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Abstract
This paper tests for the impact of school size measured by number of pupils, on academic performance at GCSE, controlling for other influences. Schools with over about 600 pupils tend to achieve lower proportions with 5A*-C GCSEs or more and a higher proportion with no qualifications. School size affects attendance rates as well, and since attendance contributes to exam outcomes, there is a further indirect impact of size. Larger class sizes are also associated with poorer results. Schools with sixth forms perform less well than those without, consistent with excessive resources allocated towards post-GCSE students. In response to better exam results, schools increase in size but there is no tendency for schools with higher proportions of deprived pupils, as measured by eligibility for free school meals, to contract.
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Should secondary schools be smaller? Among educational policy makers in Britain and the United States there has long been an assumption that larger schools are better on educational as well as on financial grounds
. Lawrence et al. (2002) trace the educational assumption to the 1959 initiative of the subsequent President of Harvard, J B Conant. This view might be warranted if larger schools can offer more posts of responsibility with better pay that attract more experienced teachers. In addition larger secondary schools are generally able to offer a broader curriculum. To minimise the impersonality that goes with size they can perhaps adopt different internal organisation, such as division into upper and lower schools, or into ‘houses’. 

If the assumption is correct we would expect larger schools to out perform smaller schools on examination results and with lower costs as well. If school size is 'too small', it would follow that educational performance can be improved and costs reduced by a policy of merging schools or building up larger schools and closing small ones. 

On the other hand, many schools in the independent sector, more subject to market forces and family preferences, are attractive to parents precisely because they are smaller and offer smaller classes. Large schools can present problems of impersonality and effective management. The difficulties of recognising individual pupils in large units can have adverse consequences for control. Welsh independent school size averaged 172 pupils in 2002 whereas the average for Welsh schools as a whole (98% of pupils attended state schools), nursery, primary, secondary and special, was 256. Welsh secondary school size (average number of pupils) rose 16 percent between 1991 and 2002, while Welsh independent school size remained stationary
. 

Of course there are many other influences upon school performance; the ‘school effectiveness’ literature (for instance Sanday 1990) emphasizes ‘leadership ‘ as a key variable. The objective in assessing whether schools are too large or small must be to control for as many as possible of these. There is a view that schools are largely irrelevant to educational performance; ‘around 90 percent of the variation in school outcomes can be explained by student background …and the nature of their school or else by prior attainment…’ (Gorard et al 2003 p90). However it should be noted that school size is more amenable to change by policy than student background or prior attainment. Consequently identifying even a relatively small proportion of school performance attributable to size may be helpful. The present paper then aims to test the hypothesis that Welsh schools are too large to achieve the best educational results. 
Background
There is a vast literature on the ‘school education production process’ (for example Hanushek 1986 surveys a large number of US education production function studies but focuses on such matters as class size and teacher quality rather than school size, while Todd and Wolpin 2003 discuss methodological lessons for parameter estimation). In addition there is substantial work on school costs and school size (for example Hough 1981). But there are rather few studies on the relationship between school size and school performance. Moreover the design of such recent research as there is for the UK often leaves the conclusions open to question. For example the National Association for Small Schools published its own results for Key Stage 2 tests in 1996 and 1997, distinguishing between schools with more or less than 10 children in the age group taking the tests. (Most schools have between 24-30 pupils in an examination group.) Assuming that the small classes are in small schools, their tabulation shows that the smaller school group (around 11% of the total) achieve considerably higher proportions of students attaining level 4 and above in the three subject areas English, Maths and Science (Human Scale Education web site). But it is quite plausible to maintain that these results are obtained because of the backgrounds of the pupils or some other factor, rather than the size of the school. Such influences must be adequately controlled if genuine size-performance relations are to be established. A similar point applies to the size-cost relationship. Only when all relevant school outcomes are included in the relationship can conclusions be drawn as to whether true costs rise or fall with school size. It is possible that a reduction in financial costs with increased pupil numbers is exchanged for poorer pupil attendance that offsets or more than counter-balances the apparent savings. 

A recent study concludes that larger English secondary schools achieve better exam performances at least up to 1200 and probably to 1400 pupils (Bradley and Taylor 1998). Each school’s exam performance is classified into one of 4 categories ranging from ‘poor’, which covers the lowest 25% of proportions of pupils achieving 5 or more A*-Cs at GCSE, to ‘good’, which includes the top 25%. The chances of a school being in one of these categories is then explained statistically by a 'production function' model that assumes the school is a production unit employing inputs of teachers and other resources to add value to the annual intake of pupils. So educational attainment, as defined by this four category variable, is associated with pupil characteristics, family background, school effects (eg. pupil-teacher ratios), peer group effects and school size.

In a similar model, the Scottish size-performance relationship in a comparison across schools appears to be different from England. Performance first deteriorates as numbers of pupils in the school increase, and then improves (Sawkins 2002). The Scottish finding casts some doubt on the credibility of the English result. So also does the conclusion of a recent US survey that production function studies of secondary (high) schools suggest 600-900 students may optimally balance economies of size with the potential negative effects of large schools (Andrews, Duncombe and Yinger 2003).

Another reason for questioning the supposed high minimum efficient school size is the possibility that an association of size and exam results may stem from parents increasingly choosing, and being permitted, to send their children to better performing schools (Bradley et al 2000). Instead of reflecting a generally better performance of schools because they are larger, the English statistical association may instead arise from the exercise of parental preferences for schools with good exam results. Where preferences can be exercised schools with better exam results will be larger, so long as such schools are able to expand. The policy implication of this possibility could run counter to that of the original Bradley and Taylor assessment. If an association between large size and ‘good’ performance stemmed exclusively from the expansion of ‘good’ schools, then overall exam attainment would not necessarily be enhanced by encouraging larger schools. Just because ‘good’ schools have become larger, not all large schools will necessarily be ‘good’
. 

A policy of expansion for ‘good’ schools should distinguish what is contributed to exam performance by the school rather than by the pupils who happen to attend the school. Also it should take into account at what scale (if any) disadvantages of size predominate. Even if these conditions are satisfied, there may be concern that expanding schools with ‘good‘ performance will increase inequality of educational provision (eg Adnett. Bougheas and Davies 2002, O’Shaughnessy 2000)
. Parents are typically interested in absolute exam results not in ‘value added’. So the most efficient schools are not necessarily those that expand under these conditions. If schools with the highest socio-economic intake achieve the highest exam scores but not the highest value added, there would be some tendency for increasing social polarisation between schools and a reduction in overall value-added by the school system as a consequence of the exercise of parental choice. On the other hand, if high value-added schools are also strong absolute performers then value–added by the system will not fall for this reason. 

Dispersion of schools by exam results or by socio-economic characteristics may change independently of the exercise of parental choice. Inferences from models such as the one discussed can indicate the proportion of observed changes in dispersion that may be attributed to different causes. The variance of school exam results will rise if the spread of school sizes becomes greater, if the dispersion of other influences increases (which may occur for reasons wholly independent of the operation of the school system) and if the covariance of these other influences and size is negative.

The most widely used secondary school performance measure is probably the proportion of pupils of the relevant age in a school gaining five or more A*-C GCSE grades (for example Bradley and Taylor (1998): Bradley et al (2000)). However a crucial question for policy makers that the present study addresses is the effect of school size on sections of the school population that are currently under performing and exiting education at 16. Estyn (2002 p2) notes that there are often wide differences in the examination performance of Welsh schools serving similar areas. Only about one quarter of secondary schools reach the Welsh Assembly Government target of 92% attendance and approximately 20% of secondary schools fall well below it (Estyn 2003). There is a high correlation between poor attendance and pupils’ failure to achieve a basic level of qualifications, such as 5 A*-G at GCSE, after 11 years of compulsory schooling. The present research therefore also addresses performance as measured failure to achieve any GCSE passes in particular, and the contribution of poor attendance to performance. 

The Welsh  Data Set 1996-2002

Over the years 1996- 2002 exam performance in Welsh secondary schools improved in all measured dimensions; percentage of pupils gaining at least 5 A*-C GCSE , percentage of pupils gaining no qualification in the GCSE year, and Key Stage 3 (the exam taken after three years in secondary school and before the two year GCSE courses), and the percentage of pupils achieving the Core Subject Indicator
 (Table 1). Attendance rates rose, deprivation as measured by free school meals eligibility declined, and although the proportion of pupils with Special Educational Needs increased this may have been due to improved reporting, since there are substantial numbers of pupils on the margin of the classification. Average school size grew to 936 pupils, primarily because of the rise in the school population, with school numbers approximately constant. Class sizes, pupil teacher ratios and sixth form sizes also rose. 

A simple interpretation of the data is that because exam performance improved as schools became bigger, bigger schools improved exam performance. But the proportion of pupils eligible for free school meals declined over the same period. This is a widely accepted predictor of school exam performance. So the exam improvement may have stemmed from a reduction in deprivation (and/or for other reasons) rather than because of larger schools.

Table 1 Welsh Secondary Schools 1996 and 2002

	
	1996
	2002

	Percentage of pupils gaining at least 5 A*-C GCSE

(age 16 exam performance)
	41.1* 
	51.1

	Percentage of pupils gaining no qualification +
	5.1 
	4.0 

	Percentage Non-attendance**
	11.0 
	10.0 

	Percentage eligible for Free School Meals (deprivation)
	20.4
	16.9 

	Percentage Special Educational Needs
	3.2 
	3.4 

	Percentage Key Stage 3 (age 14 exam performance)
	40.1
	50.8 

	Class Size
	20.0 
	21.0 

	Pupil/Teacher
	15.8 
	16.2 

	6th form
	96 
	111 

	School size (pupils)
	871 
	936 


Notes * the series includes vocational equivalent qualifications after 1996. Refers to full time fifteen year olds at the school

+ Includes vocational equivalent and ELQ

** percentage of half day sessions missed by full time students 11-15

Dispersion among schools tended to decrease over the period, when measured by the coefficient of variation (the ratio of the standard deviation to the mean) (Table 2). Exceptions were the proportion of pupils gaining no qualification in the GCSE year and also class size.

Table 2 Standardised Dispersions between Welsh Secondary Schools 1996-2002

(Coefficients of Variations)

	
	1996
	2002

	Percentage of pupils gaining at least 5 A*-C GCSE
	0.34
	0.28

	Percentage of pupils gaining no qualification +
	0.92
	1.1

	Attendance  (missing)
	0.31
	0.27

	% eligible for Free School Meals (deprivation)
	0.57
	0.56

	% Special Educational Needs
	0.75
	0.65

	KS3 (aged 14 exam performance)
	0.33
	0.26

	Class Size
	0.11
	0.12

	Pupil/Teacher
	0.09
	0.08

	6th form
	0.86
	0.84

	School size (pupils)
	0.38
	0.35


Secondary Schools without sixth forms tended to perform less well in absolute terms, but they also enrolled a higher proportion of deprived pupils (Table 3). After allowing for the absence of a sixth form they were also smaller by approximately one form each year, or 117 pupils. The dispersion around any individual difference between school types was too large to attribute any statistical significance.

Table 3. Welsh Secondary Schools with and Without Sixth forms 1996-2002

	
	No sixth form
	With sixth Form

	Percentage of pupils gaining at least 5 A*-C GCSE (age 16 exam performance)
	41.5
	48.5

	Percentage of pupils gaining no qualification +
	5
	4.3

	Attendance  (missing)
	11.4
	10.1

	% eligible for Free School Meals (deprivation)
	24.3
	17.2

	% Special Educational Needs
	4.7
	3

	KS3 (age 14 exam performance)
	40.7
	47.7

	Class Size
	21.6
	20.3

	Pupil/Teacher
	16.1
	16.2

	6th form
	n.a
	140

	School size (pupils)
	707
	964


The Model

In analysing the data the true size-performance relations for Welsh secondary schools, must be distinguished from the influence of parental choice and education authority policy on school size. Education authorities’ behaviour will be influenced by their budget constraints and social/political objectives. Some parents to a greater or lesser extent will aim to ensure that their children receive a ‘good education’, variously defined. Schools attempt to provide this multidimensional good education subject to their resource constraints and the attributes of their pupils. Greater school size might allow a higher proportion of students to achieve five A*-C grades at GCSE but may also raise the proportion failing to achieve even one such grade. 
School Production Functions

Schools considered as a production process have a number of outputs yi (qualities of education), inputs xi (such as teachers and classroom space) and a technology T that relates the two categories. Each school in each period is subject to distinctive and idiosyncratic random influences, e, with a mean of zero, reflecting pupil experience and school characteristics. The school production function can then be written;

0=f(x1, x2,…, y1,y2,…,T, e.)

Economies or diseconomies of scale are conventionally described in terms of the degree of homogeneity of the production function over a range of output. If a one percent increase in all inputs produces a less than one percent increase in output, then there are diseconomies of scale and such schools are too large

Pupils of a certain educational standard are inputs, but they are outputs as well when measured at a higher standard. In a production process, materials are bought in (pupils are enrolled) and the output is total value of the transformed material (pupils trained and certified as to their quality). The value added output is the difference between the initial materials and their transformed value (quality added to pupils). Special Educational Needs or eligibility for free school meals as a measure of family deprivation are characteristics of the pupils and therefore are inputs.

More pupils typically means more value added, but in the absence of a rigid ‘school year’, the throughput could be faster or slower, with the size of the process in another sense remaining unchanged. When the timing cannot be altered, although more or less time per day can be spent on each pupil
, the different dimensions of output (throughput and total volume) are conflated. Form entry in some respects would better measure of size, but numbers per form could also be relevant. When their ‘production’ coefficients are equal, these two measures together will be identical to the number of pupils as a scale measure. 

Resources or inputs can be devoted to producing more of one output at the expense of less of another. Schools or education authorities must decide on the implicit weights to place on the various  aspects of the education they are producing- how much reduction in students gaining no qualifications will be traded off against an improvement in the 5 A*-C score, for instance, (if there is a trade-off). They might all exercise different judgements. Alternatively market weights that pay no attention to equity might be based on costs or on the present value of pupils’ future earnings consequent upon different exam attainments or attendance. If the outputs contribute to each other then there are still trade-offs to be made in determining the optimum mix- so long as schools and authorities can be regarded as optimisers. If a uniform set of weights is employed and are known then they can be used to create a composite output variable.
In the present study two school outputs are considered; the proportion of pupils gaining five or more A*-C GCSEs and the proportion of pupils achieving no qualifications at the minimum school leaving age. Each pupil then falls into one of three categories, the third being the intermediate range of some qualifications but not 5A*-C. So the school objective is both to increase the probability of being in the top category and reduce it for the bottom. In practice the achievement of one objective may be at the expense of the other. 

Strictly speaking the output of the production process is ’value added’. School value added performance can be obtained by taking into account Key Stage 3 scores at age 14 (KS3), though at the expense of losing degrees of freedom. Students with KS3 scores in 1996 take their GCSE exams two years later, so only in 1998 can the GCSE results begin to be utilised. There will probably be a secondary school effect that influences the KS3 score as an output of three years of education in the school, but this should not bias the judgment about the performance over the following two years
School characteristics include class size and  whether there is a sixth form. The Welsh Assembly Government has proposed closing down sixth forms of poorly performing secondary schools. It is sometimes maintained that a large sixth form is necessary to attract and retain good teachers for the whole range of teaching. In this case closing down sixth forms could exacerbate the plight of poorly performing schools. A test of the contribution of sixth forms if any to GCSE exam performance and school financial costs can be made by including sixth form variables in the relevant equations.

School Input Relations
Inputs into the production function must also be explicitly modelled if they are likely to depend upon school size, for size may exercise an indirect as well as a direct influence over the effectiveness of the education process. Attendance is  a candidate variable, in so far as size determines the ease with which pupils may  be monitored. Teacher quality could be both an input into the education process and another input that might depend on school size, if larger schools can offer more specialist posts and positions of responsibility that attract more experienced, or more effective teachers.  If schools are cost minimisers then input demands are functions of the multiple outputs and factor prices (wj), this second type of equation is

   xi = g(y1,y2…; wj……wk)

This relation offers a method in principle of identifying the weights that on average schools apply to their various outputs. However there may well be practical difficulties. There will be an optimum number of teachers, given the number of forms, the subjects taught and how much they are paid. But in a school with a declining roll the teacher input may be proportionately higher than in one expanding pupil enrolment simply because of the time and costs of adjustment. Such temporary dynamic inefficiency may give the incorrect impression that smaller schools are less efficient when in long run equilibrium. 
School Size Response to Performance 
If schools that obtain good results attract more applications, and they are allowed to expand, then larger schools may well be associated with good results and smaller schools with poorer outcomes. But size would be an effect not a cause of performance. Equally possible, if parental choice was allowed to influence school size, is that schools with high proportions of deprived pupils might attract fewer applications and contract, while those drawing more from prosperous socio-economic might expand. Parental choice could encourage social polarisation of schools.  
Local authorities may pursue an agenda independent of parental aspirations in deciding whether to allow schools to expand or contact. Full utilisation of existing sites and buildings so as to minimise costs, or spreading overheads in larger schools may encourage them to lean against the wind of parental choice. By redrawing or enforcing catchment areas they may be able to increase the size of smaller schools by preventing larger schools from becoming much bigger, if not actually reducing them, at least in periods, such as the one under investigation, where the total number of pupils is increasing. If local authorities have a size target that is greater than the current average, they may even attempt to cut unit costs by increasing small schools by more than they reduce larger schools. 
Measurement
School outputs and some of the input variables are measured as aggregates of pupil data. If a pupil exceeds some threshold value they are recorded as ‘1’ and otherwise ‘0’. Then summing over the relevant pupils, the proportion of “1”s is obtained for each school for each variable. In short the schools data are ‘grouped’. In general grouping of data is not efficient (because the variation within schools is conceptually discarded in this case), but it does not bias regression parameter estimates
. The equation fit also appears spuriously good- the averaging reduces the variance of the true (pupil level) disturbance term (Greene 1997 432-4). The classical regression model requirement of equal variances across disturbance terms is only met if all groups have the same numbers. Multiplying through by the square root of group size addresses this problem when they do not; weighted least squares regression yields unbiased parameter estimates
.

Where the dependent variables of interest are percentages, they are bounded between 0 and 100 and so do not satisfy the classical regression assumptions. If they are estimated by maximum likelihood as logits this does not matter. Otherwise they can be transformed into logits for regression analysis providing there is a correction for heteroscedasticity. Heteroscedascity due to pi is built into the likelihood function. But with different numbers of pupils in each school the variances will differ correspondingly. This can be accounted for by weighting by number of pupils in each school.

School fixed effects in the present model are likely to be proxies for managerial capacity. Then if inclusion of these effects changes the optimum size school, the distribution of managerial capacity varies systematically with school size. If optimum school size is increased, the implication is that the dispersion of managerial ability is greater in larger than in smaller schools. Equivalently, managerial capacity or incapacity has a greater impact in large than in small schools. The practical consequences depend on whether ability of school management teams can be independently identified and appropriate allocation decisions taken- in the case under discussion, less able teams sent to smaller schools and the more able established in larger. The Peter Principle suggests that in practice such identification and allocation decisions might themselves be undertaken by less able management, thereby triggering deterioration in system efficiency. This constitutes a case for identifying the education production process with an average level of management capacity rather than attempting to control for ability- for not estimating with fixed or random effects when identifying optimum school size.

Put another way, the argument for not using fixed or random effects in the production function is that these will identify management effects and good management are likely to be able to run larger schools efficiently. However quality of management cannot be controlled by policy terms and it should not be controlled in estimation. That is whether Welsh schools should be smaller depends on the average effects of size, not on the effects controlling for unobservable management quality.

Where explanations of changes in school size are concerned, the above position does not hold. Here the objective is not to identify parameters that can be used for policy, but to give a historical explanation. In this case the impacts of variables of interest are better estimated by holding constant school-specific influences that cannot be identified in any other way. 

The model that can be estimated with the present data set then consists of three equations.

1. A production function  for educational quality or achievement, with one year lagged quadratic size (number of pupils), to ensure that effects of performance on size are not identified, together with pupil characteristics terms, including  Key Stage 3 scores lagged two years, in order to capture school value added. 

2. An attendance equation, an input into the productions function, also including quadratic size terms lagged and other pupil and school characteristics.

3. A change in school size equation in which performance and pupil and school characteristics lagged one year are explanatory variables.

Results
The Production Function

The single output production function yields estimates of an optimum size secondary school of around 600 pupils (though the standard errors do not allow much precision). Two methods are presented; maximum likelihood estimation of the school proportions weighted by number of pupils per school, (Tables 4, 6) and OLS estimation of logit transformed proportions, corrected for heteroscedasticity (Table 5). They yield similar results.
Exam performance first improves with increasing size and then deteriorates. The optimum size is about 650 pupils
. Surprisingly schools without sixth forms have a larger optimum size (650) than those with (570)
. Also allowance is made for class sizes being smaller because of sixth form specialisation. Both a sixth form and larger class sizes reduce performance (below the sixth form) but the interaction between the two raises it. In Table 4 at the mean six form school class size (of table 3) the implied effect of a sixth form is to reduce the 5A*-C performance measure by 2.6 percentage points. 
However the impact of sixth forms in Table 6 is sensitive to the exclusion of very large schools
. When those of over 1700 pupils are excluded the sixth form/scale effect disappears; the optimum for both those with and without sixth forms is 670. Evaluated at the mean of the size and class variables, the full sixth form effect is to reduce A-C scores by about 1.9 percentage points
. 
Class size has the expected negative impact on performance, but the marginal probability of around 0.006 is small. An increase in average class size by say one pupil, the average increase between 1996 and 2002, lowers the school 5A*-C score by 0.6. The SEN proportion has a slightly smaller effect and the free school meal eligibility marginal probability is around 0.003. The annual improvement is 0.002.
Apart from the sixth form effects, attendance has the largest coefficient of 0.008; the one percent improvement in attendance between 1996 and 2002 more than offsets the adverse impact of rising class size on the chosen GCSE performance measure. Since KS3 improved so much over the period, it was an important reason for better school GCSE results. A rising school size has the opposite effect.
If the school average size was reduced to the optimum size the 5A*-C score would rise by 1.7
. Of course the gains would be much larger for bigger schools. A school of 1400 down to 570 would increase its score by 3.4. If non-attendance could be brought down from 10 to 5, this would push up scores by 4.2 . Reducing class size by 5, .0065*16.2279, yields 3.2. The annual improvement is .0025%, rather more than 1.1% over 4 years.

With the three category dependent variable (Table 6b), the biggest effects, as in the two case production function, is the presence of a sixth form, at the sample mean reducing the chances of being in the highest performance category and increasing the chances of being in the ‘no qualifications’ group. The size variables jointly matter a great deal. It follows in the two case output that if one case improves up to a certain range the other must fall. With the three category output matters are not necessarily so straightforward. But there is no apparent trade off between the highest and lowest performance groups. The implied size optimum size for the highest of the three categories is (exp(0.3762/(2*.0301))=) 517, close to the previous case. The chances of being in the no qualifications category first decline with size and then increase as the effect of the positive squared term comes in. At a size of (exp(.05344/(2*.0043))=) 500 the chances of achieving no qualifications begin to rise with size. A similar conclusion can be inferred for the intermediate category (exp(.3228/(2*.0259))=508. 

Attendance

Table 7 shows that attendance does respond to school size.  (Note the dependent variable is non-attendance.)  Reducing average school size to the optimum size (.53*.012) leads to a 0.6% reduction in the non-attendance index
.  This adds on to the direct effect through the production function (0.6*.008=) 0.48%, raising the impact on A-C scores from 1.7 to 2.2.

Apparently attendance is deteriorating at .08% per year. This magnitude is not likely to be very harmful but also is not encouraging. Average class size has an indirect effect on achievement through attendance as well; a five student reduction gives 0.7% improvement in attendance. Schools with sixth forms have more non-attendance, other things being equal.
Mobility and School Size

The average increase in school size was 1.09%. The change in school size between this year and last year depends on last year’s size and last year’s performance and pupil characteristics. Local authorities are likely to want to eliminate small schools for financial reasons, but it is not so easy to separate this from parents’ influence to expand better performing schools in absolute terms and perhaps those with higher socioeconomic intakes (free school meals would enter with a negative coefficient and A-C* with a positive). 
The A-C performance measure is indeed positive and significant; five points on the A-C score raises numbers in the school by 0.3% (Table 8) and 0.4% in the panel estimate (Table 9). Increasing the 5A*-C score from 30 to 60 raises numbers by 1.8% (Table 8). ‘No qualifications’ has the wrong sign for parental pressure; schools with higher proportions of pupils failing to achieve any qualifications increase in size. Possibly the effect reflects education authority policy. The significance of the lagged size variable in Table 9 (but not Table 8) implies that there is a tendency for ‘mean reversion’ - the lower the size last period, the bigger the increase this period. The relationship is tested for asymmetry of the response when size is below average and when it is above. The variable LA is equal to size when size above average and zero otherwise. Adjustment is slower downwards than upwards but not much. This is consistent with education authorities aiming to increase the average size of schools – despite the evidence found above that schools are too large for optimum educational performance.  Deprivation as measured by free school meal eligibility is not a cause of changes in school sizes- there is not an effective demand for this form of social segregation. On the other hand there is a tendency for higher SEN schools to become smaller.
Variable Key:
 LLSIZE=log(previous year pupil numbers),

LLSIZES=LLSIZE*LLSIZE
SIX= 1 if sixth form, 0 otherwise

SIXCLASS=SIX*average class size
SIXSIZE=SIX*LLSIZE

SIXSIZES=SIX*LLSIZES

AVCLASS=average class size

ATTENDAN= percentage non-attendance

KS3TWICE= Key stage 3 percentage two years previously

SEN= percentage special educational needs

FSM= percentage eligible for free school meals

YEAR= time index

DSIZE=log (current year pupil numbers)-LLSIZE

LA=1 when LSIZE> average, 0 otherwise
NONE= percentage with no qualification
AC= percentage with five or more A*-C grades at GCSE
Prefix LAG= one year lag
Table 4 
School Academic Performance: Logit Proportions
	Dependent variable    5A*-C ,  
	Weighting variable   PUPILS (noscale)

	Logit Model  
	 Maximum Likelihood Estimates  |              

	Marginal effects on Prob[Y = 1]
	 

	Variable  
	 Coefficient  
	|b/St.Er.
	 Mean of X

	Constant 
	1.5741 
	  12.487   
	-

	 LLSIZE 
	   .4868
	  12.846 
	6.8774

	 LLSIZES 
	 -.3800E-01 
	 -13.65
	47.4358

	 SIX 
	  -.1078
	 -7.681  
	.8025

	 SIXCLASS 
	 .4128E-02 
	  6.586
	 6.8443

	ATTENDAN 
	-.8397E-02 
	  -27.77
	 0.2784

	 KS3TWICE
	 .6878E-02
	  99.704 
	45.4528

	 SEN
	 -.5241E-02
	  -19.05
	 3.2527

	 FSM 
	 -.3349E-02
	-32.708 
	17.9146

	 AVCLASS
	 -.5997E-02
	  -10.09 
	21.2279

	 YEAR  
	  .2481E-02
	    6.716
	5.0329

	
	Number of observations              
	1119    

	
	Log likelihood function     
	-673838

	
	Implied optimum size (pupils)
	605


Table 5

   
School Academic Performance: Logistic Regression
	Dep. var.=log((A*-C))/(1-(A*-C)))
	  Mean=  -.42358E-01, S.D.= .621357

	 Ordinary  least squares logistic regression, 
	Weighting variable = Pupils (scaled) 

	Results Corrected for heteroskedasticity 

	          Variable 
	|Coefficient
	b/St.Er.

	 Constant
	 -5.9450
	 -2.370

	 LLSIZE
	    1.8561
	2.463

	 LLSIZES
	  -.1456
	 -2.665

	ATTENDAN
	 -.3515E-01
	 -8.416

	 AVCLASS
	  -.2543E-01
	 -2.911

	 SIX
	      -.4806
	 -2.322

	 SIXCLASS
	 .1844E-01
	  2.034

	 KS3TWICE
	  .2824E-01
	 27.041

	 SEN
	 -.2211E-01
	 -5.493

	 FSM
	   -.1313E-01
	 -8.113

	 YEAR
	    .9190E-02
	   1.673

	Observations
	1119
	Adjusted R squared
	.83724

	Diagnostic: Log- L   
	  -76.624,
	Restricted (b=0) LogL
	-1097.397

	Breusch - Pagan chi-squared
	31.109, with  10 df 
	Optimum size (pupils)
	586 = exp(1.8561/(2*0.1456))


Table 6a School Academic Performance : Logit Proportions
	Dependent variable     >5A*-C      |
	Weighting variable             Pupils     

	 Logit Model:  Marginal effects on Prob[Y = 1]
	  | Maximum Likelihood Estimates  

	Number of observations             1119    
	 Log likelihood function       -673835.1

	        Variable
	Coefficient  
	b/SE

	Constant
	 -2.4334
	     -6.256

	LLSIZE  
	  .7510
	      6.257

	 LLSIZES
	  -.5799E-01 
	 -6.317     

	 SIX 
	       .9073 
	     2.191 

	 SIXCLASS
	   .4698E-02  
	  6.396 

	 SIXSIZE
	   -.3095
	     -2.437

	 SIXSIZES
	   .2325E-01
	   2.407 

	ATTENDAN
	 -.8431E-02 
	-27.842 

	 KS3TWICE 
	   .6875E-02  
	  99.584 

	 SEN
	     -.5319E-02 
	-19.185 

	 FSM 
	     -.3349E-02 
	 -32.699  

	AVCLASS
	 -.6498E-02 
	  -9.608   

	 YEARS
	    .2501E-02 
	 6.768


Note: Partial derivatives of probabilities with  respect to the vector of characteristics. They are computed at the means of the Xs. All observations used for means.  
Table 6b

School Academic Performance: Ordered Logit
Marginal probabilities for three categories of school performance

Frequency categories             

	NONE
	SOME
	>5A*-C

	     46 .041 
	   529 .473  
	  542 .485


             Marginal Effects        
      

	 Variable |
	NONE
	 SOME 
	    5A*-C

	                 constant   
	   |    .0433 
	|    .2615 
	|   -.3047

	 KS3TWICE
	 |   -.0010
	 |   -.0057 
	|    .0067

	 ATTENDAN
	 |    .0015 
	|    .0090 
	|   -.0105

	 LSIZE 
	   |   -.0534
	 |   -.3228 
	|    .3762

	LSIZES  
	 |    .0043
	 |    .0259
	 |   -.0301 

	FSM     
	 |    .0005
	 |    .0029
	 |   -.0033 

	AVCLASS
	|    .0010
	 |    .0059 
	|   -.0069

	SIX     
	 |    .0937
	 |    .5662 
	|   -.6599 

	  SIXSIZE
	  |   -.0217
	 |   -.1308
	 |    .1525 

	SIXSIZES
	.0016
	   .0096
	  -.0112

	SIXCLASS 
	|   -.0008
	 |   -.0047
	 |    .0054

	SEN     
	 |    .0006
	 |    .0039
	 |   -.0045

	YEAR      
	|   -.0002 
	|   -.0015
	 |    .0017 


Table 7 School Non- Attendance Proportion
	Dependent variable
 Non- Attendance 
	| Weighting variable     Pupils    |

	     Logit Model
	 Maximum Likelihood Estimates
                

	   Log likelihood function       -337126.6  

	   Number of observations             1123     

	   |Marginal effects on Prob[Y = 1] 

	|Variable
	 | Coefficient  
	 |b/St.Er.|

	Constant
	 -.3101
	  -21.909

	 LLSIZE
	    .1200E-01
	    4.899

	 SIX
	        .6639E-01
	    4.415 

	 SIXCLASS
	  -.1136E-02 
	   -2.878

	 SIXSIZE
	   -.6441E-02
	  -2.414

	 KS3TWICE
	 -.6192E-03
	  -16.368

	 SEN
	       .4735E-03
	    3.110

	 FSM   
	    .1322E-02 
	   27.321

	AVCLASS 
	 .13970E-02 
	    3.915

	 Year
	      .8109E-03 
	    3.806


Note: Partial derivatives of probabilities with respect to the vector of characteristics. They are computed at the means of the Xs. All observations used for means.  
 
Table 8 Change in School Size (Pupil numbers)
	Ordinary    least squares regression   
	 Weighting variable = none    

	| Dep. var. = DSIZE 
	   Mean=   .1089959612E-01, 

	S.D.=   .6281348330E-01 
	| Model size: Observations =    1345, 

	
	Adjusted R-squared =          .04077 |

	| Diagnostic: Log-L =   1846.4357, 
	Restricted(b=0) Log-L =    1814.4304 |

	| Results Corrected for heteroskedasticity      
	 Breusch - Pagan chi-squared =  5208.7848,    8 df 

	|Variable 
	| Coefficient  |
	 |b/St.Er.|

	Constant
	  .92823E-01  
	  1.558 

	 LLSIZE   
	-.1877599E-01  
	 -1.410 

	SIX       
	.689493E-02  
	    1.955 

	LAGNONE   
	.14002E-02
	   2.384 

	LAGAC 
	.59925E-03   
	.  2.900  

	 LAGATTEN
	 -.2081E-02  
	   -.923 

	 LAGDSEN  
	-.19716E-02 
	  -2.640 

	 LAGFSM 
	 .120056E-03 
	   .253 

	 LAGCLASS  
	.15327E-02  
	   1.194  


Table 9 Change in School Size: Random Effects Panel Estimates) 
	Dep Var DSIZE
	 Random Effects Model: v(i,t) = e(i,t) +u(i)   

	Estimates:  Var[e]              =   .257468D-02  
	Var[u]              =   .149181D-02  

	Corr[v(i,t),v(i,s)] =   .366854      
	

	* Lagrange Multiplier Test vs. Model (3) =   27.27              ( 1 df, prob value =  .000000)                   
	** Fixed vs. Random Effects (Hausman)  =.00 (9 df, prob value = 1.000000)                   

	  Reestimated using GLS coefficients:              
	Estimates:  Var[e]              =   .301331D-02  

	     Var[u]              =   .180451D-02  
	 R-squared               .472866D-01  

	Variable 
	 Coefficient  
	b/St.Er.

	LLSIZE
	-.6199E-01
	  -5.629

	 LA        
	.2276E-02 
	   2.057 

	 SIX       
	 .2253E-01
	   3.116   

	 LAGNONE
	.1407E-02 
	   3.406

	 LAGAC  
	.8038E-03   
	   3.588 

	 LAGATTEND 
	-.1939E-02
	   -2.041 

	 LAGSEN
	-.1258E-02
	   -1.117 

	 LAGFSM 
	 .3848E-03 
	    1.089 

	LAGCLASS  
	.1609E-02 
	    1.731 

	 Constant
	  .3427 
	    4.992  


Notes:* High values of LM favour FEM/REM over CR model. **High (low) values of H favour FEM (REM).
Conclusion
Contrary to recent estimates for England, there is no reason to suppose that educationally efficient schools should be larger than the present average size for Wales. Rather, the opposite is the case. Reducing very large schools to around 600 pupils could produce significant gains in GCSE performance, both directly and through improved attendance. Smaller class sizes also would produce better results. 

There is some tendency for schools to expand in response to good GCSE performance, and conversely. This may have contributed to the impression that large schools deliver better results. On the other hand there was no evidence of an increasing social segregation effect, as measured by the impact of free school meals eligibility on changing school size in Wales. The present analysis is consistent with a Welsh education authorities’ policy of raising school sizes; there is stronger expansion in response to good results than contraction in the face of poor performance.

The results of this paper confirm that sixth forms in Wales are not the unambiguous education advantage that is sometimes assumed. When the characteristics of their intake are taken into consideration, schools with sixth forms add less value to those below the sixth than schools without. This is consistent with schools starving GCSE pupils of resources in order to ‘nourish’ sixth formers. Schools with sixth forms also need to be smaller than those without to generate optimum educational results.
The measure of optimum school size has not taken into account the greater pupil travel costs imposed by larger schools (for example O’Shaughnessy 2000) which would strengthen the case for smaller schools
. The point of most concern perhaps to local education authorities has not been addressed in this paper, namely the costs of delivering the extra educational benefits of smaller schools and smaller classes. Visual inspection of data on Scottish cost per pupil by school size suggests most of the cost reduction is achieved by a level of 600 pupils. Hence the extra financial costs of smaller schools should not be significant.
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(  We are grateful to the Welsh Assembly Government for providing the data for this study and to Roger Mansfield for helpful discussion. They are not responsible for any errors or omissions.


� The Scottish Executive (2003) comment ‘..in general the smaller the school the higher the running cost per pupil’. This financial performance might be explained by the spreading of fixed costs (such as a head teacher and school caretaker) over a larger number of pupils.


� Calculated from Key Education Statistics in Wales 2002.


� In fact Bradley et al (2000) found both relationships for England. 


� O’Shaughnessy models a system of schools with scale economies and ‘peer effects’, where parental perceptions of school quality depends upon  resources and pupil characteristics. Different qualities of schools cannot be supplied to match parental preferences  because of fixed school costs and geographical dispersion. With strong peer effects existing schools select for ability and new selective schools enter. This raises educational quality for some but adversely affects others. Departure of high ability students disadvantage remaining pupils in a school and travel costs increase in the system as a whole.


� At least Level 5 in English or Welsh first language, Mathematics and Science in combination.


� Possibly a difference between fee-paying and state schools.


� Bradley and Taylor (1998) adopt a four category measure of school exam performance instead of the percentage of pupils achieving a certain level. They maintain that, as this second is a grouped response variable base on individual performance, there is a possible bias from omitted individual level characteristics. As argued above, there is instead a loss of efficiency. They do not comment on or compare the loss of efficiency from discarding information to group performance into only four categories.


� Bradley and Taylor (1998) remark that standard logit software produces false precision because the standard errors are estimated from the number of pupils rather than the number of schools- which again does not seem correct for the data under discussion.  Pi (the proportion of pupils with a characteristic in school i) has an unconditional variance of pi{1-pi}/Ni where Ni is the number of pupils. Thus the efficiency of b is underestimated by assuming pi is a sample of one from a distribution with variance pi[1-pi].


� The optimum school size implied by  Table 6a does not seem to be sensitive to outliers. Excluding observations with over 1700 pupils does not alter the optimum size of just under 650. Then in addition excluding observations of under 300 pupils changes the optimum by 3 pupils to 651. Just under one third of the full sample consists of schools of under 700 pupils. The modal school is between 800 and 900 pupils.


� From Table 6a if six=1, (.75-.309)log Size –(0.05799-.02325)(log Size)2 =optimum size 570. If six=0, optimum size = 650.


� Excluding observations on over 1700 pupil schools eliminates 16 observations in the equation of Table 6a.


� When observations of under 300 pupil are also excluded the only significant sixth form effect is that schools with sixth forms  achieve slightly better academic results for a given class size. The coefficient on SIXCLASS is 0.0044 and on CLASS is -0.00646. Sample size is reduced to 1095, by 24 observations. There must be some question about the value of discarding observations on small schools when the results point to moving towards smaller schools. 


� Reduce LLSIZE by 0.53 and LLSIZES by 7.15





� The higher order size term is collinear and therefore insignificant but the net effect was similar at the mean. +.063S - .0039S2  implies 0.55%.


� However it is not immediately obvious how the non-monetary  component of such costs should be valued.
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