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Abstract
School size is an essential characteristic of the school network and one of the key conditions for the function-
ing and financing of schools. The main aim of this article is to assess the extent to which school size results 
from the influence of settlement and population factors (both historical and contemporary). We analysed 
data for all rural and urban-rural communes in Poland in 2022. A unique three-stage research procedure 
was applied, combining different categories of regression models (nationwide, regional, and geographically 
weighted regression [GWR]). The results indicate that settlement and population conditions are significant 
factors that shape the average school size. Their impact at the national scale is relatively small, but – accord-
ing to the results of GWR modelling – it is strong in the vicinity of the largest cities and decreases with dis-
tance. In addition, four regional models seem to suggest the role of historical factors. These results, however, 
should be regarded as research artefacts reflecting the specificity of the spatial distribution of contemporary 
urbanisation processes.
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Introduction

The size of a school (the number of students) 
is an essential characteristic of the school 
network and is also treated as one of the 
key conditions for the functioning of schools 
(Piwowarski, 1992, 2000; Domalewski, 2010; 
Bajerski, 2014). In most countries, local gov-
ernments shape the public primary school 
network, and school size is one of the features 
that local policymakers can directly influence 
(Gershenson & Langbein, 2015). In recent dec-
ades, many authors have treated school size 
as a variable that influences various aspects 
of how schools and school networks function. 
School size has been seen as an essential 
condition that influences the unit cost of edu-
cating students (McKenzie, 1983) and the dif-
ferences in cost intensity between urban and 
rural education (Gallego et al., 2010). Hence, 
in recent years, high unit costs of education 
in small schools have led to dynamic pro-
cesses of school closure and so-called school 
network consolidation, as observed in rural 
areas of various countries (Egelund & Laust-
sen, 2006; Kučerová & Kučera, 2009; Autti & 
Hyry-Beihammer, 2014; Bajerski, 2020).

Many analyses have covered the issue of 
the impact of school size on teaching and 
learning, including students’ educational out-
comes (e.g., external examinations at the end 
of a given stage of education). In their meta-
analysis, Leithwood and Jantzi (2009) found 
that in the case of elementary schools, school 
size either has a negative effect or no effect 
on student achievement. It is also worth not-
ing more in-depth studies. For example, Ger-
shenson and Langbein (2015) found no causal 
relationship between school size and student 
achievement in North Carolina schools. How-
ever, they discovered that the achievements 
of students with learning disabilities and 
socioeconomically disadvantaged are dispro-
portionately harmed by increases in school 
size. Some researchers have also indicated 
that the social class of students’ families is 
a  strong moderator of school size effects 
(Howley, 1995). Giambona and Porcu (2018) 
showed that the relationship between the 

educational outcomes of schools (in this case, 
data from the 2012 Programme for Interna-
tional Student Assessment survey) and the 
number of their students is spatially differen-
tiated, that is, the shape of the relationship 
between both variables is different for indi-
vidual groups of Italian regions.

One of the challenges in research on the 
impact of school size on educational out-
comes is the adopted methodology, including 
the definition of a small school. For example, 
Lee and Loeb (2000) showed that in elemen-
tary schools in Chicago, the highest exam 
scores were achieved by students in small 
schools, which they defined as those with few-
er than 400 students. In contrast, in Poland, 
some authors consider schools with more than 
300 students to be large (e.g., Bajerski, 2021). 
When discussing the significance of school 
size, it is common to compare extremes, that 
is, the specific features of large and small 
schools. Large schools tend to have better 
teaching and sports facilities, offer more 
extracurricular activities, and have more 
specialised teaching staff (McGuire, 1989; 
Jacob et al., 2008). Small schools have cer-
tain social and educational benefits, such as 
the lack of student anonymity, a closer teach-
er–student relationship, which could poten-
tially result in a  more secure and student-
friendly learning environment, and greater 
engagement between teachers and students  
(Darling-Hammond et al., 2002).

When considering the various dimensions 
of how the size of a school impacts its func-
tioning, it may also be worthwhile to explore 
whether school size is a  highly ‘controllable’ 
feature, independent of ‘hard’ and ‘external’ 
conditions such as settlement and popula-
tion factors. The  urban-rural dichotomy can 
offer a useful illustration of their significance. 
In urban areas, where population density is 
high, school size is considered to be a deriva-
tive of specific systemic conditions and the 
relatively free decisions of local authorities in 
this respect, often resulting in large schools 
in school networks. In rural areas, the shape 
of local school networks is also influenced by 
differences in the density of the settlement 



341The role of historical and contemporary settlement factors in shaping the size of rural…

Geographia Polonica 2025, 98,  3, pp. 339-356

network, the size of rural settlements, and 
population density (which is much lower than 
in cities), leading to significant spatial differ-
ences in the types of school networks. There 
is a wealth of documentation on this subject 
in Poland (Piwowarski, 1992; Bajerski, 2014, 
2021). It is worth noting that the research 
conducted to date has indicated a  relatively 
modest impact of certain characteristics of 
the settlement network on the average size 
of a  primary school (e.g., population density 
and the average size of the town; see Bajer-
ski, 2021). This has led to the observation that 
school size appears to be somewhat loosely 
associated with settlement and population 
conditions (Domalewski, 2010). This empha-
sises the significant role of local government 
authorities in shaping the structure of the local 
school network. They can decide whether this 
network is based on a smaller number of larg-
er schools, located far from home, or a larger 
number of smaller schools, located closer 
to home (Piwowarski, 2000, 2006, 2008, 
Domalewski, 2010; Bajerski, 2014). In Poland, 
financial resources transferred from the state 
budget to local governments for the operation 
of primary schools have consistently fallen 
short of the actual expenditure on their opera-
tion and maintenance (Kotlinska et al., 2021). 
Consequently, decisions regarding so-called 
school network consolidation, namely the clo-
sure of small, economically unviable schools 
and the establishment of a  school network 
based on larger, more financially efficient 
institutions, remain prevalent (Bajerski, 2020).

In this article, our main objective was to 
verify whether settlement and population 
conditions significantly shape the average 
size of primary schools in Poland. We con-
sidered three research questions to address 
this objective: (1) what part of the variation 
in the average size of primary schools in 
Polish communes can be explained by vari-
ables illustrating the essential settlement and 
population conditions? (2) Does the impact of 
settlement and population conditions on the 
size of a  school vary spatially, and if so, to 
what extent and why? (3) Which factors have 
the greatest impact on shaping the average 

size of schools: historical factors1 responsible 
for the differences in the settlement network 
in individual regions or contemporary factors 
related primarily to urbanisation processes? 
We considered rural and urban-rural com-
munes, that is, those categories of communes 
in which the above conditions can shape the 
school network, including the size of schools 
(we excluded urban communes, covering 
about one third of Polish cities).

We adopted a three-stage research proce-
dure for this study. In stage I, we construct-
ed ordinary least squares (OLS) regression 
models for the entire country, in which the 
explained variable was the average size of pri-
mary schools in communes, and the explana-
tory variables were the essential settlement 
and population characteristics. In stage II, 
we constructed separate OLS models for 
four historical regions of Poland, whose set-
tlement network is largely a remnant and still 
represents ‘living’ evidence of development 
in different sociopolitical and socioeconomic 
conditions. Finally, in stage III, we constructed 
a model explaining the spatial differentiation 
of school size by using geographically weight-
ed regression (GWR) to verify the correctness 
of the interpretation of the ‘partition models’ 
obtained in the second stage.

Before presenting our quantitative analy-
sis, we provide two sections that introduce 
the local context. The first presents the histor-
ical conditions justifying the creation of sepa-
rate regression models for different parts of 
Poland. The second presents the current spa-
tial variation in the sizes of primary schools 
in Poland, together with selected population 
and settlement indicators.

The most important historical 
conditions for the development of the 
primary school network in Poland

To understand the spatial differentiation of 
the average size of primary schools in Poland, 

1  By historical factor, we mean any event, condition, 
or process that took place in the past that influences the 
current state of the phenomena under consideration.
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we need to discuss historical events that have 
had a particular impact on the shape of the 
school network in Poland.

The initial loss of Poland’s independence 
in the latter half of the 18th century, subse-
quently followed by the 123-year division of 
its territory between three neighbouring pow-
ers (Austria, Prussia, and Russia), is a pivotal 
moment in Polish history. This division, known 
as partitions2 (Fig. 1), resulted in the function-
ing of different regions of the country within 
separate economic systems, exhibiting differ-
ent levels of socioeconomic development and 
varying degrees of educational prioritisation. 
These disparities are exemplified by the intro-
duction of compulsory education in Polish 
territories (i.e., the enrolment of specific age 
groups of children and adolescents). In Prus-
sia, compulsory education was introduced 

2  The  Austrian partition refers to all lands under 
Austro-Hungarian control in the 19th century, which are 
part of modern-day Poland (even if they were not part of 
Poland at the beginning of the partition).

in 1819 (with slightly later implementation 
in 1825 in the Polish regions within the Prus-
sian partition, specifically Greater Poland 
and Pomerania). In Austria, compulsory edu-
cation commenced in 1869 (with Galicia, 
situated within the Austrian partition, being 
incorporated in 1873). In the Polish territories 
under Russian governance, compulsory edu-
cation was implemented only in 1919, that 
is, after Poland had regained independence 
(Szymański, 1978; Herbst, 2012).

The second period of significance in this 
regard was the territorial changes in Poland 
after World War II, which entailed the loss of  
eastern territories and the gain in 1945 
of  the so-called Recovered Territories for-
merly belonging to Prussia. In this instance, 
a  school network had to be organised from 
scratch, utilising a significant part of the pre-
viously existing school infrastructure. Not-
withstanding the socialistic policy of develop-
ing a  dense network of rural schools in the 
countryside and then consolidating them, 

Figure 1. Division of Poland into four historical regions (referring to the division into partitions and 20th 
century border changes)
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aiming at a smaller number of larger schools 
(Ozga, 1974; Piwowarski, 1992), fundamen-
tal differences in the characteristics of the 
school network between different parts of 
the country persist (Piwowarski, 1992; Bajer-
ski, 2014, 2021).

Spatial variation in the size 
of primary schools and basic 
parameters of the settlement 
network

The average size of a primary school in rural 
and urban-rural communes in Poland in 2022 
exhibited significant variation. It ranged 
from 39 to 844 students, with an average of 
178 students. The  spatial distribution of the 
average size of primary schools in Poland 
exhibits two distinct regularities. The  first of 
these regularities is the significantly higher 

average sizes of schools in the western 
part of Poland (where the average school 
size exceeds 210 students) and lower in the 
central and eastern parts (where the aver-
age school size is less than 150  students). 
This corresponds to the division of Poland 
according to relic borders into the Recovered 
Territories and the Prussian partition in the 
west and north, and the Russian and Austri-
an partitions (in the centre, east and south; 
Fig. 2). Second, the largest schools are found 
in rural and urban-rural communes that are 
part of the largest urban agglomerations in 
the country. Conversely, the smallest schools 
are located in areas distant from these larger 
centres, which often exhibit below-average 
levels of economic development and are 
frequently classified as peripheral and prob-
lematic (Rosner, 2010). The distribution of the 
average size of primary schools in rural and 

Figure 2. Spatial differentiation of the average primary school size in rural and urban-rural communes 
of Poland in 2022

Source: Our elaboration based on the Local Data Bank of Statistics Poland.
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urban-rural communes in Poland appears to 
be influenced by a  combination of histori-
cal processes, including the aforementioned 
need to organise a new school network in the 
Recovered Territories according to new prin-
ciples, and contemporary socioeconomic pro-
cesses such as the depopulation of villages 
and the dynamic development of metropoli-
tan areas, leading to the deepening of differ-
ences in centre–periphery relations.

The distribution of the average size of pri-
mary schools in rural and urban-rural com-
munes exhibits a certain degree of similarity 
to the distribution of each of the three essen-
tial characteristics of the settlement network. 
It is hypothesised that these characteristics 
constitute potential factors that shape the 
size of schools.

The first of the analysed characteristics 
is the average settlement size. As with the  

average school size, an above-average set-
tlement size is characteristic of western 
Poland and the areas with the largest urban 
agglomerations in the country (Fig.  3). Fur-
thermore, south-eastern Poland (the former 
Austrian partition) is characterised by the 
presence of very large settlements. The aver-
age population of settlements in urban and 
urban-rural communes in this area exceeds 
1,500 inhabitants, with a national average of 
564 inhabitants.

The contemporary distribution of settle-
ment size is profoundly influenced by histori-
cal factors. Significant disparities in the set-
tlement structure of contemporary Poland 
were already evident in the pre-partition 
period (i.e., in the mid-18th century). A nota-
ble disparity emerged between the western 
regions, characterised by the predominance 
of large, regular villages, and the central and 

Figure 3. Spatial differentiation of the average number of inhabitants per settlement in rural and urban-
rural communes in Poland in 2022

Source: our elaboration based on the Local Data Bank of Statistics Poland.
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eastern regions, where smaller, irregular, and 
so-called row villages constituted the major-
ity (Szulc, 1995). These disparities were fur-
ther exacerbated by subsequent processes 
following 1795, a  period which marked the 
dissolution of Poland as a  sovereign state. 
During the period of partitions, changes in 
the settlement network proceeded differently 
in each partition (Austrian, Prussian, and Rus-
sian), a phenomenon that was primarily due 
to differences in the economic policy towards 
Polish lands as well as different levels of eco-
nomic development of the partitioning coun-
tries (Szulc, 1995). A particular illustration of 
these disparities was the process of dispers-
ing settlements in the territory of the Russian 
partition, which – although in a slightly differ-
ent form – continued after Poland regained 
independence in 1918 (Kiełczewska-Zaleska, 
1970, 1972; Szymańska, 2008).

The spatial consequences of the above-
described processes can be observed by 
analysing the distribution of the settlement 
network density (expressed as the number of 
settlements per 100  km2). This distribution 
– with some generalisation – can be consid-
ered to be the inverse of the distribution of the 
average settlement size in rural and urban-
rural communes (Fig. 4). The highest density is 
observed in the central part of Poland, in the 
area of the former Russian partition, where – 
as mentioned above – the settlement network 
was administratively reorganised in the 19th 
and 20th centuries towards a large number of 
small rural settlements. For  rural and urban-
rural communes, the average settlement net-
work density is less than 19  settlements per 
100 km2, but for central Poland, the settlement 
network density is almost 30 settlements per 
100 km2 (range: 2-57 settlements per 100 km2).

Figure 4. Spatial differentiation of the average number of settlements per 100 km2 in rural and urban- 
-rural communes of Poland in 2022

Source: Our elaboration based on the Local Data Bank of Statistics Poland.
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Two regularities may be observed in the 
case of the spatial distribution of population 
density. First, there is a marked disparity in 
the population density between the indi-
vidual historical regions (Fig. 5). The area of 
the former Austrian partition has the high-
est average population density, slightly over 
150  people per km2. Historians have noted 
that at the beginning of the 17th century, this 
area had a  higher population density than 
other regions. This advantage increased after 
the so-called Swedish Deluge (the invasion 
of Poland by Swedish troops and the devas-
tation of its northern and central regions), 
leading to a  situation where, already at the 
threshold of the final partition of Poland, the 
population density in south-eastern Poland 
was over 50% higher than in central Poland 
(Jezierski & Leszczyńska, 2003).

The Recovered Territories and the former 
Russian partition demonstrate the lowest 
population density. The former is character-
ised by depopulation processes initiated prior 
to World War II, exacerbated by the under-
population of these lands following their 
annexation to Poland in 1945, and the sub-
sequent outflow of the German population 
(Kosiński, 1963; Gawryszewski, 2005). The 
latter is due to the problematic conditions 
for settlement development, the low level of 
economic development, and contemporary 
depopulation trends. Similarly to the previ-
ously analysed settlement characteristics, 
the second regularity is the occurrence of 
high values in the areas of the largest urban 
agglomerations and their vicinity, as well as 
low values far away from them. This phenom-
enon is associated with the previously dis-
cussed processes of metropolisation of space 

Figure 5. Spatial differentiation of population density of rural and urban-rural communes in Poland  
in 2022

Source: our elaboration based on the Local Data Bank of Statistics Poland.
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and depopulation tendencies in peripherally 
located rural and urban-rural communes.

Method
Regression modelling

As mentioned, the research procedure com-
prised three stages to achieve the main study 
objective. Stages I and II were related to clas-
sical regression modelling of the relationship 
between the average primary school size 
and variables characterising the settlement 
network and population distribution. These 
models were based on the assumption that 
the relationship between the explained vari-
able and the explanatory variables is stable. 
In practice, this meant that the studied rela-
tionship was stable regarding the analytical 
form, the list of explanatory variables, and 
the values of parameters for all observations 
(Greene, 2019).

Traditional linear regression models with 
multiple explanatory variables were used in 
the form of:

j
a

i ∑
j

ijxy  = +
iε

where: 
y	–	denotes the explained variable, 
x	–	 is an explanatory variable, 
a	–	 is an estimated structural parameter, and 
ε	–	 is a random component (error term).

Stages I and II differed based on the spa-
tial scope of the units covered by this study. 
In stage I, the model was estimated based 
on observations encompassing all rural and 
urban-rural communes in Poland (the nation-
wide model). In stage II, the set of studied 
units (communes) was divided into four 
groups depending on the location in one of 
the regions marked by the historical partition 
borders and the borders of the Second Pol-
ish Republic (the Prussian, Russian, Austrian 
partitions and the Recovered Territories; see 
Fig. 1). In this stage, independent models 
were estimated for each of the separate sub-
sets, assuming the invariance (stability) of the 
analytical form and the set of explanatory  

variables and allowing for differences in the 
range of estimated parameters between 
the analysed groups (the regional models). 
Subsequently, the results were compared 
in terms of estimated parameters and how 
well the model fit the empirical data. Stage 
III involved spatial modelling of local regres-
sion equations using a GWR model. The dis-
tinguishing characteristic of this model is the 
presence of an identical analytical form and 
a list of explanatory variables for all possible 
observations. However, it assumes changes 
in the estimated parameters when moving 
from observation to observation. This spatial 
nonstationarity implies that some variables 
can positively affect some territorial units, 
while negative effects can be observed in 
others (Meloche & Shearmur, 2010)

The GWR model ‘allows for capturing of 
the variations of regression coefficients in 
space for each observation’ (Suchecki, 2010: 
264). According to this assumption, model 
parameters are estimated separately for 
each observation for which the values of 
the explained and explanatory variables are 
known. When estimating the parameters 
of local regression models, characteristics 
(explanatory variables) derived primarily from 
neighbouring observations are considered, 
with the importance of subsequent observa-
tions decreasing with distance (Fotheringham 
et al., 2002).

The parameters of the GWR model are 
related to location, and the equation of a typ-
ical local model can be written as follows 
(Charlton & Fotheringham, 2009; Fothering-
ham et al., 2002):

j
a

i ∑
j

ijxy  = +
iε(u, v)

i i

where: 
(ui ,  vi)	–	are the coordinates of the i-th location 

(observation), and the remaining nota-
tions are identical to those described for 
the classical multiple regression model.

The result of modelling is an n-element 
set of localised parameter estimates (n local 
regression equations) and measures of the 
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quality of local models (such as local standard 
errors of estimation or local R2). Therefore, it 
is possible to present the variability of each 
parameter and local R2 coefficients on a map. 
This enables the assessment of spatial dif-
ferentiation of the relationship between the 
explained variable and the explanatory vari-
ables, and conclusions can be drawn about 
the role of individual variables in different 
locations.

The results from each stage of regression 
modelling were intended to verify the statisti-
cal relationships between the average school 
size and settlement and population charac-
teristics. This approach placed particular 
emphasis on the spatial differentiation of the 
examined relationships. This differentiation 
may be due to the effect of historical con-
ditions (partitions and changes in borders 
resulting from the decisions after World 
Wars I and II that took place in the first half 
of the 20th century) and/or contemporary 
urbanisation processes.

Characteristics of the variables

When examining the statistical relationships 
between the school network and settlement 
system, the average primary school size 
(measured by the average number of stu-
dents) in a commune was assumed to be the 
explained variable. Data on the number of 
students in individual schools were obtained 
from the Education Information System as 
of 30 December 2022. These values were 
aggregated at the commune level and aver-
aged in relation to the number of schools 
in a given commune.

The initial list of potential explanatory vari-
ables consisted of basic characteristics of the 
settlement network and population distribu-
tion, including:
1.	average settlement size (SETTL.SIZE) [popu-

lation/settlement], the ratio of the number 
of people living in individual communes 
and the number of settlements located 
within them;

2.	settlement network density (SETTL.DENS) 
[number of settlements/100  km2], an  

indicator of the degree of dispersion of the 
settlement network in individual communes;

3.	population density (POP.DENS) [persons/
km2], an indicator illustrating the size of 
the population and the degree of its con-
centration in the area of the studied units 
(communes).

Data on the population, area, and number 
of settlements in communes were obtained 
from Statistics Poland (Local Data Bank). The 
number of settlements was taken as the num-
ber of so-called basic settlements, excluding 
small colonies and hamlets, which are treat-
ed as integral parts of villages. The values of 
the variables characterised the year 2022.

To eliminate the problem of possible devi-
ations from the linear relationship between 
variables, the original values for the variables 
were subjected to logarithmic transforma-
tion. This approach enabled the estimated 
parameters to be treated in terms of the 
elasticity of the explained variable concern-
ing individual explanatory variables (Greene, 
2019). Moreover, logarithmic transformation 
improved the fit of the estimated models 
to the empirical data.

The dependencies in the set of potential 
explanatory variables were analysed. Due 
to the high covariation of population densi-
ty with the other two explanatory variables 
(of which population density is de facto the 
result), we decided to carry out regression 
modelling without population density.

Results

According to the model based on observa-
tions encompassing all rural and urban-rural 
communes in Poland (stage I), the tested 
variables characterising the settlement net-
work and population distribution had a  sig-
nificant effect on the average size of primary 
schools (Tab.  1). Schools in communes with 
larger settlements and a  higher settlement 
network density had a higher average num-
ber of students. School size demonstrated 
a  stronger response to the relative increase 
in the average settlement size rather than to 
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the analogous increase in the settlement net-
work density. However, it should be noted that 
the differences in the estimated elasticities 
were small (0.24 for SETTL.SIZE vs 0.23 for 
SETTL.DENS). The model had weak explana-
tory power, with the analysed settlement and 
population conditions explaining only 15% of 
the variability of school size in Polish rural and 
urban-rural communes.

The poor fit of the model to the empirical 
data could be due to the spatial heterogene-
ity of the studied variables resulting from the 
previously described historical conditions. 
Therefore, in stage II we modelled results in 
four groups distinguished by historical bound-
aries. Modelling the dependencies in the his-
torical regions confirmed the previously iden-
tified regularities of the stimulating effect of 
both population and settlement variables on 
the average school size. At the same time, the 
goodness of fit improved markedly. The vari-
ables included in the models accounted for 
almost 40% of the variability of the average 
school size in the areas of the Austrian par-
tition, almost 30% in the Prussian partition, 
and over 20% in the Russian partition. Only 
in the Recovered Territories was the model 
quality similar to the global model (R2 = 15%).

Analysis of the estimated regression 
coefficients showed a  significant difference 
in how the average settlement size and set-
tlement network density shape the studied 
phenomenon. In the Austrian and Prussian 
partitions and the Recovered Territories, 
a relative increase in the average settlement 
size and settlement network density had 

a  greater effect on  school size. There were 
notable differences in the elasticity of the 
average school size in the model for the Aus-
trian partition (0.34 for SETTL.SIZE and 0.09 
for SETTL.DENS). On the other hand, in the 
model for the Russian partition, a percentage 
increase in the average settlement network 
density had a more significant role in shap-
ing the variability of the average school size 
than a  percentage increase in the average 
settlement size (â = 0.41 for SETTL.DENS and 
â = 0.29 for SETTL.SIZE).

The identified differences in the esti-
mated parameters of the individual models 
support our hypothesis that there is a  lack 
of stability in the relationship between the 
studied phenomena. This situation could 
result from spatial heterogeneity, manifest-
ed by the instability of the structural param-
eters of the regression model. Therefore, we 
decided to use GWR, which, as mentioned 
earlier, allows one to identify spatial differ-
entiation of parameter values at individual 
observation points and to verify the quality 
of local models.

Analysis of the local GWR coefficients 
indicated large spatial differentiation regard-
ing the influence of the individual explana-
tory variables. Figure  6 illustrates the entire 
picture of the variability of local GWR coeffi-
cients related to SETTL.SIZE and SETTL.DENS.  
The â1 coefficients (related to SETTL.SIZE) 
ranged from 0.046 to 0.488. The areas in 
which school size was particularly vulner-
able to a  percentage increase in the aver-
age settlements size were around large cities 

Table 1. Results of ordinary least squares regression modelling

All communes Austrian  
partition

Russian  
partition

Prussian  
partition

Recovered  
Territories

â p-value â p-value â p-value â p-value â p-value

Intercept 3.05 0.00 2.40 0.00 2.16 0.00 2.30 0.00 3.08 0.00

SETTL.SIZE 0.24 0.00 0.34 0.00 0.29 0.00 0.39 0.00 0.27 0.00

SETTL.DENS 0.23 0.00 0.09 0.02 0.41 0.00 0.24 0.00 0.20 0.00

R2 0.15 0.38 0.21 0.29 0.15

n 2175 346 1000 277 552



Figure 6. Spatial variation of the estimated geographically weighted regression model parameters 
values
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(Warsaw, Wrocław, Poznań, and Bydgoszcz). 
On the other hand, this factor had the small-
est role in the south-eastern communes of 
Poland. The local â2 coefficients (related to  
SETTL.DENS) ranged from -0.356 to 0.639. 
This means that the SETTL.DENS was a neg-
ative variable in some areas, specifically 
65 communes located in south-eastern Poland 
(Podkarpackie Voivodeship) and communes 
located in the north-eastern part of the West 
Pomeranian Voivodeship. The highest â2 coef-
ficients occurred in central Poland, in the area 
between Warsaw, Łódź, and Radom.

The use of GWR improved the qual-
ity of the model. The global coefficient of 
determination of the GWR model was 0.47 
(compared with 0.15 for the analogous OLS 
model), and the Akaike information criterion 
was 331.19 (compared with 2381.51 for the 
OLS model). In turn, the locally weighted R2 
values – which characterise how well the vari-
ability of the average school size in a given 

commune is explained by the equation appro-
priate for that location (estimation based on 
SETTL.SIZE and SETTL.DENS coming primar-
ily from the neighbourhood), ranged from 
0.003 to 0.501 (Fig. 7).

Spatial variability of the local R2 values 
proved that, similarly to the GWR coefficients, 
this parameter did not show regularities 
regarding the division of Poland into histori-
cal regions. It can be seen that the distance 
from the largest cities matters to a  much 
greater extent. The highest local R2 values 
occurred in the vicinity of Warsaw, the urban 
agglomerations of Upper Silesia and western 
Małopolska (Kraków), Poznań, and Tri-City, 
and decreased with the distance from these 
agglomerations. Although of a  lower inten-
sity, we observed a  similar gradient with 
the distance from other large Polish cities, 
such as Wrocław, Szczecin, Białystok, and 
Zielona Góra. The peripheral areas of south-
eastern Poland and the West Pomeranian  

Figure 7. Spatial differentiation of the local R2 values of the geographically weighted regression model
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and Warmian-Masurian Voivodeships pre-
sented the lowest local R2 values. These areas 
have experienced the most intense closing 
of small rural schools since 1989 (Bajerski, 
2020), a phenomenon that followed particu-
larly strong depopulation processes (Majdziń-
ska, 2018; Bański & Wesołowska, 2020).

Discussion and conclusions

Our research results lead to several basic 
empirical conclusions and allow us to formu-
late certain methodological findings.

First, we showed a statistical relationship 
between selected essential settlement and 
population characteristics and the average 
school size. However, the extent to which 
they are related is complex. In general, as 
shown by the nationwide model, settlement 
and population conditions explain a  small 
part of the variability in the average primary 
school size in Poland (approximately 15%), 
which seems to support the hypothesis that 
internal conditions play a  dominant role in 
shaping the size of schools in a given com-
mune, related to the shape of local educa-
tional policy (Domalewski, 2010).

The regional models constructed in 
stage II of the research (for historical regions) 
explained 15%–38% of the variability, which 
indicated the spatial heterogeneity of the 
studied relationships and suggested that, 
depending on the region and its specific 
conditions, local governments are limited to 
a varying extent when organising the school 
network. These preliminary conclusions are 
supported by the results for the two ‘extreme’ 
regions: the Recovered Territories, where 
the school network was created anew after 
World War II (R2  =  15%), and the Austrian 
partition, which has an ‘old’ school network 
characterised by the presence of large villag-
es (R2 = 38%). The GWR model constructed 
in stage  III showed yet another picture. For 
about one third of the territory of Poland, the 
influence of settlement and population condi-
tions on the primary school size was minimal. 
In contrast, for another one third, this influ-
ence was locally very strong (explaining up to 

half of the variability of the average size of 
primary schools).

Second, some additional explanations are 
necessary to explain the research results 
fully. Each subsequent stage of the analysis 
introduced new findings in statistical and spa-
tial terms. The GWR model was of particular 
importance here; one of its aims was to ver-
ify the findings made based on the regional 
models. The GWR model de facto overturned 
the conclusions that could be drawn based on 
the regional models. The spatial distribution 
of the R2 values and the estimates of individ-
ual parameters, which do not correspond to 
the boundaries of historical regions, indicate 
that the results obtained using regional mod-
els should be treated as research artefacts. 
Differences in the degree to which settlement 
and population variables explain the differ-
ences in the average school size between 
regions seem to result much less from the 
historical conditions we have mentioned 
and, to a greater extent, from contemporary  
settlement and population processes.

Third, the research results do not directly 
clarify the reasons for the spatial differentia-
tion of the local R2 values and the estimated 
parameters of the GWR model. These can 
be found by looking at their specificity (primar-
ily SETTL.SIZE and R2). For both, the highest 
values occur near the largest urban agglom-
erations. This suggests that these areas are 
characterised by an above-average statisti-
cal connection between the average settle-
ment and school sizes in the communes and 
the strength of this relationship between both 
variables should decrease with distance from 
the central city. The general regularities of 
the development of suburban zones of large 
Polish cities – that is, the phasic nature of this 
process, its largely spontaneous nature, and 
the significant acceleration of its course after 
1989 (Wdowicka & Mierzejewska, 2012; Hef-
fner, 2016) – often leads to a significant delay 
in the development of educational infrastruc-
ture with respect to population growth. This 
phenomenon translates into the occurrence 
of villages in suburban zones with both 
population and school sizes that are higher 
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than the averages (Bajerski, 2021). In these 
institutions, the number of students often 
significantly exceeds the infrastructural pos-
sibilities, which leads to the need to organise 
education in shifts.

The population and educational data we 
used in this study allowed to determine wheth-
er the relationship described above can be 
considered an explanation of the problem in 
question. As a  case study, we selected rural 
and urban-rural communes in the suburban 
area of Poznań (the fifth most populated city 
in Poland). Figure 8, which illustrates this case, 
shows that with the distance from the city, 
there is an apparent decrease in the average  
settlement size in the communes and 
a  decrease in the average school size (both 
relationships are observed primarily in the sub-
set of communes located up to 30 km from the 
centre of the agglomeration). In the analysed 
area, almost half of the variability in the aver-
age school size can be explained by the aver-
age settlement population.

Fourth, in light of the research results, 
one can see the full value of the three-stage 
research procedure we adopted a priori, con-
sisting of constructing nationwide, regional, 
and GWR models. According to the original 
assumption, the GWR model mainly verified 
the correctness of the conclusions we drew 
based on the regional models. We started our 
study with strong arguments for the spatial 
heterogeneity of the relationship between 
settlement and population conditions and the 
average school size based on different rules 

of development of the settlement network 
and the school network in different histori-
cal regions of Poland. On the other hand, we 
did not have such strong arguments for using 
the GWR model. However, thanks to the 
three-stage analysis, we constructed models 
based on empirical and theoretical premises 
(regional models) and critically verified their 
conclusions (the GWR model). We also avoid-
ed a specific trap of regional models, which 
led to results that were de facto research 
artefacts in the case of the discussed studies. 
We explain the occurrence of this problem 
based on the modifiable area unit problem 
(Fotheringham & Wong, 1991) and the signifi-
cant inadequacy of using historical regions of 
Poland as spatial units within which the rela-
tionship between the settlement system and 
the size of primary schools is studied.

Finally, it is worth noting some limitations. 
First, when examining the impact of settle-
ment factors on the size of rural primary 
schools, the key issue is what is considered 
a  settlement (in the case of schools, there 
is no such doubt). We considered so-called 
basic settlements; they do not include small 
colonies and hamlets, which are treated as 
integral parts of villages. The prevalence and 
administrative delimitation of these small 
parts of villages vary across Poland (Szmytkie 
& Tomczak, 2020). Considering them could 
change the parameters of the settlement net-
work in some regions of Poland and thus, to 
some extent, the results of the analyses we 
conducted. Second, it would be advisable 
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(SCHOOL SIZE), and the distance from Poznań (DISTANCE) in the set of communes surrounding Poznań

Source: our elaboration based on the Local Data Bank of Statistics Poland.
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to carry out analyses similar to the one pre-
sented in this article for earlier years. This 
approach would facilitate the assessment 
of the stability of the identified spatial regu-
larities and the determination of whether the 
influence of the partition borders was already 
irrelevant in the 1990s, for example. Third, we 
focused on settlement-related determinants 
while omitting other potentially important 
factors that may influence school size, such 
as the economic situation of the municipality 

or its demographic structure and prospects 
for change. These are among the basic deter-
minants of rural school closures in Poland 
(Bajerski, 2020), the actual impact of which 
has not yet been analysed in detail. This is 
also one of the directions for further research.

Editors’ note: 
Unless otherwise stated, the sources of tables and 
figures are the authors’, on the basis of their own 
research.
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