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The aim of our approach is to achieve equality in access to childcare in England. In
practice, this is equivalent to minimising the variability in childcare access across the
country.

Our approach follows a two-step optimisation process. First, a genetic algorithm
identifies the optimal locations for new childcare provision. Then, quadratic
programming is applied to determine the optimal capacity of each provision,
ensuring an efficient distribution of resources.

This method is based on the work by Xiang Li, Fahui Wang and Hong Yi, who
proposed a two-step approach for facility planning to enhance equal accessibility.
[iootnote 1] The results from their paper showed that strategically locating new facilities
has a greater impact on reducing accessibility inequality than optimising capacity
alone.

We build on this and our previous work by applying their process to the context of
childcare provision in England.

Objective function

Our objective is to improve equality in access to childcare by minimising variance in
accessibility across different locations. To achieve this, we have defined an
objective function that minimises A, the total variation of accessibility at each
demand location weighted by the amount of demand there. A smaller A value
indicates less disparity in accessibility, making this equivalent to maximising equality
in access to childcare.

To quantify accessibility, we have extended the 2-step floating catchment area
(2SFCA) method which we used previously.[eonote 2l This 2SFCA method accounts
for both the supply of childcare places and the demand from nearby families,
producing an accessibility index (A;). We also introduced a binary dummy variable

(Bj) to indicate whether a candidate provision is selected to have childcare.

We used Census 2021 figures for children aged 0 to 7 to provide a measure of
potential demand for childcare. More up-to-date population estimates are available,
but we used Census 2021 in order to maintain consistency with our previous
analysis.

As in our previous analysis, to calculate the accessibility index, we have used travel



time catchments of 15 minutes for travel by car and 25 minutes for public transport.
This includes a maximum walking time of 15 minutes for users of public transport.
We chose these times based on a reasonable estimate for the maximum time
parents would travel to access childcare, but these times could be adjusted in the
future with additional evidence to show how long parents are willing to travel.

The full derivation of the objective function can be found in our appendix, but the final
form is:
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Equation shows an objective function where the objective is to minimise the total variation of accessibility at
each demand location.

It reads: Minimise A-hat, which equals the sum from i = 1 to m of (Ai minus A-bar) squared times Di, which is
equivalent to minimising the sum from i = 1 to m of the square of (the sum from j = 1 to n of Bj times Cj times

Fij, minus A-bar), all multiplied by Di.

Where:

A is the total variation of accessibility at each demand location

A is the accessibility index

A is the mean of accessibility

D; is the demand of the location

Bj is the location of the childcare provision

Cjis the capacity of the provision

Fijis the normalised decay weight and a Gaussian function (see appendix)

m is the number of users



n is the number of candidate childcare provisions
i is the index of users from 1 to m
j is the index of candidate childcare provisions from 1 to n

Therefore, the optimisation problem is to search for optimal values of Bjand C; that
minimises the above equation.

This problem is solved in 2 steps. First, a uniform capacity is assumed for all
provision and solves for the optimal values of Bji.e. is there provision or not. This

first step uses a genetic algorithm. Then with the locations of provision determined,
the optimal capacity of each provision is found using quadratic programming.

Genetic algorithm

A genetic algorithm is a method to solve for both constrained and unconstrained
optimisation processes. It is a metaheuristic algorithm. This is a type used in
computer science and characterised by its ability to solve complex optimisation
problems by mimicking natural phenomena.[l°9tnote 3] Genetic algorithms are inspired
by natural selection and are used to produce high-quality solutions to complex
problems using selection, crossover and mutation.[eonote 41 Genetic algorithms
modify a population of individual solutions, and at each step select individuals to
produce ‘children’ to evolve to an optimal solution.

Important terms

footnote 5

Population: a population is a group of individuals (or chromosomes); each
individual is a potential solution to the problem.

Individual/chromosome: a chromosome is an individual that contains a set of
parameters that are called genes — in this case, a set of childcare provision
locations.



Gene: the binary building blocks of the individual are represented as either 0 (no
childcare provision) or 1 (childcare provision). The number of genes is decided
by how many potential site locations there are in the local area. We have defined

a potential site as one output area (OA), which is the level of output area used in
the census.[fotnote 6]

Parents: in the context of a genetic algorithm, parents are existing potential
solutions selected based on their performance.

Children: children are new potential solutions created by combining features of
the parent solutions through operations like crossover and mutation.

Figure 1: Population containing 5 individuals and 10 genes within the
individual



Gene

Individual

Figure 1 shows an illustration of important genetic algorithm terms. An individual is depicted as a vertical

column divided into smaller units, each representing a gene.

How does the algorithm work?

The genetic algorithm selects individuals from the current population to be parents
and uses those to produce children for the next generation. Over multiple
generations the population evolves towards an optimal solution.

There are 4 main rules used as part of the genetic algorithm.

1. Selection rules: these select the individuals (parents) that contribute to the
population of the next generation. This is determined by the fitness function.

2. Crossover: combine 2 parents to form children for the next generation.

3. Mutation: apply random changes to the parents to form additional children.

4. Termination: reproduction is repeated until a termination condition has been
reached.



The genetic algorithm process is summarised in the following figure.

Figure 2: Genetic algorithm process
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Figure 2 is a flowchart illustrating the process of a genetic algorithm. It begins with Start, followed by Initial
population, then Create fithess values, Selection, Crossover, and Mutation. After Mutation, the algorithm

checks a condition: ‘Termination: Number of generations below required threshold?’ If the answer is No, the

process loops back to Create fitness values. [fit is Yes, the process proceeds to End.

Calculate fithess value

In each generation, we assess the fitness of each solution and use this to evaluate
the potential solutions. The fithess function outputs the quality of the solution, its
fitness value. In our example, the fithess function is the calculation of accessibility
scores for each individual and its resulting variance. The calculation of the
accessibility score is explained in our methodology document.[ieotnote 7]



Selection

Selection is where the parents are selected to produce a child. There are several
selection methods available.[°inoe 8] \We have chosen to use a combination of
‘elitism’ and ‘tournament selection’ as, in our test cases, this produces outputs with
the least variance. In tournament selection, to choose parents, a subset of
individuals is chosen at random, and the fittest of them is selected. We tested
multiple tournament sizes (that is, the number of individuals in the subsets), and
chose to use 3. Our implementation of elitism always carries the best individual from
the previous generation into the next, bypassing crossover and selection, ensuring
high-quality solutions are maintained.

Crossover

After parents are selected, crossover ‘reproduces’ new individuals from these
parents. We are using a one-point crossover, where the parent 1 and parent 2’s
genes copied onto child 1 and child 2 respectively, until a random point, when which
parent’s are copied onto which child’s is swapped, so from that point parent 1’s
genes are copied onto child 2, and parent 2’s are copied onto child 1’s. The
crossover rate ranges from 0 to 1 and can be optimised. A rate of 1 means all
offspring are produced through crossover, while a rate of 0 results in the new
generation being direct copies of the parents, with changes occurring only through
mutation. We performed a global sensitivity analysis to determine the optimal value.
See our section below on this.

Figure 3: Crossover from Parent 1 and Parent 2 to form Child 1 and Child 2
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Figure 3 shows an illustration of a genetic algorithm crossover: 2 parent populations — one light grey, one dark
grey — swap genetic material. An arrow leads to 2 new populations where individuals are half light grey and

half dark grey, representing the mixing of genes.

Mutation

The mutation rate determines how many individuals should be mutated in one
generation. The mutation rate maintains genetic diversity between generations and
prevents the algorithm getting stuck in local optima. The mutation rate can be
between 0 and 1. A higher mutation rate increases randomness in the algorithm,
while too small a mutation rate may cause it to converge prematurely and get stuck in
local optima.

Figure 4: Mutation for Child 1 and Child 2



Child 1 Child 2

Figure 4 is an illustration of a genetic algorithm mutation: 2 child populations are shown with random light grey

and dark grey genes.

Termination criteria

The termination criteria determine when the genetic algorithm should stop. There are
several different common termination criteria, but we chose to end the genetic
algorithm after a specific number of generations. We tested for the optimal number
and found that the fitness value tended to stabilise around 20 generations for the
parameters we were using.

Quadratic programming

In the first stage, we that assumed the capacity of each childcare provision is the
same. Once we determined the optimum provision locations of the candidate sites,
we applied quadratic programming to determine the optimum capacity of each



selected provision. This should further reduce the variance in the accessibility
scores.

Quadratic programming is the process of solving optimisation problems involving
guadratic functions. In our case, the variance is a quadratic function and minimising
this becomes a quadratic programming problem.

We minimised equation (1) using Sequential Least Squares Quadratic Programming
(SLSQP).[lcoinote 91 5] SQP s an iterative process for bound-constrained non-linear
optimisation, and our problem involves bounds and constraints. SLSQP uses a
gradient-based approach, iteratively updating the solution using a quadratic
approximation of the objective function while ensuring feasibility within the given
constraints and bounds. Other methods, such as the Limited-memory Broyden—
Fletcher—Goldfarb—Shanno Bound algorithm (L-BFGS-B) and trust-region
approaches, were considered. However, testing showed that SLSQP provided
smaller variance and converged more reliably than the alternative methods.

What are the bounds and constraints?

Unlike the genetic algorithm, the quadratic programming is a deterministic process.
This means that as we add in additional bounds and constraints to the equation, the
variance will be greater.

We determined that our bounds are the upper and lower limits of a childcare
provision’s capacity. We have 2 constraints in our model:

1. The capacity of each provision is a positive number

2. The sum of all provision capacities is the weighted sum by child population

Sensitivity analysis

To determine the optimal values for the genetic algorithm’s population size, mutation
rate and crossover rate we performed a global sensitivity analysis. [fooinote 10] The
values were based on those used in previously published studies.[fooinote 11] The
values we chose to analyse were as follows:

Population size: 5, 10, 20, 40



Mutation rate: 0.001, 0.005, 0.01, 0.05, 0.1
Crossoverrate: 0,0.2,0.5,0.8, 1

The sensitivity analysis identified the smallest variation across both the genetic
algorithm and quadratic programming. This approach was necessary because
optimising the genetic algorithm in isolation could lead to poorer convergence during
the quadratic programming step. We repeated the model twice for a small local
authority to reduce computation time.

We found the optimal parameters for the genetic algorithm were:

Population size: 20

Mutation rate: 0.005

Crossover rate: 0.2

Number of generations: 20

Local authority case studies

We have produced 2 case studies — the first looking at the local authority of
Lincolnshire, and the second at Sandwell and Walsall combined.

Lincolnshire is a local authority with a mix of rural and urban areas. It has a higher-
than-average level of childcare accessibility, but also has a high variability in
childcare accessibility across areas. This makes it a suitable case study for testing
whether our method can help create a more balanced distribution of childcare
provision.

Walsall and Sandwell both rank below the 4th percentile for childcare accessibility. In
both cases, this holds whether we only consider Ofsted-registered provision or
include school-based provision regulated by the Department for Education. In our
analysis, we only consider childcare places in providers registered on Ofsted’s Early
Years Register (EYR). However, even when including school-based provision, as

demonstrated in a Victoria University study, the accessibility ranking remains
unchanged[feotnote 12]

Due to the computational demands of our optimisation approach, we have not been
able to replicate the methodology from our previous publication at the same scale.
Instead, we have applied our method to a subset of local authorities to demonstrate



its effectiveness. For details on our previous methodology and how accessibility
scores were originally calculated, please refer to our first publication.[fotnote 2]

Since these case studies focus on specific local authorities in isolation, the
accessibility scores produced in this publication cannot be directly compared to
those in our previous publications. In our earlier work, accessibility scores were
calculated at the OA level across England and provided national-level comparisons.
However, because we are looking at local authority case studies in this publication,
our figures may not include families who cross local authority borders to access
childcare provision, either by travelling from outside our selected local authority to
use provision within them, or by leaving to access provision in neighbouring local
authorities.

We have aggregated results and present them at the lower-layer super output area
(LSOA) level in this publication. To show potential movement, we have plotted
confidence boundaries indicating which OAs may access provision in another local
authority. This does not change the underlying data, but simply provides a visual
representation of areas where access to childcare across local authorities may be
likely.

Case Study 1: Lincolnshire

Figure 5: Child population in Lincolnshire, Census 2021



- 300

‘fainsborough Market Rasen >
Louth Mable-

thorpe

.
F i Wragby
Llhcoln i
Horncastle 200

C
Re]
orth Hykeham Skeg- 5
WoodhaII Spa ¥ + Ness g
P g
S
=
(&)
-150 <
> g
1SIeaford s -
p .. osto
qGrantham Q
* - 100
S aldin L
Boumc P palding “ ong Sutton
Crowland - 50

Sta mford

Figure 5 is a map showing areas of Lincolnshire shaded from pale yellow to dark red to represent childcare
population, with dark red indicating a larger population. Place names are labelled in black. Key towns like

Lincoln, Boston and Grantham are marked.

The variability in accessibility decreased at each step of our process. Initially,
accessibility variation in Lincolnshire was 14 childcare places accessible per 100
children, ranging between the lowest LSOA having 0.1 places per 100 children and
the highest having 132 places per 100 children. This large difference and variation
highlight the significant disparity in childcare accessibility, with some areas facing
severe shortages while others have a surplus of available places.

After applying the genetic algorithm, this variation reduced to 10 places per 100
children, as the genetic algorithm optimised the location of childcare provision to
improve overall access.

The final step changed the allocation of places within the provision, reducing



variability to 6 places per 100 children. Now, the accessibility ranged between 0
places per 100 children and 35 places per 100 children. This shows that our method
has reduced the inequality in childcare accessibility, making provision more evenly
distributed across Lincolnshire.

Due to the potential for families to cross local authority borders to access childcare,
we are only confident in the childcare accessibility calculations for the areas where
this cannot happen within our predetermined travel time. In Lincolnshire, 78% of the
OAs’ accessible childcare provision falls within the same local authority. There are
no OAs which can only access areas outside of Lincolnshire.

Figure 6: Confidence boundaries in Lincolnshire
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Figure 6 shows an outline of Lincolnshire shaded from white to black to represent confidence boundaries.
The darker areas around the borders shows that families can access childcare provision in a neighbouring
local authority. 78% of output areas in Lincolnshire can only access provision within Lincolnshire, making this

figure largely white in appearance.

Case Study 2: Sandwell and Walsall

Figure 7: Child population in Sandwell and Walsall, Census 2021
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Figure 7 is a map showing areas of Sandwell and Walsall shaded from pale yellow to dark red to represent
childcare population, with dark red indicating a larger population. Place names are labelled in black. Key

towns like Walsall, Smethwick and West Bromwich are marked.

Initially, accessibility variation in Sandwell and Walsall combined was at 4.8 childcare



places accessible per 100 children, ranging between the lowest LSOA with 2.5
places per 100 children and the highest with 25 places per 100 children. After
applying the genetic algorithm, this variation reduced to 2.4 places per 100 children.
The final step changed the allocation of places within the provision, reducing
variability to 1.9 places per 100 children. Now, the accessibility ranged between 11
places per 100 children and 19 places per 100 children.

Due to the potential for families to cross local authority borders to access childcare,
we are only fully confident in the childcare accessibility calculation in 2% of OAs in
Sandwell and Walsall combined. This 2% can only access provision within Sandwell
and Walsall within the predefined travel time. The reason for this is that Sandwell and
Walsall are predominantly urban areas with short travel distances and well-
connected public transport. These factors make it easier for parents and carers to
cross local authority boundaries to access childcare provision in neighbouring areas.
There are no OAs which can only access areas outside of Sandwell and Walsall.

Figure 8: Confidence boundaries in Sandwell and Walsall
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Figure 8 shows an outline of Sandwell and Walsall shaded from white to black to represent confidence
boundaries. The darker area around the borders shows that families can access childcare provision in a
neighbouring local authority. There is a gradual transition. The centre of Sandwell and Walsall is white and

fades to black as proximity to the border increases.

Potential sites

As described above, the number of genes in our genetic algorithm is decided by
how many potential site locations there are in the local authority. We have defined a
potential site as one OA which contains 40 to 250 households, with an average of 28



children aged 7 and under as of 2021. Therefore, the number of potential sites in
Lincolnshire is 2,460. Sandwell and Walsall have a combined total of 1,830.

Constraints and bounds

We are constrained by the number of EYR childcare places as of 31 December
2024:|footnote 13]

¢ Lincolnshire has a total of 16,595 places

e Sandwell and Walsall combined have 9,662 places

Our optimisation ensures that the total number of places remains the same as the
current provision. Additionally, capacity bounds, dictated by current capacity, are
applied to individual provision:

e Each output area in Lincolnshire with places must have between 3 and 197 places

e Each output area in Sandwell and Walsall with places must have between 3 and
168 places

Socioeconomic analysis

We computed the changes in childcare places and childcare accessibility between
the original 31 December 2024 data and our optimised scenarios. We then tested
for statistically significant correlations between these changes and several
socioeconomic variables at a significance level of 0.05. We used multiple models
and ensured results were consistently significant across all of them.

In cases where we compared to aggregated changes in childcare accessibility
scores, these were aggregated by producing a weighted average of accessibility
scores, weighted by their population of 0- to 7-year-olds from Census 2021 data.

In cases where we tested multiple socioeconomic variables against the same
change in places or accessibility, we corrected for the increased likelihood of false
positives (finding a correlation when there was not one present) by applying
Bonferroni corrections, dividing our significance level by the number of variables
tested.



Deprivation

We used ranks of the Income Deprivation Affecting Children Index (IDACI) from the
English indices of deprivation 2019 — LSOA Level to gather data on the proportion
of children aged 0 to 15 in income deprived households.[eoinote 14l e ysed a
lookup to link the 2021 LSOA data to the IDACI data, which was measured for 2011
LSOAs.

We compared this data to changes in childcare accessibility score and places
aggregated to LSOA level. We found significant negative correlations between
IDACI rank and change in childcare accessibility score in both case studies, with p-
values of less than 0.001 for both Lincolnshire, and Sandwell and Walsall combined.

We also computed the proportion of LSOAs in the most deprived 10% of England in
each ward (following recommendations for summary measures from the Indices of
Deprivation 2019 statistics release) and compared this with aggregated changes in
accessibility scores and places at ward level.[l20tnote 15] e found significant
negative correlations between this variable and changes in the childcare accessibility
score in both case studies, with p-values of less than 0.01 both for Lincolnshire and
for Sandwell and Walsall combined.

Example plots displaying these trends can be seen in Figures 9 and 10.

Figure 9: Scatter plots of IDACI data against changes in aggregated
childcare accessibility in Lincolnshire
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Figure 9 shows 2 scatter plots showing the relationship between deprivation and changes in childcare

accessibility scores in Lincolnshire. The left chart shows that LSOAs with higher deprivation (lower IDACI

rank) tend to have slightly larger declines in accessibility, indicated by a downward trend line. The right chart

shows that wards with a higher percentage of LSOAs in the most deprived 10% of England tend to have

greater increases in accessibility, indicated by an upward trend line.

Figure 10: Scatter plots of IDACI data against changes in aggregated
childcare accessibility in Sandwell and Walsall
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Figure 10 shows 2 scatter plots showing the relationship between deprivation and changes in childcare

accessibility scores in Sandwell and Walsall combined. The left chart shows that LSOAs with higher




deprivation (lower IDACI rank) tend to have slightly larger declines in accessibility, indicated by a downward
trend line. The right chart shows that wards with a higher percentage of LSOAs in the most deprived 10% of

England tend to have greater increases in accessibility, indicated by an upward trend line.

Census 2021 data

We used the Census 2021 to gather data on the economic activity and education
levels of women in households that have a dependent child aged 0 to 4 years. This
data is only available at middle super output area (MSOA) level. Therefore, our
comparisons were made against changes in childcare accessibility scores and
childcare places aggregated to MSOA level.

At MSOA level we also tested correlations for household income.

In both case studies, we found a significant negative correlation between the
percentage of women in households with a dependent child aged 0 to 4 who have
level 4 or higher qualifications and change in childcare accessibility score. Both case
studies found significance at a 0.01 threshold.

Example plots of comparisons between change in accessibility score and
socioeconomic variables measured at MSOA level can be seen in Figures 11 and
12.

Figure 11: Scatter plots of socioeconomic variables against changes in
aggregated childcare accessibility in Lincolnshire, by MSOA
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Figure 11 shows 6 scatter plots showing the relationship between different socioeconomic variables and

changes in childcare accessibility scores in Lincolnshire.

The top left chart shows that MSOAs with a higher percentage of women in households with a dependent
child aged 0 to 4 who have level 4 or higher qualifications tend to have larger declines in accessibility,
indicated by a downward trend line.

The top centre chart shows that MSOAs with a higher percentage of women in households with a dependent
child aged 0 to 4 who have no qualifications tend to have greater increases in accessibility, indicated by an

upward trend line.

The top right chart shows that MSOAs with a higher percentage of women in households with a dependent
child aged 0 to 4 who are economically inactive due to looking after home or family tend to have greater
increases in accessibility, indicated by an upward trend line.

The bottom left chart shows that MSOAs with a higher percentage of women in households with a dependent

child aged 0 to 4 who are in employment tend to have slightly larger declines in accessibility, indicated by a



slight downward trend line.

The bottom centre chart shows that MSOAs with a higher percentage of women in households with a
dependent child aged 0 to 4 who are working full time tend to have slightly larger declines in accessibility,

indicated by a slight downward trend line.

The bottom right chart shows that MSOAs with a higher household income tend to have larger declines in

accessibility, indicated by a downward trend line.

Figure 12: Scatter plots of socioeconomic variables against changes in
aggregated childcare accessibility in Sandwell and Walsall, by MSOA
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Figure 12 shows 6 scatter plots showing the relationship between different socioeconomic variables and
changes in childcare accessibility scores in Sandwell and Walsall combined.

The top left chart shows that MSOAs with a higher percentage of women in households with a dependent

child aged 0 to 4 who have level 4 or higher qualifications tend to have larger declines in accessibility,



indicated by a downward trend line.

The top centre chart shows that MSOAs with a higher percentage of women in households with a dependent
child aged 0 to 4 who have no qualifications don’t have any change in accessibility, indicated by a straight

trend line.

The top right chart shows that MSOAs with a higher percentage of women in households with a dependent
child aged 0 to 4 who are economically inactive due to looking after home or family tend to have greater
increases in accessibility, indicated by an upward trend line.

The bottom left chart shows that MSOAs with a higher percentage of women in households with a dependent
child aged 0 to 4 who are in employment tend to have small declines in accessibility, indicated by a slight

downward trend line.

The bottom centre chart shows that MSOAs with a higher percentage of women in households with a
dependent child aged 0 to 4 who are working full time tend to have larger declines in accessibility, indicated by

a downward trend line.

The bottom right chart shows that MSOAs with a higher household income tend to have larger declines in

accessibility, indicated by a downward trend line.

Limitations of the two-step approach

Metaheuristic approaches are widely used for large-scale complex optimisation
problems, but they come with inherent challenges. One major issue is that they
cannot guarantee finding a globally optimal solution. Genetic algorithms and other
metaheuristic approaches rely on searching over a large set of feasible solutions,
meaning the solution depends on multiple factors including the initial population,
selection choice, crossover and mutation rates, and termination criteria. In our
model, the genetic algorithm starts with a randomly generated initial population of
where provision could be located, meaning different runs can result in different
solutions. Furthermore, genetic algorithms can become trapped in local optima and
additional refinement strategies would be necessary to overcome this limitation.

The computational demands of the quadratic programming, the second step of our
approach, are significant. Quadratic programming involves solving a constrained
optimisation problem with a large number of variables, which grows significantly as
the number of childcare provision and number of constraints increase. Scaling for an



entire region or nation would be extremely challenging due to the large increase in
computation time. We applied our model to a large local authority with 24,000
places, while England has just under 1.3 million places. Using our high-powered
machines, the quadratic programmer took upwards of 6 days to converge, with each
iteration taking 420 seconds. Given these computational costs, we explored
parallelisation and alternative optimisation methods. However, these methods did not
result in significant improvements in efficiency or solution quality. Since our problem
involves strict constraints and bounds, we required a sequential method which
limited our attempts to parallelise.

In our previous analysis, we showed childcare accessibility at the OA level across
the whole of England. In contrast, here we have produced only 2 case studies
focused on specific areas, restricting the ability to compare between our analyses.

A limitation when comparing these 2 publications lies in the regional and national
borders. Our first analysis only counted places from Ofsted-registered provision in
England, although it was likely that some parents living on the borders between
England and Wales and England and Scotland were crossing the border to use
childcare in a different country from where they lived. However, in this analysis the
issue is amplified by the salient borders being between neighbouring local
authorities. Therefore, it is hard to estimate what the true potential capacity and
demand for these services is. We have tried to demonstrate our confidence around
the borders of our case studies to address the potential variations in accessibility
across different local authorities. However, despite these efforts, caution should still
be exercised when interpreting the results near the borders.

In addition, some of the limitations of this study are consistent with those outlined in
our previous publication. Mainly, this analysis only considers childcare places in
providers registered on Ofsted’s Early Years Register (EYR). A limitation of using
the EYR is that it records the number of places offered but does not indicate how
many are occupied.

Furthermore, the EYR does not include:

e parents who are using informal childcare, such as care from grandparents

e places in some schools — early years provision in about 10,000 schools (around
300,000 occupied childcare places) is exempt from registration with Ofsted and

recorded differently, although provision for under-twos in schools is already
captured in the EYR [fcotnote 16]

e asmall number of providers of childcare on non-domestic premises who have
been redacted for providers’ personal safety and for national safety



Parents face additional barriers to accessing childcare beyond geographical
proximity. Other factors, including affordability, availability, personal preferences and
trust in providers, can influence a parent’s or carer’s decision on choice of childcare
provision. In some areas, there might be a greater demand for informal childcare,
such as provided by relatives. It would be good to investigate what take-up is like in
these areas to help ensure that childcare provision aligns with the actual needs of
families, rather than just their geographical accessibility.

Appendix

Full derivation of the objective function

This derivation is taken from a paper by Xiang Li, Fahui Wang and Hong Yi.[footnote 1]
The accessibility index A; is given by:

= z
=1

Equation shows the accessibility index which is a weighted sum calculation of the capacity and normalised
decay weight with a dummy variable to indicate whether a facility is selected or not.

It reads: Ai equals sum from j = 1 to n of (Bj times Cj times Fij)

— where B is the location of the provision, C; is the capacity of the provision, nis the

number of candidate provisions, j is the index of the candidate provision from 1 to n
and Fjj is the normalised decay weight and a Gaussian function given by:
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Equation for normalised decay weight using a Gaussian distance decay function.
It reads: Fij equals (e to the power of one-half times (dij divided by dm) squared minus e to the power of
negative one-half) divided by (1 minus e to the power of negative one-half), provided that dij is less than or

equal to dm

— where i is the demand node (OA population weighted centroid), j is the location of
supply (childcare providers), djj is the travel time from demand node i to supply node

j, and dy, is the size of the catchment area (varying size for public transport and
driving).

The weighted average of the accessibility index must equal the ratio of total supply
capacities to total demand (that is, the total number of users). Therefore, the total
accessibility (A) is written as:

b-3 a3 o
P=1 PE=1

Equation shows the weighted average of the accessibility index.

It reads: A equals sum from i = 1 to m of (Ai times Di) is equal to sum from j = 1 to n of (Bj times Cj)

— where D; is the demand of the location, m is the number of users, and i is the
index of users from 1 to m.

Thus, the mean of accessibility (A) is:
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Equation shows the mean of accessibility.
It reads: A bar equals A divided by the sum from i = 1 to m of Di is equal to the sum from j = 1 to n of (Bj times

Cj) divided by the sum from i = 1 to m of Di

And the standard deviation (A), also known as the total variation of accessibility at
each demand location, is:
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Equation shows the standard deviation which captures the total deviation of accessibility at each demand
location weighted by the amount of demand there.
It reads: A-hat equals the square root of the sum from i = 1 to m of (Ai minus A-bar) squared times Di, divided

by the sum from i = 1 to m of Di

We are looking to minimise the total variation in accessibility. Therefore, we minimise
A subject to:
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Equation is four lines showing the bounds and constraints of the model.

Line 1 reads: The sum of j = 1 to n of Bj is equal to p, Bj equals 0 or 1, where Bj equals 1 for any existing
provision

Line 2 reads: Cj equals 0 if Bj equals 0, and otherwise Cmin is less than or equal to Cj and Cj is less than or
equal to Cmax

Line 3 reads: The sum of j =1 to n of (Bj times Cj) is equal to the sum of j = 1 to n of Cj is equal to C

Line 4 reads: The sum of i =1 to m of Dj is equal to DA-hat equals the square root of the sum from i=1tom

of (A minus A-bar) squared times Di, divided by the sum from i = 1 to m of Di

— where p is the number of provision selected from candidates, Cyjy and Cyax are

the lower and upper bounds of the provision’s capacity, C is the sum of capacities of
all provision and D is the sum of demands from all users.

In this planning scenario, the number and the sum of capacities of each provision is
known from Ofsted’s EYR. The range of each provision’s capacity is given by the
minimum and maximum capacity of the provision from the EYR. The number of
users and demands are also known, and finally so are the locations of the provision
and users. Therefore, the objective function can be written as:
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Equation shows an objective function where the objective is to minimise the total variation of accessibility at

each demand location.

It reads: Minimise A-hat, which equals the sum from i = 1 to m of (Ai minus A-bar) squared times Di, which is

equivalent to minimising the sum from i = 1 to m of the square of (the sum from j = 1 to n of Bj times Cj times

Fij, minus A-bar), all multiplied by Di
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