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Abstract

We study the relationship between results obtained in examinations for the General Certificate of Education at Advanced and Advanced Supplementary (A/AS) level and those obtained by the same students two years earlier in examinations for the General Certificate of Secondary Education (GCSE).  Using comprehensive data on four cohorts examined between 1994 and 1997, we build a multilevel, longitudinal model of student progress.  We find that progress differs between men and women, and between students of different ages, and that the average GCSE performance of the students in an establishment is a significant predictor of individual progress.  Once establishments are matched on this measure, and students are matched on their own GCSE performance, the effects of most establishment types are substantially reduced: in particular, the average progress of students in maintained grammar schools does not differ significantly from that of students in maintained comprehensive schools.  We find less stability over time in the usual residual estimates of the relative effectiveness of institutions than has been found in earlier studies.
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1. Introduction

Our purpose in this paper is to build and interpret models of the relationship between students’ performance in examinations for the General Certificate of Education (GCE) at Advanced and Advanced Supplementary (A/AS) level and their earlier performance in examinations for the General Certificate of Secondary Education (GCSE).  Such models are commonly used to describe educational progress, and how this differs for different kinds of student and in different establishments.  The present study extends the work of the Department for Education (DFE, 1995), Goldstein and Thomas (1996), and O’Donoghue et al. (1997) by using data on four complete cohorts of students: these allow us to model the relationship, in particular with time, in greater detail than before.  We use a multilevel framework for our investigation, with four levels of potential variation corresponding to the hierarchy in the population: students are modelled as varying within cohorts, which vary within establishments, which vary within local education authorities (LEAs).  The study is part of the project ‘Applications of Advanced Multilevel Modelling Methods for the Analysis of Examination Data’, funded by the Economic and Social Research Council.

The data relate to the results obtained in examinations at A/AS level taken in each of the years 1994, 1995, 1996, and 1997 by students attaining the age of 18 in the academic year of the examination and attending an educational establishment in England.  For each student we have also the grade results obtained in GCSE examinations taken at age 16 years or earlier.  Other data available are the age and gender of the student, and the establishment attended at the time of the A/AS-level examination.  The outcome variable, or response, is a composite score derived from the individual subject grades obtained at A/AS level.  For GCSE performance we use aggregate measures based on a commonly used scoring system.  These apparently simple measures are the ‘common currency’ for certifying students and comparing institutions. 

In the next section we describe the data and how we derived the variables used in our models.  We then describe the initial model used to adjust for individual performance at GCSE.  After these preliminaries we develop the model in stages.  The first stage (described in section 4) is to build a model of the ‘main effects’ on the response variable, in this case the effects of age, gender, establishment type, region, time, and GCSE performance.  In Section 5 we extend the model by including interaction effects and compositional effects.  For example, we test whether the effect of gender depends on the GCSE performance of the candidate, and whether the average prior attainment of the students in an establishment has an effect on individual outcomes.  In Section 6 we introduce random coefficients at establishment level in order to test whether the effect of gender, for example, varies from institution to institution. Finally, we summarise our findings and discuss their interpretation. 

2. The data and derived variables

The data comprise records on 722,903 students, spread over the four years 1994–7.  These are, for each year of examination, the full cohort of students who attained the age of 18 years during the year, attended a recognised educational establishment in England, and entered at least one examination at A/AS level.  We excluded from the analysis entries and results in General Studies, both at GCSE and at A/AS level.  In addition, students were excluded if grades or records were missing for either GCSE or A/AS level examinations.  These exclusions reduced the number of students by 18,760, some 2.6% of the total.  We also excluded records in which the establishment was not identified: this accounted for another 7,483 students, or approximately 1% of the initial total.  In sum, we used data on 696,660 students attending between them 2,794 establishments.  Of these establishments, 2,534 had examination cohorts in all four years, 121 in three of the four, 79 in two, and 60 in one only.  Inspection of the data on the establishments not represented in all four years revealed no dependence on establishment type, LEA, or cohort size.

We use as the response variable a measure of overall achievement at A/AS level based on the points score used currently by many British universities as a criterion for entry.  This scale assigns 10 points to each A grade obtained at A level, 8 to each B, 6 to each C, 4 to each D, and 2 to each E.  For grades at AS level 5 points are assigned to each A, 4 to each B, etc.  The points (excluding grades obtained for General Studies and for multiple entries in the same subject) are then accumulated to form a total A/AS score for each student.  The total examination score at A/AS level, calculated as above, is important for the future careers of students, and achievements on this measure, aggregated to the level of establishments, have been published nationally since 1992.

Table I about here

The mean scores obtained in each year are shown in Table I, where it can be seen that they increased slightly over the period 1994–7.  For our analysis we transformed the total score using normal scoring applied to the combined data.  This transformation produces ‘normal equivalent deviates’, and its chief purpose in this case is to ensure that the distributions of the residuals from our models are close to the normal, so that inferences about model parameters are valid.  Figure 1 shows how the raw A/AS score is related to the normalised A/AS score.  Approximately 6% of the students scored 0 at A/AS level.  This score is transformed to the value –1.86, which is the third centile of the standard normal distribution and corresponds to the mean rank of these students.   At the other end of the distribution, a few students obtained very high scores.  Because they have so few peers, such students have high normalised scores.  Normalised scores in the range above 1.96 are obtained by the top 2.5% of the students and in this part of the range the relationship between the scales becomes irregular, reflecting irregularity in the distribution of raw scores there.  For the rest of the range the relationship is approximately linear, and a difference of 1 point on the normalised scale corresponds to a difference of about 10 raw-score points.  Thus, to convert from normalised score to raw score an approximate rule of thumb for most of the range is to multiply by 10.  We shall use the term ‘score point’ for the result of applying this rule of thumb.

Figure 1 about here

To adjust for the prior achievement of each student, we use a combination of measures relating to overall performance at GCSE, as described in detail in the next section. The total GCSE score for each student is computed using grade results obtained two or more years earlier than the relevant A/AS level examination year, that is, at the age of 16 years or earlier, excluding grades in General Studies.  Where a student had more than one result in a given subject, the best grade is used.  Each A or A* grade is assigned 7 points, each B grade 6 points, each C grade 5 points, etc.  Standard practice at present is to assign 8 points to an A* grade, but this option is not open to us: A* grades were not introduced to the GCSE until 1994 and two of the four cohorts in our analysis took their GCSE examinations before that year.  The resulting total GCSE scores are summarised in Table I, as are the 

numbers of subjects taken, and the mean score obtained per subject.  All of these increased over the period.  Table I also shows the mean age of the students and the percentage of women.  These were effectively the same for each cohort.

Table II about here

Table II shows the numbers and percentages of establishments included in the analysis for each year, according to type.  For the schools, the categories beginning ‘Maintained’ include county schools, voluntary aided schools, and voluntary controlled schools, but not grant-maintained (GM) schools.  We have further categorised all schools according to their admission policy, as coded by the DfEE.  Maintained and GM schools that are not selective or comprehensive are officially designated ‘other’.  Most of these are Modern schools.  The admission policies of some schools changed during the period.  In these cases, as with changes from LEA-maintained to grant-maintained status, we have assigned a school to its earliest known category, on the principle that A/AS-level candidates were not substantially influenced by the later policies.  Similarly, where an establishment’s LEA changed during the period we have assigned it to its earliest known LEA.  For a small number of schools (less than 1% of the total, as shown in Table II) the admission policy was listed throughout as unknown.  These were retained in the analysis as a separate category.  It is important to note that the formally listed admission policy of a school cannot describe precisely how that policy operates in practice.  For example, a ‘non-selective’ school in one area may in practice operate an admission policy similar to that of a ‘selective’ school in another.  One of our purposes is to estimate the effects of such differences in selectivity upon students’ progress.

3. The GCSE performance function

We have available three variables derived from the subject grade results at GCSE: the GCSE total score, the GCSE number taken, and the GCSE mean score.  In order to adjust for GCSE performance we require a function of these variables that adequately predicts later performance at A/AS level.  The simplest such functions are polynomials, and these have been used in previous research (see, for example, DFE, 1995, Goldstein and Thomas, 1996, and O’Donoghue et al., 1997).

Of the three variables, GCSE total score, GCSE mean score, and GCSE number taken, any one can be calculated from the other two.  The total score by itself is problematic as a predictor.  For example, a score of 63 can be obtained by entering 9 GCSEs and gaining grade A or A* in all of them: a score of 64 requires at least 10 GCSEs and implies that a lower grade than A was obtained in at least one and possibly several.  In fact, a GCSE total score of 64 was found to be generally associated with a lower A/AS score than one of 63.  Figure 2 shows how the relationship between A/AS score and GCSE total score depends also on the number of GCSEs taken.  Turning to the GCSE mean score, we found a strong curvilinear relationship between this and the normalised A/AS score, for students taking between 4 and 12 GCSEs and obtaining mean scores above about 3.5.  Figure 3 shows the relationship as it was in 1997 for numbers of GCSEs taken between 7 and 10.  The relationships for the other years had a similar form.

Figures 2 and 3 about here

Table III about here

Table III shows the distributions of GCSE mean score and number taken over the whole data set.  Very few A/AS-level candidates took fewer than 4 GCSEs or more than 12, and the total number of candidates with GCSE mean scores less than 3 was only 1700.  This explains why no clear relationship is seen between GCSE mean score and mean A/AS score when the GCSE mean score falls below about 3.5.  It might be argued that students in these categories belong to different populations and should be excluded from the analysis.  We have chosen instead to develop the model including all students and investigate later the effects, if any, of removing these categories.
We carried out a series of cross-sectional analyses of the data for each year, using a variety of polynomial functions of the GCSE mean score and number taken.  The function that best fitted the data in all four years was of the form:
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where
GA =
GCSE mean score (centred at 5.0),

GN =
GCSE number taken (centred at 9).

Figure 4 about here

We illustrate this functional relationship in Figure 4.  For ease of understanding, predicted A/AS scores have been converted to score points.  The shaded areas in the surface correspond to 5-point intervals in the predicted A/AS score, while the gridlines in the surface correspond to particular values of the GCSE mean score and number taken.  A candidate who took 4 GCSEs and averaged 6.5 points (obtaining, for example, two As and two Bs) is predicted to score 12 or 13 points at A/AS level.  The predicted score increases as the GCSE mean score increases, for a given number of GCSEs taken.  It does not necessarily increase when more GCSEs are taken, if the GCSE mean score is below 5 (an average grade of C).  For a GCSE mean score above this threshold, the predicted score increases most sharply as the number of GCSEs taken rises from about 5 to about 10.  The predicted score also increases sharply as the mean GCSE score increases beyond 5, for students taking at least 4 GCSEs.  The function captures the main features noted in Figure 3, and we call it the GCSE performance function.

4. Variance components models of the main effects

Each of the models in this section has simple components of variance at 4 levels, that of student (level 1), cohort (level 2), establishment (level 3), and LEA (level 4).  The general algebraic form is given in the appendix.  Table IV shows the estimates for three such models, two that do not include the GCSE performance function and one that does.

Table IV about here

Model 1 fits just the ‘intercept’, or constant term, and is intended to show how the variance in the response is shared between the four levels.  The total variance is about 1.01, reflecting the scaling of the response variable.  Most of this variance is at student level (76%), with very little at cohort level.  Establishments account for 22% of the variance.  A noticeable feature is the small amount of variance – less than 2% – at LEA level.

Model 2 estimates the main effects of gender, age, establishment type, region, and time, but ignores prior performance at GCSE.  Women are estimated to score better than men of the same age in establishments of the same type, by about 0.08 on the transformed scale or about four-fifths of a score point.  Age is measured in months, centred at 18 years and 6 months.  Its effect is estimated to be quadratic, with students of mean age predicted to have the lowest scores.  This symmetrical effect disappears when the GCSE performance function is included.  The main effects of establishment type are shown as contrasts with maintained comprehensive schools.  Several of these effects are substantial.  For example, students in maintained selective schools score on average 0.63 more than students of the same age and gender in comprehensives, on the transformed A/AS scale – equivalent to more than 6 score points or 3 A-level grades.  There are no statistically significant regional effects.  The main effect of time is approximately linear, with a yearly increase of about two-fifths of a score point.


This model provides a simple summary of average attainment at A/AS level.  To address the issue of the progress made in different types of establishment and by different types of student, it is necessary to adjust for the prior performance of the students.  Model 3 includes the GCSE performance function together with the main effects in Model 2.  We find marked changes from Model 2 in the estimates of the main effects of gender, age, establishment type, and region, these being now conditional on the GCSE performance of the student.  Women are predicted to obtain about two-thirds of a score point less than men with equivalent GCSE performance.  The main effect of age (within cohort) is now negative: the oldest students in the cohort are predicted to obtain about 1 score point less than the youngest students, when they are matched according to the other variables in the model.  The effects of most types of establishment are much reduced.

The regional effects are shown as contrasts with the Northern region.  The contrasts for the North Western region and for Yorkshire & Humberside are statistically non-significant at the 5% level.  Students in East Anglia, the East Midlands, and Greater London, however, are predicted to obtain about 1 score point more than similar students in the Northern region.  Once the other main effects are adjusted for, there remains a slight positive trend with time.

When we speak of the ‘effect’ of establishment type, gender, etc., we mean the difference in the predicted scores of candidates in a given category, for example maintained selective schools, when compared with candidates in the base category (in this case, maintained comprehensive schools), once the candidates have been matched according to the other explanatory variables in the model.  Such effects are ‘conditional on’ or ‘adjusted for’ the other explanatory variables.  We use the terms ‘advantage’ and ‘disadvantage’ in this conditional sense also.  Comparison of models 2 and 3 shows that the effects attributed to establishment type and gender alter markedly once adjustment is made for the prior performance of each candidate at GCSE.  Model 3 also reveals regional differences.  We shall not in this paper attempt to interpret these, but it does appear that in the North of England students are doing less well at A/AS level, in relation to their measured performance at GCSE, than students elsewhere in England.

The total residual variance has been reduced from 1.01 in Model 1 to 0.44 in Model 3.  In other words, the explanatory variables in Model 3 have accounted for about 57% of the variance.  This reduction is not evenly distributed between the four levels: the LEA component has been reduced to less than one-sixth of 1% of the total residual variance.
5. Interactions and compositional effects

Model 3 assumes that the effects of gender, age, and establishment type are constant across the attainment range of students, and over time.  To explore whether this was in fact the case, we require to extend the model by incorporating interaction terms and compositional effects.  A further extension is to allow some of the coefficients in the model to vary randomly.  Table V summarises the results of the first extension.  We describe the second in the next section.

Table V about here

We denote an interaction by means of descriptors separated by multiplication signs.  We are concerned particularly with the interactions Gender
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GCSE, Age
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GCSE, Gender
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Age, Estab
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GCSE, and Estab
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Gender.  Before we study these, however, there are two other interactions that it is important to consider.  The GCSE performance function we have chosen fitted the data well in all four years. Over this period, however, many establishments reviewed their policies at GCSE, partly in response to the publication of results in league tables.  This will have led to patterns of change over time in entry rates, subjects entered, and grades obtained, and hence in the coefficients of the GCSE performance function.  The first interaction, Year
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GCSE, allows for these changes.  The second, Estab
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Year, shows the mean changes in the effect of establishment type over time.  These are statistically significant for the independent and FE sectors, and it is important to include them since they may reflect systematic changes that we have not measured, for example in levels of resources.

Figure 5 about here

The Gender
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GCSE interaction shows that the effect of gender depends upon the GCSE performance of the candidate, and in a complex way.  Figure 5 illustrates this dependence, for candidates taking 9 GCSEs.  It shows that the mean disadvantage to women increases with increasing GCSE mean score, so that women obtaining grade B on average at GCSE fall behind men with a similar GCSE performance by approximately 0.1 on the normalised A/AS scale.  Women obtaining grades A or A* for all of their GCSEs fall behind men by about 0.22, or more than a full grade at A level.  The effect of the interaction terms involving GCSE number taken (not shown in the diagram) is to increase the disadvantage for women students taking more than 9 GCSEs.  Whatever the underlying reasons for these findings, it is clear from Table VI that women with average or above-average GCSE mean scores tend overall to enter for fewer A/AS levels, and to obtain lower total scores, than men with equivalent GCSE scores.  This tendency increases as the GCSE mean score increases above about 5.5, as does the ratio of women to men in each mean-score group.

Table VI about here

The Age
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GCSE interaction in Table V shows that the effect of age also depends on prior performance at GCSE.  The younger students in a cohort tend to progress further between GCSE and A/AS level than the older students, and this tendency becomes more marked at the higher end of the performance range.  The effect is slightly less for women than for men with the same GCSE performance and age difference, as is shown by the interaction Gender
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Age. There are also interactions between age and GCSE number taken but these are relatively small for nearly all students.

We turn now to the effects of establishment type.  In Model 3 (Table IV), it appeared that selective schools (LEA-maintained, grant maintained, and independent) had positive effects on progress when compared with maintained comprehensive schools, and modern schools had negative effects.  We note, however, that establishments differ in the average GCSE performance of their students, and in how much their student GCSE scores vary.  Students in selective schools, on the whole, have higher GCSE mean scores and vary less on this measure than students in comprehensive schools.  Comprehensive schools differ amongst themselves in these respects, and their distribution of student mean scores overlaps that of selective schools at one end of the performance range and modern schools at the other (see Table VII).  These characteristics of the overall performance of the students in an establishment provide a measure of the academic composition of that establishment, and this has been found (DFE, 1995, and O’Donoghue et al, 1997) to have an effect on individual progress.  When considering the possible effects of different establishment types, therefore, it is necessary to allow also for these compositional effects.

Table VII about here

In Model 4 (Table V), we have introduced as additional predictors

· the mean for each establishment of its students’ GCSE mean scores,

· the mean for each establishment of its students’ GCSE numbers taken, and

· the standard deviation for each establishment of its students’ GCSE mean scores.

We call these the establishment mean GCSE score, the establishment mean GCSE number, and the establishment GCSE standard deviation, respectively.  The effects of the first and the third are statistically significant and positive.  We have explored interactions between these effects and establishment type and found two, between FE college type and the establishment mean GCSE score and between Independent selective type and the establishment mean GCSE number.  These are included in the model.  There is also a small positive interaction between the student’s individual GCSE mean score and the establishment mean GCSE score.  A student with a high GCSE mean score is predicted to benefit slightly more from a high establishment mean than a student with a low mean score.

Figure 6 about here
Although the effect of the establishment GCSE standard deviation is statistically significantly different from zero, its estimated value is small and in our illustrations we shall ignore it.  The effect of the establishment mean GCSE score is more substantial, and is shown in Figure 6.  To illustrate the effect, consider two students at the median of the overall distribution of student GCSE mean scores, in different maintained comprehensive schools A and B, and suppose that school A has a GCSE mean score of 5.0 and school B a mean score of 5.8.  As Table VII shows, A is at about the tenth centile for comprehensive schools and B is at about the 85th: clearly different kinds of school, but neither of them extreme for comprehensives.  The schools differ by 0.8 points in their mean GCSE scores, and from Figure 6 we see that the students’ outcome scores will differ on average by approximately 0.15, or about three-quarters of a grade at A level.

Now consider two similar students in FE colleges C and D, where C has a mean score of 4.6 (at about the 10th centile for FE colleges) and D a mean score of 5.4 (at about the 80th).  The colleges differ by 0.8 points, and Figure 6 shows that the students’ outcome scores will differ on average by about 0.33 points: more than 
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 grades at A level.  These are comparatively large effects: it is clear that the academic composition of an establishment, as estimated by the mean GCSE score of its A/AS candidates, is an important predictor of a student’s outcome score.

We are now in a position to compare the effects of establishment type, after allowing for the compositional effect in each establishment. Table VIII shows these, for men at the median of GCSE mean score and number taken, as contrasts with maintained comprehensive schools. 

Table VIII about here

The relative effect of FE colleges depends on the mean GCSE score in the college: 5.31 is the upper quartile of the FE college distribution.  As their mean GCSE score increases, the FE colleges move closer to the corresponding comprehensive schools.  Once adjustment is made for academic composition, the only establishment types that have sizeable positive effects over the comprehensive schools are the independent selective schools and the sixth-form colleges.  The effects of these are similar.

Figure 7 about here
Figure 7 summarises the effects of each establishment type for students of differing prior performance, predicted for men in 1994.  Students in independent selective schools on average score more highly at A/AS level than similar students in maintained comprehensives, but by an amount that shrinks as the student’s GCSE mean score increases.  Students in FE colleges or in maintained modern schools score on average less highly, by an amount that increases as the GCSE mean score increases.  The effects of independent non-selective, maintained selective, GM selective, and GM modern schools are statistically non-significant throughout the range of prior performance. 

Comparisons for women differ for four of the establishment types: GM selectives, independent selectives, sixth-form colleges, and FE colleges (see Table V).  These interactions did not change significantly over time, and did not depend further on age or GCSE performance.  Thus, for example, in comparing FE colleges and maintained comprehensives, the graph for women is parallel to that for men, but raised by an amount 0.036.  As we mentioned earlier, we detected some changes over time in the average effects (for both men and women) of independent schools and FE colleges: in particular, the relative performance at A/AS level of FE colleges, as a group, declined over the period by slightly less than half a grade at A level.

The FE colleges and the modern schools include establishments that concentrate their efforts on vocational qualifications rather than A/AS levels.  Vocational qualifications are not included in our analysis, and for those establishments that concentrate on them it is not appropriate to interpret the differences in Table VIII and Figure 7 as differences in relative effectiveness.  In fact it is possible that comprehensive schools whose establishment mean GCSE score is low also concentrate on other qualifications than A/AS level.  Without further information it is not possible to compare the effectiveness of these establishments.
6. Random coefficients

The effects of gender, GCSE performance, and time have so far been modelled by means of fixed coefficients.  These effects may vary from institution to institution within the same establishment type.  To explore this possibility we introduce random coefficients at establishment level.  We also improve the model for the variance at LEA and student levels by making it more specific.  The full model is given in the appendix.

In Model 3 (Table IV) the variance at LEA level was estimated to be about one-sixth of one per cent of the total residual variance.  Since this model of the variance includes all establishments, whether LEA-maintained or not, the resulting estimate may mask true variation between LEAs in the performance of the establishments maintained by them.  When the variance at this level is modelled for LEA-maintained schools only it is estimated to be 0.0016 (s.e. 0.0005), or about one-third of one per cent of the total residual variance.  We found no dependence on GCSE performance or gender, and no time trend.

We also tested the variance at student level for dependence on GCSE performance and time, and found none.  In line with previous research, we found that men varied more about their predictions than women throughout the range of GCSE mean scores.  Between-student within-establishment variance for men was 0.43 (s.e. 0.001) and for women 0.37 (s.e. 0.001).

The effects of gender, GCSE performance, and time varied significantly between establishments, after taking account of the fixed effects summarised in Table V.  To capture this, we define a ‘residual function’ whose coefficients are the establishment residuals.  There are several possible functions and we describe in the appendix what we believe is the most straightforward one, given the data.  The resulting residual covariance matrix at establishment level is shown in Table IX.

Table IX about here

Note that in this model there is a specific term for each year (after the first).  This is consistent with regarding the cohorts as fixed rather than random, and accordingly we omit entirely the cohort level of variance.  Using this model we may readily estimate year-on-year correlations between the establishment residuals.  For women at the median of the overall distribution of GCSE mean scores these were as in Table X.  The figures for men were similar.

Table X about here

We can also obtain estimates of the residuals at each level.  Suitably transformed, these can be used either to check model fit or to compare units.  As far as model fit is concerned, we found the residuals at all levels to be distributed satisfactorily.  When comparing units, for example establishments, the value of the residual function for a given unit is frequently used as a measure of its ‘effect’.  On this interpretation, we have confirmed that establishments are differentially effective according to the gender and prior attainment of the student.  Correlations between establishment residuals across two or more years are quite modest – of the order of 0.6 for students of median prior performance.  O’Donoghue et al. (1997), using data for 1993–5 and a simpler model, estimated the overall correlation between establishment residuals in 1993 and 1995 to be 0.75.  These correlations can be used to judge the stability of establishment effects, and such judgements are sensitive to the model used.

7
. Summary and discussion

What we have presented is an analysis based on overall scores.  In practice, at both GCSE and A/AS level, candidates enter varying numbers and combinations of examinations.  The usual scoring systems, which we have used with a minor alteration, are an attempt to extract simple measures from this complication.  Such measures are only approximate indicators of educational attainment and, given the choice of subjects that students have, the same scores may mean different things for different students.  Nevertheless, as we pointed out in Section 2, the total score at A/AS level is important for both students and establishments.

Our aim, broadly speaking, has been to model the progress made by students in the two years from age 16 to age 18.  Since the available data relate to students who entered at least one A/AS level at age 18, we have nothing to say about students who are not in this category.  Nor do we have information on the other achievements, for example General National Vocational Qualifications (GNVQ), of the students who are represented in the data.  Thus, the response variable we use is incomplete as a measure of attainment for some students, who may be concentrated in particular establishments.  We do not know the establishments in which the students obtained their GCSEs, nor do we have data on the socio-economic characteristics of the students, their mobility, or the social environment of the establishments.  All of these are known to have effects on examination outcomes (see, for example, Goldstein and Sammons, 1997, and van den Eeden et al., 1990). 

Within these limitations our findings, based on the estimates in Tables V and IX, may be summarised as follows:

1. Women with grades at GCSE averaging C or above tended to enter for fewer A/AS levels than similarly qualified men, and to obtain lower overall scores.  This tendency increased as GCSE scores increased.  It appeared to be stable over time.  See also Table VI and Figure 5.

2. Older students tended to make less progress from GCSE to A/AS level than younger students. This tendency also increased as GCSE scores increased and was stable over time.

3. Students in establishments where the average attainment at GCSE was high tended to make better overall progress to A/AS level than those in other establishments of the same type.  See Figure 6.

4. Once establishments were matched according to the average grades at GCSE of all their A/AS-level candidates, there was no statistically significant difference between LEA-maintained grammar schools, GM grammar schools, and LEA-maintained comprehensive schools in the average progress of their students.  See Table VIII and Figure 7.

5. Students in the North of England, specifically in the Northern region, the North Western region, and Yorkshire and Humberside, tended to score less highly at A/AS level than students in the rest of England whose performance at GCSE was similar.

6. Establishments were differentially effective for students of different gender and prior performance.

7. Establishment effects (residuals) varied from year to year, with only modest correlation two or more years apart.

8. Once all the above effects were allowed for, there was little remaining variation between Local Education Authorities.

Findings 1 and 2, the individual gender and age effects, confirm the findings of O’Donoghue et al. (1997), who used data from 1993–5 and a somewhat different model.  In addition, we have found that the relative disadvantage of women increased with the number of GCSEs that they entered, and the age effect for women was somewhat less than that for men throughout the range of GCSE performance.  These effects were effectively stable over time.  There were some interactions between gender and establishment type, but these were small and did not depend further upon GCSE performance. O’Donoghue et al. (1997), with additional information on whether schools were single-sex or co-educational, found this made no difference to progress once the selectivity of the establishment was taken into account.  Thus, the overall shape of the relationship between gender, GCSE performance, and progress illustrated in Figure 5 appears to persist across time, age of student, and type of establishment.  Further work is needed, in particular to explore individual subject choices and performance in different subjects.

The next finding, that the academic composition of the establishment, as measured by the average GCSE performance of all its A/AS-level candidates, has a substantial effect upon the progress of students, confirms that of O’Donoghue et al.(1997) and DFE (1995). In addition, we have found that abler students benefited more from a favourable composition than less able students (as measured by their average GCSE scores).  Once these effects are taken into account, many of the differences in student progress that appear to be associated with establishment type cease to be detectable.

This finding is the most important of the present study.  Table VIII and Figure 7 provide more detail about the relationships.  The establishment measures that we used were derived from data relating only to A/AS-level candidates and it may be argued that they are incomplete as measures of academic composition.  But for those schools and colleges whose main ‘mission’ is to prepare candidates for A/AS levels (the term used by DFE, 1995, paragraph 51), including all selective schools, comprehensive schools with comparable intakes, and sixth-form colleges, this objection has less force.  In practice, the majority of the students in these establishments would have entered at least one A/AS level, and they would be less likely to have taken a vocational qualification in addition.  We believe, therefore, that within the limits of a study of overall effects both the response variable and the intake measures used in our model justify our main conclusions for the above types of establishment.  These may be briefly stated as follows.  Students in maintained comprehensive schools made similar progress to those in state selective schools, both LEA and grant maintained, when these were matched according to the average performance at GCSE of all their candidates.  Those in sixth-form colleges, similarly matched for intake, made better progress, amounting to about three-quarters of a grade at A level for men and a full grade for women.  Students of average and above-average GCSE performance made similar progress in independent selective schools and sixth-form colleges, with some variation over time in the independent schools.  Students with lower performance at GCSE made better progress in the independent schools.

At present we have no explanation that we can offer with any confidence for our finding number 5, an apparent regional effect, which persists through all of our models that include GCSE performance.  It may be related to the examining boards used for A/AS level or GCSE (we do not have information on the latter), and it may affect some subjects more than others.  This is an area for further study.

Finding number 6 confirms earlier findings of the ‘differential effectiveness’ of individual establishments according to the gender and prior performance of students.  Different models can lead to different estimates of individual establishment effects, and this is the subject of continuing research.  In particular, our model leads to lower correlations between these effects over time than were found by O’Donoghue et al. (1997).  Such model sensitivity has implications for the use of residuals to study institutional ‘improvement’.  The residual variance at LEA level remains small in all models.  

We explored the effect of removing cases with GCSE mean scores of 3 or less, or GCSE number taken less than 4 or more than 12 (5,492 cases altogether).  This allowed a slight simplification of the GCSE performance function (the removal of one term), and some simplifications to the interactions with it.  The remaining parameters of the model were only marginally affected if they were already statistically significant.  The main findings listed above are not materially affected by the removal of such untypical cases.  This does not mean, however, that individual establishment effects (residuals) would not be affected.

We have shown that apparently simple measures of intake and outcome have a complex relationship, which is sensitive to the precise model used in both the fixed and the random parts.  The findings of our study are relevant to any attempt to rank individual establishments using value added procedures.
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Appendix

Each of the models in Section 4 (see Table IV) may be written in the form
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where i indexes students (level 1), j indexes cohorts (level 2), k indexes establishments (level 3), and l indexes LEAs (level 4).  In this equation 
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is the constant term or ‘intercept’, 
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denotes the rest of the fixed part of the model, where the xs are predictor variables and the 
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s are coefficients to be estimated, and 
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 are independent residuals at levels 4, 3, 2, 1, respectively, identically distributed for each level, whose variances are to be estimated.

The cohort level of variance has been removed from Model 4 (Tables V and IX).  Omitting subscript j and keeping the rest of the subscript scheme in (A.1), we have:


[image: image18.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

,

97

96

95

_

,

1

,

0

,

6

,

5

,

4

2

,

3

,

2

,

1

,

0

1

,

0

ikl

ikl

ikl

ikl

kl

ikl

kl

ikl

kl

ikl

kl

ikl

kl

ikl

kl

kl

kl

l

p

r

ikl

r

r

ikl

Female

e

e

Year

v

Year

v

Year

v

GA

v

GA

v

Female

v

v

Estab

LEA

w

x

y

+

+

+

+

+

+

+

+

+

+

+

=

å

=

b

b


(A.2)

where 
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 if the klth establishment is LEA-maintained and Female, GA, Year95, etc., have the same meanings as in the fixed part of the model.  Residuals at different levels are independent, and we estimate the full covariance matrix of the establishment residuals 
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, now at level 2.  The random part at level 1 is in the form commonly used to estimate separate variances for men and women (see Goldstein et al., 1998, for further details).
� Normal scoring, or normalisation, is a transformation based on the ranks of the scores, producing a distribution as close as possible to the standard normal, given the data.  Thus, for example, the median score is transformed to zero; the 97.5 centile to 1.96, etc.  Tied scores are assigned their mean rank.  In particular, since approximately 6% of the students scored 0 at A/AS level, this score is transformed to the value –1.86, corresponding to about the third centile of the standard normal distribution.










1



_1013773871.unknown

_1014026440.unknown

_1014206871.unknown

_1014026451.unknown

_1013775470.unknown

_1013774119.unknown

_990144752.unknown

_1010172984.unknown

_1013773764.unknown

_1010159760.unknown

_990144724.unknown

_990139991.unknown

