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instructional expenditure shares (5,) for each observation. We use the ratio of average prices to

derive expenditure shares rather than the observed relative prices because the observed prices may

include rents. 17

Thus, we estimate the following system of equations:

In D ~ CL + L ~j Inxj + Y, L L ~jk Inxj Inxk + L L Pjm Inxj Inym
J J 1: J m

+ L L Yi' Inxj lnz, + L 1\,Inz, + Y, L L 1\,j lnz, lnzj
j , , , j (lOb)

+ L L v,m lnz, InYm + L /..m lnYm + y, L L /..= InYm Iny. + E,
r m m m :n

51 ~ ~l + ~lllnxl + ~121nx, + L Pl)nym + L Yl)nz, + I!
m

using restricted least squares to accommodate the nonvariance of the left hand side of the first

equation (Hayes et al. 1995)."

Because expenditure shares by definition sum to one, the predicted values from the instructional

share equation (together with the variable input quantities and the ratios of average prices P =w,!w j )

provide sufficient information to generate a point estimate of Kfor each school district (K,).'9 If K, >

I « I) then the wage-deflated marginal product of instructors is greater than (less than) the wage-

deflated marginal product of administrative staff. We use the value of K, as our measure of allocative

"Implicitly, this approach assumes that although wage levels may vary among school districts
in a metropolitan area, teachers and administrators receive the same compensating differential (in
percentage terms).

'" In addition to the restrictions needed to satisfy the homogeneity conditions (L {3 j I,
L{3 j k = 0, LPj m = 0, L 'Yj, = 0), we also impose symmetry (e.g. ~ k =/3,j ).

" With some rearrangement, the definition of K12 given in equation 5 becomes

wbere x, in IN5TR and X2 is NIN5T. Because there are only two variable inputs under consideration,
we have dropped the subscripts on K indicating input type.
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ineft1ciency: the farther K, is from 1, the greater is the difference between the market price and the

observed price and the more allocatively inefticient is the school district.

To isolate the relationship between competition and inefticiency, we regress our measure of
,

allocative inefticiency against a measure of competition (either the Hert1ndahllndex or the the four-

firm concentration ratio) and the various school and metropolitan area attributes (ENROLL,

ENROLL**2, TAX BASE, UNDER16, CATHOLIC, OWNERS, COLLEGE and HIGH SCHOOL).

For the purposes of these regressions, allocative inefticiency is measured as the ahsolute value of (K, -

1).20 After transformation, our measure of allocative inefticiency (I K, -Ill has been multiplied by

100 for ease of exposition. As I", -1 :*100 increases, allocative inefficiency increases.

To allow for non-linearities in the relationship between competition and inefticiency, we follow a

"switching regimes" technique suggested by White (1976) and Alexander (1994). Thus, we create a

dummy variable (denoted DSwitch) that takes on the value of one for market concentration measures

that are greater than or equal to a critical value (20) and search sequentially for the Zo that maximizes

the log likelihood function conditional on Zo.21

This approach creates three challenges. First, the standards errors for (lOb) will be incorrect

co Recall that allocative efticiency implies that K, = 1.

" The log likelihood function is

T, T

" , " e'
T L...,e" TT L...,,,

r; TIt 1 - 1 t-T +1
Log L=-Tlog(y(21t))- - - -log(---) - (--) log( , )

2 2 T, 2 T-T,
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because tbe regression includes generated regressors. Second, statistical significance can not be

determined for our measures of allocative inefficiency (KJ because they represent transformations of

the predicted values from (lOb). Third, we cannot obtain unconditional standard errors for tbe

coefticient~ in the switching regressions because tbe critical value (zo) is determined endogenously by

a sequential search.

A nested bootstrap allows us to address each of these challenges. Specifically, we create 250 data

sets (of 262 observations each) based on random draws with replacement from the original data. We

tben replicate each stage of the analysis 250 times-one replication for each of the 250 data sets.

Tbus, equation (8) is re-estimated 250 times. In turn, the resulting OUTPUT,g and STUINPUT,g

measures are used to re-estimate (lOb). Appendix Tables 1 and 2 present information about the

distribution of coefficient estimates from equations (8) and (lOb).

Each estimate of (lOb) yields a distribution of K,. Thus, we can use the switching regressions

technique discussed above to estimate the relationship in each of our 250 replicated data sets between

our estimates of inefticiency (K, ) and our measures of competition. Using the replicated data sets in

this way allows us to generate distributions not only of the coefficient estimates from the switching

regressions, but also of the endogenous critical values (Zo).

VI. Result~

Table 2 presents our results for four different models of school district eft1ciency. Model I

excludes any measure of market concentration. Model II adds an intercept dummy (DSwitch) to the

estimation of Model I. DSwitch equals one whenever market concentration equals or exceeds Zo (and

zero otherwise). Model III replaces DSwitch with an interaction term (DSwitch X market

concentration). The interaction term takes on the value of the market concentration variable whenever

market concentration equals or exceeds the critical value Zo (and zero otherwise). 11''1>=0, there is no
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switch, and Model III is a simple linear model including a market concentration variable. Model IV

adds a non-switching market concentration variable to Model ilL Table 2a presents our results using

the Herfindahl index as the measure of market concentration; tahle 2b presents the results for the

four-firm concentration ratio.

As tables 2a and 2b illustrate, we find systematic evidence that school district inetticiency retlects

competitive pressures. Across the various specifications, the positive coetticient on the measure of

market concentration indicates that allocative inefficiency rises with market concentration.

Furthermore, our evidence suggests that the relationship is non-linear-the likelihood function is

maximized with a switching point at a Herfindahl index of 27.61 (or equivalently at a four-firm

concentration ratio of 83.65). By this criterion, nearly half of the metropolitan areas in Texas

(containing 20 percent of the urban school districts and enrollments in our sample) are highly

concentrated markets.

Model IV also indicates that allocative ineftlciency increases with market concentration whenever

the Herfindahl index is above the critical level; below the critical level there is no relationship

between allocative inefticiency and market concentration. Thus, we find evidence that increased

competition could ·enhance the efficiency of school districts in concentrated markets, but would have

little systematic effect On school districts in competitive markets.

The switching regressions also suggest that school districts in highly concentrated markets are

substantially more allocatively inefficient than school districts in competitive markets. Table 3

compares the predicted efficiency scores for school districts in highly concentrated markets with the

predicted efticiency scores for school districts in competitive metropolitan areas. Evaluating the

models at the means of the other regressors, we find that markets with Herfindahl indices

(concentration ratios) at or above the critical value have predicted inefticiency scores at least 50

percent higher than markets with Hertindahl indices (concentration ratios) below the critical value.
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On average, school districts in concentrated markets are more than twice as allocatively inefficient as

school districts in competitive metropolitan areas (using either measure of competition).

Interestingly, the analysis does not support the notion that school district size int1uences allocative

inefticiency. Enrollment and enrollment squared are individually insignificant in all of the models.

Furthermore, evaluated at the mean of enrollment, the partial derivative of the models with respect to

enrollment (aEnroll) is insignificantly different from zero.

Vll. Conclusions

Policies that foster competition among school districts have been proposed as a partial solution to

the problem of school inefticiency. However, school districts already face competition for

enrollments from private schools and other area public schools. If inefticiency in the school system

could be reduced by increasing the degree of competition among schools, then we would expect to

find evidence that school districts that currently face a lot of competition are more efticient than

school districts that currently face less competition.

Using an input distance function to model the relationship among the multiple inputs and multiple

outputs of Texas school districts, we tlnd substantial evidence that increased competition for

enrollments could enhance the efticiency of school districts in concentrated markets. On average,

school districts in highly concentrated markets are more than twice as allocatively inefticient as school

districts in competitive markets. However, only 20 percent of the urban school districts in our

sample are located in highly concentrated markets. Thus, while our analysis offers support for the

notion that increased school competition-fostered either hy vouchers or charter schools-would

improve school efticiency in some metropolitan areas, our analysis also suggests that increased

competition is not a panacea.
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Tahle 1
Descriptive Statistics

Mean Std.Dev. Minimum Maximum

ENROLL, 676.16 1209.57 51.00 13121.00
MATH89, 825.75 34.38 713.00 915.00

TEAMS87,=ili,5 835.27 36.39 707.00 944.00

TEAMS87 ,~,"",.5 801.92 40.74 618.00 914.00

TEAMS87wc;,mg.' 758.89 36.99 613.00 865.00
XCOHORT, 99.48 8.56 79.80 128.07

ENROLL ll 545,18 900.80 50.00 8521.00
MATH89 ll 774.96 27.58 692.00 851.00
TEAMS87=ili,lI 788.42 30.45 702.00 893.00

TEAMS87 ,~,"'g,ll 789.22 27.36 711.00 869,00

TEAMS87wri'IDg,lI 745.38 35,24 668.00 861.00
XCOHORT ll 81.12 10.14 50.00 112,70

BLACK 10.59 14,04 0,00 89.40
HISPANIC 24.88 29,57 0,10 98.80
SES 69.06 23.75 2.41 100.00

NINST 11.30 19.50 0,85 211.89
INST 73.11 122.97 6.70 1291.76
P 1.61 0.05 1.47 1.73

CAPINPUT 1885.55 3348.02 72.49 31062.68

HERFINDAHL 20,81 14.24 10.91 86.63
CONCENTRATION RATIO 65.76 15.54 47.34 100.00

TAXBASE (millions per pupil) 0,18 0.12 0.02 1.07
ENROLL (thousands) 9,77 17.82 .80 190,29
UNDER16 27.01 2.52 20.48 34.62
CATHOLIC 21.31 21.57 1.10 81.00
OWNER 59,93 6.14 41.87 70,80
COLL SHR 47.97 7.97 27,00 61.65
HIGH SHR 25.30 3.67 16.46 34.24



Table 2a
Allocative Inet11ciency and the Hertlndah1 Index

Modell Model II Model III Model IV

Intercept 5.92 '-0.50 -0.25 3.52
(-5.44, 18.71) (-12.76, 13.65) (-11.69, 12.78) (-10.33, 16.25)

DSwitch 2.15
(129,2.89)

DSwitch X HI 0.04 0.08
(0.02, 0.06) (0.03, 0.13)

Herfindah1 -0.05
Index (-0.11,0.01)

Tax Base -3.34 -2.21 -2.39 -2.30
(-4.90, -1.99) (-3.36, -0.68) (-3.66, -0.95) (-3.56, -0.75)

Owner 0.11 0.12 0.11 0.11
(0.02, 0.23) (0.04, 0.21) (0.04, 0.22) (0.01, 0.22)

Under 16 -0.05 0.01 0.04 -0.04
(-0.33,0.17) (-0.30, 0.25) (-0.29, 0.29) (-0.38, 0.40)

College -0.04 0.01 0.001 -0.005
(-0.13,0.06) (-0.10,0.11) (-0.09, 0.10) (-0.11,0.09)

High School -0.24 -0.19 -0.20 -0.21
(-0.39, -0.09) (-0.34, -009) (-0.34, -0.10) (-035, -0.10)

Catholic -0.02 -0.01 -0.02 -0.01
(-0.05, 0.02) (-0.05, 0.02) (-0.05, 0.02) (-0.06, 0.03)

Enroll -0.01 -0.02 -0.02 -0.02
(-0.04, 0.01) (-0.05,0.002) (-0.05,0.003) (-0.05,0.001)

Enroll**2 3E-5 8E-5 9E-5 9E-5
(-IE-4,5E-4) (-6E-5,5E-4) (-5E-5, 7E-4) (-5E-5,7E-4)

aEnroll 3E-4 8E-4 9E-4 9E-4
(-0001,0.004) (-7E-4,5E-3) (-5E-4,6E-3) (-5E-4,6E-3)

Log L -5312 -491.3 -493.4 -491.0
(-560.8, -506.5) (-514.9,461.6) (-516.7, -464.0) (-514.2, -462.0)

Zo 27.61 27.61 27.61
(13.03,27.61) (1303,27.61) (12.77,27.61)

note: median coefficient values. The 5th and 95th percentile values are in parentheses.

19



Table 2b
Allocative Inefficiency and the Concentration Ratio

Model I Model II Model III Model IV

Intercept 5.92 ' -0.25 0.19 2.09
(-5.44, 18.71) (-12.64, 13.84) (-11.89,14.63) (-10.61, 18.69)

DSwitch 2.13
(1.16,2.86)

DSwitch X CR 0.02 0.02
(O.OJ, 0.03) (-0.05, 0.04)

Concentration 0.01
Ratio (-0.04,0.16)

Tax Base -3.34 -2.21 -2.29 -2.26
(-4.90, -1.99) (-3.41, -0.68) (-374, -0.82) (-3.63,0.72)

Owner 0.11 0.12 0,11 0,10
(0,02, 0.23) (0.02,0.21) (0,01,0,21) (-0.02,0.23)

Under 16 -0.05 0,01 0.02 -0.02
(-0.33, 0.17) (-0.31, 0.25) (-0.31,0.32) (-0.42,0.28)

College -0,04 0,01 0,01 -0.01
(-0.13, 0.06) (-0.10,0.11) (-0.10,0,11) (-0,16,0.09)

High School -0.24 -0.20 -0.20 -0.23
(-0.39, -0.09) (-0.33, -0,09) (-0.34, -0.09) (-0.37, -0.09)

Catholic -0.02 -0.01 -0,02 -0.02
(-0.05,0.02) (-0.05, 002) (-0,06, 0,02) (-0,07, 0.02)

Enroll -0.01 -0.02 -0.02 -0.02
(-0.04, 0.01) (-0.05, 0.003) (-0.05,0.003) (-0.05, 0.002)

Enroll**2 3E-5 8E-5 8E-5 9E-5
(-IE-4, 5E-4) (-7E-5, 5E-4) (-7E-5, 5E-4) (-6E-5, 7E-4)

aEnroli 3E-4 8E-4 8E-4 9E-4
(-0.001,0,004) (-7E-4, 5E-3) (-7E-4,5E-3) (-6E-4, 6E-3)

Log L -531.2 -491.2 -492.0 -487.9
(-560.8, -506.5) (-514.9, -461.6) (-516.7, -4623) (-515.5, -459.6)

Zo 83.65 83.65 74.73
(49.69, 83.65) (49.69, 83.65) (49.69,83.77)

note: Median coefficient values, The 5th and 95th percentile values are in parentheses.
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Table 3
Relative Inefficiency of School Districts in

Highly Concentrated Markets

,

Ii( -11
s Z=Zo

Ii( -11
s z<zo

I Modelll Model III Model IV

Hertlndahl index

2.33 1.53 2.63
(1.64, 2.55) (1.20, I. 85) (1.31, 4.36)

Concentration ratio

2.31 1.98 1.70
(1.64, 2.55) (1.50,2.51) (0.23,3.72)

note: Median predicted ratios.
The 5th and 95th percentile values are in parentheses.
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Appendix Table 1
Predicted Outcomes in Mathematics by Grade

26

5th 11th
Grade Grade

5th median 95th 5th median 95th
percentile percentile percentile percentile

Intercept 38] .42 507.99 638.77 192.66 250.89 312.97

TEAMS87'~lh.j 0.02 0.18 0.35 0.30 0.39 0.48

TEAMS87 ,~di"gj -0.20 0.Q3 0.24 0.09 0.20 0.33

TEAMS87wri,",g.; 0.04 0.24 0.41 0.04 0.10 0.16

BLACK -0.46 -0.23 0.06 -0.43 -0.29 -0. ]3

HISPANIC -0.29 -0.08 0.19 -0.17 -0.03 0.10

XCOHORTj -0.83 -0.49 -0.19 -0.61 -0.41 -0.19

SES 0.04 0.32 0.66 0.Q7 0.25 0.43
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Appendix Table 2
Estimates of the Translog Input Distance Function

5th percentile median 95th percentile

INTERCEPT -1.695 1.897 5.004
iXI 0.495 0.503 0.514
iX2 0.486 0.497 0.507
iYI -3.434 2.907 9067
iY2 -4.475 1.480 8.213
iRI -8.847 -2.855 2.556
iR2 -8.243 -0.473 5.121
iR3 -2.171 -1.309 -0.549
iXleXI/2 0.151 0.155 0.158
iXleX2 -0.158 -0.155 -0.151
iXUX2/2 0.151 0.155 0.158
iXleYI -0.004 0.008 0.020
EXleY2 -0.020 -0.008 0.004
eXleRI -0.027 -0.014 -0.001
EXleR2 0.002 0.016 0.029
eXIiR3 -0.003 -0.001 0.001
iXUYI -0.020 -0.008 0.004
EXUY2 -0.004 0.008 0.020
EXURI 0.001 0.014 0.027
iXUR2 -0.029 -0.016 -0.002
EXUR3 -0.0001 0.001 0.003
iYlEYI -13.067 -5.215 3.248
iYIiY2 -6.409 2.897 14.667
iYIiRI -6.855 10.409 25.756
EYIiR2 -15.383 -3.780 6.451
iYIiR3 -0.711 0.431 1.498
EYUY2 -5.390 -1.079 3.303
EY2ERI -12.536 -0.992 8.852
EY2ER2 -9.580 -0.500 8.043
EY2ER3 -0.802 0.083 1.116
ERIiRI -12.721 -5.053 3.770
ERIiR2 -10.051 1.108 13.204
eRleR3 -1.576 -0.533 0.514
eRUR2 -2.751 1.153 6.201
iRUR3 -0.922 0.144 1.050
eR3ER3 -0. I 18 -0.056 0.001
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