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This model description uses the Overview, Design concepts, and Details (ODD) protocol proposed by Grimm et al. (2006, 2010).

Purpose
The purpose of this model is to investigate mechanisms driving the geography of educational inequality and the consequences of these mechanisms for individuals with varying attributes and mobility.

Entities, state variables and scales
Two types of agents are represented; parents and schools. One model iteration is assumed to be equivalent to a single year.  Although parents and schools have explicit locations, no space scales are implied or assumed.

The most important parent attribute is their aspiration to send their child to the best performing school. Aspiration takes a value from 1 to 100 and varies between parents.  Parents’ aspiration values are set when the parent is created and does not change through time. Parents are assumed to have a single child (not represented as an individual agent, but implicitly as an attribute of the parent). Each parent has two child attributes; child-age and child-attainment. Child-age is measured in years and attainment takes a value from 1 to 100.  Both child-age and child-attainment change though time. The school a parent (and their child) has been allocated to is recorded by the allocated-school attribute, and the strategy they used to ranks schools by preference for sending their child is recorded by the strategy attribute. Parents have an explicit and unique location denoted by integer x and y co-ordinates of the model environment (i.e., parents cannot share a location with other parents or a school). Parents can potentially change location once through time.

Schools have a specified number of places available for allocation to parents each year. Schools have five academic years of parents; hence, the total number of parents that will have school x as their allocated-school in any single year is (5 * places).  Schools have a GCSE-score attribute which is calculated as the mean of all allocated parents' child-attainment values. GCSE-score can take a value from 0 to 100.  As child-attainment can change through time so GCSE-score can vary between schools and through time.  Schools have a value-added attribute which is assigned at model initialization and varies between schools but does not change through time (but this could be modified in future versions).  Value-added can take a value between -1.0 and 1.0.  Each year schools record the parents allocated a place and the parents which applied to the school. Schools have an explicit and unique location denoted by x and y co-ordinates of the model environment (i.e., schools cannot share a location with other schools or a parent). This location cannot change through time.

Process Overview and scheduling
Each year existing parents in the environment increase their child-age by a value of 1.  After this increase, parents with child-age = 16 are removed from the model environment, as their children are assumed to have received their GCSEs and left school.  School academic year cohorts are also aged (e.g., year 8 parents become year 9 parents) and parents allocated a school place in the previous year (when their child was age 10, now age 11) become year 7.

New parents are then added to the model environment.  The number of new parents added is given by Families * Number-of-Schools.  The values of these variables are specified by the user at model initialization and do not change through time. New parents are assigned to unoccupied locations in the model environment.  Location assignment can be spatially random or constrained by aspiration.  If constrained, the mean aspiration of parents in the Moore neighbourhood (i.e., 8 surrounding locations) of each unoccupied location is calculated (known as location-value; if a given location has no parents in its Moore neighbourhood its location-value is set to the mean aspiration of all parents in the model environment). New parents are assigned the unoccupied location with greatest location-value which is also less than that parent’s aspiration.  If no location matches these criteria (i.e., all unoccupied locations have location-value > new parent aspiration) the new parent is assigned the location with the smallest location-value. 

Parents which have not yet been allocated a school (i.e., those with child-age = 9 or child-age = 10) then assess schools.  These parents assess whether they believe they are within the ‘catchment’ of each school. Each year the mean spatial distance of all allocated parents at a school is calculated. Parents assume they are in a school catchment if their distance to the school is less than the smallest mean distance for the last parent-memory years. The parent-memory parameter is set by the user at model initialization, does not vary in time or between parents, and can take a value from 1 to 5. Unallocated parents also assess which school they consider ‘good enough’ (satisfactory) to send their child to. Satisfactory schools are those with a GCSE-score greater or equal to the parent’s aspiration.  Finally, these unallocated parents assess which ‘poor’ schools they want to avoid sending their child.  These avoided schools are those with:

GCSE-score < (aspiration * avoided-threshold)  	Eq. 1

The avoided-threshold parameter is a global parameter which does not vary in time or between parents and can take a value from 0 to 1.

Parents with child-age = 9 (i.e., one year before they will be allocated to a school) then check if they want to move from their current location to try to increase their chance of having their child allocated at a satisfactory school (in the next year) by living closer to that school. Parents rank the top Number-of-Rank schools using one of eight strategies, depending on their circumstances (see Table 1). They then check locations in catchments of these schools in rank order (starting with top rank) until a location is found or all school catchments have been checked. Parents will not be able to move if there are no unoccupied locations in a catchment or if availability of locations is constrained by location-value (see above). The year in which a child-age = 9 is the only one in which parents can move. 

Table 1. Idealised parent ranking strategies for moving.
	Strategy
	Criteria
	Response

	1
	Believed to be in no school catchment
No schools considered good enough
No schools considered too poor

	Rank all schools by GCSE-score descending

	2
	Believed to be in no school catchment
No schools considered good enough
At least one school considered too poor
	Rank all schools – except those considered too poor – by GCSE-score descending


	3
	Believed to be in no school catchment
At least one school considered good enough
No schools considered too poor
	Rank schools considered good enough by GCSE score descending, then all other schools by GCSE score descending


	4
	Believed to be in no school catchment
At least one school considered good enough
At least one school considered too poor
	Rank schools considered good enough by GCSE score descending, then all other schools – except those considered too poor – by GCSE score descending


	5
	Believed to be in one or more school catchment
No schools considered good enough
No schools considered too poor
	Rank schools considered good enough by GCSE score descending, then all other schools by GCSE score descending


	6
	Believed to be in at least one school catchment
No schools considered good enough
At least one school considered too poor
	Rank schools considered good enough by GCSE score descending, then all other schools – except those considered too poor – by GCSE score descending


	7
	Believed to be in at least one school catchment
At least one school considered good enough
No schools considered too poor

	Do not try to move

	8
	Believed to be in at least one school catchment
At least one school considered good enough
At least one school considered too poor
	Rank schools considered good enough by GCSE score descending, then all other schools – except those considered too poor – by GCSE score descending



Parents with child-age = 10 rank the top Number-of-Rank schools that they will apply to send their child to using one of eight strategies depending on their circumstances (see Table 2). Parents check which school catchment(s) they believe they are located within and whether there are schools they deem satisfactory to send their child to determine which strategy to use. 

Table 2. Idealised parent ranking strategies for school application.
	Strategy
	Criteria
	Response

	1
	Believed to be in no school catchment
No schools considered good enough
No schools considered too poor

	Rank all schools by distance ascending

	2
	Believed to be in no school catchment
No schools considered good enough
At least one school considered too poor
	Rank all schools – except those considered too poor – by distance ascending


	3
	Believed to be in no school catchment
At least one school considered good enough
No schools considered too poor
	Rank schools considered good enough by distance ascending, then all other schools by distance ascending


	4
	Believed to be in no school catchment
At least one school considered good enough
At least one school considered too poor
	Rank schools considered good enough by distance ascending, then all other schools – except those considered too poor – by distance ascending


	5
	Believed to be in one or more school catchment
No schools considered good enough
No schools considered too poor
	Rank those schools believed to be in the catchment of by GCSE score descending, then all other schools by distance ascending


	6
	Believed to be in at least one school catchment
No schools considered good enough
At least one school considered too poor
	Except for those schools considered too poor, rank schools  believed to be in the catchment of by GCSE score descending followed by all other schools by distance ascending


	7
	Believed to be in at least one school catchment
At least one school considered good enough
No schools considered too poor

	Rank those schools  believed to be in the catchment of by GCSE score descending, then those schools considered good enough by distance ascending, then all others schools by distance ascending


	8
	Believed to be in at least one school catchment
At least one school considered good enough
At least one school considered too poor
	Except for those schools considered too poor, rank those schools  believed to be in the catchment of by GCSE score descending, then those schools considered good enough by distance ascending, then all other (non-avoided) schools by distance ascending



Schools then allocate places to parents with child-age = 10 ready for their child to become a pupil of the school the next year. Schools allocate applicants that ranked them highest first (starting with the closest parent and allocating in ascending order of distance). Once all schools have allocated these top-ranking parents, if places remain unallocated (i.e., if there were less parents ranking them first than total places available) schools then allocate applicants that ranked them second (again, allocating by distance ascending).  This process continues (third ranks, fourth ranks, etc.) until all parents’ rankings have been checked.  Schools that have remaining places after all ranked preferences have been allocated, then allocate remaining places to unallocated parents on distance (closest allocated first then by distance ascending). 

Finally, also in preparation for the following year, existing parents already allocated a place at a school update their child-attainment using the idealised relationship:

CAt = (CAt-1 * (1 + SVA)) * ((1 - SPE- PE) + (SCAt-1 * SPE) + (aspiration * PE)) 	Eq. 2
  
where CA is child-attainment, SVA is the value-added of the school attended, SPE is School-Peer-Effect, PE is Parent-Effect, SCA is the mean child-attainment of all parents allocated a place at the school and t denotes the timestep. School-Peer-Effect and Parent-Effect are parameters that can take values from 0 to 0.5 and reflect the influence of school peers and parents on the attainment of a child. Schools then update their GCSE-score to be the mean of child-attainment of allocated parents with child-age = 15 (i.e., year 11 pupils).

Design concepts
Emergence
The model aims to start from a random distribution of school and parent locations and attribute values to 'grow' patterns observed in the real world. Hence the approach is 'generative' (Epstein 1999). Target patterns include:
1. percentage of pupils gaining 5+ GCSEs grades A*–C by school rank (i.e. Figure 3 of Hamnett and Butler 2011)
2. distribution of places by school preference for best and worst schools (Table IV in Hamnett and Butler 2011)
3. positive relationship between application:places ratio and GSCE 5+ grades A*–C pass rate by school (Table V in Hamnett and Butler 2011)
4. inverse relationship between applications:places ratio and maximum (or mean) distance to school (Table VII in Hamnett and Butler 2011)
5. spatial distribution of successful and unsuccessful applicants for best and worst school (Figure 5 in Hamnett and Butler 2011)

Adaptation
Parents are able to move in an attempt to improve the chance of their child being allocated to their preferred school. Subsequently, parents select the most appropriate ranking strategy given their location circumstances. Schools are not adaptive.


Objectives
The objective of parents is for their child to be allocated a place at a school with a GCSE-score greater than their aspiration. This can be directly measured during simulations. A second measure of parents' 'success' might be to examine the rank of the school to which a parent's child was allocated a place. Third, we can compare whether child-attainment on leaving school is higher or lower than their initial child-attainment (i.e. aspiration). 
Currently, schools do not have objectives as they have no means to improve their value-added (or GCSE-score themselves). 

Prediction
Parents predict the size of schools' catchments in the present year based on the size of catchments in the previous parent-memory years. 

Sensing
Parents are able to sense the GCSE-score of all schools in each year. Parents are also able to sense the catchment size of all schools for the previous parent-memory years. If constraints on moving are in place, parents also sense the aspiration of potential neighbouring parents at new locations. 
Schools sense the spatial location of parents applying to them. They also sense the aspiration and child-attainment of all parents to which they have allocated a place in the last 5 years (i.e. their child is still in the school). 

Interaction
The primary interaction between parents is when moving; parents can only move to a location in which the mean aspiration of neighbours is less than their own aspiration. However, there are no direct interactions between parents (i.e., interactions in which parents cause the change in the attribute values of another parent). Schools and parents interact when parents' child-attainment values change: changes in value are determined by the value-added of the school and the child-attainment of other parents at school via the School-Peer-Effects parameter. 

Stochasticity
If parents are randomly located their location is selected with uniform probability across all available pixels (i.e. those not already occupied by a school or another parent).
Parent aspiration is drawn at random from a specified distribution using a mean value also set by the user. By default, a normal distribution is used (mean = 50, standard deviation = 20). Other available sampling distributions are uniform between zero and twice the mean, negative exponential and exponential. 
By default, initial school GCSE-score values are uniform for all schools with value 1. These values may also be set by random draws from normal (mean = 50, stand deviation = 20) or negative exponential (mean = 25). Also by default, school value-added values are drawn from a normal distribution (mean = 0, standard deviation = 0.05), but may also be set uniform across all schools with value = 0.1.

Collectives
Parents and schools do not currently form collectives

Initialization
At initialization the model environment is populated with a number of schools equal to the global parameter Number-of-Schools (set by the user). These schools have random location (see Stochasticity section). Each school has a GCSE-score and value-added score (again see Stochasticity section). The school is initially empty (i.e. has no allocated parents) but the potential number of pupils is given by the global School-Size parameter (set by the user). 
The initial environment is also populated by parents by numbering Families * Number-of-Schools * 7, where Families is the a global parameter (set by the user). A constant of 7 is used to specify the 7 child-age classes considered in the model (from 9 to 15). For each of the seven child-age cohorts, Families * Number-of-Schools parents are assigned the given child-age (i.e. there will be Families * Number-of-Schools parents with child-age = 9, the same number with child-age = 10, etc.). Parents are assigned a location and aspiration (see Stochasticity section for detail on this).
Because initially schools are empty of pupils, the model requires at least 5 years of 'spin-up' before results should begin to be interpreted. Ideally, results would not start to be recorded until the year after which the first cohort of parents that entered a full school have graduated (i.e. year 10) and preferably even longer (e.g. year 20) . 

Input
Currently the model requires no input data other than appropriate specification of model parameters. 
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