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Abstract 
 

 In an attempt to ensure universal enrollment, governments of many developing 
economies have adopted policies that provide schools even to relatively small communities. This 
has resulted in rising concerns that increased enrollments are being achieved at the cost of school 
quality and learning. One reason for this concern is that, on the demand side, small communities 
are generally associated with relatively remote regions, and are hence believed to be poorer, 
habited by households with lower levels of adult education. A second explanation is that, on the 
supply side, small schools generally necessitate multi-grade teaching, with a teacher 
simultaneously teaching students of different grades in a single classroom. To redress these 
disadvantages, most governments have adopted compensating policies that disproportionately 
allocate teachers to small schools.  
 This paper examines whether this compensating policy redresses regional schooling 
inequalities by jointly estimating the effect of class size and multi-grade teaching on learning for 
students in third grade, using survey data from the state of Karnataka, India. We find that, rather 
than reducing inequalities, the policy enhances them. The reasons are two-fold: Multigrade 
instruction does not affect learning and the presumed positive relationship between school or 
village size and socio-economic status does not hold. Instead, in Karnataka and in many other 
Indian states, smaller villages enjoy higher levels of wealth. The Government’s policy therefore 
provides more resources to schools with initially higher learning levels, therefore increasing 
schooling inequalities.  
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1. Introduction 

In an attempt to ensure universal enrollment, governments of many developing economies have 

adopted policies that provide schools even to relatively small communities. This has resulted in 

the mushrooming of small schools with enrollments of less than 100 students, and rising 

concerns that increased enrollments are being achieved at the cost of school quality and learning. 

One reason for this concern is that, on the demand side, small communities are generally 

associated with relatively remote regions, and are hence believed to be poorer, habited by 

households with lower levels of adult education (Blum and Diwan 2007).  Given the critical role 

of household factors in schooling attainment, small communities may well suffer from an initial 

schooling disadvantage. Failure to integrate these communities into schools with students from 

better backgrounds may make improvements in learning difficult to achieve. A second 

explanation is that, on the supply side, small schools generally necessitate multi-grade teaching, 

with a teacher simultaneously teaching students of different grades in a single classroom. While 

multi-grade teaching may promote learning in environments where the curriculum is specifically 

designed for the purpose, it is believed to reduce learning in systems where the curriculum is 

more rigid and grade-specific, as it is in most developing economies.
1
 In such instances, 

combining students of different grades in one classroom generally implies a significant reduction 

in instructional time for each grade. Multi-grade teaching is widespread in Sub-Saharan Africa, 

where it is estimated to account for 26% of schools in Zambia and 36% in Burkina Faso 

(Mulkeen and Higgins 2009). It is estimated to be a feature of 64% of schools in Lao PDR, 78% 

in Peru and as many as 84% in India. 

 To redress these disadvantages, most governments have adopted compensating policies 

that disproportionately allocate resources to small schools. Compensating policies most 

                                                           
1
 In India, for example, the National curriculum is predicated on single grade instruction. 
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frequently take the form of a teacher allocation rule that lowers student-teacher ratios, and hence 

class size, in small schools relative to large. In the south Indian state of Karnataka, for example, 

teacher allocation rules are designed to generate maximum class sizes that range from 20 (in the 

smallest schools) to 30 in medium sized schools (lower primary schools with enrollments 

between 60 and 200, and higher primary schools with enrollments between 90 and 280)  and 40 

in large schools. 

 This paper examines whether this compensating policy redresses regional schooling 

inequalities. It does so by jointly estimating the effect of class size and multi-grade teaching on 

learning for students in third grade, using survey data from the state of Karnataka, India. To 

preview results, we find that the policy has increased regional schooling inequalities. However, 

this is not because the government’s policies are ineffective. We find significant effects of class 

size on learning, with smaller classes promoting achievement.  

The reasons for the failure are two-fold. First, we find that, contrary to conventional 

wisdom, multi-grade teaching has no significant effect on learning. The results relate to the 

multi-grade context in Karnataka where (for reasons explained in the paper) grade 3 students are 

primarily combined with students in grade 4. They cannot rule out the possibility that multi-

grade teaching may have detrimental effects for the older students in the classroom, or at 

different ages and under different grade combinations. In this specific context, however, the 

policy that most affects learning is class size, not multi-grade instruction. 

 Given this, one would expect that the government’s policy of ensuring smaller classes in 

small schools would help redress initial schooling inequalities. The reason that it does not is 

because the ubiquitous assumption that smaller communities are poorer is invalid. In Karnataka, 

villages in better-off districts are significantly smaller than those in poorer districts, so that small 
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schools are predominantly located in better-off districts. This inverse correlation between village 

size and living standards dates to at least the late 19
th

 century, when the development of railroads 

and road networks resulted in many small “satellite” villages in well-connected districts. 

Correspondingly, more isolated villages with relatively poor infrastructure were larger, perhaps 

because they were required to be self-supporting. The negative correlation between village size 

and socio-economic status is not unique to Karnataka; we provide evidence of a similar 

relationship in many other states of India, including some of its most populous states. Because of 

this initial difference in household resources across small and large villages, government policies 

that disproportionately allocate resources to small schools have the perverse effect of reinforcing 

initial regional inequalities.  

The results of this paper highlight the inefficiency of centralized decision making in 

heterogeneous economies. A uniform policy that allocates resources on the basis of school size 

fails, primarily because the relationship between village size and socio-economic status varies 

across regions. The failure, of course, is not necessarily one of centralization, but of the 

uniformity of the policy and the failure to use information on local conditions in the design of 

policies.  

On the methodological side, the primary contribution of this paper is to research on class 

size effects and multi-grade teaching in developing economies. While there are few studies that 

credibly examine the causal effects of multi-grade teaching on learning, there is a relatively large 

literature on class size effects. Evidence from developed countries such as the U.S. generally 

supports the hypothesis that  small class sizes improve learning (Angrist and Lavy 1999, Hoxby 

2000), though reviews of the evidence from several different countries find that the effects, 

though supportive of the hypothesis of improved learning in small classes, are frequently 
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imprecisely measured (Hanushek and Luque 2003). For developing countries, Case and Deaton 

(1999) and Urquiola (2006) are amongst those who have documented class size effects.  

The empirical challenge in this research arises on two accounts. First, there is the 

conventional problem of selection: schools with small class sizes may attract children from 

households with a greater preference for schooling. Even in developing countries where school 

choice may not be a significant issue, any positive effects of small class sizes may merely reflect 

the fact that small classes are found primarily in schools located in relatively small and 

homogenous communities, communities that may be more actively involved in schools and in 

their children’s schooling. Researchers have addressed this concern through the use of a variety 

of methods, including instrumental variables that exploit the discontinuous relationship between 

enrollments and class size generated by policies that cap class size at some stipulated maximum 

level (Angrist and Lavy 1999, Urquiola 2006).  

These methods do not address the second issue: the ability to divide a class into multiple 

sections also provides the opportunity to divide students across sections in optimal groupings 

designed to enhance learning, or to better match teacher and student attributes within any given 

classroom. Put differently, the allocation of an additional teacher affects class size, but 

simultaneously student groupings and teacher assignments. If so, any estimated effect of class 

size may well reflect a positive return to the ability of the school to assign students and teachers 

to specific classrooms.   

To address this issue, researchers have worked with sub-samples that are less likely to be 

characterized by assignment problems. Small schools provide an example of one such sample 

(Urquiola 2006, Hanushek and Luque 2003). For example, in single teacher schools, classroom 
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size is determined by total enrollment in the school, and the assignment of students or teachers to 

different classrooms is not an issue.  

These studies, however, confound the effects of class size with multi-grade teaching, 

yielding potentially biased estimates of class size coefficients. To our knowledge, there are no 

existing studies that separate the effects of class size from multi-grade teaching in schools that 

must resort to the latter. The nature and extent of the bias this introduces depends on the direct 

effect of multi-grade classrooms, and on the correlation between multi-grade instruction and 

class size.  Since multi-grade classrooms are characteristic of small schools, one may expect a 

negative correlation between class size and multi-grade teaching. However, the partial 

correlation coefficient between multi-grade teaching and class size, conditioning on total school 

enrollment, is likely to be positive; within any given school, the ability to combine different 

cohorts in one classroom \enables larger classes than might otherwise be possible.   

To identify the effects of multi-grade classrooms, we build on research on assignment 

problems and their effect on the distribution of outcomes (Graham, Imbens and Ridder 2008). 

The assignment of grades to classrooms is achieved by comparing the value or surplus of each 

feasible assignment. We show that this reflects the difference in the variance in classroom size 

under different classroom assignments, including assignments that are not implemented.  For 

example, the decision to place the grade 3 cohort in a multi-grade classroom reflects the 

difference in the variance in classroom size generated by combining grades 3 and 4, relative to 

that produced by combining grades 4 and 5. The theoretical framework also suggests a set of 

falsification tests, that confirm that identification reflects the assignment process, and is not the 

consequence of some general correlation in the size of different cohorts. 
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Combining cohorts in a single classroom is, however, required only in schools with 

insufficient teachers for each grade. This strengthens identification: the difference in the 

variation in classroom size under alternative allocations will affect the probability of multi-grade 

placement only in a set of schools defined by a specific enrollment cut-off. Identification 

therefore comes from a combination of the school-level variables that dictate the necessity of 

multi-grade classrooms, and the cohort-specific variables that determine assignments.  

In treating class size as endogenous, we adapt the conventional instrumental variable 

approach that exploits the discontinuous nature of the relationship between enrollments and class 

size to better suit conditions in rural India; the conventional approach is not well suited to 

schools with individual cohorts too small to warrant a division into multiple classrooms. Instead, 

our identification strategy recognizes that the determinants of class size vary across schools with 

multi-grade classrooms and those without. In the latter, cohort size determines class size. In the 

former, class size reflects target student-teacher ratios and hence is a discontinuous function of 

enrollments, but at the level of the school rather than at the level of individual cohorts.  Class 

size is therefore estimated by a switching regression, with a switch at the enrollment cut-off that 

determines whether the school requires multi-grade teaching.  

Our survey data provides information on schools, and on grades and classrooms within 

schools. The data set identifies multi-grade classrooms, and provides information on the grade 

and basic demographics of all students in a given classroom. Additionally, we collected 

household information on all students in grade 3 in 2009-10, and also conducted independent 

tests for this cohort of students. The tests, designed by an independent testing service, assess 

students against the state’s grade-level standards in language and mathematics. These tests were 

supplemented by an evaluation of a set of non-cognitive skills, through observations of students 



7 
 

as they undertook individual and group activities designed by the testing agency to enable an 

evaluation of these skills. The survey provides data on approximately 720 schools, distributed 

across 11 districts in the state. Test scores are available for approximately 8,000 students.  

The remaining sections of this paper are organized as follows. Section 2 uses secondary 

and survey data to describe the survey area and provide information on relevant attributes of 

schools and villages. Section 3 briefly sketches the theoretical framework that underlies the 

empirical analysis. The empirical strategy of this paper is discussed in Section 4. Section 5 

provides results. The last section concludes by discussing the implications of the state’s policy of 

disproportionately allocating teachers to small schools on schooling inequality.   

 

2. The survey area and survey data 

We use survey data from the South Indian state of Karnataka, a state that ranks 7
th

 of the 

16 major states of the country in terms of educational performance. The state, however, is 

characterized by considerable regional variation in socio-economic indicators, including 

education, a legacy of India’s colonial era. It was formed by merging areas where the local 

language was Kannada, the language of current day Karnataka. The resulting state combines 

areas from the erstwhile state of Mysore, the Bombay and Madras Presidencies and the princely 

states of Hyderabad and Coorg. The districts currently located in the South of the state come 

primarily from Mysore,
2
 and have historically been characterized by far better infrastructure, as 

well as educational and health facilities. In contrast, the districts in the North and Central part of 

the state, formerly part of the Bombay Presidency and Hyderabad,
3
 had significantly lower levels 

of socio-economic development at Independence. In terms of schooling attainment, for example, 

                                                           
2
 These are the districts of Bangalore, Tumkur, Hassan, Shimoga, Mysore, Kolar, Mandya and Chikmagalur. 

3
 The districts of Raichur, Gulbarga, Bidar, Koppal (formerly part of Hyderabad) and Uttar Kannada, Dharwad, 

Belgaum, Bijapur and Gadag (from the Bombay Presidency). 
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the percentage of 6-11 year olds enrolled in school in 1955-56 was only 27% in the Hyderabad 

districts, compared to 85% in the Mysore districts. These historical differences in levels of socio-

economic development persist even today. All 5 districts in Hyderabad-Karnataka and 4 out of 5 

districts in Bombay-Karnataka have female literacy rates below the state average (Government 

of India 20007), while only 6 out of 15 districts in south Karnataka do.
4
  

2.2 Village size and school size 

While the state’s regional variation in socio-economic indicators is widely known, less 

attention has been accorded to a corresponding regional variation in village size. The southern 

region of the state is characterized by villages with significantly smaller populations than those 

in the North. The average population size of villages in the South is 1502, compared to 1790 for 

villages in the North (2001 census). These regional differences in village size appear to be 

historically determined. Data from the 1901 census reveal an average village size in Mysore of 

only 285, as compared to 611 for districts from the Bombay Presidency and 535 from 

Hyderabad. Average village size in Madras was higher, but this state only contributed two 

districts to Karnataka, one that currently lies in the southern zone of the state and the other in the 

central zone. 
5
 

Village size is important, because it is the primary determinant of school size and hence 

has the potential to significantly affect learning. The correlation between village and school size 

is a consequence of the Central Government’s policy of ensuring universal enrollment by 

                                                           
4
 For example, the number of districts with per capita income below the state average (2001-02) was 5 of 5 in 

Hyderabad-Karnataka, 7 of 7 in Bombay-Karnataka, but only 7 of 15 in South Karnataka. In terms of a composite 

index of health provisioning (2002-03), all districts in Hyderabad-Karnataka and 6 of 7 in Bombay-Karnataka had 

indices below the state average, while only 1 of 15 districts in South Karnataka fell below the state average. 

Averaging across districts, the average head count poverty index (1999-2000), was 13.2% in the South, but as high 

as 26.8% in the North (Government of India, Planning Commission, 2007).  
5
 These two districts are those of Dakshin Kannada in the southern part of the state and Bellary in the central belt. 

The two districts vary considerably in levels of development, with Bellary sharing many of the features of districts 

in the northern and central region of the state. 
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providing schools within walking distance of each rural household. The policy is implemented 

by using the habitation, the sub-unit of a village along which residential life is organized, as the 

basis for school mapping exercises. The State Government’s norms are more stringent than those 

advocated by the Central Government: It requires a primary school in every habitation with a 

total population of at least 200.
6
 This in turn implies that practically every habitation has a school 

located within it, so that school size reflects the size of the habitation.  

Because it is the habitation that forms the basis for school location policies, variation in 

school size reflects variation in habitation population more so than village size. Data on the 

population size of habitations is available only in the All India Education Surveys, conducted 

once every 8 to 10 years. Disaggregated data from the 1993 survey
7
 reveal that these size 

differences are even more acute at the level of the habitation. Average habitation size was only 

611 in the southern districts, and almost double this figure in the north (1183). Correspondingly, 

the average size of primary schools in the Northern region is 178 (2009-10), relative to a size of 

130 in the South. The higher socio-economic status of the Southern region therefore generates a 

negative correlation between school size and the socio-economic status of the school population. 

This negative correlation is not unique to Karnataka. Table 1 uses data from the 2001 

census to divide districts in some of India’s major states into two groups, the first with female 

literacy below the state median level, and others with above-median literacy. Comparing total 

enrollments in rural government primary schools across low and high female literacy districts, 

we find that a number of other states (Andhra Pradesh, Madhya Pradesh, Maharashtra, Punjab, 

Uttar Pradesh and West Bengal, in addition to Karnataka) also demonstrate this negative 

                                                           
6
 The Central Government’s recommendation that a school be provided to every habitation with a population of 300. 

7
 Unfortunately, for the most recent 7

th
 survey (2002), disaggregated habitation level data for each district is not 

available.   
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correlation. This list of states includes relatively prosperous states such as Maharashtra and 

Punjab, as well as relatively poor states such as Madhya Pradesh and Uttar Pradesh. 

2.3 Types of schools  

Karnataka supports both lower primary schools, offering grades 1 to 5, and higher 

primary schools, that extend up to grade 7 or 8. Higher primary sections are also offered in some 

high schools. Government norms stipulate that there should be one higher primary section for 

every two lower primary sections, with one of these sections combined with a lower primary 

section in a single school. The decision of whether a school should be a lower or higher primary 

school is based primarily on 5
th

 grade enrollments and hence on habitation size. This typically 

means that, within a village, larger habitations have higher primary schools while smaller ones 

have lower primary schools; the placement of lower and higher primary schools varies not just 

with the size of the habitation, but with its size relative to other neighboring habitations. A 

similar calculus determines whether higher primary schools offer schooling up to grade 8 or not. 

8th grade instruction is offered in those higher primary schools that do not have a high school 

facility within a radius of 3 kms.  

2.4 Teacher allocation rules 

The state government’s rule for allocating teachers to primary schools in the 2009-10 

academic year is detailed in table 2, while maximum and minimum student-teacher ratios by 

school size, based on this rule, are in table 3. The maximum permissible student-teacher ratio 

increases discontinuously with school size, with the relationship between this ratio and 

enrollment varying for lower and higher primary schools. Lower primary schools with 

enrollments of twenty or less receive one teacher, yielding a maximum student-teacher ratio of 

20. This rises to 30 for lower primary schools with total enrollments between 21 and 120, and to 
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a maximum of 40 for schools with enrollments above 120. As in lower primary schools, the 

maximum permissible student-teacher ratio in the smallest higher primary schools with 

enrollments of 40 or less is 20. This rises to 30 for enrollments between 40 and 210 students, and 

to 40 at enrollments in excess of 210.  

Under this rule, the relationship between school size and student-teacher ratios follows a 

step function, with a zig-zag pattern with decreasing variation at each step, and with points of 

discontinuity varying between lower and higher primary schools. Figure 1 graphs the non-linear 

relationship between school-level student teacher ratios and enrollments, aggregating over lower 

and higher primary schools. Relative to a rule that stipulates a single student-teacher ratio for all 

schools (as in Maimonides’ rule that stipulates a maximum student teacher ratio of 40:1), the 

lower student-teacher ratios prescribed for smaller schools increases the bias in favor of small 

schools. Student-teacher ratios are lowest in the smallest schools with total enrollments less than 

the lowest stipulated student-teacher ratio (lower primary schools with enrollments less than 20 

and higher primary schools with enrollments less than 40). But, they are also lower in medium 

sized schools relative to large schools, due to the difference in the maximum student-teacher 

ratio prescribed for these two different classes of schools. This difference translates into class 

sizes that increase with school enrollments. Figure 2 groups schools by school enrollments, and 

graphs the mean class size for different enrollment size groups, clearly demonstrating the 

positive relationship between class size and school enrollments.  

2.5 Teacher Allocation for Grades 3 and higher 

 A curriculum innovation introduced in all state government schools in the 2009-10 

school year affected classroom configurations for grades 3 and higher, without affecting the 

number of teachers assigned to a school. The innovation introduced an Activity Based Learning 
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curriculum in grades 1 and 2, specifically designed for a multi-grade classroom. 

Correspondingly, the Government requires students of these lower grades to be combined in a 

single classroom and taught under the new curriculum. It also stipulates a maximum class size of 

30 for the combined grade 1-grade 2 classroom. This affects higher grades in that they will not 

be combined with students from grades 1 and 2 in multi-grade classrooms, unless there is only 1 

teacher available to the school.  

2.6   Learning Standards and Community Involvement in Schools 

Students in grade 3 and higher follow a stipulated grade-specific curriculum, common to all 

students in the state. However, at this level, the state automatically passes students from one 

grade to the next, regardless of academic performance.
8
 Oversight of learning standards for each 

grade of any given school is the responsibility of cluster level supervisors.
9
 This decentralized 

monitoring generates regional variation in the standards expected of each grade. Expected 

standards may also vary with parental and community expectations. Each school has a School 

Development and Management Committee (SDMC) that comprises school teachers as well as 

parents and leading members of the community. The SDMC is supposed to oversee schools and 

expenditure of school funding, and ensure that learning standards are maintained.  

2.7   Survey Data 

Our survey covers 11 districts that span the entire state, covering all geographical zones. It 

provides data on 240 clusters, randomly selected from within each district.
10

 In each cluster one 

or two village Governments (Gram Panchayats) were randomly selected, one from small clusters 

and two from large. Within each Gram Panchayat, we collected data from the main school, as 

                                                           
8
 There is an attendance requirement, but this is rarely adhered to. 

9
 In Karnataka, primary schools are grouped at the level of a “cluster” for administrative purposes such as teacher 

training and monitoring of schools. 
10

 The division of clusters across districts was in proportion to the population distribution of clusters across districts. 
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well as from one other school, randomly selected from the remaining schools in the village. The 

total number of schools covered in our survey is 720.  

In each school, we canvassed a school survey that provides data for the 2009-10 school 

year on school-level inputs, teachers and grade-wise enrollment. A household survey, also 

conducted in 2009-10 for all grade 3 students, provides information on parental background and 

household socio-economic status. In all, data is available for approximately 8,000 grade 3 

students and their families.  

In addition to the school and household surveys, all grade 3 students were tested in 

Language (Kannada) and Mathematics, but also evaluated for their non-cognitive skills in 

specific areas. The tests were designed by an independent testing agency in Bangalore, that has 

specific expertise in testing non-cognitive skills. The agency has designed tests for  several 

schools and the major non-government organizations involved in education, and has considerable 

experience in this area. In language and mathematics, the tests provide information on each 

child’s progress against the state-specified norms for grade 1 through 3. The tests are very 

similar to those used in the Annual Status of Education Report (ASER) conducted by the non-

governmental organization, Pratham.  

Amongst non-cognitive skills, tests were designed to evaluate the students in leadership, 

social skills, communication and in their confidence levels. The tests involved individual and 

group observations of children participating in two different activities, over a 2 ½ hour period. 

Each group of students was assessed by two assessors specially trained for the purpose. As an 

example, one such activity involved students deciding the end of a story that was read to them. 

The activity was conducted in three parts. First, children listed to the story and were asked to 

think about responses to a set of questions. Second, children were divided into groups with a 
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maximum size of 10. Each child was to share his/her decision with the entire group. The children 

were then to have a group discussion and arrive at a joint decision regarding the conclusion of 

the story. Students were observed by two assessors during this process. On conclusion of group 

discussions, each student had to approach the assessor individually and explain the outcome of 

the group discussions, the difficulties in the group process, whether they agreed with the 

outcome or how they would have chosen to end the story. Third, children were given a chart 

paper and a set of crayons, and were asked to work together to conceive and draw any scene 

from the story. The group was asked to ensure that all children were involved in the activity. 

Assessors were asked to grade students on 10 questions for each skill. For each question, the 

examiner gave 1 point to the student if he or she demonstrated the described behavior. Thus, 

each skill was evaluated on a 10 point scale for each of the two activities..
11

  

In this paper, we examine the effect of classroom characteristics (size and multi-grade 

status) for the cohort in grade 3 in 2009-10, on results from tests conducted towards the start of 

the next school year (August 2010), when this cohort was enrolled in grade 4.  

Table 4 provides information on all survey schools (column 1), as well as summary 

statistics for the sub-sample of small and large schools. For the purposes of table 4, we define 

small schools as those that must resort to multi-grade teaching because the total number of 

teachers allocated to the school is less than the total number of grades it offers. These are lower 

primary schools with an enrollment of 120 or less, and higher primary schools (grade 7) with an 

enrollment of 180 or less. In higher primary schools with 8 grades, this enrollment cut-off is 220.  

                                                           
11

 For example, in evaluating confidence, examiners had to grade students on the following: (1) did the student make 

eye contact with members in the audience? (2) was the student’s body language confident in that the student stood 

erect with an open posture (3) Was the student composed and poised while addressing the group or nervous and 

fidgety (4) did the student retain poise even if he/she were unable to express themselves well (5) Did the student 

state ideas without being worried about how they would be received? (6) Did the student explain ideas or continue 

participating even when ideas were not well received (7) Was the student comfortable with trying all proposed 

activities without worrying about failure (8) Did the student suggest one item on his/her own? (9) Did the student 

make decisions within the time provided (10) did the student give reasons for actions and positions? 
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Table 4 reveals that enrollments, on average, are small, only 144 students per school. 

They are as low as 85 in small schools, and 283 in large. Primary grade enrollments average 96, 

57 in small schools and 188 in large. The number of sanctioned teachers averages 5.5 per school, 

4.1 in small schools and 8.8 in large. The number of teachers actually available in schools is less, 

but only marginally so (5.3 average, and 3.9 and 8.4 in small and large schools respectively).  

While the average student-teacher ratio in schools is 25, this ratio also varies considerably across 

small (21) and large (34) schools, reflecting the state government’s policy of disproportionately 

allocating teachers to small schools.  

Despite the large difference between small and large schools in the number of teachers, 

the data reveal only minor differences in the (mean) characteristics of school teachers. The 

proportion of teachers from scheduled castes and tribes is 66% in small schools and 58% in 

large. Teachers with graduate degrees account for 17% of the teachers in small schools and 18% 

in large schools. Finally, the average age of teachers in small and large schools is 40 and 39 

respectively. 

Table 5 provides information on the cohort of students in grade 3, the classrooms in 

which they are placed, and their family background. The average size of this cohort of students is 

18. It is only 12 in small schools and as high as 39 in large schools. The proportion of scheduled 

caste and tribe students is 31% in small schools and 34% in large. Small schools require at least 

one multi-grade classroom. Correspondingly, it is not surprising that 64% of the students in the 

small school sample are in a multi-grade classroom, while this percentage is only 3% in large 

schools. Multi-grade classrooms enable classroom sizes to exceed cohort size: The average 

number of children in the classroom is 20 in small schools (compared to an average cohort size 
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of 12).  Not surprisingly, the difference between class (38) and cohort (38.7) size is negligible in 

large schools.  

Average test scores reveal better performance of students in small schools. The average 

score on language tests (against the grade 1 through 3 norm) is 57.75% in small schools and 

52.32% in large schools. Similarly, the average mathematics score is 49.5% in small schools and 

44.6% in large schools. While it is tempting to conclude that this is caused by the difference in 

classroom size, table 3 suggests that it could also reflect the significant difference in family 

background of the students who attend small and large schools. While 39% of households in the 

small school sample are cultivators, drawing their income primarily from their own farm, this 

percentage is only 31% amongst the large school sample. Correspondingly,  23% of households 

in the small school sample but 30% in the large school sample derive their income primarily as 

agricultural laborers. This occupational difference is related to differences in educational 

background. Mean years of education for mothers and fathers, respectively, are 3.9 and 4.6 in 

small schools, but 3 and 4 in the large school sample. 

What explains the difference in the socio-economic backgrounds of students enrolled in 

small and large schools? Much of this difference reflects the regional differences in levels of 

development across the state and the fact that small schools are predominantly located in the 

better developed southern region. To examine regional differences, we group our survey districts 

into northern and southern districts, with northern districts being those initially located in the 

colonial states of Hyderabad and the Bombay Presidency, and districts from the state of Mysore 

and Madras being classified as southern districts.  

Table 6 confirms the difference in average village size in sample villages in the North 

(1790) and the South (1502, 2001 census). Correspondingly, enrollments in primary grades in 
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sample schools in the North (201) are almost double those in the South (111). Our survey allows 

us to distinguish between main village schools (located in the main village compound) and 

schools located in habitations of the village. In any given region, habitation schools are 

considerably smaller than village schools, mirroring the fact that habitations are in general 

smaller than the main village. However, the differences in size across north and south are such 

that enrollments in habitation schools in the North (158) exceeds enrollments in main village 

schools in the South. 

   Table 6 also documents the differences in socio-economic indicators across the North 

and the South. Despite much smaller village sizes in the South, this region is  relatively more 

developed and prosperous as reflected in higher levels of female literacy (54% as opposed to 

43%), a smaller percentage of male workers who are agricultural laborers (15% versus 22%), and 

better agricultural conditions (a higher proportion of irrigated area). Land inequality, measured 

as the ratio of the proportion of area under large (10 hectares or larger) holdings to the proportion 

of large holdings relative to the total number of holdings, is also less in the south. In the north, 

approximately 1% of total holdings account for 5% of total area, while this percentage is 8% in 

the North.  

As a consequence of this negative correlation between socio-economic conditions and 

village size, government policies that disproportionately allocate resources to small schools, on 

the assumption that they are disadvantaged because of their reliance on multi-grade instruction, 

end up favoring the more developed southern region relative to the backward north. The overall 

effect of the policy on learning will depend on the magnitude of the effect of multi-grade 

classrooms and class size, as well as of household characteristics.  
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3. Theoretical Framework 

In this section, we motivate the identification strategy of the paper by sketching a theoretical 

framework for understanding the assignment of grades to classrooms. The framework draws 

heavily on a recent literature that discusses assignment problems and considers the effect of 

reallocations on the distribution of outcomes (Graham, Imbens and Ridder 2006,2008; Arnott 

and Rowse  1987).  We modify the model of Graham, Imbens and Ridder (2008) to the problem 

of assigning grades to classrooms, and to include the specific factors that affect learning in the 

Indian environment. 

 The problem we model, the determination of which grades to combine in a single 

classroom, exists only in a subset of schools: Schools with insufficient teachers relative to the 

grades offered, but excluding schools with just one teacher who must place all grades under the 

single teacher and hence do not confront an assignment problem. In the state of Karnataka, the 

new curriculum for grades 1 and 2, and the requirement that they be clubbed together in one 

multi-grade classroom, changes the set of schools that can choose classroom assignments. These 

changes are discussed in the next section that describes the empirical methodology of this paper. 

In this section, our objective is to sketch a general model of classroom placement that justifies 

our identification strategy.  

 Our starting point is a school that must combine at least some grades in a common 

classroom and has a choice on how this can be achieved. The number of teachers available to a 

school is determined by the state government, based on state-level norms for school student-  

teacher ratios. Denote this total number by T and the total number of grades in the school by G. 

Each grade in the school (or, identically, each cohort in the school with a cohort being identified 

with a grade) is indexed by  ,                 . Each teacher is assigned to a classroom, 
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with the number of classrooms equal to the number of teachers. Thus, teachers and classrooms 

are indexed identically. Let c index classrooms (teachers), with                   .   Each 

cohort has associated with it a vector of characteristics that affect learning,  X . These 

characteristics include cohort size (S ), but also the curriculum standards specified for the grade 

in which the cohort is enrolled, Z . 

 The classroom that a grade is assigned to is given by an assignment indicator,       . 

Thus, if grade 1 is assigned to classroom 2, then     . Define the set      that comprises all 

grades assigned to classroom c,                       Correspondingly, define X,c as the 

vector of characteristics of all grades assigned to classroom c = (Xc,1 , Xc,2,…. Xc, Nc). In this 

expression, Xc,1 represents the relevant characteristics of the first grade that is assigned to 

classroom c (in no particular order) , while Nc is the number of grades assigned to classroom c. 

Clearly, the mapping from grades to classrooms defines classroom characteristics.   

 Classroom characteristics affect learning through their effect on the productivity of 

teacher effort, e. We assume that all teachers provide only a stipulated minimum level of effort, 

   that is monitored and enforced by the school’s headmaster.
12

 Ensuring minimum teacher effort 

thus incurs a cost that we assume to be a convex function of the vector of the size of classrooms 

in the school (S). Thus, the cost of monitoring teacher effort is given by the function: 

              . 

We assume that the productivity of teacher effort,  , in teaching a student of grade g in 

classroom c varies with the following classroom attributes: Classroom size, Sc,              ;  

the number of grades combined in the classroom, Nc,                
 
      the  proportion 

                                                           
12

 This is a simplifying assumption, but fits well with a literature that documents that teachers exert only minimal 

efforts in India. This in turn is attributed to the lack of an incentive structure in government schools, with both 

salaries and promotions being unrelated to teacher effort, as well as a lack of other effective accountability 

mechanisms. 
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of students in the class from grade g,  θgc;  and the maximum difference in curriculum standards 

across grades in the classroom, Dzc = max( |zi –zj|),             The difference in curriculum 

standards differs from that in grade levels within a classroom. For example, compare two 

classrooms, one with students from grades 3 and 5, while the other combines students of grades 5 

and 6. Since curriculum requirements change substantially between primary and higher primary 

stages, the difference in curriculum standards is likely to be larger in the grade 5-6 classroom, 

than in the grade 3-5 classroom.  The proportion of students in the classroom from the student’s 

cohort, θgc, affects learning, since it determines the division of the teacher’s time across different 

curricula. For example, if students from grade 3 are in the majority in a classroom, a teacher is 

likely to spend more of her time covering the grade 3 curriculum. If so, combining grade 3 

students with students from grade 4, for example, may minimally affect learning of students from 

grade 3 but significantly lower the performance of grade 4 students. We assume that the 

productivity of teacher effort is decreasing in Sc, Nc, and Dzc, and, for students in grade g, 

increasing in θgc.  Learning achievement for student i in grade g and classroom c is given by: 

 

(1)                                 

 

An allocation is an assignment of all grades to classrooms, completely specified by a 

vector of grade assignment indicators,                 Let    be the set of feasible 

allocations that satisfy the following constraints. These constraints ensure that all grades are 

assigned to a classroom and that they are assigned to only one classroom: 

(2a)        
 
        

(2b)        
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Define school surplus as total learning achievement across students in all classrooms net 

of the costs of ensuring the required level of teacher effort. Confining attention only to the set of 

feasible allocations, the headmaster chooses the allocation     if it maximizes surplus relative to 

all other feasible allocations. Let 

 

(3)                              .  

 

Then,     is chosen if it satisfies the following two conditions: 

 

(4)                                                                                

 

(5)   
 

  
    

  

   
      

              

 

In (5), A
*

g is the minimum average learning standard stipulated for the grade and  Ng is cohort 

size of grade g. The assignment of grades to classrooms determines classroom size, as well as 

whether the grade will be placed in a multi-grade classroom. In turn, through the production 

function (1), both determine learning levels.  

 In accordance with the discussion in the previous section, expected learning standards 

vary regionally, with socio-economic characteristics of parents and members of the community, 

given decentralized monitoring of schools and school performance.  The requirement that 

learning standards are monitored at the grade level suggests that some configurations that 

maximize total value may not be chosen, if they yield unacceptably low learning standards for 

any one grade. For example, combining grade 3 and 4 students in a classroom dominated by 
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grade 3 students, while increasing learning for the grade 3 cohort, may lower learning amongst 

4
th

 grade students to unacceptable levels. Similarly, high parental education levels in any given 

cohort may imply higher expectations for this grade, and hence create pressure not to place the 

cohort in a multi-grade classroom, if doing so reduces learning either through its effect on class 

size or through any direct effect of multi-grade instruction. 

This framework suggests the following propositions that form the basis for the empirical 

identification strategy. The propositions are obvious, and are stated without proof. 

 

PROPOSITION 1: The decision to implement a specific allocation will reflect the difference in 

variance in classroom size under that allocation relative to all non-implemented feasible 

allocations.  

 

PROPOSITION 2: The variance in classroom size in non-feasible allocations will have no effect 

on the decision to choose a specific allocation. 

 

PROPOSITION 3: Restricting attention to lower primary grades, schools are more likely to 

combine adjoining cohorts (grades) in a classroom, rather than grades that are two or more 

years apart.  

 

PROPOSITION 4: An increase in the relative size of any one grade will reduce the probability 

that it will be combined with other grades in a multi-grade classroom.   

 

4. Empirical Model 
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4.1 Estimating Equation for Learning Achievement: 

We estimate a linear approximation of the production function (1). For student i in grade g and 

classroom c of school j: 

(6)                                                     

 

Where MGgj is an indicator function for whether the student is in a multi-grade classroom, Sc is 

classroom size, Xi is a vector of student characteristics such as caste, gender and parental 

education. θg  is the relative size of cohort g, and  λj is a set of school-level variables that affect 

learning. This latter set includes school enrollment levels, type of school (lower or higher 

primary), school location (main village or habitation), the mean age and sex of school teachers, 

the headmaster’s age and an indicator variable for whether he is from a scheduled caste or tribe. 

To ensure that we capture any direct effect of school size on learning, the regression includes a 

cubic in total school enrollment, as well as a cubic in enrollment in primary grades. Finally, we 

allow for the significant variation in socio-economic conditions across districts by including a set 

of district dummy variables.  

 The error term, uigcj, reflects unobserved determinants of learning, at the student, class,  

school and community level. This suggests two sources of bias in regression estimates. First, 

because smaller class sizes and multi-grade instruction are found in smaller habitations, 

estimates that suggest higher achievement in smaller classrooms or with multi-grade instruction 

may merely be reflecting the better socio-economic conditions in smaller habitations.   

A second source of bias is the endogeneity of classroom assignments in schools that must 

resort to multi-grade instruction.  Because assignments, and hence class size and multi-grade 

outcomes, reflect production outcomes under the chosen assignment rule, both MGc and Sc will 



24 
 

likely be correlated with this error term. The direction of the bias is difficult to sign a priori; it 

depends on the magnitude and the curvature of the effect of multi-grade teaching on learning. 

For example, if smaller classes improve learning, schools may choose to put cohorts with lower 

average initial ability in single-grade (smaller) classrooms, and instead increase class size for 

higher-ability cohorts by placing them in multi-grade classrooms. The decline in school 

productivity from so doing may be less than from placing cohorts with lower ability in larger 

classrooms. In this case, estimates that do not account for the endogeneity of the multi-grade 

decision would bias estimates of class size effects downward. Conversely, if average learning in 

the school improves by placing higher ability students in smaller classrooms, estimates will be 

biased upwards. 

4.2 Identifying the effect of multi-grade classrooms on learning  

Our identification strategy exploits the fact that the probability of a cohort being placed in 

a multi-grade classroom depends on the cohort-specific factors that solve the assignment 

problem of the previous section but also the set of school-specific factors that determine the 

necessity of offering multi-grade classrooms. The combination of these two factors makes a 

strong case for identification. From the assignment problem of section 3, we identify a set of 

instruments that affect classroom assignments and also design a set of falsifying tests that 

support the validity of the model and hence offer support for the instruments. The fact that only a 

sub-set of schools face a choice in multi-grade placements suggests a discontinuity in the effect 

of the instrument set on learning, with the point of discontinuity varying across schools with 

(non-linear functions of) enrollments, but also as a consequence of the variation in the number of 

grades offered in different schools.   

4.2.1 Cohort specific factors from the assignment problem 
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Within the set of schools with a choice regarding cohort assignments, the analysis of the 

previous section reveals that the determination of classroom assignments is based on a 

comparison of the variance in classroom size under alternative feasible assignment (Proposition 

1). The grade 3 cohort will be placed in a multi-grade classroom, if combining it with another 

class maximizes school output, relative to alternative options.  

The choice set relevant for assessing this probability is restricted both by the distinct 

curriculum and hence the separate treatment of grades 1 and 2 in the Karnataka system, as well 

as the different curriculum standards and teaching requirements in the higher primary grades 

(grades 6 to 8) relatives to grades 3 through 5.  This latter difference suggests that combining 

lower and higher primary grades will substantially reduce learning, an assumption built into our 

specification of the learning function (1) and supported by the observation that lower primary 

grades are generally combined only with other lower primary grades. As a consequence, grades 

3, 4 and 5 form the set from within which assignments are determined for the grade 3 cohort.  

Within this set, three pairings exit, with associated variance in classroom size: one in 

which cohorts 3 and 4 are combined while 5 is in a single classroom (Var_34), a second where 

cohorts 3 and 5 are combined  (Var_35), and the last with cohorts 4 and 5 combined while cohort 

3 is in a separate classroom (Var_45).  The probability that the grade 3 cohort will be in a multi-

grade classroom is therefore determined by the probability that either the (3-4) pairing or the (3-

5) pairing maximizes output, relative to the (4-5) pairing. This involves a comparison of the 

variation in classroom size generated by each of these pairings.  

The difference in variance between the (3-4) pairing and the (4-5) pairing is: 

(7) Var_34-Var_45=(size3 + size4)
2
 + (size5)

2
 – (size4+size5)

2
- (size3)

2
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Since the squared enrollment in specific grades cancel out, Var_34-Var_45 reflects the 

difference in the interaction terms: (size3 x size4) – (size4 x size5). While (size3 x size4) may well 

reflect some additional non-linear effect of cohort size on learning, it is more difficult to think of 

other reasons why the interaction of the size of cohorts 4 and 5 (size4 x size5) would affect 

learning in grade 3 (in regressions that include total school enrollment as well as enrollment in 

the primary grades), other than through its effect on classroom assignments. It is, however, 

possible to test the assumption that these interactions matter primarily because of their effect on 

classroom assignment. These tests are described in sub-section 4.3.4 below. Further, the 

difference in variance will affect multi-grade assignments only in a specific set of schools, 

further strengthening identification. The school-level factors that determine multi-grade 

placements are detailed below. 

Additionally, the requirement that classroom assignments ensure minimum learning 

standards for each grade (5) implies that cohort-specific factors that affect learning, specifically 

the relative size of different cohorts, will also influence classroom assignments and the effect of 

the variance difference on classroom assignments. Amongst schools where  combining grade 3 

with another cohort reduces variation in classroom size (as for example when Var_34-

Var_45<0), an increase in the relative size of this cohort will lower the probability of multi-grade 

placement since it implies lower learning for the other grade placed in this classroom.  

4.2.2. School-specific factors that determine the necessity for multi-grade classrooms 

A school must offer a multi-grade classroom if the number of grades offered by the 

school (ngr)  is less than the number of teachers assigned (ptchrs), with the latter determined by 

the state government’s allocation rules. Variation in the number of grades offered by lower 

primary (5) and higher primary schools (7 or 8)  in the state provides an additional source of 
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variation in identifying the probability of multi-grade placement, independent of the predicted 

number of teachers in a school that also influences class size.  

We therefore define the indicator variable PMGi: 

(8)                 
                 

           
  

 

4.2.3. Combining school and cohort-level instruments: 

While PMGj indicates the set of schools that must have at least one multi-grade classroom, only 

a subset has a choice over the assignment of cohorts to multi grade classrooms; in schools with 

very few teachers, all upper grades may have to be combined in a single classroom. Thus, the 

difference in variance of classroom size under different configurations affects the multi-grade 

placement of any given cohort only in a restrictive subset of the schools with PMGj=1.  

Specifically, the requirement that grades 1 and 2 be clubbed together implies that lower 

primary schools will choose classroom configurations for grades 3-5 only if 3 or more teachers 

are available. With two teachers (or less), one will be assigned to the combined grade 1-2 

classroom, while the other would be responsible for a combined grade 3-5 classroom. Similarly, 

in higher primary schools, due to the difference in curriculum between lower and higher primary 

grades, classroom configurations can be selected only if the school has at least 4 teachers. Define 

PMG_cj as an indicator variable that takes the value 1 if the number of teachers in the school 

enables a choice of classroom configurations. PMG_cj is defined as follows:  

 

(9)            
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The set of school and cohort-specific terms that identify multi-grade placement are 

therefore: PMGj, PMG_cj, and the interaction terms PMG_cj*(Var34-Var45)j and 

PMG_cj*(Var34-Var45)j*rsize3 . 

 

4.2.4: Falsifying tests: 

The theoretical framework suggests a number of tests of the hypothesis that the 

instrument set affects learning through its effect on multi-grade placements, and does not merely 

represent additional non-linear effects of cohort and school size on learning. All tests relate to the 

probability of cohort 3 being placed in a multi-grade classroom, and hence will be implemented 

on the first stage regression that estimates this probability. Ignoring all other controls and 

focusing just on the instrument set, the first stage regression equation is: 

(10)                                                          

                                      

 

Based on this regression, the set of falsifying tests are:  

 

TEST 1 (Restriction of variance effects): In the auxiliary regression: 

(11)                                                             

                                                         

The following restrictions must hold: 

(12)                            
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Under the theoretical framework of the previous section, the variance in classroom size under 

different allocations affects multi-grade placements only through the difference vector, so that 

the coefficients will be equal but of opposite sign.  

 

TEST 2 (Irrelevance test - 1): In an auxiliary regression that augments (11) to include the term 

(Var_34 – Var_35)j, the coefficient on this term will be less than that on (Var_34 – Var_45)j. 

 

This tests the assumption that the feasible set will not include assignments that combine non-

adjacent grades. 

 

TEST 3 (Irrelevance Test - 2): The non-feasible pairing of grade 3 and grade 2, and hence 

(Var_34 – Var_32)=(size_g3+size_g4)
2
 + (size_g1 + size_g2)

2
 + size_g5

2
 – (size_g3 + 

size_g2)
2
 – (size_g1)

2
 – (size_g4 + size_g5)

2
 should have no effect on the probability of multi-

grade placement in an auxiliary regression that includes this term. The same applies for the 

pairing of grade 3 with grade 1. 

Similar to TEST 2, this also tests the prediction that comparisons with non-feasible assignments 

will not affect the multi-grade decision. In this case, the decision by the State Government to 

always combine grades 1 and 2 implies that a grade 3-grade 2 combination is not feasible. 

TEST 4 (Irrelevance Tests -3): In an auxiliary regression that includes the terms PMGj *(1-

PMG_cj)*(var_34 – Var45)j  and PMGj *(1-PMG_cj)*(var_34 – Var45)j*rsize3,  the coefficient 

on these term will be zero. 
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Within the set of schools that offer multi-grade classrooms, the cohort-specific indicators 

(Var_34, Var_45) will affect multi-grade placements only in schools with a choice in classroom 

assignments, PMG_cj=1, not in others. 

 

4.3  Identification of class size 

In rural India, as in many other developing economies where school choice is limited and 

enrollments are too small to divide grades into sub-sections,
13

 endogenous variation in class size 

does not reflect these factors but arises, instead, from the decision, in small schools, to combine 

some cohorts in a single classroom. In these multi-grade schools, the objective of equalizing 

class sizes across primary grades suggests that class size can be predicted by the student-teacher 

ratio in primary grades, given by the ratio of total enrollments in grades 3 to 5, to the number of 

teachers allocated for these grades (tchrs_345). The latter is estimated by predicting the number 

of teachers for these grades based on a 30:1 student-teacher norm:
14

  

 

(13)                     
                      

  
  

 

Where ceil(x) is the unique integer n such that -1 < x ≤ n, and sizegj is the size of cohort g 

in school j. As in Angrist and Lavy (1999), this is a discontinuous function of enrollment in these 

grades. While this unique non-linear relationship between class size and enrollment generated by 

this rule is, by itself, a credible instrument for classroom size, the switch in the determinants of 

classroom size from school average student-teacher ratios to cohort size provides an even better 

                                                           
13

 In our sample of schools, there are only a negligible number of cases (1.2%) in which there are multiple sections 

for a classroom. 
14

 The 40:1 ratio only applies to larger schools. 
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source of identification. In larger schools, class size reflects cohort size. It is difficult to think of 

any other input whose availability is determined by student teacher ratios for small schools but 

cohort size for large schools.  

The equation used to predict class size for students in grade 3 in school j is thus: 

 

(14)                
                       

            
                 

 

Clearly, class size closely reflects the size of the grade 3 cohort. Since economies of scale 

in schooling are likely to exist only at the level of the school, not at the level of individual 

grades, it is reasonable to assume that, in regressions with controls for total school size and 

enrollment in primary grades, cohort size only affects learning through its effect on class size. If 

so, the size of the grade 3 cohort is a reasonable instrument for class size. However, because 

class size in multi-grade schools will reflect the non-linear function of grade 3-5 enrollments that 

determines the number of teachers assigned to these grades, this is a testable assumption. In the 

regression results we report in the next section, we first show that pcsize3j has independent 

explanatory power for class size, even when separately controlling for grade 3 enrollments 

(size3j). We also report results of over-identification tests that test the validity of including size3j 

in the instrument set.  

Equation (14) makes clear the dependence of predicted class size on the probability that a 

school contains multi-grade classrooms, PMGj.  Because class size reflects this probability, size 

effects estimated for small schools with multi-grade teaching and that are identified from teacher 

allocation rules combine the effects of class size with those of multi-grade teaching. Separating 
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out size effects is only possible if the regression separately identifies the effect of multi-grade 

classrooms.  

 

5.   Regression Results 

5.1 First stage regressions 

 Table 7 reports results from first stage regressions of the determinants of class size and multi-

grade status (equation 10). In these regressions, as well as in all other regressions of this paper, 

reported standard errors are clustered at the level of the school, to allow for correlation in 

outcomes at the school level.  For both first stage regressions, F tests (reported at the bottom of 

the table) confirm the explanatory power of the instrument set. 

 The regression for class size includes both predicted class size (equation 14), as well as 

grade 3 enrollment. Both variables have a statistically significant effect on class-size, though, 

controlling for predicted class size, grade 3 enrollment is significant only at the 10% level. These 

results therefore confirm the explanatory power of predicted class size, even in regressions that 

control for the size of the grade 3 cohort: Identification comes not just from the size of this 

cohort, but from the non-linear function of grades 3-5 enrollments that determines class size for 

these grades. 

 First stage regressions on the probability of the grade 3 cohort being in a multi-grade 

classroom also support the identification strategy of this paper. An increase in the variance of 

class size generated by combining grades 3 and 4, relative to grades 4 and 5, reduces the 

probability of grade 3 being in a multi-grade classroom. And, while the overall effect of this 

cohort’s relative size on the probability of multi-grade placement is negative, it is more so when 

the probability of multi-grade placement is high (Var_34 – Var_45<0).  
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 Further support for the identification strategy comes from results of the falsification tests 

of section 4.2.4 (table 8). The first column reports results of the equality of variance tests, 

separately entering the terms Var_34 and Var_45, as well as Var_34*rsize and Var_45*rsize. 

The F statistic for this test, and other tests reported in this section, is reported in the last row of 

the table. The results suggest that we cannot reject the hypothesis that the separate variance terms 

are of equal but opposite sign, and hence the hypothesis that class room assignments are based 

on the difference in the variance of class size under different assignments.  

 The second, third and fourth columns report results from three different irrelevance tests. 

First, including a comparison between the variance in class size between the (3-4) combination 

and the (3-5) combination suggests that this combination is irrelevant for classroom assignments, 

in regressions that also include the comparison between the (3-4) and (4-5) combinations. That 

is, assignments that combine non-adjacent grades are not optimal. Second, the comparison 

between a (3-4) combination and a (3-2) combination is also irrelevant, as one would expect 

given the curriculum change requiring the lower grades (grades 1 and 2) only to be combined 

with each other. Finally, the third irrelevance test confirms that the comparison between the 

variance in class size between the (3-4) and (4-5) combinations only matters in schools with a 

choice over classroom assignments. 

  Taken together, the results of the falsification tests confirm that identification comes from 

variables that determine the assignment  process, and not from any arbitrary non-linear effect of 

the size of different cohorts on the probability of multi-grade placement. 

5.2 OLS and IV Regression Results 

The first block of results in table 9 reports estimates from IV regressions, based on the first stage 

regressions of the previous table (detailed results are in Appendix table A1).  The dependent 
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variable is the test score divided by its standard deviation. The results suggest that class size has 

a negative and substantial effect on both Language and Mathematics test scores. A one standard 

deviation increase in class size (approximately 16 students), reduces test scores in both subjects 

by 0.33.
15

 Conversely, the effect of multi-grade instruction is statistically insignificant for both 

language and mathematics.  The regression estimates therefore suggest that, of the two variables 

of interest, it is class size that matters more for learning.  

 For comparative purposes, the second block of results in the table reports OLS estimates. 

While the coefficient on class size in regressions on language as well as mathematics test scores 

is statistically significant, it is smaller in magnitude than those obtained from IV regressions. The 

estimated size effect (for both subjects) is -0.13.
16

 As in the IV regressions, the effect of multi-

grade instruction is statistically insignificant. 

 Finally, we also report results from two IV regressions that  allow us to examine the 

effect of omission errors. The first regression reports class size effects from regressions that omit 

multi-grade instruction. The second regression similarly reports the coefficient on multi-grade 

instruction from regressions that drop class size from the regressors. Given that the coefficient on 

multi-grade instruction in regressions that include both regressors is insignificant, it is not 

surprising to find that dropping multi-grade instruction does not affect class size estimates. 

However, in regressions that omit class-size, the effect of multi-grade instruction on learning is 

negative and statistically significant.
17

 The perceived negative effect of multi-grade instruction 

on learning primarily appears to reflect the negative effect of the larger class size generated by 

                                                           
15

 This is similar to the size effect estimate of 0.3 reported by Urquiola (2006) from IV regressions , but larger than 

those estimated in studies that use data from developed economies. For example, Angrist and Lavy (1999) report 

estimates between 0.10 and 0.20. 
16

 As before, this is the effect of a one-standard deviation increase in class size on the standardized test score. 
17

 At the 5% level for mathematics test scores, and 10% level for language. 
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combining two cohorts in a single classroom. Controlling for class size, the “pure” effect of 

multi-grade instruction on learning is statistically insignificant. 

 Regressions on measures of non-cognitive skills generate similar results (table 10). Class 

size has a statistically significant and negative effect on all the skills we measured (leadership, 

social skills, communication ability and confidence). In contrast to the results for language and 

mathematics, however, multi-grade instruction is found to have a strong positive effect on non-

cognitive skills, an effect that is statistically significant for leadership and social skills, as well as 

for tests of confidence. These effects are much larger in magnitude than those obtained from 

OLS regressions (though of similar signs). The statistically significant effect of multi-grade 

instruction suggests that regressions that omit this regressor are likely to bias estimates of class-

size effects downwards, while estimates of multi-grade instruction in regressions that omit class 

size will be negative. The last two blocks of results in the table confirm this finding. Class size 

effects are lower in regressions that omit multi-grade instruction, though still statistically 

significant. And, the effect of multi-grade instruction changes from positive to negative, though 

the coefficients are not statistically significant. 

5.3 Sensitivity Tests  

In a final set of regressions we subject our results to a battery of sensitivity tests. Table 11 

reports results for language test scores, while table 12 reports results for mathematics. The first 

stage regressions that underlie these results are detailed in Appendix table A2. 

 The first column of these tables presents estimates of class size and multi-grade 

instruction from regressions that include the variance in class-room size under different 

configurations, Var_34 and Var_45, amongst the regressors, with identification coming only 
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from the difference of these two measures in schools with a choice over classroom assignments. 

The results do not change; Var_34 and Var_45 have no direct effect on learning.  

 The second regression drops the cubic terms in total enrollments and in primary grade 

enrollments, substituting instead a quadratic in enrollments, separately for each of 8 grades. This 

removes grade 3 enrollments from the instrument set, and allows for direct spillover effects from 

the size of other grades on the performance of students in grade 3. With this specification, the 

coefficient on class size increases, for both language and mathematics. The coefficient on multi-

grade instruction is larger for language test scores, but not for mathematics, and remains 

statistically insignificant at the 10% level.  Regression 3 adds on additional non-linear enrollment 

terms, including a dummy variable for small (enrollments of less than 40) and large (enrollments 

in excess of 500) schools. Doing so does not affect the results; they are similar to those of the 

previous regression. These two dummy indicators are statistically insignificant (at the 10% 

level).  

 Regressions 4, 5 and 6 test functional form assumptions relating to the instrument set. 

Regression 4 drops the interaction between the relative size of the grade 3 cohort and the 

difference in the variance of classroom size under different assignments (Var_34-Var_45*rsize) 

from the set of instruments, allowing cohort-specific variation in the instrument set to come only 

from the difference vector (Var_34-Var_45). The first stage regression results reveal that 

identification is weakened by doing so. The difference vector Var_34-Var_45 is, by itself, not a 

significant determinant of multi-grade instruction, suggesting heterogeneity in its effect on 

classroom assignments. Both class size and multi-grade instruction are still identified, however, 

but only through school-level variables. The regression estimates for mathematics remain 

unchanged from the previous regressions (regressions 2 and 3), as does the estimate of class size 
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on language test scores. However, this specification generates a positive statistically significant 

effect of multi-grade instruction on language performance.  

 Given this result, regression 5 tests whether our earlier results were specific to the 

interaction of the cohort’s relative size with the difference vector Var_34-Var_45, and the 

robustness of the results to other cohort-level instruments. From the discussion of the theoretical 

model, other factors that make the learning standards constraint bind would also mitigate the 

effect of this difference vector on learning. We therefore interact Var_34-Var_45 with the 

proportion of literate mothers (for students in grade 3) and use this interaction as an instrument.
18

 

Our expectation is that an increase in grade-specific parental education will enhance pressure to 

ensure learning levels, reducing the direct effect of the difference in class size on assignments. 

The first stage regression results (Appendix table A2) reveal that this interaction (Var_34-

Var_45*pmlit) does significantly affect multi-grade assignment, and, with its inclusion, the 

coefficient on Var_34-Var_45 is again negative and statistically significant (at the 5% level). 

This supports our belief that the source of identification is not some arbitrary correlation between 

relative size and other instruments, but instead the consequence of an interaction between the 

different constraints that determine classroom assignments. With this alternative instrument set, 

the results in regression 5 are not materially changed from those in earlier regressions: Class size 

has a statistically significant and negative effect on both language and mathematics test scores, 

while the effect of multi-grade instruction, though positive for both, is statistically significant 

only for language test scores.  

 Regression 6 uses both interactions as instruments (Var_34-Var_45*rsize and Var_34-

Var_45*pmlit). Again, the results are unchanged. For comparative purposes, regression 7 reports 

results from the corresponding OLS specification (with a quadratic in grade-specific enrollments 

                                                           
18

 These regressions also include the proportion of literate mothers as a regressor. 
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and with the proportion of literate mothers in the regressor set). The comparison reveals the 

downward bias in the OLS specification. 

 In conclusion, subjecting our results to a large number of sensitivity tests, that explore the 

robustness of results to changes in both the regressor and the instrument set, does not materially 

affect our results. We find a substantial negative effect of class size on learning. The effect of 

multi-grade instruction is never negative; it is positive for both language and mathematics test 

scores, and statistically significant in some specifications of the regression on language 

achievement. 

5.4 The effect of policy on schooling inequality 

To assess the implications of the teacher assignment rule on regional school inequality, we use 

predictions from the most conservative regression results, those reported in table 9. We compare 

predicted results under the current rules, that generate smaller student teacher ratios in small 

schools, to a uniform policy that implements a 30:1 student teacher ratio in all schools. 

The first block of results in table 13 compares class size under the two regimes. It  clearly 

documents the advantage the current rule confers to already advantaged groups: schools attended 

by children of literate mothers and those in the more developed Southern region. The average 

class size (for the grade 3 cohort) of 27 children is substantially less than that in the less 

developed Northern region (44).  The uniform 30:1 policy does not imply uniformity in student-

teacher ratios: smaller schools, with enrollments of less than 30, will still have significantly 

smaller student teacher ratios. However, the variation in class size, both across regions and 

across households of different socio-economic standing, is considerably reduced.  

The remaining results in this table assess different in learning levels under these two 

rules, separately for language and mathematics, and across households distinguished by the 
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mother’s literacy as well as across regions. The largest impact of the uniform rule is in the 

reduction of regional schooling inequalities. The estimates suggest that roughly half of the 

existing regional inequality, in both language and mathematics test scores, can be ascribed to the 

Government’s compensating policy for small schools.  

 

6. Conclusion 

Based on the belief that small schools are of low quality and cater primarily to relatively 

disadvantaged populations, the governments of many countries, including India, have adopted a 

set of compensating policies that disproportionately allocate teachers to small schools so as to 

ensure smaller student-teacher ratios and hence class sizes. There have been few prior analyses 

of the effectiveness of this policy in addressing regional inequalities.  

This paper does so, using survey data from rural areas of the Southern state of Karnataka. 

Rather than redressing regional inequalities, we find that that the policy significantly enhances 

them, for several reasons. First, contrary to conventional wisdom, we find that the multi-grade 

instruction prevalent in small schools does not lower learning. Second, the assumption that 

underlies these policies – that small schools are located in disadvantaged regions – is erroneous. 

In Karnataka, and in many other states, smaller villages are more prosperous, and small schools 

correspondingly have student populations from relatively well-off socio-economic backgrounds. 

Finally, we find that reductions in class size significantly enhance learning so that policies that 

reduce class size in small schools significantly enhance regional inequalities. 

Of these results, the finding that multi-grade instruction does not negatively affect 

learning may be the most surprising. We obtain a negative coefficient on multi-grade instruction 

only in regressions that omit class size, suggesting that it primarily reflects the larger classes that 
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are a consequence of grouping several cohorts in one classroom. The results may well be specific 

to the context we study: In Karnataka, a set of school policies ensure that grades are grouped 

primarily with adjoining grades. And, we study only the effect of multi-grade learning on 

students in grade 3 who, when placed in multi-grade classrooms, are generally paired with the 

older grade 4 cohort. The results may not hold if we studied learning achievement for the grade 4 

cohort. 

There is, however, an alternative explanation suggested by the theoretical framework of 

this paper. Most believe that multi-grade instruction is likely to reduce learning, because it forces 

the teacher to cover two (or more) different grade-specific curriculums in one class period. We 

note that the productivity of teachers’ efforts is likely to depend not just on multi-grade 

instruction, but on the difference in curricula standards for the grades grouped in one classroom. 

We also note that though grade-specific curricula standards are specified by the government, 

enforcement is an issue, and teachers primarily respond to local expectations regarding learning 

standards. These expectations are low, as indicated in the low learning levels recorded in our 

study, and fall as students progress across grades. Under these circumstances, multi-grade 

classrooms may not reduce learning, primarily because levels of learning do not vary much 

across grades, even in large schools with one teacher per grade.     
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Table 1: Mean school size in low and high female literacy states, selected major states, 2001 

State Mean school size (rural government primary schools) 

Low female literacy districts High female literacy districts 

Andhra Pradesh 59.16   (15.28) 50.76   (12.08) 

   

Bihar 117.99   (55.16) 103.84   (56.09) 

   

Gujarat 72.94   (33.25) 77.31   (41.95) 

   

Karnataka 49.62   (17.07) 33.56   (9.50) 

   

Madhya Pradesh 96.36   (22.98) 88.21   (21.77) 

   

Maharashtra 66.13   (18.52) 50.52   (12.90) 

   

Punjab 135.43   (35.44) 71.23   (16.76) 

   

Rajasthan 56.97   (7.13) 63.58   (11.39) 

   

Uttar Pradesh 172.4   (29.80) 158.87   (39.73) 

   

West Bengal 147.00   (66.83) 124.54   (32.28) 

   

Note: Low female literacy districts are those with literacy levels less than the median district in 

the state. 

Source: Literacy rates are from the 2001 Census. Data on school size of rural government 

primary schools is from the District Informational System for Education (DISE) data. 
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Table 2: Government of Karnataka Rules for assignment of teachers to schools, 2009-10 

Number of students Number of teachers required as per norms 

Higher Primary Schools  

1-40 2 

41-90 3 

91-120 4 

121-150 5 

151-180 6 

181-220 7 

221-320 8 

>320 1:40 

  

Lower Primary Schools  

1-20 1 

21-60 2 

61-90 3 

91-120 4 

121-200 5 

201-240 6 

>240 1:40 

  

Source: Government of Karnataka circular c3(7), 38/2006-07, dated 9 January 2006. These rules 

were in effect through the 2009-10 school year, and subsequently changed for the 2010-2011 

school year. 

Table 3: Maximum and Minimum student-teacher ratios by school size, based on Government 

teacher assignment rules 

 Higher Primary Schools Lower Primary Schools 

maximum minimum maximum minimum 

1-20 20 5 20 10 

21-40 20 10 20 10.5 

41-60 20 13.7 30 20.5 

61-90 30 20 30 20.3 

91-129 30 22.8 30 22.8 

121-200 30 24.2 40 24.2 

201-210 30 28.7 35 33.5 

211-220 31.4 30 36.7 35.2 

221-240 30 27.6 40 36.8 

241-320 40 30.1 40 34.4 

>320 40 35.7 40 35.7 

     

Source: Derived from table 2.  
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Table 4: Characteristics of sample schools, by school size 

Characteristics All schools Small schools  Large schools  

Proportion to all 

schools 

-- 0.66 0.34 

Prop. Lower Primary 

School 

0.24   (0.43) 0.36   (0.48) 0.03   (0.18) 

Total enrollment 144.24   (114.37) 

 

84.59   (50.58) 283.72   (96.79) 

Proportion students 

SC/ST 

0.31   (0.26) 0.30   (0.27) 0.33   (0.22) 

Primary enrollment 

(grades 1-5) 

96.35   (75.42) 57.34   (30.59) 187.71   (68.80) 

Number of sanctioned 

teachers 

5.50   (3.12) 

 

4.07   (1.94) 8.81   (2.70) 

Total teachers 5.25   (2.88) 

 

3.89   (1.76) 8.39   (2.34) 

Teachers teaching 

primary grades 

4.72   (2.32) 3.69   (1.58) 7.12   (1.83) 

Student-teacher ratio 24.70   (9.84) 

 

20.90   (7.92) 33.79   (7.67) 

Number of classrooms 6.85   (3.95) 

 

5.30   (2.78) 10.37   (3.96) 

Proportion of schools 

with drinking water 

0.86   (0.35) 0.85   (0.36) 0.90   (0.28) 

Proportion of schools 

with toilets 

0.90   (0.31) 0.89   (0.32) 0.92   (0.28) 

Teacher 

characteristics (mean 

for school) 

   

Proportion SC/ST 0.64   (0.35) 

 

0.66   (0.36) 0.58   (0.32) 

Proportion graduates 0.17   (0.23) 

 

0.17   (0.24) 0.18   (0.18) 

Mean age 39.5   (5.22) 

 

39.53   (5.66) 39.37   (3.89) 

 

Note: Small schools are those where the number of teachers (as per Government rules) is less 

than the number of grades offered in the school.   



45 
 

Table 5: Grade 3 (2009) cohort – classroom characteristics and family background  

Characteristics All schools Small schools  Large schools  

Cohort and Classroom characteristics   

Cohort size 18.19   (16.58) 

 

11.68   (7.04) 38.67   (16.39) 

Cohort proportion 

SC/ST 

0.32   (0.28) 

 

0.31   (0.30) 0.34   (0.23) 

Proportion in multi-

grade classrooms 

0.44   (0.50) 0.64   (0.48) 0.03   (0.16) 

Classroom size 26.12   (14.30) 

 

20.33   (9.36) 37.70   (15.47) 

Classroom proportion 

SC/ST 

0.32   (0.27) 0.31   (0.28) 0.33 (0.23) 

Classroom – 

proportion female 

0.49   (0.16) 0.50   (0.14) 0.48   (0.19) 

Mean language test 

score 

0.55   (0.20) 57.73   (19.46) 52.32   (19.19) 

Mean mathematics 

test score 

0.47   (0.16) 49.54   (16.99) 44.59   (15.62) 

Characteristics of teachers of this cohort   

Proportion male 

 

0.43   (0.46) 0.49   (0.46) 0.31   (0.43) 

Proportion SC/ST 

 

0.64   (0.48) 0.68   (0.47) 0.56   (0.49) 

Proportion graduate 

 

0.15   (0.35) 0.14   (0.35) 0.16   (0.36) 

Years of experience 

 

13.59   (7.68) 13.52   (7.63) 15.97   (13.62) 

Years of experience, 

this school 

5.86   (4.72) 5.68   (4.52) 6.18   (5.00) 

Family background    

Proportion SC/ST 0.35   (0.48) 

 

0.34   (0.47) 0.35   (0.48) 

Proportion cultivators 0.34   (0.47) 

 

0.39   (0.49) 0.31   (0.46) 

Proportion ag. 

Laborers 

0.27   (0.45) 

 

0.23   (0.42) 0.30   (0.46) 

Mean education years 

– father 

4.28   (4.65) 4.61   (4.63) 4.04   (4.63) 

Mean education years 

- Mother 

3.42   (4.05) 3.92   (4.14) 3.04   (3.94) 

Mean family size 5.59   (1.91) 5.53   (1.92) 5.63   (1.90) 
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Table 6: Socio-economic characteristics of Northern and Southern districts 

 North districts South Districts 

Average village population 

(2001) 

1790.23 

(440.18) 

1502.08 

 

Average habitation size (1993) 1182.97 

(541.62) 

610-98 

(275.22) 

Average village population 

(1901 census) 

  

   Mysore  285 

   Madras 842  

   Bombay 611  

   Hyderabad 535  

   

Proportion SC/ST (2001) 0.25 

(0.10) 

0.27 

(0.10) 

Net irrigated area to net 

landholding area 

0.21 

(0.14) 

0.30 

(0.18) 

Proportion of male workers 

who are agricultural laborers 

(2001) 

0.22 

(0.06) 

0.15 

(0.07) 

Rural Female literacy rate 

(2001) 

0.43 

(0.11) 

0.54 

(0.11) 

Land inequality (ratio of 

proportion of area under large 

(.10 ha.) holdings to 

proportion of large holdings)  

8.00 

(5.88) 

5.14 

(1.87) 

   

School size, survey data   

Average primary enrollment 

per school 

200.70 

(196.33) 

110.54 

(65.83) 

Average primary enrollment, 

main village schools 

225.38 

(88.13) 

128.16 

(69.80) 

Average primary enrollment,  

habitation schools 

158.45 

(95.12) 

78.41 

(41.92) 

   

Source: Data on population, literacy rates and agricultural laborers are from 2001 Census. Data 

on agricultural landholdings are from Districts Statistical Handbooks, 2009-10. 1901 data on 

population and number of villages is from the 1901 Census. Data on schools are survey data. 

Note: Northern districts are all districts in current day Karnataka that were formerly in the 

Bombay Presidency or the state of Hyderabad. Southern states are those that were formerly in 

Mysore or Madras Presidency.  
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Table 7: First stage regressions on instrument set 

 

 

 Class size Multi-grade 

Coeff. Std. error Coeff. Std. error 

Instruments:     

Predicted class size 0.29
*    

 

  
(0.11) 0.01

* 
(0.005) 

Enrollment – grade 3 0.35
+ 

(0.22) -0.01 (0.006) 

PMG -3.53
 

 

(2.47) -0.09
 

(0.09) 

PMG_c 5.15
*
   

 

(2.07) 0.05
 

(0.07) 

PMG_c*(var34-Var45) -0.01
+ 

(0.008) -0.001
* 

(0.0003) 

PMG_c*(var34-var45)*rsize 0.14
* 

 

(0.16) 0.006
* 

(0.003) 

Other controls:     

LPS -7.22
* 

(3.33) -0.11 (0.08) 

HPS-7 -3.32
+ 

(1.80) 0.03 (0.03) 

Hamlet school -1.79
 

(1.15) 0.0003 (0.03) 

Enrollment – primary (in ‘00s) 18.00 (12.72) -1.09
* 

(0.38) 

Enrollment square – primary (in 

‘00s) 

-6.41 (8.13) 0.53
* 

(0.17) 

Enrollment cubic – primary 

(‘00s) 

1.06 (1.54) -0.08
* 

(0.02) 

Enrollment – school  (in ‘00s) -20.91
* 

(10.59) -0.55
+ 

(0.30) 

Enrollment square – school (‘00s) 6.94* (3.35) 0.09 (0.08) 

Enrollment cubic – school (‘00s) -0.79
* 

(0.32) -0.004 (0.007) 

Relative size, grade 3 25.84 (22.57) -0.77 (0.72) 

     

Regression F(36,574)
a 

 

48.42 (0.00)
 

33.97 (0.00) 

Test: Joint significance of all 

instruments F(6,574)
a 

9.21 (0.00)
 

1.97 (0.06) 

     

Note: Standard errors, clustered at the school level, in parentheses. All regressions include the 

age and sex of the child, an indicator for scheduled caste/tribe status,  mother and father’s 

education years, mean age of teachers in school and proportion scheduled caste and tribes, 

headmaster’s age and indicator for caste status, and a set of district dummy variables. Sample 

size is 7723. 

 

 
* 
Significant at 5% level; 

+
 Significant at 10% level; 

a
 Probability >F. 
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Table 8: Falsification tests for multi-grade first stage regression 

 Equality of variance Irrelevance test - 1 Irrelevance test - 2 Irrelevance test - 3 

Instruments     

Predicted class size 0.004
+
   (0.002) 0.005

*
   (0.002) 0.005

*
   (0.002) 0.005

*
   (0.002) 

PMG 0.03   (0.12) -0.08   (0.10) -0.07   (0.10) -0.10   (0.10) 

PMG_c 0.08   (0.08) 0.04   (0.07) 0.05   (0.07) 0.06   (0.07) 

PMG_c*(Var_34-Var45) -- -0.001
+
   (0.0005) -0.001

+
   (0.0006) -0.001

*
   (0.0004) 

PMG_c*(Var_34-Var45)*rsize -- 0.007
+
   (0.004) 0.007

+
   (0.004) 0.006

*
   (0.003) 

Additional regressors     

PMG_c*(Var_34-Var_35) -- 0.0002   (0.0007) -- -- 

PMG_c*(Var_34-Var_35)*rsize -- -0.001   (0.005) -- -- 

PMG_c*(var_34-Var_32) -- -- 0.0002   (0.0007) -- 

PMG_c*(Var_34– Var_32)*rsize -- -- -0.0009   (0.005) -- 

PMG_c*var_34 -0.001
*
  (0.0004) -- -- -- 

PMG_c*Var_45) 0.001
*
   (0.0004) -- -- -- 

PMG_c*Var_34*rsize 0.007
*
   (0.003) -- -- -- 

PMG_c*Var_45*rsize -0.007
*
   (0.003) -- -- -- 

PMG*(1-PMG_c)*(Var_34-

Var_45) 

--   -0.001   (0.001) 

PMG*(1-PMG_c)*(Var_34-

Var_45)*rsize 

--   0.005   (0.007) 

Regression F 28.09   (0.00) 32.44   (0.00) 32.49   (0.00) 32.71   (0.00) 

Tests of additional regressors -- 1.73   (0.18) 0.15   (0.86) 0.36   (0.70) 

Test Var_34+ Var_45=0 0.53   (0.47)    

Test Var_34*ts + Var_45*ts=0 0.12   (0.73)    

Note:  Standard errors, clustered at the school level, in parentheses. All regressions include the full set of instruments from the previous table, as 

well as the regressors listed in that table. Sample size is 7723  
* 
Significant at 5% level; 

+
 Significant at 10% level; 

a
 Probability >F. 
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Table 9: Regression  estimates for Language and Mathematics 

 Language Mathematics 

Coeff Std. error Coeff. Std. error 

IV     

Class size -0.02
* 

 

(0.01) -0.02
* 

 

(0.01) 

Multi-grade 0.11 

 

(0.49) -0.42 

 

(0.65) 

Regression Wald 879.58 

 

(0.00) 579.45 

 

(0.00) 

     

OLS     

Class size -0.008
* 

 

(0.003) -0.008
*
 

 

(0.004) 

Multi-grade 0.14 

 

(0.09) 0.09 

 

(0.11) 

Regression F 30.57 

 

(0.00) 20.54  

 

  (0.00) 

     

IV – class size 

only 

    

Class size -0.018
*
 (0.006) -0.02

* 
(0.008) 

Regression Wald 881.89 (0.00) 599.60 (0.00) 

     

IV – multi-grade 

only 

    

Multi-grade -0.70
+ 

(0.44) -1.27
* 

(0.60) 

Regression Wald 881.79 (0.00) 520.30 (0.00) 

     

     

Note: Standard errors are clustered at the school level. Instruments are those listed in table 7. 

This table, and the associated notes, also lists the regressors.  
* 
Significant at 5% level; 

+
 Significant at 10% level. 
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Table 10: Regression  estimates for non-cognitive skills 

 Leadership skills Social skills Communication Confidence 

IV     

Class size -0.12
* 

(0.04) 

-0.17
* 

(0.05) 

-0.10
*
 

(0.04) 

-0.11
* 

(0.05) 

Multi-grade 5.80
+ 

(3.04) 

6.83
* 

(3.37) 

1.87 

(2.64) 

4.67
+
 

(2.73) 

Regression Wald 655.47 

(0.00) 

568.44 

(0.00) 

714.04 

(0.00) 

589.84 

(0.00) 

     

OLS     

Class size -0.04
*
 

(0.01) 

-0.04
*
 

(0.02) 

-0.03 

(0.02) 

-0.01 

(0.02) 

Multi-grade 0.42 

(0.42) 

1.10
* 

(0.52) 

0,.32 

(0.48) 

0.51 

(0.49) 

Regression F 26.84 

(0.00) 

23.36 

(0.00) 

24.28 

(0.00) 

20.26 

(0.00) 

     

IV – class size 

only 

    

Class size -0.08
* 

(0.03) 

-0.12
* 

(0.04) 

-0.08
* 

(0.03) 

-0.08
* 

(0.04) 

Regression Wald 769.78 

(0.00) 

637.13 

(0.00) 

703.18 

(0.00) 

631.53 

(0.00) 

     

IV – multi-grade 

only 

    

Multi-grade -0.12 

(2.35) 

-1.63 

(2.68) 

-2/60 

(2.62) 

-0.43 

(2.35) 

Regression Wald 830.70 

(0.00) 

695.51 

(0.00) 

677.84 

(0.00) 

632.59 

(0.00) 

     

     

Note: Standard errors are clustered at the school level. Instruments are those listed in table 7, 

which also notes the regressors.  
* 
Significant at 5% level; 

+
 Significant at 10% level. 
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Table 11: Sensitivity Tests - Language 

 Regression 1 Regression 2 Regression 3 Regression 4 Regression 5 Regression 6 Regression 7 

(OLS) 

Class size 

 

-0.02
+
   (0.012) -0.04

*
   (0.02) -0.04

*
   (0.02) -0.04

*
   (0.02) -0.04

*
   (0.02) -0.04

*
   (0.02) -0.01

+
   (0.003) 

Multi-grade 

 

0.20   (0.56) 0.79   (0.59) 0.96   (0.67) 1.06
+
   (0.65) 1.24

*
   (0.65) 0.97

+
   (0.58) 0.08   (0.09) 

Var_34 

 

-5.3 e-6   

(0.0001) 

No No No No No No 

 Var_45 

 

-4.8 e-6   

(0.0001) 

No No No No No No 

Grade-specific 

enrollment and         

enrollment square 

No Yes Yes Yes Yes Yes Yes 

Dummy variables for 

small and large schools 

No No Yes No No No No 

Omit (var_34-

var_45)*rsize from 

instrument set 

No No No Yes Yes No No 

Include (var_34-

var_45)*proportion 

literate mothers 

No No No No Yes Yes Yes 

Note:  Standard errors, clustered at the school level, in parentheses. Unless otherwise specified, all regressions include the set of instruments from  

table 7, as well as the regressors listed in that table. Regressions 5, 6, and 7 also include proportion literate mothers as a regressor. Sample size is 

7723. 
* 
Significant at 5% level; 

+
 Significant at 10% level.  
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Table 12: Sensitivity Tests - Mathematics 

 Regression 1 Regression 2 Regression 3 Regression 4 Regression 5 Regression 6 Regression 7 

(OLS) 

Class size -0.02   (0.014) -0.04
+
   (0.02) -0.05

+
    (0.02) -0.04

+
   (0.02) -0.04

+
   (0.02) -0.04

+
   (0.02) -0.01

*
   (0.003) 

Multi-grade -0.41   (0.72) 0.25   (0.69) 0.56   (0.79) 0.48   (0.74) 0.71   (0.71) 0.48   (0.66) 0.06   (0.10) 

Var_34 2.3 e-6   (0.0001) No No No No No No 

 Var_45 -0.00   (0.0001) No No No No No No 

Grade-specific 

enrollment and         

enrollment square 

No Yes Yes Yes Yes Yes Yes 

Dummy variables for 

small and large schools 

No No Yes No No No No 

Omit (var_34-

var_45)*rsize from 

instrument set 

No No No Yes Yes No No 

Include (var_34-

var_45)*mean mothers’ 

education 

No No No No Yes Yes Yes 

Note:  Standard errors, clustered at the school level, in parentheses. Unless otherwise specified, all regressions include the  set of instruments from 

table 7, as well as the regressors listed in that table. Regressions 5, 6 and 7 also include proportion literate mothers amongst regressors. Sample 

size is 7723  
* 
Significant at 5% level; 

+
 Significant at 10% level. 
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Table 13: Predictions of learning under alternative student-teacher norms 

 Current norms STR 30:1 

Class size   

By mother’s literacy   

   Literate 31.40   (15.35) 27.92   (6.52) 

   Illiterate 37.94   (18.87) 29.19   (8.88) 

   

By region   

   South 27.13   (10.71) 26.99   (4.66) 

   North 43.52   (19.67) 30.44   (10.09) 

   

Language Test Scores   

By mother’s literacy   

   Literate 59.32   (0.14) 60.57   (0.12) 

   Illiterate 48.75  (0.12) 52.06   (0.10) 

F test for equality 3215.38   (0.00) 2985.82   (0.00) 

   

By region   

   South 59.14   (0.14) 59.14 (0.12) 

   North 47.91 52.92   (0.11) 

F test for equality 3935.21 

(0.00) 

1427.48 

(0.00) 

Mathematics Test Scores   

By mother’s literacy   

   Literate 50.05   (0.13) 51.27   (0.11) 

   Illiterate 42.67   (0.12) 45.91   (0.11) 

F test for equality 1739.87   (0.00) 1292.49   (0.00) 

   

By region   

   South 50.51   (0.13) 50.50   (0.11) 

   North 41.37   (0.11) 46.29   (0.10) 

F test for equality 3095.10   (0.00) 771.86   (0.00) 

Note: Standard errors in parentheses.  
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Figure 1: Predicted student teacher ratios by school enrollment  (in ‘00s)   

Note: Student teacher ratios are predicted based on government rules.  

 

   
Figure 2: Class size by School Enrollment Group (survey data) 
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Appendix Table A1:  OLS and IV Regressions for Language and Mathematics 

 

 Language Mathematics 

OLS IV OLS IV 

Class size -0.008
* 

(0.003) 

-0.02
* 

(0.01) 

-0.008
*
 

(0.004) 

-0.02
* 

(0.01) 

Multi-grade 0.14 

(0.09) 

0.11 

(0.49) 

0.09 

(0.11) 

-0.42 

(0.65) 

     

Male -0.13
*
 

(0.02) 

-0.12
* 

(0.03) 

-0.05
*
 

(0.03) 

-0.05
+ 

(0.03) 

SC/ST -0.09
* 

(0.03) 

-0.09
* 

(0.03) 

-0.12
*
 

(0.03) 

-0.12
* 

(0.04) 

Mother – educ yrs 0.03
* 

(0.003) 

0.03
* 

(0.003) 

0.02
* 

(0.003) 

0.02
* 

(0.003) 

Father  - educ yrs 0.02
* 

(0.003) 

0.02
* 

(0.003) 

0.02
* 

(0.003) 

0.02
* 

(0.003) 

LPS 0.30
* 

(0.15) 

0.17 

(0.18) 

0.47
*
 

(0.17) 

0.25 

(0.21) 

HPS-7 0.04 

(0.07) 

0.01 

(0.09) 

0.07 

(0.08) 

0.04 

(0.10) 

Hamlet school -0.006 

(0.05) 

-0.03 

(0.06) 

-0.003 

(0.06) 

-0.03 

(0.07) 

Relative size – grade 3 0.33  

(0.76) 

1.51 

(1.22) 

-0.60 

(0.94) 

0.25 

(1.69) 

Primary enrollment -1.40
*
 

(0.63) 

-1.28 

(0.94) 

-1.18
+
 

(0.68) 

-1.63 

(1.12) 

Primary enrollment 

square 

0.57
+
 

(0.32) 

0.55
 

(0.46) 

0.45 

(0.32) 

0.71
 

(0.52) 

Primary enrollment 

cubed 

-0.05 

(0.05) 

-0.05 

(0.07) 

-0.04 

(0.05) 

-0.07 

(0.08) 

Total enrollment 1.07
* 

(0.43) 

0.98
* 

(0.50) 

0.83
+ 

(0.49) 

0.48 

(0.60) 

Total enrollment square -0.32
*
 

(0.14) 

-0.27
+
 

(0.15) 

-0.24
+ 

(0.14) 

-0.15 

(0.16) 

Total enrollment cubed 0.03
* 

(0.01) 

0.02 

(0.01) 

0.02 

(0.01) 

0.01 

(0.02) 

     

Regression F (OLS) 

Wald (IV) 

30.57 

(0.00) 

879.58 

(0.00) 

20.54  

  (0.00) 

579.45 

(0.00) 

 

Note: Standard errors, clustered at the school level, in parentheses. All regressions include a set 

of district dummy variables. Sample size is 7723. 
* 
Significant at 5% level; 

+
 Significant at 10% level 
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Appendix Table A2: First Stage Regressions with grade-specific enrollments and additional 

instruments 

 Class size Multi-grade 

Regression 1 Regression 2 Regression 1 Regression 2 

Instruments:     

Predicted class size 0.51
*
 

(0.12)
    

 

0.55
*
 

(0.12) 

0.02
*
 

(0.005) 

0.02
*
 

(0.005) 

PMG 3.66 

(2.31)
 

 

3.10 

(2.31) 

0.10 

(0.09)
 

0.08 

(0.09) 

PMG_c 2.06 

(1.38)   

 

1.31 

(1.37) 

-0.03 

(0.07)
 

-0.06 

(0.07) 

PMG_c*(var34-Var45) -0.01
+ 

(0.007) 

-0.04
*
 

(0.01) 

-0.0004 

(0.0003)
 

-0.002
*
 

(0.001) 

PMG_c*(var34-var45)*prop. 

literate mothers 

0.03
* 

(0.01) 

 

0.04
*
 

(0.01) 

0.001
* 

(0.0005) 

0.001
*
 

(0.0005) 

PMG_c*(var34-var45)*rsize -- 0.19
*
 

(0.06) 

-- 0.01
*
 

(0.002) 

 
 

   

Regressors: 
 

   

Grade-specific enrollments and 

squared enrollments 

Yes Yes Yes Yes 

rsize 54.13
*
 

(22.65) 

48.13
*
 

(22.56) 

0.29 

(0.87)
 

0.06 

(0.85) 

Proportion literate mothers -3.12 

(1.95) 

-2.93 

(1.97) 

-0.03 

(0.07) 

-0.02 

(0.07) 

   
 

 

Regression F
a 

 

37.01 

(0.00) 

36.43 

(0.00) 

22.97 

(0.00) 

23.52 

(0.00) 

     

Note: Standard errors, clustered at the school level, in parentheses. All regressions include the 

age and sex of the child, an indicator for scheduled caste/tribe status, mother and father’s 

education years, mean age of teachers in school and proportion scheduled caste and tribes, 

headmaster’s age and indicator for caste status, and a set of district dummy variables. Sample 

size is 7723. 

. 

 
* 
Significant at 5% level; 

+
 Significant at 10% level; 

a
 Probability >F. 

 

 




