














Table 5: Cost Regression Results for Comprehensive and Themed High Schools, Continuous Size, by School
Type, 1996 to 2003

Comprehensive Themed

Variable Q) 2 3) 4 (5) (6)
Constant 9.9563*** 11.3642%** 11.2117%**%  14.4390%** 17.4146%**  17.5197%**

(0.5342) (0.7421) (0.4231) (1.8209) (2.7174) (1.8503)
In(Size) -0.3814%** -0.4588%** -0.6508*** -2.1722%** -2.9004*** -3.1082%*%*

(0.1557) (0.2186) (0.1244) (0.6238) (1.0091) (0.6380)
1n(Size)2 0.0191%* 0.0028 0.0310*** 0.1970*** 0.2303** 0.2635%**

(0.0113) (0.0166) (0.0093) (0.0533) (0.0935) (0.0554)
Graduation rate -0.0046%** -0.0073* -0.0114%** 0.0239%%** 0.0145 0.0187**

(0.0020) (0.0041) (0.0025) (0.0085) (0.0130) (0.0083)
Graduation rate * 0.0006** 0.0013** 0.0018*** -0.0043*** -0.0023 -0.0032%*
In(Size)

(0.0003) (0.0006) (0.0004) (0.0014) (0.0022) (0.0014)
SAT score 0.0002 0.0003** 0.0004** 0.0004 -0.0000 0.0001

(0.0002) (0.0001) (0.0002) (0.0005) (0.0004) (0.0004)
SAT score * In(Size) -0.0000* -0.0000%** -0.0001*** -0.0001 0.0000 -0.0000

(0.0000) (0.0000) (0.0000) (0.0001) (0.0001) (0.0001)
% taking SAT 0.0004 -0.0004 0.0002 0.0000 0.0002 0.0002

(0.0006) (0.0004) (0.0003) (0.0006) (0.0006) (0.0005)
% cohort passing Math, -0.0001 -0.0006* -0.0008*** 0.0012* 0.0008* 0.0008
8th grade

(0.0004) (0.0003) (0.0003) (0.0007) (0.0005) (0.0006)
Student characteristic
variables Yes Yes Yes Yes Yes Yes
Borough fixed effects Yes No No Yes No No
School fixed effects No Yes No No Yes No
Random school effects No No Yes No No Yes
Observations 933 933 933 267 267 267
R-squared 0.81 0.94 0.76 0.74 0.89 0.65

Dependent variable measured in natural logs. Models include year effects. Robust standard errors in parentheses.

* significant at 10%; ** significant at 5%; *** significant at 1%

Specialized and Vocational schools removed as explained in the text. Indicators for missing independent variable data (not
shown) are included in regression analyses. Student characteristic variables included but not shown: percent Asian, black,
Hispanic, female, eligible for free lunch, limited English proficient, recent immigrant, and in part-time special education.

All models yield cost parameters that suggest positive fixed costs, with dropping then rising
marginal costs and U shaped cost functions. Most broadly, both because of their consistency with theory
and literature and their success with inclusion of fixed and random effects, we view the results in Table 5
as the best in this study. Note that while there are important differences between the models estimated
for the themed schools and the comprehensive schools, the point estimates do not seem sensitive to the
specification chosen. To be specific, within each of the school types, there is considerable similarity in

the point estimates between the models — borough effects, school fixed effects, and random effects

specifications yield results that are broadly similar, suggesting that the bias due to unobserved differences
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in schools may not be problematic.”’ Coefficients on outputs, when statistically significant, demonstrate
either a main effect that increases costs and a smaller, interacted effect with size that shows a decline as
size increases (or the reverse). Together these cost equations appear to capture well the relationships
between enrollments, outputs, student characteristics, and costs per pupil. Further, when significant,
coefficients on student characteristics are similar to those found in the other estimates e.g., poor and
limited English students are associated with higher costs.

The key question in this study is: should schools be larger or smaller and, if so, how much? The
response to this question must take into account our findings from the estimated cost functions that
mission matters — the cost structures, both fixed and marginal, are different for themed and

comprehensive schools.

Cost Simulations

For policy purposes, it is important to understand the implications of size-cost relationships in
terms of the current and optimal (cost minimizing) size of schools. Simulations allow us to do this.
Furthermore, given that the goal of current high school reforms in general and small school reform in
particular is to increase student achievement, simulations that increase outputs provide a benchmark to
assess optimal school size and related costs. Thus, the simulations could help guide the development of a
system of high schools that is cost effective or, at a minimum, help understand the trade offs of school
size, costs and effectiveness.

For ease of exposition we focus the remainder of our discussion on simulations that use the
estimated coefficients from the random effects models in columns (3) and (6) of Table 5, both because
these are the theoretically most appealing and because the random effects specification allows for sharper

point estimates of the coefficients. We use all coefficient estimates, regardless of their individual

2! We also estimate the equations in Table 5 weighting by enrollment as a way to counter possible
heteroskedasticity. The results are qualitatively similar, although a few more coefficients in the fixed and random
effects versions show significance.
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statistical significance.”” For the simulations, we assume that comprehensive and themed schools remain
unchanged, on average, in terms of the students they serve. In other words, across the system of high
schools, students attend comprehensive and themed schools in the same patterns as they do in 2003.

2

Using each school type’s “own students,” we then estimate costs for two different output levels; a)
current (2003) average outputs for each type and b) aspirational outputs that are equal for the two types
and that are higher than the current output of schools — 90% graduation rate and 1000 combined SAT
score.” Intuitively, the elasticity of costs with regard to size depends upon the quality of the outputs —
say, the graduation rate — so that the optimal school size (e.g. the cost minimizing school size) will vary
with the graduation rate. For example, a low graduation rate may mean costs are minimized at a large
size while a high graduation rate might be cheaper to accomplish in a small school.**

Figure 1 graphs the cost curves of comprehensive and themed high schools based on the average
mix of students and average output levels, respectively, for each type of high school. Within the actual
range of school enrollment in NYC, costs generally decrease with enrollment for comprehensive schools,
but decline and then increase (a U-shaped relationship) for themed schools. There are diminishing returns
to size for comprehensive high schools, which suggest cost minimization outside the actual range of
school sizes observed. At the cost-minimizing point for comprehensive high schools, however, marginal
cost reductions due to changes in enrollments are extremely small and do not change much over large
spans of enrollment (e.g., moving from 4250 to 4500 students generates a cost savings of $27 per pupil).
In other words, enrolling one more student may reduce costs for the average comprehensive school

(which is below its optimal size), but those cost savings are small, thus making the optimal school size of

comprehensive schools irrelevant for policymakers and for our analysis.

*? Joint F tests on outputs and on student characteristics show significance at less than 7% in all cases.

> A second set of simulations, in contrast, that relaxes the assumption that students attend comprehensive and
themed schools in the same patterns as in 2003, did not yield results that differed substantively from the first set of
simulations. Thus, we focus our discussion on the first set and report results at key enrollment points for both sets in
Appendix C.

 That is, the first derivatives are a function of the output levels.
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Figure 1: Simulation of High School Costs for “Own Students” and Average Outputs by Type, 2003
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Note: Simulations calculated using mean student characteristics and mean outputs by school mission type —
comprehensive or themed - for 2003.

The key sizes at which we indicate costs in Figure 1 include the comprehensive maximum size in
2003 (4,204 students), the comprehensive average size in 2003 (1,551), the themed optimal size in 2003
(500), and the themed average size in 2003 (373). Each of these key enrollment points is noted with a
vertical line in Figure 1. At their respective average size, comprehensive schools cost less than themed
schools - $7,283 versus $8,594 for a difference of $1,311 per pupil — but both types of schools are
currently operating below their cost-minimizing size. At their maximum observed size of 4,202
comprehensive high schools costs per pupil are $6,554 or $729 less than at their average size. At the

themed optimal size of 500 students, costs per pupil are $8,401 or $193 less than at their average size.

% See Appendix Table C for the simulated cost estimates for the key enrollment points.
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Most notable, perhaps, is that comprehensive schools at either average or maximum observed sizes cost
less than even optimally sized themed schools.

Clearly, the main impetus for the major reform initiatives of the past decade, be it higher
standards and accountability or the creation of small schools, is to increase school outputs. In Figure 2,
we examine the relationship of costs to school size by simulating costs for comprehensive and themed
schools of varying sizes when graduation rates and SAT scores are raised to aspirational levels. The
general shapes of the cost curves for comprehensive and themed schools are similar to those seen in
Figure 1 with two notable exceptions. First, the slope of the cost curve for comprehensive schools is
flatter at aspirational outputs levels than at average output levels. Second, the slope of themed school
costs is steeper with marginal cost savings greater up to the optimal size at aspirational output levels than

average output levels.
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Figure 2: Simulation of High School Costs for “Own Students” by Type, 2003 and Aspirational Outputs
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Note: Simulations calculated using mean student characteristics by school mission type — comprehensive or themed
- and aspirational outputs (90% graduation rate and 1000 combined SAT score).

Moreover, at aspirational levels, the optimal size of themed schools is 647, which is 29% larger
than the optimal size at average output levels (500) and 73% larger than the actual average size (373).
Increasing outputs to aspirational levels will increase the costs per pupil in comprehensive schools,
whereas for themed schools costs decrease when outputs are increased. Two possible explanations of this
result for themed schools seem relevant. First, this may reflect the extent to which themed schools aim at

producing outputs other than those captured here — four-year graduation rates, SAT scores, etc — such as
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increased college attendance or more creative students.® A second possible explanation lies in
understanding the school enrollment decisions of students who have not graduated on time, that is, within
the expected four years. These students may drop out of school entirely or continue to attend for as long
as three additional years and, in fact, a significant portion of New York City’s students graduate in five,
six or seven years, rather than four years. Thus, if themed schools keep more students for a fifth, sixth or
seventh year, then increasing the four-year graduation rate may lower costs because it reflects a decrease
in the seven-year graduation rate. Put differently, the explanation may lie in the differences in the length
of time it takes students in themed and comprehensive schools to graduate. In themed schools, a lower
percent of student graduate in under four years, while a greater percent of students graduate in 5-7 years
compared to comprehensive schools. Therefore, the more students themed schools graduate in 4 years, the
lower their costs. In some sense, both of these explanations point to some unobserved additional output
that we have not included. Although we have included more outputs than previous studies, it seems clear
that future work with a richer set of outputs is warranted.

In summary, at key enrollment points, whether at the respective average output levels or
aspirational levels, comprehensive schools cost less per pupil than themed schools. While there are cost
savings that could be generated by making comprehensive high schools larger on average, arguably the
more policy relevant finding from Figures 1 and 2 is that themed schools could lower their costs by
increasing their size to optimal levels that would still be less than half the size of the average
comprehensive school. Alternatively, if policymakers wish to break up large high schools to create small
schools, then our findings imply that those small schools would need to become themed to minimize

costs.

26 This might be particularly relevant for those schools founded as alternatives to the traditional schools in the
earliest wave of small schools, but less relevant for the newer schools that may have a more traditional academic
focus.
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Conclusions

A growing number of studies of the effects of high school size on various outputs indicate that
smaller high schools result in better outputs. Only a few studies include costs along with outputs when
studying the effect of school size. Yet cost-effectiveness in school reform is an essential analytic
component, especially in large urban school districts with many competing ideas for reform and few ways
to garner additional resources. Our analysis suggests that direct costs per pupil generally decline with
size for all types of high schools. Importantly, moving to (small) themed schools from (large)
comprehensive schools as they exist now will cost less per pupil as outputs increase. In particular, there
could be cost savings for themed schools if they graduate more students in 4 years than 5-7 years.

Decreasing school size, however, is not enough -- our findings show that small comprehensive
high schools are expensive. If policymakers were to decrease school size and split comprehensive high
schools into smaller schools, all they would accomplish is an increase in costs. The key to making small
schools effective is to make them themed. While it is beyond the scope of this study to examine whether
schools with particular themes are more or less costly in relations to size and outputs, it is important to
better understand what it is about themed schools that does matter. Themed schools tend to have
narrower course offerings in math, English and foreign languages with fewer Advanced Placement
offerings as well. While this may be a limitation, it may also be an opportunity for more heterogeneity in
classrooms within a more restricted range of offerings. Given that themed schools enroll students who are
more difficult to educate, it is all the more impressive that themed small schools approach the costs of
comprehensive schools at a certain point.

Our study finds that both size and mission matter, which is an important consideration for
policymakers as they continue to seek ways to improve the educational outcomes of high school students.
The pursuit of a singularly focused policy, such as creating small school without consideration of mission,

will not produce the most cost-effective outcome. A more realistic approach would be to pursue a mix of
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schools in terms of both size and mission, understanding that the optimal size of both themed and

comprehensive schools is larger than the average size of existing schools.
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Appendix A: Definitions of Small, Medium, and Large School Sizes from the Literature

NYC DOE; Gates

IESP Small Foundation Stiefel et al, Bickel et al, Lee and
Schools (Gootman, 2000 NCES, 2003 2001 Smith, 1997

(Weinstein) 2005)

600-1,200; 300-599, 600- 550-1800, 601-901, 901-
1,200-2,000 899 1800-3199 1,200

Medium NA NA

Nat'l. sample
(NELS)

Geographic area NYC NA NYC Nat'l TX
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Appendix B: School-Based Expenditure Reports (SBER) Functional Categories (2003)

Total (Sum of I, 1, 11l &IV)
I. Direct Services (SUMof A, B, C,D, E,and F)
A. Classroom Instruction
1. Teachers
Educational Para-professionals
Other Classroom Staff
Text Books
Librarians and Library Books
Instructional Supplies & Equipment
Professional Development
Curriculum Development
9. Contracted Instruction
10. Summer/Eve School
B. Instructional Support Services
1. Counseling Services
Attendance & Outreach
3. Related Services
Drug Prevent Programs
5. Referral/Evaluation
6. After School & Student Activities
7.
e
1
5

PN R WD

2.
4

Parent Involvement
C. Leadership/Supervision/Support
Principals
Assistant Principals
Supervisors
Secretaries & School Aides
Supplies, Materials, Equipment & Telephone
D. Ancillary Support Services
1. Food Services
2. Transportation
3. School Safety
4. Computer System Support
E. Building Services
1. Custodial Services
2. Building Maintenance
3. Leases
4. Energy
F. District Support
1. Unscheduled Sums/Carry
II. District/Superintendent Costs (Sum A and B)
A. Instructional Support and Administration
B. Other Districts and Borough Costs
1. Sabbaticals, Leaves and Termination Pay
2. Additions to Regular Salary
3. Projected Expenses
III. System wide Costs (Sum of A and B)
A. Central Instructional Support
B. Central Administration
1. Instruct Offices
2. Operational Offices
3. Central and Chancellor’s Offices
IV. Other System wide Obligations

2
3.
4



A. Other System wide Obligations
1. Debt Service
2. Retiree Health/Welfare
3. Special Commissioner for Investigations
4. Projected Expenses

Our dependent variable 'modified direct costs' is comprised of Direct Services (1), excluding Building Services (I.E.) and
Transportation (I.D.2.)

Expenditure data from the New York City Department of Education (DOE) are not audited. The DOE assigns all public
school expenditures to specific school locations, and only those schools recognized by the Department of Education are
represented in the school-based expenditure reports. Some alternative programs and schools-within-schools, for example,
are not reported as separate entities in the SBERs as they are not recognized as being distinct "expenditure locations" in
the DOE's data systems. Spending on these programs is attributed to the "parent" school. Expenditures were attributed
directly to schools when actual school allocation data and funds to support Direct Services to schools were available.
Otherwise, indirect spending (such as Central Office) was allocated to schools on a per capita basis, unless spending was
for particular populations (such as special education or Title I), in which case expenditures were allocated based on
appropriate enrollment figures for each school. Expenditures were classified by function within the DOE's budget
structure: Unit of Appropriation, Budget Code, Quick Code, Grant, Object code/Line Number. (Technical Appendix,
School-Based Expenditure Reports, 2003)
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Appendix C: Simulated Cost Estimates at Key Enrollment Points

Own Students
Comprehensive Maximum: 4,204
Comprehensive Average: 1,551
Themed Optimal: 500
Themed Average: 373

Own Students
Comprehensive Maximum: 4,204
Comprehensive Average: 1,551
Themed Optimal: 647
Themed 500
Themed Average: 373

Average Student
Comprehensive Maximum: 4,204

Comprehensive Average: 1,551
Themed Optimal: 529
Themed Average: 373

Average Student
Comprehensive Maximum: 4,204

Comprehensive Average: 1,551
Themed Optimal: 647

Themed 529

Themed Average: 373

Outputs
Comprehensive, 2003
Comprehensive, 2003
Themed, 2003
Themed, 2003

Aspirational
Aspirational
Aspirational
Aspirational
Aspirational

Systemwide, 2003
Systemwide, 2003
Systemwide, 2003
Systemwide, 2003

Aspirational
Aspirational
Aspirational
Aspirational
Aspirational

Comprehensive Themed
$6,554
$7,283
$8,401
$8,594
$7,135
$7,592
$7,887
$8,026
$8,543
$6,513
$7,268
$8,151
$8,419
$7,149
$7,607
$7,740
$7,823
$8,383

Xspirational outputs include a 90% graduation rate and 1000 combined SAT score.
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