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Abstract: The paper focuses on the issue of the modifiabdalarnit problem,
which means a possibility of obtaining various testor spatial economic anal-
yses depending on the assumed composition ofotéafitunits. The major re-
search objective of the work is to examine theespabblem that constitutes one of
the aspects of the modifiable areal unit problemalgsis of the scale problem will
be conducted for two research problems, namelytterproblem of the causal
relationships between the level of investment gatla enterprises per capita and
the number of entities of the national economy gaita, and the issue of the
dependence between the registered unemploymenamdtéhe level of investment
outlays per capita. The calculations based on timpidcal values of those varia-
bles have showed that moving to a higher levebgfegation resulted in a change
in the estimates of the parameters. The resultaingd were the justification for
undertaking the realisation of the objective. Thals problem was considered by
means of a simulation analysis with a special erspghiaid on differentiating the
variables expressed in absolute quantities and engsessed in relative quanti-
ties.

The study conducted allowed the identification ldrges in basic properties
as well as in correlation of the researched varezblexpressed in absolute and
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relative quantities. Based on the findings, it w#sed that a correlation analysis
and a regression analysis may lead to differentcbgions depending on the as-
sumed level of aggregation. The realisation of thgearch objective set in the
paper also showed the need to consider the adeghat@cter of variables in both

spatial economic analyses and during the examinaticthe scale problem.

Introduction

The content of the paper concerns itiadifiable areal unit problerwhich
was defined as the changeability of data propemtieder a change in
a composition of territorial units. This issue ssential for conducting spa-
tial analyses, since it indicates a possibilityobtaining different results
under the impact of a change in the aggregatioal,|@r under the impact
of the assumption of another composition of ter@ounits within one
aggregation level. The issue of thdifiable areal unit problemvas al-
ready considered in the works of the following: &ehand Biehl (1934),
Yule and Kendall (1950), Robinson (1950), Blalotk§4), Openshaw and
Taylor (1979), Openshaw (1984), Anselin (1988), idgls (1988), Arbia
(1989), Fotheringharn and Wong (1991), Hettal. (1996), Tranmer and
Steel (2001), Manleyet al. (2006), Suchecki (2010), Flowerdew (2011),
Pietrzak (2014a), Pietrzak (2014b).

Within the modifiable areal unit problenone of its aspects is going to
be examined — thscale problemThe scale problemwill be defined as
a problem of changing spatial data properties asdal relationships under
the impact of a change in the aggregation leved stlale problenought to
be analysed exclusively for compositions of teridiounits forming agquasi
composition of regionsSuch an approach to tlseale problemwas de-
scribed in the works of Pietrzak (2014a), Pietr¢2k14b). This approach
necessitates determiningqaiasi composition of regionshich means a set
of particular composition of territorial units f@ubsequent aggregation
levels. Particular composition of territorial uniteeds to be selected in
a way that allows drawing correct conclusions wittiie research problem
undertaken.

The major research objective of the present papép iconsider the
scale problemapplying a simulation analysis with a special eagi laid
on differentiating the variables expressed in alisotjuantities and ones
expressed in relative quantities. This results fthenfact that spatial anal-
yses conducted should be based predominantly anedgitressed in rela-
tive quantities and referred to certain values «leisig) an irregular region
(size, population) with a view to providing datargmarability and the cor-
rectness of the results obtained. Therefore, dlsalation analyses con-
ducted within thescale problenshould be based on examining changes in
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the properties of the variables expressed in v&ajuantities. In the case of
variables expressed in relative quantities, we faeeproblem of adequate
aggregation which needs to be performed in anégtiway. On a lower

aggregation level, every variable expressed irtiveluantities should be
split into two variables expressed in the absotutantities and the aggre-
gation should concern the variables expressedédnatisolute quantities.
Such an approach enables us to designate variekpgsssed in relative
guantities at a higher aggregation level basedhenaggregated variables
expressed in absolute quantities.

The simulation analysis conducted in the presempepallowed the
identification of changes in basic statistics af tiesearched variables ex-
pressed in absolute and relative quantities, clsamgehe correlation be-
tween variables as well as in the regression degerad(causal relation-
ships) between variables expressed in the relgtinamtities resulting from
an aggregation process. Based on the results ebtaime varied reactions
of variables expressed in absolute quantities dndidables expressed in
relative quantities were confirmed. The realisat@nthe so formulated
research objective in the paper allowed the idieatibn of the need to
consider, while researching trseale probleman adequate character of
variables.

Analysis of changes in the correlation
of variables expressed in relative quantities
with a common denominator

The research on thecale problemwas started with raising the issue of
research in the form of regression analysis fogctetl economic variables.
The paper considers the causal relationship betéeelevel of investment
outlays in enterpriseper capita (total capital expenditure for the period
2008-2011 relative to the population in 2011) drrtumber of entities of
the national economper capita(in 2011) in Poland. Apart from the com-
plexity of the problerh the simplest equation is the positive effecthsf t
number of entities on the size of the investmetiags. The increase in the
number of entities should be translated by a bettenomic situation in the
region to a higher level of investment outlaysthe case of spatial eco-
nomic analysis, both variables should be expressquer capitaterms.
This means that both variables are expressedativelguantities and addi-
tionally have the same denominator (populationpl@d contains designa-

1t is about the interaction of the two variablegiotime, with the omission of the im-
pact of other variables, and the omission of thistiexy spatial dependence.
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tions and description of the considered variablgsessed in relative quan-
tities and constituent variables expressed in absgjuantities.

Table 1.Designation and description of selected economi@abkes

Variable Description
yl total investment outlays in enterprises forpkeod 2008-2011
relative to the population in 2011
y2 number of entities of the national econopey capitain 2011
x1 total investment outlays in enterprises forpgleeod 2008-2011
X2 number of entities of the national economy iA 20
x3 population in 2011

Source: elaborated by the author.

The next step in researching theale problenshould consist in desig-
nating aquasi composition of regiorf®r both variables in the research
problem posed. The data on the size of investmgttays are available for
the NUTS 4 (districts) — NUTS 0 (countries) composis (aggregation
levels), the number of entities for the NUTS 5 (ioipalities) — NUTS 0
compositions and the population for NUTS 5 — NUTSdnpositions.

A quasi composition of regiomaust be created in such a way that analysis
of the dependence between variables should enlsereatrectness of the
results obtained for each of its constituent paldiccomposition of territo-
rial units. In this case, out of the available syt ranging from NUTS 4 to
NUTS 0 compositions, guasi composition of regionshould be estab-
lished with NUTS 4 (districts) and the NUTS 3 (sedipns) compositions
(see Graph 1)For NUTS 2 (provinces), NUTS 1 (regions) and NUTS 0
(country — Poland) compositions, due to the langs,aboth variables are
characterized by spatial heterogeneity (see AnsgfiB8). Consequently,
the analysis of correlation and regression fortlinee levels of aggregation
will lead to incorrect conclusions.
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Graph 1. Division of Poland into districts (NUTS 4) and sabions (NUTS 3)

Regions

[ subregions
[ districts

Source: elaborated by the author.

After determining thejuasi composition of regionthe strength and the
direction of the correlation were calculated foested economic variables
(see Table 1). In addition, the regression depereleras determined be-
tween investment outlayser capita(yl) and number of entitigser capita
(y2). The results of the calculations for both, MidTS 4 level of aggrega-
tion, as well as for a higher level of aggregathdTS 3, are shown in
Table 2. The analysis of the results obtained l¢adkie conclusion that
among all the variables there occurs a strong igestrrelation. The re-
gression parameter was statistically significand &mdicates a positive
dependence between the level of investment outhags the number of
entities. In addition, there are changes in correlation dutime transition
from NUTS 4 composition to a higher level of aggrégn of NUTS 3
composition. There is an increase in the stren@itboorelation between
investment outlayper capita(yl) and other variables (y2, x1, x2, x3). The
same is true for the number of entitigsr capita(y2). However, close to
one, the correlation between the variables expdeissthe absolute quanti-
ties x1, x2, x3, decreased. The increase in tleagtin of the correlation for
the pair of variables (y1, y2) had an impact ondkBmate of the regres-
sion parameter, and contributed to a better fithef model to empirical
data.
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Table 2. The correlation and regression dependence fovdhiables contained in
Table 1

Level of aggregation (NUTS 4 composition)
Correlation
yl y2 x3 x1 X2
yl 1
y2 0,35 1
x3 0,31 0,45 1
x1 0,45 0,39 0,89 1
X2 0,32 0,51 0,97 0,96 1
Analysis of regression
Regression Standard Coefficient of
coefficient 1,16 error 0,16 determination 0,12
Level of aggregation (NUTS 3 composition)
Correlation
yl y2 x3 x1 X2
yl 1
y2 0,69 1
x3 0,57 0,47 1
x1 0,85 0,63 0,81 1
X2 0,75 0,76 0,88 0,91 1
Analysis of regression
Regression Standard Coefficient of
coefficient 1,71 error 0,22 determination 0,48

Source: elaborated by the author.

The following example shows that obviously there haen a change in
the property of the variables during the transitiom higher level of aggre-
gation. This is an important reason to consider db@le problemwith
simulation analysis. The analysis of this probleith @onsist in examining
the changes in the properties of the simulatedalbbes and dependence
under the influence of the aggregation process.régation of simulated
variables must be performed within the tak@iasi composition of regions

Considering thecale problenwill answer the question of whether there
is a likelihood of changes in the results obtainaeder the influence of the
aggregation process. This is important informatisecause the change in
properties may result from sources other than tieegss of aggregation.
A positive response also means that the informatiust be taken into
account in the research as part of a researchegmopbsed. A positive
response, however, leaves open the question whettieange in the prop-
erties of variables results only from the aggreyaprocess, or from other
reasons (spatial trend, spatial autocorrelation).
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Within the simulation analysis that was carried iouthe paper, it was
assumed that the simulated variables only haveeadicorrelation with
each other. Therefore, it was examined whethereusdch conditions, the
aggregation process will change the direction drehgth of the simulated
correlation between variables. An additional asdionpyvas made that the
variables y1 and y2 are the variables expresseadlative quantities and
have the same denominator. The variables y1 andily®e expressed by
formulas.

As a result of the simulation analysis only vargsby1, y2 and x3 were
generated, and the values of the variables x1, 2 walculated from for-
mula 1. The assumed correlations between simulaadbles y1, y2 and
x3 are established in such a way (see Table 3}Yhbgitshould be similar to
the empirical correlation of the selected econowaidables. The standard
deviation values for the variables y1, y2 were emoso that generated
regression dependence was consistent with the \slloein in Table 2
(1.16 value). The mean values for the variablesyglhave been assumed
at such a level that the coefficient of variatisiowing the percentage of
the standard deviation of the variable in the meaa equal to 1086 The
mean and the standard deviation for the variableet® assumed arbitrari-
ly by the author. The variables y1, y2, x3 wereeggated as a vector of
Gaussian random fields (see Arbia, 1989; Szulc7p0he assumed mean
and standard deviation are presented in Table thelcase of the variables
x1, x2, the mean, standard deviations and the latioe resulted from the
calculations made.

Table 3. The assumed correlation during the simulatiorhefiariables y1, y2, x3

Correlation
yl y2 x3
yl 1
y2 0,35 1
x3 0,30 0,45 1

Source: elaborated by the author.

2 The level was assumed arbitrarily by the author.
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Table 4. The assumed mean and the standard deviation dimngimulation of
the variables y1, y2, x3

Properties
Variables yl y2 x3
Mean 5 15 250(
Standard deviation 0,5 0,15 250

Source: elaborated by the author.

In the first step of the simulation analysis valésbyl, y2 and x3 were
generated at the NUTS 4 composition with assumegepties and correla-
tion. Then, based on the realizations obtained,vtiees of the variables
x1, x2 were designated according to the formul was decided to gener-
ate such variables because of the possibility tifngeany regression de-
pendence between variables y1 and y2. In this teyresulting output is
a set of variables x1, x2, x3, y1, y2 at the agatieg level NUTS 4 with
specific properties

In the second step of the simulation analysis tgreyation of simulat-
ed variables for NUTS 3 composition was perfornigue aggregation was
carried out by the sum of the values of variablesnfthe respective re-
gions. It should be noted that the aggregatiorbleas performed solely for
the variables x1, x2, x3 expressed in absolute tijiean The values of var-
iables y1, y2 at the NUTS 3 composition are obthimeaccordance with
formula 1. As a result of the simulation, 1000 izlons were obtained for
each variable at each aggregation level. The pssdagalizations of vari-
ables at both NUTS 4 and NUTS 3 compositions magessible to check
whether there was a change of their propertiesosgitipe answer would
mean that in the analysis of correlation and regjoesthere are changes in
the estimates of the parameters under the influehtlee aggregation pro-
cess.

In the third step, for each variable selected stiati were calculated at
both levels of aggregation. Then, for each of tlatistics, the average and
standard deviation were determined based on af 4608 estimates. The
results obtained are shown in Table 5 and Table 6

%It should be noted that the simulation carriedhmasg defects in the form of lack of con-
trol on some of correlation between variables. Thidue to the fact that three variables are
simulated with the properties contained in Tabkn8 Table 4. The next two variables are
determined indirectly, which does not provide fbeit properties consistent with those in
Table 2.

4 Based on the realisation of single variables a5&000 estimates for each of the sta-
tistics was received.
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Table 5. The results of the simulation - basic statistmssimulated variables and
results of regression analysis

Before aggregation (NUTS 4 composition)
Variables yl y2 x3 x1 x2
5 1,5 2500 12524 3751
Mean (0,025) (0,008) (13,320) | (103,714) | (34,738)
0,5 0,15 250 2020 638
Standard deviation | (0,017) (0,005) (9,906) (71,491) (9,489)
-0,012 -0,006 0,001 -0,008 -0,011
| statistics (0,032) (0,032) (0,036) (0,035) (0,032)
0,584 0,532 0,474 0,535 0,552
P-value (0,277) (0,291) (0,298) (0,305) (0,285)
Analysis of regression
Regression coeffi- 1,16 Standard 0,16 Coefficient of 0,12
cient (0,179) error (0,008) | determination| (0,032)
After aggregation (NUTS 3 composition)
Variables yl y2 X3 x1 X2
5 1,5 14354 71994 12620
Mean (0,030) (0,009) (77,351) | (601,444) | (200,117)
0,25 0,075 5772 29210 8786
Standard deviation | (0,032) (0,009) (81,275) (650,425) | (208,626)
-0,012 -0,006 0,001 -0,008 -0,011
| statistics (0,032) (0,032) (0,036) (0,035) (0,032)
0,584 0,532 0,474 0,535 0,552
P-value (0,277) (0,291) (0,298) (0,305) (0,285)
Analysis of regression
Regression coeffi- 1,16 Standard 0,38 Coefficient of 0,13
cient (0,557) error (0,078) | determination| (0,101)

Source: elaborated by the author.

Table 6. The results of the simulation — correlation fonslated variables

Before aggregation (NUTS 4 composition)

yl y2 x3 x1 X2
yl 1
y2 0,35
(0,047) 1

x3| 030 | 045
(0,040)| (0,043)| 1
x1| 080 | 049 | 0,80
(0,017)| (0,043)| (0,016)| 1
x2| 038 | 085 | 0,85 | 0,76
(0,040) | (0,013)] (0,014)| (0,023)| 1
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Table 6 continued

After aggregation (NUTS 3 composition)

yl y2 x3 x1 X2
yl 1
y2 | 0,353
(0,153) 1

x3 | 0,035 | 0,061
(0,170)| (0,169)| 1
x1 | 0,120 | 0,093 | 0,994
(0,171)] (0,179)| (0,001)| 1
x2 | 0,066 | 0,134 | 0,994 | 0,066
(0,171)| (0,178)| (0,001)| (0,271)| 1

Source: elaborated by the author.

The fourth and the last step consisted in analygirgesults and draw-
ing conclusions. In the case of the variables yd y@hexpressed in relative
values, the received average for the mean remaineldanged, while the
average for the standard deviation decreased esuét of the aggregation
process. The average for the mean and the staddaiation for variables
appointed x1, x2, x3 expressed in the absolute tdiganincreased as
a result of the sum of the values of these varg&ablghe process of aggre-
gation.

The average obtained for the correlation betweeranyd y2 has not
changed. It should be noted, however, that in ¢h&e the standard devia-
tion (error) of the received estimate of the Pearsoefficient increased
significantly (more than three times). Although tnerage values are ob-
tained at similar levels, the significant increasehe standard deviation
means that as a result of the aggregation probessotrelation coefficient
value may change considerably.

The correlation between the variables y1, y2 ardvtriables x1, x2, x3
at a higher level of aggregation was reduced alwgero with a signifi-
cant increase in the error of received estimathe.cbrrelation between the
variable x3 and the variables x1, x2 increased. él@n, the correlation
between the variable x1 and x2 decreased to almeost with a significant
increase in error (the standard deviation value).

In the case of the linear regression between thiablas y1 and y2 we
received similar average of the regression paranaete the coefficient of
determination for both levels of aggregation. lbwld be stressed, howev-
er, that both the regression parameter and thdicieat of determination
obtained a much higher standard deviation at tha$Il3 composition
(aggregation level). In addition, as a result ajragation, the value of the
standard error of the estimate of the regressioanpeter increased signifi-
cantly. This means that as a result of the agg@myatrocess the output
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regression dependence is not maintained and oftanges substantially,
with the possible lack of statistical significarafethe regression parameter.

In addition, using Moran's | test, the existenceydtial autocorrelation
for all variables was examined. For none of thaaldes, there was no
spatial autocorrelation at a higher NUTS 3 compmsitThis means that
the aggregation of variables did not affect theeapance of spatial de-
pendence.

Analysis of changes in the correlation
of variables expressed in relative quantities
with a different denominator

Research on thecaleproblemwas expanded by a further research problem
in the form of regression analysis between thesteged unemployment
rate and investment outlays in enterpriges capitain Poland, both varia-
bles for the 2011. A negative regression dependsheeald occur between
these variables. Regions with a higher level oégtment outlayper capi-
ta are usually characterized by a lower unemploymeaté compared to
regions with lower levels of investment outlayseTregistered unemploy-
ment rate is expressed as a percentage of the lmgdpo the economi-
cally active population. Investment outlgysr capitaare expressed in rela-
tion to the population. Both variables are exprédgerelative quantities,
and each has a different denominator. Notation argkscription of the
variables considered are shown in Table 7.

Table 7. Designation and description of selected economi@bles

Variable Description
yl registered unemployment rate in 2011
y2 total investment outlays in enterprises forpgleeod 2008-2011
relative to the population in 2011
x3 number of the unemployed in 2011
x1 number of the economically active populatio2@i1
X2 total investment outlays in enterprises forpkeod 2008-2011]
x4 population in 2011

Source: elaborated by the author.
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Also in this case it is necessary to deterngoesi composition of re-
gions Both the data for the registered unemploymerd &aid investment
outlaysper capitaare available for NUTS 4 — NUTS O compositionseTh
NUTS 2 — NUTS 0 compositions seem to be a very heghl of aggrega-
tion due to the spatial heterogeneity of the vademlgonsidered. As in the
case of investments outlays and number of entiéiesiasi composition of
regionswill consist of only two levels of aggregation: NI8 4 and NUTS
3 compositions.

After determining thequasi composition of regionthe correlations for
all pair of the variables and the regression depeoel between the unem-
ployment rate (y1) and the size of investment gstlg2) were designated.
The results obtained are shown in Table 8. Theyaisabf the results leads
to the conclusion that between the majority of alales there is a strong
correlation, both positive and negative. Between régistered unemploy-
ment rate (y1) and the variables y2, x1, x2, x3 hativeen investment
outlays (y2) and the variables x1, x2, x3 there waasincrease in the
strength of the correlation. In the case of pairthe variables (x2, x4), (x2,
x3), (x3, x4) expressed in the absolute quantittes strength of correlation
dependence remained at a similar level, for thespafi the variables (x1,
x2), (x1, x4) the correlation strength significgntlecreased, and for a pair
of the variables (x1, x3) it is close to zero.

The regression parameter proved to be statistis@diyificant and indi-
cates a negative regression dependence betweandhwwloyment rate and
the level of investment outlayser capita Also in this case, the increase in
the strength of the correlation between variaglesind y2 influenced the
change in the estimate of regression parametethendoefficient of deter-
mination.

The analysis of the results contained in Table @vshthat also in this
case there has been a change in the propertiemiables in the transition
to a higher level of aggregation. This justifiesamsidering thecale prob-
lem using a simulation analysis with the assumpticat #il variables are
characterized by a mutual linear correlation ottlyvas also assumed that
the variables y1 and y2 are the variables exprdssetative quantities and
have different denominators, which can be exprebgemheans of formu-
las:

Y=L, Y, =22 (2)
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Table 8. The correlation and regression dependence fovdhiables contained in
Table 7

Level of aggregation (NUTS 4 composition)
Correlation
yl y2 X2 x4 x1 x3

yl 1

y2 -0,36 1

x2 -0,30 0,33 1

x4 -0,32 0,31 0,98 1

x1 0,03 0,16 0,78 0,84 1

x3 -0,31 0,31 0,99 0,99 0,82 1

Analysis of regression
Regression Standard Coefficient of determina- 0,13
coefficient -0,24 error 0,03 tion
Level of aggregation (NUTS 3 composition)
Correlation
yl y2 X2 x4 X1 x3

yl 1

y2 -0,63 1

X2 -0,46 0,69 1

x4 -0,38 0,57 0,94 1

x1 0,57 0,19 0,27 0,43 1

x3 -0,47 0,85 0,92 0,81 0,07 1,00

Analysis of regression

Regression Standard Coefficient of determi- 0,39
coefficient -0,44 error 0,068 nation

Source: elaborated by the author.

Within the simulation analysis only variables y2, x3, x4 were gener-
ated and the values of the variables x1, x2 amutzkbd from the formula
2. The correlation between the generated varialdleg2, x3, x4 have been
established again at a level similar to the emairgorrelation based on
selected economic variables (see Table 9). Thedatdndeviation values
for the variables y1, y2 were selected in a waynttke the generated re-
gression dependence consistent with the value showviable 8 (value
-0.24). The values of the mean for the variablesy@lare determined in
such a way that the coefficient of variation wa$86l0rhe values of the
mean and of the standard deviation for the vars&aBl® x4 were deter-
mined arbitrarily by the author. The assumed mewhstandard deviation
are shown in Table 10. In the case of the variaklex?2, the mean, stand-
ard deviations and correlation resulted from tHeuwations made.
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Table 9. The assumed correlation during the simulatiorhefitariables y1, y2, x2,
x4

Correlation
yl y2 X2 x4
yl 1
y2 -0,35 1
X2 -0,30 0,30 1
x4 -0,30 0,30 0,95 1

Source: elaborated by the author.

Table 10.The assumed mean and the standard deviation diimngimulation of
the variables y1, y2, x2, x4

Properties
Variables yl y2 X2 x4
Mean 0,4 0,6 400 100D
Standard deviation 0,04 0,06 40 100

Source: elaborated by the author.

Simulation analysis has been initiated to genevateables y1, y2, x3,
x4 at NUTS 4 composition. Then, based on formulhe? values of the
variables x1, x2 were determined. As a result efdimulations, the output
set of variables x1, x2, x3, x4, y1, y2 was obtdiaethe aggregation level
— NUTS 4 composition. Within the simulation perf@an1000 realisations
were obtained for each of the variables.

In the next step, basing on the possessed realisataggregation of
simulated variables was performed for the NUTS i@asition. In the first
step aggregation was performed for the variablex21x3, x4 expressed
in absolute quantities. Then, the obtained reatinat of variables ex-
pressed in the absolute quantities at the aggoegkvel - NUTS 3 compo-
sition allowed us to determine the values of thealdes expressed in the
relative quantities y1, y2 using formula 2.

The obtained realisations of the variables at betkls of aggregation
allowed the calculation of selected statistics éach of the variables.
Again, basing on a set of calculated estimates,atfegage and standard
deviation were calculated for each of the stassfihe results of the calcu-
lation are presented in Table 11 and Table 12.
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Table 11.The results of the simulation - basic statistmssimulated variables and
results of regression analysis

Before aggregation (NUTS4 composition)
Variables yl y2 x2 x4 x1 x3
0,4 0,6 400 1000 159 601
Mean (0,002) | (0,003) | (2,079) | (5,094) | (0,911) | (5,811)
Standard devia- 0,04 0,06 40 100 19 96
tion (0,001) | (0,002) | (1,250) | (3,817) | (0,661) (3,077)
-0,012 -0,006 -0,008 -0,011 -0,004 -0,009
| statistics (0,032) | (0,032) | (0,035) | (0,032) | (0,030) (0,037)
0,584 0,532 0,535 0,552 0,522 0,564
P-value (0,277) | (0,291) | (0,305) | (0,285) | (0,277) | (0,290)
Analysis of regression
Regression coeft -0,24 0,03 Coefficient of 0,12
ficient (0,031) | Standard error (0,001) determination | (0,031)
After aggregation (NUTS 3 composition)
Variables yl y2 X2 x4 x1 x3
0,4 0,6 2297 5746 915 1396
Mean (0,002) | (0,003) | (11,943)| (29,117)| (5,363) | (26,245)
Standard devia- 0,02 0,03 922 2307 369 58379
tion (0,002) | (0,003) | (11,664)| (27,853)| (5,437) (1183)
-0,012 -0,006 -0,008 -0,011 -0,004 -0,010
| statistics (0,032) | (0,032) | (0,035) | (0,032) | (0,025) | (0,035)
0,584 0,532 0,535 0,552 0,522 0,552
P-value (0,277) | (0,291) | (0,305) | (0,285) | (0,294) | (0,288)
Analysis of regression
Regression coeft -0,23 0,077 Coefficient of 0,12
ficient (0,114) | Standard error (0,012) determination | (0,092)

Source: elaborated by the author.

The analysis of the results leads to the followdngclusions: in the case
of the variables y1 and y2 expressed in relativangties, the obtained
average for the mean remained unchanged, and énagevfor the standard
deviation decreased as a result of the aggregptmress. As a result of the
aggregation of the variables x1, x2, x3, x4 exgdsn the absolute quanti-
ties, the average for the mean and standard dewvigitreased.

The average for the correlation of a pair of vdgal{yl, y2) remained
unchanged at more than three times the standaidtidevof growth. This
means that the level of the correlation betweesdhariables may change
significantly under the impact of the aggregatioogess.



128 Michat Bernard Pietrzak

Table 12.The results of the simulation — correlation fonsiated variables

Before aggregation (NUTS 4 composition)

yl y2 X2 x4 x1 x3
yl 1
y2 | -0,35
(0,043) 1

x2 | -0,30 0,30
(0,046) | (0,050) 1
x4 | -0,30 0,30 0,95
(0,042) | (0,043)| (0,002) 1
x1 0,59 -0,04 0,59 0,55
(0,033) | (0,047)| (0,039)| (0,037) 1
x3 | -0,40 0,80 0,77 0,80 0,31 1
(0,043) | (0,018)| (0,020)| (0,017)| (0,045)
After aggregation (NUTS 3 composition)

yl y2 X2 x4 x1 x3
yl 1
y2 | -0,35
(0,147) 1

x2 | -0,01 | 0,026
(0,162)| (0,167)| 1
x4 | -0,01 | 0,025 | 0,99
(0,161)| (0,166)| (0,001)| 1
x1| 007 | 0,01 | 0,99 | 0,99
(0,163)| (0,166)| (0,001)| (0,001)| 1
x3| -004 | 011 | 099 | 099 | 098 | 1
(0,159)| (0,165)| (0,001)| (0,001)| (0,002)

Source: elaborated by the author.

The correlation dependence between the variableangly? and the
variables x1, x2, x3 at a higher level of aggregatvas reduced almost to
zero with a significant increase in the error (thtue of standard deviation)
of received estimates. The correlation for pairsvafiables (x1, x3) and
(x2, x3) increased. However, the correlation faroaple of variables (x1,
x2) decreased to almost zero, with a significactéase in error.

As a result of the regression analysis at bothl$eobaggregation simi-
lar average values of the estimates of regressaoanpeter and the coeffi-
cient of determination were obtained. However, @thbcases it was con-
nected with an increase in the standard deviation.

Also in this case, there was an increase in theageeand standard de-
viation of the standard error of the regressiorapeter. This means that
the process of aggregation can lead to significhahges in the estimate of
the regression parameter obtained with large vanatn the level of statis-
tical significance of the regression parameter.
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The existence of the spatial autocorrelation fovatiables was exam-
ined, too. The values of Moran's | statistics did imdicate the occurrence
of spatial dependence resulting from the aggregatiocess.

Conclusions

The paper considered tiseale problenwhich is one of the aspects of the
modifiable areal unit problemThis problem is very important because its
presence can lead to changes in the results aaspabnomic analysis. In
the research conducted on #uale problememphasis was laid on differen-
tiating variables expressed in the absolute arativel quantities. This is
due to the fact that spatial economic analysesisumally performed on the
basis of variables expressed in relative quantities

The paper considered two research problems comcgrglected eco-
nomic variables. The calculations based on the iérapivalues of these
variables showed that during the transition toghér level of aggregation
a change in the estimates of the parameters occurhes results obtained
were the reason for considering gwale problenby means of a simulation
analysis.

Based on the simulation analysis the following dosions were drawn:
in the case of variables expressed in relative tifiesthe mean does not
change under the influence of the aggregation ggoaad, in addition, the
standard deviation decreases. For variables exq@te@ssabsolute quantities
the mean and standard deviation are rising, wtashlts from the summing
of the values of variables. The results are an itapb argument for the use
of data expressed in relative quantities while idgalvith spatial economic
analysis.

Analysis of the results for the correlation betwgariables expressed in
relative quantities showed that the average of dbeelation did not
change. It should be noted, however, that the atandeviation of the cor-
relation increased significantly. This means theaaesult of the aggrega-
tion process values of the Pearson correlationficamit can be changed
substantially. There has been no systematic ragufar the other correla-
tion between variables expressed in absolute dieménd ones expressed
in relative quantities.

Regression analysis was performed only for varsabbgpressed in rela-
tive quantities. The resulting average of the regjem parameter and the
coefficient of determination were at a similar leaeboth levels of aggre-
gation. Both in the case of the regression paranaetd the coefficient of
determination, the values of the standard deviatmmneased within the
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process of aggregation. It also significantly imsed the standard error of
the regression parameter.

Based on the outcome of the research, no occurarsgatial depend-
ence in the data resulting from the aggregatioogss was found.

To sum up the results, it can be concluded thaatteysis of correla-
tion and regression can lead to different resdigpending on the assumed
level of aggregation. The increase in the averdgsetandard error also
points to the possibility of the emergence of staal insignificance of the
regression parameter. The obtained results, howskeuld be approached
cautiously as they can, in part, be derived fromithperfectly conducted
simulation. In spite of this the results indicateesed to consider the charac-
ter of the variables. This means that the charaiftéine variables is a key
element in the consideration of theale problemThe next step in the re-
search should be a consideration ofghale problenwith the assumption
of additional properties for variables such as iapautocorrelation or
a spatial trend. It is also necessary to conslueigsue of improving a sim-
ulation procedure for generating variables expeksseabsolute quantities
and for variables expressed in relative quantitigl the established corre-
lation.
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