1969), whi.ch has aimed more at the crea}on

-

4
of consensus among a group than at the dtscwery of fndapendent’

bi:t_ntong None of these have explicitly used values to combine test’
score’s 4into single measures (such as described: in the bentec .
ltteramre), but the potenti 1 is clearly present.

Apnr: Erom test scores, of cou:ge, is the general use of independent

ul:ings of value,, on a rar.:lo scale. Onca these are done, then OR

4
:achniques may be applted :o opr.:l.mize such values, And this has been

ddne in curriculum desi.gn, .8 we have sean (Page, Jarjoura & Kono}ka, .
1976; Page, 1976; Konopka, 1977}, in tsacher assignment ('ri.ue::, 1975),\
4 . . ‘

and most recenciy ¥n the curriculum planning and scheduli.ng for

_high achool students {Grandon, in press). In all of thepe, however,

-!;he "appltcar.:l.pns" hwe nonatsced of the transfer of the genera‘l.

theory to a specific araa, and the discovery of opinions, and the

-

?ui.gn and running of approprta:e programs to op:tmize the o jec:tves,

ai.veq, the data. The nppltcat:lons h not fnvolved the carrying “

s
»*
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"the movemeﬁi; is still very slight. And there is a strong countgr-
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» ) L 1
out of plads generated by orRY Such complete applications remain for
the Euturc. . - \ v ‘ j
Will educal:ionnl evaluation turn toward Operations Research, 1

* evaluative .

as_evaluators become more institutionalized, and the/ discipline takes
’ -

‘on a more structured form? There is surely a movement in this ) /

-ddTection, among at least 2 few of the more quantitatively' sophisticated

in tih;le ?fga"lsuauons movement (e.g., Edwards, Guttentag & Snapper, 1975; -
’ I .

Carnoy, 1976 =~ and Gene Glass in his introduction of Carnoy). But

movemer;:,' subjectivist and anti-technological, also among ma j‘or .
opinion leaders in evaluation (e.g., Stake, 1978). And we can

-

{’qﬁ;: to other applied Eields in education (such as guidance) where .

there has been steady slide away Erom the technical uaa of eyiq}nce,

more and more toward a “soft! epi,,scamology, docr.ri.ne accept:ad on

Eaith 2 ad an ever heavier veliance on "authoril:ics" in the field.

1

We have a’strongly entrenched administrative leaddrship, all having

:ri.san- to their posi.'l:i/.,ona without any 'a'cqualntance with OR. OR is

little tmight 1n Departments of Educational Administration. When'

.

f - i J
we turn to zcsu:ch specialists, ve have those who arc, in Educa:i.on,

/

bést prepared to understand the material. Yet there is still a

'm.sjorr obstacle for them to overcome, as mll; for hardly eny v

Iy L]

\
1
|
catignal evaluation, we may have a rathr similar situation.
part of their training, neither analysis of variance nor mltivariate

analysis, will have prepared them to read the material easily. Which
brings.us to the single major problem with OR and EE; It is hard. ©
Evcn for masuremn: specinlia:s, ic requires months of new effort
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to grasp ,the “fundamenthls. For the vast mmh.r.) workers, H'ho /? ™
enphasi.ze verbal, personal, and poli.r.i.cal skilly far more, "than \

technical” ones, OR,2s an advanced practicing specialty, may be .
w . - . L] L)
hopelessly out’of reach. | - .

d \

) . : / .
Ernest Anderson (1970), recognizing the pro‘blem of OR*s i{nterface ‘

with education, asked about "The Little Man Who Isn't There':

» “»

* the Operations Researcher trained in and- dedicated

v
r.o cducat.ion‘z . .

] * the applied Educa:ional Researcher who can :nd will 53:{:
. ot needed data and relationships even when these hold
d no 4:01:133 of a good'Jwi'nal article o.r convention report?
* the Clisnt who can understand and use uhar: The Operhr.i.ons
and Educational Researcher have to offer him? (p. 3)

.We can repeat th:quqsgj.on. Yer.‘as C. P. Snow wzou,‘ The scientist
has ‘the Eu:ure in his bones." Oparations Ressarch has' the most =
to offer of _any the:aphor for the evaluative proccss. Ir. provi.des »
a framevork to tie togethcr the best i.nfo:mtion and insight inte
a2 systen to help us ,m{aka important decisions. In the long rum, if’
not ’in.mcd.iauly, i€*must prevail as the principal technology for

N

evaluacion. ) . .
. . ! ' -

Loe = seem
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:_ . ’—« - ' ~ " Footnotes ‘ . ‘
1. Sotne work has been done in 'imsixi.ng,_ the bentee at least a large
| h step clqser z:o application. Hayncl uarttm(of the Nad.onal Aneamnt of
® \ de‘utional Progress) has explored values in Soci.al Studi.es. Some of
T i . us have explored. the redesign of a large and i.mportan: course in elecnron&g:a
— -with the U.'S. Navy (?agt,&'canﬁeld, 1975; Page, 1976). And Dr. William
.’ Streich (of the Famington, COnn., Schools) has studibed t:.c:m:'seK tructure
‘ . in high school departments of Bngush and Hi.-s;:ory.
@ \“ s - The n!;l.-lcnwn Bloom (et al, 1956) Taxondmy. of Educational
‘ Objectivés did:not; yraddress itself to nvalues" of the various goalax 1.
. in ::he way we are des'c:ibi.ﬂg. =y a;:d thus.{scoot di:ectiyﬂusoful. for choice
?_ amoug prograns. The vari.ous nlevels" within the Taxonomy, on ‘:h9 other :
I hand, can be weighted and i.ncorporaced within t‘he benue stﬂﬁe%yw ~.
3. w‘? could jusgt as well optimize, the sum of preferences of those |
b teachers, or the sum of ratings by students, or some combi.naﬂ.on ‘of any
+ of thesee
‘ 4s» This calculation treats-the courses as unique, and ignores - « _..i =
.\ 1s~cixedulc constraints. Then the possible permutations are.201/(4141414141).
. 5 In tiu basic ';transportation" model, each cell might rather be
ﬂagged by a cost Cqq0 and the ,30&!, would be to minimize the tot:al cost
¢ of the £inal solud.on. Ha:hmad.cally, the mdjimmm is trivial.
- 62 Ths STUDENT program of Dantel Bobrow (1968) 1s Wps stl{ll closer
‘ to ;:hc sort of m:aphot we seek, si.nco it converts natural Ianguage (Bngush)
probl.lms into algebra, solves :hcm, and trans%s the results back into
- Englf;h. - I , ] N
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Table 1. Resuks of ukdulm; 1o maxiaise preference 1anngs i seven Counccucu High School '
Departmeats
. Depactments - I I i s 6 1
Meaa preference per course-section © - o
Existing schedole BT T B &l 16 ’ '
Optimnl schedule ¥t 31 24 30 ¥ O T4
Mean effectiveness per course-section
+  Exittmg schedule 30 16 T 82 33 83 12
Optiml Kheduh* ‘ $2 T M & 1 35 1 ~

>~ -

lek’ Results of schedubng to mmme effectivenews ratings 1n seven Connecticut High School
. Departmenty  *

Departments 1 2 3 4 5" e 7 *
Mean prefereace per course-section . . '

Existing schedule TS 16& & 0T K1 6] 74
Optieual schedale - - Bl 6T 5T 4 30 S 67
Mean effectiveness per course-section ' N "y "

isting schedule | 30 u 1 82 3 83 72 - . ~

N ' Optimal schedule o 12 M 6 84 88 82 T8 LY -

2 T v - . - N\
—— » Ll - ' .

[ .
’
. ' . v

. ~

chrinud from 'till.el:t. (1973[ Pe 193, copy:i.ght: Socio-Econbnic Planning

Sciancu,,crcac Bri.uin) with the kind permission of author

and publishex. ' .
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- ) Figure 1. A decision tree. o N
’ - . A decision is reached ;
1 posible, agugning vatues to each terminal by aracing out the branches s far a

) node, and prodabilities to each branch from

node. P nodes are then solved (working from the bottor up) eraging ou .hn.P'
v h

And D nodes are solved by folding back i) bue the most vgl::é:;&n?:‘no::;lueatt?:m

B of vocations, the probability values are detetmined by knowledyge of bo
® " a0d self, 'as-are alio the terminal walves. Techrica rermined by know riod o i ey orid
[ b4 )
‘ Page (1974). COpyright.'qur by the
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. studon:, I:hon the valuu of each part of 1nures: in :he t:ec my .
T s ‘be dcﬂncd by :ho tok-n o other m:hod. As noted by this meius 1
out of poctic"interuts; 11: is possible to, movo from the hi.gheat
pl'luosophical valus to the most discrate item or lnstruct.ioml )
objccr.tvo, within only a Eow subdtvisiont or “'generations.” o
Sourte: £.8 Pogg. o .0
-+ bogical quu:mmcn’ 1974, é"g?,gf Edm"oﬂﬂl‘\lofm W . o
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® Demand 3 3. 1 2 8 5 1 (20) . .
o (uf:u.ons). ' - . - . ‘ :
o ‘ . Tes . . - ’
' Fizure 3. Asstgnmens & 5 teachors ;.of7 cour‘.-se.s; 20 sectiong,.
> : . 4 In thig '&ansborpa:i‘on“probl;m, sach uache.r:.hu . o . ‘
o . ' .7 4 row, and egch Course~type a colummn, JThe number B . . !
) of sections of each course required s ehp “demarsdry | ST
. T ~ .an(thl m;mba'r of scctéms each teacher {s avuIabf;_. - v
. S is the "mpply." For each’ cell, x, f is' the rating
. (ox Preferance) of that-reacher for that course- o e
-: - : - o . The afm 13 4o assign tﬁcﬁerg to co;u.-aes . ’
o &

. in ’der to baximize the sum of r“ 1} the assignment,
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® Figure 4. A textbogk problem seen as a network.. The a'tudem: b.egi:x; ]
- " oW l -
at the left and ends at the right, having studied éach chapter st
some level. Each node has a cost, and a benefite The best path from
® B’ to B maximizes the bensfit, while keeping costs with soma permissible -
N " . 1, .
’ &DUNCe o : )
' Fxom Page, Jarjoura, and Konopka (1976,.pe.41)e - T .
. + {"vit,s Copyright 1976 by the Américan Bdudatfonal, i¢al
, Reseitch Ais‘ch:io@f_- Reprinted by permission of f.he' publisher.
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. , Figure 5. A ‘'pecmetric analogy' iptclligcnf:éuteat item,
"i S ‘of the sort solved by the computer program ANALOGY
® s % ;. ‘ ‘
- S . ) (Evans, 1958 p. 271).‘ 'rhc ain is to complece':ha relation %
\ ' 'w “A\'s to B as ¢ is to whacl® by c.hooung corrtctly k20ng -
i ‘. 4% the ﬂvc numbered nlumatﬂu. Thc accepted response
.. . .
. e . 1: #A. copyright 1958 by the H.,_. «Te Eress, and -
R " npﬂntcd wid; pemi.aaion of :hc a\ythof and pubushn:.
’ “x . -f. ‘ : ‘r * -,' .
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