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Adopting Information Distance Measures for Geographical
Data Analysis

Abstract:

In Geographical Data Analysis there are different measures describing the sense of
distance, between two points in R". In this paper we adopt the distance measure
between the two distributions describing the variable under consideration - the
Information Distance Measures (idm) — between two regions. The idm does not obey
the triangular inequality and there is, in principle, a problem in the symmetry, as well.
We are working with those which can satisfy, eventually, the symmetry, while a
compact discussion, under a general framework, of the most idm is developed.
Eventually a real life statistical problem with a particular Data Analysis is performed
for Geographical oriented Economical collected data in the Metropolitan Area of
Athens (MAA), applying particular idm which are suggested for this particular kind of
data sets.

Key Words: Distance measures, Divergence, Geographical Analysis, Multivariate
Normal

Christos P. Kitsos! and Polixeni lliopoulou?

1 Corresponding-Address: Prof. Dr. Christos P. Kitsos, University of West Attika, Email:
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1. Introduction

The quantified methods, even empirical, are essential in all areas of investigation. A
typical example can be Hack’s Law, Hack (1957), an empirical relation between the
length A4 of a stream and the area A of their basins as:

A=CcA" (1.1)

The exponent h plays an important role, known as Hack’s exponent, and there is
not a theoretical justification for (1.1). The values of h are around 0.52, for every
particular case under investigation. But the empirical relation (1.1) provides food for
thought for results based on probability theory, Rigon et. al. (1996). That is empirical
laws, can be the basis for theoretical results, typical example can be the empirical
distribution and normality. In the same manner theoretical results, can be adopted in
applications, sometimes different for the ones that are proposed. This is the line of
thought we present in this paper: we are referred to “distance measures”, emphasis
given to the information ones, usually developed and applied for the field of
Electronics and provide the way that can be useful in real life data applications
coming from Geographical Analysis.

The sense of distance, although fundamental in all fields, it is understood
under a different line of thought to each one field, consider as an example Statistics
and Geography. Traditionally, in Geography, Abler and Gould (1971), distance is
considered either as absolute or relative. The former is the distance between two
points, which is measured with conventional distance units (e.g. meters), while the
latter represents the relative location, in terms of distances along dimensions. There
are different results of distance measurements according to the path between two
points. For example, along a transportation network, either absolute or relative
distances will be different compared to measurements in Euclidean space, Lu et al.
(2014), Comber et al. (2020). In the space of Riemann, the shortest distance between
two points is the curved line. A typical example of Riemann’s space, in practice, is
when we route a highway around a mountain, as it is, in principle, difficult to cross it,
through a straight line in Euclidean space. Manhattan distance is a variant of
Euclidean space, in which the shortest distance between two points consists of line
segments, which meet on right angles. On the other hand, relative distance can be
measured in a two dimensional or multi-dimensional space, which is defined by two
or more variables, as the coordinate system, instead of conventional distance units. In
that case, two places have smaller or larger distance according to their similarities
with respect to the variables defining space. Similar values of the variables result to
smaller distances between observations.

Spherical distance it is not discussed in this paper. There is a number of
Statistical considerations that it is not easy to be transferred in Spatial Statistics and
Geographical Analysis, Iliopoulou and Kitsos (2019).

The measure of distance in R" is adopted either from the principles in Analysis
or from Linear Algebra. The latter provides the Euclidean distance in R", as well as
other measures, while the former provides, in an early stage of development, the
distance of a distribution from the empirical one, or the distance between two
distributions, as a result of the distance of two functions. Mahalanobis’ distance,
compromise the above, as the Statistical way of approaching “distance”, in the sense
that tries to evaluate “how far” the data points are from the Normal distribution. We
shall discuss briefly these lines of thought.
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The Euclidean distance, as well as the Manhattan distance, is special cases of
the Minkowski distance. Let the two points x = (xi) and y = (yi) with i=1,2...,n, i.e
X,y € R", then the Minkowski distance, of order m is, Johnson & Wichern (2007),
among others:

d (x,y) = [E%,lx,_y, ™ m (12)

For m=2 the distance dz(x, y) is the Euclidean one, while for m=1 we obtain
the Manhattan one, which is strongly related to the city-blocks, under investigation:

dl(x’ y) = Zi:l X —Yi |

The exponent m provides different weight on the “spread” of observations.
Particularly when m tends to infinity (m—o0), the Chebyshev distance, equals to max
{|xi — vi| , i=1,2,....n}, is obtained. In principle for a given distance, dciven (X, Y),
between the points X, y, we can create a new distance, through a function g, dnew = @
(deiven (X, Y)), provided g is monotonically increased function. However, the distance
axioms might not be satisfied for some forms of g. Moreover, a number of
applications have been discussed adopting distance measures, Wilson and Martinez
(1997). The Mahalanobis distance, used in Fisher's linear discriminant analysis, is a
particular case of the Bhattacharyya distance, Bhattacharyya (1943). The Mahalanobis
distance, dwm , the distance of the measurements x€R" form the Normal distribution
N( % ) with mean peR" and covariance matrix XeR™", Mahalanobis (1936), is

defined as :
dum = dm(x, N(u, £)) = [(x-p)" =" (x-p)]* (1.3)

As it was noted dm can be also applied even with correlated variables, Klecka
(1980), Norusis (2011). Eventually whatever distance measure is adopted, practically
the explanation is: “similar” observations provide small distance measure, while large
distances correspond to “different” observations.

The sense of distance is also important in other aspects of Statistics. Among
the pioneering work one could consider the work of Wolfowitz (1957), Blyth (1970),
were it was pointed out that the Maximum Likelihood Estimators (MLE), the Least
Square Estimators (LSE), the Chi-Square test the Kolmogorov-Smirnov test obey the
minimum distance principle.

It has been defined, that the minimum distance estimators, are those which
minimize the distance between the empirical distribution F, and the actual
distribution, F, , in terms that:

infd(F,,F,)=d(F,,F,) (1.4)
where 0,0<0,0 being the parameter space, is the “minimum distance estimator”,

and @ is the evaluated estimate. Notice that by the Law of “Large Numbers” the
empirical distribution converges a.s to the distribution function F, while the
Glivenko—Cantelli theorem insures that the convergence in fact happens uniformly in
R, in terms that:
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|| Fn—F |lo = sup {| Fn (X) — F(X) |, XER } (1.5)
Moreover by the Central Limit Theorem (CLT) the empirical distribution has
asymptotically normal distribution, with Vn rate of convergence, mean zero and
variance F(x)(1-F(x)). In principle the discrepancy measure is reflected tod(F,,F,),

for the estimation case under consideration. Typical example can be the
Kolmogorov — Smirnov (K-S) test, similar to the above line of thought, Kolmogorov
(1933), Smirnov (1948), were:

d(F;, F,) =5U9EJ|F6»(X)— F.(X)|

So it is clear that the K-S statistic quantifies a distance measure between the
empirical distribution function, of the collected sample, of size n and the cumulative
distribution function of the reference distribution. In the same way of thinking, Least
Squares have been considered as Euclidean distance. That is why, we believe,
Maximum Likelihood estimation, offered by Fisher (1922) it is an impressed
evolution: although no typical distance measure is used, at the end, it is a distance
measure. Adopting the distance methods in Bioassays, Kitsos and Sotiropoulos
(2009), a number of theoretical results can be proved and used, while the affine
transformation preserves all the properties for a class of models, Kitsos et. al. (2014)

In applications not only the K-S test is adopted, but also the Shapiro-Wilk test as
a test of normality in frequentist statistics, Shapiro and Wilk (1965). We shall apply
both tests in section 3.

So starting from the Euclidean distance between two points, we moved to
Minkowski’s distance for given points, then the distance of a given point from a
Normal distibution, see (1.3), then the distance between the empirical distribution and
reference distribution, see (1.5). The next step is to consider the distance between any
two distributions : Consider two probability measures P and Q say, on a sigma-
algebra A of subsets of the sample space Q. Then, the (total variation) distance
between P and Q is defined :

drv (P, Q) = 2sup[|P(A) - Q(A)|: A € A] (1.6)
It holds, that:
drv(P,Q)=[P-Q:i= X |P(w) - Q®)], 0€Q

Moreover from the Random-Nikoym theorem there exist functions f, g,
respectively to P and Q integrable such that, with p the appropriate measure:

(g _dQ
B du , B du
Sothat dtv (P,Q):fA |f— gldu 2.7)

This is the appropriate background to proceed this paper and the line of thought
we want to introduce. In this paper we are presenting another approach of the distance
measure, we shall refer to it with capital D, The measures we are referred are more
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useful, we believe, in Geographical Analysis or Spatial Statistics, approaching the
collected data, of the same framework, in different regions, say. We apply this
distance-method, introduced in section 2 and the adopted information distance
measures are applied in a real life data set, collected from municipal units in the
Athens Metropolitan Area, see section 3.

2. The Information theory point of view of Distance

In principle, in Statistics and therefore in Information Theory, the term “distance”
does not fulfill the “triangular inequality”, as in Linear Algebra or in Analysis.
Moreover, see section 3, the “symmetry” it is not also available in most cases. But we
keep on using the term “distance” for these information distance measures! Moreover,
there are “information distance” measures, which we discuss and we believe that are
useful to be introduced in Geographical Data Analysis, as well in other Data Analysis
fields.

The information distance measures (idm) succeed to qualify the information
provided by the random variable (r.v) X, coming from the distribution P, say, in
relation with the random variable Y, coming from the given distribution Q. In such
case, the most well-known information measure, is that of Kullback-Leibler (1951),
widely known as K-L divergence, also known as relative entropy, Kullback (1959).
The K-L divergence it is neither symmetric nor triangular, but offers a measure to
quantify how one probability distribution is different from a second, considering as
reference probability distribution. This is why it is known as “divergence” and not as
“distance” measure, and is not adopted in this paper, although it offers to us food for
thought, as it is widely applied in Science. It varies from zero (when P and Q perfectly
much) to infinity (the K-L divergence between Cauchy and Normal distribution, the
perfect disagreement) and is considering as an information-based measure of disparity
among probability distributions, defined for the continuous or discrete case as:

Dy (X,Y) =D, (P,Q) := _rp[:x]iag%dx Continuous case (2.2)

Dp(X,Y) =Dy, (P,Q):= 20 p; iog% Discrete case
L

Usually p(x) is considered the “true” distribution and “q(x)” the approximate, so
it is eventually the expectation of the log difference between the probability of data in
the original distribution with the approximating distribution. Moreover K-L
information needs no many regularity conditions, as Fisher’s information needs, but
still is related to it, Schervish (1995).

Example 1. Let the r.v X coming from the Normal distribution with mean (u) zero
and variance (c?) one, i.e X~N(0,1), while the r.v Y is coming from the Laplace, with
same mean and variance, i.e Y~L(0,1). According to the introduced notation:

P = N(0,1),Q = L(0,1)

Recall that the pdf of the standard Normal and Laplace, let p(x) and q(x)
respectively are:


https://www.countbayesie.com/blog/2015/3/19/expectation-and-variance-from-high-school-to-grad-school
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1 1 . 1
x) =——exp|——x°|, x) =—exp|—|x|], xER
pC) = =exp[~5xY.  a() = expl-lxl

Then one can evaluate the Kullback and Leibler information distance, Dk,
information measure between P and Q, as well as Q and P, Schervish (1995):

D.,(P,Q) = 0.07209 , D,,(Q,P) = 0.22579

It is clear that there is no symmetry, Dy, (P,Q) #D,(Q,F).

The K-L diverge usually works with the Normal distribution, while there is a broader
class of “normal” distributions :The Generalized Normal Distribution (GND) was
defined by Kitsos and Tavoularis (2009), through the Logarithm Sobolev Inequalities
(LSI) for the r.v X~N? (i, Z) with three parameters: for position x € R®, variance

& RP*? and the shape parameter y,with pdf :

¥

f@=ﬁw&ﬁ=wm%%ﬂm?ﬂmm—wn(M)

(E)+1 - - .
Where C, =—Eﬁ(u)pu, |Z| = determinant of X
n:[?;-_T'ﬂ},;'lzl ¥ ¥

and
Q(x) =(x —w)EZ7Yx —p),x € R?, the parameter vector is 8 = (i, Z,¥).

In GND the introduced new parameter, the shape parameter vy, offers the
possibility for creating a family of “normal distributions with fat tails”. Moreover,
special values of y lead to a number of well-known distributions:

e When y=2 the p- variable Normal is obtained, N.) (z,X)

e When y=0 the Dirac distribution is obtained
e When y=1 we obtain the Uniform distribution
e Wheny — tco the Laplace distribution is obtained.

The appropriate choice of y provides an approach to describe data not so close to
typical Normal distribution, but still “normal with more probability in tails”,
otherwise to “fat tail distributions”.

This can be proved useful to a number of applications mainly to Economic data

2 2
sets. For the Generalized Normal distributions KT, (e 01l o) and KT, (10,051 ) the

KLIP

(information) distance 7 of Kullback-Leibler, for given vy is equal to, Kitsos and

Toulias (2010):

_C(p.y)| P o, —a (%) ) )
KLI;’_T > Ina—g Ie 4 dx—je g, (x)dx + Ie 4, (x)dx |,
1 1 /3¢ 0P CP

(2.3)

(%) = 22 (o7 |x— 44 )ﬁ xellP i:O,l.

where
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Moreover, the evaluated KLI?

linear expression:

_ul? 1 ol o}
KLI§=§p+—|"12”°| é=§Hn—%j—l+a—2}0 (24)

2 1
0 0, 0

, between two classical Normal distributions, is a

The “universal constant”, as it is known, the quantity:

( 1 )1/(7—1) or ( Y )7/(7—1) (2.5)
y-1 y-1

and as it appears in Applied Analysis, Takashi and Takashi (2011 ), is
associated with the y order GND theory. We will work on this in another occasion,

where the normality does not hold, while in this paper the normality of the
observations is the main assumption.

A general form of the information distance measure (idm) was proposed by
Kitsos and Toulias (2017). For given “smooth” functions g, h and fx, fv the pdf pf
given rv’s X and Y the idm is defined to be, Dk, as:

Dr = Dir(%,¥) = g (oo h(Feu i) (2.6)
Under (2.6) the following cases can be considered for the function g:
Casel: For g(t) =4t

Then with:

Mfef) =2 F-VR) @D

we come across to D (X, Y) the Hellinger distance, see also Appendix A, as
far probability
measures concerns.

Case2: For g(t)=id(t) =1t

With different values of k(-,-) we come across to different distance
measures:

2i. With h(fy.fr) = fxiag’;—}’f we evaluate the Dy, , the K-L distance

2ii. With h(fg,f,) =f; [log%]‘ we evaluate to the exponential distribution,
D., distance
2iii. With h(f..fr) = f [ —ﬁ] ,a =1 we evaluate the Vajda, D,

] fx
distance
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2iv. With hify.fy) = %fx [ — J’:—;] we evaluate the Kagan (or X%}, D = ,
distance

2v. With h(f,f,) = f&.q:(%) , & convex, ¥ (1) = 0, we evaluate the Csiszar,
D, ,distance

2vi. With h(fe. i) = f:°f, "% . € (0,1) we evaluate Dch , Chernoff’’s
distance

2vii. With h(fy.fir) = Ify — fi| we obtain the, very popular, total variation
distance, Dv.

Case 3: For g(t) = —log (t)

With h( fx , fy) = (fx* fy)"2 we come across the Bhattacharyya’s , Dg,
distance.

Notice that in most cases the ratio ( ) is used and this can offer an easy

fr
explanation that there is, in principle, no symmetry for the idm. We shall take a
special consideration for the cases where symmetry can be present. Moreover, under
certain restriction these idm are related between them. One example is that Hellinger’s
Dn distance, which obeys to the triangle inequality, is related to Bhattacharyya’s , Dg,

which is symmetric but not under triangular inequality, as :
De=-log(1- D} ) (2.8)

The cases 2i and 2ii are related as well as the cases 2iii and 2iv. The 2v case
offers a generalization for the ratio F" , with first term the function f,. The cases 2vi

and 2vii are based on completely dlfferent line of thought. In this paper we adopt
Hellinger, Dy , distance which obeys the triangular relation, and offers possibilities,
discussed here, for symmetry and we work with it in section 3. The K-L divergence
needs a special consideration, see section 2, as it is useful is a number of applications,
as all the idm, Geoghegan (2008), that can be extended.

In principle the following Proposition 1 and the Corollary, for the multivariate
and univariate case, Kitsos and Toulias (2017), among others, offer the way that these
measures can be evaluated.

Proposition 1. Let us consider the p-dimensional normal distribution
N,(u,X), p € R7, X € RP*P. Then for the given rv’s X and Y with

XN, [FE’EXJ’YMN?: (e, Ty ) iy #F py Iy #+ Iy (2.9)

The corresponding information distance measures (idm) are :

(1) The square of idm of Hellinger’s Dy is :
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_lzgzl alzyl s
| z|

Di(xY) =1 exp[W] (2.10)

with & =2(Zx + 57 ) and W= —2[(ty — i) Z 7 (g — )]

(2) The a-idm of Chernoff is:

leZy+(1—a)Zyl

(@) _1
D, (X,Y) =7log ol %z

a€(01) (2.11)
(3) The Bhattacharyya’s idm is :

1 |Z]
Dg= =log———
2 7|z,

-W ,withWand X as in(2.10) (2.12)
Restriction: In this study, and for the problem we discuss, it is essential to
impose the restriction that:

ImZx+':1—rffh_z}-| -1
[Z5| |y 22

So that to obtain positive values for the corresponding distance.

Hellinger’s distance is related to the Bhattacharyya coefficient BC, see also Case 3

above, as Dy = (1-BC)¥? and as the Bhattacharyya’s distance is originally defined to

be Dg =-In(BC) it is easy to see that (2.8), as above, holds. Moreover from (2.12) the

existence of Dg depends on the value of det(X), it is necessary to be positive , as well

as det(Z, %, ).

It is clear that Chernoff’s idm in (2.11) it is not symmetric. But when o=1/2 it is

symmetric, while Hellinger’s distance in (2.10) can be considered symmetric, while

obeys, in principle, to triangular inequality. Moreover in univariate case is clear,

symmetry holds for idm of Hellinger, and also when a = 2 for the Chernoff idm, due

to the following Corollary. Indeed:

Corollary 1. For the one dimension rv’s X~N(uy, 05 ),¥~N(uy, 0 ) holds:

(1) Di(X,Y)=1-— (2 LY }1;’2 exp(w,)

G‘%‘hﬂ%
(2.10a)
with w, = — dzse)®
4(af+op)
. -3 1 aod+{l—a)od
(II) Dch [X, Yj = . iogﬁ e (0,1)
[ o]
(2.11a)
(iii) De=-log(1-D%) see also (2.8)

(2.12a)


https://en.wikipedia.org/wiki/Bhattacharyya_distance
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Notice that (ux - pv)? is a Euclidean distance of the means of the Normal distributions
that the data set follow. Therefore the involved parameter w, is a weighted distance
measure and so does any continuous function, therefore d* = exp(wo) is also a
distance of the means. Hence:

Corollary 2. A distance between the mean values of the Normal univariate
variables X and Y under consideration is expressed by d* = exp(wo). Therefore,
Hellinger’s idm between two Normal distributions is a function of the distance d”
between their mean values, D5 (X, Y) = D5(X,¥;d*).

Moreover, it easy to see that:

Corollary 3. For the ¥%-Chernoff information distance measure holds:

2 2
Loy, x) (2.13)

DEZ(X,Y) = = log]
2 oy 0y
Notice that as:

2 2 2 2
1oy +O'Y]: log oy +0'Y]1,2

DX(X,Y) =~ log [
2 o, Oy 20,0,

The % - Chernoff distance is related to Hellinger’s square distance, see (2.11)
and (2.12). The distance, obeying to symmetry, but not to triangular inequality,
Bhattacharyya’s , Dg , is related to Hellinger’s distance, see (2.8) is also adopting to
this paper. Notice that Mahalanobis’ distance is a special case of Bhattacharyya’s
distance, Comaniciu et. al. (2000). That explains why Hellinger’s distance plays a
dominant role — most of the other distances related to it. The Total Variation distance,
Drv, is approximated in this paper, see (3.1), through Hellinger’s distance.

To evaluate the symmetric idm Hellinger’s or 2- Chernoff’s the involved
calculations are not so hard, despite the theoretical insight, and their symmetry offers
the possibility to be adopted in a Data Analysis different than the usual one in
Electronics. We worked out symmetry which eventually provides this improvement,
to apply the appropriate symmetric, idm in Geographical Data Analysis, which are
strongly referred to real-life data. We adopt this idea in section 3, for data concerning
the metropolitan area of Athens, Greece.

3. Data Analysis for Geographical Regions

In this section the introduced information distance measures (idm) are applied to real
geographical data. The study region is mainly consisting of the Metropolitan Area of
Athens and the Metropolitan Area of Piraeus. It includes 72 municipal units. Data
concern houses for sale and they were derived from real estate websites. The sample
comprises over 5000 houses. Several characteristics of the houses are available,
among which several quantitative variables: price, size, age, floor, price per square
meter, distance from the beach and distance from the metro station. We examined all
these variables for normality and we selected two of them, “price/m?” and “distance
from metro station”, which showed normality in a relatively large number of
municipal units. In the present study it is not included those municipalities with less
than 33 observations. The idea is to provide evidence that the methods we discussed
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can be easily applied, despite their widely use in Information Theory in Electronics,
with some extra calculation, but this is getting easier and cheaper in our days.

Thus for the 45 municipalities we examined which municipalities appear a
normality on the random variables X =«price/m? » and Y= «distance from metro
station». Normality was considered for the collected data set when both Kolmogorov-
Smirnov (K-S) and Sharipo —Wilks (So-W) tests provided normality, under the light
of no outliers. Adopting this definition, normality was insured for 15 municipalities
for the random variable X, 7 are presented in Table 1a, while for the random variable
Y there were 23, 7 from them are presented in Table 1b. Testing Bivariate Normality
(BN) we came across cases, with both variables to be Normal, but not BN, namely the
municipal units, see in Table 1c, those municipalities with an *.

Eventually was presented three Geographical regions, municipalities, with BN,
for both variables X and Y, in Table lc, with Pearson’s sample correlation r and
Royston’s test statistic as well as the corresponding level of significance. In Table Ic
the mean and the standard deviation of the random variables X and Y are presented,
for the Bivariate Normal distribution.

To test the Bivariate Normality, the Royston’s H test was adopted, Royston
(1983), employing the Statgraphics software. The Chi-Squared Q-Q plots to Assess
Multivariate normality were also adopted and are presented in Figures 1-3.

The results of the normality tests are presented in map 1. It is worth noticing that
the municipal unit with the most central location concerning the bivariate normal
distribution is M12. This is the central feature in Euclidean space, as calculated by the
ArcGIS software. This feature is associated with the smallest accumulated distance to
all other features in the dataset and it is the most centrally located feature. Features
can be points, lines or polygons. For polygon features, feature centroids are used in
distance computations.

Map 1. Tests of normality
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Recall Corollary 1 (i), were the evaluated that Hellinger’s distance is
symmetrical. That is the distance between the Normal distributions approaching the
data, between different municipalities, remains symmetrical. There is certainly an
underlying graph, the histogram of the collected data,
approached from the Normal distribution, see Kitsos and Iliopoulou (2021) for details

on these graphs, adopting SPSS26.

Tables 1 (1a and 1b) summarize most of the calculations performed in their
columns, for the two variables (X and Y respectively), under the code system for
municipalities, see Appendix, with common notation:

(1) Sample size

(2) The mean of the rv «cost/m? » in Table 1a, «distance from metro station» in
Table 1b

(3) The variance of the rv

(4) The Kolmogorov — Smirnov test for the variable under consideration

(5) The corresponding significant level

(6) The Shapiro-Wilks test for the variable under consideration

(7) The corresponding significant level.

In Tables 2 (2a and 2b) for the two considered variables X and Y, the

distance information measures are evaluated, as there are presented in Corollary 1.

As the total variation measure, Drv, lies between D? and \2D, Drv € [D?, \2D],
we approximate Dtv as :

Drv = [V2D — D%/2 (3.1)

Table 1a. Evaluated Statistical parameters for a number of municipalities in
Athens, where the variable X “price/m?” in Euro has been proved Normal

the empirical distribution,

" 3 S, KS | « SoW |«
Municipal unit (1) ) ©) (4) (%) (6) ()
M1 115 2103.7 607.9 0.069 0.2 0.985 0.2
M4 112 2305.8 705.7 0.072 0.2 0.983 0.17
M5 126 1958.5 635.2 0.75 0.08 0.979 0.05
M2 104 1098.1 297.1 0.087 0.053 0.985 0.29
M6 86 2337.1 674.2 0.091 0.078 0.974 0.77
M7 71 2158.9 570.4 0.068 0.2 0.975 0.17
M8 145 2632 735.9 0.048 0.2 0.989 0.028
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Table 1b. Evaluated Statistical parameters for a number of municipalities in Athens
where the variable Y “distance from metro station” in m has been proved Normal.

n v Sy K-S o So-W o

Municipal unit (1) ) ©) (4) () (6) (7)
M1 115 3120.38 766.64 0.042 0.200 0.985 0.251
M5 126 1662.24 609.00 0.046 0.200 0.988 0.331
M2 104 9662.30 | 1700.02 | 0.077 0.142 0.978 0.083
M6 86 8704.05 | 633.45 0.066 0.200 0.973 0.064
M9 87 4654.92 674.79 0.072 0.200 0.982 0.259
M3 79 347286 | 543.31 0.048 0.200 0.991 0.845
M10 75 2452 .28 660.81 0.048 0.200 0.987 0.614

Due to (3.1) the calculations through integration, see Appendix A, were avoided.
Notice that the total variation it is typical example of measure distance between two
“smooth” functions. Here the functions are the probability distributions. Distance
measures between random variables may relate to the extent of dependence between
them, rather than to their individual values. In Table 1c the appropriate parameters are
presented, for those geographical regions, were a Bivariate Normality was under
consideration.

Table 1c. Evaluated Statistical parameters for the Bivariate Normal distributions
under investigation

o _ n X Sx 7 Sy r Royston H | p-value H
Municipal unit 1 | @ 3) () (5) (6) (7 (8)
M1 115 | 21037 | 6079 | 31004 | 766.64 | 0203 | 2,902 0.234
M2 104 | 1098.1 | 297.1 | 9662.3 | 1700.0 | 0.180 4.127 0.127
M3 79 | 2614.0 | 545.3 | 34729 | 543.3 | 0.053 1.085 0.581
M11* 65 | 2083.9 | 567.7 | 1048.3 | 500.1 | 0.155 6.219 0.045
M6* 86 | 2337.1 | 674.2 | 8704.0 | 633.5 | -0.146 6.536 0.038

*Not Bivariate Normal

The calculations on Tables 2a and 2b are based on the exact calculations; the
values are truncated, while the total variation distance is an approximation, due to

(3.1). Therefore the tedious analytic calculation was avoided, see Appendix A. The
1/2
results are presented based on the rank of Hellinger’s distance. Notice that in Der the

exponent Y2 declares the value of a=1/2 in a-Chernoff’s distance and not the square
root.
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Table 2a. Calculating idm: Hellinger’s, total variation, %2 Chernoff, Bhattacharyya’s
between Normal distributions , for the rv X “price/m?” in the municipality units of
Table 1a and exp(wo ).

No ) _ Dr1v Ds DY2
Municipal units | e*® Dn V2D, e

1 M4 - M6 0,9997# 0,0279* 0,0394 0,0193 0,0003* 0,00046
2 M1 - M7 0,9989 | 0,0459 | 0,0649 | 0,0014* | 0,0009 | 0,00043
3 M1 — M5 0,9932 | 0,0853 | 0,1206 | 00566 | 0,0031 | 0,00020
4 M5 - M7 0,9863 | 0,1286 | 0,1818 | 00826 | 0,0378 | 0,00125
5 M6 - M7 0,9899 | 0,1303 | 0,1843 | 00840 | 0,0074 | 0,00301
6 M1 - M4 0,9883 0,1310 0,1853 0,0840 0,0031 | 0,00240
7 M4 - M7 0,9935 0,1328 0,1878 0,0846 0,0077 | 0,00484
8 M1 - M6 0,983 | 0,1379 | 0,1950 | 00846 | 0,0083 | 0,00232
9 M6 - M8 09784 | 0,1532 | 0,2166 | 00315 | 0,0103 | 0,00082
10 M4 - M8 0,9747 0,1603 0,2267 0,1005 1.0114# | 0.00018*
11 M4 - M5 0,9671 0,1886 0,2667 0,1155 0,0157 0.00119
12 M5 — M6 0,9591 0,2043 0,2890 0,1236 0,0185 0.00038
13 M7 - M8 0,9375 0,2783 0,3935 0,1580 0,0349 | 0,00697
14 M1 - M8 0,9263 | 0,2865 | 04052 | 01615 | 0,0372 | 0,00393
15 M5 - M8 0,8869 | 0,3433 | 04855 | 01838 | 0,0544 | 0,00233
16 M5 - M2 0,6864 0,6314 0,8930 0,2471 0,2209 0,14991#
17 M1 - M2 05757 | 06990 | 0,9886 | 02471 | 02913 | 0,05145
18 M2 - M7 0,5065 0,7358 1,0406 0,2495# 0,3386 0,05145
19 M4 - M2 0,5369 0,7389 1,0449 0,2445 0,3428 | 0,07266
20 M2 — M6 0,4931 | 0,7592 1,0737 | 02481 | 03730 | 0,06596
21 M2 - M8 0,3930* | 0,8201# | 1,1598 | 02471 | 0,4947 | 0.07922

*= Minimum value #= Maximum value

As the evaluated idm are related mathematically, mainly as functions of the
same quantities, a number of rank correlations, between the evaluated idm, were
calculated. The rank correlation of d* with the other evaluated idm, was not
calculated, as d” it is not an idm, but a generalized Euclidean distance measure of the
means of the distributions describing the phenomenon under investigation. Kendall’s
tau was adopted for the rank correlations. For the estimations of idm in Table 2a, the
rank correlation is declares either a close to 0,86 correlation, as for Dn and Drv, due
to the proposed approximation of Dtv we are using in this paper , while Hellinger’s
distance, Dw , provides a Kendall’s tau to Bhattacharyya’s Dg distance , as up to
0.79, due to (2.12a). The Y-Chernoff distance appears almost no correlation with the
other idm, it is close 0.4 with Dgand 0.5 with D and Drv.
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Table 2b. Calculating idm : Hellinger’s, total variation, %2 Chernoff, Bhattacharyya’s
between Normal distributions of the rv Y “distance from metro” in the units of Table

1b and e*e |
No ) _ Dtv Ds D2
Municipal units | e™e Dh V2Dy °

1 M2 — M6 0.9326 0.4955 0,7008 0.2276 0.1223 0.0920
2 M1 - M10 0.8966 | 0.3291 | 0.4654 | 0.1785 | 0.0497 | 0.0023
3 M1 - M5 0.5743 0.6126 0.8663 0.2166 0.2464 0.0057
4 M5 — M2 0.0073 0.9970 1.4100 0.2079 2.2291 0.0986
5 M3 — M10 0.7006 | 0.7136 | 1.0092 | 0.2500# | 0.3090 | 0.0041
6 M6 - M10 8*10° | 09999 | 1.4142 | 0.2071 a# 0.0001
7 M5 — M3 0.2921 | 0.8418 | 1.1905 | 0.2409 | 0.5355 | 0.0014
8 M1 — M6 0.0003 | 09998 | 1.4140 | 0.2071 | 3.5228 | 0.0039
9 M6 — M9 0.0083 | 0.9958 | 1.4083 | 0.2083 | 2.0809 | 0.0004
10 M2 — M9 0.1535 | 09342 | 1.3212 | 0.2242 | 0.8955 | 0.0819
11 M10 - M5 0.1986 | 0.9087 | 1.2851 | 0.2297 | 0.7587 | 0.0007
12 M5 — M6 1.%107 | 0.9999# | 1.4142 | 0.2071 a# 0.0006
13 M5 — M9 0.0665 | 0.9662 | 1.3665 | 0.2164 | 1.1778 | 0.0114
14 M1 - M3 0.9654 | 0.2492* | 0.3525 | 0.1452* | 0.0278* | 0.0126
15 M9 — M10 0.2567 | 0.8621 | 1.2192 | 0.2379 | 0.5905 | 0.00005*
16 M3 - M2 0.0494 | 09810 | 1.3873 | 02125 | 14236 | 0.1183
17 M1 - M2 0.0461 | 09797 | 1.3856 | 0.2128 | 1.3979 |0.19057#
18 M2 — M10 0.9316 | 04841 | 0.6846 | 0.2215 | 0.1159 | 0.0852
19 M9 — M3 0.6278 | 0.6160 | 08711 | 0.2458 | 0.2071 | 0.0050
20 M3 — M6 510° | 0,9999# | 1.4141 | 0.2071 a# 0.0025
21 M1 - M9 0.5687 | 0.6584 | 09312 | 0.2488 | 0.2468 | 0.0017

*= Minimum value #= Maximum value

The rank of the evaluated idm was applied, so that to order the 21 idm and decide
for the minimum idm in Table 2b. Working for the ordinal association in Table 2b, as
well as for Table 2a above, Kendall’s tau was calculated, to calculate the rank
correlation among the evaluated idm. The rank correlation was decided as in terms of
mathematics the idm are related. Indeed, from a Mathematical point of view the
adopted idm from the Information Theory, under the introduced in (2.6) general form
are related but their interpretation in Electronics is different, Cover and Thomas
(1991). That is why a particular attention on their rank correlation is needed, to
provide evidence what idm are the appropriate for the researcher on a different field,
and decide to what idm his decision will be developed. The Kendall’s tau for is very
small with all idm, actually near to -0.19 with DH and DB, while is -0.01 with DTV.
Moreover the obtained rank correlation is significant at the 0.05 level (2-tailed)
between DH and DTV ,DB and DTV , while rank correlation is significant at the 0.01
level (2-tailed between DH and DB Based on these results the researcher decides what
idm will consider for his study, ie it is not need to use all at the same time for the
decision
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We emphasize that W in (2.10), as wo, in (2.10a) , is a distance measure of the
distance between the means, and so does, D", the extension of the measure d”, defined
above, D" = exp(W).

As d” it is not an idm, it is based on the classical line of thought of distance, as
the measure D does.

Working from the results of Table 1c the covariance matrices were obtained and
following Proposition 1, for the Bivariate Normal distributions, the following idm,
were evaluated

Table 2c. Calculating idm : W, Hellinger’s, total variation, ¥ Chernoff,
Bhattacharyya’s between the Bivariate Normal distributions of Table 1c.

BN W Exp(W) D Drv Dg D22
Municipal units

M1, M2 -8.5924 1.85*10% | 0.9999 0.2071 0.1741 0.0218
M1, M3 - 0.1522 0.8587 0.9999 0.2071 8.1111 -
M2, M3 33.2446 2.74*10% 1 0.2071 -* -

* The imposed Restriction is not full field

Similar to a normal scores plot which assesses graphically the univariate
normality of a given variable, the chi-squared Q-Q plot offers a very useful graphical
way to assess whether a two variable distribution is distributed as a Bivariate Normal.
In Figures 1-3 the Chi-square plots for the three municipal units with bivariate normal
(BN) distribution are presented. In these figures the empirical cumulative distribution
function (CDF) of the squared distances are the dot-points, while the solid line is the
Chi-square distribution. The points are close to the line and within the Kolmogorov-
Smirnov .95 confidence interval limits, which are plotted on either side of the solid
line. Therefore, the Chi-square plots confirm, as well as the Royston H test, the
conclusion that the data may well have come from a multivariate normal distribution.
For the graphs of the normal distributions corresponding to M1, M2, M3 municipal
regions see Figure 4.

Figurel. Bivariate Chi-Square test for the municipal unit of the M3 data set.
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Figure2. Bivariate Chi-Square test for the municipal unit of the M2 data set.
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Figure3. Bivariate Chi-Square test for the municipal unit of the M1 data set.
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Figure 4 The Bivariate Normal distributions corresponding to M1, M2,
M3
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To standardize the evaluated information distance measure, we worked out with
the proposed D°:

]

D° = ; €[0,1], j=H,TV,Ch,B (3.2)
max D,

This way of standardization provides an easy way to “group” the real — life data
we analyze through the idm. Certainly under different idm, a different way to classify
data is created. From Table 2a and for Hellinger’s distance can be easily obtained that
[0.034, 0.16]uU[0.18, 0.41]u[0.76, 0.92] < [0, 1]
three groups are created, with a clear information provided for them: G with the first
8 distances (No 1-8), G2 with the next 7 distances (No 9-15), and Gz with the last 6
distances (no 16-21). The G1 group provides evidence that the distance of the Normal
distributions describing the rv «price/m?» between these municipalities/regions is, and
therefore the prices/m 2, are close. So the interval [0.034, 0.16] offers a clear result
for the distances lying within it, while this is also the case for the “dual” group Gs
with idm within [0.76, 0.92] — the distances are large, so the prices between these
municipalities/regions are not the same. It is not clear for the distances lying in
between [0.18, 0.41], for corresponding case of group G.. These results are in
accordance with the social and economic structure of the municipality regions under
consideration.  Under Chernoff’s ' distance two groups Oi, O say, can be
considered, as it is easily one can see that the [0, 1] interval can be decomposed to
[0.00, 0.02]U[ 0.15, 0.52] &[0, 1]. The O1 group of distances is including the No1-14
evaluated idm and O the last seven. The first O; group declares an agreement in
prices, while the O a distance, a disagreement for the municipalities/regions within it.

Working under the light of (3.2) for Table 2b, let us consider the idm Dtvand Dg
to provide food for thought, for the analysis proceeded already for Table 2a. As far as
Dtv concerns one decision rule could be large idm to be within [0.88, 1] and this
creates a group of distances K, say, with the No 1,5,7,10,11,18,19,21 corresponding
idm in it, small value idm with value 0.58 for No15 and a middle value set of values
within [0.71, 086] offering no information, for all the rest evaluated idm. This
example makes clear there is not a unique rule helpful for the decision, see also
Discussion. As far as Dg concerns that large values for idm lie within [0.88, 1] and
correspond to idm for No 6,8,12,20 see Table 2b, the small distance for values within
[0.29 , 0.55] corresponding to No 4, 13, 16 17. All other values correspond to not
clear decision.

As far as the Bivariate Normal concerns, it is characteristic that there exists
stability as far as the Total Variation distance, see Table 1c, due to the fact that the
evaluated Hellinger’s distance for the three BN distributions describing the underlying
existing analysis, for the three pairs of municipalities, are almost equal. Moreover
equal to the largest possible value, and this can be interpreted due to the complete
social-economical difference structure of M2 with M1 and M3. Another interesting
point is that either for the first pair of municipalities (M1, M2) were the weighted
distance of the mean value vectors is very small, or for the third pair of municipalities
(M2, M3) the weighted distance of the mean value vectors is very large, still
Hellinger’s distance remain very close to 1. The fact that there is not a metro station in
M2 also influences the evaluated distances between the Bivariate Normal
distributions.
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4. Discussion

In this paper a number of symmetric information (or probability ) distance measures
were applied , mainly introduced fir the Information Theory development, Kitsos and
Toulias (2010, 2017), in Geographical Data Analysis. Under this line of thought, the
application was considered on the Metropolitan Area of Athens, as the reference
region, which consists on a number of municipalities, the sub regions. It could be a
country, as a reference region, divided in its provinces or the EU divided in the
countries consist it. The sense of distance adopted concerns the “distance of the
distributions” describing the phenomenon under investigation between the considered
two (sub) regions. The method was applied not only for the one variable Normal
distributions, but for the Bivariate Normal distributions, and it can be extended for
more variables, for the particular symmetric measures, we worked with them. The
information distance measures, although not distance measures, have been widely
applied not only in Information Theory but also in various areas related to it,
Comaniciu et al. (2000), Berger et al. (2021) among others. In all these application
there is a reference to one particular idm, and a theoretical line of thought. This papers
attempts a real-life applications, providing a strong theoretical framework. A number
of attempts to bring more Statistical methods to Geographical analysis have been
recorded, Lu et. al. (2014), Comber et. al. (2020), Wilson and Martinez (1997),
lliopoulou and Kitsos (2019, 2021). The introduction of these methods, under the
framework developed above, offer qualifications to examine how close are two
distributions. From the above analysis a Decision rule, can be proposed, for a uniform
application offering the possibility to compare results:

For D} within (0.7, 1] the idm is large, For Dj within [0, 0.3) the idm is small.

No decision for values within [0.3, 0.7].

To work with such a rule, emphasis is given that the calculations are not a
problem nowadays, and the spirit of the discussed analysis remains within an adjusted
theoretical background to quantify information under the spirit and line of thought of
Applied Statistics.
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APPENDIX Coding Municipal units

Code Municipal units
M1 Amaroussio
M2 Acharnes

M3 Paleo Faliro
M4 Kifissia

M5 Nea Smyrni
M6 Vari

M7 Chalandri
M8 Alimos

M9 Nea lonia
M10 Kallithea
Ml11 Ag. Paraskevi
M12 Galatsi
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A Decision Support Tool for more Effective Legal and Financial
Management of Civil Medical Liability Cases

Abstract:

Mistakes during medical care can occur anywhere in the healthcare system. In
Greece, the assessment of the nature and total financial burden of medical errors is
difficult and cannot be accurately approached, due to the lack of data from an
organized information system. In addition, the medical liability landscape is
extremely foggy. The scope of this paper is to perform a Risk Analysis on a sample of
173 cases of compensation awarded by civil courts for the years 2000 to 2019 for
medical errors of Obstetricians-Gynecologists. To perform the risk analysis and
represent the problem studied, a model structure was created using TreeAge Pro
software. The scope, methodology and material of the research are presented, and the
results are analyzed and discussed. Our research pointed out that the amount and level
of compensation awarded by civil courts for medical errors is worryingly high. In
addition, the frequency and amount of mean compensation have dramatically
increased in the late years. Our research findings are consistent and agree with the
findings of other surveys. Taking the multiple uncertainties and the complexity of the
relevant cases into account, medical liability litigation constitutes an ideal ground for
a litigation risk analysis tool to effectively manage a dispute and, hence, cope with
uncertainties in a reasoned way. Decision tree analysis will have a positive social and
financial impact and can be proved beneficial to all the parties involved in medical
injury litigation.

Keywords: medical liability; decision trees; litigation risk analysis
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1. Introduction

Mistakes during medical care can occur anywhere in the healthcare system (European
Commission, 2006). In Greece, the assessment of the nature and total financial
burden of medical errors is difficult and cannot be accurately approached, due to the
lack of data from an organized information system (Riga et al., 2014). According to
the European Commission Eurobarometer (2014), 78% of the Greek respondents
think it is likely patients could be harmed by hospital care and 71% of the respondents
think it is likely patients could be harmed by non-hospital healthcare. Moreover, 20%
of the Greek respondents have -personally or through a member of their family-
experienced an adverse event while receiving healthcare (European Commission,
2014). The Greek redress system is a traditional tort system. Even though according to
the Greek Civil Law a claim for medical negligence can be based on either contract or
tort law (or —cumulatively- on both), tort is the prevailing legal basis. The medical
liability landscape in Greece is extremely foggy due to the doctrinal uncertainties
which lie at the heart of the current medical liability system (Panagiotou, 2016), the
inherent uncertainty/inexactness of medical science and the human body’s
complexity, the need to attribute liability and specify vague legal concepts in
particular cases and the ineffectiveness of litigation. Thus, there is a need to develop
decision support tools for a more effective legal and financial management of civil
medical liability cases.

2. Scope, Methodology and Material of the Research

The scope of this paper is to perform a Risk (economic) Analysis on a sample of 173
cases of compensation awarded by civil courts for the years 2000 to 2019 for medical
errors of Obstetricians-Gynecologists in Greece. We focused on the specialty of
Obstetricians-Gynecologists, as it is considered one of the most injurious (either in
terms of frequency or of the mean compensation amount awarded) (The Risk
Authority Stanford, 2015) (Pinnacle Actuarial Resources, Inc., 2004) (Irish Health
analysis, 2016) (Vozikis, Riga, Pollalis., 2016) (Riga, Vozikis, Pollalis, 2014). With
respect to every case, we recorded various characteristics (i.e. year of publication of
the case, the legal status of the health care organization, the type of medical error, the
severity of the adverse event and the amount awarded).

To perform our Risk Analysis and represent the problem studied we create a
model structure using TreeAge Pro software. The model structure will include
decision points and all events that could occur and have an impact on the outcome.
Different node types within the structure reflect whether branches are alterative
options or possible events.
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3. Analysis- Results

In the model we construct, there is a single decision, whether to litigate or accept a
settlement offer. In addition, there are points where the outcome is unknown (win/lose
case and damage amounts), represented by various severity types:

Category E: Temporary harm to the patient and required intervention
Category F: Temporary harm to the patient and required initial or prolonged
hospitalization

Category G: Permanent patient harm

Category H: Intervention required to sustain life

Category I: Patient death

Source: Vozikis A (2009) Information management of medical errors in Greece: The
MERIS Proposal. Int J Inf Manage 29: 15-26.

Our data analysis showed that the most frequent adverse events by severity type fall
under Category G: Permanent patient harm (42% of the total cases) followed by
Category I: Patient death (36% of the total cases) (See Graph 1).

Graph 1 Frequency of medical errors by severity

B Intervention required to sustain life
M Death
m Permanent patient harm
Temporary harm to the patient and required intervention

B Temporary harm to the patient and required initial or prolonged hospitalization

One of the unexpected findings of our analysis is that the mean compensation
awarded for the Category H: Intervention required to sustain life is much lower than
the compensation awarded for adverse events with minor severity (Category G:
Permanent patient harm) (See Graph 2)
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Graph 2 Average amount of awarded compensation by severity
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The scenario constructed based on the research data, is presented below in Graph 3.
Our scenario is a combination of branches read from left to right, with possible
litigation scenarios. Probabilities represent the quantitative best guesses of the relative
likelihood of the possible outcomes at each branch, based on the findings of the
analysis. They are shown under their respective branches. Probabilities at a chance
node always sum to 1.00 (100%). This is logical since the branches must be mutually
exclusive and collectively exhaustive. There are no probabilities under the branches
following a decision node because they represent the strategy that is chosen and
followed. Finally, there are terminal nodes which reflect the overall value of each
possible expected outcome, represented by triangles.

3.1. Interpreting the Decision Tree

The decision node shows that the Defendant is debating whether to litigate or pay a
250,000 € settlement demand. If he/she rejects the demand and litigates, he/she faces
possible consequences ranging from 0 € (a defense verdict) to 1.683€ million.
Reading from the left, we see that the ultimate issue is whether the Court will
conclude that the Defendant’s malpractice caused the Plaintiff’s injury. If the
Defendant succeeds in this issue, he/she will be found “not liable”. If the Plaintiff
prevails, he/she will be able to recover some damages.
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Graph 3 The Decision Tree
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3.2. Understanding the results
Once we document that the decision tree is a reasonable representation of the major
components of litigation, and that the probabilities and verdict ranges best reflect the
related evidence and arguments, then it is time to calculate and interpret the results
(See Graph 4)

Graph 4 The Decision Tree with Results
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There are two principal ways of calculating the values and evaluating the Decision
Tree. The first is to determine the COMPOUND PROBABILITY of each scenario
and then to plot the various litigation awards and their respective probabilities in a
graph. To determine the compound probability of our scenario we multiply together



33 Journal of Regional Socio-Economic Issues, Volume 12, Issue 1, January 2022

the probabilities that lie under the branches comprising that scenario. The logic behind
multiplying probabilities together is that this ensures and is the only way of ensuring
that each issue is given just the right amount of weight and that the conclusion is the
most suitable for carefully arriving at conclusions/decisions regarding each of the
many underlying issues.

The path probabilities are shown in the Table 1 below:
Table 1 The Decision’s Tree Path Probabilities

value prob label

0.0 0.25 not liable
50000.000000000044 0.050025 Severity Category F
100000.00000000009 0.099975 Severity Category E
150000.00000000012 0.01665 Severity Category H
500000.0000000005 0.31665 Severity Category G

The second principal way of evaluating a tree is to calculate its EXPECTED
VALUE. This is a probability-weighted average value (or mean value). It results by
weighting each of the possible outcomes by its probability of occurring. If a party can
afford to play the averages, the expected value is a fair settlement. In our analysis the
Expected Value in the case the Defendant litigates is 616,463 €. That means that the
settlement amount of 250,000 € (which Plaintiff demanded) should be accepted by the
Defendant.

However, if a party is unable to bear the risk posed by litigating (usually when its
net worth is small in relation to the magnitude of the possible gains or losses), he/she
will need to go beyond the expected value and see the full bar chart in order to decide
on its litigate-versus-settle strategy. This can be estimated by the Probability
Distribution of the awarded amount (see Graph 5).

Graph 5 Probability Distribution of the awarded amounts
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4. Results and Proposals

Although Litigation Risk Analysis strictly relies on the professional judgment of
attorneys and claims managers, it enhances their intuition, expertise, and traditional
thought processes, and offers a sound, proven and reasoned methodology for placing a
monetary value on actual and potential legal problems.

This approach has wide application — from “pre-constructed” software models
to quickly evaluate small claims, to full risk analyses of the largest and most complex
commercial disputes. The result is always a comprehensive understanding of the risks
of a lawsuit expressed in the business language of probabilities and potential
outcomes. That is exactly the information a researcher needs.

Our research pointed out that the amount and the level of compensation awarded
by civil courts for medical errors in Greece is worryingly high. In addition, the
frequency and the amount of mean compensation have dramatically increased in the
late years (Riga, Vozikis, Pollalis, Souliotis, 2015). The highest mean compensation is
awarded to the severity of adverse events Category I: Patient death, Category G:
Permanent patient harm and Category H: Intervention required to sustain life. Based
on our research findings, we note that the mean compensation for the Obstetrics-
Gynecology specialty scaled up to 616,463 €.

Our research findings are consistent and agree with the findings of other surveys,
according to the literature (Pollalis, Vozikis, Riga, 2012). In a USA survey the
specialties of General Surgery and Obstetrics and Gynecology occurred in the first
two positions as responsible for causing harm due to medical malpractice
(U.S.D.H.H., 2002). The same findings regarding Greece are presented in other
similar research studies (Riga, Vozikis, Pollalis, 2014) (Riga, Vozikis, Pollalis,
Souliotis, 2015). In the recent 2016 Medical Malpractice Annual Report, General
Surgery and Obstetrics and Gynecology are the physician specialties that had the
largest number of claims with paid indemnity, while Pediatrics and Obstetrics and
gynecology had the higher Median paid indemnity (Office of the Insurance
Commissioner, 2016). This is consistent with the findings of a study which mentions
that both the Emergency Department and the specialty of Obstetrics-Gynecology
cover 28% of all financial demands or $2 million (Larcher and Dulberger, 2008).
Other recent research from Utah shows that 58% of adverse events are surgical, of
which 25% refer to foreign objects retained after surgery, especially in surgeries of
Obstetrics-Gynecology (Utah Department of Health, 2010).

When deciding and reviewing the probabilities of winning or losing a medical
liability case, it is essential to go behind the numbers based on different important
considerations. For example: 1) what supports your judgment on both sides of the
specific issues like (the existence or non-existence of fault/malpractice, negligence
(breach or non-breach of the required standard of care), and causal link between the
physician’s conduct and the damage caused to the patient etc.) 2) What evidence
(unfavorable as well as favorable such as the existence of relevant clinical guidelines
and/or clinical protocols, the content of relevant medical records, relevant medical
literature, written medical expert opinions) do you have? 3) What witnesses (harmful
as well as helpful) are we going to confront? 4) Are the witnesses physicians of the
same or different specialty? 5) What experience does each expert witness have? 6)
What specific/special expertise (if any) does each expert witness have? 7) Are there
any previous decisions (bad as well as good) on the topic? 8) How have the courts
handled/resolved similar cases? Based on which arguments and jurisprudence? 9)
What general factors (such as a. the physician’s specialty, expertise and/or specialized
training in the specific medical subfield, b. the severity of the patient’s injury/
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damage, c. the fact that the patient was the only source of income for the family, d. the
family’s financial status and/or lack of social insurance, e. his/her children’s age, f.
the inefficiencies of the health and social care provided by the state) may come into
play?

Taking the data as well as the multiple uncertainties and the complexity of the
relevant cases into account, medical liability litigation constitutes an ideal ground for
a litigation risk analysis structure to effectively manage a dispute and, hence, cope
with uncertainties in a reasoned way. The key aim of such a structure described
above is to apply a litigation risk estimation system to medical liability cases in
Greece as a tool to: a) ameliorate decision- making, b) reduce medical liability
litigation uncertainty, c) evaluate litigation alternatives in a reasoned and organized
way and, thus d) facilitate settlements and enhance the use of mediation in civil cases
and, hence, e) decongest Greek courts f) contribute to the sustainability of the
National Healthcare System.

Decision tree analysis will have a positive social and financial impact and can be
proved beneficial to all the parties involved in medical injury litigation. Particularly it
will benefit a) patients and/or their families (claimants): Good settlements will be
facilitated and the disadvantages of malpractice litigation (i.e. it is slow, expensive,
and emotionally draining) could be avoided. b) Physicians (defendants): Facilitating
good settlements and avoiding the negative consequences of litigation such as the
financial ramifications, the repercussions on their professional reputation and the
psychological impact on physicians, which in turn lead to the practice of defensive
medicine. c) Hospitals: they will be able to make effective litigation risk analysis and,
thus, make the most advantageous (from a financial perspective) decision. d)
Attorneys: they can express their opinion on the possible outcome of the relevant
cases and their alternative options in quantitative terms away from the inaccuracy and
highly speculative nature of subjective —based on experience- judgments and
estimations. €) Mediators: They may convince the parties reach a commonly accepted
solution to their dispute. In Greece, based on the current legal framework (Law
4512/2018), mediation is a mandatory stage of disputes concerning claims for
compensation of patients or their relatives against physicians.

Therefore, the use of a litigation risk analysis tool to come to agreement in the
context of mediation in medical liability cases presents prospect of wider practical
application. f) Insurance companies: They can conduct more effective malpractice
litigation risk analysis, and this can contribute to their long-term financial
sustainability. g) Health Care and Social Insurance System: Given that significant
financial resources of public hospitals are diverted to the payment of damages for
medical liability, decision analysis may contribute to their financial sustainability and
stability. Decision trees will assist patients harmed by medical errors (and their
families) make informed decisions whether to start a claim or not and many of them
may abandon the litigation option and prefer either the settlement or the use of
alternative dispute resolution methods (like mediation). Taking into account that the
use of mediation in the field of administrative law (and specifically for the resolution
of disputes between individuals and the state) may be discussed in the future, decision
tree analysis could also be useful for effective decision-making and facilitation of
settlement with respect to disputes between patients and public hospitals. The
resolution of these disputes through mediation could result in more efficient
controlling of administrative fees, savings from the courts’ operational costs, quicker
administration of justice and decongestion of administrative courts. At the same time,
it could contribute to combatting bureaucracy and maladministration by enabling
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public services to improve substantially. g) The judicial/civil justice system: The
early settlements and the use of ADR methods will lead to the decongestion of courts
(since fewer cases will finally reach the courts), will make the administration of
justice quicker (the cases which finally reach the courts will be resolved more
quickly), and will secure cost savings.

5. Limitations to our research findings

The criticism is often that the “inputs” to a decision tree — the probabilities of various
outcomes — are imprecise. The answer is that it’s not a question of probabilities
being “precise” or “imprecise” — the idea is for them to be “realistic.” In our case,
the assignment of a probability is based on “a frequency of similar events to count.”
In other cases, a probability is simply a reflection of someone’s opinion of the
likelihood of success in a particular situation.

In addition, other influencing factors whose inclusion would considerably aid
(and modify) the assessment of probabilities regarding an existing issue, have been
omitted in our model, due to lack of data and because this would result in a very
extended and complicated decision tree. If an influencing factor affects only one issue
in the tree and the tree is getting unwieldy, a SUBTREE should be created. To
illustrate, assume that the Defendant’s medical malpractice insurance coverage or the
existence of an expert testimony affects the amount awarded. A subtree containing
just those two uncertainties can be drawn and solved to represent the probability that
would be used in the main tree.

Finally, our research findings (which are based on a limited number of cases,
covering a specific period of time and with limited data on the available cases) should
not be generalized with respect to other medical specialties and other countries with
different legal systems and insurance coverage for medical malpractice.
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Students Constructing Their Own “Deep Ecology”:
An Application of the Richard E. Gross Problem-Solving Model

Abstract:

In problem-based learning students work together in order to find a solution to a “real
world” problem. Such an approach is different from traditional teaching practices,
mainly lectures, where knowledge is transmitted through the teacher. In the process of
finding a solution to the problem, students cultivate skills in collecting, evaluating,
and synthesizing resources. Most importantly, problem-based learning helps students
become self-directed learners. This paper discusses the classroom use of a problem-
based learning model known as the Richard E. Gross Problem-Solving Model.
Following presentation of the steps of the model, the paper attempts to show how
students could apply the model by constructing their own environmental philosophy,
in particular, their own “Deep Ecology”.
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1. Introduction

Traditional instruction, such as lecturing, which involves the delivering of information
without the participation of the audience, encourages students to be passive in the
classroom. Passivity promotes memorization (Unangst 2021).

Engaging students in problem-based learning means helping them build higher
order thinking skills such as collecting, evaluating, and synthesizing information
rather than simply recalling it.

Problem-based learning is a pedagogy in which problems are simultaneously
both the context and the stimulus for learning. In problem-based learning classes,
students work in teams to complete a specific task, to solve “real world” problems.
Such problems enable students to make connections between past experiences and the
problem they are trying to solve. The instructor becomes a facilitator, helping students
become independent learners and responsible for their own learning (Cotton 2014,
Nair et al. 2020)).

This paper discusses how a problem-based learning model, in particular the one
designed by Richard E. Gross, Stanford University (Gross 1958) can be used in the
classroom. Following a presentation of the steps to be followed, the paper attempts to
apply Gross’ model to the issue of how students can construct their own philosophical
scheme with regard to protecting the environment, in particular their own “Deep
Ecology”.

2. The Richard E. Gross Problem-Solving Model

Gross’ Problem-Solving Model consists of six steps (Gross, 1958; Chilcoat & Ligon,
2004). It should be noted that the steps are connected and that the lesson usually flows
naturally from one step into another.

Steps in the Richard E. Gross Problem-Solving Model

Step 1. Defines the problem, taking account of societal values

Step 2. Lists the various feasible courses of action

Step 3. Collects and interprets pertinent data

Step 4. Reaches a tentative decision based on the data

Step 5. Acts in accordance with the decision

Step 6. Evaluates the results and modifies future action accordingly

Step 1: Define the problem, taking account of societal values. In deciding the problem
to be presented to the class, the teacher needs to determine whether the problem will
be suitable. An important question to ask is whether the problem is of concern to the
students and if it is important enough for the class to spend time studying it. After the
presentation of the problem to the class, the students are encouraged to give answers
to questions such as how solving the problem will be useful to them or how it might
affect their everyday life. The answers of the students are written on the board.

Step 2: List the various feasible courses of action. The second step of the model is to
discuss possible courses of action that might be useful in solving the problem. Using
questions may be helpful in guiding the discussion.

Step 3: Collect and interpret pertinent data. The third step of Gross’ model is the
collection of data. The teacher and students decide what kinds of information might
be needed in order to solve the problem at hand. Necessary information for solving
the problem may be obtained through methods such as reading, experimentation,
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interviews and surveys, role play, or student discussion. After the collection of the
information is completed, the students must decide what kind of information is most
useful for helping them select the best course of action.

Step 4: Reach a tentative decision based on the data. In the fourth step the class
reaches a tentative decision based on the information. Here, the students answer
questions such as if they are biased in their decisions and what the implications of
various courses of action might be. They also decide which actions are most feasible
to follow and which are less important. At this point, the class is left with only a few
courses of action. They must now understand the reasons for choosing among the
options left. The questions which need to be answered now is if each option will
provide a good solution or if it will complicate the situation. The class then arrives at
a group decision which may involve a compromise.

Step 5: Act in accordance with the decision. The fifth step is the action part of the
model. This step might involve using community surveys or interviews, doing a play,
writing letters to political figures, or designing a video.

Step 6: Evaluate the results and modify future action accordingly. During this final
step of the model the students evaluate what they have accomplished and learned and
how they might use what they learned in their life.

3. Using the Richard E. Gross Problem-Solving Model in the Classroom
The following is an example of how the Gross Problem-Solving Model can be used in
the classroom.

Step 1. Define the problem, taking account of societal values. The problem chosen
and written on the board is the following: Environmental philosophies such as Deep
Ecology which attempt to fundamentally change human attitudes and behavior
towards the environment have proven much more influential than other philosophies.
Drawing upon the principles and implications of Deep Ecology, construct your own
“Deep Ecology”. You do not need to develop a complete philosophy, but you should
select ideas that engage you intensely (Manolas 2006).

Following announcement of the problem the following question is put to the
students: Why should we engage in such an activity? The discussion of such a
question should establish the rationale for such an activity and settle the audience.
After a few answers the class moves to the next stage.

Step 2: Lists the various feasible courses of action. The eight principles of Deep
Ecology may be considered such courses of action. These are:

1) The well-being and flourishing of human and nonhuman Life on Earth have
value in themselves (synonyms: intrinsic value, inherent value). These values
are independent of the usefulness of the nonhuman world for human purposes.

2) Richness and diversity of life forms contribute to the realization of these
values and are also values in themselves.

3) Humans have no right to reduce this richness and diversity except to satisfy
vital needs.
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4) The flourishing of human life and cultures is compatible with a substantial
decrease of the human population. The flourishing of nonhuman life requires
such a decrease.

5) Present human interference with the nonhuman world is excessive, and the
situation is rapidly worsening.

6) Policies must therefore be changed. These policies affect basic economic,
technological, and ideological structures. The resulting state of affairs will be
deeply different from the present.

7) The ideological change is mainly that of appreciating life quality (dwelling in
situations of inherent value) rather than adhering to an increasingly higher
standard of living. There will be a profound awareness of the difference
between big and great.

8) Those who subscribe to the foregoing points have an obligation directly or
indirectly to try to implement the necessary changes (Naess 1989).

Step 3: Collect and interpret pertinent data. In this step, students determine what
additional information they need in order to understand the deep ecology principles
better. The teacher places the students in small groups with each group covering each
of the eight principles described in step 2. When the formation of the eight groups is
completed, the teacher assigns each group various activities with the aim of gathering
additional information. The activities that students in each group could do include
interviews with other teachers; specialists; and articles they can read about their
assigned task. An effective way for the students to keep track of the information they
collect is to keep a research log or journal in which they write down what they find as
well as theirs or other peoples’ comments on the information gathered.

Step 4: Reach a tentative decision based on the data. In this step the groups are
reformed so that each group has an expert in each of the eight principles described in
step 2. Each of these new groups should now produce its vision of what their own
“Deep Ecology” would look like in a text of 300-400 words in length. The text
produced by these groups should be presented to the class. The class then discusses
the different visions, eliminating ideas that might not work. The basic elements of the
new “Deep Ecology” as they emerge from the discussion are written on the board.

Step 5: Act in accordance with the decision. In this step the students should determine
how to carry out the decision they made in step 4. One idea is for the students to
produce, as a class now, a 300-400 words text to be posted in notice boards or
published in student magazines, the internet or / and sent to other schools.

Step 6: Evaluate the results and modify future action accordingly. The evaluation
stage is the key moment in time when deeper learning can happen (Lenz 2014,
Rothman 2018). The type of questions which need be answered during this stage
could be:

e In reviewing the new “Deep Ecology” you constructed, what would you drop,
modify, or add? Why?

e What were your most positive learning experiences of the process followed in the
activity? What made them so positive? List as many things as possible and be
specific.
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e What were your most negative learning experiences of the process followed in the
activity? What made them so negative? List as many things as possible and be
specific (Apps 1991 adapted in University of Waterloo n.d.)

e What did you learn from the process? Have your attitudes changed? How will you
act in the future on the basis of the new knowledge you acquired? (Wilson et al. n.d.)
e What questions does your own “Deep Ecology” raise?

e If you had to summarize in a few lines the new philosophical scheme what would
these be?

4. Conclusion

Problem-based learning may promote deeper learning much more than conventional
teaching methods such as lectures. It emphasizes higher order thinking skills,
cooperation and self-directed learning. This paper discussed the classroom use of a
problem-based instructional model known as the Richard E. Gross Problem-Solving
Model. After presenting the steps of the model, the paper attempted to apply the
model to the problem of designing a new “Deep Ecology”. The example based on the
Gross model as analyzed in this paper may be used for a variety of subjects, grade
levels or course structures.
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Development Assistance for Health and the Role of NGOs in the
Africa Region: The Case of the Central African Republic

Abstract:

In today's globalized society, financial aid for health is not only an obligation, but also
a necessity to safeguard public health. Although efforts began long before the
organization of the United Nations and later the targeted actions of the World Health
Organization, a strong increase in DAH has been identified since our entry into the
last millennium. Clearly, the development of new treatments and the use of financial
tools have influenced this increase, but the rapid spread of communicable diseases
that have been a direct threat to global health cannot be overlooked. Mainly, from
1990 onwards we have very detailed data on disease trends, reference indicators in the
general population, as well as on the amount of financial assistance with detailed
reports as to the scope of health operations (development of infrastructures, provision
of drugs, educational programs, prophylaxis, etc.). In this study the Central African
Republic is examined, one of the poorest countries in the world with an extremely low
health budget. Without taking for granted the extent to which health indicators are
influenced by health operations financing, the correlation between health indicators
and financing amounts is highlighted.

Key Words: International Health Aid, Africa, NGOs, Development Assistance,
Donors
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1. Introduction
Global Health is defined as the field of study, research, and practice that focuses on
promoting health and establishing health equity for all people around the world.
However, global health should not be limited to health-related challenges that traverse
international borders. Rather, in this context, global refers to any health issue that
affects a large number of countries or is influenced by transnational causes such as
climate change or urbanization (Koplan et al, 2009). Global health is significantly
more complex than most people realize, and it takes more than just development
assistance to attain. It is essentially an integrated approach in a global environment
that includes action on social factors, social protection, local and national support for
large health-care programs, and global agreements and commitments to handle the
obligations and the perspectives of the different players involved (Kickbusch, n.d.).

Since its foundation, the United Nations has been actively concerned in
promoting and preserving global health. The ambitious Sustainable Development
Goals (SDGs), which contained 17 global goals aimed at economic and social
development, were endorsed by UN member states in 2015. The third goal aims to
achieve universal health coverage, better access to safe, effective, and inexpensive
medicine, and the abolition of the HIV, malaria, and tuberculosis epidemics, by 2030
(United Nations, n.d. a). As noted by the WHO (2018), SDGs acknowledge good
health as something bigger than identifying and managing specific diseases. To
monitor health and well-being, the WHO focuses on “...1. The level and distribution
of healthy life that individuals and communities have, 2. The level and distribution of
conditions that affect health and well-being, 3. The level and distribution of risk
factors whose presence would affect health and well-being” (WHO, 2018: 13).

The World Health Organization (WHO), whose constitution went into effect in
April 1948 — a date we now commemorate as World Health Day — is in the forefront
of this effort within the UN system. Malaria, women's and children's health,
tuberculosis, venereal disease, nutrition, and environmental degradation were chosen
as WHO's top objectives from the start (United Nations, n.d. b). Many of these, as
well as relatively recent diseases such as HIV/AIDS, diabetes, cancer, and emerging
diseases like SARS (Severe Acute Respiratory Syndrome), Ebola, and the Zika virus,
remain on WHQO's agenda today. The WHO is leading the international response to the
Coronavirus Disease Pandemic (COVID-19). The International Classification of
Diseases, which has become the international standard for classifying and reporting
diseases and health problems, was given to WHO in 1948. WHO has been a part of
several important achievements in global public health since its inception (United
Nations, n.d. b). For example, the discovery of antibiotics began in 1950, and WHO
was instrumental in counseling countries on how to use them. Furthermore, the
involvement of WHO during the world's largest Ebola virus disease outbreak in 2014
in West Africa cannot be overlooked, as the activation of WHO was immediate.
Medical doctors, public health specialists, scientists, epidemiologists, and other
experts from the WHO are working on the ground in 150 countries across the world.
They give technical advice to ministries of health and support with prevention,
treatment, and care services within the health sector. WHO interventions touch on
every aspect of global healthcare (United Nations, n.d. b). WHO, for example,
intervenes in crises and responds to humanitarian disasters. It also strives to establish
International Health Regulations, which countries must adhere to in order to detect
and prevent disease outbreaks. In addition, WHQO's work aids in the prevention of
chronic diseases and the achievement of the Sustainable Development Goals
connected to health (United Nations, n.d. b). According to the World Health Statistics
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2020, WHO’s annual snapshot of the world’s health, Major infectious disease
prevention and treatment coverage, as well as maternity, neonatal, and child health
care, have all improved significantly in the last two decades, resulting in a continuous
drop in disease incidence and mortality. The current rate of change, however, is
insufficient to meet the 2030 SDG targets, and COVID-19 risks putting the world
even more off track to meet the SDGs (WHO, 2020).

The global health governance (GHG) system has been embedded since the
early 1990s on the international policy agenda. Clear evidence is found in the
increased Development Assistance for Health (DAH) funding. Most of the non-state
actors are not connected to issues related to DAH (Ng et al., 2011). As a result, states
are the dominant actors within international society. GHG uses formal and informal
institutions, rules and mechanisms, operated by states, intergovernmental
organizations, and nonstate actors in order to collectively act and address cross-border
health issues, such as access to vaccines (Fidler, 2010). When all actors act together,
they mobilize resources and provide services. The institutionalized system tends to
embody substantive normative commitment, increased active actors and funds. GHG
presents some liabilities. It is underfunded, it has distorted funding structures,
engaged in debates over the legitimacy of the actors, displays poor responses to some
critical health plights.

In 1905 an International Congress on Tuberculosis was based on diverse
multilateralism. It was observed that the involvement of NGOs seems to rise when
governments need them and to fall when governments and international bureaucracies
gain self-confidence (Charnovitz, 1997). In 1945, NGOs participated as consultants to
the US delegation in San Francisco and assisted drafting the Article 71 of the UN
Charter concerning NGO involvement in certain activities of the UN reaffirming the
value of NGO participation.

Article 71 of the United Nations Charter, which established the Economic and
Social Council (ECOSOC), states the following:

“The Economic and Social Council may make suitable arrangements for consultation
with non-governmental organizations which are concerned with matters within its
competence. Such arrangements may be made with international organizations and,
where appropriate, with national organizations after consultation with the Member of
the United Nations concerned.”

— United Nations Charter, Chapter X, Article 71

ECOSOC in its guidelines in 1950 urged national organizations to present their views
through international non-governmental organizations. NGOs’ role is mostly common
as part of CS in UN conferences, which were constituted as the new form of global
governance (Tabbush, 2005). As they participated extensively, they could assist the
international decision-making process, and not only take part in operational national
or global affairs. The emergence of worldwide media helped NGOs gain visibility and
thus, pursue transparency and public participation (Charnovitz, 1997). CS was seen as
an international organizations’ multiplier of organizations’ legitimacy and
constituency (Tabbush, 2005). The role of CS in forums and world conferences ranges
from expert information and part of consultation to stakeholders to advocate. United
Nations Non-Governmental Liaison Service (NGLS) was established in 1975 to
promote the relation between the UN system and the civil society organizations
(CSOs) facilitating the multistakeholder dialogue and the alliance-building (United
Nations, n.d. ¢). The 1990s consultation arrangements with ECOSOC allowed NGOs
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to seek accreditation. The European Convention on the Recognition of the Legal
Personality of International Non-Governmental Organizations set the legal basis for
the existence and work of international NGOs in Europe (CoE, 1986). The 1992
Conference on Environment and Development, as well as the Commission for
Sustainable Development (CDS) fostered NGOs’ participation (Tabbush, 2005).
NGOs facilitate the implementation of participatory democracy (UNDSD, 1992). The
expansion of international society increased its ability to respond to crises (Tabbush,
2005). The model of CS as a pressure group inspired the creation of Social Watch.
Much of the success of CSOs depends on the ability to create consensus.

The relationship between government and CS changed. Since the institutional
arrangement treated CS as one of its stakeholders, the CS needed to construct a
harmonized position (Ghaus-Pasha, 2005). Some donors and UN agencies increased
their funds for CS’s participation in UN conferences. The NGOs’ participation
compounds from three phases; the outsiders, the informal insiders, and the official and
active participants. Since the 2000s NGOs have been more open to partnerships with
businesses. The partnerships between UN organizations, civil society and corporations
consist of modus operandi in the UN system. CS is one of the prime driving forces on
HIV/AIDS, and among those who launch universal policy debates. The ODA for the
support of NGOs erupted after 1999. Private foundations and NGOs have come to
provide an increasing percentage of global health aid (at least 20% of the world total
since 2000) (Youde, 2017). Three channels of influence of NGOs in global social
policy making can be identified (Youde, 2017). The most common way that NGOs
affect the global policy agenda is lobbying. But due to the diversity, NGOs were
holding talks among themselves. There is also a surveillance-monitoring channel, and
policy and decision-making channel (Lee, 2006; Youde, 2017). The relationship
between NGOs and the UN varies from euphemistic to equivalent in health areas
where the participation as executing agencies is pursued by 1GOs. NGOs were aiming
to raise awareness rather than organizing and having a political agenda, and as a result
they did not build coalitions or broad long-term links with other NGOs. Though, they
did create new linkages with NGOs and define the problem area. The UNCED
conference process forced NGOs to develop their credibility and establish
relationships with the most vocal governments, UN agencies and transnational
corporations (Youde, 2017).

Primary Health Care (PHC) is the official WHO policy, which is supported by
numerous international NGOs (Litsios, 2004). NGOs can be effective at any stage of
the development of primary health care initiatives and promote improved
understanding and positive attitudes about primary health care through various ways.
To begin with, NGOs encourage and maintain discussion within and among NGOs, as
well as with government officials. In the domains of health care and integrated human
development, NGOs can help shape national policy. They can communicate health-
care needs to relevant donor agencies based on their relationships with communities,
and they can also interpret primary health-care plans for them. NGOs are also
involved in all stages of the global health research cycle, helping to ensure that the
study is relevant and effective, as well as identifying priorities and translating
knowledge into action. They play an important role in stewardship (promoting and
advocating for relevant global health research), research resource mobilization,
knowledge generation, utilization, and management, and capacity building
(Anbazhagan and Anbazhagan, 2016).

It is undisputed that NGOs play a vital role in the provision of Development
Assistance for Health (DAH) and health system strengthening. DAH is defined by the
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Institute for Health Metrics and Evaluation (IHME) as ‘financial and in-kind
contributions made by [...] Institutions whose principal mission is to provide
development aid to developing countries in order to enhance their health” (IHME,
n.d.). Financial aid can also come from governments. Specifically, the US (33.8%)
and UK (8.4%) governments, the German (4.2%) and Japanese (3.1%) governments,
as well as the Bill & Melinda Gates Foundation (8.3%) were the primary sources of
DAH in 2018 (Dieleman et al., 2019). Governments and NGOs can strengthen
together the existing health systems. This can be achieved through strong partnerships
between NGOs and Ministries of Health (MOH). In a true relationship, NGOs and the
MOH work together to achieve the same aims. If a country lacks a vision or a plan,
NGOs should provide their assistance and share their skills to aid in its development
(Connelly, n.d.).

2. DAH, DALYS, YLLs

As mentioned above, the Development Assistance for Health (DAH) concerns
financial and in-kind resources that are delivered via major international development
agencies to low and middle-income countries, with the aim to maintain and improve
health status (IHME, n.d.). Such agencies could be UNICEF, the United Kingdom’s
Department for International Development (DFID), or the Gates Foundation. Official
Development Assistance (ODA) to the health sector is the largest constituent of DAH.
DAH contains non-concessional loans, which may be provided by the World Bank,
regional development banks in emergent states, and capital from private associations,
as well as Non-Governmental Organizations, and which are directed to developing
countries. The traditional actors in global health, national health ministries (MOH),
and the World Health Organization (WHO), are now joined by the community,
NGOs, private corporations, individual philanthropists, and public—private
partnerships (PPPs) shaping the multilateral system actors (Szlezak et al., 2010).
Programs, such as WHO's Roll Back Malaria Partnership (RBM), Stop TB, the Global
Alliance for Vaccines and Immunization (GAVI), and the Global Fund to Fight AIDS,
Tuberculosis, and Malaria (GFATM) were established. Governments provide ODA
through two major routes: through direct bilateral aid, or multilateral organizations
(WHO, 2002). The redefinition of the existing DAH system has been further stropped
by the economic crisis and the following stagnation from the traditional donor
countries (Moon and Omole, 2013). Since the 2000s, international NGOs and
institutions were already providing a significant proportion of assistance in health.

Disability-adjusted life years (DALYS), as regards for a disease or health
condition, are the total of years lost due to early death (YLLS) and years lived with
disability (YLDs) concerning a population living in states of low good health levels
due to a particular cause. DALYSs is also defined as years of healthy life lost (WHO,
n.d. a). The DALYs indicator is a more inclusive measure (WHO, 2004). DALYS is
mostly used in international public health policy (Ferrucci et al., 2007). According to
the World Bank (2013), DALY measures both the global burden of disease and the
effectiveness of health interventions, as revealed by reductions in the disease burden.
This measure was introduced in 1993’s World Development Report. The DALY
information faction is comprised of age, sex, disability status, and period, excluding
any personal socioeconomic circumstances (Abbasi, 1999).

Years of life lost (YLLS) due to premature mortality are estimated as the figure
of cause-specific deaths multiplied by a loss capacity determining the years lost with
reference to the global standard life expectancy at the age at which death occurs. The
loss capacity is grounded on the frontier national life expectancy forecasted for the
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year 2050 by the World Population Prospects 2012, with a life expectancy of 92
years. To estimate YLLs, age, sex, and the cause are counted (WHO, n.d. b). Such an
indicator can be used in public health strategy in order to correlate the relative
significance of distinct premature death causes in a certain population, to set priorities
for prevention, and compare the premature mortality backgrounds between
populations. YLLs has been used to describe non-communicable diseases, drug
misuse, and suicides, as well as to characterize deaths due to coronavirus disease 2019
(COVID-19), both in multinational and single-country analyses (Quast et al, 2021).

Image 1. Flows of development assistance for health. Total dollars spent in 2020
for all sources, channels, and health focus area: $55 billion. Dollars spent in 2020
for selected source, channel, and health focus area: $55 billion.

Flows of development assistance for health
Total dollars spent in 2020 for all sources, channels, and health focus area: $55 billion
Dollars spent in 2020 for selected source, channel, and health focus area: $55 billion
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3. Africa is Under-Resourced

Africa is the region with countries of the worst standards in diseases leading to
morbidity and mortality. This makes it the region with the lowest healthy life
expectancy (at 52,3 years), 16,4 years less than Western Pacific Region (WHO, 2018).
The Global Action Plan 2013-2020 identifies four conditions as a priority (chronic
respiratory disease, cardiovascular disease, cancer and diabetes), by addressing the
risk factors that are mainly associated with them (alcohol abuse, insufficient physical
activity, unhealthy diets and tobacco use) (WHO, 2013). The primary health care
strategy was limited implemented in the 1980s due to economic recession, the rise of
neoliberalism, market ideologies, structural adjustment policies and new epidemics.
For these reasons, it was replaced by selective primary health care, which focused on
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efficient and effective interventions. The Declaration of Alma Ata (1978) established
the notion of international responsibility for health, that wealthy countries should
assist poorer states to achieve health goals. The Bamako Initiative (BI) in 1987 aimed
to deal with the problem of financing health services experienced in the 1980s in
many countries especially in sub-Saharan Africa by increasing resource availability,
providing start-up funds for community financing schemes, such as the revolving drug
funds (Anaemene, 2017).

The development in Africa is affected by the triple burden (communicable,

non-communicable, injuries). Sub-Sahara achieved the Millenium Development Goal
(MDG) in regards to HIV in 2015 as the access to HIV treatment increased
(Prendergast, 2015). Infections were reduced. Malaria in children declined from 26%
in 2000 to 14% in 2013 and, in general, by 42% between 2000 and 2015. Tuberculosis
treatment success noted a figure of 86% in 2013. Still, the high rates of hunger and
malnutrition reveal the socio-economic barriers, chronic poverty, inadequate water
and sanitation, and access to safe food. In 2015 the majority of member states did not
sufficiently finance the health sector (Anyangwe, et al., 2007). External aid is high
and social protection system as well as health insurance inversely to the population.
Key investment strategies are not implemented. Also, investment is directed towards
urban secondary or tertiary health infrastructure instead of primary care, and towards
curative care instead of prevention. In addition, the medical supplies are limited. The
non-transparency, unaccountability and insufficient engagement of stakeholders
contribute to the health sector inefficiencies. Also, the participation of the innovative
private sector to co-finance interventions is not encouraged. In the absence of a third
payer system, the financial burden of care falls on patients and families, which in a
background limited in resources equals a challenge for a large segment of the
population (Kaze et al., 2012).
Another common reason for Africa’s underfinancing is the natural as well as man-
made disasters. Some states are constant battlefields and as a result, governments
invest their budget in the security sector. Governments find difficulties in maintaining
financing levels in the health sector. NGOs assist their maintenance especially since
long-term health strategies may not be yet achieved. However, in some cases, state
governments do not trust NGOs' motives and they complicate the financing procedure
(Abdallah and Khondlo, 2015). Also, specific population groups, such as Internally
Displaced Population (IDP), are not an attractive market for private donors (Abdallah
and Khondlo, 2015).

In 2007, the African Union developed the first Africa Health Strategy (AHS)
2007 — 2015, where the main issues of the health sector are described as health
systems’ weakness, services too under-resourcing, and not universal access. Another
issue was that health interventions do not always comply with the scale of the
problem. AHS 2016-2030 describes the strategic direction in Africa’s Member States
to create better performing health sectors. In AHS 2016-2030, the strengthening of
multi-sectoral collaboration, private-public partnerships, the capacity of MOH to
facilitate and monitor activities of non-state suppliers, and the ensuring of effective
accountability for its results are crucial goals. Collaboration between the member
states, regional committees, multilateral agencies, bilateral development agencies and
other partners in Africa is essential. The AU has called for international resources and
cooperation between the WHO, UNAIDS, other UN and regional organizations.
Another issue that needs to be addressed is the limited availability of data in the
African Region, which undermines the accurate monitoring of health and well-being
(WHO, 2018).
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4. Donors

As Radelet (2006) notes, most help has generally been provided as respective help
starting with one government then onto the next. Benefactors additionally give help in
a roundabout way through multilateral help, which consolidates subsidizing from
various sources. The World Bank, the International Monetary Fund, the African,
Asian, and Inter-American Development Banks, and several United Nations agencies
such as the United Nations Development Program are among the major multinational
institutions.

There are various ways in which financial aid can be measured. The first way

to estimate aid is in complete dollars. The second one is as a portion of GDP and
finally per capita. Different things are revealed by each form of action. Absolute
dollar sums are definitely a significant indicator; however, they don't recount the
whole story. Help estimated as a portion of GDP demonstrates its size comparative
with the whole economy and is maybe the most widely recognized measure (Radelet,
2006).
One of the World Bank pillars and one of its main priorities is the universal health
coverage. The focus areas of the WB are the following (updated as to 2022): a.
Pandemic Preparedness and COVID-19 (coronavirus) “Pandemics, which are large
disease outbreaks that affect several countries, pose major health, social, and
economic risks.”, b. Universal Health Coverage “Quality, affordable health care is
the foundation for individuals to lead productive and fulfilling lives and for countries
to have strong economies.”, C. Infectious Diseases and Vaccines “Globally the
incidence of infectious diseases has declined since 2000, but they continue to have
major health and economic costs. Infectious diseases can lock people into poverty,
undermine the resilience of communities, and have devastating consequences for a
country’s economy.”, d. Nutrition. “Malnutrition is one of the world’s most serious
but least-addressed development challenges. Its human and economic costs are
enormous, falling hardest on the poor, women, and children.” (World Bank, 2022).

In 2020, the US government had donated more than $7.4 billion in
humanitarian relief around the world. Germany came in second with roughly 2.1
billion dollars, followed by the United Kingdom with 1.3 billion dollars (Szmigiera,
2021). Apart from governments, NGOS contribute to distributing and executing
assistance dynamically. When the recipient countries are not able to conduct the
essential transformations to meet the expectations of their donors, then NGOS are
becoming partners of the countries in need and get involved in the process of
macroeconomic structural transformation (Nair, 2013).

Foundations also play a crucial role in global health. The first philanthropic
foundation with a strong impact on international aid was The Rockefeller
Foundation’s International Health Division, which was founded in 1913. The
Rockefeller Foundation provided the largest amounts of financial aid until the 1940s.
Nowadays, there are numerous foundations engaging with global health issues such as
the Bill & Melinda Gates, the Clinton, and Bloomberg Foundations (Rushton &
Williams, 2011). The Bill & Melinda Gates has created three major initiatives. The
first is a US program aiming at secondary and post-secondary education. The second
program is an international development program aimed at eradicating hunger and
poverty, while the third is a worldwide health initiative (Bill & Melinda Gates
Foundation, 2007).

The Institute for Health Metrics and Evaluation (n.d.) divides funding changes in
distinct phases. From 1990-2001, global health funding underwent a ‘moderate
growth’ phase. From 2001-2010, DAH increased at an average annual rate of 11.2%.
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Since 2010 donor states’ financing has been characterized as a ‘no growth’ period
where DAH funding was relatively stagnant. When decline in funding was observed,
as with the Global Fund to Fight AIDS, Tuberculosis and Malaria which reported a
decline in funding from $8.7 billion in 2009 and $7.6 billion in 2010, the fund was
restructured, refurbishing its grant administration process and engaging new
leadership. In 2011, WHO recorded a $300 million shortage in budget.

In 1990, 90% of all DAH came through bilateral channels, UN agencies, and
regional development banks. Private foundations and NGOs played an insignificant
role. In the following years, as the amount of money dedicated to DAH increased
rapidly, more and more types of actors got involved in providing such aid, particularly
a growth in private foundations and NGOs and public-private partnerships. A
significant portion of that increase comes from the involvement of the BMGF, which
is the world’s prosperous philanthropic organization. It provides grants through its
Global Health Program and with additional global health-related funding for issues
through its Global Development Program. IHME’s accounting shows that NGOs and
other US-based private foundations provide significant funding for global health, too.
Between 1990-2013 NGOs provided more than $57 billion for global health.

5. The Case of the Central African Republic
The Central African Republic (CAR) is one of the poorest countries in the African
Region (WHO, 2018), with 75% of its population living below the poverty line and
50% of its population suffering from starvation (OCHA, 2022). Access to healthcare
is extremely limited and the health statistics are mainly unreliable or non-existent
(OCHA, 2022). On top of that, the HIV/AIDS epidemic and conflicts in the area have
worsened mortality rates even further (WHO, 2016). In order to achieve the SDGs,
the issues of poor governance and the heavily underfunded, uncoordinated and
ineffective health system have to be addressed. At the same time, the high maternal
and children mortality, as well as the high prevalence of both communicable and non-
communicable diseases, must be prioritized. Concerning the reduction of
communicable diseases, and in particular HIV, tuberculosis and malaria, the
development of national policies and programs is supported by the WHO for both the
prevention and the treatment of the diseases, through expertise, campaigns and the use
of strategic information (WHO, 2016).

As shown in Images 2 and 3, especially in the cases of HIV and Malaria, the
vast majority of the financing comes through DAH, rendering the efforts to combat
them highly dependent on external aid, threatening its sustainability.
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Images 2,3. Total Health Spending in the Central African Republic from 2000 to
2015 for HIV/AIDS and Malaria respectively.
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It is essential to analyze the correlation between
all the DAH allocated to the Central African
Republic and the corresponding DALYS
indicator. In an effort to do so, an analysis on
the time-series data is required.

The sample cross-correlation helps identify lags
of the x-variable (DAH HIV), which might be
useful predictors of y-variable (DALYs HIV).
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CCF plot suggests that the highest correlation
value is located at a lag of four (4) years. If the
lag is negative then it is said that x leads y, in
other words, DAH leads DALYs in HIV cases.
Furthermore, a negative correlation between
two variables indicates that these two variables
tend to move in different directions. For
instance, in case of an increase in DAH, the

DALYs will decrease with a delay.
Sources: Institute for Health Metrics and Evaluation
(2016, 2018, 2020, 2021b)
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It is difficult to read the exact values of correlations and the lags from the plot, so a
lag-correlation table is needed in order to interpret the results.
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COVID-19 and Spatial Interaction: Evidence from the Regions of Greece:

Abstract:

This article attempts to provide an examination of the COVID-19 cases across the regions of
Greece. Moreover, it attempts to examine the extent of spatial interaction across the NUTS-3
regions is assessed by means of simple descriptive statistics.
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1. COVID-19 and Spatial Interaction:

This brief note provides an examination of the COVID-19 cases across the regions of Greece.
As a first step, the extent of spatial interaction across the NUTS-3 regions is assessed by
means of simple descriptive statistics. Several statistics have been put forward to describe
interaction across space and one measure of spatial dependence that is used extensively in
empirical studies is the Moran’s | statistic, calculated as follows:

2 2 W06 = )%~ )
|, =17 "z i 1)
S (Xi_,u)2

where n is the number of observations for a variable x and w, represents the spatial

weight for each pair of regions i and j. The term x denotes the mean of the data set for the
variable x while s is a scaling constant, calculated as the sum of all spatial weights. In this task
a principal issue is the construction of the spatial weights. A common practice is to allow
these weights to take the value of 1 if a region is contiguous to another and O otherwise. In
this case spatial interaction is presumed to occur only between regions that share a common
border. Alternatively, the spatial weights may be continuous variables, constructed so as to
produce declining weights as distance between regions increases. Thus,

W= e (2)

> 1/d,
i

Here, d, denotes the distance between two regions i and j, typically represented by the

distance between the regions’ main cities where the majority of economic activities are
located (the centroid of a region). The denominator is the sum of the (inverse) distances from
all regions surrounding region i, within a selected boundary. Equation (2) implies that
interactions between regions, such as spillover effects, decay as the distance from one area to
another increases (hence weights decline as distance increases) and that such effects are
dominated by the leading area.

In constructing the spatial weights matrix to examine spatial dependence amongst the
prefectures (NUTS-3 regions) of Greece a similar approach is adopted, where the weights are
calculated using distances between the main cities of regions, given that economic activities
are typically concentrated in the main city of each region. The numerator, thus, consists of the
distance of the nearest main city in a region from the main city of the contiguous region.

This choice is based on the assumption that spillover effects are dominated by an area in
which COVID-19 incidents were reported in the initial time of the analysis, and that such
effects are greater in the nearby locations. Moreover, equation (2) allows accounting for the
existence of island regions in the data set. To be more precise, in a simple contiguity matrix
the weights for island-regions would be zero. That would change the sample size and the
interpretation of the results. A spatial matrix based on the geographical distance provides a
better approach to the issue of spatial dependence.

3 Equation (2) is used extensively in spatial analysis (e.g. Richardson, 1974; Cliff and Ord, 1981; Anselin, 1988).
Nevertheless, the spatial matrix can be constructed also using the inverse distances to the square as denominator.
Results using this kind of spatial matrix were very similar.
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Depending upon the spatial weights matrix, if I, >0 then this is indicative of high spatial
autocorrelation, suggesting positive perfect spatial dependence. On the other hand, if 1, <0,
then this implies perfect negative spatial autocorrelation while if 1 =0, then this indicates the
absence of spatial dependence, that is no significant spatial links among the observational
units.

Throughout the examined period (January 2021 to March 2021), the Moran’s | statistic
values were negative and statistically significant indicating some degree of spatial interaction
across the NUTS-2 regions of the EU-27. Moreover, the correlation between the coefficient of
variation and Moran’s | statistic is positive, indicating that changes in the degree of spatial
dependence follow a similar trend to that of changes in geographical distribution of COVID-
19 incidents.

Spatial interaction can be depicted by Moran’s scatterplot, which plots a regional
characteristic against its spatial-lag (Anselin, 1988). In the present context, a region’s spatial-
lag is the weighted average of C19 incidents of its surrounding regions. On the vertical axis in
Moran’s scatterplot the spatial-lag of COVID-19 incidents in a region is measured while the
horizontal axis measures COVID-19 incidents in a region. Thus, each Moran’s scatterplot
contains four quadrants that identify four different kinds of spatial interaction between regions
(Figure 1).

Quadrant I includes regions with a high (above average) number of COVID-19 incidents
that are surrounded also by regions with a high number of COVID-19 incidents, while
quadrant 1l refers to those regions with a relatively low number of COVID-19 incidents
which are surrounded also by regions in which a similar number of incidents is reported.

These two quadrants indicate positive spatial association, or correlation. On the other
hand, quadrant Il represents regions with low number of COVID-19 incidents, which are
surrounded by regions with a relatively high number of COVID-19 incidents, while the
reverse case is found in quadrant IV. Thus, quadrants Il and IV exhibit negative spatial
association.

Spatial Lag C19

()
Il I
Low-High High-High
(-) ()
0 C19_(Standardised)
Low-Low High-Low
11 |\
()

Fig. 1. Spatial autocorrelation in Moran’s scatterplot
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Significant positive spatial association implies that regions would spatially cluster into
two distinctive groups, i.e. regions with a relative high number of COVID-19 and regions
with relatively low number of COVID-19, in quadrants | and Ill. On the other hand, negative
spatial association suggests regional grouping in quadrants Il and IV, described by Rey and
Montouri (1999) as ‘doughnut’ and ‘diamond in the rough’. It may be argued, therefore, that
if observations scatter in both quadrants | and 111, then a pattern of spatial clustering in two
separate groups is a possibility. If, on the other hand, regions are scattered in quadrant IV,
then this is compatible with a ‘core and periphery’ pattern, in the sense that regions with high
presence of COVID-19 (centre or core) are surrounded by regions with low presence of
COVID-19 (periphery) implying a pattern of regional divergence.

Figures 2 and 3 present the Moran’s scatterplots for the initial and terminal time of the
analysis.

Fig. 2. Moran scatterplot, Initial Time, COVID-19 incidents, 51 Greek Prefectures

Figures 2 and 3 clearly suggest a pattern of clustering in the first and the third quadrants
of both figures such that regions with relatively high levels of COVID-19 cases are likely to
be neighbours of other high-cases regions. On the other hand, regions in which relatively low
levels of COVID-19 cases are grouped with regions in which similar levels are located.
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Fig. 3. Moran scatterplot, Terminal Time, COVID-19 incidents, 51 Greek Prefectures

This pattern is observed both at the beginning and at the end of the time period, suggesting
that the data are not randomly distributed, but indicate a systematic spatial pattern, which is
compatible with the ‘regional-grouping’ hypothesis, where there are two spatially connected
groups. ldentifying spatial dependence across this set of observational units suggests that any
analysis or forecast of the COVID-19 pandemic should be modified to include an explicit
spatial dimension.
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