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The arguments and comclusions of this study are baged upon a case study

‘ involving the comparative analysis of three mathematical models used to
analyse school finance reform policies in the State of New York. School
finance reform is an interesting case study because proposed reforms involve
the redistribution of a pool of resources of an essentially fixed size.
pistribution questions im Mew York State (as elsewhere) are highly politicized
and hence this study reduces to a case study of the use of complex models
applied to highly politicized policy questiona.

The central premise of this study is that complex models of social
processes often fail to provide diract and useful evidence for policy makers
be;ansé, of necesaity, complex models are based upon five distinct classes of
assunptions. At least twc of these fiva classes of assumptions are based upon
a priori Qt theoretical arguments rather than strict empirical arguments.
Pecause of their inhereat speculative nature {at least in part), complex
models produce »forecasts that are not admissable as evidence in an essentially
political debate.

Heace, quantitative analysts face a fundamental dilemma. Simple models
containing relatively little speculation {i.e., models that 'stiqk to the
facts®) can produce evidemce that is directly admigsable into a po;icical
debate. However, such models may fail to take into account a full range of

xnown {or suspected) interactions and can produce forecasts that are incorrect
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when a policy -Léuition is complex (involving Lntnx-ctlon-‘ot several
variables) and dynamic. On the other hand, modals con;.al.nlnq speculativs
arguments may be the best available technlcai forecasts of complex, dynamic
situations, but evidence gleaned from such models is not directly admiseable
into political debate.

In the sections that follow, this line of reasoning will be dev2ioped as
follows. First the broad roots of this dilemma will be discussed briefiy.
Second, some background to the school finance reform case and the three models
being studied will be presented. 7Third, the three models will each be
discussed in relation to the five classes of assumptions involved ;a a
modeling study. Finally, several suggestions for improving the utility of

complex models are presented.

A Dilemma Facing Public Policy Modelers

Large scale eocial policy reforms, whether initiated by legislation or
mandated by the courts, are designed to change the behavior of individuvals or
inatitutions. Sometimes these reforms involve a carrot of fiscal incentives
as in the case of the Headstart program or the New Jarsey Income Maintenance
Program and sometimes che reforms involve a stick.in the form of legal
constraints as in the case of OHSA regqulation of the industrial workplace.
Often reforms combine the carrot and stick by both imposing legal constraints
and pioviding fiscal incentives as in the case of Education for the
Handicapped in PL 94-142. .

What these reforms have in common is that they are designed to break
established patterns cf behavlor and to create new modes of social exchange.

From an analytic point of view, such programs are Aifficult to deal with
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because, by definition, they are designed to violate most ceteris paribug
assusptions, the mainstay of the analyst's trade. Hence, policy analystse
charged with program design (as opposed to those charged with program
evaluation! must deal with a host of purzling technical and non-technical
dilemmas. Non-technical puzzles center around the essentially political
nature of the policy design process and the limitations of established
organizations for implementing policy changes. Although 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 wmust be solved by policy
analysts working in the public sector.

The central ‘technical dilemma centers around how to project the impact of
social refovms |in fiscal or other terms) when ceteris paribus conditions, by
definition, are not met. As a matter of logical necessity, analysts are
forced to rely on prior assumptions of one sort or another. ‘Analysts muat
assume that a prior body of theory holds (such as standard micro~economic
assumptions), that individuals or institutions will react with predictable
behaviocrs, §r that some form of an equation in some senge "fits"™ the
underlying processes at work (such as assuming that log-linear regression
equations model production processes).

Clearly, an ability to postulate, test, and explain one's prior
assumptions is key to preducing insightful and believable policy design

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

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

i{s most often not "false,” the quiiity of analysis appears to reést squarely oa

the quality of the underlying agsunrptions.
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‘This necessary reliance on assumpttona'cteates a critical tension for the
analyst. One school of thought argues that analysts should "stick to the
facts.” Unfortunately, for policy design questions, there are few relevant
"facts" concerning 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 status quo and are often just point blank wrong (as seen with the
advantage of hindsight).!

Another school of thought says that if someone (usually an agency head or
politician) can articulate a policy conclusion, then a reasonably well-trained
analysc should be able to come up with the assumpﬁions necessary to justify
that conclusion. Although undoubtedly true in part, this position can c;ea:e
ethical problems for conscientious analysts and reduces what should be a
serious inquiry to 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 being underpinned by subtle assumptions
requiring years of analytic study to comprehend fully. These modeling forms
with théit prior ;nd often partially camouflaged assumptions may either baf¥¢i:
or render aQsplcious non-technical policy makers.

This dilemma is exacerbatgd when the policy gndet study is one that is
highly politicized. 1In the case chosen for gtudy here, the allocation of
state aid éo localities is highly politicized because it involves the
Aigtribution of a fixeé pool of funds. In such a zero sum situation,
additicnal aid to some communities must result in relatively less state
Quppott for other communities or activities underwrittem by the stat;. Vlf the
fi#ed pool of fund& is expanded; iegislatora will have to impose an additional

tax burden on their constituents.
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A Case stnézx 8chool Finance Reform in New York State

As with most states in the U, S., the largeat single item in the New York
State budget is state aid to localities for education.2 A multi-billion
dollar item, annual negotiations around state aid to education are supported
by an array of data base management and gimulation systﬁns in the State
Education Department, the Division of the Budget, and both houses éf the
Legislatute.3 In 1978, the method that the State used to support local
schools wag declared unconstitutional by a lower court :uling-‘ éending
appeal of that decision, a multitude of task forces, commissions, and special
interest groups have arisen to astudy the school finance reform queatién- Most
of these study groups are supported by sophisticated, policy-oriented,
mathematical modeling capabilities designed to project how policy changes
might 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 ald to localities is a cost of education index (COEI). A CORI

is d;signed to reimburgse communities for price differentials that they have to
pay to purchase a standard ;nit of input to the educational system.5 For
example, differences in starting salaries for teachers with similar background
and training might reflect in part different “"prices™ for services faced by
districts throughout the State.

Since the early 1970°'s, COEls have been widely studied within the
educational finance community, but have not received wide acceptance in
practice. Most researchers have proposed that COEIs be constructed using a
statistical model that sorts out supply effects from demand effects. For

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

community's desire to hire only the best teachera (a demand effect) or due to
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the fact thnt‘taachoru refuse to work in some areas (such as crime-ridden
central cities) without a pay bonus (a supply effect).

The cost of education index question was chosen for study here because in
the New York State cage, three different computer-bagsed models have been used
ﬁo study the COEXI question. Each of these models, is briefly described in
turn. .

The Tactical Simulation Model. In a recent national survey of models
used to support school finance decisions, Xeene identified the most commonly
occurring type of model as “tactical simulation models. 6 Actually, the term
“simulation® is a bit of a misnomer since these models 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 to developing and
maintaining a tactical modeling capacity is keeping the data base current and
without errors. Essentially similar versions of tactical simulation models
oexist within New York State in the State Education Department, the Division of
Budget, and hoth houses of the Legislature. Thage tactical simulation models
have long played a key part in legislative nagotiations by producing accurate
estimates of what will be the impacts of propouea changes on a fine-grained
geographic basis. The role of models such ag thege has been accepted in the
school finance process for quite some time.

The Econometrics Model. The econometric model chogen for study was

completed by the Educational Commission of the States in Denver, Colorado
under contract to the Governor's Task Force for Equity and Excellence in
Education.” This task force was assembled to help plan the State's reaction

to the court order declaring the present funding formula unconstitutional.
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The specific model chosen derives COEIs for each local school district in the
State by estimating an equation that sorts out supply versue demand effects in
deteruininq school teachers' salary differentials. It was one of several
econometric models completed by the Educational Commission of the States and
was chosen for study because it ghows interesting parallels to the system
dynamics model under study and because results from this model have baen
published and are hence in the public domain.®

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

wag constructed by a team of rescarchers from the State University of New York
at Albary. The EDFIN models were developed in consultation with staff from
the New York State Division of the Budjet and State Education Department. The
EDFIN models were 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 examines the feedback implications
of implementing a COEI. Results from the dynamic EDFIN models have also bean

made available through previous publication.?

Five Xey Issues Involved in Managing One's Assumptionsg.

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.
These five issues are discussed in turn.

Defining the "Context” of Analysis. "Defining context® 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
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this case all vary significantly along these critical contextual dimensions.
Por example, the major purpose of the tactical simulation model is to predic:
on a locality-by-locality basis what the implications of changes in the
current formula will be one, or at most two years into the future. The systex
dynamics model is designed to explore the longer term {up t§ ten years)
implications of policy changes as such changes touch off behavioral reactions
in local districts. However, the system dynamics model treats aggregates of
coﬁmunlty types, not individual communities {(there are approximately seven
hundred local school districts in New York State). Finally, the econometric
model is designed to identify and “hold constant™ the effects of vuriableg
reflecting community preferences for more or less expensive educational
pervices. Only the effects of "supply" variables beyond the control of local
decision makers ah;uld be uged in computing a COEI.

In a similar fashion, the three models differ in terms of their audience,
and boundary ot‘anulysis. Interestingly enough for purposes of comparison
however, all three models are addressing essentially the same proposed policy
innovation.

Selection of Method. The econometric model under study assumes that

relevant portions of'qhe school finance reform reality may be captured by a

method that assumes the following prior functional form:

n m ) (%))
In{Y) = a, + 2 ajin(Xxy) + 2 anj + e
' iw1 : j=1
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where:
Y is the dependent variadle of interest
X; is one of n independent variables
e is a Gaussian distributed residual error term, and
aj is an elasticity coefficient to be entimate.d by the following
‘ Min: ‘

all ag  (¥-9)2 (2)

whera:

A

Y is the predicted value of Y derived from equation (1) above.
The system dynamics model, on the other hand, made the prior assumption

that the important aspects of school fi

reform could be captured by a

model that conformed to the functional form:

e

R=X = E(X,P) (3)

where:

L]

is a vactor of net rates of change

is a vector of n system states

I (%

is the first derivative of X

L]

is a generalized vector of parameters that may include
table functiona, and

E is a generalized non-linear function.
¥inally, the tactical simulation model took on a rather simple

wmathematical fora:

Aj,t = F(Dy ¢) )

29

Page 10

where Ay ¢ ropréuntn the aid being allocated to local school district i at

time t and Dy , represents a vector of data items collected on schnol district

1 for the aid period t with P being some non~-linear function repreasenting the

state aid formula either in use or being ptoposed». The key to this tactical
simulation rests in keeping the vector of data input as up-to-date as
possible.

Each of these methods "shackles" the analyst in dufareni ways. Por
example, the tactical model ﬁan no dynamics built into it and can not predict
beyond the time period for which data (or data estimates) are avui}ablo.
However, within these limitations, the model is quite accurate. On the other
hand, the system dynamics model has explicit dynamic capabilities, but must
rely upon a series of specification and estimation nqsumpuona concerning how
local communities will react at future points in time. Verifying thege
assumptions is difficult.

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

axamined are assumptions concerning what variables to include and exclude from
the study and how to specify exact functional forms. For example, the
regression-centered model must decide 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
ntudy) and the system dynamics model had to specify detailed feedback
relationships between variablea chosen for study.

The details of how these specification assumptions were made, tested, and
Justified to policy makers is an important determinant of the reliability of
model results.

Estimation of Mode) Parameters. Once functional forms were specified,

all three models needed to obtain estimates of parameters to be used in the

e =
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study. For the tactical simulation model, this process reduces to making sure
that the data base is up~to-date and accurate. For the econometric model, the
estimatjon procedure involved least 8squaresg estimation with a series of
diagnostic tests being applied to test for violations of assumptions used in
the estimation as well as computing summary gtatistics that indicate the
goodness of the estimates for individual purametérs and groups of parameters.
Many of these statlistical 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 gystem dynamics model uses less formal egtimation
techniques, the same-get of concerns remains concerning how model parameters
are detiveds

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 geographic localgty and presentg these totuia in tabular form. Laymen
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 raw elasticities eatiﬁated'by the regression can be turned into
estimates that are meariingful to'lay intuition. ‘Several technical and
conceptual difficulties exint‘in making these interpretations.

Quite obviously, these five issues are not distinct, but tightly
intervoven. Selection of a method creates a series of methodological

constraints that must be met as functional forms are specified (i.e., one can
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not eagily specify severe non-linearies in the independent variables of a
regression equation if one vishes to use standard regression packages), and
similarly how functions are specified influences whether or not data will be
avajlable to estimate parameters and how interpretable final results will be.
In the sections below, each of the thiae models is discussed in more
detail ‘with special attention paid to how the models differ along the five

dimengions sketched above.

Discusgion of the Tactical Simulation Model

Over the past five to ten years, tactical simulation models have gained
wide acceptance as tools for foreéasting distributional impacts of proposed
policy changes in'the school finance area. They are extensively usgd both
within the executive and legislative branches of government. In fact, each of
the major parties to the school finance policy debate maintains a tactical
simulation capability of some sort. The Governor's annual gchool finance
proposal is supported by such a model within the Division of Budget as is the
Board oé Regents' proposal supported by a modelbvithin the State kdﬁcation
Depattm;nt- Both houses of the Legislature have access éo tactical simulation
capabilitié; during thebperiod when the school aid budgetkis being
negotiat#d. ,

Tﬁe wide spread'acceétance o? tactical simﬁlation models stems to a laryw
degrée tro? the;: gecgnlcai proparties; The meth;ds being employeq irc easy
to understand and do not require th; inEerenée ofléltternsiusinq statiuti§n1
mod;isw Rnsnits from £wo or nore |uch slmulatioﬁa can bc‘recodciled -ince(

literally no assumptions are evoked by these models. An officially recognized
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data base is made nahuhlo on a routine basis t§ all parties by the State
Education Department.10

Most important, since the results of the tactical models are based upon a
Jata ba-ci that is frequently updated through official forms filled out by
1scalities for the State, the results emanating from the ‘tactical models are
sihiect to audit by the State. That is, the nodeis'ure strictly dnta. based,
A not rest upon assumptions, and leave an audit trail that, in principle,
cuald be used to verify the veracity of the figures reported from the model,
{rowever, in practice not all of the data being ugsed has been closely audited.
At best most of the data has been subjected to a "desk audit™ to check éor
1ntern;1 consistency.)

A further analysis of the tactical models under the five categories
ijestified above demonstrates further some of the strengths and weaknesses of
v 260 models as policy analytic tools.

Context of Analysis. In terms of audience, each of the major parties to

sciccl finance negotiations ie an audience for one of the aeveral tactical
sxzuuln-tlon models. In terms of the COEI question, the purpose of the models
is to forecast changes in nex.t year's aid distribution g a COELI were to be
implement-d- Such a model would uad COEI figures generated by a statiastical
model (such as the one discussed below) or some other proxy measure (such as
an tndex based on wage rates in the State's several labor market areas) and
apply these indices to the current formula. Currently available data would be
used to forescast the impact of a COEI on a locality-by-locality basis.

Assumed Punctional Form. The functioﬁa.l form employed by the tactical
simalation models is given in equaéﬁm (4) above. Typically, these models do
n:t attempt to forecast the vector of da.ta 1te.na Dy ,¢s into future time

gericls. Extensive efforts are not made to infer statistical relationships
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bgtmn items in the data vector for purposes of creating a formula. Instead

the data t is 4 to be

e and for ts of impact ke an

implicit ceteris paribus assumption since extensive efforts are not made to

forecast shifts in the basic data vector being used to oitimte future aid
levels.

Model Specification. Model specification reduces to specifying exactly

the function, ¥, that is used to compute final aid levels, Aq ., from the data
vactor. This specl!k‘:ntlon is most usually uncontroversial since it involves
spacifying the existing or proposed aid formula in equation form. Wo a 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 accufate. Correctly put, these are measurement and data
management problems, not estimation problems. Once again, analyats. using
tactical models are not required to make any theoretical assumptions or
arguments. Disagreements over model results reduce to empirical questions
that, in principle, can be resolved by an audit of the data in gquestion.

Model Interpretation. At a first blush, the interpretation of results

emerging from tactical simulations are neither controversial nor based upon a

priori or théoretical 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 questions are
empirical, not speculative in nature.

Howaver, a criticj.slg of the interpretability of tactical models can be
raised along the following line of reasoning. If policies under consideration
will reinforce patterns of inequity 1mp11dt in ;Ime present data or produce

effects that reverse themselves over time, then tactical models by focusing on
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first order predictions of next year's aid levels fail to consider 1mpottant
second order effects and hence unwittingly may lead to'pocr policy choices
(poor in the gense that next year'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 15 reviewed
annually, defects in distribution policies can be remedied before these
deleterious second order effects take place. 1In a word, with a one year
budget cyéle, one year forecasts are sufficient.

However, the retort to this retort points out that next year the tools
being used to analyze disttibutionvpolicy will be the same and the
constellation of analyatskand dacision makers essentially the same as this
year. Hence the game 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
explicit attention paid to statistical pattetns within a year 8 data or
possible long trends, the entiru policy process becomes locked into a myopiu
domirated by a vision of only one year- Accotding to this view, the policy
process. will drift from one year to the next, always incendinq to look at
sulti~year effects next year. Meanwhile, the unanalyzed second order eftects
(such as shifts tovatd greater 1nequity in distributlon patterns) continue to

accumulate in a compoundinq fashion.

In sum, because of their technical properties. tactical simulation models

produce hiqghly reliabie estimutes that are directly admissable as evidanca in

the annual budqei débate, an Bssentially political process. Hovever, the ~same

restrictions on the analysia that nake such modeln politically acceptable mny

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/ecgnomatricé model selected for study here is an analysis of the COZI
in Rew York étnte Aa published by Wendling.!! The published work is based
directly upon a report éo the Governor's Tasky?orce on Equity and Excellence
in Education. Thiu work, completed by the Educatioﬁai Commission of the
States, statistic;lly estimated a COEI for qdoptioﬁ in the State of New York.

As technical staff for the Governor's task force in New York andvfor
similar task forces in other states, the Eduéational Commisgion for the States
has long been an advocate of COEIQ as a mechanism for improving educational
finance policies. The results computed by Wendling for ECS and exaningd here
represent a fairlf accepted 'séate of the art® witﬁ resﬁect to the statisrical
computation of COEIs. ‘ ’ v

However, even though the Wendling study represents the current stgtg of
the art lnICOEI computation and was able to‘puss a peer reyiev fog_publiga?ion
in an academic journal, the Qverall technoloqy is conceptually and empiricnlly
troubling And perhaps not dizectly useful to decision makers who must make
allocation dacleions. The limited utility of the statistical studies of COEls
can be traced to how the five levels of concerns sketched above have been
handled withtn ;hese COBI studies- '

Context of Annlysia. Wendling completed his etudy under direct

commisslon ftom xcs vith the Governor s task force serving as his 1nmediate
client. His work was funded by a direct state appropriation supplemented by

support from private sources interested in questions of school finance reform
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{mast notably the Pord Poundation). This study was another in a continuing
series of studies by EC8 centering on COEls. The purpose of the study was to
statistically estimate a COEBI that counted for aifferences in “supply" factors
vhile "holding constant® differences in a community's “tastes® for
differential levels of educational expendlturevn. v

Overall, the client relationships between Wendling, ECS and th; State are
complex. With minor exceptions, the Governor's task force was staffed by
"uxperts external to the State. This staffing pattern was doolqned. to insure
tl:at the task force's final recommendations would not be dominated by
establigshed interests within the State. New ideas and fresh blood were to be
infused into the policy process. However, this same maneuveur had the net
2ffect of insuring low.participation by key actors in the policy process

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

the Budget.

One could argue that the context for the study just described provided an

ideal opportunity to launch a truly 1np§rtia1 study. On the other hand, one
a)uld‘ argus that the task force would ba doomed from its conception to be
ineffectual because it 1ack;d key linkages to the political environment within
the State. In sharp contrast to the tactical simulation ﬁodala just
described, this econometric model was owned by a relatively impartial,
academic analysis team with weak political connections. The tactical
simulation models were developed and maintained by analytic units that were
active participants in the political processes surrounding the annual
budgetary debates.

Assumed Punctional Form. The functional form of the model employed by

wendling 15'91ven in equations (1) and (2) above. The dependent variable was

the salaries of a sample of teachers and administrators from across the State
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and the independent variables were approximately fifty measures of both supply

and taste variables that might explainvthe variance in teachers® and

administrators’ salaries across the State. Taste related variables were

..Classified as personal characteristics of administrators and teachers

(assuming 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 characteristice.

The functional form employed by Wendling made several important
statements about the school finance system. First, salaries derive from 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 conhination log~linear and log-log
one with no lagged or non-linear effects. Finally': this functional form 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 form is restrictive in nature and
empirical studies exi;t deinonatratlnq that even when good statistical “fits"
can be obtained from such forms, they may be quite poor representations of
real world processes.!2 In actuality, the justification for using such a
functional form rests on prior arguments that cite that such studies have been
successfully completed in the past. Also, such a functional form has the
convenient property of being able to be eatimated easily by standard

statistical techniques.

e
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In the case of the Wendling study, this functional form was evoked
implicitly and a priori with virtually no discussion of why such a functional
form might -be sensible.

Mudel Specification. For the Wendling study, the exact specification of

the equation to estimate teacher and administrator salaries proved to be a
critical issue that was settled by resorting to theoretical, common sensical,
and other non-empiricallforms.of argument. The key issue reduced to what
variables should be considered “taste" variables and hence held constant, and

have an i ct

what variables should be considered supply varisbles and h
on the CORI. Spécifically, the logic underlying the computation of the COEX

ran as follows:

The basic equation estimated was:

In(SAL) = a + AT + BS + e (5)

where SAL is the salatry being estimated, A is a vector of price coefficienta
associated with the taste vector T; B is a vector of price coefficients

amsociated with the supply vector 8; and e ie a normally distributed residual
term. The index for a given school district was computed by holding constant

taste variables at their mean value as follows:

1n (8ALj) - 1n(SAL) = (a + AT +BS) - (a + AT +88) 6)

where the bars indicate mean values. This equation reduces to:

1n (SAL{/BAL) = B(S - 8) n

exponentiating sach side of this equation:

3!L/§ii = INDEX; = e B(8 = B) Ce)

b
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An examination of the mathematics used to compute the COEI indicates that
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. 1In a review of COEI studies completed p;evious to the Wendling
study, Johnson discovered that several key variables such as measures of
personal char;cteristicu of teachers have bean 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 coefficients estimated by
Wendling indicates that if several key variables were reclassified 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. FPurthermore, the
Justification for such specifications rests upon rather ambigquous theoretical
and common sensical arguments. As opposed to the tactical simulation model
examlned‘previoualy, the Wendling model rests critically upon non-empirical
assumptions involving selection of the model's basic functional form and the
specificatioé of the model.

¥odel Estimation. The two vectors of price coefficients in the Wendling
model were-;atimated using a standard least squares approach. The usual

questions involving significance of eutimates;‘robustness of estimates, the

existence of colinearity

g the independent variables and other violations
of the implicit aasumptions of the basic regression were involved in the
estimation of the Wendling model's parameters. -lHowever, all of these

questions are statistical in nature and require skillful treatment by the
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modeler rather than ‘tho invoking of additional }auunptlon-' without strict
empirical grounding. '

Model Irterpretation. As with the tactical siuuiation models, the
interpretation of Wendling's results does not appear to be a complex task on
the surface. Wendling presents a cost pf education lnde.x for every local
school distric.t in the State. These indices are proposed to be enta_jted as
arguments in the State‘'s formula for distr1§ut1ng aid to localities. The only
technical difﬂculcy in interpreting his results centers around whéther or not
the basic assumptions underlying the computation of the indices are
reasonable. These quastions have been discussed previously.

In sum, the Wendling study begins with a common sensical argument that
some school districts must pay more for similar educational inputs than others
do and hence should be compensated more by the state aid tomnia for these
additional costs. He employs a methodology that is commonly accepted within
the academic community (the use of a production function typ'e regression
model) and develops results that have reasonable face validity (his indices
vary lfrou approximately .88 to 1.17 with a standard deviation of .083. These
results are consistent with érevioualy identified differences in the cost of
living batween localities within New York State and with other COEI studies.
Although his a priori and theoretical arguments may be weak in some apots,
they do not appear at any point to be clearly and definitively wrong. The
study could be improved by increased éansltivit:y analysis as well as some
additional field work to determine what are the important taste versus supply
variables defining teachers' preferences.

However, even if these basic modifications were to be made, it seems
clear that the analyst would ultimately have to base his conclusions upon ecme

assumptions that are not strictly empirically founded. Given that key
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decision makers vith.ln tﬁc State (that is state legislators) are 'lockod into a
_urob sum distribution debate, it would appear unlikely that Wendling (or any
other analyst for that matter) would be able to obtain concensus from all of
the key decision makers because to agree to a set of assumptions that run
counter to one's own interest is to surrender needlessly an additional chip in
the political bargaining process. 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

desairable policy outcomes.

Digcussion of the System Dynamics Model

A third model, a system dynamics model, has been constructed to examine
the policy 1mp1icatlonn of COEIs. Two generations of system dynamics models
were constructed (the EDPINT and EDFIN2 models) with the second generation
being an elaboration of the first.'4 The EDPIN models group New York State's
700 local school districts into from four to eight aggregate representations
of  local districts. Each such local sector dynamically sets its annual budget
and tax rates in respt;nse to shifting environmental factors (e.g. pupil
enrollment ghifts or inflation) and changes in state policy. The broad.
purpose of the models was to search for feedback effects in the school finance
gysten that mlgﬁt produce unintended or adverse consequences from proposed
policy changes. ‘

As with the econometrics model discussed above, the system dynamics model
of necessity evokes a series of analytic assumptions in order to examine

school finance policies. Because such assumptions are theoraetical or a priori
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in nature, the system dynamics model is also vulnerable t6 attack as being
grounded at least in part in speculative versus empirical argument. Fowever,
as discussed below, the exact strengths and weaknesses of the system dynamics
model differ considerably from those of the econometric model.

Context of Analysis. Work on the EDFIN! model began in the summer of

1979 as a basic research project by a team of researchers at the Graduate
School of Public Affairs, the State University of New York at Albany. The
initial model development was gquided by a belief that important feedback
effects were operating in the school finance system and that unless such
effects wera 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 ana one by a private foundatioﬁ.

Preliminary results from EDFPIN? indicated that potentially important
feedback effects were in fact operating. Analyses focusing on policies
deiiqnéd to equalirze 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).!S preliminary results suggested that inflation contributed
considerably to inequity in per pupil exp'endltures‘6 and that central city
compliance with special education ﬁundatea led to an unnﬂticipated tax subsidy
for rural and subarban taxpajers.17

In the fall of 1980, these preliminary results were presented to analysts
within the State #ducation Department and the Division of Budget- Working in

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

improved model was éketchhd broadly. The de&elopnant of EDFIN2 Qa. supported

by the State Education Department over the summer of 1981,
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Originally designed as a tool to analyze the policy design process for
academic audiences, the EDFIN models have been drawn somewhat 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 EDFIN rodels
make them interesting tools for analysis, but as with the econometrics model
their reliance on a priori and thecretical arguments inhibits them from
producing forecasts that are directly admissable into the policy debate.

Assamed Functional Form. The basic funcclonullform assumed by the system

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 raéen 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 a priori grounds. The a priori arguments most
commonly invoked by system dynamics analysts are collected un§er the general
title of cybernetics, a body of literature suggesting that the important
aapects ;f social aystems may be represented by feedback theoty.‘B

However, in contrast to the econometric functional form, the form assvmed
within equat;on (3) is a fairly flexible and more general form. This can be
easily demonstrated by noting that the econometric functional form in equation
(1) is‘a séecial case of equation (3) where there is one state variable, with
no rates of change speéified, and the overall form is linear or log-linear.
In general, the prior functional forpl aasumed by sgnte- dynamics models are

among the more flexible ones employed in the quantitative modeling of- social

processes.

2
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Model Specification. The flexible functional form discussed above ilv_
both a blessing and a curse to system dynamics analysts. Such a flexible
-functional form demands extensive specification of causal feedback structure
with such specification being grounded in a mixture of empirical, theoretical,
and a priori arguments. Several of the major speciﬂca'r.ion agsumptions and
their origins are sketched below. '

A key specification within the EDFIN models 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 characteristica. For the EDFINt
model, this grcuping was done using a rough grouping into four based \;pon a
common gensical analysis of important cleavages within the State. The EDFIN2
mwodel empioyed a imore elaborate procedure to divide the State into eight
sectors. Data on approximately fifty variables relating to local districts'
fiscal and demcgraphic characteristics were collected. These fifty variables
were reduced to three factors (measuring relative gize, wealth, and ruralness)
using a standard factor analysis routine. A cluster analysis routine was then
ued‘to identify groups of districts with similar characteristics along the
three factors identified ukx::ve. Both the EDFIN1 and EDFIN2 models assume that
the grouping of school districts into aggregate sectors is a sensible thing to

do {(that there are few behavioral differences within a given sector).

_Bowever, the empirical basis for this assumption for the EDFIN2 model is much
more carefully worked out.

Another example of the types of spacification assumptions evoked by the
EDFIN models centers on how localities and the State set their annual budgets.
EDPIN! assumed that desired expenditure ”].evals were determined engenously to
the model and that the purpose of the model wvas to examine how the state aiad

allocation sector responded given various levels of desired expenditures.
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However, the muuz.-odel assumes that information from the availability of
state ind local revenues feeds back to influence the budget setting process.
These assumptions, clearly more realistic in nature, were needed to get the -
EDFIN2 model to track avallable time series data in a reagonable fashion.

A final example treats how the EDFIN models simulate the regponse of the
Legislature to shortfalls and windfalls in the amountn' of money available in
the state budget to provide aid to local districts. EDPIN1 assumed that 1if a
windfall or shortfall existed, then the Legislature would distribute this
differential strictly in proportion to how the rest of the aid was being
distributed between the sectors (i.e., if sector I was receiving 20% 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
Education Department indicated that this asgsumption is a good first
approximation, but that in acutality the Legislature allocated shortfalls and
windfalle by manipulating several of the values in the State aid formula (such
as the maximum or ceiling aid that the state 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 speclticatibn of the EDFIN
models is not an entirely straight-forward process. As with all system
dynamics models, this spedification process involves part empirical, part
theoretical, and part common sensical (relying upon expert judgment)
arguments. It also seems apparent that the specification of EDPIN2 is more
thorough and carefully done than the epecificat.lor_s of EDPIN1. However, as
with the econometric model, ingsofar as the model's specification is not
entire’y uncontroversial, the model's structure and hence conclusions are

vulnerable to disqualification in a political environment.
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Model Estimation. -As vith‘structural apecification, -the estimation ofl
parameters within the EDPIN models is based uvpon a mixture of empirical,
theoretical, and a priori arguments. In fact, the system dynamics literature
recognizes that questions of parameter estimation canbnot be divorced tro;
questions of structural speci!ication.'g

For example, initial conditions can be empirically derived from data made
available by the State Educa:AQP Department. S8imilarly, parameters used in
the formula to distribute aid are published by the State and are
uncontroversial. However, estimates of how quickly the Legislature will
respond to shifting patterns of local expenditures are not readily avalilable
and such eatimates must be pieced 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
year {the length of one budget cycle) nor more slowly than 10 years since. this
tima rivals or exceeds the average legislator's tenure in office.

As opposed to the econometrics model discussed above, the eatimation of
parameter and table function values within a system dynamics model is not a
“gclentific”® question that can readily be settled by reference to eingle tests
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 buildlng confidence
in a complex model.?0 They suggest that this overall confidence building
process involves multiple tests of model structure, behavior, or both
structure and behavior. Such tests involve close collaboration with the
ultimate model users as key decision makers develop a concenu;s.of confidence

in the model's structure and behavior.
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In the case reported here, key deciéion makers, due to the very nature of
the allocation decision being made, are by definition at odds and hence the
concensus building, model validation tests proposed by Forrester and Senge
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 résenrch 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
paychologically taxing?2? and second becuuse,indxvidual decision makers may
place differential weights on various aspects of the model'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 a priori evidence. The standard wisdom in the system
dynamice field defines model validity in terms of concensus building tests.
1nvolv;ng key. decision makers.‘ However, in a highly politicized environment,
arriving at concensus, by definition, means that one or more of the key actors
must surréyde; all or part of his or her poligical position. Hence, concensus
surrounding model assumptions is not. likely.

Even though the relative strengths and weaknesses of the two modeling
approaches are ditfarant, both the}gystqm dynamics and econoaetric approaches
shure»a common{fute 9! producing‘rouults that will not be directly admissable

into a policy debate involving rzero~sum questions.
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!_l__gllleation- and Discussion

Taken together, the three models presented in this case study paint a
rather gloomy picture with respect to the use of complex models to support
political decisions of a gero-sum nature. The results of ihe study can be
summarized in two rules of thumb and one immediate corollary to these rules.

The rules of thumb are: (1) Statistical models that explore
interactions between more than two independent variables will not p'roduce
results that are admissable into zero-sum 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 fundamentally the same. Complex statistical or dynamic models of social
phenomena of necessity rely in part on a priori or theoretical arguments.
Analysts must stray from rock solid empirical foundations if they are to
design new policy options for future implementation (as opposed to evaluate
_policles implemented in the past). 1In a zero~sum distribution decision, if

‘scme key decision maker (i.a.;, legislator) experiences a relative gain, some

other decision maker must experience a loss. K a 4 a priori
cr theoretical assumptions will not occur since some coalition of decision
makers will always lose from such technical concéensus.

» An immediate corollary of these two rules of thumb ig that the
introduction of a full range of quantitat}ve modeling capabilities to zero-sum
policy choices will tend to produce a pplicy process that is more myopic and

takes fewer factors into account than policy processes functioning without the

support of mathematical models.
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Complex modsls ﬁm—. take into account interactions between several
variables or that project multi~year impacts will be inadmismsable into the
debate for the reasons noted above. Hence, only models that are solidly bou(l
empirically (such as the tactical model discussed abqvo) will be aduitted into
the policy debate. By focusing on highly accurate forecasts of next year's
disgtribution, these model_s will draw attention each year to the short run
consequences of distribution decisions.

In the absgence of accurate short term forecasts, legislators could
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 "viel of ignorance® that had previously alléved
legislators to act in a more statesman-like fashion in ignorance of the exact
gains and losses that would accrue to their home constituencies from their
actions.

A hopeful suggestion might be that the pessimistic conclusions of this
case study are not necessarily always true, but merely artifacts observed in
and unique to this one case. The unique nature of these conclusions could be
due to two reasons. Fix;ut, perhaps the tactical models were more admissable
not because of thelir technical properties but because they were each used by
politically “connected” teams of analysts. Second; perhaps the problem with
the system dynamics and econometric models was not due to intrinsic properties
of thegse classes of models in general, but rather to the details of the
specific models built in the first place--perhaps they were not technically
gou.nd models. EBach of these two suggestiona 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? Econometric and system dynamics
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modeling techniques have been in existence for 20 years or more. Surely if
such models were politically viable, they would have received some acceptance
during this time span among analytic staff. The possible counter-arqument is
that political staff members are analytically unsophisticated or ignorant of
the potential of such models. This dces not seem likely in a state where
analysts possess state of the art graduate training and do rapidly acquire
technological innovations when appropriate in other fields.

The second suggestion that the econometric and system dynamics models
were not technically the bast possible efforts is und;ubtedly in part true.
Rowever, even given a large budget and unlimitea time for model development,
it seems unlikely that a complex model could, in principle, be constructed
without resort to some a priori or theoretical arguments. Perhaps the impact
of unlimited time and budgét would be to camouflague more cleverly critical
assumptions behind layers of analysis thereby increasing the time and effort
needed to critique the resultant models. The ultimate solution to the
question of whether or not technically "perfect” models are or are not
grounded in a priori and theoretical argquments could be reached if someone
could point to at least one complex model of a distribution problem that is
without conttovérsy. No such model comes 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.

nodgiaf- need to carefully manage their client relationships. Perhaps
models constructed with no direct political client and making no prctenneltat

producing forecasts that are directly relevant to the policy process may
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ultimately be the moat valuable ones. Such models could allow key decision
makers to discuss broader issues without the necessity of arriving at
concensus publicly over key assumptions. Modelaers 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 models must strive to enrich that dialogue
rather chan displace it with agsumptions and nathe;atlcs that obscure rather

than inform the issue.
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