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The arguments and ~elusions of this study are based upon a case study 

involving the comparatiYe analysis of three mathematical models used to 

analyse school finance reform policies in the State of New York. School 

finance retorm is an interesting case study because proposed reforms involve 

the redistribution of a pool of resources of an essentially fixed size. 

Distribution questions i~ New York State (as elsewhere) are highly politicized 

and hence this study redaces to a case study of the use of complex models 

applied to highly politicized policy questions. 

'fb.e centul premise of this study is that c0111ple.x 110dels· of social 

processes often faii to provide direct and useful evidence for policy makers 

because, <•f necessity, complex models are basad upon five distinct classes of 

assumptions. A~ least tvc or· these five classes of assumptions are based upon 

~ priori or theoretical &r~~ents rather than strict empirical arguments. 

Because of their inhers=t epeculative nature (at least in part), complex 

aodels produce forecasts that are not admissable as evidence in an essentially 

politie«l debate. 

Bcwce, quantitati...,. analysts face a fundamental dile-a. Simple models 

containing relatively little speculation (i.a., models that •stick to tho 

facts•) can produce evidence that is directly admissable into a political 

~te. However, such .odels may fail to take into'account a full r~ngd of 

known (or suspected) interactions and can produce forecasts that are incorrect 

292 

Page 2 

when a policy eituation is co.plex (involving interactions of several 

variables) and dynamic. on the other hand, models containing speculative 

arguments may be the best av~ilable technical furec~ata of complex, dynamic 

situations, but evidence gleaned fr0111 SUCh IIOd8lS is not directly a&U88able 

into political debate. 

In the sections that follow, this line of reasoning will be dev~loped as 

follows. First the broad roots of thiB dilemma will be discussed brietl;t. 

Second., some background to the school tinanc~ re!orm casf.t anJ the thxe.e MOdele 

being studied will be presented. ~~ird, the three models will each be 

discussed in relation to the five classes of assumptions involved in a 

modeling study. Finally, severAl suggestion& for improvinq the utility of 

complex models are presented. 

A Dilemma F~cing Public Policy Modelers 

Large scale eocial policy reforms, whether initiated by legislation or 

,...ndl!.ted by the·courta, are designed to change thft behavior o! individuals or 

institutions. Sometimea these reforms involve a carrot of fiscal incentive& 

as in the case of the Hea~start progr~m or the New Jersey Income Maintenance 

Progra~ and sometimes cbe ceforms involve a stick.in the form of legal 

constraints as in the case of OHSA regulation of the industrial workplace. 

Often reforms cnmbine the carrot and stick by both im~osing legal constraints 

and p>oviding tiscnl incentives as in the case of E~ucation for the 

Handicapped in PL 94-142. 

What these reforms have in common is that they are designed to bxeak 

established patterns cf behavior and to create new modes of social exchange. 

Ft·om an an<~.lytic point of view, such programs are difficult to deal with 
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because, by definition, they are designed to violate most ceteris paribus 

assu.ptions, the mainstay of the analyst's trade. Hence, policy analysts 

charqed wit~ program design (as opposed to those charqed with proqram 

evaluatl~n) must deal with a host of puzzlinq technical and non-technical 

dilemmas. Non-technical puzzles center around the essentially political 

nature of the policy design process and the limitations of established 

orqanizations for implementinq policy chanqes. Althouqh perhaps ultimately 

the most important set of forces in the policy design process, these 

non-technical puzzles are not the locus of concern here. Instead we are 

interested in the types of technical dilemmas that must be solved by policy 

analyst~s working .in the public sector. 

Tha central t~chnical dilemma centers around how to project the impact of 

social refot·ms lin fiscal or other terms) when ~ paribus conditions, by 

definiticn, ar~ not met. As a matter of logical necessity, analysts are 

forced to rely on prior asRumptions of one sort or another. Analysts must 

assume that a prior body of theory holds (such as standard micro-economic 

assumptions), that individuals or institutions will react with predictable 

behaviors, or that some form of an equation in some sense "fits" the 

un~erlying processes at work (such as assuminq that loq-linear reqression 

equations model production processes), 

Clearly, an ability to postulate, test, and explain one's prior 

assumptions is key to producinq insiqhtful and believable policy design 

Dodels. The observation that policy design results emerge solely from prior 

assumptions coupled with mathematics is almost true. Since one's mathematics 

is ao•t often not •false,• the quality of analysis appears to rest·aquarely on 

the quality of the underlyinq assumptions. 
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This necessary reliance on assumptions creates a critical ~ension for the 

analyst. One school of thouqht argues that analysts should •stick to the 

facta." Unfortunately, for policy desiqn questions, L~ere are few relevant 

•facta• concerninq what would happen if a reform were to be implemented and 

hence attempts to stay close to one's data produce.analyses that are biased 

toward the ~ ~ and are otten juet point blank vronq (as seen with the 

advantaqe of hindsight).1 

Another school of thouqht says that if someone (~ually an agency head or 

politician) can articulate a policy conclusion, th~n & reasonably well-trained 

analyse should be able to come up with the asswnptions necessary to justify 

that conclusion. Althouqh undoubtedly true in part, this position can crea~e 

ethical problems for conscientious analysts and reduces what should be a 

serious inquiry t~ modern day sophism. 

Finally, truly conscientious analysts may find it convenient (or 

necessary) to rely upon rather sophisticated statistical or management 

scientific models, such models often beinq underpin~ed by subtle assum~ion• 

requirinq years of analytic study to comprehend fully. These modelinq fo~s 

with their prior and often partially camouflaqed assumptions may either baf!l · 

or render suspicious non-technical policy makers. 

This dilemma is exacerbated when the policy under stu~y is one that is 

hiqhly politicized. In the case chosen for study here, the allocation of 

state aid to localities is highly pol.tticized because it involves the 

distribution of a fixed pool of funds. In such a zero sum situation, 

additional aid to some communities must result in relatively less state 

support for other communities or activities underwritt~ by the state. Xf toe 

fixed pool of funds ia expanded, leqialators will have to impose an additional 

tax burden on their constituents. 
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A case stadf• School Finance Refora in Mev York State 

A& with .oat atataa in the u. a., the largest aingla ita• in the Nav York 

State budget ia atate aid to localitiea for education.2 A multi-billion 

d0llar itea, annual negotiations around state aid to education are supported 

b1 an array of data base management and simulation systems in the State 

Education Department, the Division of the Budget, and both houses of the 

Legislature.l In 1978, the method that the State used to support local 

schools vas declared unconstitutional by a lower court ruling.4 Pending 

appeal of that decision, a multitude of task forces, commissions, and spacial 

interest groups have arisen t.o atudy the school finance reform question. Moat 

of these study groups are supported by sophisticated, policy-oriented, 

mathematical modeling capabilities designed to project how policy changes 

aight impact a broad range of equity and distribution questions, these 

questions being the basis of the original court opinion. 

One of several options proposed to remedy inequities in the State's 

allocation of aid to localities is a cost of education index (COBI). A COBI 

is designed to reimburse communities for price differentials that they have to 

pay to purchase a standard unit of input to the educational system.s For 

example, differences in starting salaries for teachsrs with similar background 

and training might reflect in part different •prices• for services faced by 

districts throughout the State. 

Since the early 1970's, COBia have been widely studied within the 

educational finance community, but have not received wide acceptance in 

practice. Moat researchers have proposed that COEis be constructed uaing a 

statistical .odel that sorts out supply effects froa demand effects. For 

example, differentials in teachers' starting salaries-may be due to a 

coaaunity's desire to hire only the best teachers (a demand effect) or due to 

I 
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ths fact that teachers refuse to work in soae areas .(such sa criae-ridden 

csntral citiea) without a pay bonus (a aupply effect). 

The cost of education index question was chosen for study here because in 

the New York State case, three different computer-baaed models have been used 

to study the COEI question. Each of these models, ie briefly deacribe~ in 

turn. 

The Tactical Simulation Model. In a recent national 'survey of .adele 

used to support school finance decisions, Keene identified the most commonly 

occurring type of model as •tactical simulation models.•6 Actually, the tera 

"simulation• is a bit of a misnomer since these modele are in fact elaborated 

data management systems, Large data files are maintained by the state 

Education Department for each local school district within the State. Drawing 

upon this data base, the tactical simulation model can compute aid levels on a 

locality-by-locality basis one year in advance. The key co developing and 

maintaining a tactical modeling capacity is keeping the data base current and 

without errors. Essentially similar versions of tactical simulAtion models 

exist within New York State in the State Education Oepartment, the Division of 

Budget, and both houses of the Legislature. These tactical simulation models 

have long played a key part in legislative negotiations by producing accurate 

estimates of. what will be the impacts of proposed changes on a fine-grained 

geographic basis. The role of models such as these has been accepted in the 

school finance process for quite some time. 

The Econometrics Model. The econometric model chosen !or study was 

completed by the Educational Commission of the Statea in Denver, Coiorado 

under contract to the Governor's Task Force for Equity and Excellence in 

Education. 7 This task force was assembled to help plan the State's reaction 

to the court order declaring the. present funding formula un~nstitutional. 
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The specific model chosen derives COBia for each local school district in the 

State by estimating an equation that sorts out supply versus demand effects in 

deternUning school teachers' salary differentials. It vas one of several 

econometric modele completed by the Educational Commission of the States and 

was chosen for study because it shows interesting parallels to the system 

dynamics model under study and because results from this model have been 

published and are hence in the.public domain.B 

The Systems Dynamics Model. The system dynamics model chosen for study 

was constructed by a team of researchers from the State University of New York 

at Albany. The &OFIN modele were developed in consultation with staff from 

the New York State Division of the Bud·Jet and State Education Department. The 

EDFIN models vera supported by a small institutional grant to SUNY-Albany as 

well as by a potpourri of financing involving small grants from state, and 

private interests. The model reported here examinee the feedback implications 

of impleMenting a COEl. Results from the dynamic EDFIN models have also been 

made available through previous publication.9 

Five ~ey Issues Involved in Managing One's Assumptions. 

Based upon an analysis of three different classes of models all being 

used to analyze school finance reform policies in New York, five issues that 

span all three types of models have been identified as key in being able to 

manage effectively how assumptions are used and misused in formal models. 

~ese five issues are discussed in turn. 

Defininq the wconteXtW Of AnalySiS, woefining COntextW meanS defining a 

model's purpose; audience. and boundary and arriving at a· preliminary 

definition of proposed policy levers. The three models chosen for analysis in 

i 
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this case all vary significantly along these critical contextual dimensio~•· 

For example, the major purpose of the tactical simulation model is to pred:~~ 

on a locality-by-locality basis what the implications of chanqes in the 

current formula will be one, or at most two years into the future. The syst~~ 

dynamics model is designed to explore the longer term (up to ten years) 

implications of policy changes as such changes touch off behavioral reaction• 

in local districts. However, the system dynamics model treats agqreqates of 

community types, not individual coromunities (there are approximately seven 

hundred local school districts in New York State). Finally, the econometric 

model is designed to identify and "hold constantw the effects of variables 

reflecting community preferences for more or less expensive educational 

services. Only the effects of wsupplyw variables beyond the control of local 

decision makers should be used in computing a COEI. 

In a similar fashion, the three models differ in terms of their audien~e, 

and boundary of analysis. Intersstingly enough for purpases of coupadson 

however, all three models are addressing essentially the same proposed policy 

innovation. 

Selection of Method. The econometric model under study assumes that 

relevant por~iona of the achool finance reform reality may be captured by a 

method that assumes the following prior functional formz 

n 

ln(Yl. • 4o + ~ 
i•1 

m 
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( 1) 
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where a 

Y is the dependant variable of interest 

It is one of o independent variables 

e is a Gauasian distributed residual error tsl'll, and 

ai is an elasticity coefficient to be eetimated by the following 

Min• 

(2) 

vhereo 

~ ie the predicted value of Y derived from equation ( 1) above. 

~e system dynamice aodel, on the other hand, made the prior assumption 

that the important aspects of school finance refora could be captured by a 

.adel that conformed to the functional formo 

where a 

! is a vector of net rates of change 

! is e vector .of n system states 

! is the first derivative of ! 

! is e generalized vector of parameters that aay include 
table functions, and 

1 is a generalized non-linear function. 

Finally, the tactical simulation model took on a rather simple 

sa~tical foraz 

Ai,t • J'I.Qt,tl 

(3) 

(4) 
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where At,t represents the aid being allocated to local.school district i at 

tiae t and .Qt,t represents a vector of data items collected on school district 

i for the aid period t with J' being some non~linear function repreoenting the 

state aid formula either in use or being proposed. The'key to this tactical 

simulation rests in keeping the vector of data input as up-to-date ae 

possible. 

Each of these methods "shackles• the analyst in different ways. For 

example, the tactical model baa no dynamics built into it and can not predict 

beyond the time period for which data (or data estimates) are available. 

However, within these limitations, the model is quite accurate. on L~e other 

hand, the system dynamics model has explicit dynamic capabilities, but must 

rely upon a series of specification and estimation assumptions concerning how 

local communities will react at future points in time. Verifying these 

assumptions is difficult. 

Specification of Functional Form. Implicit in all of the three studies 

examined are assumptions concerning what variables to include and exclude fra. 

the study and how to specify exact functional forms. For example, the 

regression-centered model must decid~ which variables to use as measurements 

for supply and demand effects and whether variables shculd be entered solely 

upon the criteria of statistical significance (they were not in the case under 

study) and the system dynamics model had to specify detailed feedback 

relationships between variables chosen for study. 

The details of how these specification assumptions were aadlo, tested, and 

justified to policy ~kers is an important determinant of the reliability of 

model results. 

Estimation of Model Para:neters. Once functional forms were specified, 

all three models needed to obtain estimates of parameters to be used in. the 
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study. For the tactical simulation model, this process reduces to malting sure 

that the data base ls up-to-date and accurate. For the econometric model, the 

eatU&ation procedure involved least squares estimation with a series of 

diagnostic testa being applied to test for violations of assumptions used in 

the estimation as well as computing summary statistics that indicate the 

goodness of the estimates for individual paramet~rs and qroups of parameters. 

Many of these statistical testing procedures are quite tricky, often evoking 

controversy among trained professionals, and more often baffling untrained but 

interested laypersons. Hence, management and reporting of how parameters were 

estimated can be an important determinant of perceived model utility. 

Even though the system dynamics model uses less formal estimation 

techniques, the same.~set of concerns remains concerning how model parameters 

are derived. 

Interpretation of Results. The system dynamics model relies upon an 

"intuitive eyeball" analysis of trajectories printed out from the model. The 

tactical simulation model merely sums various statistics concerning types· of 

aid by 9eoqraphic locality and presents these totals in tabular form. Layman 

are often confident that they can follow and critique these interpretive 

processes. 

However, the econometric model's parameters are not readily interpreted 

by the layman and nontrivial mathematical computations must be performed 

before the rav·elasticities esti~ated by the regression can be turned into 

estillllltes that are· meaningful to 'lay··intuition. Several technical and 

conceptual difficulties exist in auiking these 'interpretations. 

Quite obViously, these five issues are not distinct, but tightly 

interwoven. Selection of a method creates a series of methodolog.J,.cal 

constraints that IDUSt be lllBt as functional forms are specified (i.e., one can 

) 
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not easily specify severe non-linearies in the independent variables of a 

reqression equation if one wishes to use standard regression package:s), and 

similarly how functions are specified influences whether or not data will be 

available to estimate parameters and how interpretable final results will be. 

In the sections below, each of the three models ie discussed in aore 

detail.with special attention paid to how the models differ along tbe five 

dimensions sketched above. 

Discussion of the Tactical Simulation Hodel 

OVer the past r'ive to ten years, tactical simulation models have gained 

wide acceptance as tools for forecasting distributional impacts of proposed 

policy changes in the school finance area. They are extensively used both 

within the executive and legislative branches of government. In fact, each of 

the major parties to the school finance policy debate aaintains a tactical 

simulation capability of some sort. The Governor's annual school finance 

proposal is supported by such a model within the Division o[ Budget aa is th~ 

Board of Regents' proposal supported by a model within the State Education 

Department. Both houses of the Legislature have access to tactical aimulati~n 

capabilities during the period when the school aid budget is being 

negotiated. 

The wide spread· acceptance of tactical simulation models stems to a lar•p::

degree from their technical properties. The methods beinq employed are ea~y 

to understand and do not require the inference of patterns using statiatic•l 

models. Results from two or more such simulations can be reconciled since 

literally no assumptions are evoked by these models. All officially recoqni~ed 
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data baee ia .. ae available on a routine baeie to all partie& by the State 

Education Dapartaent.10 

Moat iMportant, aince the reaulte of the tactical aodela are baaed upon a 

.ldta base that is frequently updated through official foru filled out by 

~·ooalitiee for the State, the results emanating from the 'tactical models are 

• ;t,ject to audit by the State. 'l'llat is, the 1110dela are strictly data baaed, 

h not rest upon assumption&, and leave an audit trail that, in principle, 

c •.. ,.ld be ueed to verify the veracity of the figures reported frOII the model. 

(f,;,·•ever, in practice not all of the data being used has been closely audited. 

At best ~at of the data baa been eubjected to a "desk audit" to check for 

~eternal consistency.) 

A further analysis pf the tactical models under the five cateqcriee 

; ·'"·'tified above de1110natratea further eo11e of the strengths and veakneasea of 

t..,as<t models as policy analytic tools. 

Context of Analysis. In terme of audience, each of the 11ajor parties to 

s~.:<0cl finance negotiations ia an audience for one of the several tactical 

,.,.-.:~tion aodels. In terms of the CO!!I question, the purpose of the aodels 

is to forecast changes in next year's aid distribution if a COEI were to be 

imple~ented. such a aodel would use COEI figures generated by a statistical 

m~dcl (such as the one discussed below) or some other proxy measure (such as 

an 1ndex baaed on wage rates in the State's several labor market areas) and 

ap~ly these indices to the current formula. Currently available data would be 

t>sed to forecast the impact of a COEI on a locality-by-locality basis. 

Assumed FUnctional Form. 'l'lle functional form employed by the tactical 

•t~'-'lation aodels is given in equation (4) above. Typically, these aodels do 

n.:t attempt to forecast the vector of data iteiiiS !!J.,t• into future time 

pecic..ls. Extensive efforte are not made to infer statistical relationships 
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bet-n it ... iD the data vector for purpoaea Of creatin9 a foraulao. lnatead 

the data vector ie aaeumed to be accurate and forecaate of i~ct evoke an 

iaplicit ~ paribus aeeumption aince extensive effort& are not made to 

forecaet shift& in the basic data vector being ueed to estimate future aid 

levels. 

Model Specification. Model specification reduces to specifying exactly 

the function, !• that is used to compute final aid level&, Ai,t• froa the data 

vector. This specification ie ~at uaually uncontroversial since it involve& 

specifying the exieting or proposed aid formula in equation fora. No ~ priori 

or theoretical assumptions need to be evoked in this process. 

Model Estimation. The tactical models do not involve technical questions 

of model estimation. Instead, analysts must assure that the data vector is 

current and accurate. Correctly put, these are measurement and data 

management problema, not estimation problema. Once again, analysts using 

tactical models are not required to make any theoretical assumptions or 

arguments. Disaqreements over model results reduce to empirical question• 

that, in principle, can be resolved by an audit of the data in questi<>n·· 

Model Interpretation. At a first blush, the interpretation of result& 

emerging from tactical simulations are neither controversial nor based upon ~ 

priori or theoretical assumptions. Simply put, tactical models produce highly 

accurate forecasts of next year's aid levels. Questions of interpretation, 

logically reduce to questions of data accuracy. Again, such qusstions are 

empirical, not speculative in nature. 

However, a criticism of the interpretability of tactical modele can be 

raised along the following line of reasoning. If policies under consideratioa 

will reinforce patterns of inequity implicit in the present data or prOduce 

effects that reverse themselves over time, then tactical models by focusing OD 
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first order predictions of next year's aid levels fail to consider important 

second order effects and hence unwittingly may lead to, poor policy choices 

(poor in the sense that next ye,ar's distribution decisions may create 

inequities or· unintended effects in future years). 

The retort to this criticism is that policy choices made this year will 

be reviewed by the Legislature next year. Since the budget is reviewed 

annually, defects in distribution policies can be remedied before these 

deleterioua second order effects take place. In a word, with a one year 

budget cycle, one year forecasts are sufficient. 

However, the retort to this retort points out that next year the tools 

beinq used to analyze distribution policy will be the same and the 

constellation of analysts and decision makers essentially the same as this 

year. Hence the same pressures that make it difficult to look at 

inter-variable correlations and long term effects this year will be present 

next year. This view holds that by relying on one year forecasts with no 

expll.cit at.tention paid to statistical patterns within a year's data or 

possible long trends, the entiro policy process becomes locked into a myopia 

daair~tcd by a vision of only one year. According to this view, the policy 

process. will drift from one year to the next, always intending to look at 

aulti-year effects next year. Meanwhile, the unanalyzed second order effects 

(such as shifts toward greater ineq•Jity in distribution patterns) continue to 

accumulate in ·a ·cc;mpOunding fasht~n. 

In su111,' h<icause of thet'r technical properties, tactica t simulation models 

produce hi~hly reliable estimates that are directly admissable as evidence in 

the annual budqe't debat~·. an essentially political process. However, the same 

restrictions on the analysis' that make such models politically acceptable may 

have the longer run effect of locking the policy process into a myopia 
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dominated by one year. forecasts that ignore important interactions between 

variables or effects over time. 

Discussion of the Econometrics Model 

The econometrics model selected for study here is an analysis of the COB: 

in New York State as published by Wendling. 11 The published work is based 

directly upon a report to the Governor's Task Force oa Equity and Excellence 

in Education. This work, completed by the Educational Commission of the 

States, statistically estimated a COEI for adoption in the State of New York. 

As technical staff tor the Governor's task force in ~ew York and for 

similar task forces in other states, the Educational Commission for the States 

has long been an advocate of COEls as a mechanism for improving educational 

finance policies. The results computed by Wendling for ECS and exaained here 

represent a fairly accepted "state of the art• with respect to the statistical 

computation of COEia. 

However, even thouqh the Wendlinq study represents the cu~rent state o£ 

the art in COEI computation and vas able to pass a peer review for.publication 

in an academic journal, the overall technology is conceptually and empirically 

troubling and perhaps not directly useful to decision aa~ers who must make 

allocation decisions. The limited utility of the statistical studies of COEI• 

can be traced to how the five levels of concerns sketched above have been 

handled within these COEI studies. 

Context of Analysis. Wendling completed his study unde~. direct 

commission from ECS·with the Governor's task force serving as his immediate 

client. His work was funded by a direct state appropriation aupplPcmented by 

support from private sources interested in questions of school finance reform 
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{moat notably the Pord PoundetiOft). Thia atudy waa another in a continuing 

seriea of atudiea by ZC8 centering on COEia. The purpoae of the atudy waa to 

st3tiatically eatiaate a COBI that counted for difference& in •auppty• factor& 

differential levels of educational expenditures. 

overall, the client relationships between Wendling, ECS and the State are 

cvmplex. With minor exceptions, the Governor's task force was ataffed by 

· cxFerts external to the State. This staffing pattern was deaiqned to inaure 

t!cat the task force's final rec0111111enclationa would not be d0111inated by 

~stabliahed intereeta within the State. New ideas and fresh blood ware to be 

infused into the policy process. However, this same maneuveur had the nat 

effect of insuring low.participation by key actors in the policy process 

including the Legislature, the State Education Department, and the Division of 

the Budqet. 

one could arque that the context for the study just described provided an 

ideal opportunity to launch a truly impartial study. On the other hand, one 

~>uld arque that the teak force would be d00111ed from ita conception to be 

ineffectual because it lacked key linkaqea to the political environment within 

the State. In sharp contrast to the tactical simulation models just 

described, this econometric model was owned by a relatively impartial, 

acadeaic analysis teaa with weak political connections. The tactical 

simulation models were developed and maintained by analytic units that were 

active participant• in the political processes surroundinq the annual 

budgetary debates. 

Aaswaed Functional Fora. The functional form of the aodel employed by 

"e~dling is given in equations (1) and (2) above. The dependent variable was 

the salaries of a sample of teachers and administrators from acrose the State 

---·-·-··~~·.-·--·. 
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and the independent variable• were approximately fifty ... aurea of both aupply 

and taste variables that •iqht explain the variance in teachera• and 

administrators' salaries across the State. Taste related variablea vera 

claaaified as personal characteristics of administrators and teachers 

(aaawaing that different communities preferred personnel with differing 

characteristics), professional environment (measured as teachers or 

administrators per 1000 students), and a community's fiscal capacity. Supply 

variables over which the communities were assumed to have no control were 

grouped into students' characteristics, school district characteristics, and 

regional characteristics. 

The functional form employed by Wendling made several iaportant 

statements about the school finance system. First, salaries derive froa a 

production function type formulation and the inputs to this function must be 

determined by measurable attributes of individuals, communities, and regions. 

Second, the exact production function is a combination log-linear and log-log 

one with no lagged or non-linear effects. Finally, this functional fora obeys 

certain stochastic assumptions (such as normal distribution of the residual 

error term and no measurement error in the independent variables) that allow 

the entire equation to be estimated by least squares techniques. 

Indeed, this assumed functional fora is restrictive in nature and 

empirical studies exist demonstrating that even when good statistical •tits• 

can be obtained from such forms, they may be quite poor representations of 

real world proceases.12 In actuality, the justification for using such a 

functional form rests on prior arqwaents that cite that such atudies'have bean 

successfully completed in the past. Also, such a functional forai has the 

convenient property of being able to be estimated easily by standard 

statistical techniques. 
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In the case of the Wendling study, this functional form vas evoked 

L.plicitly and ~ priori with virtually no discussion of why such a functional 

fora might·be sensible. 

N0del Specification. For the Wendling study, the Hxact specification of 

the equation to estimate teacher and administrator salaries proved to be a 

critical issue that was settled by resorting to theoretical, common senoical, 

and otr.et non-empirical forms.of argument. The key issue reduced to what 

variables should be considered •taste• variables and hence held constant, and 

what variables should be considered supply variables and hence have an impact 

on the COEI. Specifically, the logic underlying the computation of the COEI 

ran as follows: 

The ba!Jic equation estimated wast 

ln(SAL) a a + AT + BS + e (5) 

where SAL is the salary being estimated, A is a vector of price coefficients 

associated with thA taste vector Tt B is a vector of price coefficients 

aP.s~iated with the supply vector 81 and e is a normally distributed residual 

term. ~ne index for a given school district was computed by holding constant 

taate varlablee at their mean value as followat 

1n (SAL1 l - ln(SAL) • (a + AT +BS) - (a + AT +BS) 

where the bare indicate mean values. This equation reduces tot 

ln (SALt/SAL) • B(S - B) 
exponentiating each side of this equation: 

INDEX! • e B(S - 11') 

j 

(6) 

(7) 

(B) 
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An examination of the mathematics used to compute the CO!I indicates t~at 

the key step in the entire process involves determining which variables to 

include in the taste vector, T, and which variables to include in the supply 

vector, s. In a review of COEI studies completed previous to the Wendling 

study, Johnson discovered that several key variables such as measures of 

personal characteristics of teachers have been classified as taste variables 

in one study and supply variables in another. 13 That is, the theoretical 

justification for placing variables into one category versus the other are 

ambiguous enough so that two researchers could make exactly the opposite 

decision, Furthermore, the magnitude of the price ~oefficients estimated by 

Wendling indicates that if several key variables were reclaAsified from the 

supply to the taste side of the equation (or vice versa), the actual indices 

computed would shift dramatically. 

In other words, the absolute values of the actual indices computed by 

Wendling are sensitive to specification assumptions. Furthermore, the 

justification for such specifications rests upon rather ambiguous theoretical 

and common sensical arguments. As opposed to the tactical simulation model 

examined previously, the Wendling model rests critically upon non-empirical 

assumptions involving selection of the model's basic functional for. and the 

specification of the model. 

Model Est·imation. The two vectors of price coefficients in the Wendling 

model were estimated using a standard least squares approach. The usual 

questions involving significance of estimates,- robustness of estimates, the 

existence of colinearity among the independent·variables· and other violationa 

of the ·implicit assumptions of the basic regression were involved· in the 

estimation of the Wendling model's paraaeteril. · However, all of these 

questions are statistical in nature and require skillful treatment by the 
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.adeler rather than the invoking of additional aaauaptiona without atrict 

eapirical grounding. 

Model I~terpretation. Aa with the tactical siaulation aodela, the 

interpretation of Wendling'a results does not appear to be a complex teak on 

the surface. Wendling presents a cost of education index for every local 

achool district in the State. These indices are proposed to be entered as 

arguments in the State's formula for distributing aid to localities. The only 

technical jiffic~lty in interpreting his results centers around whether or not 

the basic assumptions underlying the computation of the indices are 

reasonable. These questions have been discussed previously. 

In sua, the Wendling study begins with a common sensical argument that 

ao.e school districts must pay more for similar educational inputs than others 

do and hence should be compensated more by the state aid formula for these 

additional costs. He employs a methodology that is commonly accepted within 

the acadesic community (the use of a production function type regression 

aodel) and develops results that have reasonable face validity (his indices 

vary from approximately .88 to 1.17 with a standard deviation of .083. These 

results are consistent with previously identified differences in the cost of 

living between localities within New York State and with other COEI studies. 

Although hie ~ priori and theoretical arguments may be weak in some spots, 

they do not appear at any point to be clearly and definitively wrong. The 

atudy could be improved by increased sensitivity analysis as well as some 

additional field work to determine what are the important taste versua supply 

variables defining teachers' preferences. 

Ho-ver, even if these basic modifications were to be made, it seems 

clear that the analyst would ultimately have to base his conclusions upon some 

assuaptiona that are not strictly empirically founded. Given that key 
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deciaion -kera within the State (that ia atate le9ial,aton) are locked into a 

zero ewa dietdbution debate, it would appear unlikely that Wendling (or any 

other analyat for that matter) would be able to obtain concenaua from all of 

tha key decision makers because to agree to a set of assumption& that run 

counter to one's own interest is to surrender needlessly an additional chip is 

the political bargaining proceaa. Even if they are constructed according to 

the best technical standards, models such as those employed by Wendling 

ultimately will not be admissable as direct evidence into a policy debate 

where key decision makers have conflicting interests concerning the ultiMately 

desirable policy outcomes. 

Discussion of the System Dynamics Model 

A third model, a systea dynamics aodel, hae been constructed to exaaine 

the policy implications of COEia. Two generation• of aystem dynamics aodels 

were constructed (the EDFIN1 and EDFIN2 models) with the second generation 

being an elaboration of the firat.14 The EDFIN modele group New York State's 

700 local school districts into from four to eight aggregate representation& 

of local districts. Each such local sector dynamically sets its annual budget 

and tax rates in response to shifting environmental factors (e.g. pupil 

enrollment shifts or inflation) and changes in state policy. The broad. 

purpose of the models was to aearch for feedback effects in the school finance 

system that might produce unintended or adverse conaequancee from proposed 

policy changes. 

As with the econometrics aodel discussed above, the systea dynamics aodel 

of necessity evokes a series of anal}~ic assumptions in order to exaaine 

school finance policies. Because such assumptions are theoretical or ~ priori 
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in nature, the system dynamics model is also vulnerable to attack as being 

grounded at least in part in speculative versus empirical argument. P.~vever, 

aa discussed below, the exact strengths and weaknesses of the system dynamics 

.adel differ considerably from those of the econometric model. 

Context of Analysis. Work on the EDFIN1 model began in the summer of 

1979 as a basic research project by a team of researchers at the Graduate 

School of Public ~ffairs, the,State University of New York at Albany. The 

initial model development was guided by a belief that important feedback 

effects were operating in the school finance system and that unless such 

effects wer@ explicitly analyzed, attempts at finance reform would either be 

ineffective or produce significant unintended and negative consequences. 

Initial model development was funded by two small institutional grants to SUNY 

at Albany, one by HEW and one by a private foundation. 

Preliminary results from EDFIN1 indicated that potentially important 

feedback effects were in fact operating. Analyses focusing on policies 

delligned to equaliEe per pupil expenditures found that policies producing 

dramatic progress toward equity in the short run (1 to 3 years) were defeated 

by self-adjusting pressures within the finance system in the longer run (5 to 

7 years).15 Preliminary results suggested that inflation contributed 

considerably to inequity in per pupil expenditures16 and that central city 

compliance with special education mandates led to an unanticipated tax subsidy 

for rural and suburban taxpayers. 17 

In the fall of 1980, these preliminary results were presented to analysts 

within the State Education Department and the Division of Budget. Working in 

consultation with senior analysts in each of these units, the structure of an 

improved model vas sketclied broadly. The development of EDFIN2 wu aupported 

by the State Education Department over the SUIIIIler of 1981. 
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Originally designed as a tool to analyze the policy desiqn process for 

academic audiences, the EDFIN models have been drawn soaevhat closer to the 

policy process in New York by the active interest and support from several 

senior analysts. However, the models are still in a preliminary stage, with 

preliminary results that are not directly coupled to the political policy 

process. As discussed below, the technical properties of the EDFlN models 

make them interesting tools for analysis, but as vith the eeonQ~etrics aodel 

their reliance on ! priori and theoretical arqumenta inhibits them from 

producing forecasts that are directly admissable into the policy debate. 

Ase~ed Functional Form. The basic functional form assumed by the aystea 

dynamics methodology is given in equation (3) above.· This form assumes that 

the relevant reality under study can and should be seen as a system of n state 

variables whose rates of change are intercoupled by non-linear feedback 

effects. As with the functional form employed by the econometric model, this 

form must be justified on !. priori grounds. The !. priori arguments most 

commonly invoked by system dynamics analysts are collected under the general 

title of cybernetics, a body of literature suggesting that the important 

aspects of social systems may be represented by feedback theory. 18 

However, in co~traat to the econometric functional form, the form aas~4 

within equation (3) is a fairly flexible and more gensral form. This can be 

easily demonstrated by noting that the econometric functional form in equation 

(1) is a special case of equation ·(3) where there is one state Yariable, with 

no rates of change specified, and the overall form is linear or log-linear. 

In general, the prior functional forma asewoed by ayatea dynamics models are 

among the·more flexible onea employed in the quantitative .odeling of-social 
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Model Specification. The flexible functional fora diacuaaed above ie 

both a blessing and a curae to eyetea dynamice analyeta. Such a flexible 

functional form deaande extensive specification of causal feedback etructure 

with such apecitication being grounded in a mixture of empirical, theo.retical, 

and ~ priori arguments. Several of the major specification assumptions and 

their origins are sketched below. 

A key specification within the EDFIN modele centers on how to aggregate 

the 700 local school districts within New York into a small number of local 

sectors with similar fiscal and demographic characteristic&. For the EDFIN1 

110del, this grouping -s done using a rough grouping into four baaed upon a 

common sensical analyaia of important cleavages within the State. The EDFIN2 

110del employed a .are elaborate procedure to divide the State into eight 

eectors. Data on approximately fifty variables relating to local districts' 

fiscal and demographic characteristics were collected. These fifty variables 

were reduced to three factors (measuring relative size, wealth, and ruralness) 

using a standard factor analysis routine. A cluster analysis routine was then 

used to identify groups of districts with similar characteristics along the 

three factors identified above. Both the EDFIN1 and EDFIN2 models assume that 

the grouping of school districte.into aggregate sectors is a sensible thing to 

do (that there are fev behavioral differences~ a given sector). 

However, the empirical basis for this assumption for the EDFIN2 model is much 

110re carefully worked out. 

Another example of the types of specification assumptions evoked by the 

BDFIN models centere on how localities and the State set their annual budgets. 

BDFINt assu.ed that desired expenditure levels were determined e«ogenously to 

the .OK>dsl and that the purpose of the 110del vas to examine how the state aid 

allocation sector responded ~~ various levels of desired expenditures. 
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However, the EDFIN2 110del assumes that inforaation f~om the availability of 

etate and local revenues feeds back to influence·the budget setting process. 

These assumption&, clearly more realistic in nature, were needed to get the 

EDFIN2 model to track available time aeries data in a reasonable fashion. 

A final example treats how the EDFIN models simulate the respon~e of the 

Legislature to shortfalls and windfalls in the amounts. of money available in 

the state budqet to provide aid to local districte. EDFIN1 assumed that if 8 

windfall or shortfall existed, then the Legislature would distribute this 

differential strictly in proportion to how the rest of the aid vas. being 

distributed between the sectors (i.e., if sector I vas receivir,q '-0' of the 

total block of state aid, then sector I would bear 20\ of any shortfall or 

windfall in a given year), Discussions with analysts within the state 

Bducation Department indicated that this assumption is a good first 

approximation, but that in acutality the Legislature allocated shortfalls and 

windfalls by manipulating several of the values in the State aid formula (such 

aa the maximum or ceiling aid that the atate was willing to pay per pupil). 

These observations were incorporated into the. final version of the EDFIN2 

model. 

As the above three examples suggest, the specification of the EDFIN 

models is not an entirely straiqht-forvard process. As with all system. 

dynamics models, this specification process involves pert empirical, part 

theoretical, and part common sensical (relying upon expert judgment) 

arguments. It also seems apparent that the specification of EDFIN2 is mo;e 

thorough and carefully done than the specification of EDPINt. However. •• 

with the econometric model, insofar as the model's specification is not 

entire~1 uncontroversial, the model's structure and hence conclusions are 

vulnerable to disqualification in a political environment. 
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Hodel Estimation. As with structural specification, the estimation of 

parameters within the EDFIN.models is baaed upon a mixture of empirical, 

theoretical, and !. priori arguments. In fact, the system dynamics literature 

recoqnizes that questions of parameter estimation can not be divorced from 

questions'of structural specification.19 

For example, initial conditions can be empirically derived from data made 

available by the State Educa~~n Department. Similarly, parameters used in 

the for.ula to distribute aid are published by the State and are 

uncontroversial. However, estimates of hov quickly the Legislature will 

respond to shifting patterns of local expenditures are not readily available 

and such estimates must be pi~ced together using arguments that rest upon 

expert judgment and common sense. For example, common sense rules out the 

possibility that legislatures react to local changes more quickly than one 

y&ar (the length of one budget cycle) nor more slowly than 10 years since this 

tim~ rivals or exceeds the average legislator's tenure in office. 

As oppo&ed to the econometrics model discussed above, the estimation of 

parameter and table function values within a system dynamics modol is not a 

•scientific" question that can readily be settled by reference to single testa 

such as the statistical significance of proposed parameter estimates. In 

fact, Forrester and Senge have proposed that the estimation of model 

parameters is part of a· larger process of validating and buildin.g confidence 

in a coDiplex model.20 They suggest that this overall confidence building 

process involves multiple tests of model structure, behavior·, or both 

structure and behavior. Such tests involv.e close collaboration with the 

ultt.Ate IIOdel users as key decieion makers develop a concenaua. of confidenc111 

in the 80del's structure' and behavior. 
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In the case reported here, key decision makers, due to the very nature of 

the allocation decision being Blade, are by definition at odds and hence the 

concensus building, model validation tests proposed by Forrester and Senqe 

and others will not work.21 

Model Interpretation. OUtput from the system dynamics model involves 

scores of variables that vary against time and must be digested and 

interpreted by key decision makers. Recent research suggests that key 

decision makers may not agree on the interpretation of model results first 

because the task of integrating such a mass of information may be 

psychologically taxing22 and second because individual decision makers may 

place differential weights on various aspects of the DIOdel's output and hence 

arrive at differential interpretations of what the model actually means.23 

However, neither of these problems·is reason for calling into doubt the basic 

assumptions that underpin model output. 

In sum, as with the econometric model (and in opposition to the tactical 

model), the system dynamics model is based upon a blend of empirical, 

theoretical, and !. priori evidence. The standard wisdom in the system 

dynamics field defines model validity in terms of concensus building tests 

involving kay decision makers. However, in a highly politicized environment, 

arriving at concensus, by definition, means that one or more~ of the key actors 

must surrender all or part of his or her political position. Hence, concenaaa 

surrounding modal assumptions is not likely. 

Even though the relative· strengths and weaknea~ea of the two modeling 

approaches are different, both the system dynamics and econ011etric approaches 

share a c01111110n fate of producing results that .will not. be. directly edaisaable 

into a policy debate involving zero-sum questions. 
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I!pllcationa and Dlacuaalon 

Taken together, the three modale presented in this caae atudy paint a 

rather gloomy picture with respect to the use of complex modele to support 

political decisions of a zero-sua nature. The results of the study can be 

~rized in two rules of thumb and one immediate corollary to these rulea. 

The rules of thumb are• (1) Statistical models that explore 

interactions between mora than two independent variables will not produce 

results that are admissable into zero-sua political decisions, and 

(2) dynamic models that project impacts more than two budget cycles into the 

future will not produce results that are admissable into zero-sum political 

debates. 

As detailed in the case study above, the reasons for both of these rules 

are fundaaentally the same. Complex statistical or dynamic ~dele of aocial 

pca!n011ena of necessity rely in part on .! priori or theoretical arguments. 

~~~ly~ta must stray from rock solid empirical foundations if they are to 

design new policy options fo~ future implementation (as opposed to evaluate 

policies implemented in the past). In a zero-aum distribution decision, if 

s<.me key decision maker (i.e;, legislator) experiences a relative gain, s011e 

ot~er decision maker must experience a loss. Hence concensus around .! priori 

cr theoretical assumptions will not occur since some coalition of decision 

m3<era will always lose from such technical concenaus. 

An i-diate corollary of these two rules of thumb is that the 

introduction of a full range of quantitativa modeling capabilities to aero-sua 

policy choices will tend to produce a policy process that is more myopic and 

takes fewer factors into account than policy processes functioning without the 

sC>pport of aathematical models. 
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Ca.plex .adele that taka into account interaction~ between aevaral 

variable• or that project aulti-yaar impact& will be inadaiaaable into the 

debate for the reasons noted above. Hence, only modale that are aolidly baaed 

empirically (such as the tactical model diacuaaed above) will be adMdttad into 

the policy debate. By focusing on highly accurate forecaata of next year'• 

distribution, these models will draw attention each year to the abort run 

consequences of distribution decisions. 

In the absence of accurate ehort tara forecasts, legialatora oould 

previously attempt to implicitly balance short term with long term effects 

through purely verbal debate. In a word, the introduction of short run 

forecasts has lifted a "vial of ignorance• that had previously allowed 

legislators to act in a more statesman-like fashion in ignorance of the exact 

gains and losses that would accrue to their home constituencies froa their 

actions. 

A hopeful suggestion might be that the pessimistic conclusions of this 

case study are not necessarily always true, but merely artifacts observed ln 

and unique to this one case. The unique nature of these concluaiona could b8 

due to two reasons. Firat, perhaps the tactical models were more adaiaaable 

not because of their technical properties but because they were each used by 

politically •ccnnectsd" teams of analysts. Second; perhaps the problem with 

the system dynamics and econometric models vas not due to intrinsic propertiea 

of these classes of models in general, but rather to the details of the 

specific modele built in the first place-perhaps they were not technicall:r 

sound models. Each of these two suggestions is briefly discussed in turn. 

If a model's utility is in fact tied to the •connectedness• of the 

analyst team that builds it, then why haven't such politically connected 

analysts adopted other modeling technologies? &conometric and ayatea 4ynaa1C8 
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modeling techniques have been in exist~nce for 20 years or more. Surely if 

such aodels vera politically viable, they would have received some acceptance 

during this time span among analytic staff. The possible counter-argument is 

that political staff members are analytically unsophisticated or iqnorant of 

the potential of such models. This does not seem likely in a state where 

analysts possess state of the art graduate traini~g and do rapidly acquire 

~chnological innovations vh~n appropriate in other fields. 

The second suggestion that the econometric and system dynamics models 

were not technically the best possible efforts is undoubtedly in part true. 

However, even given a large budget and unlimited time for mo~el development, 

it seems unlikely that a complex model could, in principle, be constructed 

without resort to some ~ priori or theoretical arguments. Perhaps the impact 

of unlimited time and budget would be to· camouflague more cleverly critical 

assumptions behind layers of analysis thereby increasing the time and effort 

needed to critiqu" the resultant models. The ultimate solution to the 

question of whether or not technically "perfect• models are or are not 

grounded in ~ priori and theoretical arguments could be reached if someone 

could point to at least one complex model of a distribution problem that is 

without r.ontroversy. No such model comqs to mind easily. 

In sum, results of this case study suggest that the most important issues 

in an analysis of zero-sum distribution issues are not technical ones. 

Instead, basic issues relating to selection of method and model 

conceptualization and specification are the most important issues in defining 

a model's ultimate utility in a political environment. 

Model~r• need to carefully manage their client relationships. Perhaps 

modele constructed with no direct political client and making no pretenaea.at 

producing forecasts that are directly relevant to the policy process may 
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ultimately be the moot valuable ones. such models could allow key decision 

makers to discuss broader issues without the necessity of arriving at 

concensus publicly over key aasumptionn. Modelers must take care to express 

the results of their analyses in ordinary language without resort to jargon, 

higher mathematics or evoking the computer as a •black box• that gives 

solutions. 

In the final analysis, the public policy process is a political dialogue 

that is carried out in ordinary language among parties with both private and 

public interests. Policy relevant modale must strive to enrich that dialogue 

rather chan displace it vith assumptions and mathematics that obscure rather 

than infora the issue. 
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