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Chapter 4 

Inequality in Public Schools: 
Privileged Districts or Privileged Schools? 

4.1 Introduction 

The disparity in educational facilities has a key role in shaping the social and political 
atmosphere of Sri Lanka. For example, one of the primary reasons for the youth unrest in 
the 1990s was the inequality in schooling facilities between Colombo and other districts 
[see Report of the Presidential Committee on Youth Unrest (1991)]. The current debate on 
changing the university recruitment criterion is also an outcome of the same issue. 
According to the present criterion, 5 percent of the university intakes are from 
educationally under-privileged districts1. Policy makers are now preparing a new 
recruitment criterion based on under-privileged schools rather than on under-privileged 
districts . 

Both the youth unrest report and the currently applied university recruitment criterion are 
based on an implicit assumption that the variation of educational facilities between schools 
is minimal. The newly proposed recruitment criterion presumes, however, that the 
variation between schools is also not trivial. But thus far there is no comprehensive 
analysis available on the issue based on individual or school level data. 

In this chapter we argue that disparity between schools may arise from two sources. One is 
the disparity of school facilities. For example, some schools may have more facilities than 
the others have. The second source of variation comes from the efficiency of the schooling 
production process. This not only suggests the need to analyse the distribution of some 
selected school input and performance indicators, but also to better comprehend the 
association between the two. 

This chapter first shows the extent of the disparities of the educational opportunities and 
performances over districts. We further explore the extent to which inter-school disparities 
are also non-negligible. All the districts have a substantial variation in educational 
facilities, and performance greatly differs from school to school. Then, based on the 
review of available literature on the education production functions in Chapter 2, we 

1 Those districts are Nuwara Eliya, Hambantota, Kilinochchi, Mannar, Mulathivu, Vavuniya, Trincimalee, 
Ampara, Polonnaruwa , Badulla, and Monaragala. See Statistical Handbook 1990, Table 3.8, p. 37, 
University Grants Commission, Sri Lanka. This classification seems to have changed over time. For 
example, Statistical Handbook 1988 has excluded Nuwara Eliya, Kilinochchi, Vavuniya, Trincomalee, 
Polonnaruwa and Monaragala from the list of educationally under-privileged districts [Table 3.8, p. 39]. In 
this chapter we use the classification used in 1990. 
2 See Presidential Task force on Education Reform and Restructure Year of Education 1997. 
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develop and empirically estimate a model describing the association between school inputs 
and outputs. Policy implications and recommendations come afterwards. 

4.2 Inequality Between Districts: The Popular Slogan 

As we already mentioned at the beginning of this chapter, the university selection criterion 
of Sri Lanka partly depends on a district-based quota system. Several districts of the 
country are defined as under-privileged districts and lower cut-off marks for university 
entrance are set for these districts. The following two tables show several measures of the 
variation of educational opportunities over districts. 

Disparities across districts are not clearly visible in many education indices reported in 
Table 4.1 below. For example, the number of people per-school3, number of pupils per-
school, and pupil to teacher ratio do not reveal much variation between districts. In fact, 
some variables such as number of people per-school and number of pupils per-school 
show that educationally under-privileged districts are better off compared to the situation 
in the rest of the country. According to our estimates, there is a school per 1,287 people 
living in the educationally under-privileged districts, and the average number of pupils in a 
school is 345. The same figures for the entire country are 1,654 and 401, respectively. In 
the Colombo district there is a school per 3,941 people with approximately 781 pupils. 
The pupil-to-teacher ratio shows no variation. 

Where the secondary and upper secondary level educational opportunities are concerned, 
Table 4.1 shows that educational opportunities at those levels are proportional to the 
population distribution. For example, the estimated population distribution for 1992 [see 
Statistical Abstract-1993, Table 13, page 35] across districts shows that 20 percent of the 
total population lives in educationally under-privileged districts. Table 4.1 above shows 
that 20 percent of schools with the GCE(AL) education opportunities are located within 
the educationally under-privileged districts, and 15 percent of AL science students in the 
country have come from those districts. 

3 This is derived by dividing the district population by the number of schools located in the same district. 
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District 

Table 4.1 
District-wise Variation of Educational Opportunities: A 

No. of Pupils in 
AL Classes Per-
School with AL 

Classes 

Percentage 
Distribution of 

Schools with AL by 
Districts 

Percentage 
Distribution of 
Pupils in AL 

Classes by Districts 
(A) (B) (C) (D) Science Other Science AL Other Science AL Other 

Colombo 3941 781 26 58 165 109 11.48 6.59 19.35 10.47 
Gampaha 2422 550 27 52 85 81 9.02 6.29 7.85 7.41 
Kaluthara 1927 443 24 49 94 72 5.74 4.89 5.52 5.10 
Kandy 1696 407 22 43 135 83 7.38 8.04 10.19 9.69 
Matale 1286 328 22 51 61 50 2.25 3.25 1.41 2.35 
Nuwara Eliya* 1151 347 27 84 48 54 2.46 2.70 1.21 2.13 
Galle 1726 404 21 45 110 72 6.35 6.24 7.13 6.49 
Matara 1795 418 19 41 119 67 3.89 4.84 4.75 4.69 
Hambantota* 1560 418 21 75 103 66 3.07 3.54 3.25 3.43 
Jaffna 1800 448 31 58 101 93 7.79 3.94 8.07 5.36 
Kilinochchi* 1268 372 38 110 62 59 0.82 0.70 0.52 0.59 
Mannar* 1301 198 25 58 20 48 1.02 0.50 0.21 0.35 
Mulathivu* 959 247 32 117 52 51 0.61 0.50 0.33 0.37 
Vavuniya* 622 111 23 87 34 33 0.82 0.75 0.29 0.36 
Batticaloa 1616 384 37 75 79 70 2.25 1.75 1.83 1.77 
Ampara* 1406 418 29 83 81 71 3.89 3.20 3.24 3.28 
Trincomalee* 1430 349 29 81 52 42 1.64 2.10 0.88 1.28 
Kurunagala 1424 348 20 46 92 60 6.97 12.13 6.56 10.67 
Puttalam 1734 444 27 71 55 68 3.89 3.00 2.21 2.97 
Anuradhapura 1291 352 23 68 65 46 3.07 4.74 2.06 3.17 
Polonnaruwa* 1533 407 26 104 68 55 1.23 2.05 0.85 1.63 
Badulla* 1212 318 20 51 74 58 4.10 5.59 3.11 4.73 
Moneragala* 1477 412 28 94 59 54 1.02 1.85 0.62 1.44 
Ratnapura 1532 381 24 64 78 63 4.92 5.24 3.94 4.77 
Kegalle 1177 283 18 37 105 67 4.30 5.59 4.64 5.48 
Whole Country 1654 401 24 55 98 69 100 100 100 100 

Under-privileged 1287 345 25 76 68 57 20.70 23.46 14.51 19.60 
Keys: (A) Population per- School, (B): Pupils per- School, (C): Pupils to Teachers Ratio, (D): Pupils per-
Trained Teacher 
Note: These figures were calculated using Table 13 (page 35) of Statistical Abstract-1993 (last column). 
Table 5, Table 10, Table 13, and Table 33 of Education Statistics of Sri Lanka-1992. 
Under-privileged districts are marked with *. 

According to Table 4.1, it seems that educational opportunities - and educational 
opportunities at the primary level in particular - apparently show no variation over 
districts. For example, official statistics show that nearly 40 percent of pupils and schools 
with primary education are located in under-privileged districts. There are 90 pupils per-
school at the primary level in under-privileged districts and this is nearly the same for the 
rest of the country as well4. 

4 These figures are estimated using the statistics reported in Table 5 (Type 3 Schools) and Table 25 in 
Education Statistics-1992. 
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However, the story is not yet complete. Having nearly the same number of schools per-
person or per-pupil and having the same number of pupils per-teacher between the two 
types of districts does not necessarily mean that the accessibility to educational 
opportunities are equal between two district-types. Distribution of the quality of existing 
service is another dimension. Good (experienced, trained and more educated) teachers and 
other material facilities may not be equally available in all regions. For example, Table 4.1 
shows that the number of pupils per trained teacher in under-privileged districts is 
excessively large in educationally under-privileged districts even though the number of 
pupils per-teacher in general shows no variation. Some further measures related with the 
quality of education are reported in Table 4.2 below. 

Before commenting on the figures in Table 4.2, several remarks are required about the 
source of information. We calculated these figures using the school census data tapes for 
1992. A careful perusal of this data set shows that one percent of public schools in the 
country did not respond to this census, at least regarding some variables. Most of those 
districts are situated in the war-tom area: namely in the North and Eastern provinces of the 
country. The first two columns of Table 4.2 show the total number of public schools in 
each district and the number of schools that responded to the school census. 

Table 4.2 reports summary measures of several variables: per-pupil teachers' salary, per-
pupil school development funds raised by schools, number of graduate teachers per-100 
pupils and the percentage of pupils who passed the OL exam. Table 4.2 provides several 
descriptive measures on each variable: mean, skewness and the coefficient of variation. 
Definitions of skewness and coefficient of variation are given below Table 4.2. 

Per-pupil teachers' salary is calculated by dividing the total wage bill of a given school for 
a month by the number of pupils in that school. In Sri Lanka, a teacher's salary is 
determined by the central government, so that in a cross-sectional data set, teacher salary can 
vary only with education, training and experience of teachers. Under this circumstance, the 
average teacher salary can vary over schools only with the education, training and experience 
composition of teachers. Therefore, per-pupil teachers' salary in this analysis is an index of 
teachers' quality. In Levin's framework, teacher salary is one of the motivation variables: a 
higher salary is associated with greater effort levels [see Levin (1980)]. Graduate teachers 
per-100 pupils reflects another dimension of the skill composition of teachers. 
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Table 4.2 
District-wise Variation of Quality of Educational Opportunities: ] 

Per-pupil Teachers' 
Wage  

Graduate Teachers 
Per-pupil 

Per pupil School 
Funds 

Percentage Passed OL 

Districts (A) (B) Mean Sk C.V. Mean Sk C.V. Mean Sk C.V. Mean Sk C.V. 
Colombo 451 451 108.41 2.53 39.22 1.23 1.02 57.89 89.62 4.80 185.67 23.49 1.53 77.26 
Gampaha 582 581 108.71 2.08 43.51 0.94 1.57 84.58 32.57 6.73 181.69 20.87 1.38 67.89 
Kaluthara 463 463 140.52 9.54 92.48 1.01 2.48 102.62 20.98 5.55 265.02 18.71 1.63 74.12 
Kandy 686 686 138.26 2.49 52.73 0.99 1.26 91.00 32.48 9.13 299.25 19.28 1.60 82.22 
Matale 312 312 131.00 2.42 61.12 0.78 3.03 119.16 15.09 6.71 247.71 17.94 2.17 77.91 
Nuwara Eliya* 460 460 99.00 13.16 125.65 0.43 2.25 159.09 18.14 17.62 566.66 16.44 1.21 78.74 
Galle 506 506 148.19 3.63 57.99 0.98 3.40 109.73 28.30 11.28 452.24 19.31 1.66 70.18 
Matara 395 395 165.22 2.39 57.53 1.26 2.73 96.00 16.51 9.00 351.37 18.26 1.03 67.66 
Hambantota* 326 326 129.68 5.32 78.76 1.37 1.58 83.51 6.68 13.00 371.34 18.28 0.65 65.06 
Jaffna 480 463 68.02 4.66 149.09 0.45 11.61 252.53 26.24 6.58 231.26 21.70 1.09 71.06 
Kilinochchi* 83 77 55.32 5.21 86.53 0.28 1.46 144.77 15.42 3.65 148.45 18.39 0.04 62.79 
Mannar* 104 92 131.92 3.50 134.20 0.53 3.28 187.04 7.49 3.61 262.98 28.63 1.31 85.14 
Mulathivu* 99 86 66.34 4.91 93.88 0.32 2.33 196.15 10.41 8.08 324.57 16.68 1.79 93.94 
Vavuniya* 184 160 142.68 3.94 106.12 0.29 3.85 257.34 33.06 12.49 928.48 18.85 0.86 79.41 
Batticaloa 276 262 85.71 8.04 103.77 0.30 7.06 232.32 38.45 8.05 411.39 20.15 0.77 72.06 
Ampara* 360 359 84.55 2.52 59.13 0.42 3.46 158.75 10.74 3.81 220.38 20.45 1.18 73.47 
Trincomalee* 215 198 92.54 4.18 72.43 0.30 5.03 216.90 89.02 6.44 441.88 21.82 1.04 75.60 
Kurunagala 955 955 153.70 6.14 64.76 1.14 6.46 131.43 30.80 10.74 258.08 20.66 1.29 69.05 
Puttalam 345 345 91.13 15.07 105.82 0.54 1.09 103.49 29.78 9.81 390.68 22.21 0.60 69.29 
Anuradhapura 554 551 116.43 4.37 61.79 0.58 1.69 113.60 12.67 11.66 493.50 13.44 2.70 88.57 
Polonnaruwa* 207 204 91.80 1.34 42.92 0.82 1.67 89.20 15.85 7.79 269.17 14.65 0.84 66.67 
Badulla* 560 560 130.49 2.67 72.22 0.88 2.06 121.78 11.09 8.70 348.45 18.27 1.56 74.13 
Moneragala* 238 236 89.52 5.42 76.16 0.88 4.29 126.92 5.96 10.25 424.51 13.78 3.19 85.87 
Ratnapura 589 589 106.94 3.33 62.30 0.62 3.07 132.20 14.04 6.48 258.86 17.36 1.06 71.31 
Kegalle 610 609 191.85 10.47 104.43 0.87 4.29 137.73 20.21 22.79 652.63 17.09 1.30 80.00 
Whole Country 10040 9926 123.27 9.29 84.48 0.82 4.59 126.28 25.92 17.55 425.38 18.95 1.48 75.52 
Under-privileged 2836 2758 106.73 8.25 95.02 0.68 2.86 142.61 18.46 18.18 654.96 18.19 1.32 75.64 
CV Cross Districts 29.00 46.34 84.81 16.82 

Keys: (A): Total Number of Schools, (B): Number of non-missing Cases 
Note: Figures in this Table are calculated using the School Census Data Tapes 1992. 

C.V. Coefficient of Variation: X / o 

Cross District C.V. measures the relative dispersion of district averages around the average of the district 
averages. 

Sk = Skewness: (X - M o d e ) / o 

Under-privileged districts are marked with *. 

Another variable measuring the quality of educational opportunities is the availability of 
material facilities in schools such as libraries, laboratories, audio and video equipment, 
playgrounds and many other material facilities. Unfortunately, no surveys on schools of Sri 
Lanka provide information on the availability of these facilities. Instead, the development 
fund raised by schools is one of the closest proxies for the material inputs to which we have 
access by means of school census records. There are three main sources of these types of 
funds: facility fees, the school development society, and the school's alumni association. The 
census schedule also provides the ways in which these funds are utilised. They are mainly 
used for a.) Payments for temporary staff, b.) Books, newspapers and other library 
materials, c.) Building construction, and d.) Sports facilities. This indicates that the amount 
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of such funds is directly related with at least some of the material facilities available in a 
school5. 

Table 4.2 also reports the distribution of the percentage of pupils who passed the GCE(OL) 
in a given district. This is the number of pupils who passed the OL as a percentage of the 
total who sat for the exam. The school census for 1992 has collected information on the 
number of pupils who sat for the OL for two consecutive years (in first and second attempts), 
and the number who passed in those years in both attempts. Figures reported in the table are 
calculated by dividing the number of pupils who passed the OL during the entire period in all 
attempts by the total who sat for the exam in the relevant period and in relevant attempts. 
This is an approximate measure for the performance of schools6. 

In general, Table 4.2 shows that the quality of education available in public schools is lower 
in educationally under-privileged districts as compared to the situation throughout the rest of 
the country. The performance indicator, the percentage who passed the OL, however, shows 
no variation between privileged and under-privileged districts. Good and bad performances 
are distributed over privileged and under-privileged districts. For example, the highest 
performance is reported from an under-privileged district (Mannar), and the lowest 
performance is reported from a privileged district (Anuradhapura). The measure of skewness 
shows that all the variables are positively skewed within each district and in the entire 
country. This indicates that the average performance overestimates the situation of the 
majority of the schools located in a given district. We further observe that the degree of 
skewness is nearly the same for the under-privileged districts and for the rest of the country. 
We have also reported the coefficient of variation for each variable. The coefficient of 
variation measures the relative dispersion of a given variable. This measure is free from the 
unit of measurement and therefore recommended for cross-comparisons. In Table 4.2 we 
consistently observe that the degree of disparity among all the school quality variables is 
higher in under-privileged districts as compared to the situation in the rest of the country. 

The last row of Table 4.2 reports the coefficient of variation across districts. This measures 
the relative dispersion of the district averages of a variable. Comparison of this figure with 
the coefficient of variation across schools clearly shows that the within-district (cross-school) 
variation of school quality measures — as well as the school performance measure — is much 
higher than the between-district variation of the same variables. This finding does not 
support the currently university selection criterion. 

Official statistics further show that there are 16 schools per SLEAS7 qualified principal in the 
entire country, whereas the situation is 35 schools per one such principal in under-privileged 

Rich school development societies and alumni associations always represent wealthier and more educated 
segments of the society; therefore, it partly also represents the characteristics of the average pupil in the 
school. 

As we have shown in Chapter 2 [cf. section 2.5], output of the education system is multi-dimensional and 
difficult to measure by a single variable. [See chapter 7 for an alternative approach.] 
7 Sri Lanka Education Administration Service. 



A Pearl of Great Price 83 

districts. In Colombo there are only four schools per one SLEAS qualified principal. In 
general, SLEAS qualified principals are young, educated (graduates) and well trained 
administrators. If we assume that school administration under SLEAS qualified principals is 
more productive, the above statistics show that the distribution of administrative skills over 
districts is also uneven. 

4.3 Inequality Between Schools 

In order to understand the variation of educational opportunities between schools, we 
further analyse the four school level variables that we have analysed at the aggregate level 
in Table 4.2. To visualise the pattern of disparity between schools, we construct Lorenz 
curves for each of these variables. Constructed Lorenz curves are reported in Figures 4.1 to 
4.4 below. Each line within a given figure represents a district. 

A Lorenz curve plots the cumulative percentage of a given variable against the cumulative 
percentage of the receiving units, schools in our case. The variable in our interest is sorted 
in ascending order so that if it is distributed equally over all the schools, the plot must 
create a 45-degree line. The straight lines in the figures represent hypothetical equal 
resource allocation within districts. The farther the actual lines are away from the straight 
line, the greater the disparity within districts. Lines marked with squares represent the 
distribution of a given school resource among schools throughout the country. 

Figure 4.1: Within District Distribution of Teachers'Salary (per-
pupil) 
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Figure 4.2: Within District Distribution of Graduate Teachers per-100 
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Figure 4.3: Within District Distribution of School Funds (Per-Pupil) 
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Figure 4.4: Within District Distribution of GCE (OL) Results 

40 50 60 70 80 90 100 

Cumulative Percentage of Schools 

Lorenz curves are in conformity with the pattern of the intra-district distribution suggested 
by Table 4.2. All the variables report highly uneven distribution within each district. For 
example, nearly 90 percent of schools possess less than 30 percent of the school 
development funds. The rest goes to 10 percent of schools in a given district. All the other 
variables also have a highly dispersed pattern within each district, although the degree of 
disparity is smaller compared to the disparity of the distribution of school funds. 

One of the remarkable findings of this analysis is that the school development funds act as 
the main source of dispersion across districts as well as across schools. Those funds are 
raised by the schools and no one can object to any particular school having more funds 
than other schools. In fact, the amount of funds raised by a school heavily depends on its 
reputation as a school, and the economic, education and social background of alumni and 
parents of current pupils of the school. Until the 1980s public schools were not allowed to 
conduct their own fundraising activities except for a minimal facility fee. At the end of the 
1980s school development councils were established and given the permission to collect 
funds and contribute to the development of schools. The councils are composed of alumni 
associations and parent groups. The purpose of establishing such councils is that they will 
presumably identify schools' needs. Plans are drawn at the grass-roots level and these can 
also contribute to the development of the school. In a sense this acts as an indirect pricing 
of public education. 
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As the statistical evidence in this section has shown, the funds raised by councils have 
become the main source of inequality between schools and between districts. This reveals 
a vicious circle embedded into this system. Schools in remote areas, and far corners of 
districts in general, serve economically less affluent communities. Therefore, school 
development councils representing such schools are poor and cannot contribute much to 
the development of those schools. In contrast, schools in cities and prominent districts 
possess rich school development councils. The result is a high quality of education for the 
latter type and a lower quality in the former type of school. In turn, economically affluent 
parents choose only schools with a high quality of education. This leads these schools to 
maintain the rich school development councils, and soon. Furthermore, this has 
encouraged benefactors and other well-off lobbying groups to pay more attention to 
privileged schools. 

4.4 Performance of Public Schools 

As we have already mentioned in Chapter 2, measuring the performance of schools is a 
rather difficult task. There is no agreement as to what it is that schools actually produce. 
Different researchers have used many various measures of school production and the 
results are heavily dependent on which output variable is chosen [see section 2.5]. In this 
section we use the proportion of who pupils passed the GCE(OL) exam from a given 
school as an indicator of the performance of public schools in Sri Lanka. 

Apart from the fact that this variable does not cover the multi-dimensionality of education 
output, there are two serious limitations. First, this does not measure the performances in 
grades for other than OL classes in a school. It assumes that the GCE(OL) exam is the 
ultimate target of schools and therefore ignores the pupils who leave school before and 
after this level. Second, this cannot measure the performance of schools without OL 
classes. Therefore, the statistical evidence reported in this section gives no clue concerning 
the performance of primary schools. An analysis of scholarship exam results at grade 5 
and GCE(AL) results at grade 13 — together with the OL results — would give a more 
accurate picture. However, unavailability of required information limits the analysis in this 
chapter only for OL results. 

The analysis in this section is divided in two parts. We first decompose the proportion of 
OL passers by district types and school types. Secondly, we add educational quality 
measures to the list of explanatory variables and give a production function interpretation 
for it. 

In this section we divide all the districts of the country into two groups: educationally 
privileged and under-privileged districts. This definition, given in footnote 1 of this 
chapter, is used by education authorities for determining the university admission criterion. 
We divide the schools into three types as under-privileged schools, average schools and 
privileged schools. This division is arbitrary. We also use different quality indicators (per-
pupil wage bill, per-pupil school development funds and graduate teachers per-100 pupils) 
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to classify schools into three categories. For each variable we estimate the first and fourth 
quartiles. All schools belonging to the first quartile are classified as under-privileged 
schools and all schools belonging to the fourth quartile are privileged. Those schools 
belonging to the second and third quartiles are classified as average schools. Each school 
quality indicator defines a different classification. We use each of these classifications in 
the analysis and found that results do not vary over different classifications. In this section 
we report the results based on the classification by per-pupil school development funds. 
The first quartile of this variable is 4.05 and the third quartile is 30.26. Therefore, all the 
schools reporting per-pupil school development funds less than or equal to 4.05 are 
defined as under-privileged schools. All schools reporting per-pupil school development 
funds on or above 30.26 are classified as privileged schools, and the others are in the 
average category. According to this classification, in a privileged district, percentages of 
privileged and under-privileged schools are 30 and 25 percent, respectively. There are 14 
percent privileged schools and 41 percent of under-privileged schools in under-privileged 
districts. 

The proportion of students who passed the OL is available in the school census-19928. The 
proportion of pupils who passed each exam is defined based on this information. 
Throughout this chapter we have a behavioural assumption about these proportions. 
Namely, we assume that these proportions have a Logistic-distribution [i.e. 
P = exp(Z)/[l + exp(Z)] ]. The only reason for this choice is that the range of this function 
is in the unit interval, which is the minimum requirement for a function representing 
proportions (probabilities). This function is not linear in probability. However, it is linear 
in log of odds-ratios, [ln{P/(l-P)}]. Maddala (1983) has shown that the error term in this 
specification is heteroscedastic. [See Maddala (1983), pp. 28-34.] In the presence of a 
heteroscedastic error structure, the OLS estimates are no longer BLUE: the OLS is unbiased 
but not efficient. An alternative method is suggested by White (1980) and is reported in 
many econometrics textbooks [see, inter-alia Greene (1993), Chap. 14, p. 391]. This method 
corrects the variance-covariance matrix for heteroscedasticity and provides a consistent 
estimate of it. We apply White's correction procedure throughout this chapter9. 

The first question in section 3 of the census schedule asks information about the GCE(OL). However, a 
cross- comparison of census schedules shows that this question has changed from census to census. For 
example, in 1990,only the number of pupils who sat for the exam was asked. In 1992, the number who sat for 
the exam together with the number who passed was asked for two consecutive years (1990 and 1991). For 
each year the number of first-time and second-time candidates and number who passed from each group is 
also reported. 
9 Maddala (1983) shows that the variance of the error term is 1/ NPj(l — Pj)and suggests using WLS 
(Weighted Least Square). However, the accuracy of the regression results derived by this method is heavily 
dependent on the choice of the weights [see Kennedy (1992), Chap. 8, pp. 113-133]. 
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Finally, for the regression analysis in this chapter, we choose schools having at least 10 
pupils who sat for the OL and the proportion of those who passed the exam is corrected by 
using the formula suggested by Cox (1970, p.33) . 

4.4.1 Variation Across Districts and Schools 

In this section we analyse the variation of performances of public schools by district and 
school types defined above. We have two district types (privileged and under-privileged) 
and three school types (privileged, average and under-privileged). This, together with two 
interaction terms of school types with district type, gives us five explanatory dummy 
variables as the determinants of the log of odds-ratio. 

In = a 0 +a 1 D + a2Sp + a3Su+a4(DSp) + a5(DSu) + E (4.1) 

where P is the proportion passing the exam, D is a dummy that equals one for privileged 
districts and zero otherwise, SP is a dummy that equals one if school is privileged and zero 
otherwise. Su is a dummy that equals one if school is under-privileged and zero otherwise, 
and the other two are the interactions of district and school types, E is the error term. 

We can use equation (4.1) to decompose the log odds-ratio into several breakdowns: 

l n - ^ - = ( a 0 +a 1 ) + (a 2 +a 4 )S P + (a3 + a 5 )S u +e : i f D = l (4.1.1) 

I n — = a 0 + a 2 S P + a 3 S u + e :ifD = 0 (4.1.2) 

p 

In = (a0 + a3) + (a, + a4)D + e : if Sp = 1 & Su = 0 

(4.1.3) 

l n ^ - = ( a 0 + a 2 ) + ( a 1 +a 5 )D + e : if Sp = 0 & Su = 1 

(4.1.4) 

I n — = a 0 +a 1 D + e :ifSp = 0&S u = 0 
1-P 

(4.1.5) 
Equations (4.1.1) to (4.1.5) show the breakdown of log-odds-ratios under different 
situations. Variation of the odds-ratios (and hence the probability) within privileged 
districts is shown by equation (4.1.1). Equation (4.1.2) shows the variation within under
privileged districts. Variations within privileged schools, within under-privileged districts, 
and within average schools are depicted by equation (4.1.3) to equation (4.1.5). 

1 Cox (1970) suggests using In 
P + (2n) l 

l - P + (2n) ! 
instead of the odd ratios. This correction is required if there 

are cases with 1 and (or) 0 proportions. This formula is also reported in Maddala (1983), p. 30. 
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Table 4.3 
District and School Type Variation of the Probability of Passing OL 

Regression Results 
Oc -1.687 

-(41.59) 
a, -0.037 

-(0.82) 
R' = 0.08 

02 0.471 a3 -0.225 F = 84.02 
(5.46) -(3.66) LL=-6638 

a4 0.111 
(4.17) 

a. 0.047 
(0.37) 

N = 4827 

Schools 
Probabilities: GCE(OL) 

P A UP 
Districts P 0.249 0.156 0.129 

UP 0.229 0.156 0.129 
Note: Figures in parentheses are t-values. 
P: Privileged, A: Average, UP: Under-privileged. 
Regression coefficients with |t|< 1 are set to zero when calculating probabilities. 
LL: Log of the Likelihood Function. 

There are two panels in Table 4.3. The top panel of the table shows the regression 
coefficients, t-statistics and other measures related with the statistical significance of the 
regression equation, and the bottom part gives the breakdown of the probability of passing 
OL by district and school types. These are the predicted probabilities from equations 
(4.1.1) to (4.1.5). Regression coefficients, a,, to as, are from equation (4.1). Table 4.3 
shows that the district and school types with their interactions explain only 8 percent of the 
total variation of the dependent variable. District dummy and the district-under-privileged 
school interaction terms are not statistically significant at 5 percent. According to equation 
(4.1), this means that only the performances of privileged schools vary over districts; 
average and under-privileged schools report equal performances regardless of whether they 
are located in privileged or under-privileged districts. 

We use the regression results reported in the top panel of Table 4.3 to predict the 
probability of passing the OL. Results are reported in the lower panel. In these calculations 
we set all the regression coefficients that are statistically insignificant at one percent, to 
zero. In other words, 0C2 and as were set to zero. Our estimates show that average and 
under-privileged schools show no variation over districts. However, privileged schools 
located in privileged districts perform better than the privileged schools located in under
privileged districts. This difference is statistically significant at any reasonable level. In 
general, privileged schools perform better than the average, and the average schools 
perform better than the under-privileged schools. Table 4.3 shows that a child studying in 
a privileged school located in an under-privileged district can increase his passing 
probability by nine percent by moving to a privileged school located in a privileged 
district. If one can move from an average school to a privileged school, his chance of being 
qualified for the OL exam will increase by nearly 50 percent. A similar movement from an 
under-privileged school to an average school will increase the chance by 21 percent. If one 
moves from an under-privileged school to a privileged school located in a privileged 
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district, his chances for passing the OL will soar by nearly 100 percent. These calculations 
clearly show that district-wise variations exist only because of the differences between 
privileged schools. Average and under-privileged schools show no variation over districts. 

We use the probabilities reported in the lower panel of Table 4.3 to rank the combinations 
of schools and districts by their performance. The most productive combination (with the 
highest passing probability) gets first in the ranking. The lower panel of Table 4.3 has six 
different combinations. Let us denote them by (PP), (AP), (UP), (PU), (AU) and (UU), 
where the first letter represents school and the second represents district. P stands for 
privileged, A is for average, and U is for under-privileged. Then (PP) means privileged 
schools located in privileged districts, and so forth. Ranking them reveals that (PP) is 
preferred to all other combinations. In other words, privileged schools in privileged 
districts is the best combination available. (PU) is the second most preferred type 
(Privileged schools in Under-privileged districts). In the case of average and under
privileged schools, schools in privileged districts are not significantly different from 
schools in under-privileged districts. In other words, (PP) is preferred to (PU), (PU) is 
preferred above all the other categories. Moreover, (AP) and (AU) are indifferent and (UP) 
and (UU) are also indifferent. Table 4.4 summarises the present situation at these schools. 

Table 4.4 
Selected Summary Statistics for School Types  

Schools Pupils Teachers Pupils/ Teach/ PTR Rank 
Schools School 

Popularity Performance 
Rank Rank 

PP 2,087 1,551,752 63,212 744 30 25 1 1 

PU 394 260,943 10,389 662 26 25 2 2 
AU 1,248 527,310 21,635 423 17 24 3 3 
AP 3,284 1,233,094 54,965 375 17 22 4 3 
UP 1,797 366,300 16,273 204 9 23 5 4 
UU 1,116 216,935 9,086 194 8 24 6 4 
All 9,926 4,156,334 175,560 419 18 24 Rank Correlation = 0.89 

Note: Pupils/Schools is the number of pupils per-school. 
Teach/Schools is number of teachers per-school. 
PTR: Pupils to Teachers Ratio 
Abbreviations PP to UU are explained in the text. 
Popularity Rank: This is the rank of school-district combinations by average school size (# of 
pupils/ # of schools) in a given category. 
Performance Rank: Rank of school-district combinations by predicted OL probabilities in Table 4.3. 

Table 4.4 shows that PP and PU are the most popular schools. On average, there are 419 
pupils per-school in the entire country. There are nearly 700 pupils per school in both PP 
and PU. The last two columns of Table 4.4 report the ranks of each school type on their 
popularity and on the performance (discussed in the previous paragraph). The rank 
correlation between the two is 0.89, indicating that both rankings are highly consistent 
with each other. This is an interesting finding with regard to the present situation of the 
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demand for public schools in Sri Lanka. The current situation has an enormous imbalance. 
Schools located in far corners are at risk of losing students. At the same time there are 
many schools with an excessively large demand. The fifth column of Table 4.4 shows that 
the PP and PU categories are the most demanded schools. Table 4.4 further shows that 
nearly 60 percent of pupils attend a school that is inferior to their second best school type, 
i.e. PU. This clearly not only reveals the widespread dissatisfaction with the distribution of 
educational opportunities but also the political sensitivity of this issue. The National 
Education Commission has recognised this as one of the main problems in the system [See 
Sri Lanka Sessional Paper No. V-1992, p. 82.] 

4.4.2 Technical Efficiency of Public Schools: Model and Estimation 

In section (4.4.1) we have estimated and discussed the district and school-wise variation of 
the probability of passing the GCE(OL). This measure is used as a performance indicator 
of public schools in Sri Lanka. In this section we continue the analysis for measuring 
technical efficiency of public schools. The limitations of the performance indicator that we 
described in section (4.4.1) are equally applicable in this section as well. 

Following the review of the literature on education production functions in Chapter 2 
(section 2.5), we assume that the performance of a given school is a function of four 
variables: characteristics of the average pupil studying in the school (Xj), material inputs 
(X2), teachers inputs (X3), and school administration (X4). This suggests the following 
function: 

Q = F(X1,X2,X3,X4) (4.2) 

where Q is the performance indicator and inputs X, to X are already defined. From section 
(4.4.1) we replace Q in equation (4.2) by the odds-ratio of passing the OL exam. Moreover, 
Xi, the average pupil characteristics, will not be an exogenous variable in this aggregate 
school production model. More able pupils will choose better schools. We can then write 

X, = X(Q) (4.3) 

Substituting equation (4.3) into (4.2) and solving for Q, we can write the following reduced 
form of the aggregate school production function: 

Q = Z(X2,X3,X4) (4.4) 

Furthermore, by following the review of literature in Chapter 2 [section 2.5] and Levin 
(1980), we believe that teacher inputs will have a dual role in the school production process: 
as a direct input and as a factor determining the "organisational climate"" of a school. From 
a sociological point of view, we can argue that the education composition of teachers affects 
the school sub-culture to shape its values and norms such that a school with more educated 
teachers is attributed with more "academic-oriented values". This leads us to presume that 
the education composition of teachers will have a positive effect on the efficiency. Further, 
the quality of administration X4 will also increase the efficiency. On theoretical grounds one 
can argue that the role of the administration in a school is to create an environment for 

"See Levin (1980) p. 218. 
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exploiting the maximum capacity of all inputs, and the administration will therefore affect 
the efficiency parameter of the above production function. 

We might now assume the following "specific form" of the CES production technology to 
represent equation (4.4): 

Q = Y[5X2P+(1-5)X3P ] "P (4.5.1) 

Y = Yog71 XI2 (4-5.2) 

where g is a measure of the education composition of teachers, y is the efficiency parameter, 
5 is the distribution parameter, p is the substitution parameter, and v is the scale parameter 
of the CES production function. By definition of the CES production technology, y > 0, 0 < 5 
< l , - l < p / 0 and v > 0. This further defines the elasticity of substitution, o" = l/(l + p). 
Advantages and disadvantages of the CES specification over other production technologies 
are well known and will therefore not be elucidated here . 

Let us consider the school-input measures at our disposal. Table 4.2 shows that we have four 
school-input variables: wage bill, school development funds, number of teachers, and 
number of graduate teachers. These variables represent teacher-inputs and other material 
inputs to the education production process [see section (4.2)]. We define g in the above 
production function in terms of the percentage of Graduate Teachers in a given school13. 
Note that in equation (4.5.2) we define the efficiency parameter also as a function of school 
administration: X4. The school census collects some information that can be used as a proxy 
for school administration. For example, qualifications of principal teachers are available in 
the census data records, but unfortunately, this particular variable is not present in the 
extracted data set available to us. We will also have to take into account the effect of school 
size in number of pupils. Given the data available we therefore specify 

Q=Yo(f) 
(Yl 

T feiw^ /p 
eE2 (4.6) 

where G is the number of graduate teachers, T is total number of teachers in the school, N 
is number of pupils, K and L represent rupee values of school development funds and total 
wage bill. Instead of defining variables on a per-pupil basis, in equation (4.6) we have 
defined the number of pupils as a separate explanatory variable with an estimable 
parameter:^. This specification is more general than a specification on a per-pupil basis 
because the latter is nested in this specification. 

Defining the CES production function in this form changes the interpretation of some of 
the coefficients. For example, v in this specification will no longer be the scale 

12 See Chiang (1984) and Bridge (1971) inter-alia. 
13 Defining g in terms of the percentage of Graduate Teachers is not a theoretical necessity. It may be 
represented by the percentage of trained teachers as well. In the course of this analysis we use the percentage 
of Graduate Teachers because it is the only variable at our disposal. 
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parameter14. The scale parameter is Yi+ v(l-r)). The size elasticity is -r)v. Other 
parameters of this function are Yo: efficiency parameter, yi-' effect of (G/T) on the 
efficiency, 5: distribution parameter, and p: substitution parameter. 

OLS will not estimate this function. In this chapter we derive a linear approximation for 
equation (4.6) using second-degree Taylor's expansion15 of the CES production function 
(see Appendix 4.A)16. Taylor's expansion of equation (4.6) is given below. 
lnQ = lnY0+Y|ln(G/T)-rivlnN + vôlnK + v( l -5) lnL- |pvô( l -5) [ lnK- lnL] 2 +e 2 

(4.7) 
Table 4.5 

Descriptive Statistics 

Descriptive Statistics 
Mean Std. Skewness 

log of Odds-Ratio -1.62 1.00 -0.03 
InGfGraduate Teachers] 0.79 3.60 -3.54 
lnK[School Development Funds] 6.24 7.58 -2.11 
lnL[Total Wage Bill] 10.88 0.63 0.60 
lnN[Total Number of Pupils] 6.24 0.71 0.14 
lnT[Total Number of Teachers] 3.16 0.56 0.56 
Number of Observations 4827 

Source: School Census 1992. Ministry of Education, Sri Lanka 

4.4.3 Variable Measurement 

In this section we define the dependent and independent variables in the school production 
function [equation (4.7)] that we estimate. This contains four explanatory variables, L: 
money value of teachers, T: number of teachers, K: money value of other material inputs, G: 
number of graduate teachers and N: number of pupils. The dependent variable in this 
analysis is the log-odds ratio of passing the OL. Summary measures of these variables are 
also given in Table 4.2. However, since all the variables in this model are in natural 
logarithmic form, Table 4.5 above reports the summaries of log values of relevant variables. 

4.4.4 Model Estimation 

As we have already described at the beginning of section 4.4, this model is attributed with 
heteroscedastic error terms. The error variance varies over individual cases. Therefore, the 
variance-covariance matrix is corrected by the White-procedure described at the beginning of 
section 4.4. We have estimated two different versions of the school production function: one 
without district and school type dummies and the other including them. Table 4.6 reports the 
regression results with dummies. 

14 See Appendix 4.B for derivations. 
15 CES production technology is an intrinsically non-linear function [See Jan Kmenta (1971), chap. 11, p. 
463]. 
16 We adopt this method here in order to maintain the consistency of production function estimates 
throughout this book. See chapter 7 for another estimate of the same production function. 
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Table 4.6 
Estimates of School Production Functions 

Coef. t-stat. 
Constant -8.389 -26.61 
Privileged District Dummy: D -0.074 -1.76 
Privileged School Dummy: Sp -0.053 -0.63 
Under-privileged School Dummy: S„ -0.633 -3.08 
Interaction D* Sp 0.011 0.14 
Interaction D* S„ 0.099 1.41 
ln(G/T) 0.007 1.57 
InN -0.068 -1.77 
InK 0.183 7.41 
InL 0.513 11.84 
[InK-lnL]2 0.006 7.34 
Adjusted-R2 0.24 -
F 154 -
LL -6171 
Observations 4827 -

Yo*1000 0.227 -
Yi 0.007 -
V 0.696 -
S 0.262 -
Tl 0.098 -
P -0.095 -
a 1.105 -

Size Elasticity: -r|v -0.068 
Returns to Scale: Yi+V(l-Tl) 0.628 

In general, the production function specification passes all the standard tests. Nearly 25 
percent of the variation of the dependent variable is explained. Only the regression 
coefficient of privileged school dummy and interactions of school types with district dummy 
are statistically insignificant at 10 percent. School and district type dummy variables in this 
specification capture the effect of school type and district on the efficiency parameter. Our 
estimates show that schools located in privileged districts, and under-privileged schools in 
general, are less efficient than the average schools. 

All the school-input variables are significant at 10 percent. All the parameters of the 
production function are with the expected signs. 8: the distribution parameter is 0.26. This 
indicates that the production process in public schools in Sri Lanka is highly teacher-input-
intensive. In fact, this would be the case everywhere in the world. However, we expect that 
the teacher-input-intensity in developed countries would be smaller than that of developing 
countries. There is unfortunately no empirical evidence to support this argument. The 
elasticity of substitution: a is 1.11. However, note that o measures only the substitutability 
between K and L in our specification. Defining a formula that can include all the variables is 
a rather cumbersome exercise, yi is positive and statistically significant at 10 percent. This is 
consistent with our prior expectations: that the education composition of teachers increases 
the efficiency. 
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The formulae for calculating return to scale from equation (4.6) is given in Appendix 4.B 
and the estimate of the relevant measure is reported in Table 4.6. The size-elasticity is 
statistically significant and negative. Considering that schools produce a collective-
consumption-item, one would expect that the sign of the size-elasticity would depend on 
whether or not the school is congested. The size-elasticity would be zero until the school 
becomes crowded and congested and negative afterwards. Negative size-elasticity in our 
estimates indicates that the average public school in Sri Lanka is overcrowded. To see 
whether this happens with all the public schools in Sri Lanka, we estimated a version of the 
production function specification with school-type interaction with log number of pupils 
(InN). Regression results are reported in Appendix 4.C. When we introduce interactions of 
log number of pupils (InN) with privileged and under-privileged dummies, we observed that 
the size-elasticity of privileged schools is positive and small and negative for the other 
schools. 

If we agree with this finding, it suggests that privileged schools are under-utilised and the 
other schools are congested as compared to the resources which have been allocated for 
them. A large pupil population and a relatively large class-size in privileged schools indeed 
could mislead the reader. In fact, the existence of more pupils does not necessarily mean that 
the school is congested. Congestion is defined relative to the capacity. Good libraries, a 
better administration, peer-groups with greater academic values, more and better 
opportunities for private tutoring in privileged schools, and the movement of the best brains 
from under-privileged and average schools to privileged schools above all may have 
increased their capacity to absorb more pupils without hampering their productivity. At the 
same time, the less populated average and under-privileged schools, which obtain less of 
everything, would have already exceeded their capacity. This inefficiency can be overcome 
either by allowing pupils to move from under-privileged and average schools to privileged 
schools, or by redistributing the available resources from privileged schools to average and 
under-privileged schools. Implications of our model show that unless a proper redistribution 
measure is implemented, there will be an exodus of pupils from average and under
privileged schools to privileged schools. 

Return to scale at 0.63 indicates that public schools in Sri Lanka are experiencing a 
decreasing return to scale. In fact, the return to scale is under-estimated. As we have shown 
in Appendix 4.B, a part of the dis-economies of scale would be recovered by increasing the 
administration quality. This, together with the definition of the size-elasticity, help 
decompose the total scale effect into two: the effect of an increasing number of pupils and 
the effect of increasing school input (keeping the number of pupils constant). Appendix 4.B 
shows that Yi + Y2 + v(l-T)) is the scale parameter, and -T)V measures the effect of 
increasing number of pupils for a given amount of inputs, or it is the size-elasticity. 
Therefore, the difference between the size-elasticity and scale parameter yields a measure 
of the effect of increasing per-pupil inputs. According to this specification, this is given by 
Yi + Y2 +v. In the absence of a measure of administration quality, our model estimates only 
Yi+v. 
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Table 4.7 
licted Probabilities of Passing OL: School Production Model 

Schools 
Districts P A UP 

P 0.230 
UP 0.211 

0.151 
0.146 

0.127 
0.127 

Using the regression results reported in Table 4.6 above and the group averages of 
explanatory variables in the school production function, we calculated the probability of 
passing the OL exam. Results are reported in Table 4.7. Table 4.7 reveals the same story as 
we had in section 4.4.1 above. 

4.5 Summary and Conclusions 

Two interrelated objectives govern the analysis in this chapter: the distribution of the 
educational facilities and opportunities, and the efficiency of public schools in Sri Lanka. 
The current education policy and the prevailing attitudes seem to confirm that the 
distribution of educational facilities and opportunities over districts is the main source of 
inequality. Apparently, the school-wise disparities are considered as less important. 

Contrary to this view, the findings in this chapter show quite consistently that the disparity 
across schools is enormous. While the regional disparity of educational facilities and 
opportunities is an undeniable truth in the Sri Lankan context, findings in this chapter 
show that the disparity across schools seems to be the main source of variation. More 
importantly, predicted probabilities of passing the OL show that the existing variation 
between districts has mainly been created by the variation of privileged schools based in 
two locations. The immediate implication of this finding is that the university recruitment 
policy based on a district quota system does not accomplish the desired objectives of 
policy makers. Instead, it may worsen the situation by favouring pupils who study in 
privileged schools located in under-privileged areas, and by discriminating against those 
who study in average or under-privileged schools located in privileged districts. Our 
findings strongly recommend that the university recruitment policy must be based upon a 
school quota system rather than on a district quota. 

Given that the output measure used in this analysis covers only a small part of the 
education production process, and that we have omitted an important input measure 
(management quality) from the specification, the school production function estimates 
reported in this chapter reveal some remarkable findings. Privileged schools are under
utilised and average and under-privileged schools have exceeded their capacity. In fact, the 
method applied in this chapter does not measure the capacity of schools directly. 
Therefore, this is only an intuitive interpretation for the size-elasticity. 

School input measures, together with school and district type dummies and their 
interactions, explain nearly 25 percent of the total variation of school output. This is 
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completely in accordance with the conventional wisdom outlined in the Coleman report. 
Allocation of resources among schools as well as among districts is highly dispersed. 
Similar disparity can also be observed in school performance. However, the contribution 
of the dispersal of educational facilities to the disparity in educational performance is 
remarkably low. 

The estimate of a school production function shows that the production process in the 
public schools in Sri Lanka is highly teacher-input-intensive. This may presumably be the 
case everywhere in the world. However, the degree of teacher-input-intensity in developed 
countries is expected to be lower than that of developing countries. In the absence of 
suitable statistical evidence, we cannot further elaborate on this issue. The elasticity of 
substitution between teacher-inputs and material-inputs is quite low. Furthermore, the 
scale parameter is less than one. 
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Appendix 4.A 

In this Appendix we present the derivation of second order Taylor expansion of the CES 
production function for a case with more than two inputs. For simplicity of presentation, 
we choose a model with three inputs. The generalisation of the three-input model is 
straightforward. 

Let 

In Q=ln y- - l n t ^ X f + S2X2
P + 83X;P ] (4. A. 1 ) 

P 
be the natural logarithm form of the CES production technology with three inputs. All the 
parameters are already defined in the text. We have the further constraint that 5i + 82 + 83 
= 1. We introduce this constraint into the final results. 

Now, let us define the following summary form for 4.A. 1 

lnQ=lnv--<t>(p) (4.A.2) 
P 

where, <Kp) = lnZ(p) and, Z(p) = [5,X,"P + 52X2
P + 83X3p] 

Now we can write the Taylor expansion for <)>(p); <Kp) = <t>(0) + <M0)p + <|>//(0)(p2/2!) +... 
where the terms beyond the second order are ignored. This is the Taylor expansion around 
zero. 

By definition of <])(p), we know that <(>(0) - 0. Therefore, we are now interested in the first 
and second derivatives of <|)(p). First and second derivatives of <|>(p)are given below. 

àfM Z ' ( P } àTfrt Z ' ( p ) Z ' ( p ) 2 

<t> (P)=^—— , <t> (P)=-Z(p) ' " ' Z (p) Z ( p ) 2 

By evaluating these derivatives around p = 0 and substituting them into equation 4.A.2, we 
can write the second-order Taylor approximation of the CES function: 

Y=a+ß1x1+ß2x2+ß3x3+ß4x
2+ß5x2

:+ß6x
2+ß8x1x2+ß7xlX3+ß9x2X3+e (4.A.3) 

where Y = InQ and all small x variables represent the natural logarithmic values of 
respective variables. Coefficients are defined below. 

a=lny, ßi=vSi> ß2=vÖ2> ß3=v( l -S , -S 2 ) 

vp8,(l-8i) o vp8 2 ( l -8 2 ) 
^- 2 ' Vs= - -

vp(8 ,+8 2 ) ( l -8 , -8 2 ) 
P 6 _ 2 ' 
ß7=vp8,82, ß8=vpSi(l-5, - 5 2 ) ß 9 =vp8 2 ( l -8 , -8 2 ) 
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Estimation of equation (A.3) yields 10 regression coefficients while there are only five 
independent parameters in equation (A.l) above. This shows that the linear version of the 
CES production technology is useful only when there are two input variables. 

Finally, note that if we have only two inputs, and if 5] + 82 = 1, above Taylor's series 
expansion reduces to equation estimated in this chapter. 
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Appendix 4B 

The production function specification according to equations (4.5.1) and (4.5.2) 

Q=YogY'XI2 <*r^*x" (4.B.4) 

where we have ignored the error term for simplicity. By rearranging terms, we can write 

Q=Y0g
Y1 x 4 2 N"nV [5K_P +(1-5)L"P } % (4.B.5) 

Let eN be the size-elasticity. By definition 
ainQ 

e M = 
31nN 

= -TJV (4.B.6) 

Now assume that all inputs are increased by X. The amount of production associated with 
the new input combination is Qi, and the initial amount of production is designated by Q0. 

Q,=Yo(^g)Y1 ( W ^N)-riv[ô(ÀK)-p+(l-ô)(ÀL)-p}^ 

Q, =5J' X1*r1^ Yog
Y1 Xp N-,1V [SK-P +(l-6)L-p ]~# = X11 X<2X^VXVQ0 (4.B.7) 

This shows that the return to scale in this production function is Yi+Y2+v(l-r|). 
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Appendix 4C 

In this Appendix we report the regression results we obtained when we combined equation 
(4.1) with (4.7) and introduced interaction terms of InN with school type dummies. We 
have estimated the following equation: 

InQ = lny0 +a,D + o2Sp +a3(D»Sp) + a4(D»SJ + Y, ln(G /T ) -

TivlnN+ß.anN'SpJ + ß ^ l n N ' S J + vSlnK + va-SJlnL-ipvSO-SjnnK-lnL^+e, 

Table 4C.1 
Joint-model of Education Production 

Variable Coef. t-stat. 

lnYo -7.611 -22.17 

District Dummy (D=l if Privileged District) -0.061 -1.52 
Privileged School Dummy -1.181 -4.26 
Under-privileged School Dummy -0.625 -0.65 
Interaction (D & Privileged School) 0.030 0.45 
Interaction (D & Under-privileged School) 0.023 0.23 
ln(G/T) 0.008 1.71 
InN -0.089 -2.10 
Interaction (InN & Privileged School) 0.172 4.16 
Interaction (InN & Under-privileged School) 0.014 0.15 

InK 0.141 6.35 
InL 0.491 10.44 
[InK-lnL]2 0.006 2.49 

Number of Observations 4827 
Adjusted R2 0.24 
F 126.72 
log of likelihood -6177 

Yo*1000 0.495 

Yi 0.008 

V 0.633 

5 0.223 

r|i (Average & Under-privileged Schools) 0.141 

T|2(Privileged Schools) -0.130 

P -0.111 

CT 1.12 
Size-Elasticity (Average & Under-privileged Schools) -0.089 
Size-Elasticity (Privileged Schools) 0.082 
Returns to Scale: [Average & Under-privileged Schools] 0.551 
Returns to Scale:[Privileged Schools] 0.723 

(4.C.8) 

Note that this equation nests all the regressions reported in the text. There are several 
differences in the regression results. In this specification the privileged school dummy has 
turned out to be negative and statistically significant. The under-privileged school dummy 
and the interactions with district dummy become insignificant. In the specification 
reported in Table 4.C.1, those dummies decompose the efficiency parameter of the CES 
production function. Therefore, negative signs on them would be interpreted in terms of 
the inefficiency. This implies that privileged schools are less efficient and schools located 
in privileged districts are less efficient. However, on average, these schools perform well 
because they have not yet reached their full capacity on the basis of utilisation, and they 
have more facilities (higher K, L and G). 


