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This chapter presents an innovative and flexible tool to estimate primary 

and secondary school costs and access. The tool simulates school 

placements based on the geographical distribution of students, allocates 

students to schools, and estimates school costs based on school sizes. 

Besides describing the tool, the chapter provides evidence on the 

geographical differences in school costs in England that serve as a guide 

for the design of the tool. Finally, the chapter compares the modelled and 

actual school costs in England and shows an application for the case of 

France. 

  

2 A method to estimate school costs 

and access 
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Main takeaways 

 This chapter describes the method and results from a tool to estimate cost and access to primary 

and secondary schools, inspired by the Swedish system for municipal finance equalisation.  

 The analysis considers primary and secondary schools separately, setting age ranges at 6 to 

11-year-olds for primary school students, and 12 to 17-year-olds for secondary school students. 

 In this chapter the term “costs” refers to current annual school costs and does not include capital 

expenditure, which refers to spending on assets that last longer than one year. The analysis 

focuses on public schools and does not include final private spending. 

 For England, although the method is inspired on evidence, it does not rely on England-specific 

parameters but rather on EU averages. 

 In English primary schools, the average number of students per school increases with 

population density: the number of schools in towns and suburbs is 1.63 times the number of 

schools in sparse rural areas, even though there are 3.9 times more students in towns and 

suburbs than in sparse rural areas.  

 The number of students per teacher in primary English schools is smaller in rural areas 

compared to towns and suburbs, and cities: sparse rural areas have 3.3 less students per 

teacher in compared to schools in towns and suburbs. 

 Given that rural schools show a similar cost structure to urban schools, estimating school costs 

does not require explicitly model cost differences arising from geographical factors. 

 Cost differences between rural and urban schools arise primarily from a larger proportion of 

smaller schools in rural areas, as they have higher staff costs per student.  

 The tool is based on three principles: costs arise in facilities, not in areas; public services are 

consumed locally, and are provided close to places of residence; and additional costs arise as 

a result of transport costs, lack of economies of scale, and/or scope of small facilities. 

 The tool proceeds in three steps: 1) simulates likely school locations based on the distribution 

of students in space; 2) estimates how many students frequent the simulated schools; 

3) estimates school costs based on school sizes.  

 The cost estimation first estimates teaching costs based on the number of teachers required for 

the number of students in each school, and subsequently adds other types of costs including 

non-teaching staff cost and remaining cost including premises, learning material, catering and 

other costs. 

 The comparison by degree of urbanisation using actual and simulated placements to actual total 

costs shows that the proposed approach captures well the levels and geographical variation of 

cost per student for primary schools. 
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Introduction 

While ageing and depopulation will have a considerable impact on the demand for education and will 

possibly jeopardise accessibility to schools in remote and rural areas, the impact of demographic changes 

on the geography of school provision and its cost remains unknown.  

This chapter fills an important data gap by proposing a method to estimate primary and secondary 

education costs at the school level. The information is then aggregated spatially to understand differences 

across types of human settlements, classified according to their degree of urbanisation. The method has 

two main steps:  

 The first step involves simulating school locations using a thresholds-based, bottom-up algorithm 

that relies on road networks and fine spatial resolution population grids, and assigning student to 

each school based on a spatial interaction model.  

 The third step estimates school costs based on the estimated number of students per school, 

broken down by costs on teaching staff, non-teaching staff, and other costs. 

The method is fined-tuned using publicly available school-level data for England and then applied to the 

case of France, where there is no publicly available school-level data on costs. The benchmarking exercise 

focuses on the case of England because it has exceptionally detailed public data at the establishment level 

from various sources. The method is flexible enough to apply to any country and/or population projection 

grids to obtain future cost estimates. 

The next section of this chapter outlines the simulation allocation method, shows statistics on the 

composition of schools’ costs and the geographical variation of costs for primary and secondary schools 

in England, and describes the method for estimating costs at the school level. The third section shows the 

comparison of modelled versus actual results for England. The fifth section shows an application to the 

case of France. The last section concludes. 

Estimating school costs 

This chapter describes the method and results from a tool to estimate school costs, inspired by the Swedish 

system for municipal finance equalisation (Tillväxtanalys, 2011[1]). The method is based on three principles:  

1. costs arise in facilities (e.g. schools, hospitals), not in areas (e.g. school districts or municipalities)  

2. public services are consumed locally, and are provided close to places of residence  

3. additional costs arise as a result of transport costs, lack of economies of scale, and/or scope of 

small facilities.  

The method proceeds in three steps. First, it simulates likely school locations based on the distribution of 

the student-age population and general thresholds. Second, it estimates how many separate schools are 

likely present in a location and how many students frequent those simulated schools by using a spatial 

interaction model. And third, it estimates school costs based on school sizes.1 The method has been 

calibrated using exceptionally detailed public data for schools in England, and uses data for France to 

validate the results.  

This section first describes the method to simulate school locations and continues by defining school costs 

for this and the next chapter. It then describes the evidence on geographical differences in school costs 

using available data for England and focuses on primary and secondary schools. The analysis of cost is 

solely based on primary schools, as the geographical variation of costs per student for secondary schools 

in the actual data follows an unclear geographical pattern, (possibly because the sample of schools is not 

representative of the universe. The evidence for England guides the modelling choices described in the 

next section, and Annex 2.C describes the data. 
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The estimation method discussed in the last part of this section derives school costs based solely on the 

estimated number of students in each school, without relying on country-specific information or other 

school information that is often not readily available. This includes costs that depend on school size (i.e. 

running costs), and does not include (capital) investments or other costs such as building costs. The next 

section compares estimated schools and school costs for the case of England and France.  

Simulating school locations 

The objective of the simulation of school locations is to obtain the number and size of schools in all EU 

countries with available population projections.2 The method described in this section adapts the facility 

allocation procedure of (Kompil et al., 2019[2]) (see Annex 2.A for a comprehensive description of the 

adaptations). Figure 2.1 illustrates the placement procedure and Figure 2.2 exemplifies it for the case of 

Portugal.  

To ensure the procedure will yield realistic values for school sizes and transport costs, the first step 

establishes bounding conditions by setting threshold values for (see Annex 2.B for more details):  

1. the distance in kilometres that defines a potential school’s largest allowed catchment area  

2. the minimum number of students that a potential school needs in its catchment area 

3. the optimum number of students for a school.  

The boundaries of independent placement zones are TL3 regions for primary schools, and country borders 

regions for secondary schools.3 

The simulation models local communities as a network of nodes (distributed on a 1 km2 lattice) that are all 

potential school locations. The approach calculates travel distances via road networks from every 

community to all other communities within the largest allowed catchment area (TomTom, 2018[3]). Every 

community can be flagged as having satisfied or unsatisfied demand, and all communities are initially 

assigned as having unsatisfied demand. After establishing all potential locations of schools, the method 

chooses the highest utility location in a region4 through an iterative procedure similar to a bidding game, in 

which local communities compete for the location of a school.5 The procedure stops once demand has 

been completely met, or when no more potential locations meet the bounding conditions.  

Local school demand arises from children or youth population in every community in the catchment area. 

Children or youth population distributions are obtained from 1 km LUISA population age grids (Goujon 

et al., 2021[4]; JRC, 2021[5]; Jacobs-Crisioni et al., 2020[6]; Jacobs-Crisioni et al., n.d.[7]), which in turn are 

based on EUROSTAT census-based, 1 km population grid (GEOSTAT, 2011[8]), and regional population 

projections prepared for the 2015 ageing report (EC, 2015[9]). 

The analysis considers primary and broad secondary schools separately, setting age ranges at: 

 6 to 11-year-olds for primary school students 

 12 to 17-year-olds for secondary school students.  

While European ages of school attendance do not necessarily align with the selected age ranges, a 

universal classification ensures comparability. The chosen classification aligns with International Standard 

Classification of Education (ISCED) levels, and the age ranges are close to those in the English educational 

system.6 The approach also assumes that middle and high schools are always part of secondary schools, 

which does not hold true in all cases. This assumption is necessary to avoid modelling context-specific 

school integration choices, and based on the validation of results, does not affect the cost estimates 

significantly. 
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Figure 2.1. Schematic representation of the placement simulation procedure 

 

Note: From the top left, clockwise: i) represent all nodes (stars) and maximum catchments (circles) in a region; ii) select eligible nodes (grey 

circles) according to the eligibility criterion from thresholds (1) and (2); iii) compute utility according to accessibility to all unsatisfied demand in 

the catchment; iv) select the highest utility location; v) attribute students to the selected node from the closest nodes (big stars) based on a 

distance search (concentric circles), until the location has reached optimum size in threshold (3); vi) for the next placement cycle, again select 

eligible nodes (grey circles) based on the criterion from (1) and (2). Do not consider already attributed students in the next cycle. 

i) The method represents all communities as nodes (indicated as stars), and

considers the maximum catchments of those communities (circles) in a

region. The method defines catchments with a threshold maximum road

distance (threshold 1).

ii) Select nodes (grey circles) that are eligible for a school location. A node is

eligible if, within its catchment area (threshold 1), there is a sufficiently large

unsatisfied demand (threshold 2).

iii) Compute the utility of a node for a school location. The method computes

utility as a potential accessibility measure, summing unsatisfied demand at

nodes, divided by the distance to these nodes.

iv) The method then selects the one node that meets the eligibility criteria (ii)

and has the highest utility value (iii), as indicated here by a larger star.

v) The method then establishes for which nodes the newly selected school

location satisfies demand. This is done by expanding a search radius from

the new school location (ellipses, selected nodes as larger stars), in the

location’s catchment, until the optimum demand is met (threshold 3) or all

nodes in the location’s catchment are included.

vi) The method subsequently removes the nodes where demand is met from

the set of searchable nodes and from the pool of unsatisfied demand; and

proceeds by selecting another school location (ii). This is repeated until all

demand is met or all eligible nodes are depleted.
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Figure 2.2. Example of simulated placement of primary schools in Portugal 

 

Note: Left, spatial distribution of relevant service users (e.g. children in primary school age); Middle, step by step, distribute schools based on 

bounding conditions; Right, allocate users to schools (e.g. children to schools), measure average travel times and estimate school costs per 

user. 

Source: Children or youth population distributions are obtained from 1 km LUISA population age grids (Jacobs-Crisioni et al., 2020[6]; Jacobs-

Crisioni et al., n.d.[7]), which in turn are based on I) EUROSTAT census-based, 1 km population grid (GEOSTAT, 2011[8]) and II) regional 

population projections prepared for the 2015 ageing report (EC, 2015[9]). 

The student placements obtained during the procedure described previously are only a rough 

approximation of final school sizes, as the number of schools at a selected location may be larger than 

one, and free school choice is not taken into account. The approach uses a two-stage approach described 

in Annex 2.B to adjust the number of schools at a location and balance student populations over available 

schools.  

What is understood by school costs? 

Expenditure on education is composed of current and capital expenditure. In OECD countries, current 

expenditure represents the largest proportion of total expenditure on education. In 2017, it accounted for 

92% of total expenditure, with the remainder devoted to capital expenditure. Current expenditure in 

education includes: 

 Spending on teachers and other staff compensation. The compensation of teachers and non-

teaching staff – other pedagogical, administrative, professional and support personnel – comprises 

gross salaries and contributions, expenditure on retirement, and expenditure on other non-salary 
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compensation (healthcare or health insurance, disability insurance, unemployment compensation, 

maternity and childcare benefits and other forms of social insurance). 

 Spending on the goods and services needed within the current year. Goods and services require 

recurrent production in order to sustain educational services, such as expenditure on support 

services, teaching materials and supplies, ordinary maintenance of school buildings, provision of 

meals and dormitories to students, rental of school buildings and other facilities, among others. 

These services are obtained from outside providers, unlike the services provided by education 

authorities or by educational institutions using their own personnel. 

For the purposes of the analysis in this report, the term “costs” refers to current school expenditure (costs). 

The term “costs” does not include capital expenditure, which refers to spending on assets that last longer 

than one year, including construction, renovation or major repair of buildings, and new or replacement 

equipment. Unlike current expenditure, capital expenditure can have large fluctuations over time, with 

peaks in years when significant investments are undertaken, followed by years of lows. Differences in the 

allocation of current and capital expenditure indicate the degree of investment by a country in the 

construction of new buildings, for instance in response to rising enrolment rates, or in the restoration of 

existing school buildings, resulting from the obsolescence and ageing of existing structures. Nevertheless, 

capital expenditure accounted for only 9% and 7.7% of total expenditure of primary and secondary schools 

across OECD countries in 2011 (Santiago et al., 2016[10]), so current school expenditure represents the 

bulk of educational expenditure in schools.  

Moreover, educational expenditure can be from both public and private sources. Final public spending 

includes direct public purchases of educational resources and payments to educational institutions, and it 

is this type of expenditure that the analysis in this report captures. The analysis thus does not include final 

private spending, which comprises all direct expenditure on educational institutions, including tuition fees 

and other private payments to educational institutions (whether partially covered by public subsidies or 

not), and expenditure by private companies on the work-based element of school and work-based training 

of apprentices and students (OECD, 2020[11]). 

Geographical differences in schooling costs: Evidence for England 

The data for England illustrates the differences in the average size of schools across degrees of 

urbanisation. The data shows that the average number of students per school increases with population 

density, with primary schools with the smallest average ratio located in sparsely populated areas. This 

means there are more schools in lower-density areas for a comparable number of students. For instance, 

the number of schools in towns and suburbs is 1.6 times the number of schools in sparse rural areas, even 

though there are 3.9 times more students in towns and suburbs than in sparse rural areas. 

The number of students per teacher is also smaller in rural areas (villages and sparse rural areas) 

compared to towns and suburbs, and cities. Among rural areas, schools in sparse rural areas have 3.3 

less students per teacher compared to schools in towns and suburbs (Table 2.1). However, students per 

teaching staff (which includes both teachers and teaching assistants, all measured in full-time equivalent) 

differ less across settlement types. This is because the ratio of teaching assistants to teachers is higher in 

towns and suburbs, and cities compared to rural areas. The variation in the number of students per teacher 

among schools in rural areas is larger than in towns and suburbs or cities.  
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Table 2.1. Summary statistics, primary schools (actual placement) 

Degree of 

urbanisation 

Number of 

schools 

Number of 

students 

Students per 

school 

Students per 

teacher 

Students per 

teaching staff  

Standard dev. 

students per teaching 

staff 

Sparse rural 1 584 171 391 108.2 18.5 11.1 2.7 

Villages 1 023 169 165 165.4 20.5 12.0 2.5 

Towns and suburbs 2 586 675 712 261.3 21.7 12.3 2.1 

Cities 4 789 1 711 388 357.4 21.5 12.0 2.2 

Source: Authors’ elaboration based on (UK Department of Education, 2021[12]). 

In the actual data for England, teaching staff costs make up 57.6% of total school costs. There are no 

noticeable differences in average cost shares by degree of urbanisation (Table 2.2). This suggests that 

the average school located in a rural area has a similar cost structure to one located in a town & suburb or 

even a city. The implication for the cost estimation exercise is that it suffices to estimate school costs from 

first principles, i.e. the number of teaching staff required for the school size, instead of explicitly modelling 

cost differences arising from geographical factors.  

Table 2.2. Cost structure, primary schools (actual placement) 

Degree of 

urbanisation 

Annual cost 

per student 

(GBP) 

Annual cost 

per teacher 

(GBP) 

Cost share 

teaching 

staff (%) 

Cost share 

non-teaching 

staff (%) 

Cost share 

premises 

(%) 

Cost share 

teaching 

resources (%) 

Cost share 

catering 

(%) 

Sparse rural 4 659 4 659 57.1 17.7 8.9 7.0 5.8 

Villages 4 166 4 166 57.9 16.6 8.7 6.7 6.1 

Towns and 

suburbs 
3 935 3 935 57.9 16.7 8.9 6.3 6.3 

Cities 4 246 4 246 57.5 17.8 9.1 5.9 5.9 

Note: Five cost categories aggregated from more disaggregated categories in the original data for presentation purposes. 

Source: Authors’ elaboration based on (UK Department of Education, 2021[12]). 

The lack of difference in the cost structure of schools does not mean however that there are no differences 

in average cost per student across geographical areas. While the share of costs in teaching staff does not 

vary significantly across settlements (in line with nationally-set wages), teaching staff annual cost per 

student are higher in lower-density areas -e.g. it is about GBP 700 higher per student in sparse rural areas 

compared to towns. These differences are reflected in differences in annual cost per student in rural areas 

compared to the national average, which are as high as GBP 921 per student in mostly uninhabited areas. 

Both annual cost per student and annual cost of teaching staff per student are higher in rural versus urban 

areas, while towns and suburbs hold the lowest costs (Table 2.2). Differences in cost per student across 

degrees of urbanisation are to a large extent driven by differences in staff cost per student, as they 

comprise the bulk of school costs. This confirms that cost differences based on school locations are not 

primarily driven by geographical wage differences or different cost structures between rural and urban 

schools. 
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A method to estimate school costs 

The method to obtain school costs from any school using only the number of students focuses first on 

deriving staff costs because they represent the bulk of costs in schools. Teaching staff annual cost alone 

constitute more than half of total school costs in England (Table 2.2), and in fact compensation of all staff 

represented 74% and 80% of current expenditure in primary and secondary schools in OECD countries in 

2011 (Santiago et al., 2016[10]).  

Teaching staff annual cost is the product of the number of teaching staff, multiplied by their corresponding 

salaries. To estimate the number of teaching staff in each school, values are drawn from an ordered normal 

probability distribution of student-to-teacher ratios, following the distribution displayed by the actual data 

for England (see Annex 2.C). Assigning teaching staff in this way ensures having schools with teaching 

staff counts proportional to their size, while allowing for some variation in the number of staff across schools 

in the same size range. Table 2.3 summarises the assumed parameters for the primary and secondary 

school cost estimation. 

Table 2.3. Assumed parameters for school cost estimation 

 Primary Secondary 

Mean student-to-teacher ratio (standard deviation) 13 (1) 12 (1) 

Mean annual cost on teaching staff per head (standard 

deviation) 

EUR 43 000 (1 000) EUR 55 000 (1 000) 

Fixed full-time staff paid at average cost levels 1 2 

Percentage teaching assistants in total teaching staff (paid at 

half the average cost on teaching staff) 

40% 20% 

Proportion of non-teaching staff to teaching staff 1/4 1/4 

Annual cost on non-teaching staff per head  EUR 34 000 EUR 23 000 

Remaining annual cost (standard deviation) EUR 9 000 (1 000) EUR 20 000 (1 000) 

Note: Parameters based on EU-average values and actual school cost data for England.  

Source: Author’s elaboration based on (Eurostat, 2021[13]; UK Department of Education, 2021[12]).  

The mean student-to-teacher ratios for primary and secondary schools are based on average ratios across 

the EU in 2017.7 A lower student-to-teacher ratio in secondary schools is in line with OECD average values. 

Furthermore, the distribution of student-to-teacher ratio in the actual data follows a normal distribution with 

mean 11.9 and standard deviation 2.3. In mathematical terms, given schools in j, student-to-teacher ratio 

PT is distributed randomly in a Gaussian distribution. Subsequently teaching staff in schools 𝑇𝑗 is computed 

as 𝑇𝑗 =  𝑠𝑗 ∗ 𝑃𝑇𝑗, where s is students, and schools in j are ordered by size (measured by number of 

students).  

To obtain teaching annual cost, each school is assumed to have one base full-time staff paid at mean 

school salary levels. This puts a bottom limit on the teaching staff in each school. On top of this fixed cost, 

there is a percentage of the teaching staff paid at half the mean school salaries and the remaining share 

paid at mean school salaries. This is equivalent to assuming that a share of the teaching workforce in each 

school has low qualifications and/or experience. In the primary school data for England, teachers make up 

56% of the school teaching staff, and teaching assistants make up the remaining 44%, while secondary 

schools have a lower share of teaching assistants (21%). As a reference, the mean annual gross salary 

for teachers in England in primary schools is USD PPP (2019) 46 644 and in secondary schools it is 

USD PPP 63 307. Also, average teachers’ statutory annual salaries after 15 years of experience for 

primary and higher secondary school levels across OECD countries stands around USD PPP 46 801 and 

50 701 respectively. Furthermore, the distribution of annual cost per teacher also follows a normal 

distribution (with mean GBP 29 600). The primary school data shows that the mean annual gross salary 

for teachers is GBP 38 716.  
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In technical terms, this means that total teaching cost is estimated based on mean school teacher salaries 

𝑇𝑆𝑗
̅̅ ̅̅ , which are also normally distributed, as 𝐸𝑗 = 𝜎 ∗ 𝐹𝑡 + 0.5(%𝑇𝐴 ∗ 𝑇𝑗 ∗ 𝑇𝑆𝑗

̅̅ ̅̅ ) + (1 − %𝑇𝐴) ∗ (𝑇𝑗 ∗ 𝑇𝑆𝑗
̅̅ ̅̅ ), 

where Ft is the number of fixed full-time teaching staff, and %TA is the share of teaching assistants in the 

teaching staff. Ft = 1 and %TA=0.6 if the school is primary, and Ft = 2 and %TA = 0.2 if the school is 

secondary.  

To estimate non-teaching staff cost, the method assumes that every four teaching staff requires one non-

teaching staff. These proportions follow those observed in the actual data for England. Median salaries per 

non-teaching staff are set at a lower value than those of teaching staff under the assumption that non-

teaching staff require lower qualifications than teaching staff. Total cost of non-teaching staff in each school 

is equal to one fixed non-teaching staff (plus the count of non-teaching staff times the mean salary). 

Finally, the sum of the remaining cost, which includes premises, learning material, catering and other costs, 
is assigned by drawing ordered random values for 𝑅𝐸𝑆𝑗, a normal distribution of remaining cost per student 

(5) to compute total remaining school cost 𝑅𝐸𝑗 (6) and compute total school cost as 𝑅𝐸𝑗 = 𝑠𝑗 ∗ 𝑅𝐸𝑆𝑗. Total 

cost is then equal to the sum of teaching and remaining cost 𝐸𝑗 = 𝑇𝐸𝑗 + 𝑅𝐸𝑗.  

Comparing observed and modelled school costs in England 

A comparison across degree of urbanisation levels helps to verify whether the adopted method reproduces 

observed spatial pattern and cost differences across degree of urbanisation types. This section discusses 

results for primary schools at length and presents a more limited set of results for secondary schools given 

the limitations of the actual data. While in this analysis, all results are based on the degree of urbanisation 

of the grid cell in which a school is placed, Chapter 4 discusses results based on results at place of 

residency of students.8 

Primary schools 

The approach mimics well the geographic distribution of the number of teachers and the average number 

of teachers per school by degree of urbanisation. Estimating the number of teaching staff based on actual 

student numbers data leads to 202 077 estimated teaching staff, 28 404 teaching staff lower than the 

actual count but with a similar geographical distribution (compare columns 3 and 4 of Table 2.4). This lower 

count of estimated teaching staff results largely from assuming a student-to-teacher ratio (13) higher than 

the actual one (11.9).  

While the simulated placement estimates more schools than the actual data, it correctly captures the 

increasing number of schools when moving from villages to urban degree of urbanisation types (compare 

columns 1 and 2 in Table 2.4). The differences in average teaching staff between the actual and simulated 

data (columns 6 and 7 in Table 2.4) are due to both different numbers of simulated versus actual schools 

and different teaching staff numbers arising from different student numbers per school. This is because 

the simulated placement generates more schools in cities and towns and suburbs than those observed in 

the actual data. 
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Table 2.4. Comparison actual and estimated school and teaching staff counts, primary schools 

Degree of 

urbanisation 

Number of 

schools 

(actual 

placement) 

Number of 

schools 

(simulated 

placement) 

Number of 

teaching 

staff (actual 

placement) 

Number of 

teaching staff 

– Estimated 

(actual 

placement) 

Number of 

teaching staff 

– Estimated 

(simulated 

placement) 

Average 

teaching staff 

per school 

(actual 

placement) 

Average 

teaching staff 

per school 

(simulated 

placement) 

Sparse rural 1 584 1 747 15 234 14 156 17 500 9.6 10.0 

Villages 1 023 1 249 13 967 13 439 18 703 13.7 15.0 

Towns and 

suburbs 
2 586 3 070 55 676 50 904 73 341 21.5 23.9 

Cities 4 789 5 642 145 604 123 579 168 793 30.4 29.9 

England 9 982 11 708 230 481 202 077 278 336 23.1 23.8 

Source: Authors’ elaboration based on (UK Department of Education, 2021[12]; Goujon et al., 2021[4]; Jacobs-Crisioni et al., n.d.[7]). 

The percentage of small schools across degree of urbanisation types in the sample can be compared to 

the percentage in the simulated placement using the definition of small schools (an average year group 

size of less than 21.4 students for primary schools and 100 for secondary schools) used in the block 

national funding formula of schools eligible for sparsity funding.9 As Table 2.5 shows, although the 

allocation simulation produces a slightly smaller number of small schools, it also places most of the small 

schools in rural areas (with a positive bias towards sparse rural areas compared to the actual data). The 

lower counts of small schools in cities are present in both the actual and simulated data.  

Table 2.5. Actual versus simulated placement, primary small schools 

Degree of 

urbanisation 

Number of small schools, 

actual placement 

Share of small 

schools (%) 

Number of small schools, 

simulated placement 

Share of small 

schools (%) 

Sparse rural 1 180 62.7 1 082 82.4 

Villages 387 20.6 198 15.1 

Towns and suburbs 246 13.1 22 1.7 

Cities 70 3.7 11 0.8 

England 1 883 100 1 313 100 

Note: A small school has an average year group size lower than 21.4 students. 

Source: Authors’ elaboration based on (UK Department of Education, 2021[12]; Goujon et al., 2021[4]; Jacobs-Crisioni et al., n.d.[7]). 

Table 2.6 compares actual and estimated costs based on simulated school placements by cost type. 

Despite differences in average teachers per school between the actual and simulated placement, applying 

the cost estimation approach to the simulated placement still reproduces the size and geographical 

variation of actual teaching staff costs (see columns 2 and 3 of Table 2.6). Both teaching and non-teaching 

annual cost, which represent the bulk of school costs, decrease more rapidly with distance in the simulated 

data compared to the actual data. This largely explains that the estimated costs per student differences 

between cities and other areas are larger in the simulated data compared to the actual data. 
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Table 2.6. Comparison of estimated versus actual annual cost, primary schools 

Degree of 

urbanisation 

Teaching staff 

cost per student 

(actual 

placement) 

(GBP) 

Teaching staff 

cost per student 

(simulated 

placement) 

(GBP) 

Non-teaching 

staff cost per 

student (actual 

placement) 

(GBP) 

Non-teaching 

staff cost per 

student 

(simulated 

placement) 

(GBP) 

Cost per 

student 

(actual 

placement) 

(GBP) 

Cost per 

student 

(simulated 

placement) 

(GBP) 

Sparse rural 2 635 2 508 816 891 4613 3974 

Villages 2 405 2 348 690 782 4150 3718 

Towns and 

suburbs 
2 276 2 176 656 677 3930 3467 

Cities 2 436 2 059 755 615 4 233 3 312 

Source: Authors’ elaboration based on (UK Department of Education, 2021[12]; Goujon et al., 2021[4]; Jacobs-Crisioni et al., n.d.[7]). 

After estimating each of the three cost types, the comparison by degree of urbanisation using actual and 

simulated placements to actual total costs shows that the proposed approach captures well the levels and 

geographical variation of cost per student for primary schools, including the variation within categories, 

with more dispersion and relatively large values in sparse rural areas (Figure 2.3). 

Figure 2.3. Distribution of actual versus estimated annual cost per student, primary schools 

 

Source: Authors’ elaboration based on (UK Department of Education, 2021[12]; Goujon et al., 2021[4]; Jacobs-Crisioni et al., n.d.[7]). 

The relationship between cost per student versus school size (measured by total number of students) 

captures the extent of scale economies present in primary schools. The plot of this relationship based on 

actual cost data shows that cost per student decreases quickly from high levels as school size increases. 

Both the estimated cost based on actual placement as the one based on simulated placement capture this 

behaviour (Figure 2.4). 
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Figure 2.4. Comparison actual and estimated annual cost per student versus school size, primary 
schools  

 

Source: Authors’ elaboration based on (UK Department of Education, 2021[12]; Goujon et al., 2021[4]; Jacobs-Crisioni et al., n.d.[7]). 

As Figure 2.5 shows, the key to getting the geographical differences in school costs lies in successfully 

reproducing the share of small schools in every degree of urbanisation level. This can be traced back to 

the introduction of a balancing mechanism in the simulation approach to lower the concentration effects of 

competition and scale.  
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Figure 2.5. Normalised annual cost per student and share of small primary schools, actual versus 
simulated values 

 

Source: Authors’ elaboration based on (UK Department of Education, 2021[12]; Goujon et al., 2021[4]; Jacobs-Crisioni et al., n.d.[7]). 

StatLink 2 https://doi.org/10.1787/888934245956 

Secondary schools 

Given that the sample of secondary schools with financial information does not have a similar size 

distribution compared to the universe of schools, this chapter does not present as much detail for 

secondary schools as for primary schools. This section discusses a limited set of results for secondary 

schools, summarised in Table 2.7.  

The simulated placement allocates a larger share of small secondary schools in rural areas while still 

preserving some small schools in cities and towns and suburbs even when distance ranges are larger for 

secondary students (see second column of Table 2.7). This is achieved with the help of the balancing 

procedure in the allocation of schools (see Annex 2.A) that enables locating small schools in dense areas.  

The average number of teachers per school increases with distance and unlike the case of the actual 

placement of primary schools, it peaks in cities instead of towns and suburbs. The estimated per head 

differences in costs for secondary schools between the most costly (sparse rural areas) and the least costly 

(cities) are higher at EUR 1 047 per head (compared to EUR 662 for primary schools). Finally, the 

relationship between cost per student and school size also shows evidence for scale economies related to 

the method’s assumption on fixed staff (Figure 2.6). 
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Table 2.7. Summary of simulated results, secondary schools 

Degree of 

urbanisation 

Number of 

schools, 

simulated 

placement 

Share of 

small 

schools, 

simulated 

placement 

(%) 

Teaching 

staff, 

simulated 

placement 

Average 

teaching staff 

per school, 

simulated 

placement 

Teaching 

staff costs, 

simulated 

placement 

(GBP) 

Non-teaching 

staff costs, 

simulated 

placement 

(GBP) 

Cost per 

student, 

simulated 

placement 

(GBP) 

Sparse rural 226 44.1 5 262 23.3 4 435 567 6 487 

Villages 792 39.7 26 943 34.0 4 170 519 6 153 

Towns and 

suburbs 
2 007 10.8 84 457 42.1 3 875 470 5 773 

Cities 4 234 5.4 207 738 49.1 3 617 428 5 440 

 Note: A small school has an average year group size lower than 100 students. 

Source: Authors’ elaboration based on (UK Department of Education, 2021[12]; Goujon et al., 2021[4]; Jacobs-Crisioni et al., n.d.[7]). 

Figure 2.6. Estimated annual cost per student by degree of urbanisation and number of students, 
secondary schools 

Based on simulated placements 

 

Source: Authors’ elaboration based on (UK Department of Education, 2021[12]; Goujon et al., 2021[4]; Jacobs-Crisioni et al., n.d.[7]). 

School placement comparison for France 

To verify the validity of the school placement method outside England, the approach is applied to available 

school data for France. Geolocalised data for each school including number of students per school in 

France is available for the year 2017 for primary (école élémentaire, ages 6-11) and secondary schools 

(ages 12-18) (French Ministry of National Education and the Youth, 2021[14]). 

The procedure to derive teaching staff counts per school from the number of students is applied to the 

actual and simulated schools. In line with the exercise for England a mean of 13 and a standard deviation 

of 1 are assumed for primary schools, and a mean of 12 and a standard deviation of 1 for secondary 

schools. The resulting total number of teaching staff in primary schools using actual schools is 369 508 

and in secondary schools it is 318 993. As a benchmark, the number of teaching staff in public schools in 

France in 2015 was 340 500 in pre-school and primary schools (premier degree), and 304 500 in 

secondary schools (second degree).10 The approach reproduces the size variation of the actual data for 

primary and secondary schools (Figure 2.7).11 As in England, average school sizes increase with density. 



58    

ACCESS AND COST OF EDUCATION AND HEALTH SERVICES © OECD/EUROPEAN UNION 2021 
  

Figure 2.7. Size distribution of actual versus simulated placements, France 

  

Source: Authors’ elaboration based on (French Ministry of National Education and the Youth, 2021[14]; Goujon et al., 2021[4]; Jacobs-Crisioni 

et al., n.d.[7]). 

StatLink 2 https://doi.org/10.1787/888934245975 

Table 2.8 shows the comparison of the simulated placement results with the actual school data for primary 

and secondary schools. While the aim of the simulated placement is not to reproduce actual numbers of 

schools and students, the information in the table is useful to evaluate whether there are salient 

geographical differences between the simulated placement (which is benchmarked using data for Portugal) 

and the actual distribution of schools in France.  

The simulation places less primary schools in every degree of urbanisation except for mostly uninhabited 

areas, where it places more. Still, the simulated approach also places the majority of small schools in rural 

areas (Table 2.8). In contrast, the simulated approach places more secondary schools than observed 

generally, and proportionally more in towns and suburbs. The simulations place a larger share of small 

secondary schools in rural areas compared to the actual data. As the data shows, primary education in 

France is geographically more disperse than the simulation approach captures, while secondary education 

in France is more centralised than simulated. There are many potential reasons for the differences between 

actual and simulated placements, for instance, because of policies that prefer to reduce travel distances 

for primary school students even at the possible penalty of reduced cost efficiency; or simply a preference 

for relatively small primary and secondary schools, as can be seen by the fairly equal distribution of small 

secondary schools across France's degrees of urbanisation. 
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Table 2.8. Comparison of number of students and schools, France  

Actual versus simulated placement 

Degree of 

urbanisation 

Number of 

schools, 

actual 

placement 

Number of 

schools, 

simulated 

placement 

Number of 

students, 

actual 

placement 

Number of 

students, 

simulated 

placement 

Share of 

small 

schools, 

actual 

placement 

(%) 

Share of 

small 

schools, 

simulated 

placement 

(%) 

Students 

per school, 

actual 

placement 

Students 

per school, 

simulated 

placement 

Primary schools 

Sparse rural 13 819 8 789 932 720 984 601 65.9 92.5 67 112 

Villages 7 076 4 121 1 021 620 839 346 18.5 7.0 144 204 

Towns and 

suburbs 

7 295 3 872 1 382 824 1 199 923 10.9 0.4 190 310 

Cities 7 112 3 518 1 702 925 1 580 224 4.8 0.1 239 449 

Secondary schools 

Sparse rural 824 163 289 463 46 053 19.6 53.0 351 283 

Villages 1 736 313 652 808 111 523 31.9 45.8 376 356 

Towns and 

suburbs 
2 925 522 1 463 429 254 842 26.0 0.6 500 488 

Cities 2 945 375 1 509 687 221 168 22.6 0.6 513 590 

Source: Authors’ elaboration based on (French Ministry of National Education and the Youth, 2021[14]). 

Conclusions 

This chapter described a method to estimate primary and secondary education cost differences across 

human settlements. The method involves two steps. The first step simulates school placements using a 

spatial access optimisation algorithm that relies on road networks and population grids. The second step 

estimates costs based solely on student counts by using the distributional properties of actual school costs. 

The method was tested using data for France where there is no school-level data on cost. 

The analysis of data for primary schools in England showed that teaching staff represents the bulk of 

school cost, and that the average school located in a rural area has a similar expenditure structure to one 

located in a city, town or suburb. The method proposed in this chapter departs from first estimating teaching 

costs based on the number of teachers required for the number of students in each school (as per an 

assumed teaching-to-pupil ratio), subsequently adding other types of costs including non-teaching staff 

cost (that depend on the number of teachers) and remaining cost including premises, learning material, 

catering and other costs (that depend on the number of students).  

The comparison by degree of urbanisation using actual and simulated placements to actual total costs 

shows that the proposed approach captures well the levels and geographical variation of cost per student 

for primary schools. Although it is based on data for England, the method outlined in this chapter does not 

rely on England-specific parameters but rather on EU averages. In this sense, the application of the model 

for all EU countries undertaken in the next chapter is not expected to be biased by the use of English data 

to guide the methodological design. It is important to stress here, however, that the exercise tries to capture 

differences in school costs solely driven by geographical differences and not by national factors such as 

the efficiency in the use of education resources, payment levels, etc.  
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 Extensions to placement model 

This annex describes several extensions to the simulated placement model described in (Kompil et al., 

2019[2]). 

Inclusion of road-based distances 

(Kompil et al., 2019[2]) allocate service locations based on Euclidean distances to potential service users. 

This approach has been refined somewhat by deriving distances as shortest-path distances from a 

proprietary finely grained road network obtained from (TomTom, 2018[3]), predominantly known as a 

provider of in-car navigation equipment. Those shortest path distances have been loaded into sizeable 

matrices indicating the distances between all grid cells in a country that meet the threshold for maximum 

catchment area, plus one. These matrices are stored in memory, and used throughout the school 

placement simulation procedure. 

Reverse accessibility weighting 

The locational utility of each node is measured as potential accessibility to unsatisfied demand. However, 

the developed mechanism includes functionality to weigh people with relatively poor access to service 

disproportionally. This is included to mimic top-down equity considerations in facility location. Thus, in any 

allocation iteration in iter, we first define access to facilities as (A.1): 

𝐴𝑖
𝑖𝑡𝑒𝑟 = ∑ 𝐷𝑗

(𝑖𝑡𝑒𝑟−1)
(𝑑𝑖𝑗 ≤  0.1)−1

𝑛

𝑑𝑖𝑗 ≤ 𝛾

 (A.1) 

In which 𝑑𝑖𝑗 indicates travel distance between origin node i and destination node j; 𝛾 indicates the threshold 

maximum catchment size (1); and 100 metres is kept as the minimum distance between population and 

facilities relevant for the special case that j = i. 𝐷𝑗
𝑖𝑡𝑒𝑟 is a vector of dichotomous values that indicate whether 

facilities have been allocated in prior iterations in the destination nodes in j. Subsequently, through 

iteration-specific weighting values W, population is weighted by their access to services in A, relative to 

the average of the collection of nodes in a region in I, so that (A.2): 

𝑊𝑖
𝑖𝑡𝑒𝑟 = 𝑃𝑖

(𝑖𝑡𝑒𝑟−1)
 ∙ 𝑓(

1

𝑛
∑ 𝐴𝑖

𝑖𝑡𝑒𝑟

𝑛

𝑖 𝜖 𝐼

𝐴𝑖
𝑖𝑡𝑒𝑟⁄ , 𝑤) (A.2) 

In which 𝑃𝑖
(𝑖𝑡𝑒𝑟−1)

 contains all population, passed on from the previous iteration, that is not yet attributed to 

an already allocated facility. The function 𝑓(𝐴, 𝑤) rescales the relative facility accessibility between the 

lowest value in 0.1 and the highest value in w. For schools, w is set to 2. Subsequently, locational utility of 

a node is computed as (A.3): 

𝑈𝑖
𝑖𝑡𝑒𝑟 = ∑ 𝑊𝑗

𝑖𝑡𝑒𝑟(𝑑𝑖𝑗 ≤  0.1)−1

𝑛

𝑑𝑖𝑗 ≤ 𝛾

 (A.3) 
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User allocation based on spatial interaction model  

To compute the cost incurred by having a facility, users have to be attributed to facilities. The most 

straightforward approach is by attributing users to whichever facility is nearest. However, such an approach 

is unattractive because, on the one hand, it does not take into account the free choice users experience in 

contexts with many relevant options; and on the other hand, it does not take into account that facilities may 

have maximum capacities. To optimise user distribution, given inherent facility capacities, a user balancing 

mechanism has therefore been put in place. That mechanism is essentially based on an origin-constrained 

spatial interaction model, although with modifications that require a two-stage approach. 

In stage 1 users are allocated to facilities based on distance decayed travel distance in C, so that (A.4): 

𝐶𝑖𝑗 = [𝑑𝑖𝑗
́ ]

−𝛼
, 

with  

𝑑𝑖𝑗
́ =  [𝑑𝑖𝑗 − min 𝑑𝑖  ] ≥  1 

(A.4) 

and distance decay parameter 𝛼 = 2 and 𝛼 = 1.25 for primary and secondary schools, respectively. Here 

𝑑𝑖𝑗 contains travel times from every origin grid to the five closest facilities. Thus the size of the matrix here 

is limited to 5 times the number of origin points.  

Using 𝑑𝑖𝑗
́  rather than the actual travel distances in 𝑑𝑖𝑗 imposes that the distance-decayed travel distances 

retain high sensitivity to farther destinations even if the closest facility is relatively far. As the distance 

decay computation may be unstable at small changes in travel distances smaller than 1 minute, the system 

uses 1 km as minimum travel distance. 

Flows in F are computed through (A.5): 

𝐹1𝑖𝑗 = 𝑂𝑖𝐷1𝑗𝐴1𝑖
−1𝐶𝑖𝑗 , (A.5) 

in which and 𝐷𝑗 contains weights per facility. In the first step, 𝐷𝑗 has the value 1 for all facilities so that 

initially all facilities are equally attractive. Total flow production is limited to the relevant population O 

through accessibility measure A, which is defined as (A.6): 

𝐴1𝑖 = ∑ 𝐷1𝑗𝐶𝑖𝑗

𝑛=5

𝑗=1

. (A.6) 

The calculation of F1 yields a pattern of attendance of students to schools in ATT, so that (A.7): 

𝐴𝑇𝑇1𝑗 =  ∑ 𝐹1𝑖𝑗

𝑖=1

, (A.7) 

From which can be obtained a crude estimate of facilities FAC needed at location j. To obtain realistic 

school size distributions, likely number of schools in a location are estimated based on a function that 

explains number of schools in 1 km nodes based on the number of students that are observed in those 

nodes. This procedure allows for larger-scale schools in contexts with many users, and relatively small 

schools in contexts with few students. For primary and secondary schools, this function has been estimated 

based on aggregate number of students in a grid cell in S. It takes the form (A.8): 

ln 𝐹𝐴𝐶𝑗 =  𝛽0 + 𝛽1 ln 𝑆𝑗 + 𝜀 (A.8) 



62    

ACCESS AND COST OF EDUCATION AND HEALTH SERVICES © OECD/EUROPEAN UNION 2021 
  

And is estimated separately for France, Portugal and England on all 1 km nodes that contain at least one 

facility. The results of this estimation exercise are given in Annex Table 2.A.1.  

Annex Table 2.A.1. Results of facility number function estimates 

  Log (number of primary schools) Log (number of secondary schools) 

  France Portugal United Kingdom France  Portugal  United Kingdom 

Log (users) 0.207*** (0.002) 0.187*** (0.004) 0.233*** (0.003) 0.319*** (0.006) 0.241*** (0.010) 0.160*** (0.007) 

Constant -0.830*** (0.008) -0.717*** (0.019) -1.138*** (0.016) -1.792*** (0.035) -1.331*** (0.060) -1.056*** (0.047) 

Observations 28 342 3 469 12 246 6 405 1 207 2 716 

Adjusted R2 0.369 0.402 0.354 0.333 0.348 0.166 

Note: Standard errors are given between brackets. All estimators indicated by *** are significant at p<0.01. 

This function is subsequently used to establish likely number of schools in a grid cell (A.9): 

𝐹𝐴𝐶𝑗
𝑐𝑜𝑛𝑡́ = 𝑒(𝛽0+𝛽1 𝑙𝑛 𝐴𝑇𝑇1𝑗) 

𝐹𝐴𝐶𝑗
𝑟𝑜𝑢𝑛𝑑́ = 𝑟𝑜𝑢𝑛𝑑(𝐹𝐴𝐶𝑗

𝑐𝑜𝑛𝑡)́ ≥ 1 
(A.9) 

So that number of schools is rounded, and any selected location gets at least one school. This leads to 

stage 2 of the student attribution procedure, in which users are redistributed so that school sizes further 

converge towards realistic school sizes. To do so, facility attractiveness in D is rebalanced by the 

unrounded estimate of number of facilities, so that (A.10): 

𝐷2𝑖𝑗 =
max(𝐴𝑇𝑇1𝑗 𝐹𝐴𝐶𝑗

𝑐𝑜𝑛𝑡́⁄  | 𝑖)

(𝐴𝑇𝑇1𝑗 𝐹𝐴𝐶𝑗
𝑟𝑜𝑢𝑛𝑑́⁄ )

  (A.10) 

implying that allocated schools that, in the first stage, are smaller than the expected largest school in range 

increase in attractiveness, while facilities that are bigger than the expected largest school in range 

decrease in attractiveness. Subsequently compute 𝐴2𝑖 = ∑ 𝐷2𝐶𝑖𝑗𝑗=1  and 𝐹2𝑖𝑗 = 𝑂𝑖𝐷2𝑗𝐴2𝑖
−1𝐶𝑖𝑗, the latter 

yielding a rebalanced distribution of attendance. Note that due to the distance decay function enforced 

through C, the rebalancing in D may be expected to have a limited effect on total travel costs. Finally this 

yields a final estimate of school sizes s, so that (A.11): 

𝑠𝑗 =  ∑ 𝐹2𝑖𝑗

𝑛

𝑖=1

 
(A.11) 
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 Calibration procedure 

This annex describes the procedure to calibrate the thresholds used in the placement simulation. 

The valuation of imputed threshold values was done through a grid search that aimed at most accurately 

reproducing observed school distributions. The grid search has been performed for primary and secondary 

schools in Portugal based on (Directorate General of Education and Science Statistics of Portugal, 2021[15]) 

and additional detail provided by the Ministry of Education of Portugal. Due to its relatively small size and 

the implications of country size for computational burden, Portugal was found a better fit for this exercise 

than the other countries for which observed school distributions were readily available (France and 

England). From the results that were computed with the adopted threshold values based on Portugal, it 

may be concluded that English school distributions and costs can be reproduced accurately. 

The adopted location-allocation approach is meant to reproduce observed school placement patterns 

accurately, under the assumption that the real-world placement patterns yield a societally acceptable 

balance between school cost (as a function of the size) and travel costs.  

The grid search was performed by adapting values related to maximum distance, minimum size, optimal 

size and accessibility weighting. A composite objective function was computed to measure model accuracy 

given the imputed values. That function was composed of three criteria, namely percentage difference 

between modelled and observed nationwide number of facilities; the difference between modelled and 

observed rates of number of urban vs rural facilities; and the mean squared error of percentage points for 

shares of number of schools per level 2 degree of urbanisation (see Box 1.2 in Chapter 1), thus discerning 

school provision in cities, towns, suburbs, villages, dispersed rural areas and mostly uninhabited areas. 

Annex Table 2.B.1 shows the thresholds that yield the most accurate results in Portugal. The imputed 

optimum school sizes are lower than what is considered optimal for US primary and high schools (Zimmer, 

DeBoer and Hirth, 2009[16]; Andrews, Duncombe and Yinger, 2002[17]); reflecting preference for relatively 

small schools in European countries compared to the United States. 

Annex Table 2.B.1. Selected threshold values 

 Primary schools Secondary schools 

(1) Maximum catchment area (km) 15 35 

(2) Minimum size (number of students) 7 32 

(3) Optimal size (number of students) 280 450 

The calibration exercise also showed that some parameters have a much more substantial impact on 

allocation outcomes than others. In particular, the maximum catchment area distance and the school’s 

optimal size, which both come into play in the school placement stage of the modelling procedure, have a 

considerable impact on facility distribution.  

A grid search of Portuguese primary school allocation yielded that the allocation procedure performs best 

with a maximum distance of 15 km, and an optimal school size of 280. For secondary schools, the same 

exercise yielded the higher threshold values, with a maximum catchment area distance of 35 km and an 

optimal size of 450. These threshold values have therefore been selected as baseline values for allocation 

of primary and secondary schools throughout Europe (Annex Figure 2.B.1). 
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Annex Figure 2.B.1. Results of adapting maximum distance and optimal size in allocation 
procedure for primary and secondary schools in Portugal 

 
Note: Criterion 1: number of obs. and modelled schools (% difference in modelled vs observed total number of schools). Criterion 2: urban/rural 

rate (difference between modelled and observed urban/rural rate in number of schools). Criterion 3: degree of urbanisation shares (mean 

squared error of percentage points for degree of urbanisation shares of schools). Objective function: Equal weighted mean of the 3 criteria. Best 

fitting model thresholds for primary (secondary) schools: 15 km (35 km) maximum distance and 280 (450) students optimum size. 

Source: Authors’ estimations based on (Directorate General of Education and Science Statistics of Portugal, 2021[15]; Goujon et al., 2021[4]; 

Jacobs-Crisioni et al., n.d.[7]). 

StatLink 2 https://doi.org/10.1787/888934245994 
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 Data description 

The main data source for benchmarking school costs is publicly available data on school workforce 

composition for England provided by the UK Department of Education (UK Department of Education, 

2021[12]).12 This database includes maintained primary, secondary and special schools that were open for 

the period April 2018 to March 2019. Maintained schools make up the vast majority of schools in England. 

The data contains the precise school location (geographical coordinates) and the number of students of 

each school. Data for cost disaggregated by type (e.g. staff, maintenance, etc.) for the year 2018-19 can 

be matched to this data for a representative subset of schools. 

The dataset contains information for 14 963 (90%) primary schools and 2 854 (83%) secondary schools, 

accounting for 4 200 779 primary and 2 882 185 secondary school students. The data with financial 

information for each school is more limited in scope, covering 60% of primary schools (2 727 656 students) 

and 20% of secondary schools (686 163 students). Schools recorded with less than one student are 

removed from the analysis.  

In England, primary education covers key stages 1 (5-7-year-olds) and 2 (8-11-year-olds) and the phase 

of education offered by each school is specified in the data. Although in England primary schools can also 

provide early years foundation stage (kindergarden) education, the aggregate number of students in the 

subset of primary schools corresponds to the national figures.13 

The data for primary schools includes schools with statutory age range from 0 to 7 years. To get the number 

of students per grade, schools with statutory low ages above 7 (812/12 809 schools) are dropped. Although 

some schools offer levels 2-4, the percentage of students in nursery state-funded schools is small (43 785 

versus 4 689 660 students in primary schools). Furthermore, not all schools offer all grades. For instance, 

some schools may offer all grades for 2 to 11-year-olds, while others may only offer 2 to 7. Consequently, 

student-to-teacher ratios are computed at the school level. 

As shown in Annex Figure 2.C.1, the sample of schools with financial information has a similar size 

distribution compared to the universe of schools, suggesting the sample is representative of the universe. 

The simulated placement is less skewed to the left than the universe, suggesting the simulated placement 

produces less small schools than those observed in the universe. Unlike the case of primary schools, the 

sample of secondary schools with financial information does not have a similar size distribution compared 

to the universe of schools. For the purpose of the descriptive analysis, the cost data is grouped into five 

categories: teaching staff, non-teaching staff, school premises (including utilities), teaching resources 

(including ICT), and catering. For the cost estimation, cost is grouped into three categories: teaching staff, 

non-teaching staff and other costs (including school premises, teaching resources, and catering). 
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Annex Figure 2.C.1. Size distribution of primary and secondary schools, England 

Source: Authors’ elaboration based on (UK Department of Education, 2021[12]; Goujon et al., 2021[4]; Jacobs-Crisioni et al., n.d.[7]). 
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Notes

1 School provision costs are expressed in a monetary value. Transport costs are expressed in distances 

travelled, while their monetary value remains unknown, so that we will assume that longer distances 

travelled are linear with transport costs. Monetary values of transport distance remain unknown because 

the means to travel to schools, as well as the organisation of school transport, likely differs substantially 

between contexts and countries in Europe. In addition, establishing the value of transport opportunity costs 

is beyond the scope of this study. 

2 This is in contrast to other approaches (Xu et al., 2020[20]; Pacheco and Casado, 2005[18]) where there is 

no central optimisation process and the number of locations is not defined a-priori.  

3 The imposed regional boundaries allow parallel placement of schools across regions, which is useful to 

speed up the modelling process, and has a negligible influence on simulation results. 

4 The boundaries of independent placement zones are drawn based on TL3 regions for primary schools 

and TL1 regions; for secondary schools. 

5 This is analogue to the bid-rent assumptions in other land-use modelling applications (Hilferink and 

Rietveld, 1999[19]). 

6 See https://eacea.ec.europa.eu/national-policies/eurydice/content/united-kingdom-england_en. 

7 See http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=educ_iste&lang=en.  

8 Conceivably, students from different degrees of urbanisation visit the same school, and the chosen 

aggregation method therefore does not accurately describe cost differences between the places where 

students live. Through the spatial interaction model used for student attribution, school costs for the 

simulated school placements can in fact be linked to the origins of students; however, for the observed 

costs, such data are unavailable.  

9 , For secondary schools the threshold of 100 is based on the values for the national funding formula: 

69.2 for middle schools and 120 for secondary schools. See 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/84400 
7/2020-21_NFF_schools_block_technical_note.pdf  

10 See http://cache.media.education.gouv.fr/file/2015/67/6/depp_rers_2015_454676.pdf 

11 See https://www.education.gouv.fr/les-chiffres-cles-du-systeme-educatif-6515  

12 See also

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/81162 

2/SWFC_MainText.pdf.  

13 Accessible at

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/82625 

5/Schools_Pupils_and_their_Characteristics_2019_Accompanying_Tables.ods.  
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