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ABSTRACT

This paper investigates the impact of teaching quality on the test score performance of pupils in all maintained secondary schools in England. We use pupil-level data from the National Pupil Database and school-level data from the Schools’ Census together with school inspection data from the Office of Standards in Education. We find that the estimated impact of teaching quality on test scores has been substantial, especially for some socio-demographic groups of pupils. The main findings are as follows: first, the impact has been greater for girls than for boys; second, the impact has been greater in maths and science than in English; third, the impact has been greater for pupils from low-income families; and fourth, the impact has been greater for Bangladeshis and Pakistanis than for other ethnic groups.   
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I.
INTRODUCTION

Concern about the quality of teaching in compulsory education is a permanent feature of education policy. Policy makers are continuously seeking ways to improve educational outcomes and this inevitably leads to the question of how the quality of teaching can be improved. A recent report has reiterated the key role of teaching quality in determining the test score outcomes of pupils, and the British government has decided to adopt its key findings (Coates 2011). In an attempt to improve teaching quality, a single set of standards for all teachers will be specified and monitored by head teachers.
 This is important because teaching quality may be expected to vary, perhaps considerably, not only between schools but between teachers within schools. 

Policy makers in other parts of the world have introduced a wide range of specific policies that focus either on the qualifications of teachers, as for example in the debate in the US about the ‘licensing’ of teachers, or on the quality of teaching. For instance, the debate in many countries about optimal class size, or more precisely the pupil-teacher ratio, is essentially about teaching quality and its effect on test score outcomes. There is still no consensus, however, in the existing literature on the characteristics of a ‘good’ teacher (Hanushek & Rivkin, 2006). It is therefore difficult to provide advice to policymakers who are seeking to improve the quality of teaching. In fact, the measurement of teaching quality in the academic literature has proved elusive, and researchers have consequently resorted to using indirect proxies in an attempt to investigate the link between teaching quality and the test score performance of pupils.

In this paper we seek to shed further light on the link between the quality of teaching and test score outcomes by adopting a different approach to previous studies. We exploit a rich source of data on the subjective evaluations of teaching based on classroom observation of the teaching process by professionally trained inspectors. These data are then mapped onto pupil level data, including pupil test scores. Our data therefore relate more directly to teaching quality than in previous studies. A drawback of our data is that the evaluation of teaching quality is aggregated to school level, albeit derived from the observation of many classes and many teachers over a period of several days by professional observers. As such our measure of teaching quality reflects the ‘average’ teaching quality of the school, which we observe intermittently over several years. 

Using these data we address the following issues. First, we estimate the causal effect of the change in teaching quality on the change in test scores (referred to here as test score gain). Since relevant data for test scores are available for English, maths and science individually, as well as for the overall test score, this allows us to investigate potential differences in the impact of teaching quality across these three main subjects. Second, we investigate the distributional consequences of the impact of changes in teaching quality on test score gain. Specifically, we investigate the differential impact of changes in teaching quality on the test score performance of boys and girls in different ethnic groups. In addition, we are able to identify pupils eligible for free school meals, which allows us to investigate the specific impact of changes in teaching quality on the test score gain of pupils from low-income families. We use pupil level data from the National Pupil Database (NPD) combined with school level data which includes data derived from inspection reports compiled by the Office for Standards in Education (OFSTED). 

Our main finding is that the estimated impact of teaching quality on test scores has been substantial, especially for some socio-demographic groups of pupils. Pupils in schools which have experienced the greatest improvement in teaching quality during their five years of secondary education (from 11 to 16) have also experienced the greatest increase in their test scores. Other findings of the impact of the improvement in teaching quality on test scores are as follows: first, it has been greater for girls than for boys; second, it has been greater in maths and science than in English; third, it has been greater for pupils from low-income families; and fourth, it has been greatest for pupils from Asian ethnic groups, especially Bangladeshis and Pakistanis.   


The remainder of the paper is structured as follows. Section II provides a brief discussion of the existing literature with a focus on more recent research which is closest to our own approach. This is followed in Section III by a discussion of the institutional setting in England, focusing in particular on the way in which OFSTED evaluates teaching quality in secondary schools. Section IV describes our data and discusses the econometric methods employed. Section V presents the results and section VI concludes.   

II.
LITERATURE REVIEW

The early literature investigating the effect of teaching quality on test score performance focused primarily on teacher characteristics as a proxy for teaching quality. Hanushek’s (1971) original work on this has been followed by a large number of studies, primarily using US data. This extensive literature has been reviewed in detail and so we provide only a brief overview here (Hanushek, 1979, 1986, 1997; Hanushek and Rivkin, 2006; Hanushek and Welch, 2006). 
One strand of this literature investigates the effects of teacher education and experience on test scores on the grounds that such characteristics should be positively related to teacher quality. Several papers use the selectivity of the college where teachers obtained their degree as a measure of teacher quality (Ballou, D., & Podgursky, 1997; Figlio, 1997, 2002; Hoxby and Leigh, 2004; Angrist and Guryan, 2008). Teachers who attended colleges with high entrance requirements are assumed to be of higher quality than those attending colleges with low entrance requirements, either because of higher intelligence or greater verbal ability (Ehrenberg and Brewer, 1994). There is no consensus, however, about the estimated impact of the selectivity of a teacher’s undergraduate institution on student test scores. Some studies find a significant correlation (Ehrenberg and Brewer, 1994) while others find none (Chingos and Peterson, 2010). Moreover, there appears to be no advantage in having either a specialist degree in education or a postgraduate qualification, such as a master’s degree (Eide and Showalter, 1998; Chingos and Peterson, 2010). 
A second strand of the literature focuses on teacher tests and certification, the idea being that those teachers screened by one or both of these mechanisms are likely to be better teachers. The evidence with respect to teacher certification is largely based on US studies and the findings are mixed. Sharkey and Goldhaber (2008), for example, find that private school students of fully certified 12th grade maths and science teachers do not outperform students of teachers who are not fully certified (see also Aaronson, Barrow and Sander, 2003; Gordon, Kane and Staiger, 2006; Goldhaber and Anthony, 2007). In the UK context, where the vast majority of teachers are certified, it is unlikely that certification would pick up differences in teacher quality.

Although there is very little evidence that teacher characteristics, such as qualifications and certification, have a positive effect on student test scores, there is more substantial evidence of a positive relationship between teaching experience and student test scores (Kane, Rockoff and Staiger, 2008). Staiger and Rockoff (2010), for example, show that although the pre-hire credentials of teachers are unrelated to the subsequent test performance of students, teacher effectiveness rises rapidly in the first two to three years on the job (see also Rivkin, Hanushek and Kain, 2005). Furthermore, Angrist and Lavy employ matching models to show that low cost in-service teacher training has a significant positive effect on student test scores, though Chingos and Peterson (2010) find that on-the-job training effects tend to disappear over the longer term. 

A more recent strand of literature has taken a very different approach by adopting an outcome-based measure of teacher quality. Essentially, this approach uses student test score data as a performance measure. Differences in the growth rates of student test scores over several grades for individual teachers are used to capture persistence in teacher quality over time. Hanushek and Rivkin (2010) use panel data and multiple cohorts of pupils and teachers for Texas. They include student, grade, school and teacher fixed effects in their value-added models of student performance and find strong effects of high quality teachers on maths and reading scores. This effect is stronger than the effect of reducing class size, which underlines the importance of teacher quality in education production. In a similar vein, Gordon et al. (2006) show that students assigned to a teacher ranked in the top quartile scored 10% more than students assigned to a teacher in the bottom quartile (see also Rockoff, 2004; Aaronson et al. 2003). 

A different approach is taken by Tyler et al. (2010) and Kane et al. (2010), who use detailed data for Cincinnati public schools on classroom observation, focussing on classroom practice which is converted to a teacher-based average evaluation score (TES) per year. Increasing the average TES score by one point increases test score gain by 1/6th of a standard deviation in maths and 1/5th of a standard deviation in reading. Teachers with higher scores on the classroom environment part of the evaluation had much stronger effects on test scores (0.25 of a standard deviation in maths and 0.15 in reading). 

These findings point to substantial differences in teacher effectiveness within schools, which is clearly of policy relevance. However, as Hanushek and Rivkin (2010) point out, these studies are not without their problems. For instance, there could be measurement error in tests, arising from whether the tests pick up ‘true’ knowledge, or alternatively, whether the tests simply pick up basic skills. It is also not clear how using test score growth as a measure of teacher quality can accommodate the fact that there is both a floor and a ceiling to test scores. This could induce regression to the mean, thereby leading to measurement error. In addition to the problem of measurement error, there is the possibility of omitted variable bias with regard to the non-random assignment of pupils to schools, or selection bias, or the non-random assignment of pupils to classes within schools due to tracking or streaming (Rothstein, 2010). 

In view of these shortcomings, a very recent approach to investigating the effect of teaching quality on the test scores of pupils has been to use subjective evaluations of teachers, an approach that is most directly related to the one adopted in the present paper. For example, Rockoff & Speroni (2010) use the evaluation of teachers by professional mentors, which is then compared with the so-called objective measure of the growth in test scores. Using data for pupils in grades 3-8 for the period 2003-08 for New York City, they find positive effects of the subjective evaluation of teachers on test score gains in maths. They conclude that both objective and subjective measures of teacher quality provide complementary insights into the relationship between teacher quality and the test score performance of pupils. 

III
INSTITUTIONAL SETTING AND DATA
In view of the importance of teaching quality for our own analysis, it is worth outlining the system of inspections of secondary schools in England that generated the teaching quality data. School inspections are undertaken by independent professional assessors appointed by the Office for Standards in Education (OFSTED), which was created by the 1992 Education Act. Its remit covers all state-financed schools, and its activities are therefore large in scale and scope. The four objectives of inspections specified by OFSTED are: (i) to raise pupil attainment in exams; (ii) to enhance the quality of the pupil’s educational experience; (iii) to increase the efficiency of financial and general management within a school, and (iv) to develop the school’s ethos and raise pupil self-esteem.
Although the structure of the inspection process used by OFSTED has been amended on several occasions over time, the fundamentals have remained unchanged. Since 1997, inspections have been on a five to six-year cycle for the majority of schools, but with ‘failing’ schools being inspected more frequently. Detailed reports of each school’s inspection are published on the internet for the benefit of parents, school governors, teachers and each school’s senior management team. Importantly for our purposes, a summary statistic of the overall quality of teaching in the school is provided in the published report. According to OFSTED, there is broad agreement by school heads and teachers that the OFSTED evaluations of teaching are ‘fair and accurate’. This is confirmed by Matthews et al. (1998), who compare the results of independent inspections undertaken by two inspectors per class.  

To measure teaching quality, inspectors observe lessons and grade teachers on the following eight criteria: 1) management of pupils; 2) knowledge and understanding of their subject; 3) lesson plans; 4) teaching methods and organisation of the lesson; 5) use of time and resources; 6) teacher’s expectations of the learning outcomes of the lesson; 7) use of homework; and 8) the quality and use of day-to-day assessment techniques. Since we do not have separate scores on each of these components, it is not possible to explore what features of the teaching process had most impact on pupil test scores. We only have the overall score for each school. 

For each of these criteria inspectors used a seven-point rating scale, as follows: 7=Excellent, 6=Very good, 5=Good, 4=Satisfactory, 3=Unsatisfactory, 2=Poor and 1=Very poor. Since the proportion of schools rated as ‘very poor’ was small, these were grouped with those rated as ‘poor’ in our statistical analysis, giving us a six-point rating scale. Table 1 reports the number of school inspections undertaken for OFSTED each year during our study period (1996-2005). Table 2 shows that 1,989 schools were inspected twice and 101 (failing or near failing) schools had three inspections during this period. Since we use inspection data only for those schools inspected twice during the study period, it is important to check whether the schools inspected twice are a random sample of all inspected schools. 
Table 3 reports descriptive statistics on the characteristics of schools inspected once and twice, and it is immediately clear that except for ‘modern’ schools there are no observed statistically significant differences between the two sets of schools. In Table 4 we report the estimates from a probit model of whether a school had been inspected twice (Y=1) compared to whether a school had been inspected once (Y=0), where school characteristics are lagged to precede the date of the visit. These results largely confirm the findings from Table 3. This suggests that schools inspected twice were inspected according to a routine schedule of visits and were effectively randomly selected.


To further minimise the possibility that this is a biased sample of schools, we focus on a subset of schools that had been inspected twice with a gap of either five or six years between inspections (see Table 5). This covers 80% of all schools inspected twice during our study period. Figure 1 shows the trend, and fluctuations in, the mean teaching quality score during 1997-2005. There appears to have been some improvement in this score over time, though this occurred in the first few years of the period. The distribution of schools across the teaching score categories is shown in Figure 2 and Figure 3 shows the frequency of changes in the teaching score between the first and second inspections. While the majority of schools (52%) are judged to have experienced no change in their teaching score, more schools have shown an improvement (34%) than a deterioration (14%), which is consistent with Figure 1. Since we are also interested in the distributional effects of changes in teaching quality on the change in test scores, Figure 4 shows how changes in teaching quality vary by ethnic group. All ethnic groups are seen to have experienced a larger improvement in teaching quality when compared with white pupils. 

The inspection data are combined with pupil level data from the National Pupil Database (NPD, 2002-2006) and school level data from the annual School Performance Tables and the annual Schools’ Census. The School Performance Tables contain information about the exam performance of pupils (at school level) in all state-funded secondary schools in England. The Schools’ Census provides information on variables such as type of school, admissions policy, gender mix, age range, teaching staff, pupil-teacher ratio, pupils eligible for free school meals, pupils with special needs, school size (pupil numbers) and other similar variables. Data from these two data sets are available from 1992. 

The NPD refers to the population of pupils attending maintained (state-funded) schools in England. The primary advantages of the NPD are, first, that it contains information about the population of pupils in maintained secondary schools, hence providing a large number of observations; and second, several test score measures at different Key Stages are available for each pupil. Our dependent variable is constructed from national test scores obtained by pupils at Key Stages 2 and 4. Key Stage 2 tests in English, maths and science are taken at the end of primary education at age 11, immediately preceding entry to secondary schooling. At Key Stage 4, pupils aged 16 take their General Certificate of Education (GCSE) exams, typically in eight to ten subjects (including English, maths and science).  Both Key Stage 2 and Key Stage 4 exams are national, which means that grades obtained are comparable across all pupils and schools in England. Since the test scores for Key Stage 2 and Key Stage 4 are measured on entirely different scales, it is necessary to standardise these scores (with mean zero and standard deviation unity). This allows us to construct the dependent variable for our regressions, which is a measure of the relative performance of each pupil compared to all other pupils at both Key Stages.

Finally,Table 6 shows some descriptive statistics for the Key Stage 2 and Key Stage 4 test scores by ethnic group. White pupils are seen to have experienced a fall in their score between Key Stages 2 and 4, whereas the score for the Asian groups (Indians, Pakistanis, Bangladeshis, Chinese and Other Asians) has increased their score by up to 0.5 of a standard deviation, which is a substantial improvement. Figure 5 shows how test scores have changed for different ethnic groups for girls and boys separately. Girls clearly have a higher test score gain than boys across all ethnic groups, though the improvement for girls is particularly striking for Asians and Black Africans. The question is: how much of this is due to improvements in teaching quality?

IV.
ESTIMATION METHODS

We adopt the education production function as our theoretical framework whereby the test score outcome, A at grade g is a cumulative outcome of several variables:
Ag = f (F(g), P(g), N(g), S(g), Q(g), α)     




(1)
where F refers to family background influences on test scores and P, N and S are vectors of variables that relate to the pupil’s peer group, the locality in which they live and the characteristics of the school attended, which include variables capturing school quality. α refers to the (innate) ability of the pupil and g indicates that inputs are cumulative up to grade g (Hanushek, 1971; Todd & Wolpin, 2003, 2006). Q is the teacher quality variable discussed in the literature review. 

As specified, this model of test scores is unlikely to deliver a causal effect of teacher quality on pupil test scores for a number of reasons. First, there is likely to be simultaneous equations bias insofar as ‘good’ teachers choose ‘good’ schools where test scores are higher (Hanushek, Kain & Rivkin, 2004). Second, there is likely to be omitted variable bias. In the present context, the creation of a quasi-market in secondary education (Bradley et al. 2000), including the devolution of budgeting and the hiring and firing of teachers to schools, could have affected both the quantity and quality of teachers within a school. 

To minimise the impact of these two sources of bias we exploit the panel nature of the NPD data and estimate a test score gain model (subsequently stratified by pupil i’s gender and ethnic group). We observe standardised test scores of pupil i between grade g-5 (age 11) and grade g (age 16) which means that our dependent variable is Ai(g,g-5). We include time varying covariates, subject to data availability, for each of the vectors included in Equation 1, as well as pupil-level fixed effects. Our main estimating equation is therefore given by:
     Ai(g,g-5)= β0 + β1Fi(g,g-5) + β2Pi (g,g-5) + β3Ni(g,g-5) + β4Si (g,g-5) +β5Qi(g,g-5) + β6T i(g,g-5)  + γi + ε i(g,g-5)       (2)
where γ refers to the pupil-level fixed effect and ε is the error term. A is the standardised test score at Key Stages 2 and 4. Data limitations restrict the number of variables which we would ideally like to include in the regression model. The inclusion of pupil-level fixed effects (γi ) helps to mitigate this problem since many pupil and family background (F) variables are likely to be time-invariant over a five-year period. We do not, therefore, include any specific family-level variables except those captured by the peer group (P), school (S) and neighbourhood variables (N). Peer group effects are captured by several time-varying school-level variables. These include: the proportion of pupils eligible for free school meals, the proportion from an ethnic minority, the proportion with English their second language and the proportion with special needs. The school variables are the number of pupils on the school roll (school size) and the pupil-teacher ratio (Bradley and Taylor, 1998). Three neighbourhood variables are also included: the proportion of pupils achieving five or more GCSEs at grades A*-C, the proportion of pupils eligible for free school meals and the proportion of pupils with special needs. The time dummy (T) specifies the Key Stage of the test (either 2 or 4). 
Finally, we include a variable that captures the change in the (observed) quality of teaching in the school, as explained in the previous section. One potential problem with this variable is that the assessment of teaching quality may be influenced by the test performance of pupils, thus inducing an upward bias in the estimated impact of teaching quality on test scores.  Our measure of teaching quality is therefore lagged one year in order to reduce this source of bias. A further problem with our measure of teaching quality is that it measures the ‘average’ quality of teaching within a school. Although we would prefer test scores by subject and by teacher, our measure of teaching quality is not without its strengths. This is because when pupils are aged 14-16 they embark on a national curriculum, typically in up to 10 GCSE subjects, including English, maths and science, in which they are exposed to different subject specialist teachers and even different teachers within the same subject. In view of the joint nature of education production, an average measure of teaching quality would seem appropriate. Moreover, it is worth noting that we are focusing on the impact of teaching quality on performance in national tests that ultimately affect entry to higher education, rather than basic skills as in the case of many recent US studies. The measurement of teaching quality throughout the school is more appropriate than measuring it at teacher level in the case of the value added between Key Stage 2 and Key Stage 4. 


There are several advantages of our econometric approach. The inclusion of pupil-level fixed effects allows us to control for time-invariant unobserved pupil-level effects, such as innate ability. This mitigates the effect of omitted variable bias. Since our measure of teaching quality is time varying and represents average teaching quality for the school, we are also effectively differencing out time-invariant school quality effects and minimising the impact of particularly good and particularly bad teaching. We argue that as a result we reduce the effect of any bias caused by teacher sorting. 
V.
RESULTS 
This section reports the results of estimating the impact of changes in teaching quality on the test score gain of 465,561 pupils in state-funded secondary schools in England during the period 1996-2005. Since we are interested in the differential effects not only on boys and girls but also on different ethnic groups, several estimates of the impact of teaching quality on the test score are provided in this section. Table 7 shows the estimated overall impact of teaching quality on test scores in each subject (English, maths and science) for boys and girls separately. Table 8 provides the estimated impact for each of eleven separate ethnic groups, again for each subject and by gender. In addition, we are interested in the impact of changes in teaching quality on pupils from low-income families, as defined by whether a pupil is eligible for free school meals. Differences in the impact of teaching quality on pupils eligible and pupils not eligible for free school meals are therefore investigated in Tables 9 and 10. 
Aggregate results

The results given in Table 7 indicate a strong positive causal effect of teaching quality on test scores, though the magnitude of the estimated effect varies between subjects. The estimated coefficient on the teaching quality variable indicates that an improvement in teaching quality by one grade (e.g. from satisfactory to good, or from good to very good) is associated with an increase in the English test score by 0.047 standard deviations, 0.061 standard deviations for maths and 0.082 standard deviations for science. The large differential impact of teaching quality between English and science could be due to the fact that science is more school-based than English since it depends more directly on teaching within the school environment, such as in the science laboratory. Moreover, parents are more likely to be engaged with their children’s learning in English than with their learning in science. The estimated impact of teaching quality on maths falls between those for English and science. This is plausible since maths is more school-based than English but less school-based than science. An alternative explanation is that teaching quality has actually improved more in science than in English due to greater investment in science subjects, but we have no way of checking this.

The estimated impact of the improvement in teaching quality also varies between girls and boys. Although the results for girls and boys separately follow the same broad pattern as the estimated impact for pupils as a whole, there is some evidence that the impact of teaching quality on test scores is greater for girls than for boys in science. The estimated coefficient for girls in science (0.091) is significantly bigger than that for boys (0.073), which suggests that improvements in the quality of teaching in science benefited girls more than boys. 

Ethnicity


The estimated impact of teaching quality on test scores is disaggregated into eleven ethnic groups in Table 8. The most striking results are as follows: first, the estimated coefficients are generally significantly bigger for science than for English and maths across all ethnic groups for both boys and girls; second, the estimated coefficients in science are bigger for girls than for boys across all ethnic groups; and third, the impact of the improvement in test scores in science has been greater for Asians than for the other ethnic groups. Figure 6 shows how the estimated coefficients vary between boys and girls for each subject. As with the aggregated analysis, the results for science are particularly striking, especially for girls.
Income level


Differences in the impact of teaching quality on pupils from ‘poor’ and ‘non-poor’ backgrounds have been investigated by sub-dividing the sample into pupils eligible and not eligible for free school meals. We find that the estimated impact of teaching quality on test scores is invariably greater for pupils from families on income support (see Table 9). This is the case in all three subjects for both boys and girls. Two further findings are: first, the estimated impact of teaching quality on the test scores of pupils from low-income families is invariably greater for girls than for boys across all three subjects; and second, the gap between the estimated impact for pupils eligible and not eligible for free school meals is substantially greater for girls than for boys (in all three subjects). 

The estimated impact of an improvement in teaching quality on test scores is particularly large in science for girls from low-income families. The estimated impact on girls from low-income families, for example, is 0.126 standard deviations (of the science test score) compared 0.086 standard deviations for girls not from low-income families. The corresponding estimated effects on the science test score for boys are 0.094 for boys from low-income families and 0.070 for boys not from low-income families. In other words, pupils from low-income families have generally benefited more from an improvement in teaching quality than pupils not from low-income families, especially for girls, and especially in science.  

Finally, estimates of the impact of teaching quality on the overall test score of pupils from low-income families are given for each ethnic group in Table 10. The estimated impact is particularly high for Bangladeshis, Pakistanis and Other Asians. The estimated impact of an improvement in teaching quality from ‘satisfactory’ to ‘good’ is 0.225 standard deviations for Bangladeshi girls from low-income families (who constitute 58% of all Bangladeshi girl pupils) and 0.185 standard deviations for Pakistani girls from low-income families (who constitute 36% of all Pakistani girl pupils). These estimates imply a substantial shift up the test score distribution (e.g. from the 50th percentile to the 58th percentile) for Bangladeshi and Pakistani girls from low-income families.
Further tests

A potential problem with these estimated effects of the improvement in teaching quality on test scores is that the estimates may be affected by regression to the mean. Schools with low grades in their first inspection are more likely to get a higher grade at their second inspection; and conversely for those schools with high grades at their first inspection. We checked this out by sub-dividing the data set into five quintiles based on the initial (Key Stage 2) test score and then estimating the impact of teaching quality on test scores for each quintile. The estimated coefficients were reasonably stable across all five quintiles, indicating that regression to the mean is not a serious problem in this case. 

In a further test of the model, we estimated the regression equations only for those pupils in schools which had experienced a change in their teaching grade between their first and second inspections. The results were not significantly different from those reported in Table 7. Omitting pupils in schools in which the teaching score did not change had no effect on the estimated effects.  
VI
CONCLUSION 

The aim of this paper has been to estimate the impact of teaching quality on test scores during the first five years of secondary schooling in England. It differs from earlier studies in that it uses a direct measure of teaching quality derived from classroom observations by professionally-trained school inspectors.  The statistical analysis is based on data for nearly half a million pupils and for about two-thirds of all maintained secondary schools in England (which were inspected twice during our study period). The magnitude of the impact is shown to vary between subjects, between boys and girls and between ethnic groups. It also varies between pupils eligible and not eligible for free school meals. The main findings are as follows:
1. There is a strong positive causal effect of teaching quality on test scores.

2. The impact of teaching quality is greatest in science and least in English (with an intermediate impact for maths).

3. The impact is greater for girls than for boys.

4. The impact for science is greater for girls than for boys across all ethnic groups.

5. The impact is greater for Asians than for other ethnic groups.
6. The impact is greater for pupils from low-income families.


It is likely, however, that the estimated impact of teaching quality on test scores provided in this paper is probably biased downwards for two reasons. First, teaching quality is calculated for the school as a whole. No data are available for individual subjects or for individual teachers. Since the quality of teaching varies considerably between teachers within schools, none of this within-school variation can be investigated with currently available data. This lack of observed variation means that our estimated impact of improvements on the test score are likely to be seriously underestimated. Second, there may be measurement error in the assessment of teacher quality, thus biasing the estimated coefficient on the teaching quality variable downwards. 

Although this paper provides evidence that improvements in teaching quality have had a positive impact on pupil performance, we have not addressed the more fundamental question of what factors determine teaching quality. Since it is widely accepted that pupil performance is responsive to the quality of teaching, it is clearly of the utmost importance to discover how education policy can contribute to improving teaching quality. An improvement in teaching quality may be even more important for pupils from low-income families and from particular ethnic groups if inter-generational income disparities are to be tackled effectively. This is because family income also plays a major part in determining the test score outcomes of pupils. 

There are clearly other questions that arise from our analysis, which we leave for subsequent research. For example, to what extentis teaching quality determined by the quality of school management, or by the degree to which schools have control over their own resources? Is teaching quality responsive to an increase in the competition between schools? How has the publication of school league tables and reports by OFSTED on school performance affected teaching quality? To what extent is teaching quality affected by structural factors such as the pupil-teacher ratio, or the availability of teaching assistants, or expenditure on the capital infrastructure of the school? Answers to such questions are needed if education policy is to be made more effective.  
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Figure 1   Teaching quality score, 1997-2005
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Figure 2   Frequency of teaching quality score in each category for schools inspected twice
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Figure 3   Frequency of changes in the teaching quality score over a five to six-year cycle
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Figure 4   Change in teaching quality: by ethnic group of pupils
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Figure 5   Test score gain by ethnic group and gender relative to overall mean gain
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Note: Test score gain is obtained by subtracting the Key Stage 4 standardised test score over all subjects from the standardised Key Stage 2 score (for English maths and science). 

Figure 6   Estimated impact of change in teaching quality on test score gain
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Table 1   Number of inspections, 1996-2005 

	1996
	164

	1997
	788

	1998
	534

	1999
	626

	2000
	608

	2001
	599

	2002
	518

	2003
	476

	2004
	560

	2005
	452

	Total
	5325


Note: Teaching quality data were available for only one term in the 1995/96 school year.
Table 2   Frequency of OFSTED inspections by number of times inspected during 1996-2005
	Number of
times inspected
	Number of schools inspected

	1
	1044

	2
	1989

	3
	101

	
	

	Total
	3134


Note: The total number of inspections is equal to the sum of the number of times inspected multiplied by the number of schools inspected (i.e. 5325).
Table 3   School and pupil characteristics of schools inspected once and twice during the study period
	School and pupil characteristics
	Number of  inspections

	
	1
	2

	School type
	
	

	Community
	64.2
	64.9

	Voluntary-aided/controlled
	20.3
	16.9

	Foundation
	15.6
	18.1

	City Tech College
	0.6
	0.5

	School admissions policy
	
	

	Comprehensive
	90.6
	88.7

	Secondary Modern
	3.6
	6.1*

	Selective (Grammar)
	5.9
	5.2

	Gender
	
	

	Boys only
	5.5
	6.2

	Girls only
	8.0
	7.1

	Mixed
	8.6
	8.7

	Pupil characteristics
	
	

	% eligible for free meals
	16.0
	17.2

	% special needs
	12.3
	12.3

	% pupils 5+ A*-C grades
	52.7
	51.3

	GCSE score (mean)
	191
	190

	Other school characteristics
	
	

	Pupil-teacher ratio
	16.7
	16.8

	Size (pupils)
	1015
	1013

	Expenditure per pupil (£)
	3439
	3426


*Significantly different (at 5%) from the schools expected only once.  

Table 4   Sample selection and OFSTED inspections: logistic regression of

number of inspections on school characteristics
	Explanatory variables

	Dependent variable = number of inspections
0 = inspected once, 1 = inspected twice

	
	

	Voluntary aided
	-0.132

(0.115)

	Voluntary controlled
	-0.380#

(0.217)

	Foundation
	0.158

(0.118)

	Modern
	0.569**

(0.211)

	Selective
	-0.109

(0.255)

	Boys only
	0.163

(0.190)

	Girls only
	-0.209

(0.170)

	11-18 school
	0.066

(0.102)

	Proportion of pupils with English second language
	0.661*

(0.326)

	Proportion eligible for free school meals
	0.882

(0.672)

	Proportion of pupils with special needs
	-1.392

(0.922)

	Pupil teacher ratio
	0.058

(0.040)

	Number of pupils
	-0.019

(0.016)

	Expenditure per pupil
	0.000

(0.000)

	Specialist status
	0.156

(0.150)

	School in Excellence in Cities Programme
	-0.149

(0.187)

	Proportion of pupils with 5 or more A*-C grades
	-0.218

(0.471)

	Constant
	0.304

(0.937)

	
	

	Chi-squared (prob-value)
	34.32 (0.008)

	n
	3009


Table 5   Inspection gap in years between first and second inspection during 1996-2005

	Inspection gap (years)
	Number of schools

	1
	1

	2
	87

	3
	68

	4
	184

	5
	619

	6
	1049

	7
	46

	8
	25

	9
	11

	Total
	2090


Table 6   Test score by ethnic group at Key Stages 2 and 4

	Ethnic group
	Number of pupils
	Key Stage 2 score
	Key Stage 4 score
	Test score gain

	White
	793,202
	0.05
	0.02
	-0.03

	Black Caribbean
	11,594
	-0.38
	-0.32
	0.06

	Black African
	12,202
	-0.35
	-0.12
	0.23

	Indian
	27,480
	-0.11
	0.34
	0.46

	Pakistani
	20,840
	-0.60
	-0.09
	0.52

	Bangladeshi
	7,858
	-0.44
	0.07
	0.51

	Chinese
	3,440
	0.31
	0.76
	0.45

	Other Asian
	4,200
	-0.01
	0.39
	0.39

	Mixed
	15,566
	0.04
	0.03
	-0.01

	Other ethnic
	8,192
	-0.10
	0.13
	0.23

	Other white
	19,408
	0.12
	0.21
	0.09


Note: The Key Stage scores are standard normal variables with mean zero and standard deviation equal to unity.
Table 7   Estimated regression coefficient on teaching quality score (with fixed pupil-level effects): 

by subject and gender

	
	Dependent variable = test score at Key Stage 2 and 4



	
	Boys
	Girls
	All

	English
	0.050

(0.002)
	0.044

(0.002)
	0.047

(0.001)

	Maths
	0.059

(0.002)
	0.064

(0.002)
	0.061

(0.001)

	Science
	0.073

(0.002)
	0.091

(0.002)
	0.082

(0.002)

	
	
	
	

	n
	442633
	451792
	894425


Note: The standard errors were estimated using White’s robust estimator. All estimated regressions control for pupil-level fixed effects and for the following school-level variables: proportion of pupils eligible for free school meals, proportion of ethnic minority pupils, proportion of pupils with special educational needs, proportion of pupils with English their second language, number of pupils in school, the pupil/teacher ratio and a Key Stage dummy. In addition, two district-level variables were added (both excluding the pupil’s school): the proportion of pupils eligible for free school meals and the proportion obtaining five or more GCSE A*-C grades. 

Table 8   Estimated regression coefficient on teaching quality score (with fixed pupil-level effects):

by subject, gender and ethnicity

	
	Dependent variable = test score at Key Stage 2 and 4

	
	
	Boys
	
	
	
	Girls
	

	
	Estimated coefficient
	Standard error
	p-value
	
	Estimated coefficient
	Standard error
	p-value

	English
	
	
	
	
	
	
	

	White
	0.049
	0.002
	0.000
	
	0.039
	0.002
	0.000

	Black Caribbean
	0.029
	0.018
	0.117
	
	0.037
	0.015
	0.017

	Black African
	0.036
	0.017
	0.030
	
	0.075
	0.015
	0.000

	Indian
	0.058
	0.012
	0.000
	
	0.048
	0.012
	0.000

	Pakistani
	0.038
	0.014
	0.005
	
	0.058
	0.014
	0.000

	Bangladeshi
	0.122
	0.023
	0.000
	
	0.073
	0.025
	0.003

	Chinese
	0.014
	0.033
	0.667
	
	0.001
	0.032
	0.977

	Other Asian
	0.072
	0.027
	0.008
	
	0.000
	0.029
	0.993

	Other white
	0.011
	0.015
	0.448
	
	0.014
	0.014
	0.330

	Mixed
	0.067
	0.017
	0.000
	
	0.056
	0.015
	0.000

	Other ethnic
	0.059
	0.012
	0.000
	
	0.054
	0.011
	0.000

	
	
	
	
	
	
	
	

	Maths
	
	
	
	
	
	
	

	White
	0.054
	0.002
	0.000
	
	0.060
	0.002
	0.000

	Black Caribbean
	0.081
	0.016
	0.000
	
	0.025
	0.015
	0.093

	Black African
	0.116
	0.016
	0.000
	
	0.070
	0.014
	0.000

	Indian
	0.046
	0.012
	0.000
	
	0.052
	0.012
	0.000

	Pakistani
	0.099
	0.013
	0.000
	
	0.079
	0.013
	0.000

	Bangladeshi
	0.085
	0.022
	0.000
	
	0.138
	0.024
	0.000

	Chinese
	0.025
	0.029
	0.381
	
	0.076
	0.028
	0.008

	Other Asian
	0.066
	0.027
	0.015
	
	0.034
	0.028
	0.214

	Other white
	0.047
	0.013
	0.000
	
	0.052
	0.013
	0.000

	Mixed
	0.074
	0.015
	0.000
	
	0.062
	0.014
	0.000

	Other ethnic
	0.065
	0.011
	0.000
	
	0.071
	0.011
	0.000

	
	
	
	
	
	
	
	

	Science
	
	
	
	
	
	
	

	White
	0.065
	0.002
	0.000
	
	0.078
	0.002
	0.000

	Black Caribbean
	0.085
	0.020
	0.000
	
	0.113
	0.018
	0.000

	Black African
	0.112
	0.019
	0.000
	
	0.119
	0.019
	0.000

	Indian
	0.112
	0.015
	0.000
	
	0.143
	0.015
	0.000

	Pakistani
	0.136
	0.017
	0.000
	
	0.160
	0.017
	0.000

	Bangladeshi
	0.110
	0.029
	0.000
	
	0.157
	0.032
	0.000

	Chinese
	0.074
	0.037
	0.049
	
	0.099
	0.038
	0.010

	Other Asian
	0.112
	0.034
	0.001
	
	0.143
	0.036
	0.000

	Other white
	0.069
	0.016
	0.000
	
	0.102
	0.016
	0.000

	Mixed
	0.074
	0.019
	0.000
	
	0.106
	0.018
	0.000

	Other ethnic
	0.073
	0.013
	0.000
	
	0.134
	0.013
	0.000


Note: See notes to Table 7. 

Table 9   Estimated regression coefficient on teaching quality score (with fixed pupil-level effects):

by eligibility for free school meals

	
	Dependent variable = test score results 

at Key Stage 2 and 4



	
	Not eligible for FSM
	Eligible for FSM

	English
	
	

	Boys
	0.049

(0.002)
	0.057

(0.007)

	Girls
	0.039

(0.002)
	0.077

(0.006)

	All
	0.044

(0.002)
	0.068

(0.005)

	Maths
	
	

	Boys
	0.058

(0.002)
	0.065

(0.006)

	Girls
	0.060

(0.002)
	0.094

(0.006)

	All
	0.058

(0.001)
	0.080

(0.004)

	Science
	
	

	Boys
	0.070

(0.002)
	0.094

(0.008)

	Girls
	0.086

(0.002)
	0.126

(0.008)

	All
	0.078

(0.002)
	0.111

(0.005)


Note: See notes to Table 7. 

Table 10   Estimated regression coefficient on teaching quality score (with fixed pupil-level effects):

for pupils eligible for free school meals by ethnic group
	
	Dependent variable = test score results at Key Stage 2 and 4: 

for pupils eligible for free school meals



	
	Boys
	
	Girls

	
	Estimated coefficient
	Standard error
	p-value
	
	Estimated coefficient
	Standard error
	p-value

	All subjects
	
	
	
	
	
	
	

	White
	0.088
	0.009
	0.000
	
	0.090
	0.008
	0.000

	Black Caribbean
	0.045
	0.044
	0.317
	
	0.082
	0.034
	0.017

	Black African
	0.125
	0.035
	0.000
	
	0.050
	0.030
	0.097

	Indian
	0.029
	0.041
	0.473
	
	0.068
	0.045
	0.131

	Pakistani
	0.158
	0.026
	0.000
	
	0.185
	0.027
	0.000

	Bangladeshi
	0.194
	0.034
	0.000
	
	0.225
	0.039
	0.000

	Chinese
	0.120
	0.150
	0.429
	
	0.300
	0.129
	0.022

	Other Asian
	0.144
	0.076
	0.062
	
	0.168
	0.080
	0.038

	Other white
	0.004
	0.046
	0.933
	
	0.105
	0.048
	0.029

	Mixed
	0.163
	0.045
	0.000
	
	0.124
	0.041
	0.003

	Other ethnic
	0.139
	0.031
	0.000
	
	0.162
	0.030
	0.000


Note: See notes to Table 7. 






� The standards refer to the quality of teaching practices as well as the personal and professional conduct of the teacher. The independent review follows on from the government’s Schools White Paper (2010) entitled ‘The Importance of Teaching’ which emphasised the critical role of teaching quality in education production.
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