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Model Overview 

The model used for the 2010 EFA Global Monitoring Report costing exercise is a condensed version of the detailed models often used to make country-level education planning projections and decisions.  Such models project pupils by grade and sex; calculate teacher, classroom and supply resources based on the number of pupils and the desired pupil/resource ratios; calculate projected expenditures by multiplying the resources needed with their unit costs.  An education budget is projected based on assumptions for the economy and the proportion of the economy dedicated to public funds for education.   

One distinguishing feature of the model developed for GMR is its multi-country dimensionality; it houses the data, scenario assumptions and selected results for all of the included 46 low-income countries in different pages of one model.   All the equations and calculations are housed on the Model Interaction Page within the model; to work on any specific country, the modeler can call the information for that country into the Model Interaction Page.  Results can be saved to the results pages for future use.  See Figure 1.

[bookmark: _Ref251663977]Figure 1.  Lay-out of the pages in the HIPE-GMR model, separate data pages, projection results pages, and Model Interaction Page.
 (
Model Interaction Page (equations and assumptions)
)
 (
All 
projection results pages
) (
All Country data
 page
)





Another distinguishing feature is the model’s inclusion of all six EFA goals: 
1) Early Childhood Education is covered in projections of preschool enrolment, especially enrolment of marginalized, poor children, and the costs of those preschool pupils.
2) Universal Primary Education is projected with primary pupils, including a sub-group of marginalized pupils from families with poorly educated parents.  The costs of teacher, classroom, and supplies for these pupils are calculated as well as additional costs for subsidies and higher classroom costs for marginalized pupils.
3) Youth Education and Opportunity, is approximated by lower-secondary school enrolment.  The costing structure is identical to the cost calculations of UPE.
4) Adult Literacy increases are modeled by tracking persons who have attained enough primary education to be literate and adding adults who attend literacy courses.  The costs are calculated on a per-attendee basis.
5) Gender Equity is pervasive in all of the goals by setting equal 2015 targets for males and female school attendance and literacy rates.
6) School Quality is approximated in the target values for the pupil teacher and pupil classroom ratios; in targeted levels for supply expenditure (generally higher than in the present), in preschool for poor children, and subsidies to help marginalized children.  We are well-aware that school quality is determined by other factors than these material inputs, but studies have shown a minimum requirement for learning is sufficient teachers and teaching materials, and school housing that is safe, clean, outfitted with some facilities such as latrines and offering protection from the elements.  Studies of successful pilot schools in developing countries suggest that beyond these materials, many elements of quality schools do not necessarily add costs – they concern dedication, curriculum, and organization.  Our scenarios therefore provide minimum, but not necessarily sufficient inputs for school quality.

The target assumptions for these six goals are provided in Table 1 below.

[bookmark: _Ref251323662]Table 1.  Targets for six EFA goals in global costing exercise projections for 46 low income countries.  Source: Table 2.8 in the 2010 EFA Global Monitoring Report (UNESCO, 2010).
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The costing estimates for these six goals are pupil based, that is, projecting how many children need to be served to reach each goal, and resource based, that is, how many and what resources are necessary to serve those pupils at the desired quality level.   The total costs are projected by multiplying the resource needs with the unit costs for each of the resources.   The model projects four main groups of pupils – 1) those in preschool; 2) those in primary and lower secondary school (these pupils pertain to two EFA goals but are projected in the same way); 3) marginalized children in primary or lower secondary; and 4)adult literacy trainees.   A bird’s eye view of the model is given in Figure 2 with the four pupil groups along the top, a second row showing the resources calculated for the preschool, primary and lower secondary pupil groups, and a third row showing costs.  A summary of the calculations is provided in the next pages; a detailed review of all of the model’s equations is presented in the main body of the text.
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PUPILS
Preschool pupils are projected simply as the gross preschool enrolment rate multiplied by the young population of preschool age (the preschool interval is given by the ISCED definition).  The target gross enrolment rate for 2015 is to have all pre-school age children from poor families in preschool.  Primary and lower secondary pupils are projected based on the size of the school age population, intake rates, and progression through grades through promotion, repetition, and transition to lower secondary school.  The percentage of pupils who are marginalized is equal to the proportion of children who have parents with low education multiplied by the number of pupils [footnoteRef:1].  The attendees in literacy courses is calculated as a residual – after calculating how many literates need to be added to the population by 2015 (net of mortality rates) and subtracting the natural addition to the literate population through schooling.   [1:  The proportion for marginalized pupils is obtained from the GMR Deprivation and Marginalization in Education Database (DME) and fixed throughout the whole projection period.  This is a simplification – in reality, the starting proportions of marginalized pupils are lower because marginalized children are presently under-represented in schools in many countries, and second, in later projection years the proportions of marginalized children will also be lower because the proportion of parents with low education declines.  ] 


RESOURCES
The resources for preschool, primary and lower secondary pupils are: teachers, classrooms and teaching materials.  The number of teachers is calculated as the pupils divided by the pupil/teacher ratio.  The 2015 targets for the pupil teacher ratio are shown in Table 2 – the actual value in any given year is given by a linear interpolation from the start value to the target value.  The number of classrooms needed is calculated in the same way.  The target pupil classroom ratios are 20 for preschool; 40 for primary and 35 for lower secondary.  The largest cost for meeting the need for classrooms is the construction of new classrooms – new classrooms are needed to replace old ones in disrepair (Table 2 shows the percentage of existing classrooms that are assumed to need replacement) and new classrooms to accommodate growing pupil bodies.   In addition, classroom maintenance (a fixed level per year per classroom) is accounted for.   Finally, additional recurrent resources, such as books, learning materials, administration, (non-salary costs in recurrent spending) are included as a percentage of recurrent costs.

COSTS
The costs of teachers, generally the largest cost item on education budgets, are obtained by multiplying the number of teachers with the per teacher salary, where the teacher salary is set as a multiple of GDP per capita.  As mentioned in the 2010 EFA GMR, several difficult questions have to be considered in setting target levels for teacher salaries; the exercise takes the current regional average of the ratio of teacher salaries to GDP per capita in Sub-Saharan Africa as the norm that countries will converge on (linearly) by 2015; for countries outside SSA the benchmark is lower.  See Table 2.  Another recurrent cost is classroom maintenance: the number of classrooms times a fixed annual cost.  The costs for other recurrent materials are assumed to rise linearly with teachers and classroom maintenance and are calculated with the percent non-salary costs[footnoteRef:2].  Classroom construction costs are: new classrooms needed multiplied with construction costs, where a reasonable estimate of target construction costs is estimated to be $13,500 per classroom in primary and preschool, rising to $17,000 for lower secondary (2010 EFA GMR), even though national costs may vary and will vary within countries from school to school. [2:  The exact calculation is ] 


There are two types of costs considered for marginalized pupils: direct subsidies to families, which are set at a fixed proportion of GDP per capita (see Table 2); the direct subsidy cost is marginalized pupils multiplied by the subsidy.  The incremental costs for creating special programs in schools for marginalized children, getting teachers to remote schools or slums, and other higher costs to educate marginalized children are difficult to estimate; they are assumed to add one-third to the recurrent costs for each marginalized pupil.

Costs for literacy pupils are simply the pupils multiplied by a per-pupil cost set in line with previous studies on literacy, at 8.9% of GDP per capita in sub-Saharan Africa and 5.3% for all other countries.  

BUDGET
The total budget is calculated as the product of GDP, the percent of GDP going to public revenues, the percent of public revenues going to education: 


 
For the initial year, historical data from 2007 is used.  GDP is projected using the April 2009 IMF projections to 2014.   For the target year 2015, the  share of government revenue in GDP is set to at least 17% and the share of revenue going to education at least 20%.

GAP
Finally, the financing gap is simply the difference between the sum of all costs in a given year and the budget.  While both the budget and the costs are correlated with GDP per capita, the correlation for the costs in particular is non-linear and also determined by population size, pupil enrolment and classroom construction.  The construction is a major cost in the estimates prior to 2015, in particular due to the replacement of existing classrooms and new construction to reduce the very high pupil classroom ratios in some countries.

More detailed discussion of the model methodology is found in the following pages.  More resources on the model and the results are available on the EFA Global Monitoring Report website http://www.unesco.org/en/efareport/ and the EPDC GMR page,  www.epdc.org/projectiontools/hipemodel.aspx.  The EPDC page includes a link to the model itself, a manual for using the model, detailed tables of results and benchmark data.  Further discussion of the benchmark data and assumptions in the targets can be found in Chapter 2 of the 2010 EFA Global Monitoring Report and the accompanying Background Paper (EPDC and GMR, 2010).   

[bookmark: _Ref251324162][image: ]Table 2. 2015 targets for main cost parameters.  Source: table 2.9 in the 2010 EFA Global Monitoring Report.

Preschool projections

Within preschool projections, the model considers preschool population, enrolment rates, classroom construction needs, teacher and teacher salary needs, other costs, as well as the preschool budget and finance gap.
The figure below is a complete picture of all of the variables and relationships that together, make up the preschool projections.  The input variables (initial data and assumptions) are shown in green, and the variables that are calculated internally by the model are shown in blue.   
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The preschool age population projections, as all the other population projections in the HIPE-GMR model are based on the Revision of the United Nation’s World Population Prospects, medium fertility projection (see United Nations, 2010).  HIPE-GMR contains the population in single-year age-groups from ages 0-17, and the total population over 15, from 2000-2025.

Within this population, the model selects and sums the preschool age population using the pre-school entry age, and preschool duration provided by UIS (see UIS, 2010).  

The HIPE-GMR model does not contain actual population projections (which the UN makes using annual and age-specific mortality, fertility and migration rates).  

However, the modeler can make adaptations to the population projections by altering the settings for the fertility rate.   The model uses a simple approach to calculate the effects of these altered fertility settings:  for each projection year (t), the UN population under one year, UNPop (<1,t), is multiplied by the ratio UN medium variant total fertility/user-set total fertility rate.   
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The ripple effects of the altered fertility levels through all the other age-groups are calculated by carrying that ratio forward each year to each consecutively older age-group.  
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Basically, the number of preschool pupils is calculated by multiplying the preschool gross enrolment rate (GER) with the population of preschool age, but GER itself is determined by the percentage of children who are in poverty, which is the target group for the EFA Early Childhood target (see GMR, 2010 p. XXX), and the initial enrolment in public and private preschools.

The model assumes that in the start year, 2007 none of the target group is enrolled in preschool[footnoteRef:3], and by 2015, all of them are, with a linear progression in the intervening 8 years.   [3:  Except in those countries where 2007 proportion of children not in preschool is smaller than the proportion of children in poverty (Ghana, Liberia).  In these cases, clearly, some of the poorest children are enrolled in preschool.  In these countries, the starting proportion of poorest children in preschool = GER – (%non-poorest).] 


Written in an equation, the GER from the poorest group is equal to:



To this GER, the initial GER is added, so the total GER is:



Some of these children are in private preschool.  The model assumes that public preschool enrolment equals: all of the additional enrolment of the poorest, plus the initial public preschool enrolment rate:
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Very simply, the number of public preschool pupils attending preschool is calculated by multiplying the preschool gross enrolment rate by the population of preschool age:



In almost all of the 46 countries modeled in the EFA costing exercise, the number of preschool pupils rises due to population growth and enrolment growth.
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The number of classrooms needed is calculated by dividing the number of pupils estimated for that year divided by the assumed pupil classroom ratio

.

The initial pupil classroom ratio is determined by historical data for 2007.  The modeler sets the target PCR for 2015, and the model calculates a linear path from the historical data to the target year and value.  

The number of classrooms needed can grow (or shrink) due to two factors: one, the number of pupils grows (shrinks), and second, the pupil classroom ratio declines (rises).   In many of the 46 low-income countries considered in the model, both factors are significant.  
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The number of classrooms is a cost factor for the education system because of annual maintenance costs (see section 8 on the calculation of “Other costs”), but the larger cost factor is new classroom construction.  

In the HIPE-GMR model, there are three drivers of new classroom construction: one is the need to replace and rehabilitate many of today’s classrooms in the poorest countries; second the ongoing need for new construction to accommodate the growing number of pupils; and third to replace old classrooms at the end of their normal lifetime.  

The total number of classrooms to be constructed as rehabilitation is equal to the percent of classrooms to be replaced multiplied by the initial stock of classrooms.  In the EFA scenarios, it is assumed that 25% of classrooms need to be rehabilitated in most countries; and 50% in post-conflict countries; it is assumed that all classroom replacement/rehabilitation occurs by 2015.  The annual construction is equal to total rehabilitation divided the number of years given to this task.



The annual replacement of old classrooms is equal to the number of classrooms in a given year divided by the average classroom lifetime – if the lifetime is 40 years, then every year, 1/40th of all classrooms needs to be replaced.

 
Finally, the number of classrooms required to accommodate growth as number of pupils grows or the pupil classroom ratio falls (or vice versa in shrinking systems), and this new construction is simply the classrooms needed in this year minus last year’s supply: 



If classroom need is falling, the expansion construction is set to zero.  The total new construction in each year is the sum of these three construction drivers.
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The annual construction costs are simply the number of new classrooms that need to be constructed or rehabilitated (the costs are assumed to be the same) multiplied by the cost per classroom.  Classroom unit cost is expressed in constant 2007 dollars in the HPE-GMR model, and the costs are set to be $13,500 for preschool and primary classrooms and $17,000 for lower secondary, based on Theunynck (2009) and as discussed in the Global Monitoring Report 2010 (UNESCO, 2010). 

All of the construction costs are assumed to accrue to the year in which the construction is supposed to be completed, because to include the years-long project time for each classroom would complicate the model unnecessarily.  In reality, each classroom project will take a number of years, projects will overlap, and this will even out the costs.  For the management of classroom construction however, it is important for planners to recall that in any given year, the number of classroom projects in progress will be two to four times the number of classrooms that need to be completed (assuming a classroom project takes two to four years from initiation to completion).
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The number of teachers needed is calculated in the same way as classroom need, dividing the number of pupils by the pupil teacher ratio

.

The initial pupil teacher ratio is determined by historical data for 2007.  The modeler sets the target PTR for 2015, and the model calculates a linear path from the historical data to the target year and value.   The EFA scenarios in for the GMR report set the bar at 40:1, reflecting the target used in previous costing exercises.  
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Teacher salary levels are expressed as a multiple of GDP per capita – in each country, the teacher salary level is equal to GDP per capita multiplied by the salary multiple:



The multiple is set by historical data in the initial year; by a target value in the target year, and by linear interpolation in between those years.  The GDP per capita is set by the last recorded value (2008) and the IMF GDP projections from April, 2009 (Source here).
How teacher salaries, and indirectly, this salary multiple are set is individual countries is determined by how they address issues of efficiency, norms and standards for teachers in the light of national circumstances. The costing exercise does not prejudge the appropriate teacher salary level.  Instead, it takes the current regional average for pre-school and primary salaries in sub-Saharan Africa as a long-term target that all countries in the region will converge on[footnoteRef:4] .  For countries outside sub-Saharan Africa, the benchmark is lower.   [4:  The regional average also corresponds to average salary targets in national education plans for sub-Saharan Africa (Bennell, 2009a).] 
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Total teacher salary costs are calculated by multiplying the teacher salary unit cost by the number of teachers needed.
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Other costs included in the model are for learning materials, administrative costs, in-service training, as well as classroom maintenance.  The latter is simply a multiple of the total classrooms in service and the annual maintenance costs.  All of the other costs together are set at one-third of the recurrent budget, which consists of teacher salaries and these other costs.   The other costs can therefore be expressed in relation to teacher salaries:
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The total costs for preschool in any year are the sum of construction costs, teacher salaries, and other costs.
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The total budget for pre-school (as well as for primary and lower secondary)  is calculated as the product of GDP, the percent of GDP going to public revenues, the percent of public revenues going to education, and the percent of education spending going to preschool (or primary or lower secondary respectively).  


 
For the initial year, historical data from 2007 is used.  GDP is projected using the April 2009 IMF projections to 2014.   For the target year 2015, the share of government revenue in GDP is set to at least 17%; (b) the share of revenue going to education at least 20%; and (c) about 70% of the education budget is devoted to pre-primary, primary and lower secondary.   Of the overall education budget, 5% is targeted for preschool by 2015 in the EFA costing exercise.
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The finance gap is the simple difference between the total calculated costs in each year and the education budget for that year.
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Primary school projections

The primary school projections calculations include the school age population, the number of pupils in each grade and the flows through primary school; a separate accounting of marginalized pupils, who will receive subsidies and have higher school cost needs; and in other respects, the same cost and budgeting items as the preschool calculations.  
The diagram below shows the full set of variables and the direction of relationships for the primary school projections, again with the  input variables (initial data and assumptions) shown in green, and the variables that are calculated internally by the model are shown in blue.   
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Pupils attending primary schools in each year are calculated with the gross intake rate to determine entry to grade one, and repetition rates and dropout rates to calculate the pupils in each grade.

Grade 1 pupils are calculated by multiplying gross intake rate with the population of the official school entry age and adding grade 1 repeaters, calculated as the previous year’s grade 1 pupils (pupils(G1,t-1)), multiplied by the previous year’s grade 1 repetition rate (repetition(prim,t-1))[footnoteRef:5]: [5:  In the HIPE-GMR model, the same average repetition and dropout rates for the whole of primary school are applied to all grades.  There is evidence that repetition and dropout rates vary by grade, in particular, that repetition tends to be higher in the early grades; and dropout higher in the later grades of primary school.  It was beyond the scope of the HIPE-GMR project to include this level of detail, and it would not have altered the EFA projections significantly, since the targeted number of pupils in 2015 is determined by the school age population and the average repetition rate.] 




The intake rate in the initial year (t=2007), are given by UIS data[footnoteRef:6].  The future intake rate trend is set manually by the modelers, and for the EFA costing scenarios, the settings’ goal was to achieve a gross primary enrolment rate in 2015, equal to 100+repetition rate given that dropout rates decline linearly to 0 by 2015, and repetition rates decline linearly to 10% by 2015, or remain constant if the initial value <10%.   [6:  Except for North and South Sudan, Papua New Guinea, and XXX, where UIS data was not available and national sources were used.  See the appendix Table XX, with all data sources.] 


In some countries, to achieve the target GER, there needs to be a rapid increase of intake rates (to levels well above 100) to take in children who have been left out of the system, followed by a decline (as this catch-up effect saturates).  The HIPE model allows the users to set two target years and two target values; the model calculates a linear progression between the initial year and the two target years.  The intake progression for Burkina Faso is shown in the graph.  

Pupils in all the other grades are calculated using promotion and repetition rates.   The repetition rates are given by a linear interpolation from the data value in 2007, to 10% in 2015 (or constant if initial <10%).  The promotion rates are calculated as: 1 minus repetition minus dropout, where dropout is given by a linear interpolation from the start year value to zero in 2015[footnoteRef:7].   [7:  This convention – to calculate promotion as the residual after subtracting repetition and dropout – is used because it makes it more difficult to achieve settings where the sum of promotion, repetition, and dropout >100.] 


The pupils in grade X in year t equal pupils in grade x-1 in previous year multiplied by the previous year’s promotion rate in grade x-1 plus pupils in grade x in previous year multiplied by the previous years’ repetition rate:
 


The number of public school pupils is the total pupils multiplied by one minus the percent of pupils in private school:



The percentage of primary private pupils in the year t is calculated with a linear interpolation from the start year data value to the target year value – set at 10% for 2015 in the EFA costing scenarios.
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The number of marginalized pupils is the product of the percent of pupils that are considered to be marginalized by the number of pupils estimated to be enrolled in the same level:



In the EFA costing exercise, the percent of children marginalized is taken from the Deprivation and Marginalization in Education database (DME), introduced in Chapter 3 of the 2010 Global Monitoring Report (UNESCO, 2010); and is approximated by the percent of 17-22 year olds in each country with less than four years of schooling.  As mentioned in the Global Monitoring Report, this measure, while imperfect, is a useful indication of the scale of marginalization.

A note: calculations of the number of private and marginalized pupils are not linked in the model and they may overlap. As an example, if according to the data 50% of pupils are in private schools and 60% of pupils are marginalized, the model will assume that some of the marginalized pupils are in private schools.   This is the case in some countries in the early years of the projection for lower secondary school pupils.
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The costing exercise includes financial provision for incentives aimed at stimulating school demand among marginalized groups. These household subsidies are set at a cost per child of 5% of GDP per capita for primary school students and 7.5% for lower secondary school students.  

The total costs for marginalized pupil subsidies in each of the two school levels, primary and lower secondary, are the product of the marginalized unit cost and the number of marginalized pupils:
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For primary and lower secondary school the “other costs” (recurrent costs besides teacher salaries) calculation includes higher incremental costs in schools to reach marginalized children, as well as the learning materials, administrative costs, in-service training, as well as classroom maintenance also included in preschool “other costs”.  

As in the preschool “other costs” calculation, the latter group of costs is a multiple of the total teacher salary costs, and the classroom maintenance costs are a product of the annual maintenance costs and the total classrooms.   These non-marginalized “other costs” can therefore be expressed as follows:





To this, incremental school costs for reaching marginalized children are added.  As the Global Monitoring Report 2010 states, international evidence on the incremental costs that might be associated with creating a high quality learning environment for marginalized children is more fragmented and inconsistent (Chanamuto, 2009). Getting teachers to schools in remote rural areas, slums and other marginalized environments requires incentives, but on what scale? Providing schooling to children whose lives have been blighted by poverty, hunger, stigmatization and low expectations is likely to require supplementary teaching and additional teaching materials, but there is no established benchmark for estimating the additional financing required.

There are no ready-made standards that can be applied on a cross-country basis. For the purposes
of the costing exercise, the cost parameter for reaching the marginalized is set at an increment of
33% above average recurrent costs. This is broadly consistent with the sparse evidence available on
the cost of financing teacher incentives and other measures to bring good-quality education to marginalized children (Chen and Mulkeen, 2008; Mulkeen, 2009a).  The total “other costs” are then:
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The total costs for primary or lower secondary in any year are the sum of construction costs, teacher salaries, other costs, and direct subsidies to marginalized children.
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Like the preschool budget, the primary budget is calculated as the sum of: GDP, the percent of GDP going to public expenditure, the percent of public expenditure going to education, and the percent of the education budget dedicated to primary school.

Unlike preschool, where the proportion of the budget dedicated to that level is a fixed 5% for all 46 countries in the study, the percent of the education budget dedicated to primary depends on the duration of primary and secondary schooling.  The distribution, which is based on estimates from Lewin (2008) is shown in Table 1.

[bookmark: _Ref248911352]Table 3.  Shares of education budget devoted to primary and upper and lower secondary school in 2015 in EFA costing exercise, by duration of school levels.  Based on scenario settings in Lewin, 2008.
	
	Duration  of primary system (in years)

	
	4
	5
	6
	7

	Share of education recurrent budget to recurrent primary in 2015

	34%
	42%
	50%
	58%

	Share of education budget to lower and upper secondary in 2015
 
	38%
	34%
	30%
	26%

	shares to 
lower – upper secondary
 
	Duration of lower secondary and upper secondary (#-#)
	
	
	
	

	
	2 -2, 3-3, 4-4
	--
	17 – 17%
	15-15%
	13-13%

	
	3 -2
	--
	20-14%
	18-12%
	16-10%

	
	4 -2
	--
	22-12%
	20-10%
	17-9%

	
	4 - 3
	--
	19-15%
	17-13%
	15-11%

	
	5 -2 

	27-11%
	--
	--
	--

	Share of education budget to other education
	
	24%
	20%
	16%



Back to primary overview     


Lower secondary school projections

[bookmark: Lower_secondary_top]Lower secondary school projections are identical in structure to the primary school projections with one exception: the inflow to this level is determined by the transition rate to lower secondary school, rather than the school intake rate.
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[bookmark: Lower_secondary_pupils] (
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) Public lower secondary school pupils transition

Pupils entering lower secondary school are equal to the previous years pupils in the last grade of primary school multiplied by the transition rate.  




To these new lower secondary pupils are added the repeaters from last year’s first grade in lower secondary.  The pupils in the remaining grades are calculated exactly as primary pupils, but substituting the primary repetition and promotion rates with those for lower secondary:



For more discussion, link to section 14 on primary school pupils.
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Literacy and literacy training projections

The literacy and literacy training projections pertain to adults aged 15 and over.  They include progression of the literate population, with consideration of mortality of literate adults, new young literates added to the literate population as a result of regular schooling, and adult literacy training.   The costs of raising literacy are calculated only for the adult literacy programs; literacy increases from regular schooling are subsumed under primary education costs.
The diagram below shows the full set of variables and the direction of relationships for the literacy and literacy training projections, again with the  input variables (initial data and assumptions) shown in green, and the variables that are calculated internally by the model are shown in blue.   
Each of the blue variables is numbered – to look up a more detailed description of the calculation of this variable, refer to the numbered sections of this document.  
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New literates from schooling



Much of the additions to the literate adult population each year come from new cohorts of literate 15 year-olds, who achieved that literacy a few years earlier, while they were in primary school.    The model tracks this flow of literacy by first counting the number of children who reach the grade in primary school where, on average, children have learned enough reading and writing to be considered literate.  In the EFA costing exercise, this is grade 5.   Second, the model calculates the number of years between average age when these children are in grade 5 and age 15:



The flow of new literates is non-repeaters in grade 5 lagged by this number of years:
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[bookmark: Literate_pop]Literate population 15+





The basis for each year’s literate population is the literate survivors, calculated as last year’s literate population adjusted by adult mortality rates:

)

The mortality rates are calculated from mortality data from the World Health Organization (source here).  

The total literate population in each year is the sum of the surviving literates plus the new literates from schooling plus the adults who have followed literacy training:
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[bookmark: Literacy_training]Adults in literacy training




The number of adults in literacy training is set manually by the modeler, but at a level to attain the target literacy rate by 2015.  
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[bookmark: Literacy_rate] Literacy rate 15+





The literacy rate is the total number of literate population 15+ divided by the total population 15+, which is obtained from the United Nations medium projection (like the school-age population).
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Literacy costs



The only costs calculated for literacy improvements are those for adult literacy training.  The total cost is the sum of the adults in literacy training and the costs per trainee.  Those unit costs are “estimated at 8.9% of GDP per capita for countries in sub-Saharan Africa and 5.3% for all other countries (Van Ravens and Aggio, 2005, 2007)” (UNESCO, 2010) in line with previous studies.
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All costs, budget and finance gap

 (
Literacy costs
) (
Lower secondary
 costs
) (
Primary costs
) (
Preschool costs
)


 (
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The total value for all costs for the EFA costings is the sum of preschool costs + primary costs + lower secondary costs + literacy costs, as they are described in the previous sections.

The total budget for the EFA costings is the product of GDP, the percent of GDP going to public expenditure, the percent of public expenditure going to education, and within education, the percent of the budget that is dedicated to these four education levels.
Summary rates for enrolment and completion

Gross enrolment rate
The gross enrollment ratio in each year, for primary and lower secondary school is calculated by dividing the total number of pupils with the number of children of primary and lower secondary school age respectively.


 (
Pupils
)
 (
Gross Enrollment Rate
)
 (
School Age Population
)                                                                             =          ---------------------------------------



Net enrolment rate
The model does not track pupils by age, so a direct calculation of the net enrolment rate, which is the pupils within the official age bracket for that level divided by the school age population, is not possible.  An indirect method is applied, using the ratio of gross and net enrolment.  The modeler sets the target value for this ratio – for example based on a historical trend, or a desired level – and the ratio in each year is the linear trend from the initial year value to the target value.  In each year, net enrollment is calculated as the gross enrollment rates multiplied by the net to gross enrolment ratio.



 Completion rate
The primary completion rate is calculated using the definition originally proposed in Bruns et al. (2003) and still commonly in use today: dividing the number of on-repeating pupils in last grade of primary school by the population of the last grade of primary school age. 
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