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ASSESSING THE VARIANCE IN PUPIL ATTAINMENT: HOW 
IMPORTANT IS THE SCHOOL ATTENDED?

David Wilkinson,* Alex Bryson** and Lucy Stokes*** 

We explore the variation in pupil attainment at the end of secondary schooling in England. The paper links data on all 
schools and all pupils within these schools to analyse the role of the school in accounting for this variation. We analyse 
a number of different indicators of pupil attainment including value added between the end of primary and secondary 
schooling and attainment levels at the end of secondary schooling. We examine indicators that were the focus of the 
school accounting framework as well as other indicators that were not directly part of how schools were assessed. We 
show that schools account for a minority of the variance in pupil attainment, and the extent of the variation accounted for 
by the school is sensitive to the measure of pupil attainment used. In addition, we find that the majority of the explained 
school-level variance in attainment is related to school composition. However, most of the variance in attainment remains 
unexplained, raising questions about what other factors contribute to the variation in school performance. 
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1. Introduction
There is academic and policy concern regarding pupil 
attainment in England’s schools.  These concerns reflect 
perceptions of high variance in educational attainment 
both across and within schools, even when accounting 
for the quality of pupil intake. Such concerns have 
been evident for some time and are highlighted by the 
triennial publication of results from the Programme 
for International Student Assessment (PISA), which in 
recent years have indicated little or no change in pupil 
performance in England relative to the OECD average 
(OECD, 2014 and 2016).

The aim of this paper is to explore the variation in pupil 
attainment at the end of secondary schooling in England 
in the period 2009/10 to 2015/16. Concern about low 
attainment of pupils has focused on the role played by 
individual characteristics, family and socio-economic 
characteristics, community and societal characteristics 
and educational experience (Sammons, 2007). The 
main focus of this paper is on the role of the school 
in explaining variation in pupil attainment in secondary 
schools in England between 2009/10 and 2015/16.  We 
also explore pupil characteristics and the different mix 
of pupils within schools. 

Recent developments in schools in England have placed 
a sharper focus on the quality of delivery in schools, 
through the development of school league tables, a 
tightening of the school inspection regime and the 
academies programme. This sharper focus on quality 
of delivery, in particular in relation to the improvement 
of ‘failing’ schools, might lead to a reduction in 
the variation in school performance. However, the 
academies programme, which expanded rapidly since 
2010, allowed schools to move out of Local Authority 
control and gave school leaders greater autonomy over 
the curriculum that pupils follow, and the hiring and 
firing of teachers. As such we might expect that whilst 
school leadership has become more important during 
this period, and school leaders utilise these greater 
freedoms to varying degrees and with varying success, 
this may lead to greater variance in school performance. 
Hence it is important to examine, for this period of rapid 
change in schools’ policy in England, the extent to which 
schools account for the variance in pupil attainment.  

There is a long history of studies addressing questions 
around the importance of schools. A review by Rutter 
(1983) highlighted the controversies in the 1960s 
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and 1970s with studies by Coleman et al. (1966) and 
Jencks et al. (1972) indicating that schools made little 
difference to educational outcomes in comparison to 
personal characteristics, whilst later authors (Brookover 
et al., 1979, Rutter et al., 1979, Madaus et al., 1979, 
and Halsey et al., 1980) argued that schools can make 
a difference, highlighting significant school effects 
whilst also acknowledging the influence of personal 
characteristics. 

The Department for Education and Skills (DfES, 2004) 
examined variation in test results,1 pupil progress and 
value added using data for 2003 in England. They find 
that 20 per cent of the variation in the results at the 
end of Key Stage (KS) 4, the end of secondary schooling, 
occurs between schools as opposed to within schools.
 
Value added indicators were also examined, recognising 
that prior attainment is the strongest predictor of KS4 
attainment. At this time value added in secondary 
schooling was considered in two stages, namely KS2 to 
KS3 and KS3 to KS4, as KS3 covered the first half of 
secondary schooling and KS4 covered the second half. 
The results show that between KS2 and KS3, 13 per 
cent of the variance in value added scores was between 
schools, whilst between KS3 and KS4 8 per cent of the 
variance in value added scores was between schools. 

The results for England in 2003 are broadly in line with 
earlier research. For example, a systematic meta-analysis 
by Scheerens and Bosker (1997) reports that schools 
accounted for 19 per cent of attainment differences 
between pupils when initial differences between students 
are not accounted for, but 8 per cent of the variance 
when these initial differences are accounted for.  

Analysis of PISA (OECD, 2016) gives some recent results 
for 2015 for a sample of UK schools with the variance 
in science performance between schools estimated as 
around 22 per cent of total variance in pupil science 
performance. 

Other studies have focused on other determinants of 
educational achievement, with Shakeshaft et al. (2013) 
considering twins born between 1994 and 1996 showing 
that just over half of the variation in end of secondary 
schooling attainment in English, mathematics and 
science in England was due to genetics, whilst Nicoletti 
and Rabe (2013) show that the family explains at least 
43 per cent of the variance in educational attainment for 
pupils that took KS4 exams between 2007 and 2009. 
The neighbourhood explains 10 to 15 per cent of the 
variance in educational attainment. 

Our analysis is close in spirit to the DfES (2004) analysis 
in that it covers the whole of secondary schooling, 
and considers both value added indicators i.e. KS2 to 
KS4, as well as end of KS4 indicators of educational 
attainment. We exploit the same large dataset for pupils 
in England used by the DfES. We consider a range of 
pupil attainment indicators and consider how much of 
the variance in pupil attainment is attributable to the 
school attended. 

The remainder of the paper is set out as follows. Section 
2 briefly discusses the dataset used in our analysis; 
Section 3 introduces the measures of pupil attainment 
used in the analysis; Section 4 shows the variance in 
our measures between 2009/10 and 2015/16 both at 
individual and school level. In Section 5, we set out a 
model to decompose the variance in pupil attainment 
between and within schools and highlight the importance 
of pupil characteristics. Section 6 focuses on school 
characteristics and Section 7 concludes. 

2. Data
Our data are from three linked datasets for the period 
2009/10 to 2015/16. The School census is a statutory 
return covering all local authority maintained schools, 
as well as some specific types of non-maintained schools 
such as academies. Schools are required to complete the 
School census three times a year; it collects information 
on a range of school and pupil characteristics. The School 
census is our starting point for identifying secondary 
schools in England. We include all schools classified as 
either a secondary school or middle-deemed secondary 
school in any year of our analysis period; there are 
around 3,300 schools in each year on this basis (table 1). 

Key Stage 4 attainment data are available for more 
than 90 per cent of schools in each year; the majority 
of schools for which this was not possible were middle-
deemed secondary schools, which would generally not 
include pupils of this age. 

We also match in other school-level data, for example 
from the School Workforce Census (SWF), a census of 
all publicly funded schools in England. These data are 
available for the vast majority of schools leaving us with 
an analysis sample of just under 3,000 schools, roughly 
90 per cent of all secondary schools. 

We are concerned by the impact of school entry and exit 
over this period, so also conduct separate analysis for 
the subset of schools that are in the sample in each of the 
seven years 2009/10 to 2015/16 and also for the schools 
that either enter or exit the sample during this period. 
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Roughly 500 schools in each year are not in the sample 
in all seven years.2 

3. Measuring pupil attainment in 
secondary schools
State education in England is split into a number of ‘Key 
Stages’, which were first defined in the 1988 Education 
Reform Act upon the introduction of the National 
Curriculum. Key Stages 1 and 2 cover primary education, 
typically between ages 5 and 11, whilst secondary 
education from ages 12 to 16 is covered by Key Stages 
3 and 4. Compulsory schooling in England covers up 
to the last Friday in June in the school year in which 
the child reached the age of 16. However, following 
the Education and Skills Act 2008, from academic year 
2013/14 participation in some form of education or 
training until the school year in which the child turned 
17 was required, with the age being raised to 18 in 
academic year 2015/16. Attainment targets have been 
set within the National Curriculum at each of the Key 
Stages allowing pupil progress to be traced and school 
performance to be monitored. 

Two types of attainment measure are used in the school 
accounting system at the end of secondary schooling, 
namely threshold measures and value added point 
scores. The former are indicators that pupils have 
attained a certain level; the latter assign a score to 
combinations of qualification and grade and control 
for prior attainment. 

The main threshold indicator is the attainment of five or 
more A*–C grades in General Certificate of Secondary 
Education qualifications (GCSE), or equivalent 
qualifications including English and maths.3 This 
indicator was the primary focus of the school accounting 
system up to 2014/15. From 2015/16 a new value added 
indicator, Progress 8, became the main indicator. 

For the value added indicators a points score is calculated 
for each individual based on a system whereby each 
qualification and grade has an associated points score. 
This score includes pupils’ best eight qualifications with 
bonuses for English and mathematics qualifications. The 
main school qualification taken at the end of KS4 is the 
GCSE. Up to 2014/15 an A* grade GCSE was worth 58 
points, an A grade worth 52 points, with a reduction 
of six points for each grade down to 16 points for a 
G grade. For the new Progress 8 indicator, a different 
points system was used with an A* grade worth 8 points, 
with a reduction of one point for each grade down to 1 
point for a G grade.  

Value added indicators for KS2 to KS4 were introduced 
in 2003/4 following a successful pilot in 2003. These 
value added indicators seek to give a measure of pupil 
progress during secondary schooling by comparing 
attainment at the end of KS4 with attainment at the end 
of primary education at the end of Key Stage 2 (KS2). 
Value added measures usually compare attainment of 
pupils at KS4 with the attainment of pupils who had 
the same attainment levels at KS2. Thus, a positive value 
added score indicates progress better than the average 
for pupils with the same prior attainment.

These value added measures and the threshold measures 
based on five or more A*–C grades are high stakes 
indicators in that they are published annually in school 
performance tables.4

During our analysis period there have been a number 
of changes that affect these headline measures. These 
cover inclusion/exclusion of certain qualifications, and 
methodological changes to the calculation of value added 
(Department for Education, 2010, 2011 and 2017).

The main changes between 2009/10 and 2015/16 are 
outlined below:

Table 1. Analysis sample: number of schools

	 2009/10	 2010/11	 2011/12	 2012/13	 2013/14	 2014/15	 2015/16

School Census	 3,350	 3,327	 3,283	 3,303	 3,356	 3,397	 3,414
Key Stage 4 attainment	 3,059	 3,049	 3,018	 3,013	 3,026	 3,050	 3,091
	 (91.3%)	 (91.6%)	 (91.9%)	 (91.2%)	 (90.2%)	 (89.8%)	 (90.5%)
School-level data 	 2,898	 2,954	 2,907	 2,960	 2,977	 3,021	 3,058
	 (86.5%)	 (88.8%)	 (88.5%)	 (89.6%)	 (88.7%)	 (88.9%)	 (89.6%)
In all seven years	 2,420	 2,420	 2,420	 2,420	 2,420	 2,420	 2,420
	 (72.2%)	 (72.7%)	 (73.7%)	 (73.3%)	 (72.1%)	 (71.2%)	 (70.9%)

Notes: Figures in parenthesis are number of schools as per cent of all secondary schools in the School Census. Schools that changed local authority 
establishment number when they became a sponsored academy are treated as being a different school in this analysis. 
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1.	 In 2010/11 the method for calculating value added 
changed. Up to 2009/10 a ‘contextualised value added’ 
approach was used which compared attainment of 
pupils at KS4 with the attainment of pupils with similar 
characteristics5 who had similar KS2 attainment. From 
2010/11 the value added indicator does not take into 
account pupil characteristics, comparing attainment 
of pupils at KS4 only with the attainment of pupils 
who had the same KS2 attainment. In both periods, 
the KS4 attainment indicator was the points-based 
indicator associated with their best eight GCSE and 
equivalent outcomes. For each pupil a predicted score 
is calculated based on a statistical model drawn from 
pupils in the same year group in England (roughly 
600,000 pupils). The value added score for a pupil is 
then calculated as the difference (positive or negative) 
between the model’s prediction for pupils like them 
nationally and their actual KS4 attainment. 

2.	 From 2013/14 substantial changes were made in 
relation to non-GCSE qualifications following the 
adoption of the recommendations from Professor 
Alison Wolf’s review of vocational education (Wolf, 
2011). This resulted in the removal of around 3,000 
unique qualifications from the performance measures 
and an adjustment in the associated point scores for 
non-GCSE qualifications so that no qualification 
counts for more than one GCSE.6 In addition, the 
number of non-GCSE qualifications that count in 
performance measures was limited to two per pupil.

3.	 A further change was introduced in 2013/14 meaning 
that when pupils were taking qualifications multiple 
times, only the first result a pupil achieved would 
count in performance measures.7 This only applied 
to English and mathematics taken in Year 11 in 
2013/14, but in subsequent years it applied to GCSEs 
in all subjects that were included in the EBacc taken 
in Year 10 or later. Previously, the best result that a 
pupil achieved was considered.8

4.	 In October 2013 the DfE announced that a new 
secondary school accountability system would be 
implemented in 2016. It includes two new headline 
measures: Progress 8 and Attainment 8. Attainment 
8 measures the achievement of a pupil across eight 
qualifications including mathematics and English. 
In addition, the points associated with different 
qualifications were changed as discussed above. 
Progress 8 is calculated for each pupil in a similar way 
to the value added indicators used between 2010/11 
and 2014/15. The cap on the number of eligible non-
GCSE qualifications was lifted from two to three. 

5. 	Up to 2014/15 when English language and English 
literature options in English were chosen, exams in 
both subjects had to be taken and a C grade or above 
in English language achieved to count to the Five A*–C 
indicator. In 2015/16, to meet the English requirement 
of the EBacc, exams in both must be taken and a C 
grade or above achieved in either English language or 
English literature counts to the five A*–C indicator. 
There is no requirement to take both subjects. 

The above changes are important as they affect the 
comparability over time in school and pupil performance 
indicators used in the school performance tables. Our 
analysis of the variance of pupil attainment indicators at 
the end of KS4 focuses on the two headline indicators, 
but concerns over the consistency of these indicators 
means that we also consider a set of indicators that 
include the same qualifications over time. 

These additional indicators are based exclusively on 
GCSE qualifications. These are the most common form of 
qualification taken by pupils at the end of KS4 comprising 
roughly two-thirds of exam entries that are eligible for 
inclusion in the headline measures, discussed above, in 
each year from 2009/10 to 2012/13. From 2013/14, when 
a large number of qualifications were excluded from the 
eligible qualifications list for the headline indicators, the 
GCSE share of exam entries increased to around 90 per 
cent of all eligible qualifications. 

The total number of eligible qualifications entered per 
pupil fell in 2013/14 from 11.3 to 8.9, whilst the average 
number of GCSE entries increased from 7.6 per pupil in 
2012/13 to 8.0 in 2013/14 and 8.5 and 8.8 in 2014/15 
and 2015/16 respectively. This is consistent with changes 
in the value of qualifications, whereby before 2013/14 
some vocational qualifications counted as equivalent 
to four GCSEs, but from 2013/14 they only counted as 
one GCSE. It is also consistent with some pupils and 
schools substituting out of now ineligible qualifications 
and instead taking more GCSEs. However, in 2013/14 
the increase in GCSEs taken did not match the overall 
fall in eligible qualifications entered. 

Throughout our main analysis we focus on four indicators. 
Two are reported in school performance tables: 

•	 The attainment of five or more GCSE A*–C grades in 
GCSE or equivalent qualifications including English 
and maths,

•	 the KS2 to KS4 value added score, based on the best 
eight qualifications.
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The other two are our own calculations:

•	 Total GCSE points score 

•	 GCSE points score per entry.

The total GCSE points score will be affected by the 
increase in the average number of GCSEs entered by 
each pupil, but GCSE points score per entry will not. In 
addition, it is important to note that whilst the points 
scores associated with different GCSE grades changed 
with the adoption of the Attainment 8 and Progress 8 
measures, to maintain consistency over time we stick 
with the previous points allocation in our analysis. 

Table 2 gives some summary information for each of the 
four indicators. 

The percentage of pupils achieving five or more A*–C 
grades in GCSE or equivalent qualifications increased 

between 2009/10 and 2012/13 from 57 to 62 per cent. 
In 2013/14 the percentage fell back to 58 per cent as 
numerous qualifications were no longer counted. In 
addition, for pupils who took qualifications multiple 
times only their first attempt was considered (previously 
their best attempt counted). 

In 2015/16 the percentage of pupils achieving five or 
more A*–C grades in GCSE or equivalent qualifications 
increased to 62 per cent as results in either English 
language or English literature counted as an English 
qualification (previously only the English language 
qualification was considered). 

The standard deviation of this indicator was 0.49 
throughout the period.

The value added indicator has a mean close to zero in 
all years. As noted previously the indicator changes over 
time.  It began as a contextualised value added measure 

Table 2. Pupil attainment: mean, standard deviation, 10th, 90th percentile, minimum and maximum for each indicator 
2009/10–2015/16

	 2009/10	 2010/11	 2011/12	 2012/13	 2013/14	 2014/15	 2015/16

Five or more A*–C grades 						    
Mean	 0.57	 0.59	 0.60	 0.62	 0.58	 0.59	 0.62
Standard deviation	 0.49	 0.49	 0.49	 0.49	 0.49	 0.49	 0.49
Best 8 value added/Progress 8						    
Mean	 0.6	 –0.5	 –0.2	 –0.0	 0.6	 0.2	 0.0
Standard deviation	 68.2	 70.8	 68.4	 66.6	 73.4	 74.1	 10.5
10th percentile 	 –68.6	 –68.9	 –66.3	 –64.4	 –81.7	 –81.4	 –12.2
90th percentile	 71.8	 68.8	 67.3	 66.4	 75.8	 76.2	 11.6
90th–10th percentile 	 140.4	 137.7	 133.6	 130.8	 157.5	 157.6	 23.8
Minimum	 –544.2	 –542.5	 –548.8	 –537.7	 –540.0	 –536.9	 –73.9
Maximum	 331.8	 311.6	 345.8	 306.1	 562	 401.2	 53.4
GCSE points score							     
Mean	 309	 303	 306	 315	 331	 343	 351
Standard Deviation	 147	 153	 155	 155	 149	 142	 132
10th percentile 	 112	 98	 96	 100	 124	 148	 176
90th percentile	 502	 508	 512	 518	 524	 524	 520
90th–10th percentile	 390	 410	 416	 418	 400	 376	 344
Minimum	 0	 0	 0	 0	 0	 0	 0
Maximum	 898	 852	 910	 922	 928	 874	 870
GCSE points score per entry							     
Mean	 38.8	 38.9	 39.1	 38.9	 38.9	 38.6	 38.8
Standard deviation	 9.5	 9.6	 9.4	 9.5	 9.7	 9.8	 9.6
10th percentile 	 26.3	 26.0	 26.5	 26.5	 26.3	 25.6	 26.2
90th percentile	 50.4	 50.7	 50.7	 50.5	 50.5	 50.4	 50.5
90th–10th percentile	 24.1	 24.7	 24.2	 24.0	 24.2	 24.8	 24.3
Minimum	 0	 0	 0	 0	 0	 0	 0
Maximum	 58	 58	 58	 58	 58	 58	 58
							     
Number of schools	 2,898	 2,954	 2,907	 2,960	 2,977	 3,021	 3,058
Number of pupils	 517,445	 521,637	 509,616	 530,326	 516,867	 510,140	 496,459

Note: Based on pupils with data on all attainment measures.
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in 2009/10, a simple value added indicator between 
2010/11 and 2014/15 and the new Progress 8 indicator 
in 2015/16. All measures of dispersion are similar in 
2009/10 and 2010/11 despite the change in how value 
added was calculated. However, as the points scores 
associated with each qualification are much lower under 
the Progress 8 indicator, this is reflected in a much lower 
standard deviation of the indicator (10.5 compared with 
74.1 in the previous year). 

The value added indicators are also affected by the 
change in the eligible qualifications and only counting 
the first attempt at a qualification discussed above. This 
is reflected in an increased standard deviation from 66.6 
in 2012/13 to 73.4 in 2013/14. This increased dispersion 
is evident at both ends of the distribution with a fall in 
the 10th percentile score from –64.4 in 2012/13 to –81.7 
in 2013/14 and an increase in the 90th percentile score 
from 66.4 in 2012/13 to 75.8 in 2013/14.

We explore this further by looking at the variation in 
the value added measure in 2013/14 by the share of 
exam entries that were GCSEs in the previous year. The 
idea here is that exam entries in the previous year were 
not affected by the change in qualification eligibility 
and GCSEs remained eligible qualifications for the 
value added calculation in all years, so that schools 
which had previously offered almost exclusively GCSEs 
would not be greatly affected by the change in eligible 
qualifications effective from 2013/14. The variation 
in value added scores in 2013/14 is similarly high for 
schools that had previously had 95 per cent of exam 
entries as GCSE compared to the overall variation in 
scores, so the increase in variation of the best 8 value 
added measure does not appear to be directly related to 
the change in eligible qualifications. 

The mean GCSE points score shows some changes over 
time, increasing by 16 points in 2013/14 and a further 
20 points by 2015/16. This is in line with the increase 

in the average number of GCSEs taken after 2013/14 
as other qualifications were excluded from the league 
tables. The increase in points was greatest at the 10th 
percentile, an increase from 100 in 2012/13 to 124 in 
2013/14 and 176 in 2015/16, so is consistent with a 
switch into GCSEs and out of qualifications that are no 
longer eligible for inclusion in the value added and five 
or more A*–C indicators for pupils that are towards the 
bottom of the GCSE points score distribution.

The GCSE points score per entry is relatively stable 
throughout the period at around 39 points, roughly the 
equivalent to a grade C GCSE.

4. Assessing the variance in pupil 
attainment at school and pupil level
We now turn to an examination of the variance in 
school level attainment. Table 3 shows school-level 
variance as a percentage of pupil level variance for each 
of our indicators. These figures do not account for any 
other factors related to pupil attainment, but provide 
a benchmark for later estimates that take into account 
pupil characteristics. 

The amount of variation accounted for by schools 
varies between the different indicators and over time, 
with different time trends for the different measures. For 
the 5 or more A*–C indicator, the amount of variance 
accounted for by the school varied between 10.4 
(2011/12 and 2012/13) and 12.3 per cent (2013/14 and 
2014/15). However, the share of the variances accounted 
for by schools was only slightly higher at the end of the 
period compared to the beginning (12.1 per cent in 
2015/16 compared with 11.9 per cent in 2009/10). 

For the value added indicator (row 2), which is most 
similar to the indicators used in the early DfES work, 
between 9.4 and 13.8 per cent of the pupil variance is 
accounted for by the school. Note the 2003 estimates 

Table 3. Percentage of variance that was between schools:  value added, GCSE points scores and GCSE points scores 
per entry, 2009/10–2013/14

	 2009/10	 2010/11	 2011/12	 2012/13	 2013/14	 2014/15	 2015/16	 Change  
								        2009/10– 
								        2015/16

5 or more A*–C grades 	 11.9	 11.2	 10.4	 10.4	 12.3	 12.3	 12.1	 0.2
Best 8 value added/Progress 8	 9.4	 9.5	 10.6	 11.9	 13.8	 13.1	 13.8	 4.4
GCSE Points score	 35.8	 35.6	 35.8	 33.1	 29.4	 28.5	 29.4	 –6.4
GCSE Points score per entry	 22.8	 22.3	 22.7	 23.1	 23.4	 23.6	 23.3	 0.5
								      
Number of schools	 2,898	 2,954	 2,907	 2,960	 2,977	 3,021	 3,058	
Number of pupils	 517,445	 521,637	 509,616	 530,326	 516,867	 510,140	 496,459	
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for the first and second half of secondary schooling 
were 13 and 8 per cent, so our estimates are of a similar 
order. There is some evidence of an increase over 
time in the variance accounted for by schools in this 
indicator, with 9.4 per cent of the variance accounted 
for in 2009/10 and 13.8 per cent in 2015/16. The largest 
changes occur from 2013/14 onwards, which is in line 
with the announcement by the DfE that the Progress 8 
value added measure would be introduced in 2015/16. 
This is consistent with schools, on average, placing a 
higher priority on value added indicators from 2013/14 
onwards. 

The variance of the GCSE points score and points 
per entry indicators accounted for by schools is much 
higher than for the other measures. These range from 
29.4 to 35.8 per cent for GCSE points scores and 22.3 
to 23.6 per cent for points per entry. This is in line with 
the higher variance accounted for by schools reported 
by Scheerens and Bosker (1997) when initial differences 
between students were not taken into account. The 
amount of variance accounted for by schools in the 
points per entry indicator is relatively stable over 
time, but for the GCSE points indicator the variance 
accounted for by schools fell by 6.4 percentage points 
between 2009/10 and 2015/16 – in contrast to the 
value added indicator. 

Further analysis, reported in Appendix table A1, uses 
newly derived indicators that attempt to turn the five 
or more A*–C indicator and the GCSE points score and 
points per entry indicators into value added indicators. To 
do this, we run a pupil-level regression for each indicator 
on attainment recorded at the end of primary schooling 
(the KS2 total points score). The difference between the 
actual indicator and the model prediction provides a 
crude measure of value added for each indicator. The 
results reported in Appendix table A1 (available on-line) 
show, in line with Scheerens and Bosker, that taking 
into account initial differences reduces the amount of 
variance accounted for by schools. 

Additional analysis for a group of schools that are in 
the data in all seven years and schools that enter or exit 
the sample at some point between 2009/10 and 2015/16 
yields results that are not qualitatively different from 
the ones for all schools, indicating that the changing 
composition of schools does not account for much of the 
overall variance in pupil attainment. However, analysis 
excluding selective schools shows that the share of the 
variance accounted for by schools is reduced slightly for 
all measures, indicating that selective schools are more 
able to account for variance in pupil attainment.

5. Pupil characteristics and the impact of 
the school

We next examine the interaction between school-level 
attainment and the effects of pupil characteristics on 
attainment. Following an approach set out to look at the 
variance in earnings in Barth et al. (2016), we estimate 
an equation for pupil attainment, V, for pupil i in school 
s. Estimates are run separately for each year, so no time 
subscript appears in these equations. 

			 
	
	

( ) ,

with ( , ) 0
is is s is

is is s

V x b i u

E u x

ϕ
ϕ

= + +

=
	 (1)

In this equation xis is a vector of pupil characteristics 
(gender, ethnicity, whether eligible for Free School Meals 
and whether have Special Educational Needs) for pupil i 
in school s. Also included is a vector of dummy variables  
ϕs(i) for the school s where pupil i studies. We impose 
the assumption that pupils in a school share the same 
school effect on scores. This implies that any individual 
heterogeneity in the school effect (representing the quality 
of the pupil-school match) is in the error term, (uis). 

The variance of the score is then decomposed into 
the part due to the variance of predicted scores from 
observed pupil characteristics (xb), the variance of 
scores among schools, net of these pupil characteristics 
(ϕ), the covariance between them, and the variance in 
the error term (u). 

	

	

( ) ( ) ( )

2 ( , ) ( )

Var V Var xb Var

Cov xb Var u

ϕ
ϕ

= +
+ + 	 (2)

Defining S as the school average level of the predicted score 
from observable pupil characteristics, x,  we can define ρ = 
Cov(xb,S)/Var(xb) as a measure of the similarity of pupils 
in a school. This is akin to Kremer and Maskin’s (1996) 
index of worker-worker segregation across establishments 
discussed in Barth et al. (2016). When ρ = 1, pupils are 
perfectly sorted with similar characteristics into schools. 
When ρ = 0, pupils’ observable characteristics appear as if 
they had been randomly placed in schools. We also measure 
the extent to which attributes of pupils that contribute to 
scores are associated with the school effect on scores by ρs 
= Cov(xb, ϕ)/Var(xb). When the characteristics of pupils 
in the intake to schools is independent of their impact on 
scores, ρs = 0. 

The between school variance, Varb, then divides into a 
part due to sorting of pupils and a part due to ‘pure’ 
variation of scores among schools:
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contributes nothing to within-school variance. When 
the pupil intake of schools is independent of pupil 
characteristics (ρ = 0) the variance of the distribution 
of pupil characteristics contributes to the within-school 
variance, but not to the between school variance.

Tables 4a–d show our decomposition for each of the 
four attainment indicators. The total variance figures 
are the same as those shown in tables 2 and 3.

Table 4a. Decomposition of variance of five or more A*–C grades with pupil characteristics

	 2009/10	 2010/11	 2011/12	 2012/13	 2013/14	 2014/15	 2015/16
	 Variance	 Share	 Variance	 Share	 Variance	 Share	 Variance	 Share	 Variance	 Share	 Variance	 Share	 Variance	 Share
		  of		  of		  of		  of		  of		  of		  of
		  variance		  variance		  variance		  variance		  variance		  variance		  variance

Var (V)	 0.24	 1.00	 0.24	 1.00	 0.24	 1.00	 0.24	 1.00	 0.24	 1.00	 0.24	 1.00	 0.24	 1.00
Pupil characteristics: 
  Var (xb)	 0.04		  0.04		  0.04		  0.04		  0.03		  0.03		  0.02	
Pupil–pupil: ρ	 0.11		  0.10		  0.09		  0.08		  0.08		  0.08		  0.07	
Pupil–school: ρs	 0.04		  0.04		  0.02		  0.02		  0.05		  0.05		  0.06	
Variance between	 0.03	 0.10	 0.02	 0.10	 0.02	 0.09	 0.02	 0.09	 0.02	 0.10	 0.03	 0.10	 0.02	 0.10
School effect: Var (ϕ)	0.02	 0.07	 0.02	 0.07	 0.02	 0.07	 0.02	 0.07	 0.02	 0.08	 0.02	 0.08	 0.02	 0.08
Pupil characteristics: 
  Var(xb) ρ	 0.00	 0.02	 0.00	 0.02	 0.00	 0.01	 0.00	 0.01	 0.00	 0.01	 0.00	 0.01	 0.00	 0.01
Match contribution: 
  Var(xb)2 ρs 	 0.00	 0.01	 0.00	 0.01	 0.00	 0.01	 0.00	 0.01	 0.00	 0.01	 0.00	 0.01	 0.00	 0.01
Variance within	 0.22	 0.90	 0.22	 0.90	 0.22	 0.91	 0.22	 0.91	 0.22	 0.90	 0.22	 0.90	 0.21	 0.90
Within residual: 
  Var (u)	 0.19	 0.76	 0.18	 0.76	 0.18	 0.77	 0.18	 0.78	 0.19	 0.78	 0.19	 0.80	 0.19	 0.80
Pupil characteristics: 
  Var(xb)(1–ρ)	 0.03	 0.14	 0.03	 0.14	 0.03	 0.14	 0.03	 0.14	 0.03	 0.11	 0.02	 0.10	 0.02	 0.10 

Table 4b. Decomposition of variance of best 8 value added with pupil characteristics

	 2009/10	 2010/11	 2011/12	 2012/13	 2013/14	 2014/15	 2015/16
	 Variance	 Share	 Variance	 Share	 Variance	 Share	 Variance	 Share	 Variance	 Share	 Variance	 Share	 Variance	 Share
		  of		  of		  of		  of		  of		  of		  of
		  variance		  variance		  variance		  variance		  variance		  variance		  variance

Var (V)	 4,653	 1.00	 5,018	 1.00	 4,681	 1.00	 4,437	 1.00	 5,392	 1.00	 5,486	 1.00	 111	 1.00
Pupil characteristics: 
  Var (xb)	 10		  439		  388		  336		  489		  343		  7	
Pupil–pupil: ρ	 0.02		  0.12		  0.12		  0.12		  0.12		  0.13		  0.14	
Pupil–school: ρs	 –0.17		  –0.01		  –0.01		  0.00		  0.05		  0.07		  0.05	
Variance between	 403	 0.09	 430	 0.09	 446	 0.10	 436	 0.10	 594	 0.11	 581	 0.11	 12	 0.11
School effect: Var (ϕ)	406	 0.09	 381	 0.08	 410	 0.09	 397	 0.09	 480	 0.09	 487	 0.09	 10	 0.09
Pupil characteristics: 
  Var(xb) ρ	 0	 0.00	 54	 0.01	 46	 0.01	 39	 0.01	 61	 0.01	 43	 0.01	 1	 0.01
Match contribution: 
  Var(xb)2 ρs 	 –4	 0.00	 –5	 0.00	 –10	 0.00	 –1	 0.00	 54	 0.01	 51	 0.01	 1	 0.01
Variance within	 4,250	 0.91	 4588	 0.91	 4235	 0.90	 4001	 0.90	 4797	 0.89	 4905	 0.89	 99	 0.89
Within residual: 
  Var (u)	 4,240	 0.91	 4203	 0.84	 3892	 0.83	 3704	 0.83	 4369	 0.81	 4605	 0.84	 93	 0.84
Pupil characteristics: 
  Var(xb)(1–ρ)	 10	 0.00	 385	 0.08	 343	 0.07	 297	 0.07	 428	 0.08	 300	 0.05	 6	 0.05

	 ( )( 2 ) ( )b
sVar Var xb Varρ ρ ϕ= + +    	 (3)

Similarly, the within-school variance, Varw, can be 
decomposed:

	
( )(1 ) ( )wVar Var xb Var uρ= − +

   		  (4)

When schools only have pupils with the same 
characteristics (ρ = 1) the variance of the pupil score 
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	 2009/10	 2010/11	 2011/12	 2012/13	 2013/14	 2014/15	 2015/16
	 Variance	 Share	 Variance	 Share	 Variance	 Share	 Variance	 Share	 Variance	 Share	 Variance	 Share	 Variance	 Share
		  of		  of		  of		  of		  of		  of		  of
		  variance		  variance		  variance		  variance		  variance		  variance		  variance

Var (V)	 91	 1.00	 93	 1.00	 89	 1.00	 90	 1.00	 93	 1.00	 96	 1.00	 93	 1.00
Pupil characteristics: 
  Var (xb)	 19		  19		  17		  17		  17		  15		  13	
Pupil–pupil: ρ	 0.11		  0.10		  0.09		  0.08		  0.08		  0.08		  0.07	
Pupil–school: ρs	 0.08		  0.09		  0.08		  0.09		  0.08		  0.08		  0.09	
Variance between	 18	 0.20	 18	 0.19	 17	 0.19	 17	 0.19	 18	 0.19	 19	 0.20	 18	 0.19
School effect: Var (ϕ)	 13	 0.14	 12	 0.13	 13	 0.14	 13	 0.15	 14	 0.15	 15	 0.16	 14	 0.15
Pupil characteristics: 
  Var(xb) ρ	 2	 0.02	 2	 0.02	 2	 0.02	 1	 0.02	 1	 0.01	 1	 0.01	 1	 0.01
Match contribution: 
  Var(xb)2 ρs 	 3	 0.03	 3	 0.04	 3	 0.03	 3	 0.03	 3	 0.03	 3	 0.03	 2	 0.03
Variance within	 73	 0.80	 75	 0.81	 72	 0.81	 72	 0.81	 75	 0.81	 77	 0.80	 75	 0.81
Within residual: 
  Var (u)	 56	 0.62	 58	 0.62	 56	 0.63	 57	 0.64	 60	 0.64	 63	 0.66	 63	 0.68
Pupil characteristics: 
  Var(xb)(1–ρ)	 17	 0.19	 17	 0.18	 16	 0.18	 15	 0.17	 15	 0.17	 14	 0.14	 12	 0.13

Table 4d. Decomposition of variance of GCSE points per entry with pupil characteristics

Table 4c. Decomposition of variance of GCSE points with pupil characteristics

	 2009/10	 2010/11	 2011/12	 2012/13	 2013/14	 2014/15	 2015/16
	 Variance	 Share	 Variance	 Share	 Variance	 Share	 Variance	 Share	 Variance	 Share	 Variance	 Share	 Variance	 Share
		  of		  of		  of		  of		  of		  of		  of
		  variance		  variance		  variance		  variance		  variance		  variance		  variance

Var (V)	 21,492	 1.00	 23,348	 1.00	 23,931	 1.00	 24,016	 1.00	 22,309	 1.00	 20,067	 1.00	 17,384	 1.00
Pupil characteristics: 
  Var (xb)	 3,730		  3,715		  3,651		  3,802		  3,723		  3,246		  2,556	
Pupil–pupil: ρ	 0.11		  0.10		  0.09		  0.08		  0.07		  0.08		  0.07	
Pupil–school: ρs	 0.15		  0.17		  0.16		  0.13		  0.10		  0.09		  0.10	
Variance between	 6,628	 0.31	 7209	 0.31	 7375	 0.31	 6808	 0.28	 5461	 0.24	 4844	 0.24	 4232	 0.24
School effect: 
  Var (ϕ)	 5,079	 0.24	 5572	 0.24	 5890	 0.25	 5474	 0.23	 4454	 0.20	 4039	 0.20	 3557	 0.20
Pupil characteristics: 
  Var(xb) ρ	 412	 0.02	 368	 0.02	 334	 0.01	 310	 0.01	 277	 0.01	 245	 0.01	 181	 0.01
Match contribution: 
  Var(xb)2 ρs 	 1,136	 0.05	 1269	 0.05	 1151	 0.05	 1025	 0.04	 730	 0.03	 560	 0.03	 494	 0.03
Variance within	 14,864	 0.69	 16139	 0.69	 16556	 0.69	 17208	 0.72	 16841	 0.75	 15223	 0.76	 13151	 0.76
Within residual: 
  Var (u)	 11,547	 0.54	 12792	 0.55	 13239	 0.55	 13715	 0.57	 13395	 0.60	 12222	 0.61	 10777	 0.62
Pupil characteristics: 
  Var(xb)(1–ρ)	 3,317	 0.15	 3347	 0.14	 3317	 0.14	 3492	 0.15	 3446	 0.15	 3002	 0.15	 2374	 0.14

The same patterns of the share of between and within-school 
variance shown in table 3 are evident for all indicators. 

In general, the estimate of ρ is around 0.1 in all models 
indicating that the pupil intake of schools is not completely 
independent of pupil characteristics, and hence the 
distribution of pupil characteristics contributes to the 
within-school variance. This is consistent with the reduced 
share of the variance explained by schools for the value 

added indicators when compared to the simple pupil 
attainment measures discussed in relation to table 3.

The estimate of ρs is more variable, but typically positive, 
indicating that the impact of pupil characteristics on 
attainment is also not completely independent of the 
school effect on attainment. For the value added indicators 
(table 4b), however, some of the estimates are close to zero 
and for 2009/10 when the value added indicator already 
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controls for differences in pupil characteristics the estimate 
of ρs  is negative.

The implications of this are that pupil characteristics 
account for part of the between-school variance, reducing 
the ‘pure’ school effect by up to 16 per cent for the value 
added indicators and up to 30 per cent for the end of KS4 
indicators.

Pupil characteristics also explain part of the within-school 
variance, with a contribution of between 10 and 19 per 
cent in the total variance for end of KS4 indicators; and 
between 5 and 8 per cent for the value added indicators 
(bottom row of tables 4a–4d). These lower figures for the 
value added indicators are because pupil characteristics 
will also be an important determinant of pupil attainment 
at the end of primary schooling, so are partly encapsulated 
in the value added indicators.

6. The role of school characteristics 
This final substantive section of the paper decomposes 
the between-school element of variance for the four 
attainment indicators. Recall that this accounts for 
different shares of total variance depending on the 
indicator considered. Here we consider the composition 
of pupils in a school more directly than in the previous 
analysis, and also take into account the size of the school 
and school resources, captured by the pupil–teacher ratio. 

To do this we regressed mean school scores on school 
characteristics using the following equation:

	 s s s s pV C a N b R c ϕ= + + +
	 (5)

where Vs is the average score in school s. The vector  ϕp 
gives the mean school score net of the other variables in 
the regression. Cs is a vector giving the composition of 
pupils in school s. It covers the share of girls, the share of 
pupils from different ethnic groups, the share of pupils 
eligible for Free School Meals, and the share of pupils 
with different Special Educational Needs in each school.  
Ns is the number of pupils in the school and Rs is the 
pupil–teacher ratio in each school.9 Again, estimates 
are run separately for each year, so no time subscript 
appears in these equations.

Table 5 summarises the results from estimating equation 
5. 

For each indicator the composition and size of the school 
account for a significant proportion of the school-level 
variance – as much as 63 per cent for each of our three 

end of KS4 attainment indicators. For our value added 
indicator, school composition and size still account 
for between 13 and 30 per cent of the school-level 
variance. The exception is in 2009/10 when the best 8 
value added indicator controls for pupil characteristics 
in that year, just 5 per cent of the school-level variance 
is accounted for by composition and size. 

We conducted the same analysis for our constructed 
value added indicators for the 5 or more A*–C indicator 
and the GCSE points score and points per entry. Results 
are reported in Appendix table A3 (available on-line) 
and show that the amount of school-level variance 
accounted for by school composition and size is 
reduced compared with the original indicators, but is 
higher than for the headline value added indicator. 

The pupil–teacher ratio accounts for a negligible share 
of the variance in all models. However, school resources 
are related to the composition of pupils in schools, also 
included in our model, so the pupil–teacher ratio will 
be partly determined by the pupil composition, and 
the effects of school resources may be picked up by the 
school composition variables. Sensitivity analysis, using 
a variable for the ratio between the number of pupils 
and total school workforce produces similar results, as 
does analysis conducted separately for London and the 
rest of England.

A Department for Education (2014) review of literature 
concluded that additional school resources positively 
influence attainment, although the effects are relatively 
modest at all Key Stages, whilst Dearden et al. (2002) 
show that having controlled for ability and family 
background the pupil–teacher ratio has no impact on 
educational qualifications, although it did influence 
women’s wages at the age of 33, but not men’s wages. 
Our findings on educational attainment are consistent 
with these studies, but we are not able to examine the 
effect of the pupil–teacher ratio on wages.

It is possible that the school composition variables 
overstate the influence of these factors on school 
attainment. Our model is limited by the availability 
of data on relevant factors that are associated with 
effective school processses, as discussed in the review 
by Sammons (2007). A synthesis of reviews on this 
topic by Scheerens and Bosker (1997) highlight: a 
productive climate and culture; focus on central learning 
skills; appropriate monitoring; practice orientated 
staff development; professional leadership; parental 
involvement; effective institutional arrangements and 
high expectations. The leadership and institutional 
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aspects of these factors are a key element of the academies 
programme, with appropriate monitoring being part of 
the tighter inspection regime. In parallel research we 
explore leadership and monitoring, staff development 
and institutional arangements through examination of 
Human Resource Management indicators (Stokes et 
al., forthcoming, and Bryson et al., forthcoming).

7. Conclusion
The analysis shows the relative importance of schools 
in explaining the variance in pupil attainment. In line 
with previous studies, schools account for a minority 
of the variance in attainment. For the current headline 
pupil attainment indicator, Progress 8, we find that in 
2015/16 schools explain 14 per cent of the variation 
in Progress 8, with a similar percentage for other value 
added (or progress) indicators that relate to earlier 
years. Part of this is related to the similarity of pupils 
within schools, in terms of observable characteristics, 
and how these characteristics relate to pupil attainment. 
Excluding this component of the school effect on pupil 
attainment reduces the amount of variance explained 
by schools to around 9 per cent. 

This contribution, whilst relatively small, is still 
important; hence schools do matter for academic 

attainment. However, perhaps not quite so much as 
the policy debate sometimes suggests. Evidence, for 
example from Nicoletti and Rabe (2013), shows that 
family explains at least 43 per cent of the variance 
in educational attainment at the end of KS4 whilst 
neighbourhood explains 10 to 15 per cent of the 
variance.
 
Our analysis also shows that the extent of the variation 
explained by schools is sensitive to the measure of pupil 
attainment used and whether prior attainment is taken 
into account. For example, looking at other end of 
secondary schooling indicators, up to 35.8 per cent of 
pupil variance is explained by schools. However, once 
we control for prior attainment the amount of variance 
explained by schools is reduced to a maximum of 30.7 
per cent.
 
Our analysis covers a relatively short time period, 
2009/10 to 2015/16; however this was a period when 
the expansion of the academy programme in English 
secondary schools was rapid. Despite earlier evidence 
showing that academies improved average levels of 
attainment prior to 2010 (Eyles and Machin, 2015), 
the latest evidence indicates that the recent academy 
expansion had little impact on average attainment 

Table 5. Decomposition of school-level variance

	 2009/10	 2010/11	 2011/12	 2012/13	 2013/14	 2014/15	 2015/16

Five or more A*–C grades 						    
Composition and school size	 0.61	 0.62	 0.63	 0.62	 0.57	 0.48	 0.49
Pupil–teacher ratio	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00
School 	 0.39	 0.38	 0.37	 0.38	 0.43	 0.52	 0.52
2 x Covariance (composition 
  and size, pupil–teacher ratio)	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00
GCSE Points Score							     
Composition and school size	 0.62	 0.63	 0.63	 0.61	 0.54	 0.51	 0.50
Pupil–teacher ratio	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00
School 	 0.38	 0.37	 0.37	 0.40	 0.46	 0.49	 0.50
2 x Covariance (composition 
  and size, pupil–teacher ratio)	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00
GCSE Points Score per entry							     
Composition and school size	 0.63	 0.62	 0.63	 0.63	 0.58	 0.54	 0.57
Pupil–teacher ratio	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00
School 	 0.37	 0.38	 0.37	 0.37	 0.42	 0.46	 0.44
2 x Covariance (composition 
  and size, pupil–teacher ratio)	 0.00	 0.00	 0.00	 –0.01	 0.00	 0.00	 –0.01
Best 8 value added score							     
Composition and school size	 0.05	 0.15	 0.13	 0.14	 0.29	 0.30	 0.26
Pupil–teacher ratio	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00
School 	 0.95	 0.85	 0.87	 0.86	 0.71	 0.70	 0.75
2 x Covariance (composition 
  and Size, pupil–teacher ratio)	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00
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and standard deviation KS2 scores were included. 
6	 For example, previously a Business and Technology Education 

Council (BTEC) qualification may have counted as the equivalent 
of four GCSEs, from 2013/14 it could only be considered as 
equivalent to a single GCSE in its contribution to performance 
measures.

7	 This was a response to Departmental analysis that found the 
number of pupils taking qualifications multiple times had increased 
in recent years.

8	 This new rule only affects a school’s performance measure 
calculations; pupils are still accredited with every grade they have 
achieved, regardless of the number of entries. 

9	 We focus on the pupil–teacher ratio as our indicator of school 
resources as it is consistent between different types of school. 
Published expenditure data, for example, relate to different time 
periods for local authority maintained schools and academy 
schools, so are not strictly comparable across all schools.
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in these schools (Andrews et al., 2017). Our analysis 
over this same period indicated some fluctuations in 
pupil and school-level variance which are sensitive to 
changes in the method of calculation of some of our 
indicators. The trends in the share of pupil attainment 
accounted for by the school over this period move 
in different directions for different indicators. For 
the headline indicator, five or more A*–C grades in 
GCSE or equivalent qualifications, including English 
and Mathematics, the variance accounted for by 
schools was relatively stable over time, whilst the 
variance accounted for by schools for the  value added 
measure increased, particularly between 2012/13 and 
2013/14. The variance accounted for by schools for 
the GCSE points score indicator, however, fell in this 
year. This year saw significant definitional changes in 
eligible qualifications as well as the announcement 
that Progress 8 would become the primary attainment 
measure against which schools were to be assessed, so 
schools may have chosen to focus more on value added 
from this point in time. 

Our school-level analysis shows that school composition 
makes a significant contribution to the school-level 
variance, yet much of the school-level variance is left 
unexplained. This suggests that broader measures than 
school composition need to be examined to explain the 
variance in school-level attainment. This should include 
quality of teaching and learning and the curriculum 
offered as qualification eligibility for inclusion in school 
performance tables changed over the period. Further, 
classroom variation may be an important element of 
within-school variance. 

NOTES
1  	 At this time results were based on GCSEs and General National 

Vocational Qualifications (GNVQs) only. By 2009/10, when our 
study begins, a large number of additional qualifications were 
included, so there was more variation between schools in the 
qualifications offered. 

2	 Our analysis is not sensitive to this selection of schools, indicating 
that the changing school composition is not an important factor 
in explaining the variance of pupil attainment in this period. 

3	 Information on all accredited qualifications approved by the 
Secretary of State for Education can be found at the Office of 
Qualifications and Examinations Regulation (Ofqual) website at: 
http://register.ofqual.gov.uk.

4	 For the latest performance tables see https://www.compare-
school-performance.service.gov.uk/.

5	 The characteristics used were gender, whether pupil had Special 
Educational Needs, Ethnicity, Eligibility for Free School Meals, 
whether first language was not English, whether pupil had moved 
between schools at non-standard times, age, whether pupil had 
been in care at any time whilst at the current school, a measure 
of deprivation (the Income Deprivation Affecting Children Index, 
IDACI) based on the pupil’s postcode. In addition school average 
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