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Reducing class-size seems an attractive route to improving educational achievement, being popular with both parents and teachers. However, it is also extremely expensive to implement. To evaluate class-size reduction programs (CSRPs) properly, therefore, it is necessary to weigh the benefits against the costs, for which precise quantitative estimates of each are necessary.

The best-researched CSRP is probably the Tennessee Student-Teacher Achievement Ratio (STAR) study, described by Frederick Mosteller (1995) as “one of the greatest education experiments in United States history”. Teachers and students in kindergarten and first grade were assigned at random either to small classes (13-17 students), large classes (22-26 students) or large classes with a teacher’s aide. By the end of third grade, student achievement was significantly higher, especially in reading, and the gains were most marked for socio-economically disadvantaged students and those from minority ethnic communities.

More importantly, when the students returned to larger classes, although some of the advantage of the smaller classes diminished (Krueger and Whitmore, 2001), students who had experienced smaller classes had a lower rate of grade-retention (Pate-Bain et al, 1997) and higher aspirations to continue education beyond school, evidenced by increased tendency to take the SAT (Krueger and Whitmore, 2001). The fact that the

improvements were maintained over such a long period of time is significant, since so many educational interventions have yielded initially promising effects that disappear when a program is ended (e.g., Head Start: see Brody, 1992: pp. 175-175).

In order to assess the cost-effectiveness analysis of the STAR program, we need a measure of the size of the gain in achievement, and ideally one that can be used to compare gains across different studies. Using gains in test scores is misleading; an improvement of one point may not be much on the SAT, but it is a huge difference in an Advanced Placement program. For this reason, researchers often use the standardized effect size. The idea is that the spread of the scores is used as a “measuring stick” to measure the difference in achievement between two groups. Intuitively this makes sense: improving a class average from 50 to 60 is a huge improvement if the original class scores ranged from 45 to 55, but seems less impressive if the original scores ranged from 0 to 100. Formally, the standardized effect size is the difference in the means of the two groups, divided by the standard deviation
.

The meaning of an effect size depends on the context, but as a guide, one year’s average development will raise a student’s score on a typical standardized test (e.g. NAEP) by 0.3 standard deviations. If the test is one that is particularly sensitive to instruction, such as a test very closely linked to the curriculum the students have been following, then this figure will be higher, while for other kinds of tests (e.g. aptitude tests) the figure will be lower.

The STAR study found that students in the smaller classes average 0.17 standard deviations higher in reading and 0.16 standard deviations in mathematics. This corresponds roughly to a 50% increase in the rate of learning (students in the smaller classes learned in one year what it would have taken the students in the larger classes 18 months to learn). However, for minority students, the effect sizes were 0.40 and 0.30 respectively, signifying a doubling in the rate of learning mathematics, and an even bigger improvement in reading.

These gains, and in particular those for minority students, are impressive and important, but there are a number of issues that need to be taken into account if we are to draw policy implications from the STAR study.

Equilibrium effects

The STAR study appeared to have no difficulty in recruiting additional teachers without a reduction in teacher quality, which is unlikely to be the case when such a program is implemented state-wide. In evaluating the California CSRP, Jepson and Rivkin (2002) found that the decline in teacher quality reduced, and in some cases completely negated, the effect of smaller classes (see “Concentration of teacher quality” below).  Furthermore, since many of the new hires were recruited from the ranks of substitute teachers, opportunities for staff development were limited by the lack of available substitute teachers.  Other teachers were recruited from teacher preparation programs before they completed their credentials, resulting in a concentration of emergency permit teachers in the lower grades in California.
Age-specificity

The STAR study found that the smaller classes made faster progress in kindergarten and first grade, and thereafter, the gap between the smaller and larger classes stayed constant. The fact that the earlier gains were maintained is important, but so is that fact that smaller classes appeared to confer little benefit in second grade and beyond. Indeed, the consistent finding across the research literature on CSRPs is that effects are strongest in grades K to 3, much weaker in grades 4 to 8, and practically non-existent in grades 9 to 12. 

Non-linearity

The STAR study found that a one-third reduction in class size, from 22-25 to 13-17, produced an average effect size of 0.17 in reading and 0.16 in mathematics. However, there is no reason that we should expect the same effect if we reduced class-sizes from 30 to 20, which is also a one-third reduction in class-size. This is what was done in the California CSRP, and there, while smaller classes did have higher achievement, the effect size was about half of that found in the STAR study (Stecher and Bohrnstedt, 2000) although some of this may have been due to equilibrium effects (see above). Moreover, when Nyhan and Alkadry (1999) examined class size in the three most populous counties in Florida they concluded that there was no effect on achievement at the elementary and middle school levels, and a very small impact at the high school level.  They attributed this lack of effect to insufficient reduction in class size, since the schools in the study had average class sizes in the range of 25 students.
Concentration of teacher quality

Large-scale implementation of a CSRP creates many new teaching posts, in both advantaged and disadvantaged schools. The effect of this can be to attract the best teachers away from the most disadvantaged schools, leading to the concentration of high teacher quality in the most advantaged schools, with low teacher quality concentrated in disadvantaged schools. 
Infrastructure cost
Reducing class size may also require a substantial and investment in facilities.  For example, a school which has four 1st-grade classrooms that increases the number of classrooms to six to lower class size will now need two additional classrooms.  Building on or providing portable buildings to house these additional classrooms can be an added expense above and beyond the additional teachers required.

Pedagogical changes

One of the interesting things about the STAR study is that teachers do not appear to have changed their teaching very much. Clearly some teaching approaches that are feasible with 15 students are more difficult with classes of 22 and may be impossible for the average teacher with a class of 30 students. It is possible, therefore, that the effects of CSRPs may be bigger than has been found to date, because no studies have systematically investigated class-size reduction combined with inservice training for teachers on how they can best make use of smaller classes.

Policy alternatives

Reducing class size to 13-15 students (as the research shows is necessary to get any substantial benefit) involves a substantial increase in educational expenditure. American teachers already spend a greater proportion of their working day in front of students than those in any other developed countries (OECD, 2004), so a class-size reduction program will require hiring substantial numbers of extra teachers. Where class-sizes are 26-30 (as they were in California), this would entail doubling the number of teachers. Since it is essential not to reduce teacher quality, the teacher salary bill would need to be more than doubled (assuming that our current recruitment methods are working, we are already getting the best teachers we can get for the compensation currently on offer). Reducing class-size across all grades would be an astronomical, and, in most districts and states, quite unaffordable cost. Reducing class-size in kindergarten and first grade appears to represent a reasonable cost-benefit trade-off—50% more learning for all students, and up to 100% more learning for minority students for between 50% and 100% more cost (depending on existing class-sizes). For older students and for white, middle-class students, the trade-off does not seem worthwhile, and so it is important to explore alternatives.

Hanushek (2003) reviewed studies on the impact of teacher quality on student performance, and concluded that a 1 standard deviation improvement in teacher quality resulted in an increase in student achievement of at least 0.11 standard deviations. He also pointed out that this figure was a lower bound, and that the real figure was probably more like 0.22 standard deviations (Hanushek, 2004 p.14). He then considered ways in which such an increase in teacher quality could be changed through altering hiring practices. Continuing to recruit teachers at the current level of quality (i.e. hiring at the 50th percentile) represents a continuation of the status quo. Hanushek shows that if, instead, it is possible to hire at the 58th percentile (e.g. for every 100 teachers you would have hired, take only the best 84), then over 30 years, teacher quality will rise by one standard deviation (Hanushek, 2004, figure 6) even if the teacher replacement rate is just the 7% of all teachers leaving the profession each year. If the new policy could also be applied to teachers who change schools, then this improvement would be achieved in 16 years.

Hanushek’s proposals almost certainly represent the best long-term solution to the challenge of raising student achievement, but in economic terms represent a very low “discount rate” for student achievement (in other words, it suggests that we are prepared to value higher student achievement at some time the future as nearly equivalent to higher student achievement today). If we are to address the consequences of low academic achievement for today’s young people, then long-term measures such as Hanushek’s will need to be combined with measures to improve the quality of those teachers currently in post (what our colleague Marnie Thompson calls the “love the one you’re with” argument).

Ten or fifteen years ago, this would have resulted in a gloomy prognosis. There was little if any evidence that the quality of teachers could be improved through teacher professional development, and certainly not at scale. Indeed, there was a widespread belief that teacher professional development had simply failed to “deliver the goods”:

Nothing has promised so much and has been so frustratingly wasteful as the thousands of workshops and conferences that led to no significant change in practice when teachers returned to their classrooms (Fullan, 1991, p 315).

Within the last few years, however, a clearer picture of the features of effective teacher professional development has begun to emerge. Firstly, teacher professional development needs to attend to both process and content elements (Reeves, McCall, and MacGilchrist, 2001; Wilson and Berne, 1999). On the process side, professional development is more effective when it is related to the local circumstances in which the teachers operate (Cobb, McClain, Lamberg, and Dean, 2003), takes place over a period of time rather than being in the form of one-day workshops (Cohen and Hill, 1998), and involves teacher in active, collective participation (Garet, Birman, Porter, Desimone, and Herman, 1999). However, it is important to note that some foci for teacher professional development are more productive than others. In particular professional development is more effective when it has a focus on deepening teachers’ knowledge of the content they are to teach, the possible responses of students, and strategies that can be utilized to build on these (Supovitz, 2001).
Conclusion


Reducing class size does raise educational achievement, but the effects are most marked in the early grades, much smaller in the middle grades, and appear to be undetectable in high school. The effects are also much greater for minority students and those who are socio-economically disadvantaged. Given the difficulty of targeting resources at particular groups of students within schools, this suggests that the most effective use of scarce educational resources is to concentrate class-size reduction in kindergarten and first grade and focus on the schools with high percentages of minority students, English language learners, and students from low socio-economic backgrounds.  (As an added bonus, because smaller class sizes are quite popular with teachers, this may encourage capable teachers to stay in these schools, rather than moving to “better” schools at their earliest opportunity.) While the evidence suggests that class-size reduction matters most for poor and/or minority students, reducing classes only in the schools serving large percentages of these students will be politically unpopular.  This concern for political expediency explains why California reduced class-size across the board for grades K-3 when a focused approach would have been more cost-effective.  One approach would be a staggered implementation—reducing class size in the neediest schools first, then adding additional schools each year.

In parallel with the phased introduction of focused class-size reduction, there is a need for a general, across-the-board investment in teacher quality. Efforts to ratchet up the quality of teachers that are hired, as advocated by Hanushek, should, of course, continue and be evaluated, but these are likely to take a long time to have any significant impact on student achievement. Sustained programs of teacher professional development, can be implemented at modest cost, and have the potential for real, and lasting improvements in student achievement, provided they are rigorously and relentlessly focused on improving the quality of teachers’ day-to-day practice.
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� Ideally, we would like this to be the standard deviation of the whole population from which the two groups are drawn. Since we never have this, the most common method is to use the pooled standard deviation of the two groups, but there are circumstances in which the standard deviation of the control group is more appropriate. 
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