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Non-Market Hedonics for Measurement and Modelling:applying lessons from
price statistics to measuring and monitoring goverment activity *

The issue of measuring change in the quantity and quality of non-market output is central to
efforts to measure, monitor, and evaluate Government and other Non Market Activities.

This paper attempts to apply the lessons learned in developing hedonic methods for price
statistics to the problems of measuring non market output. It starts with an examination of the
economic theory of index numbers and its extension to allow for the measurement of quality
change using a hedonic approach, before developing the theory further to cover non market
production. This is followed by a discussion of how theoretical indices are calculated in practise
and a suggestion about how the new theory of non market output could be applied. Finally a
demonstration using data for secondary education from [an Asian developing country] is
followed by a discussion of the possibilities for practical application of the methods suggested
and an outline of open research questions

Keywords: Non market services, National Accountsnibring and Evaluation,
Productivity, Technical change, Price Statisticeadbhic Quality Adjustment.

Calculating the change in the volume of non-masgestices is a problem of interest to
analysts in several fields. Public services make Ugrge fraction of overall GDP and
the way their output is measured has a substamtip&ct on national accountant’s
assessments of economic growth, welfare, and ptivityé. Of at least equal
importance is the need of public sector managead! &vels to ensure that inputs are
being used in an appropriate way so that servicedaing properly managed in the
interests of users, providers and the taxpayers fuhd theni. Without established
measures it is difficult to either identify the agosition for service providers to reach
or monitor their progress towards it. Finally tiéernational development community
has a keen interest in ensuring that their intdieaa in areas such as health and
education are having the desired effects on thevatgl of health and educational
service8. Monitoring and Evaluation in this context invaéva lot more than defining
and measuring output but defining and measuringuius an essential component of
it.

Despite the practical importance of the topic eooists and economic statisticians
have found it difficult to accommodate the non-nedrkector within their traditional
measurement methods because these rely so heawharket prices. This is just one
example of the role that prices play in summarigngrmous amounts of information
about individual preferences and production pobsds. Without prices it is necessary
to examine these functions directly. Slightly parddally out of all official
statisticians it is those charged with measuringketaprices who have been most
heavily involved in working with preference funai® Since the spread of personal
computers in particular they have been increasimglplved in the use of ‘hedonic’
behavioural equations to estimate quality chang®alysts have not only developed
substantial practical experience but made externismestigations into the theoretical
underpinnings of the techniques they use. Even mexently public sector analysts

! The author would like to thank... The views and esged in this paper and the estimates presented are
entirely the responsibility of the author and do represent the opinions of OPML or the Office for
National Statistics.

* See ONS 2005 and 2007
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have started to link information on the costs aativiies of public sector producers
and the characteristics and experiences of thensugithin the same datasets.

The purpose of this paper is to show how the theony techniques developed for

hedonic quality adjustment of price indices carapplied to the combined datasets of
public sector producers and users to improve theasorement, and also the

management, of public sector activities. The papeeneral strategy is to estimate
functions for the costs of producing non markevises and use to which households
can put them and it can be seen as falling withén“household production” approach.

Much of the material will be unfamiliar to at legstrt of the intended audience so there
are quite a lot of preliminaries to go through.

The paper begins with short revision of theoret@@nomic of index numbers, drawn
mainly from Diewert (1981), and the extension byiplatt (1983) to deal with
theoretical price indices of characteristics ad aglgoods. It then shows how the same
ideas can be used to define theoretical quantdicés for the non-market sector. The
next section deals with the practical estimationhef theoretical indices defined in the
first and follows the same pattern; first the gaherssumptions and techniques that
apply to all practical quantity measurement, thbha techniques used for hedonic
quality adjustment in the market sector, finallg #pplication of the lessons of the first
two subsections to the non market sector. The Boabktantive section of the paper is
an attempt to apply the techniques developed infitlse two sections to an actual
dataset for secondary schools and their pupilect@t in 2004 in [an Asian developing
country] in order to understand how they might kediin practice. It is important to
recognise that this is an attempt to explore anelde a technique as opposed to an
actual policy analysis. While the results are ie$&ing no direct policy conclusions can
be drawn.

A note on notation A paper such as this is necessarily quite natdteavy. In the rest
of the paper | will follow standard practise by déng vector variables or functions in
bold and scalers in standard facing. Thu$) Z Z(t, %, -..G... ... On)- The partial

derivative of Z§) by q evaluated fog =q” (i.e 4Z/dq, |,») is designated bZqlqo-



1  Defining theoretical indices of hedonic quality
adjustment for “other individual non market services”.

1.1 Theoretical indices of quantity changes with no quality
change

The first economittheories of quantity change were derived fromrtioze venerable
and voluminous economic theory of price indiceseSéhtheories were based on the
concept of the cost index. Cost indices are nogmd#fined in terms of utility
functions. However the theory for production funas is identical and more suited to
the household production approach of this paper.tNéeefore define the cost index
C()as the minimum cost to a representative producexchfeving a reference output
levef Z(q") derived from aeference input quantity bundég, when facing a vector of
pricesp. FormallyC(p',Z(q")) = minimisep' q with respect tay :2(q)>=2(q").

The true price index for periddrelative to period is defined as

1) P%(p',p°|Z(a")=C(p",Z(q"))/C(p°,Z(a"))

Note that the estimation of hypothetical situatjotm® minimum cost of attaining the
output provided by a reference bundle at a timennie reference bundle was not
purchased, is inherent in the economic approadaidx numbers.

The first index of quantity change derived from mmmic theory was the Konus index
or the change in value index deflated by the thesaeprice index in (1): (Konus
1924),

(2) Konus Q<*(a',%p'p°%a)=(p'a"7p°a)*C(p°.Z(a"))/C(p",2(q"))

The alternative Allen index (Allen 1949) replacé® treference output level with a
reference set of pricgs and calculates the minimum cost of achieving théguat
available fromq' at the reference prices divided by the minimum ebstchieving the
output available frong® when facing the same prices.i.e.

(3) Allen Q"' o, P)=C(p",Z(a"))/C(p",Z(q")

The theoretical Konus and Allen indiéesan be related by taking common reference
points -the most obvious being the prices and gtesiactually observed in period t (a

® Economic approaches to index calculation wereimmaity, and in many ways still are, secondary ® th
dominant “axiomatic” tradition which lays down atliof desirable properties and seeks index formulae
that meet them.

® We make the simplifying assumption that that npigtioutputs are aggregated into a single scalar
measure

" Other important theoretical indices include thdeéined in Malmquist 1953. They have the potentiall
attractive feature of being defined without the abprice indices. However, despite extensive acade
use of the index for productivity analysis, thier@o tradition of using Malmquist indices in Nata
Accounts so measures based on it will not genebalglirectly comparable with market sector measures
except in the homothetic case when they equal tireuk and Allen.



Paache reference) and periogaOLaspeyres referenéeand using the natural (for an
economist) assumption that the quantities actugilysen in any period are the cost
minimising ones. i.eC(p',2(q")) = p' ' for all t. If this assumption holds the Paache
perspective Konus quantity index equals the Lagseyrerspective Allen quantity
index and vice versa. i.e.

(4) kpcne (9',0°%p',p%0")=
('a"7p%a°)*C(p°,Z(@"))/C(p',2(a))=(p'q7p°a)*C(p° 2(a"))/p'a'=
C(p°2(a"))/p°a’=C(p%Z(a"))/C(p°Z(a°)= QaLasp'(a",°p")

It is obvious that where preferences are homottstithat the Laspeyres and Paache
points of view give identical theoretical indiceset Konus and Allen indices are
identical. Diewert (Diewert 1981) shows in thatedlkey are also equal to the actual
ratio of outputs in the two periods. For the rektlos paper we shall use the term
“Quantity Index’ to referring to both the Paachergpective Konus index
k.pene(0,q%p',p%a), and the Laspeyres perspective Allen mdex,LaQ,Ot(q a%.p9),
and indicate simply as%pq’,o’.,p°) except where the two are unequEibure 1 shows
theoretical indices of input quantities with tweiurts, g and q

Fig 1 Input quantity indices in goods space
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The curve 2shows the combination of inputs that will producecaitput Z¢°) while
Z'shows the combination of inputs that will producecatput Z¢").P° shows the price
of g in terms of gat time 0 and Rhe price at time t.

Point A or (@”"qy) is the minimum cost combination of inputs for proihg Z@°) at
prices B and point C or (§'qy") is the minimum cost combination of inputs for
producing ZQ) at prices P The cost of A equalsfu.’ +p’g,’ and the cost of C
equals goa +pu'as’ . Note that 2 is the maximum output that can be produced fot cos
of pLgs Py qbo at prices Pand Z is the maximum output that can be produced for
cost of p'ga” +pu'a” at prices P

8 Many analysts recommend using “superlative “ idithat combine different perspectives. | take no
view on the issue in this paper. For our presenpgaes it would complicate the analysis without
changing the argument.

° Extension of the argument to many inputs is adgtethfeature of production theory. See for example
Varian 1992.



Point B or (¢"q,”) is the minimum cost combination of inputs for roihg Z@°) at
prices Pand costs fu.”+p,'q,”, and point D or (§'gy’) is the minimum cost
combination of inputs for producing &J at prices Pand costs 8g. +p.Ca" .

The theoretical quantity index is given by the af@m total value between point A and
point C divided by the price change equal to thenge in total value between point D
and point C. This is the same as the cost of pirfte.C(p°,2(q")) in the notation of

(2))divided by the cost of point A (|,té’q°) The value of this theoretical index in our

example is g0a +po°gp” divided by R’ga” +py 0’

Note that both approaches to defining the theaktindex of quantity change are
crucially dependermin movement along the current period constant owpve Zand
that at the cost minimisation points A and C thehtecal rate of substitution between
0. and g is equal to the ratio ofyto p,. Formally;

(5) C(pap».Z) is solved by choosing, and g to minimise po.+pyas Subject to Z(ga,)=2'
the Lagrangian i€ cost= PuatPo0otA cos(Z(0ah)-Z")
the first order conditions are
Pat A costhan* =0, pb+)\ costhblq*:Oa andZ(Qa,Qb):Zr
SO Fb/pa:qulq*/anlq*

N.B. choosingy,, 0, to maximise Z(gap) subject to m.+ps0p equalling a fixed cost'C
gives us the same results from the first order itmms

anlq*+ A outpuPa =0, qulq*+ A outpuPa =0, and pac]a\'i'prb:Cr

If we set p”as 1 we can calculate the theoretical index fouirquantities using the
ratio of marginal physical products evaluated®atq®,

(6) Q%(',g°p)=C(p°.Z(a"))/ C(p°.2(q%)=
[0+ (Zaplao/ Zaaao) ) [ G+ (Zaplaor/Zgalao*)]

where @ and g are defined by solving the pair of equations

(7) Zqblqor Zgdqor=Z qplao/ Zgdao andZ(q",,q"v)=2"

1.2 Theoretical indices of input quantity with hedo nic quality
adjustment.

The methodology discussed so far has assumecdtharoducts that users are deriving
welfare from in the current period are identicalthose they were consuming in the
base period. Relaxing this assumption producegiatim on the cost function in (1)
with the cost functionC() representing the minimum cost of achieving a sxfee
output level from aeference quantity bundtg conditional on facing a vector of prices
p for a set of available inputs. available at time t so that the theoretical Lgspe
perspective input price index becomes

(1a) PY(p",p%l1,19=C(p",Z(@)1)/C(p®, Z(@)1°)

The corresponding specification for an input qugntidex is



(3a) Q%(q',a°%p',p°a)I1%1%=(p'qa"/p°a%*C(p° Z(@I")/C(p",Z(q") )II")

We can still assume that that the cost minimisirgeaditure is equal to the actual
expenditureC(p',Z(q")|1")=p'q" for all t. However the numerator in the secondnten
the right of (3a)C(p°.Z(q")|1") now representshe minimum cost of achieving the
output observed at time t given the available inpeit | valued at the input prices
prevailing at time 0. The obvious difficulty is theome of the inputs in the vectgr
may not have been available at time O.

The hedonicmethod is an attempt to avoid this problem by ingahew products as
different qualities of existing products and defining the quality @itk product as a
short hand reference to tlygiantitiesof certain characteristics it embodighat are
available in both periods. Note that this implieattthe only relevant characteristics in
an input cost index are those that affect the eabptoduction. Consider for instance the
replacement of one model of lathe by another whéee lathes have only two
characteristics affecting output, speed and cutiimgle say, and for which the relations
between the characteristics are the same as tletsedn the products example in fig 1.
The function Z() is now defined over quantitiestioése characteristics (say,.xX,) as
opposed to quantities of products.qg,. The quantity index now becomes

(3b) Q™ (x' X, p',p° X)) =(P'X X (L/(C(p", Z(XNIN')YC (P, Z()I1'))=
C"ZNIYPX° or C(p°,ZNIYCP®,ZDI°)

WhereC(p"',Z(x)|1'/C(p°,Z(x"))|I") is the change in the minimum cost of achieving an
output level Z(x") due to the availability of the new lathes. Becauwsk the
characteristics available in the second period \aesadlable in the firs€(p® Z(x"))|1") is
now a well defined concept. Changes in the relativgts of acquiring characteristics
will cause firms to substitute among them in jus same way that changes in the
relative costs of acquiring goods does. Note tiat éxistence of a lot of other
homogenous factors of production besides lathesdihanot embody separate quality
characteristics does not affect out argument ag ¢he each be considered as inputs
with a single characteristic. It might however oparnhevalue of C(p',Z(x))|I") if the
introduction of a new lathe causes firms to subigibetween lathes and other factors
of production.

9 we are implicitly assuming that new products amepsy re-packagings of old characteristics. Truly
new characteristics give us the intractable newdpets problem. The standard proposal for dealirig wi
this is to calculate the demand reservation piicetfe periods in which the new product didn't éxis
The comparison between the reservation price anddtual price then gives a lower bound on the
welfare increase an individual purchaser receiva® tthe invention of the product. Although the
absence of an expenditure weight in the base perads it impossible to calculate a traditional
Laspeyres index allowing for the appearance ohth& good an assumption that utility functions and
their aggregation is unchanged from period to mewould allow the theoretical calculation of théeef.
Balk (Balk 1999) provides a particularly tractabkample with two stage CES welfare functions. This
approach is never followed in practise. Insteatisticians strive to cover new products as soothese

is significant expenditure and capture the impé¢he diffusion throughout the market. Some analyst
have claimed that truly new characteristics araallyt quite rare. Burnstein for instance (1961npo
out that the introduction of television in the U&swreally a new distribution channel for basebadl a
vaudeville.



As in the previous case of a change to the pridemit goods, the replacement of the
lathes used at time O by the ones used at timglieémas shift in the level of production
from Z°to Z'.If the level of production using the new machires not change from

that using the old then they are the same quakign if the amount paid for them
differs

Because producers can only purchase characterpsidsaged together in goods the
cost function over input characteristics is far emoomplicated than the cost function
over input products but this does not imply thatimput characteristicproduction
function is particularly complicated. It would berfectly possible to calculating the
theoretical index for the quality difference of thew lathes using characteristics
versions of (6) and (7). In practise of course alctwtput differences between any two
periods are likely to be caused by a whole rangaabrs. Isolating the input quality
change requires us to take an observed referertpeitcand estimate the comparison
output that would have been produced with all othputs held constant but using the
same quantity of “lathes” of a different type.

1.3 Theoretical indices of input quantities for “ot her
individual non market services” with hedonic qualit y
adjustment

We are now ready to consider a hedonic approagabty adjustment for non market
services. Begin by assuming that these servicepraxéded by service delivery units
or SDUs that each produce a quantity of serviEgsthat have a number of
characteristics ..,%. The cost of production depends on these charsiitsr There
are 1.n ..H households that use these characteristicshegeith household specific
characteristics=" to produce a homogenous scabartcomé® Oy. The relations are
expressed in a characteristics equation (8) araltmome equation (9).

(8) C (I_Il): C (Xllmxnl)
(9) @r] = @r] (Xll,-,xnl,Enll,-Enml)

We might say for example thatk, represents hours of teaching received by pupits at
school to which households send their childrenrdeoto help them to attain a desired
educational outcom®[] and that ¥,..,x, represent the school’s quality characteristics
which could be anything from the qualificationstioé teachers to the use or non use of
a particular teaching method. Alternatively the SBiight be a clinid1, represent the
number of patients treated ang,Xx, the proportions of different treatments used.
Suppose those characteristics change. Can wé’ isa@epresents the school or other
SDU in the base period and use the relationshigé)imnd (7) to calculate a quantity
index for the quality difference?

(10) Q" X2, pY°1H=C(p°, ©n, (X1, X, =11, =) IO/C(P° Xans, X0, =M1, Z M )1O)

" The important concept of “Outcomes” was introduired discussion of various volume indicators that
might relate to non market output ESA95 (Eurosg#t7). The idea is similar to the concept of impact
the development literature and relates to the &change in the state of the people whom a padicul
service or policy is supposed to benefit. Wherbasaggregation of market outputs into a singleascal
measure is relatively unproblematic the aggregatfamon markebutcomess a very difficult issue. It is
however a different issue from the one of defirimgl measuring theutputsof service delivery units.



Two main difficulties occur;

* Some household characteristics are fixed so hold®lwan’t minimise costs by
substituting between them and school charactesistic

* The observed quantities can no longer be takemdisaiting the point of cost
minimisation by the household producing the edocsti outcomes so the relative
marginal products at that point can no longer bedu® value the characteristics
consumed in period t.

The first difficulty is true but irrelevant. Pracal calculation of quality adjusted price
indices for cars or computers requires strong sdylity of characteristics on the
production or utility function of the firm or consier to the extent that decisions on the
relative quantities of characteristics in the inmdod being quality adjusted are
independent of the relative quantities of otherabieristics.

The lack of cost minimisation is more difficult tdeal with. However, even if
households are not cost minimising, iso-outcomevasurstill exist. We can imagine
households choosing schools to maximise the outciiaethey can obtain in each
period given the characteristics of the schoolslabie to them (which would of course
include the distance from home). The slope of theuZve is still meaningful to them.
Similarly even if SDUs are not producing charast&s at the minimum cost required
for households to allow the households to achibeeoutcomes actually observed, such
a minimum cost position still exists. For any olveer level of educational outcomes
we can construct a unique household iso-outcomeecuwinning through it and a
unique school iso-cost curve with a tangent to tisatoutcome curve. Figure 2
illustrates.

Fig 2 Input quantity indices in characteristics spae without cost minimisation in
production of characteristics.

Ob

Outcome =O°

Qa

In formal terms cost functions can still be defineith respect to a reference outcome
level ©n" but the price line (or hyperplane in the many aebteristics casep is
replaced by a convex production technolagywhere changes in the government’'s
own input costs as well as engineering changesreaéed as changes in technology).
Note that the price lines in Fig.1 can be seen as “technologies” for excirangne



input for another without changing the overall cdste two sets of parallel price lines
p0 and p' represent two different technologies. The difféerbnes within each set
represent the same technology even though thedosalof inputs is different for each
line. Naturally these fixed price “technologies’bshconstant returns to scale but this is
not required for a well defined cost function pard the reference outcome is fixed.

In the example in of Fig.2 we may have schools pcoty characteristics at E in period

0 and F in period t. Given those packages of chatiatics from schools households

are able to produce outcome levefsand®' respectively but they could produce better
outcomes at no cost to the government. Alternatitred government could cut its costs
and move to a more efficient mix of output charasties without reducing outcomes.

Formally we can defin€(m, ©n(x;,="), =%|l) as the minimum cost to the government
of producing quantities of characteristics thatl wilow a representative household to
achieve a reference outcome lew@ (x,,=") derived from aeference characteristics
bundlex’, and a reference set of household characterigElts given those reference
household characteristicsa set of SDUsI, and a technology for producing
characteristicgt Notice that it is necessary to specify referenaelie of household
characteristics=";,, in effect a reference set of households, as wagllreference
outcomes and reference production technologiesrderoto get a well defined cost
function. We could of course choose any referemmeséholds but it seems sensible to
choose ones consistent with the reference outcomead now define our Laspeyres
perspective Allen and Paache perspective Konusesdis;

(11)  Qarasp XX, 11%1H=C(1P, On(x:, =), ="o|1%)/C(1C, ON (X0, ="0), ="o[1°9)
and

(12) QK,PSCheOt(thXO’TlI’T[O’Xt)|I0’ I t):
(P Xp*XO)*(@/(C(TE, On(x.=M), EIH/C(TP, On(x:, =), =N 19)

We can express the two indices in words as

—*

(11a) the minimum cost to the government of producingrahteristics tha
QA,LaspOt: would enable thehouseholds of the currergeriod to obtain thg
outcome observed in the curreperiod using the characteristics
technology and service delivery units of the haes@oddivided by
the minimum cost to the government of producingratieristics that
would enable théouseholds of the baperiod to obtain theutcome
observed in the base periaging the characteristitechnology and

service delivery units of the bageriod

1”4

(12a) the minimum cost to the government of producingratieristics that
Qk.psch " would enable thehouseholds of the currerggeriod to obtain the
=The outcome observed in the current perioding the characteristi¢cs
change in x technology and service delivery units of the hasgoddivided by

actual the minimum cost to the government of producingrabtiristics that
spending would enable thehouseholds of the currergeriod to obtain the

outcome observed in the curreperiod using the characteristics
technology and service delivery units of the curperiod

1C



Note that actual current costs at E and F are ngeloequal to the minimum costs for
those outputs so the theoretical Laspeyres perspestlen and Paache Perspective
Konus quantity indices now differ. Even if governmee were cost minimising the
indices would still be different because the rafeee households differ. Finally the
logic of (4) also collapses and with it the resuithomothetic outcome functions.

11



2  Applied economic quantity indices

2.1 Indices of quantity change in National Accounts

The greatest practical problem with actual caléoatof the indices described in
section 1 is that they require prices and quastita¥ every single transaction in the
economy whereas the data national accountantsaaitable are either aggregates or
samples. If they wish to calculate the theoreticalices they have to split the
transactions in the flows they are trying to measato groups for which working with

these sources will not introduce too many distogicrakingg;, as the optimum set of

values ofq, at t given the prices from period 0 we can spkt duantity index as follows;

(13) Q°‘(q2q°,p°):c(p°,U<q‘»/C(p°,U(q°>):Z PY0 / 2. P =
2P /o /3 Pl =20 Pl /o /3 ey =
DS * G /o Zso QU5 * i /0g) = ZSO(ZUO. q"/a")

i i0j i0j

where

ST are the base period value shares of all individizalsactions assuming
optimisatioﬁz, and the shares of each group,

U are within group shares,

S; U are estimates of”" anduy”".

The universal practise of National Accountantsoiestimate ug * g /dg using
idj
the Laspeyres quantity ind@ ud * gl /qs , based on the observed quantities and
i0j
shareslt is often stated that this is an upper bound lan theoretical quantity index
becauseC(p®,U(q"))=p°q" <=p’q'. However if the choice of quantities in the refermeriod
is sub-optimal this no longer holddlote also that estimating subindices for groups

independently assumes that ¢fiein each group are determined independently. This is
always true ex-post observed quantitigbut that is not the same thing.

There are two approaches to approximathgu’* q' /q°, value deflation which is
i0j

analogous to the Konus index approach, amldme extrapolationwhich corresponds

to the Allen.

If the quantity measures of the individual trangatt are measured in the same units
and economically comparable then the value shailébevapproximately equal to the
volume shares and the change in the sub indexegilbl the change in the sum of the

! The equivalent Konus/Paache expressmE:spI o) /Z p°g’ * Z S (Z ut * p°/ph)

i0j

12



quantities. This is referred to as volume extrajata In practise we are unlikely to
have aggregates that cover all transactions soteréh Accountants must make a
subsidiary assumption that the change in the tptahtity for the transactions in the
group J can be approximated by the change in tptahtity of transactions in a
subgroup K giving us (14).

(14) Zui"*q?/qi%Zq?/Zqi% ZQJ/ZQF

i0j i0j i0j iOkd j iOkd j

Note that the subgroupi qi‘/ Zqio can only be calculated using quantities of things

i0kOj iOkO

that are present in both periods. Anything avadahlthe current period only will not

affect the estimate. The only opportunity to allfmw quality change is to put in an ad-

hoc multiplier for the quantities. Even with prodlsets that are identical over time the

requirement that all quantities have the samewualite in the base period is extremely

demanding even when transactions are subdividey fieely. For this reason the

common approach to estimatinE u’*g'/q’is value deflation which relies on the
i0j

relationship shown in (15)

(15)
2ut*g/of =Z( pf’a?/Z p?qf’]* q/q’ = {Z P’ *q;/ q{i 2.y =

i0j i0j idj idj

> P / > pg’ = {Z P / > pfqit}*{ 2. PG / > p?qf’}

i0j i0j i0j i0j iOmt0 jt iOmod jO

(el zp )20

iOmtd jt iOmodjO

Again we have two stages of approximation, firstagsume that the change in the total
value of the transactions in the group J can becxppated by the change in total
value of transactions in a subgroup M next thatuakie of the Paache price index
calculated for all the transactions in J can ber@pmated by the ratio at 0 and t of

some price inde)DFl’D‘_ based on the transactions in a subgrotip@n the whole values
i00j

are recorded more often and more accurately thamtijies and price changes are
much more highly correlated than value changes. dgroximations in (15) can

therefore be expected to be much better than tlms@4). They also have the

significant advantage that estimated volume totalsach period can include all the
transactions in each period, even if they involeg/products. The general superiority
of value deflation is reflected in the EurostatcBs and Volume manual (Eurostat
2002) which states that states that volume extadipnl techniques can only be an ideal
or “A” method under certain “very stringent condits.”

Note that in practice, theory can provide no hand &st guidelines for statisticians
seeking to identify good approximations.

13 |deally I?t would be current weighted. In practise it is likébybe a Walsh index constructed with
iooj

weights that apply to neither the base or the otiperiod.
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2.2 Applied economic indices of price change with h edonic
guality adjustment

Both the predominance of the volume deflation metrend the fact that statisticians
compiling price indices are usually more familiathathe economic theory underlying
their indices than those supplying quantity indicagan that almost all applied work
on hedonic quality adjustment has been undertagepribe statisticians. This section
considers the lessons we can learn from their ipeaand experience.

The first observation is that price statisticiars® tnedonics quite sparingly. Even the
US Bureau of Labour Statistics, probably the maghesiastic users among official

statisticians, only applies them to a small fractad their inflation measure and have
only been using them since the early 1990s. Thditimaal, and still the commonest

response to the problem of appearing and disapumearoducts is chaining, in effect

ensuring that, at least for products with a rapichdver, the period between any two
comparisons is no more than a month and calculamgndex for longer periods by

multiplying all the monthly indices together. Whetteey have had to make explicit

quality adjustments they have often resorted t@Emtechniques such as multiplying

by the change in weight to allow for a differennepack size, adding an amount to the
base period price to allow for the cost of the adi@atures in the new product (referred
to as option costing), or simply seeking an expginion of the value of the new

product relative to the old. Nevertheless theresarae markets, particularly the market
for personal computers but also including clothitglevisions, white goods, and

apparel in some countries, where new mdfeise appearing so fast that traditional
methods are widely felt to be unsatisfactory.

The hedonic regressions used by price statisticielate the price of an item p to the
guantities of a vector of characteristicse. they assume

(16) P(X) = p(X,X2, ... Xi...... Xn)

And estimate the regression with for a sample ofipcts. It has been understood, at
least since Rosen’s influential 1974 paper (Rof), that the coefficients of such
regressions cannot be interpreted as margindiesilinstead the hedonic price surface
represents the envelope of the points of tangehdlieovalue functionsof consumers
with varying tastes, incomes, and utility levelsldheoffer functionsof producers with
access to different technologies, production scadasl required profit rates. If
producers’ technology is identical the offer funag collapse and (16) is determined
by and can be used to derive a cost function fodyction. Conversely if consumers’
tastes are identical the hedonic function can leel s derive them. Diewert (Diewert
2003) following Muellbauer (1974) has provided aikion from the consumer side
that allows consumers to differ in their preferenter other goods as long as they have
the same subutility function for characteristicsowéver this requires strong
seperability, for example that relative preferenimeshe characteristics of cars are not
affected by the number of children they have. Soamext it is necessary to split
consumers into groups with similar characteristiefore this assumption can be

4 Throughout this section we shall use the termdpot” to refer to a whole category of goods for
which an index is being calculated eg personal aderp and “model” to refer to a specific instante o
that product eg an IBM thinkpad Lenovo t60. Alltersces of a model are assumed to be identical.
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applied comfortably. Some researchers have addptecapproach (see Tauchen and
Witte 2001) but it has not been used in officiatistics.

Worries about the theoretical underpinnings and hefdonics have lead price
statisticians have tried to be very careful aboov they use them. Triplett (2004)
provides a survey of the different techniques.

The method that places most weight on hedonic fomstis theCharacteristics index
methodor the construction of price indices that treat toefficients of the regression
equation as shadow prices. These require the tioleof data and the estimation of
hedonic functions in every period and in real tifibey also require that quantity
weights for the characteristics are truly represtive of the population. For these
reasons practical applications are limited to ca#eeye matching is almost impossible.
The US house price index produced by the BureaheofCensus is probably the most
prominent exampl@. The Bureau runs a nationally representative sanspirvey
covering about 13,000 of the new one-family hous®d each a year and estimates a
regression like (17) each quarter.

a7) Yi=ho+ biXqi + ..+ bXmi + €

where

Yi is the logarithm of the sales price for housé=n (where n is approximately
3,250)

X1 is the logarithm of the floor area for house i

X2 through x, are the values of qualitative (or dummy) varial§lesr 0)

by, through kK are the regression coefficients corresponding @asheof the
characteristics andylis the constant in the regression

e is the unexplained variation (error term)

using a robust, weighted regression techniquetasgiso outliers. They then estimate a
Paache price index (among other things) usingdhadla.

(18) P%(p',p° Q)=100*antilog( 3" b,Q, )antilog 3" b,,Q, )]

where Q represents the proportions of the qualitative aldlés and the mean of the
logarithm of the floor area in the current timeipdr Indices are calculated separately
for five distinct geographical/house type segmeoftshe market and aggregated to
obtain national estimates.

A characteristics price index will give differergsult from an ordinary goods price
index even if there are no appearing or disappgagoods. Many price statisticians
find this disturbing.Time dummy methodse a way of avoiding the problem. They use
hedonic regressions estimated with a semi-log ipation using data for two or more
periods with a dummy for every period. The changéhe dummy is the price index.
Because the coefficients for the characteristicstrba the same in every period a time
dummy method for will give identical results toraditional method using a geometric
mean elementary index when the universe of mode¢smdt change. Time dummy
regressions are used to estimate elementary inthcegveral products in the German

5 www.census.gov/const/www/constpriceindex.html
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CPI using price and characteristics data colledteth market research companies.
However these methods still require the collectiad estimation of new regressions in
each period. Any method that produces an indexctyrdrom a regression estimate
also imposes restrictions on the estimation metloggothat may not be desirable. A
price index must give most weight to the most digant transactions. If the index

emerges directly from a regression, this can omlydbne by weighting the data that
goes into the regression which may give a rathetale regression dominated by a lot
of middle of the road options preferred by the haflkhe populatiotf.

One method for avoiding the need to estimate a immdery period isHedonic quality
adjustmentThis method uses hedonic equations only wherctdgemparisons are not
possible because an old model is not availablecaralhew one must be introduced.
The basic technique is to impute a base price foeva model of computer say by
applying a quality change factor to the actual hasee for the old model it replaces.
The quality change factor is calculated as theoratithe predicted price of the new
model and the predicted price old model. This i thost popular hedonic method
among statistics offices and is used in the CPIthefUS, France, Canada, and UK.
The key operational advantage is that the datased tor the hedonic regression can
differ from that for measuring monthly price chasg&his is important as the larger
sample sizes and characteristics data requiregrmducing regressions make these
datasets much more difficult to collect than a @noeasurement sample even before
we allow for the time required to produce a googression. The counterpart of this
advantage is the danger of producing hugely mighgasults from regressions that no
longer reflect the current world. In particulaisitnot sensible to estimate the price for a
new model of computer with important charactersstitat were completely unavailable
or very expensive in the base period. The corrpptaach here is to calculate a new
regression covering a period when this characteristmore widely availabfé. The
UK routinely tests its regressions against curgerved prices to ensure that they
remain relevant.

All these hedonic techniques are affected by ba&sines of theoretical legitimacy,

technical quandaries about the appropriate funatiform for the regression equation,
and practical issues about data collection. Work¥ith them in practice has also raised
several issues;

Classificationturns out to be extremely important. The questibhow new a product
has to be to be considered “new” for instance @rela significant effect on results. If
a product is merely of higher quality and hedong&timds are applied then the welfare
gain from the appearance of that new quality istwag. If it is not then all that is
captured is the price fall (if any) as producegéase production after the new product
is introduced. The difference can be substantiadrddl (Moran 2006) for example
shows the BLS in the United States treats wideescesmd plasma screen TVs as merely
higher quality versions of traditional tube TVs \ehihe ONS in the UK treats them as
a different product and obtains a substantiallydowrice fall. Careful subdivision of
the market into segments for which stable and ressle regressions can be obtained is

18 This argument assumes that rarely purchased piodue rarely purchased because they appeal to
particular, refined tastes. If they are simply batue for money then we would not want them in a
regression for estimating the efficient frontiertloé consumers’ consumption possibility set.

" There is a particular difficulty that new computeatures tend to become widely available in one
brand before they are available to the marketwbdae. There is then a difficulty in disentanglitingg
affects of these new features from brand effects.
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also important. Indeed when qualitative or dummyaldes are responsible for most of
the variation in price segmenting the market arldutating different indices for each
segment may give results similar to hedonics.

Estimation procedures have to be chosen to fit both the @gprdo using index
construction and the market for which they are @paised. A regression that will be
suitable for hedonic quality adjustment is inappiate for a characteristics index.

Chaining or the calculation of indices for widely spreadipds by multiplying those
for short periods together to ensure that the midréie not changed too much between
estimates should be applied wherever possible.

Data collectionprocedures have an important effect on methodcédgiecisions. If
data on characteristics is collected from a forentbnly information on characteristics
listed on that form will be gathered. These may fedatively few and new
characteristics may well not show up. If informatiis collected from the internet on
the other hand it will be possible to test modelshwnany variables and new
characteristics will show up quickly but it is ingsible to know whether offers for sale
are popular or indeed whether anyone is taking thprat all.

Checkingthe continued relevance of regressions is vitatharacteristic that is highly
valued in one year may become completely worthleise next.

2.3 Applied indices of input quantities for “other individual
non market services” with hedonic quality adjustmen t

What do the examinations of current practise irtiges 2.1 and 2.2 tell us about how
to apply the theoretical indices developed in secti.3?

2.3.1 Disaggregation and the choice of expenditure categories

It is clear from the analysis in section 2.2 isttihds necessary to assume optimisation
at some level in order to measure public sectopuiat within a national accounts
framework. If, in the notation of (13), we cannateuactual expenditure to estimate
&)J‘OA, we cannot begin to break down the national adsoproblem into manageable
chunks. In effect we have to assume that the sb@DP that the government is
spending on a category of expenditure in the refergeriod represents the optimum
outcome of a legitimate political process everhd tvay they are spending the money
is sub optimal. In effect we are assuming thattjpedins have decided to spend the
right share of GDRgiven the current level of allocational inefficiency Bervice
delivery.

If we use actual costs to estimatg Ufor non market transactions on the other hand, or
work with so,-OA that are too finely disaggregated, we are assurthiay government
expenditure in the base period is fully optimisAd. Allen approach to the growth in
the quantity of output produced with the correctmewator will then be biased
downwards as the denominator will be too high. Thisf some practical importance as
cost weighted activity indices have been widelypmsed as the way of estimating non
market output (see Eurostat ESA95). If the propadl level of inefficiency in the
current and base periods is identical the bias edlicel out but if the government
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becomes more efficient by, say treating depressioth more drugs and less
psychotherapy, then the downward bias will reffaifihis problem with cost weighted
activity indices is actually quite well known, esply in the health literature, but the
fundamental cause of over segmentation is raralgsstéd and many practitioners
appear to believe that more segmentation alwayfigmpetter measures. Segmenting
the market into categories that are too specifis tiee additional disadvantage of
increasing the chance of new categories will ariSategories that are too broad
however, will be difficult to create robust hedoniegressions or a single scalar
measure of output for.

2.3.2 Hedonic methods and functional forms.

Turning to the hedonic regressions themselves wmde be more fortunate than price
statisticians in that we do not have to use a simgbression to obtain information

about both the production of characteristics arglrtise. Instead we can estimate
separate relationships for the production of oleges outcomes by households and of
observable characteristics by the government. Bsitng these relationships, however
still requires some troubling assumptions. Supgosexample we use a Cob-Douglas
production function to estimate relationships likese

(19) IN(®n)= &t+Zi=1:mbi IN(Xy)+Zi=1.nCi INEN)+ &,
and

(20) In(C(N"))= dotZiz1.chIn(xii) +6
where

O, is the educational outcome achieved by each @lupils

Xni,Xi are those characteristics of the school the @ifghds affectin®,
=" are the characteristics of pupil and/or their letwdd which affec®,
C(M") is each of the school’s total costs

e is the unexplained variation for pupils

S is the unexplained variation for schools

There is an implicit assumption that the observafr each household represents a
choice of the school with the characteristics dfifigrthe best educational outcome
given the household’s characteristics and alsoahatupils turn school and household
characteristics into educational outcomes in thmesaay. In effect we are assuming
that any difference in educational outcomes forilgupith the same characteristics
attending the same schools is random. On the scéidel we are assuming that
variations in the costs of each school at any gtiree are entirely due to differences in
the mix of characteristics they choose to offer ahat all schools produce
characteristics with the same technology. l.e. difference in costs for schools
producing the same characteristics is random. Thesamptions would appear very
restrictive in a market setting. In analysing goweent activity however it is difficult
to see how we could say anything at all about wdretin one situation was better than
another without assuming there was some group wiwddiorder possible patterns of
government activity in the same way. Similarly theygestion that differences in costs
are entirely caused by the unigue unobservablemistances of each school precludes
any analysis at all. In many respects thereforemarket hedonics is easier.

8 The example is a hypothetical one often citedhinrion market output literature. | have no idea if
drugs are actually a more cost effective treatrfamiepression.
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There are also some unique problems. Cost minimisaéquires total cost and total

outcome are respectively concave and convex fumtiof characteristics. Such

requirements are difficult enough to obtain foriudual firms but for us there is also

the added complication that we are dealing witkea# for many schools. Consider the
estimated relationships from (21) and (22).

(21) 8o = b : =G
Total predicted outcomef base householdsngIH e I_ll X I_ll =, =the sum
= =
of school effects weighted by household effecE‘mT( D X5 ][Z”DT EI ea~05;i~i]
—_ ul b~;
_ZT=IT K, D X
and
(22)

Total predicted cost ‘—Zrzﬂ[edo ﬁ xﬁ“)

where a,, b, cj and d; are the estimated values qf & ¢ ,d and K, is the total of
all the household effects in schaol

A given change to a characteristic will have diéfer effects on total output, and total
costs, depending on the school in which it occlings makes it much harder to ensure
that there is no characteristic in any school siecéfe in improving outcomes

compared to the cost of producing it that optimisatresults in a ‘corner solution’
piling everything into it .

2.3.3 Index construction

Whatever approach we take to estimating hedoniessgpns there are still several
ways to calculate indices. Tables 1. and 2. presmne dummy data.

Table 1 Constructing a volume index for three schds and two characteristics

Period 1 Period 2

Schools SDUa SDUb SDUc Total SDUa SDUb SDUc Total
FactorX1 2 3 5 2 4 6 12
FactorX2 4 5 9 4 6 7 17
Pupil effect 20 25 45 20 15 7 42
Real outcome 42 79 121 43 50 34 127
Real costs 35 60 95 23 85 150 258
Parameters

b,-0.4 by, -0.4 b,-0.4  b,.0.4

h-1.3 dy-1.3 dp-2 1.1 d1.1 d1.1 dy2.5
Fitted Values
Fitd. outcome 45.95 73.9 120 45.9 53.5 31.2 130.6
Fitd. costs 29.86 67.6 97.5 24.6 82.4 152.6 259.7
Relationships
615:20&10'4xa20'4 +25>%10'4Xb20'4 92%20&10'4&20'4 +15>%10'4Xb20'4 +7Xc10'4Xc20'4
C1 =2(Xa1" Xaz- HXp1" Xp2") Co =25 Xaz + X1 Koz HXer" Koo

N.B Parameters for the functions have been assuatkdr than estimated from the actual outcomes and
costs.
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Table 1 explains the set up. The example is sitplizut still provides some insight
into the proposed indices. Households turn charatts into outcomes using a
constant technology but the technology the goventrases to produce characteristics
changes in two ways. The exponentials on the infaltslightly, implying increased
technical efficiency, but the multiplies® increases, implying a rise in the general price
of inputg®. In the second period the government pours resstinto a new school with
a relatively small pupil effect. This is a highlyeifficient way of promoting outcomes
even though the actual outcomes of the school'sipape higher, and its costs lower,
than the fitted ones. The result is an explosiortasts that leaves the government
producing way above the lowest cost.

Table 2 Minimum cost solutions to achieving variousutcomes with different
technologies and pupils

Characteristics Produced Costs
Xla* X2a* X1b* X2b*  Xlc*  X2c*  Minimised  Actual
Outcome of Period 1 (fitted =119.8, actual=121)
Pupils Period 1, Technology of Period 1 (Allen denominator) 95.00
fitted 240 419 257 5.00 95.56
actual 245  4.20 2.63 5.02 98.70
Outcome of Period 2 (fitted=130.64, actual=127)
Pupils Period 2, Technology of Period 2 (Konus deflator denominator) 258.00
fitted 356  6.77 1.33 11.99 096  5.58 15161
actual 337  6.67 1.24 1198 090 557 140.26
Pupils Period 2, Technology of Period 1* (numerator for both indices)
fitted 455 428 1.96 7.23 157.54
actual 440 412 1.84 7.18 14371
Indices based on actual outcomes and costs Actual Changes, Outcome =1.05
Allen=(143.71/98.7)=1.46 Konus= (258/95)* Cost = 2.72, Deflated Cost = 2.17, X1

(143.71/140.26) = 2.78  =2.4, X2=1.9
*This calculation assumes Period 2 Pupil effecésdivided proportionately between schools a and b

Table 2 shows the minimum cost solutions used &butating our two indices. The
Allen divides the minimum cost of achieving theaarhe of the second period with the
minimum cost of achieving that of the first, witth @lculations made using the schools
and technology of period 1. The Konus multiplies thange in actual costs by the
minimum cost of achieving the second period’s onteausing the first's schools and
technology divided by the minimum cost of achievibhgising its own. Despite the
large rise in the government’s input costs, impcphysical efficiency in producing
characteristics means that the cost of obtainiegstond period outcome efficiently is
actually lower with the period 2 technology tharthyperiod 1's. The Konus deflator
therefore does little to dampen the steep increaséhe index caused by lower
efficiency. If efficiency® was improving a Konus approach would mislead endther

19 Representing changes in the price of inputs a@scgesscaler, like the traditional input deflation
approach, implies that the relative costs of prauythe different characteristics are unaffected by
changes in the relative price of the governmemipgits. This is unlikely to be the case in pradbse
“joint production”, handling a producer making mplé outputs with multiple inputs, is clearly beybn
the scope of this paper.

0|t is important to stress that the inefficiency are talking about in period two has nothing taadih
slacking or incompetence by service producersenitay they produce characteristics. Actual coss ar
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direction. Note that the normal difficulty of vol@rextrapolation failing capture the
effects of new characteristics, doesn’t apply. He tnew characteristics result in
improved outcomes then the minimum cost of achgetitose outcomes with period 1
technology will rise. The Laspeyres perspectiveeAllapproach therefore appears
unambiguously better as a measure of non-markegbubytrovided the outcome
measures in the two periods are comparable.

The indices we have just calculated correspond le fprice statisticians’
“Characteristics Price index” method. In effect awee quality adjusting every unit.
Annother approach might be to measure the quactignge for service delivery units
with unchanged characteristics purely by throughpassuming that if the
characteristics of the unit didn’t change then gmeportional inefficiency in costs
didn’t change either. However it does not seemlyikieat there would be many SDUs
with completely unchanged characteristics in pcacgo some sort of characteristics
approach is probably inevitable.

One of the controversial issues in price hedorsashien where and if it is legitimate to
compare imputed with actual values, in effect howiréat residuals. In our case both
the numerator and denominator are forecasts amd Hre always actual outcomes to
use as references, however the residuals contsosélisemerges in a different form.
Both theoretical indices require us to estimatecits of achieving a period 2 outcome
for period 2 pupils with period 1 technology. Ietkchool population is unchanged we
can make our estimate with pupils attending theessohools they attended in period 2,
although it will still be necessary to run a regien to estimate pupil specific effects if
these are important and we believe they represemtament but unobserved
characteristics of the pupils rather than trangiteandom effects (good or bad days).
What to do with the pupils from the schools tha aew in the second period is less
obvious but allocation of pupils to schools haséfact on the outcome and therefore
the index.

One option would be allocating pupils from new smbkoto those present in both
periods in proportion to the numbers in the sequeribd. However this would leave no
pupils for schools which close. Closing schools evpresumably high cost for the
output they produced so this might artificially leswwthe minimum total cost of

producing the period 2 outcome and therefore tldexn Probably the best approach
would be to calculate the proportional allocatidmpuopil effect between the closing and
continuity schools in period 1 and ensure it ismtained in the calculation for the
period 2 pupils. However not all pupils provide tekame proportional effect on

outcomes. It will also probably be sensible toedke pupil effect in proportion to pupil

effect rather than pupils in proportion to pupils.

2.3.4 Operational issues

One of the great lessons of price statistician’skwam hedonics is that collecting data
for monthly estimates and model building can béhbmtpensive and time consuming
for results that sometimes make little differenagotiblished estimates. We therefore
have to give careful consideration to what infoimrashould be collected when.

very close to the production function and technéfétiency has increased. The inefficiency isha t
mix
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How often it would be necessary to estimate thecefbf characteristics on outcomes
would depend on how often those relationships chawhile it does not appear likely

that the effects of a given characteristic on omes will change very fast new

characteristics may appear quite frequently inraa auch as health. It might, however
be possible to incorporate these into an outconuatean based on say clinical trials

rather than rerunning surveys for every technidneany case a Laspeyres approach
implies that we will always have time to make sestimations. This may be important

because some outcomes may take a long time to Hmwselves. It is quite easy to

imagine both treatment techniques and medicalnreats who's effects only become

apparent years later.

The relationship between characteristics producetl @sts is likely to change more
often. However extensive information on the charastics or activities of service
delivery units however is already captured in adstiative reporting systems. The
main data difficulty in estimating cost regressiaasmore likely to be separating
expenditure on immediate service delivery from simeent and investment type
spending (training, research etc.).

By far the most burdensome additional data gatgernieed will be timely current

period information about pupil or patients chargstes that are relevant to outcomes.
In many cases it may be necessary to collect dataonly about the average

characteristics of the user population but the attaristics of those using each facility.
If these characteristics are at all relevant tocomes however, any measuring or
monitoring system that uses outcomes at all, foalipu adjustment for instance,

without monitoring changes will produce highly neiatling results.

The most important factor determining the curresriqul/real-time burden of compiling
hedonic measures will be whether or not we havalltav for unexplained individual
pupil or patient specific effects on outcomes. Rgcor SDU specific effects are less
significant as most facilities will be the samebmth periods. If unexplained household
effects are important it will be necessary to regressions in the current period in
order to estimate the cost of reaching a particoldcome with a particular population
in the base period. If they can be ignored it wdaddpossible to.

Look at characteristics of SDUs and householdkerbiase period
Take the fitted outcome in the base period

Calculate the minimum cost of achieving it

Look at characteristics of SDUs and householdeencurrent period
Take the fitted outcome in the current period

Calculate the minimum cost of achieving it

oukrwnE

The role of the outcome measure is would then ba dignostic to ensure that he
outcome regression was still working.

It is important to note that the importance of &argousehold residuals in a single
regression using sample data not necessarily itedmermanent unexplained household
effects or that these effects are important atrthgonal level. Identifying whether
observed residuals are significant or not is adliff technical question but exactly the
sort of question that econometric methods are dedigo answer.
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3  Example

This section presents a more extended explorafitiedeasibility of constructing
output indices based on actual data. It is, howewportant to realise that his is still an
exercise to examine a technique as opposed tacaisattempt at policy analysis and
no policy implications can be drawn from the result

3.1 The Data

The data in this exercise is drawn from an expenglitracking and service delivery

survey of the secondary education sector carrigchpuhe Government of [an Asian

developing country] in 2004. The survey was basedaonationally representative

random sample of 219 schools of three types: gowem secondary schools, non-
government secondary schools and non-governmentasesl Two features of the

survey stand out. First, a detailed consumptionuteotdased on the Household Income
and Expenditure Survey allows a robust measuremérthe student households’

welfare. Second, all Class 9 students presenteirst¢hools on the day their school was
surveyed, took a learning achievement test in [#mguage] and Mathematics. The
exercise was carried out by [] on behalf of the &oment of [the Asian developing

country] and analysed by Al-Samarrail, Antoniniayi@ro and Rawle, from here on in

referred to as AACR. (See FRMP 2005 and AACR 2005).

AACR fitted equations to estimate the determinaritsstudent performance in the
sampled secondary schools, defined as the scotleeiflanguage] and Mathematics
tests for each type of schodflowever for this exercise we will only look at the
estimates for Maths performance in government stanmgnschools. Table three shows
the significant relationshipg-urther information on AACR’s estimation procedures
and results is given in annexe 1.

Table 3 Summary of Significant Factors Affecting Ppil Performance in AACR
regressions

Maths

Individual School
Individual—Not specific to school choice
Ravens* Progressive Matrices score 0.43 0.41
Number of years repeated in school -5.6 -5.58
Householdber capitaexpenditure (Tk; log) -10 -9.62
Individual - Specific to school choice
Household education expenditure on student (TK; log 6.2
Science stream 6.33 6.7
Class 6 Mathematics and [lang] average schooktese 0.79 0.88
School Specific
Single gender school -6.69
Annual school non-salary expenditure per studeky I(3g) 8.52
Head teacher has received managerial training 928
Proportion of school teachers with professionali§joation
(%) 0.1
Rural location 3.6

N.B Coefficients with the wrong sign for teachersperience and salary expenditure have beerget t
*This is a test administered to test the studamttaught or raw ability
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Unsurprisingly AACR found that performance in the the SSPS or social sector
performance survey test was positively correlatétl mtelligence as measured by the
Ravens progressive score and negatively correlatiéid the numbers of years of

schooling that pupils repeat. Interestingly the tdghousehold per capita expenditure
appeared negatively correlated with output, pogsii@cause only a small range of
relatively well off students actually manage to géb class 9 in the first place. The
amount households spent on education, possiblpdioation of parental commitment,

was important for individuals. Whether or not stoidewere in the science stream
mattered, and the class 6 average score in the salno®l (meant as a proxy of how
well prepared pupils are on entry). As far as stlebaracteristics went single gender
schools appeared to do significantly worse in nratitécs, rural schools did better, and
non salary expenditure and training for the headenagppeared particularly important.
It is important to note however that even if a thon-significant variables are included
in the regression the results only explains justr dalf of the test results. That is there
are important pupil specific effects that are rainly picked up.

The same schools dataset also contains informatiotihe expenditure of the schools
producing these characteristics. As chart 1 shovesnot particularly highly correlated
with test results.

Chart 1 Weighted average of maths score in SPP testexpenditure per pupil
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Following the methodology outlined in section Za3ggression of the form from (21)
has been run to look at the correlation with outeaharacteristics, and minimum
solutions developed.
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3.2 Results

Table 4 Effects of school characteristics in outcoemand cost Regressions

Outcome Cost
Lables Characteristic names Regression Regression
A Single gender school -6.69 0.06
B Annual school non-salary expenditure per studekt I(g) 8.52 0.17
Cc Head teacher has received managerial training 289 0.03
D Proportion of school teachers with professionalijoation (%) 0.1 0.0006
E Rural location 3.6 -0.13
F Constant 12.9
R-squared 0.8792
Number of Schools in Costs regression 67

Outcome and Cost relations for each school
Outcome =-6.69A + 8.52B + 2.89C + 0.1D + 3.6E pipspecific factors
Ln(Cost) = 0.06A + 0.17B + 0.03C + 0.0006D - 0.18K2.9 + school specific factors

N.B. details of the cost regression are given iméxe 2

Table 4 presents the coefficients from the costresion alongside those for the
outcome regression. It is unweighted because we teiexamine the effect of different

characteristics combinations on school costs ratier make forecasts. While the cost
relationship performs relatively well at predictiaghools’ costs it is dominated by the
constant term. Annexe 2 gives more details abdirhaton.

The results suggest that single gender schools;hMiower outcomes, actually raise

costs while a rural location, which raises outcomewers costs. The implication is

that schools could provide exactly the same quastibf beneficial characteristics

(actually more) at lower cost. In terms of fig.tley are off their iso-cost curves.

Consequently the regression can't tell us abodut th@imising behaviour. Fortunately

there are still some beneficial characteristicd #ppear costly. As well as non salary
costs it appears intuitively sensible that hirireath teachers with management training
and professionally qualified teachers would alsseraosts. For the purposes of this
exercise we will simply assume that the single gerahd rural location variables

remain unchangéd

The optimisation problem then becomes one of cimgosinnual school non-salary
expenditure per student, management trained hemchdes and the proportion of
professionally trained teachers for each of theéysseven schools to minimise the
weighted sum of costs while achieving the refereaatcome level. The reference
outcome level for the current period itself is siynihe weighted sum of the actual test
scores which turns out to be 16,813,995. The sstiplbut satisfying finding is that

cutting non salary expenditure by 40% and putthey funds into hiring head teachers
with management training and a fully qualified st&buld allow schools to maintain

this score while achieving a 4.2% fall in total is0s

2L |n a real world analysis we could try estimatirfiicéent production frontiers.
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Table 5 Optimising in period 1

Observed
Cost Score
/1,000 /1,000

Observed Situation 1,305,180 16,808

Optimised Values
Minimised cost 1,250,068 16,808
Maximised output 1,305,180 17,476

Note though that comparisons across time will Hecééd by changes in the pupil
effect. It is therefore particularly troubling thadividual pupil effects play such a large
part in explaining outcomes. It is likely that & tof what appears as a pupil specific
residual in the AACR regression would be revealesd sahool specific with an

alternative estimation strategy, however this woaolly reduce the problem, not
eliminate it. Note also that even in an examplesiagple as this the fact that each
school has a different weighting means that mowirggven amount of total pupil effect
from a low weight school to a high weight one wélse output without changing costs
and so reduce the minimum cost of hitting a givanpot target. The assumed
calculation and distribution of pupil or other hehsld specific effects therefore
becomes an important part of calculating non maokgput from the Allen/Laspeyres
approach. The position is similar to that when ehisrinconsistency over time in the
output measure as is the solution of resortingp¢oktonus/Paache approach.

3.3 Measurement and monitoring

As well as providing growth measures and identtyapportunities for reducing costs,
outcome and cost equations can be used to desfgamework for monitoring and
performance measurement. The target is obviousllydservice delivery units would
produce characteristics that would maximise outegieen the amount of money they
are allocated, the characteristics of the housshibldt will use their services, and the
outcome and cost equations that will be availabléhem. In terms of our [asian dev
country] example we would want them to choose thaual school non-salary
expenditure per student, management trained hemchdes and the proportion of
professionally trained teachers for each schoolagimise the weighted test score for a
given set of households, outcome, and cost equafiontheir secondary education
budget.

If we knew exactly what the household charactesstoutput and cost equations would
be in the second period we could calculate the mawi score and give it to the
ministry of education as a target. We could alsdcutate all the optimised
combinations. Imagine a situation in which the sdtan our sample were offered a ten
percent budget increase and the outcome and ceatpters don't change. The
maximum possible score they could achieve is abdL& % more than they are getting
at the moment. Because the minimum cost of achgeaiy particular score increases
with the score aiming for this target will also égquivalent to maximising the Allen
guantity index. Table 6 shows the observed andmogdid results. If we knew the
current parameters we could set targets in ternahafacteristics or parameters and the
effect would be the same.
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Note that because we are not starting from anieffigposition maximising an index of
cost weighted characteristics will not produce ptinsal solution. Even if we were in a
cost minimising position to start with the idealxmof characteristics with the new
budget will not be the same as with the old if ghare economies of scale in producing
any of them. Note also that as both technology kodseholds are unchanged the
deflator term in the Konus deflator is equal to dayedefinition so it will give a value
equal to the change in current costs, not a péatigudesirable target.

Now consider a situation where the schools argadf¢the same budget increase but
face increases in the cost parameters of matenaldeachers’ wages, slightly offset by
an improvement in pupils learning abilities (whiduld be innate or due to say
increased income). The maximum score the schoaoilsl @@hieve with the budgeted
resources is now 93% of the base score. AgaiAllke index will rise with output so
maximising it will provide the right incentives.

Table 6 Monitoring Example

Period 1 Period 2
Cost Score Cost Score

Coefts. /1,000 /1,000 Coefts. /1,000 /1,000
Observed Situations
Baseline 1,305,180 16,808
85% cut in non salary spend 1,435,698 15,616
Maintaining target characteristics for period &ftis 1,986,601 19,171
Outcome and Cost Parameters
Average Pupil Effect* 2,849 3,174
Non-salary expenditures
(log) 0.167706 0.217706
% qualified teachers 0.000622 0.000822
Optimised Values
Minimised cost 1,250,068 16,808
Maximised output 1,305,180 17,476 1,435,698 15,623
Maximised output, Period 1 coefficients 1,435,698 18,916

* The average pupil effect is provided for explamgiteffects only. Actual results of changes topheil
effect depend on its distribution

Suppose however that the change to the paramesssumanticipated. If the schools
maintained their original target characteristiosytlivould exceed their score target but
show large budget overruns. If they cut their basider non salary expenditure across
the board they could meet their budgetary targetabuan unnecessarily high cost to
performance. The only way to reach the optimum tswiuin the face of changed
parameters is actually to re-optimise. Table 6 shithe different situations.

It | also interesting to consider the case of ancaton ministry offered an output
target in terms of the procedure outlined in sec2d.4. To recap the proposed stages
in calculating the measure are.

1. Look at characteristics of SDUs and householdkérbiase period
2. Take the fitted outcome in the base period

3. Calculate the minimum cost of achieving it

4. Look at characteristics of SDUs and householdkencurrent period
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5. Take the fitted outcome in the current period
6. Calculate the minimum cost of achieving it
7. Test the outcome regression to see of it still work

A forecast of user characteristics in the secomm@evould allow an ideal second
period position to be identified. It could thendpecified as a set of characteristics
targetsor a single outcome target. Setting an outcome tdrg@ever would have the
distinct advantage of allowing service providersdspond to changes in the
characteristics of their users. If all parties weperating with an agreed outcome
function then the outcome changes caused by diftex®in user characteristics would
not cause Service providers to miss their volumeutuarget. Failing users might
complain that the outcome relationship used irbédmee period was no longer valid but
this is something that, at least in principlesipbssible to test
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4 Conclusions

This paper has

» Shown that, given the existence of a scalar measfuwatcomeit is possible to
specify theoretical quantity indices for tbetputof non market service delivery
units in the same way as theoretical quantity iesliare specified in the market
sector.

» Described in general terms the assumptions that habe made to estimate
these theoretical indices in practice and compéhnedh with the assumptions
that have to be made when estimating of quantdicas for the market sector.

* Provided an example based on an actual datasetefmndary schools that
demonstrates the feasibility and usefulness of tcocting the proposed
measures. It also provides further insight intodh&a that needs to be collected
for their compilation and the technical problematttemain to be solved.

Although the paper has shown the potential benefitaon market output measures
derived from the theory of economic indices it B highlighted some difficulties. In
particular it appears that, although it is now camnio consider government as a
service producer, there is still a lot of work te Hone developing well behaved
production functions for government activities. Wdgtit such functions it is difficult to
estimate how far the government is from cost misation. There are obvious
implications beyond creating improved measuresfatisticians.

Annother theme that runs through the paper is #fi@ition of quantity indices in terms
of optimisation by a representative household. Tiais some rather strict implications
for outcome measures. First they have to be ththgs households would wish to
maximise as an end in themselves rather than iediate goals like cleanliness of
hospitals or numbers of text-books. Also they htvavoid explicit equality targets,
indeed it has to be possible to add the outcomésfefent households. This is actually
the case with the market sector quantity measuresational accounts which are
created by simply adding all transactions regasdtésvho is making them. Many non
market organisations however have aims about bligtan. Incorporating distributional
goals within the National Accounts tradition isftifilt but certainly possible (see Sen
1979). The approach that has generally been adoptedcreate poverty measures as
an addition to the accounts rather than some $ataality adjusted growth estimate.
However extending this approach to nonmarket copsiom will not be able to rely on
the assumption that the balance between consumgittidifferent “products” represents
optimisation by the households in the way that pumearket based poverty lines can

Finally it is certainly worth investigating the prerties of the suggested functions from
a purely axiomatic point of view.
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Annexe 1 — AACP regression for GSS

AACR fitted equations to estimate the determinaosftsstudent performance in the
sampled secondary schools, defined as the scateifLanguage] and Mathematics
tests.The analysis was complicated by the necessity tdrabfor the non-random
assignment of students to different types of schowihich may bias the estimated
coefficients for the factors explaining student iagement on the tests. In order to
address this problem, a generalised approach oH#wkman two-step procedure to
selectivity bias correction was u$édnd a selection term included in the performance
regression. Performance equations were then estimaging ordinary least squares
with the variance-covariance matrix corrected toocaat for the tendency of residuals
from the to be correlated for students within taene schodf. Each observation was
weighted using sample weights in order to summatise characteristics of the
population. The final regression was estimatedgusirsimple additive form with the
characteristics adding to explain the test scores.

The procedure used by AACR to calculate selectoms utilises estimates from a
multinomial logit model (MNL) rather than a prolid construct the set of selection
correction terms. At first, a reduced form MNL istiemated for the three shool types
categories to obtain the parameter estimates. Thdigbed probabilities for each
individual i = 1, ..., N for each school type ammputed. The standardised selection
probabilities for each individual for each schoppé are then computed using the
inverse standard normal operator are then comp#iedlly the following correction
term is constructed for each category and schea:ty

q (Zi, schooltype)

Probabilityof i attendingscooltype

Ai, schooltype =

where f(¢) denotes the probability density functionthe standard normal.

These selection terms are then added to the xovacthe regression models estimated
separately for the achievement models. A numbenstfuments have been used to
assist in identification of the parameters of tekestion effects. These need to be able
to shift the probability of school choice but ndtetlevel of achievement on the
[Language] and Mathematics test scores. In ordethis procedure to be valid, the
Independence of Irrelevant Alternatives (IIA) asgtion of the MNL has to be
satisfied. Tests of the IIA assumption based onShwll-Hsiao tests are reported in
table A2 and provide evidence that the IIA assuampts not violatetf.

Tables A1 and A2 show their results

%2 The generalised model is described in L. Lee (1988neralized models with selectivity’,
Econometrica Vol. 51, pp.507-512. The original madglining the original two-step procedure was J.
Heckman (1979) ‘Sample selection bias as a spatiific error’, Econometrica, Vol. 47, pp.153-161r Fo
an education application of Lee’s approach, sekeaGsibille and J-P Tan (2001) ‘Are private schools
more efficient than public schools? Evidence froamZania’, Education Economics, Vol. 9(2), pp.145-
172.

%3 See H. White (1980) 'A heteroscedastic-consistewariance matrix estimator and a direct test for
heteroscedasticity', Econometrica Vol. 48.

%4 The test is described in K. Small and C. Hsia®8)9
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Table Al Determinants of student performance in Goernment secondary schools

Mathematics [language]
Individual School Individual School
Individual—Not specific to school choice
Father with primary education 1.66 3.70 0.06 2.01
(5.42) (5.69) (3.04) (3.52)
Father with secondary education 1.93 1.96 3.37 2.50
(4.48) (4.64) (3.56) (3.58)
Father with higher secondary education or more 5.43 3.68 1.74 0.51
(4.41) (4.51) (2.92) (2.70)
Student not living with father 4.19 3.95 3.78 4.58
(5.82) (5.63) (4.54) (4.76)
Age -0.94 -0.27 -0.73 0.00
(1.52) (1.60) (1.12) (1.11)
Female 181 3.04 -2.28 -0.47
(3.25) (3.62) (3.08) (2.93)
Ravens Progressive Matrices score 0.43 0.41 0.40 37 0.
(0.17)** (0.18)* (0.13)*+* (0.12)**
Number of years repeated in school -5.57 -5.58 9-6.2 -6.68
(3.26)* (3.27)* (2.26)*** (2.38)*+*
Householder capitaexpenditure (Tk; log) -9.96* -9.62* -1.20 0.94
(5.51) (5.73) (3.37) (4.14)
Individual—Specific to school choice
Student attendance rate Jan-Jun 2004 (%) -0.10 4-0.0 0.01 0.08
(0.08) (0.10) (0.06) (0.05)
Hours of private tuition per week 0.08 0.25 0.18 .020
(0.18) (0.23) (0.14) (0.15)
Household education expenditure on student (Tk;
log) 6.20 4.43 1.83 2.15
(2.84)* (3.11) (1.87) (1.81)
Stipend recipient 1.27 1.15 8.55 8.44
(3.74) (3.75) (2.74)%* (2.90)**
Science stream 6.33 6.70 4.28 4.41
(2.13)** (2.25)** (2.09)** (2.12)*
Class 6 Mathematics and [language] average school
test score 0.79 0.88 0.33 0.60
(0.19)** (0.25)** (0.15)** (0.25)**
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Mathematics [language]
Individual School Individual School
School characteristics—General
Rural location 3.60 11.11
(4.52) (3.81)***
Total school enrolment 0.003 -0.002
(0.005) (0.003)
Class 9 average daily teaching time -0.05 0.03
(0.04) (0.05)
Single gender school -6.69 1.09
(3.52)* (3.90)
School characteristics—Financial
Annual school salary expenditure per student (Tk;
log) -14.34 -5.24
(4.62)* (4.72)
Annual school non-salary expenditure per student
(Tk; log) 8.52 3.88
(4.90)* (4.03)
School characteristics—Material
Class 9 size -0.05 -0.04
(0.07) (0.05)
School characteristics—Managerial
Head teacher years of experience as teacher 0.05 0.12
(0.15) (0.13)
Head teacher has received managerial training 2.89 -3.87
(2.86) (2.20)*
Frequency of PTA meetings -3.86 2.11
(5.03) (4.47)
School characteristics—Teachers
Average years of experience of school teachers 18-0. -0.78
(0.45) (0.26)***
Proportion of school teachers with professional
qualification (%) 0.10 0.20
(0.11) (0.09)**
Selection term -5.15 -4.00 -2.62 -3.10
(6.14) (6.16) (4.00) (4.16)
Constant 22.54 78.39 31.67 -16.67
65.46 82.34 42.83 66.28
Observations — students 265 265 265 265
Observations — schools 61 61 61 61
R-squared 0.51 0.54 0.49 0.55

Notes: (a) Standard errors are reported in bracigt&Rkobust standard errors, adjusted for
heteroscedasticity and the school-level clusteointtpe data, are in parentheses; (c) One astenipkds
statistical significance at 10%, two asterisks%tdnd three asterisks at 1%; (d) Sample weightssed

in estimation.
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Annexe Table A2 determinants of school type choidq&ovt Secondary School

default choice)

NGSS DM
Individual characteristics—Not specific to school
choice
Father with primary education -0.41 -0.77
(0.54) (0.56)
Father with secondary education -0.71 -1.05
(0.50) (0.55)*
Father with higher secondary education or more 2-0.8 -0.56
(0.46)* (0.51)
Student not living with father 0.04 -1.11
(0.58) (0.66)*
Age -0.08 -0.01
(0.17) (0.19)
Female -0.03 0.21
(0.43) (0.46)
Ravens Progressive Matrices score -0.06 -0.07
(0.01)*** (0.02)***
Number of years repeated in school -0.21 -0.56
(0.29) (0.40)
Householdber capitaexpenditure (Tk; log) -0.96 -1.28
(0.49)* (0.51)**
Identifying variables in selection model
Household has electricity -1.10 -1.50
(0.50)** (0.51)***
Household owns cattle 0.91 1.49
(0.44)* (0.49)***
Number of household members currently in higher
education -0.59 -0.99
(0.34)* (0.38)***
Constant 14.15 13.67
(3.62)*** (4.52)**

Observations
Pseudo R-squared

The table reports the results of a multinomialtioggression. Small-Hsiao test of Independence of

Irrelevant Alternatives: (i) eliminating GSS: 8.48) eliminating NGSS: 8.01; (iii) eliminating DM:

12.25.
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Annexe 2 — Costs regression

Table A3 — Regression of costs on school charactics significantly affecting
school performance

Unweighted OLS regression with robust standardrermdote t statistics lousy but its
only an exercise

Coef. Std. t P>t [95% Interval]
Err. Conf.
Single gender school 0.06112 0.09384  0.65000 05170 - 0.12658  0.24883
Rural location - 0.13470 0.07507 - 1.79000 0.0780 - 0.28487  0.01547
Head teacher received 0.02912  0.07057  0.41000 0.6810 - 0.11203  0.17027

managerial training

Annual school non-salary 0.16771 0.10755 1.56000 0.1240
expenditure per student (Tk;

log)

Proportion of school 0.00062 0.00204 0.31000 0.7610
teachers with professional

qualification (%)

Total Number of Students 0.00097 0.00007 13.29000 - 0.00083 0.00112
Constant 12.86902 0.76857 16.74000 - 11.33165 14.40638

0.00345 0.00470

Number of obs =67  R-squared = 0.8792
F(6, 60) = 54.33 Root MSE = .24668
Prob > F = 0.0000
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