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Concept for Measuring the Efficiency of Public Goods
Provision Based on the Education Sector in Poland*
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Abstract

The problem of quantifying public goods is onéhefmost complex problems
related to public choice theory. We argue that public goods constitute an
isomorphic, socio-economic system which is notlack box”. The central goal
of the article is to develop a universal methodglégr measuring the quantity
and quality of public goods, and the efficiencyhafir provision in different sec-
tors of the economy. The authors have applied thesldped methodology to
a study of the process of public goods provisiotha Polish education sector.
The empirical research bears out the theory that sbpply of public goods in
the education sector is determined by the structidirhe local budgetary funds
used for that purpose, and not only by the totabam of public spending.
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Introduction

The problem of quantifying public goods (PGs), amgbarticular measuring
the efficiency of their provision, is one of the shaomplex problems related to
public choice theory. The term “public goods” isganeralisation. Economic
theory distinguishes four types of goods: privatanmon, club, and public. The
criteria of taxonomy include four traits: “rivalry”non-rivalry”, “excludability”
and “non-excludability” (Klimowicz and Bokajato, 20, p. 98). In a narrow
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perspective, pure PGs are considered to meet twditcans: “non-rivalry” and
“non-excludability” (Ulbrich, 2003, p. 67). In prace, however, such goods are
scarce in the economy (examples include nationalicgss, national defence,
order and security). In our considerations, wedfwe extend the definition to
include common goods (characterised by “rivalryt &non-excludability”) and
the so-called merit goods, which may be privatedgda terms of their physical
traits, but, as a result of social doctrine and gheial policy implemented by
public authorities, are provided to citizens evdthaut their acceptance. They
include most goods financed by the public sectartigularly in the field of edu-
cation, in healthcare and, in accordance withakest concepts, in agriculture.

The absolute value of a public good, depends divitgtual utility functions,
and hence an objective determination of such aevalwifficult, as well as ap-
proximation for individually experienced welfare.oWever, a vast literature
exists, reflecting attempts at estimating utilitjé€tions for public goods. Essen-
tially, three avenues have been pursued: reveaigfdrpnce methods (i.e. the
hedonic method and the defense expenditure apprasteked preference meth-
ods (e.g. the contingent valuation method) andLife Satisfaction Approach
(i.e. the method to value the psychic costs of ipubads) (Levinson, 2012;
Luechinger, 2009; Kahneman and Thaler, 2006; GrahdrSendhil, 2005; Van
Praag and Baarsma, 2005; Di Tella, MacCulloch agdal, 2001; Alesina, Di
Tella and MacCulloch, 2004; Kahneman, Wakker anth$S4997). A common
point for those approaches is a need of microecandata revealing a demand
for public goods which is always a very debatabdaié. Thus, a relative value of
a public good is not as much questionable as #slate value. It is objectively
possible to identify which public goods are mordess valuable but there is not
a generally accepted methodology for doing this.

Usually, economists assumes that public spendiogld translate into the
highest performance of public sector. The perforreameasures are perceived
as outputs of the public spending. In this waysdffigiency indicators for a pub-
lic sector are calculated, using parametric or @oametric analyses. In the
authors opinion it is very simplified approach, d&ae the public spending grants
a package of complementary public goods which lfmabntributes to public
sector performance but do not ensure its definitjiuality. We argue that this
package constitutes in each sector of economy @naphic, socio-economic
system which is not a “black box”. There is a nmgselement in the frontiers
analyses of public sector efficiency — a speciiozabf a basket of PGs, and the
research problem is to explore it. If we considgbliz spending on the one hand
and the performance indicators on the other, wanasghat a set of public goods
with its attributes — a quantity, a sequence o¥ision and complementarities —
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doesn’t matter, but it does. The authors make gitemt filling this gap. A dif-
ferent approach to estimating efficiency of PGsvjgion has been adopted. It
distinguishes three dimensions of this processitdigpspending, a given quanti-
ty of public goods and the measures of public gapgsity.

In order to specify the level of possible shortafjBGs, their available quantity
and quality should first be measured, which atstr@e time raises the question of
the efficiency of provision of these goods. A conmigcaccepted research meth-
odology in this field has unfortunately not yet badeveloped, and there do not
exist any universal methods for the quantificafond valuation of public goods.

Therefore, the central goal of this article iglevelop a universal methodolo-
gy filling aforementioned gap, for measuring badtle quantity and quality of
PGs, and the efficiency of their provision in diffat sectors of the economy,
which at the next stage would enable the performaftaxonomic analyses and
identification of possible ways to increase thecafhcy. The subject matter of
the article, however, is not merely methodologiddle authors have applied the
developed methodology to a study of the proce$3Gd provision in the Polish
education sector, choosing the North-Western RegioRoland, according to
NTS - 1, and a representative sample of its podata case study. This case
study tests the followin@ypothesis PGs supply in different sectors in Poland
is determined by the structure of local allocatdrexpenditure, and not only by
the total amount of public spending.

Motivation for the Research Problem

It is obvious that “no decentralised price systeithallow the determination
of an optimum level of public goods — a solutiorisex but the problem is how
to find it” (Samuelson, 1967). Thus a market systeras not automatically lead
to optimum allocation of the goods, either in thyeor in practice, as is the case
with private goods. In Pareto’s optimality theaitye marginal rate of PG substi-
tution with private goods is lower than in the cadean individual optimum;
thus each person consumes more public than pripxatds. Although the differ-
ence in quantity depends on the shape of individtialy functions, voluntary
market exchange will always lead to PG shortageoaspared with a socially
optimum level (Osiatfyski, 2006, p. 55). It is commonly known that indivals
have no incentive to disclose their true demandcor-excludable goods (Frey,
Luechinger and Stutzer, 2009). For that reasonigpgolods must be funded by
state but there is still the question in which diigs?

The most popular approach to measure the pubttosefficiency is an
input-oriented DEA model. In this model the inp(te. public spending) are



976

minimized and the outputs are held at their cuergls (e.g. Afonso, Schuknecht
and Tanzi, 2005; Afonso and Aubyn, 2005; Antonisl &fanthos, 2011). The
DEA nonparametric method allows only for groupimgistzed units by efficiency
based on the estimated value in the range from10 liohas the fundamental dis-
advantage: data envelopment analy®iSA) determines the most effective units
(value 1) even from the set of non-effective ufiits the highest level of analyzed
efficiency of the non-effective unit collection)hdre is the assumption that effec-
tive units are the best ones in the examined sktrars the determined efficiency
in the examined set is relative and can be bias.

There are different performance indicators engagethe outputs. In order to
capture any qualitative differences among the et systems, Hanushek
and Kimko (2000) have constructed the public goasility indicator. Afonso,
Schuknecht and Tanzi (2005) has proposed a sengba@site indicators of pub-
lic sector performance defined as the outcome letiom to the resources em-
ployed. Most studies conclude that public spendimgld be much smaller and,
assuming the output remains constant, more effi¢lean today (e.g. Joumard
et al., 2004; Tanzi and Schuknecht, 1997). Theselasions could be bias to
some extent. The cited authors have assumed tha¢égiperformance indicators
are (or should be) a function of public spendingfdct, the public funds pro-
vide, as we said before, a package of goods amitssrwhich determines the
output. Thus, both quantity and quality of publmods should be analyzed to
assess the public sector efficiency. The quanfity®@ is a very sensitive varia-
ble since it correlates directly to the life saitdfon of a society much more that
the performance indicators do. Voters do not carmach about the educational
value added (EVA) indicator, as about present dehaind teachers availability.
Thus, policymakers consider first of all a broadhderstood quantity of public
goods which can be delivered than its overall parémce. For that reason, the
synthetic measures of PG’s quantity should be eedimined, not omitted, in
the public sector efficiency analyses. Howevergaesh so far carried out to
evaluate the efficiency of education systems hah laso based on the DEA
method, e.g. the efficiency of universities wasrexed by Nazarko, and Sapa-
rauskas (2014) and secondary schools AristovnikGimade (2014).

Education Sector as a Provider of Public Goods and Classification
of their Measuresa

As has been stated above, PGs in Poland are ptbeliefly by three sectors
of the economy: education, healthcare and agri@i{including rural areas, which
offer natural resources). The education sectorRSsprovider is described below.
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In the healthcare sector, most medical goods anetes are not considered purely
as PGs, since there occur rivalry in their consionpnd the possibility of exclu-
sion from consumption (Czgwski, Hnatyszyn, Polcyn, 2016; Mucha, 2006, p. 11;
Hsiao, 1995, pp. 127 — 128; Laskowska, 2012). fiing &irea of PG supply (agricul-
ture) is related to the natural environment andeg®urces. In this case, agriculture
and rural areas are key sectors generating PCdo@alHart and Scheele, 2014).

In the education sector, a group of PGs definethast goods (also called
“social goods”) has been identified. These goodsesthe traits of private goods
but, mainly because of national social policy, theg available to every citizen,
and their financing is based on funding from thé&amal (and also local gov-
ernment) budget (Shaw, 2010). With regard to tlevebinitial quantitative and
qualitative classification of the goods may be iearout. Quantitative measures
include such variables as number and profile otation institutions, number of
places offered at particular stages of educatiquipenent of educational institu-
tions, and number of teachers according to catagesThe following measures
are suggested for evaluating the quality of PGmber of graduates at particular
stages of education, secondary school-leaving exatian pass rate, number
of students obtaining a matriculation certificatéed educational value added
(EVA). EVA is defined as improvement in studentsiokvledge as a result of
a specific educational process. It measures stsidpnbgress over a specific
research period (Ballou, Sanders, Wright, 2004)Pd&hish conditions, EVA is
measured in a modified form (Dolata, 2007, p. @shn the education sector
are financed partly by a mechanism of general dybgedistribution of funds
from the central budget via the Ministry of Natibfalucation) and local gov-
ernment budgets. Research into the efficiency efftinctioning of education
models with reference to the size of a school, oeitf organisation and volu-
me of expenditure has been carried out by, amohegret Deller and Rudnicki
(1993). That research, however, was of a diffenattire: above all, they did not
analyse the context of PGs sufficiently explicitly.

General Concept for the Quantification of Public Goods
and Efficiency of their Provision

The authors have developed the following resegrobcedure, serving
to analyse the process of PG provision in diffesattors of the economy (for
the healthcare sector see @ayski, Hnatyszyn and Polcyn, 2016):

1. Estimate synthetic measures of PG quantityspeific sector on the basis
of the phenomena described in the previous se@ign Hellwig’'s measure). In
this case there is a matrix in a local arrangeraséd on the division into poviats.



978

2. Estimate synthetic measures of PG quality coatance with the above
remarks.

3. Normalise the synthetic measures, e.g. withug® of the zero unitarisa-
tion method (ZUM), for comparison purposes, witmmegative values of nor-
med features retained.

4. Estimate a measure giving PG provision efficyeim terms of relations of
normed synthetic quantity- and quality-related roees from the steps 1 and 2.

5. Identify the structure of PG financing in a Gfie sector — matrix of struc-
ture measures in a local arrangement.

6. Cluster analysis of territorial units accordiogthe PG financing structure
criterion, with the aim of identifying similar moldeof institutional valuation of
PGs.

7. Estimate descriptive statistics: among othersan values of quantity,
guality and efficiency measures (from stages 1n@ 4) in obtained clusters
(classes), assuming that these clusters (classeg)stitutional predictors of the
PG provision process.

8. Carry out a multifactorial ANOVA/MANOVA. In thee analyses, the clas-
ses (clusters) from stage 6 are a qualitative prediwhile the measures from
stages 1, 2 and 4 are dependent variables. Thefaine analyses is, firstly, to
determine statistically significant relations beéwehe goods-financing structure
and PG quantity, quality and provision efficieneyd, secondly, to answer the
guestion to what degree individual financing modets responsible for the varia-
tion in the measures describing the process of &@nation (contrast analysis)?

9. Identify the optimum PG financing models inoadl or regional arrange-
ment from the perspective of quantitative, qualigaor efficiency-related criteria.

As every method, the proposed approach has itknesaes. Determining
synthetic measures (steps 1 and 2) is the mostgonakic. Since variables ex-
pressed in different units have to be added up Bomgin order to calculate
then the efficiency measure), the problem of aitiity weights appears. In the
carried out case study we assumed that weightaraibles that create synthetic
measures of public goods quantity and quality heesame, however, here the
researcher must be extremely careful. A solutiomldidoe to determine linear
functions for every type of effect (where a givdfeet would be a function of
respective public goods quantity) and in this wayétermine average weights
based on regression coefficients of all the fumstidn our case study it would
mean evaluation of 25 functions and that considgnabuld increase the work-
load of the analysis. The procedure was piloteal $tudy to evaluate the process
of PGs creation in the education sector in the INBv¥estern Region in Poland,
and its results are described in the sections below
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Methodology of the Case Study

The study was carried out according to the algoritescribed above, on the
basis of data concerning secondary education tiasil{general secondary and
vocational) for the representative sample of 3liggs\v(counties) of the North-
-Western Region in Poland (covering 3 of 16 progsczachodniopomorskie,
wielkopolskie, lubuskie). Data obtained from theglee@al Examinations Board
in Pozna, the Regional Chamber of Accounts in Paezmad the Ministry of
National Education were analysed.

Three groups of variables described in Tablesalhd@3 were applied. Synthet-
ic measure of public goods quantity (tab. 1) shawvat public funds were allocat-
ed for in education and what the scale of finaraiilvity was. The side of effects
in the carried out analyses (Table 2) is represebjethe education quality syn-
thetic measure. The measure is based on the ashatatalue added (EVA) method
and reflects the input of education into creatingnhn capital. It is possible to
determine EVA if at least two results of educatlazhievements measurements
are available, i.e. at the beginning of educatioa given school and at the end of
it. A score that student may achieve at the erahafducational period is predicted
based upon the initial score they achieve. The atthual added value is the dif-
ference between the estimated examination scordhendctual score a student
achieved. The EVA may have a positive value ifsbere is higher than the pre-
dicted one, or negative, when the score valuevieddhan the predicted score
(Ballou, 2005; Ballou, Hart and Scheele, 2004; Baluski, 2008). Regional models
of funding education are presented in tab. 3 agsaf cluster analysis. According
to the assumptions these models (or indicatedeck)sare the qualitative (institu-
tional) determinants of quantity, quality and e#frecy of supplying public goods.

Data for analyses was obtained from governmegtt@es. It can be assumed
that it is very reliable. Original data was juswrdata created based on exam
scores and information about the number of studeatsobtained from financial
reporting systems of the Ministry of Education. Regl Examination Boards
operating in Poland execute standardized examghé&rvhole youth population
that undergoes the examination process. Educatiola@d value which is a signif-
icant part of these analyses is defined for thelevhopulation by the Educational
Research Institute of the Ministry of Education ethguarantees appropriate qual-
ity of the analyzed data. The study covered the 2843 for the synthetic PGs
measures and the averages of 2007 — 2013 if camgycie structure of the public
spending, as the qualitative predictor. As a resuttet of variables allowing the
definition of a synthetic measure of PG quantital{le 1), a set of variables
allowing the definition of a synthetic measure ofblity (Table 2) and a set of
variables reflecting the structure of expenditirable 3) were obtained.
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Table 1

Diagnostic Variables Allowing the Definition of a §nthetic Measure of PG Quantity
Symbol Diagnostic variable | Type

Synthetic measure of PG quantity

X1 Number of secondary school students stimulus
Xz Number of technical and vocational school students stimulus
X3 Number of probationary teachers counted in fulletieyuivalents stimulus
Xa Number of contract teachers counted in full-timeiealents stimulus
Xs Number of nominated teachers counted in full-timeiealents stimulus
Xe Number of certified teachers counted in full-tinteiwalents stimulus

Source:Own study based on data from the Regional ExantinatBoard in Pozmathe Regional Chamber of
Accounts in Poznaand the Polish Ministry of National Education.

Table 2
Diagnostic Variables Allowing the Definition of a §nthetic Measure of PG Quality

Symbol | Diagnostic variable | Type

Synthetic measure of effects

General secondary schools

X1 Secondary school-leaving examination pass rate ubtdn
Xz Number of students obtaining a matriculation ciedie stimulus
X3 Educational value added by the humanities group mustis
X4 Number of schools with positive EVA measure for tluenanities stimulus
Xs Number of schools with negative EVA measure fortlthmanities inhibitor
Xe Educational value added by Polish language stimulug
X7 Number of schools with positive EVA measure foristolanguage stimulus
Xs Number of schools with negative EVA measure foigPolanguage inhibitor
Xo Educational value added by the mathematics andaiattience group stimulus
X10 Number of schools with positive EVA measure for nesatics and natural

science stimulus
X1 Number of schools with negative EVA measure for hmaatatics and naturgl

science inhibitor
X12 Educational value added by mathematics stimulus
X3 Number of schools with positive EVA measure for hesmatics stimulus
X14 Number of schools with negative EVA measure forhmatatics inhibitor

Technical schools

X1s Secondary school-leaving examination pass rate ubtdn
X16 Number of students obtaining a matriculation ciedie stimulus
X17 Educational value added by the humanities group mustis
Xi1g Number of schools with positive EVA measure for tluenanities stimulus
X1g Number of schools with negative EVA measure fortlthmanities inhibitor
X0 Educational value added by Polish language stimulus
X1 Number of schools with positive EVA measure foriftolanguage stimulus
Xa2 Number of schools with negative EVA measure foligPolanguage inhibitor
X3 Educational value added by the mathematics andalaience group stimulus
X4 Number of schools with positive EVA measure for neshatics and naturgl

science stimulus
Xas Number of schools with negative EVA measure for hmaatatics and naturgl

science inhibitor
X6 Educational value added by mathematics stimulus
Xa7 Number of schools with positive EVA measure for hesmatics stimulus
Xog Number of schools with negative EVA measure forhmatatics inhibitor

Source Own study based on data from the Regional ExatnimaBoard in Pozria the Regional Chamber of
Accounts in Poznaand the Polish Ministry of National Education.
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Synthetic measures of PG quality and quantity wietermined by Hellwig's
method, according to the following procedure:

1. Determining coefficient of variation of studieditsa

Initial analysis of empirical data included determg the coefficient of
variation for each jth variable. The coefficientiselative measure of dispersion
and it allows the elimination of quasi-steady vialés. The coefficient was cal-
culated using formula (1) (Borkowski, Dudek and Zzay, 2003):

S
Yi

V. =

J

(1)

where
V, —the coefficient of variation for theth variable;
Sy — the standard deviation for thath variable, determined according to formula (2):

S = ff‘li( X = 2

x —the arithmetic mean for theth variable, determined according to formula (3):
X, = n‘lzm, (i=1, ..., n) (3)

Based on the result, the dispersion force is seahluated in the following
manner:

0-0.20 — variation, permanent traits;

0.21 - 0.40 - variation, moderate traits;

0.41 -0.60 - variation, strong traits;

0.61 and above — variation, very strong traits.

Traits satisfying the inequality"vj‘sv* where denotes the " critical value

of the coefficient of variation, are eliminatedrrdhe set of analysed variables.
V' =0.10 was taken as the critical value for the yswl set of variables.

2. Standardisation according to formulgd) (Gatnar and Walesiak, 2004;
Walesiak, 2003):

where
t; —the standardised value of fkih trait in thei-th poviat;
X; — the empirical values in tlieh poviat;
X —the arithmetical mean of tlih trait;
§ - the standard deviation of théh trait.
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3. Division of studied traits into stimuli and inhibit

The gross scholarisation coefficient and numbestafients were qualified as
stimuli. Suggested variables which are qualifiedhigbitors can be transformed
into stimuli using formula (5):

1
X = 5)
J )gj
However, the lowest value of an inhibitor was takehen determining the
pattern object, ignoring the process of transfognirhibitors into stimuli.

4. Determining the development pattern

The standardised matrix of variables is a bagisié@ermining the so-called
development pattern, i.e. an abstract object (ppRawith standardised coordi-
nates @, Zp, ..., %j, wherez; = max {z;} when z is a stimulus, andy; = min
{z} when z is an inhibitor. This pattern is seen to represenypothetical poviat
with the best observed variable values.

5. Calculating Hellwig's synthetic measure
At the next stage, the distance from the patteas determined for each ob-
jectP; (poviat) according to formula (6):

d=1-20G=1 2 ..n ©6)
DO

where
Do — the distance of thieth object fromP,

Dio:1/i(4j - %1)2 (7)

n

D, =n"> D, (8)
%=J#f(%—af ©
D, =D, +2S, (10)

6. Normalising Hellwig's synthetic measure

The results obtained as a result of the calculatim stage 5 (Hellwig's
synthetic measure) were subjected to normalisatgng the (ZUM) given by
formula (11):
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X; —min,

=3 (11)
maxxj - mII'l)ﬁ

4

7. Poviat classification according to Hellwig's noatised taxonomic measure

Classification of poviats according to Hellwig'srmalised taxonomic meas-
ure was carried out with the use of the arithmeian of Hellwig’s measure and
the standard deviation of that measure. Basedealibve-mentioned quantities,
the following classes of poviats were obtained (Roek, 2010, p. 233):

class Aid, >d +5
classB:d, -5, <d<d+§
classCid,<d -5

where
d, — the value of a synthetic measure calculated bywitgs development pattern
method,
d. — the arithmetic mean of the synthetic meashre

s, — the standard deviation of the synthetic meadure

At the next stage, we verify the hypothesis that structure of expenditure
(budgetary subsidies) on a specific public goatthésqualitative predictor which
determines the quantity/quality of provided PGs #mal efficiency of the pro-
cess, taking account of the fact that the absalakeme of expenditure is lim-
ited. To this end, a cluster analysis using Wandkthod was carried out, which
enabled the identification of clusters of povidtaréng similar traits.

A multifactorial ANOVA was carried out, where theucture of expenditure
on education was taken as a qualitative predietod, measures of PG quantity,
quality and provision efficiency were dependentiatales. Multidimensional
Wilks’, Pillai’'s, Hotelling’s and Roy'’s significarectests were applied to accept
or reject the zero hypothesis asserting the equafivectors of mean measures
related to the quantity, quality and efficiencyRi® provision, as opposed to the
alternative hypothesis that they differ signifidgnfwhich would bear out the
hypothesis put forward in the introduction). Tegsifying the fulfilment of the
assumptions of variance analysis were performeth as Box’s M test to check
the assumption of the homogeneity of covariancemittidimensional space,
and Hartley's, Cochran’s and Barlett's variance bgeneity tests. The next
stage involved carrying out a so-called post-haalyasis, i.e. Tukey’'s HSD tests
(for unequal N) for significant dependent variablascording to the unidimen-
sional results), allowing evaluation of which clesf a qualitative predictor
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significantly determine the variation of the stuliieariables. Contrasts for the
predictor classes identified in the post-hoc anslysere then calculated, to an-
swer the question to what degree the contrasticamfts enable prediction of
the means of the groups. In other words, it evelliathat part of the variation
(total variation of means for a given variable Ihcdasses) may be assigned to
a specific contrast. The sum of squares (SS)thesvariation for which a con-
trast is responsible, was calculated accordingtmila (12) and divided by the
SS for a specific dependent variable in all predictasses (Stanisz, 2007, p. 367):

L?
SS =— (12)
N
—2.G
ni=
where
L — the contrast evaluation value;
n - the number of replications (measures in a group
¢ — the weights describing the contrast.
The contrast evaluation values were determinetgusirmula (13):
_ k
L=>cX%,,wherex, ..% (13)

i=1

At the last stage of analysis, the so-calbecheasure was calculated, estimating
the variance of a dependent variable explainednbip@dependent variable in the
entire population for the quantity of PG (as sigpaiit dependent variables). The
w-measure was determined according to formula @#nfsz, 2007, p. 367ff):

w= (Sgﬁect_ p Mgrror)
S%ﬁect-l- S§ror+ M§ror

(14)

where
SSeffect— an intergroup SS of differences between meamegabf variables for par-
ticular predictor classes and their global meana@ues of total variation

of means);
p — the number of degrees of freedom of a qualiggtredictor;
SS.or — a measure of incidental variation, i.e. the @ S$lifferences between the

result of observation and the mean of a class;
MS..or — the mean square error.

The o-measure enables evaluation of what percentagdeofvariation of
individual dependent variables (quantity of PGs effttiency of PG provision)
in the entire population can be attributed to thelitative predictor, in this case
the structure of expenditure on education.
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Results

The cluster analysis carried out using Ward's mwethaking into account
the synthetic measure of PG quantity, the synthatasure of PG quality and
the efficiency of PG provision, led to the iderdition of three clusters among
the studied poviats. Basic descriptive statistarsrhodels of education financ-
ing, determined on the basis of the cluster amalgsie given in Table 3.

Table 3
Characteristics of Clusters of Similar Poviats Accading to the Criterion
of Expenditure on Education (mean values of traits)

Structure of expenditure on education*
No. | Class Percentage General subsidy measuire
X1 Xz X3 X1+ Xo+ X3 Xa Xs Xe
1. A 149 | 8.01 | 21.39 30.8% 23.86 | 45.25 97.18
2. B 1.02 | 882 | 17.95 27.79 27.13 45.08 105.1Q
3. C 1.38 7.07| 1470 23.15 31.07 | 45.77 100.18
4. Total 1.38 7.69| 17.93 27.00 27.54 45.47 99.55

* X1 — expenditure on remuneration of probationary Heex per student; X~ expenditure on remuneration
of contract teachers per student X expenditure on remuneration of nominated teacper student; X—
expenditure on remuneration of certified teachess giudent; X — remainder of the subsidy calculated per
student; % — correction coefficient used for calculation o€ fgeneral subsidy.

Source Own study using th8tatisticapackage, based on source data as in Table 1.

As a result of the analysis, three clusters ofiggsvwere identified. Each
cluster is characterised by the following descviptstatistics related to the PG

provision process (Table 4).

Table 4
Descriptive Statistics Related to the PG ProvisioRrocess
5 Synthetic measure of PG Synthetic measure of PG PG provision efficiency
3 quantity quality ratio
= [N
=] Standard| Standard Standard| Standard Standard| Standard
3] Mean L Mean S Mean "
3 deviation| error deviation| error deviation| error
A |13| 0.3456 0.1584 0.0439 0.6312 | 0.2236 0.0620 2.1724 1.1078 0.3071
B | 4 0.1313 | 0.1242 0.0621| 0.3219 | 0.3319 0.1659| 5.206Q | 4.7014 2.3507
C [14] 0.4598 | 0.2637 0.0704 0.5597 0.271P 0.0724 1.5726 | 0.9115 0.2436

Source Own study using th8tatisticapackage, based on source data as in Table 1.

In all, 13 poviats, with 46 technical schools @idgeneral secondary schools,
were assigned tdass A. Here, 26 of the technical schools obtained a satigf
ry educational result in the humanities as meashyeHVA (56.52%), 25 tech-
nical schools obtained a positive EVA for Polishdaage (54.35%), 18 obtained
a good result in mathematics and natural scien8@43%), and 16 technical
schools were positively evaluated for mathemads78%). General secondary
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schools in the analysed poviats produced positVA Ealues as follows: for
humanities, 19 schools (46.34%); for Polish langu&$ schools (56.10%); for
mathematics and natural sciences, 19 schools %§;3dnd for mathematics,
16 schools (39.02%). The value of the Di correctioefficient for each poviat
was lower than 100, which means that each of themraived less than 100% of
the general educational subsidy, which takes intmant such elements as num-
ber of students and teacher employment structuréheAsame time, class A has
the highest synthetic measure of PG quality (sd#eT4) and the second highest
measures of PG quantity and PG provision efficiency

The poviats assigned tdass B had 9 technical schools, three of which
(33.33%) obtained positive EVA values. In none loé analysed poviats was
there recorded a positive EVA value in the humasigiroup and separately in
the Polish language group. The situation was eversavin general secondary
education, where only one of eight schools obtaiaedositive EVA value
(12.5%). Among general secondary schools in thes&afs, no positive values
were obtained in any of the analysed groups ofesitj i.e. humanities, Polish
language, mathematics and natural sciences, arftematics. The value of the
D; correction coefficient for each analysed poviaswgeeater than 1, indicating
a clear difference from the poviats in class A.sGI8 is characterised by the
lowest number of probationary teachers and a velgthigh proportion of certi-
fied teachers (X4), i.e. those at the last stagehaif professional career, much
higher than the proportion in class A. This progi@widence of the low rotation
of teachers under this model of financing.

Class C consists of 14 poviats, where secondary educiipnovided by 69
technical schools and 53 general secondary schbethnical schools obtained
positive EVA values as follows: humanities, 36 suBo(52.17%); Polish lan-
guage, 37 schools (53.62%); mathematics and nasgiehces, 24 schools
(34.78%); and mathematics, 23 schools (33.33%).e@érsecondary schools
had positive EVA values as follows: humanities, sthools (44.44%); Polish
language, 19 schools (52.78%); mathematics andatadaiences, 20 schools
(55.56%); mathematics, 18 schools (50.00%). Theecton coefficient ()
was lower than 1 in exactly 50% of the poviats, aigher than 1 in the other
50% (7 poviats). Class C is characterised by tghdst measure of PG quantity
(see Table 4) and the highest share of so-calleedegelopmental teacher posts
(X4). This is reflected in a slightly lower qualibf PGs than in class A, and the
lowest efficiency of PG provision (see Table 4).

Multidimensional significance tests lead to thgegon of the zero hypothe-
sis of the equality of vectors of mean measurestedito PG quantity, quality
and efficiency, in favour of the alternative hypegls that they differ significantly,
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which provides a ground for confirmation of the bghesis put forward in the
introduction and the correctness of the above denations (see Table 5).

Table 5
Multidimensional Significance Tests
Test Value F Df effect| Df error p
Classes for the structure Wilks 0.512467 3.43985 6 52 0.006175
of expenditure as Pillai 0.517944 3.14529 6 54 0.010199
a qualitative predictor | Hotelling 0.892003 3.71668 6 50 0.003925
Roy 0.819599 7.37639 3 27 0.000920

Source Own study using th8tatisticapackage, based on source data as in Table 1.

The assumption of the homogeneity of covarianamuttidimensional space
raises certain doubts — Box’s M test points to gdasufor rejecting such OH in
favour of the hypothesis that covariances are mohdgenous. On the other
hand, Hartley’s Cochran’s and Bartlett's tests ofmlbgeneity of covariance
confirmed the homogeneity.

Unidimensional results prove the significance afiation in two variables:
PG quantity and efficiency of PG provision (Tab)e 6

Table 6
Unidimensional Results for Dependent Variables
E c Synthetic measure of PG quantity] PG provision effiency ratio
£
20 Ss MS F p SS MS| F p
S &
Structure of expenditure
on education 2 | 0.348262|0.17413 3.8950({0.03217 41.397 | 20.699|6.311 0.0054
Error 28 1.251773 0.04470 - - 91.827| 3.279 - -
Total 30 | 1.600034 - - - 133.225 — - -

Source Own study using th8tatisticapackage, based on source data as in Table 1.

Post-hoc tests (see Tables 7 and 8) proved tiéisamnce of the change in
the education financing structure from model B tinGerms of the quantity of
PGs. The suggested change in financing from modi 8 is justified by the
fact that in model B, average non-financial outlagseducation per student were
four times higher. Despite the considerably higagpenditure, a much lower
guantity of PGs was obtained as compared with das$he data presented
show that an increase in non-financial outlays gtedent did not ensure either
higher or even comparable effects with respectasscC. It should be concluded
that a higher quality of education might be obtdine class B by changing the
structure of financing to allocate a larger parthef funds to cheaper posts filled
by probationary, contract and nominated teachers.
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Table 7

HSD Test (for unequal N); “Synthetic Measure of PQQuantity” Variable;
Approximate Probability for Post-hoc Test; Error: | ntergroup MS = 0.04471,
df = 28.000

Classes for structure of expenditure
o A A B Cc
as a qualitative predictor
1 A 0.197752 0.353310
2 B 0.197752 0.027840
3 C 0.353310 0.027840

Source Own study using th8tatisticapackage, based on source data as in Table 1.

Table 8

HSD Test (for unequal N); “PG Provision EfficiencyMeasure” Variable;
Approximate Probability for Post-hoc Test; Error: | ntergroup MS = 3.2796,
df = 28.000

Classes for structure of expenditure
o A A B C
as a qualitative predictor
1 A 0.017863 0.669558
2 B 0.017863 0.004040
3 C 0.669558 0.004040

Source Own study using th8tatisticapackage, based on source data as in Table 1.

Table 9
Evaluation of Contrasts for the PG Quantity Syntheic Measure

Synthetic Synthetic Synthetic | Synthetic
measure of | measure of PG| measure of | measure off, —95.00% +95.00%
PG quantity quantity PG quantity |PG quantity

Confidence Confidence

Evaluation | Standard error t p L L
limits limits
CONTR.2 = | _378344| 0.110874 ~2.73907 0.010596 | —0.5738 | —0.0827
(BvsC,i.e.0;1;-1)
Saontrast/SSffect 0.62

Source Own study using th8tatisticapackage, based on source data as in Table 1.

Table 10
Evaluation of Contrasts for the PG Provision Efficency Measure

Synthetic Synthetic Synthetic | Synthetic

measure of | measure of PG| measure of | measure of | -95.00%| +95.00%

PG quantity quantity PG quantity | PG quantity

Evaluation | Standard errgr t p Cor_1ﬂdenc Conﬂdence

limits limits

CONTR.1
BvsA ie. 1:-1: 0) —3.03361 1.035455 —2.92974 0.006679 | —5.15465 -0.9125
SSontrasI/S Sffeci 0.44
CONTR.2
BvsC. ie. 0; 1: -1) 3.63344 1.026716 3.53890 0.001425 1.5303 5.7365
SSontrast/S Sffect 0.65

Source Own study using th8tatisticapackage, based on source data as in Table 1.



989

In the case of the efficiency of the PG provigwacess, changing the model
of financing from B to A or from B to C is of gresignificance. The analysis of
contrasts carried out for statistically significatgpendent variables shows the
relative weight of the discussed change in the iR@ting structure (see Tables
9 and 10).

This shows that the change in the financing simectrom model B to C ex-
plains 62% of the growth in the synthetic measudrB® quantity. On the other
hand, in terms of the efficiency of the PG prowuisiprocess, a change from
model C to A rather than B seems a better solugorge the resulting drop in
efficiency will be less severe.

Finally, reference should be made to thecoefficient. In the case of PG
provision efficiency,w = 0.25, and in the case of PG quantity,= 0.16. This
means that the structure of expenditure only erplegspectively 25% and 16%
of the variation in the synthetic measures of gtyaaind efficiency in the stud-
ied population. It leads to the conclusion thateottariables (analyses within
poviats), which determine the process of PG creaitiothe education sector,
should also be considered. These variables certainlude demographic pro-
cesses and the broadly understood social and edom@velopment of regions,
but this is a subject for further analysis.

The Contribution of the Proposed Method and I ts Practical | mplications

The applied method allow to observe the underlygasons for differences
in the performance of different financing modelseafucation. Since both the
guantity and quality of PGs are disclosed, we aaintput why in some cases
bigger funds do not translate into higher EVA. Ehés not such possibility
in the ordinary DEA approach where we can only sisseslation of public funds
to education effects and rank it. One has any idbg,sometimes bigger money
doesn’t result in EVA improvement?

Discussing the best performance of thadel A, it may be considered whether
this is the result of its having the highest shafeso-called “developmental
teacher posts” — see the column “XX, + X3" in Table 3. It is worth noting that
the salary of certified teachers 4Xis, in practice, the highest of all salaries
available to teachers on their career path; thashi&rs in this group may lack
the motivation for self-improvement. Teachers iougs X, X, and X%, on the
other hand, are better motivated for self-improvetnbecause they are seeking
promotion. Staffing issues have also been identifie a source of inefficiency
in Slovenia and Croatia. Analyses of teaching efficy in secondary schools
in those countries show that there is a problenexafessive employment of
teachers.
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The main conclusions from those studies, howeseggest lowering the
number of teachers employed by retiring those &a@alvho meet the criteria, and
employing a proportionally lower number of new fears, who will be subject
to a strict selection process. Significant reagonshe inefficiency of education
systems in Slovenia and Croatia include poor edutaesults (in the last two
quartiles among 31 studied OECD countries) andivels high costs of educa-
tion, especially in Slovenia. In the case of Sloaehigher costs contribute to
improved education results, but in proportions Whileviate considerably from
those expected (Aristovnik and Obadic, 2014).

In cluster B, paradoxically, the accumulation of experience waisreflected
in either the quantity or quality of PGs, althougls associated with the highest
efficiency of PG provision (Table 4). It shows thhe efficiency of education
can be a “tricky issue”. The level of efficiencygvirever, results from the rela-
tively small number of schools and students (lowtlsgtic measure of PG quan-
tity), which leads to a high value of the basictpzirthe general educational
subsidy per student (the highest correction caoefficX), which allows the
maintenance of a high percentage of certified teechlhus it may be stated
that the efficiency of the education system is iowed here by minimising ex-
penditure, i.e. the quantity of PGs, while accaptineir relatively low quality.
But is this a desired model?

The results for theluster C may suggest that the general educational sub-
sidy, which decreases as the number of studentssgrshould rather be spent
on employing/promoting teachers in the so-calledettgmmental posts. These
posts are not only cheaper, but also, in view efdheater motivation for self-
improvement, may lead to improved quality of PGsl &mgher efficiency of
their provision. On the other hand, this pointghe inappropriate construction
of teachers’ career paths and of the systems wsedaluate the effects of work
in their profession.

Developing tools that enable improvement of teeglremuneration system
is the practical implication of the proposed methdtie applied method in-
dicated that the present teachers’ remuneratiotersydoes not contribute sig-
nificantly to the increase of quality of public giin education. There are even
symptoms indicating that comparable education s¢@ed in some cases even
higher, are achieved by students taught by teactidosver level of professional
development (in our analysis referred to as ‘dgualental’ teacher posts). Mo-
dified teachers’ remuneration system should coutegilbo creating human capital
of higher quality. Such an effect will be achievalhrough the change of the
teachers’ remuneration structure, without a needmyf extra expenditures on
education.
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Conclusion

The authors have achieved the goals of the attialle in the methodological
dimension, and in terms of verifying the hypothesis forward in the introduc-
tion. As a methodology, they suggest a researcbepiire serving the quantifi-
cation of PG quantity and quality, and the evabratof the efficiency of the
process, followed by the identification of its firal determinants, assuming
that PGs are of the nature of merit goods fundeunh fihe state budget. It should
be emphasised that the methodology is univergaljtimay be applied to ana-
lyse the process of PG generation in differentmeaif the economy.

The empirical research has borne out the theaay tte supply of public
goods in the education sector is determined bysthecture of local budgetary
funds used for that purpose, and not only by tkel samount of public spending.
The authors have identified three types of finapagstems for secondary edu-
cation. Paradoxically, it turns out that a petdfsructure dominated by certified
teachers does not guarantee the highest qualigdetation, and is associated
with high efficiency of PG provision only in theseawhere there are few schools
and students (class B). A model dominated by “dgwakental teacher posts”,
characterised by a relatively high rotation of fs(afgnificant proportion of pro-
bationary teachers) seems a much better solutiseuBsion concerning a moti-
vational scheme to be applied to secondary scheaathers’ promotion paths
is therefore justified. A concerning fact is thiatsi more advantageous to spend
the general educational subsidy on employing/prorgdeachers in lower posts,
as these are not only less costly, but may aladtriesimprovement in both the
quality of PGs and the efficiency of their provisio
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