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Abstract

Kenya has made tremendous progress towards access to basic education, which
encompasses pre-primary, primary and secondary education. This is manifested
in the increasing demand for secondary school education. Secondary school
enrolment increased from around 1.4 million students in 2013 to 2.3 million
students in 2014. This can be attributed to fees subsidy in secondary school
education, strong government support for infrastructure and increased teacher
staffing. In spite of these efforts, transition rate from primary to secondary
schools is still low with about 2.1 million students who are supposed to be in
secondary education missing this level of education. The consequence of this is
that opportunities for accessing higher education will be missed, implying low
access to skills development. In addition, school performance as measured by
exam test scores has not improved over the period since the secondary school
fee subsidy was implemented. This poor performance could be attributed to
resource constraint, wastage of public funds, and inherent inefficiencies in
secondary schools. This study examines the determinants of technical efficiency
in secondary schools in Kenya and gives policy recommendations. The key
findings of the study are: i) there exists wide variability in performance and
enrolment of students across secondary schools in Kenya; ii) secondary schools
are inefficient and could improve their outcomes by 37.3 per cent at current
resource levels; iii) secondary schools have 26 per cent unused capacity; iv)larger
schools and urban-based schools are more efficient compared to smaller schools
and rural-based schools. Public schools have a negative effect on efficiency. The
study recommends implementation of policies that will ensure innovativeness
in efficient utilization of existing facilities and resources without incurring
extra costs. This may include adoption of ICT infrastructure in classroom
delivery, such as digitizing textbooks, and technology-based resources among
others. Initiatives to merge small schools within the same locality should be
considered. Policies to ensure effective operations and management of schools,
such as training and mentorship programmes for school managers, need to be
implemented.
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Abbreviations and Acronyms

DEA Data Envelopment Analysis

FDSE Free Day Secondary Education

GER Gross Enrolment Rate

GoK Government of Kenya

MoEST Ministry of Education, Science and Technology
NER Net Enrolment Rate

SDGs Sustainable Development Goals

SFA Stochastic Frontier Approach
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1. Introduction

Globally, policy makers have for a long time been concerned with providing quality
and relevant education to all school-going children (Hanushek and Ludiger, 2008;
Becker, 1994). The Sustainable Development Goals (SDGs) number 4 reinforces
the global commitment to ensuring that all children complete free, equitable and
quality basic education. African countries, Kenya included, had earlier reaffirmed
this commitment during the World Education Forum held in Dakar in 2000
(UNESCO, 2000). Therefore, governments and households are significantly
investing in education to reap the benefits of human capital development.
Needless to say, quality education must be realized with the prevailing public
sector financial austerity and existing resources allocated to the sector. Further,
it is imperative for the country to apply and utilize her resources efficiently to
address the national development challenge.

There is a general consensus that in most developing countries, the correlation
between higher resource allocation to the education sector and improved education
outcomes is fairly weak (Evans et al., 2000; Duncan, 2004; Afonso et al., 2005;
2006; and Mizala et al., 2002). Therefore, issues relating to efficiency differences
among schools and education providers have been an important area for policy
makers raising the question of whether education quality could be improved with
existing resources.

Despite significant investment in the education sector in developing countries,
performance indicators such as skills development, student performance, access
and grade attainment are still poor across regions (UNESCO, 2015). This is a
major concern and could be partly attributed to inefficient utilization of education
resources.

As much as there are policies to address school participation for basic education
institutions, inadequate attention has been given to efficiency in utilization of the
allocated resources in the sector. Of keen interest is the efficiency of secondary
school education. There is need to assess the efficiency of education resources
in Kenya especially in view of the subsidy programme and the limited resources
needed to attain the expected outputs.

1.1 Secondary School Education in Kenya

Kenya has made tremendous efforts towards achieving the goal for basic education
for all since independence. According to the Bill of Rights, basic education is a
fundamental human right, implying that citizens can hold the State accountable for
ensuring that every child aged 4 to 17 years is in school and receiving quality basic
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education. This is in line with the international education commitments and other
international conventions to which Kenya is a signatory. In addition, the Constitution
of Kenya 2010 emphasizes on the provision of quality and efficient basic education.
Basic education encompasses pre-primary, primary and secondary school education.
These commitments can be achieved through proper utilization of available resources
to maximize the desired education outcomes.

To this end, Kenya implemented the Free Primary Education in 2003 and Free Day
Secondary Education (FDSE) in 2008 to increase completion and transition rates
from primary to secondary school education and to reduce expenditures borne
by households on secondary school education especially for children from poor
households (Government of Kenya, 2008). Implementation of these policies has
improved secondary school enrolment numbers from around 1,472,600 students in
2009 to 2,331,700 in 2014. Gross Enrolment Rate (GER) increased from 41.9 per
cent in 2009 to 58.2 per cent in 2014, while Net Enrolment Rate (NER) increased
from 33.1 per cent in 2009 to 47.4 per cent in 2014. This may imply that the cost of
secondary education constituted a significant obstacle to more widespread secondary
school attendance in the period preceding the subsidy, especially by poor households
(Government of Kenya, 2012a).

At inception of FDSE in 2008, Ksh 10,265 was allocated per child per annum as
capitation grant, which was increased to Ksh 12,870 in the financial year 2014/15.
The FDSE grant covers specific expenditure items in secondary schools as presented
in Figure 1.

Figure 1: FDSE comparison between 2008 and 2014 in Ksh
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Source: Ministry of Education, Science and Technology (2014), Education
Management Information System
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In 2014/15, total expenditure in education stood at approximately Ksh 365
billion, with secondary education receiving capitation grant of around Ksh 29.3
billion (Ministry of Education, Science and Technology, 2014). The capitation
allocation is only part of the total cost of secondary schooling. On average, the
cost to government per student for secondary school education in 2014 was
Ksh 31,374 whereas households incurred an average total cost of Ksh 49,411,
totaling Ksh 80,785 (Government of Kenya, 2014). The capitation, therefore, only
covers a small part of education expenses whereas the rest of the cost is borne
by households. The government also provides infrastructure development grant,
teachers and training, instructional material development, among others for
secondary education.

While acknowledging strong progress in expanding access to secondary
education, particularly increase in enrolment, there are some challenges the
sector experiences. These include the need to meet the rising demands for
secondary schooling, and increase in enrolment unmatched with infrastructure
thus leading to a decrease in the quality of education offered. This decrease has
been observed in poor performance of students in examinations. Additionally, the
capitation grant does not cover all the costs associated with schooling, leaving the
households to bear the extra cost.

Completion rate and transition to secondary school education is still low, with over
a third of those who complete primary school not transiting to secondary school.
For instance, 884,900 pupils completed Standard Eight in 2013 whereas those
who joined Form One from the same cohort were 667,200, implying that 217,000
(about 25%) of 2013 pupils did not transit to secondary school. In addition,
dropout rate has been increasing as shown in Table 1. Of the 2009 cohort, about
34,000 students did not complete secondary education.

Table 1: Completion in public secondary school education, 2009-2014

Form One Form Four % of Students not
enrolment enrolment Completing School
Completion for 2009 to 2012 445,300 411,300 7.64
cohort
Completion for 2010 to 2013 498,900 448,700 10.06
cohort
Completion for 2011 to 2014 521,600 461,600 11.50
cohort
Completion for 2012 to 2015 532,100 525,802 11.80
cohort

Source: Ministry of Education, Science and Technology, EMIS 2014
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Besides, the quality of learning should be seen in good test scores in national
exams and other literacy measures such as reading and numeracy. Performance
in Kenya Certificate for Secondary Education (KCSE) mean scores in the national
secondary examinations, which is one education outcome, has been low with only
31.5 per cent scoring C+ and above in 2015, which is the minimum university
entry requirement, an increase of 1.5 per cent from 2014. This implies that about
209,807 students in 2015 did not qualify to join university education and other
diploma courses, painting a grim picture of the secondary school education
performance. Table 2 gives a picture of performance for some secondary education
indicators in Kenya.

Table 2: Secondary school education indicators

Indicators 2009 2010 2011 2012 2013 2014
Total Eenrolment '000 1,472.6 | 1,653.4 | 1,767.7 | 1,914.8 | 2,104.3 | 2,331.7
GER in % 41.9 45.7 47.8 50.5 54.3 58.2
NER in % 33.1 36.0 38.8 41.7 44.5 47.4
Teachers 44,305 | 48,087 | 53,047 | 56,735 | 64,338 | 65,494
Transition to

secondary education % 55 61 63.5 64.5 74.7 79.6
PTR 31.2 31.3 32.1 31.2 20.8 19.2
KNEC Pperformance:

C+ and Aabove (%) 27 29 29 28 30

Source: Kenya National Examination Council (various years), Ministry of
Education (2014), Education Census Booklet

This poor performance of secondary education in light of the scarce public
resources presents a dilemma for policy and education stakeholders in their quest
to ensure access to quality secondary education. One of the possible solutions to
this problem is to efficiently utilize available resources to attain maximum output.
Thus, effective actualization of FDSE requires efficient utilization of available
resources for attainment of desired education outcomes.

1.2 Problem Statement

Every Kenyan child has a right to access secondary school education. To achieve
this, the government implemented the secondary school fees subsidy policy in
2008. The number of national secondary schools also increased from 17in 2008 to
103 in 2014. Through the economic stimulus project, the government also put up
model secondary schools in every district. The main objective of these initiatives
was to improve secondary school education outcomes.
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However, despite government and households’ concerted efforts in investing in
secondary education, the performance indicators show that the outcomes are still
low and large differences exist across regions. For instance, around 2.1 million
students, that is, over half who are supposed to be in secondary education are
not in school (Ministry of Education, Science and Technology, 2014). Of the
2011 cohort, about 60,000 students representing 11 per cent did not complete
secondary education in 2014. Moreover, out of 482,133 KCSE candidates, only
149,717 students scored C+ and above.

The education sector in Kenya is grappling with challenges of lack of adequate
infrastructure, low teachers’ salaries and high household poverty levels, among
others. These challenges may result in poor skills development and missed
opportunities for accessing higher education. Therefore, social returns which is a
key incentive for public subsidy, and private returns which drives households to
invest in education, will not be met, and this may lead to wastage of public funds,
which may be a pointer to existing inefficiencies in the education system.

From the foregoing, the poor performance of the secondary school education
sector presents a pertinent policy dilemma on how the country can allocate the
scarce resources efficiently. The question for policy makers is whether secondary
schools in Kenya could produce more output at the current level of resource
allocation. This implies the adoption of strategies that would promote internal
and external efficiencies in secondary schools. Therefore, this study examines the
factors affecting efficiency of secondary schools in Kenya.

1.3 Research Questions

The understanding of the determinants of technical efficiency at the school level
is crucial for decision makers to develop appropriate educational policies to assist
inefficient schools improve their educational achievement levels. Therefore, the
study addresses the following research questions:

1.  What is the level of technical efficiency in secondary schools in Kenya?

2. What are the determinants of technical efficiencies in secondary schools in
Kenya?

1.4 Research Objectives

The study objectives are twofold, aimed at determining the extent to which
secondary schools are utilizing available resources to produce maximum outputs.
The specific objectives of the study are to:
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1. Estimate technical efficiency of secondary schools in Kenya.

2. Analyze the factors affecting technical efficiency of secondary schools in
Kenya.

1.5 Justification of the Study

To attain a knowledge-based economy as stipulated in the Kenya Vision 2030, the
country needs to invest in education. Education is a basic right as enshrined in the
Constitution of Kenya 2010 and the Basic Education Act 2013. For the education
sector to make a significant contribution to the country’s growth and development,
it must operate efficiently amidst the scarce resources and many competing needs.
As Ergulen and Torun (2009) puts it, efficiency in education is important given
that resources are scarce and a robust education system is the base of economic
prosperity. Thus, knowledge of efficiency in the education system will inform
public policies on the potential for increased efficiency that will guide in achieving
better performance for national economic development. There has not been much
work done concerning efficiency, particularly of secondary education in Kenya.
The study analyzes technical efficiency of secondary school education in Kenya.

A sizeable share of the budget is allocated to the education sector. Public
expenditure in secondary school education has been increasing to stand at Ksh
86,992.90 million (29 billion as capitation) in 2014/15, which was equivalent
to 30.61 per cent of the total education sector budget. Per capita spending also
increased from Ksh 10,265 in 2008 to Ksh 12,687 in 2014. Policy makers would
benefit from evidence about sources, and the possible drivers of efficiency which
could be an important determinant of subsequent opportunities for higher
education. This will help reduce waste in utilization of resources and provide
strategies on improving and monitoring outputs in the education sector in tandem
with increased government expenditure. The study also provides literature and a
road map towards achieving efficiency and identifying the existing gaps for other
scholars interested in the subject.

1.6 Organization of the Study

The rest of the study is structured as follows: The next section presents a review
of related literature; section 3 discusses the methodology used, data and the key
variables. Section 4 presents and discusses the empirical results while section
5 provides conclusions, policy recommendations, interventions and further
research.




2. Literature Review

2.1 Theoretical Framework

The underlying principle behind the technical efficiency theory is the theory of
production, which states that the quantity of output that a firm can produce is a
function of the quantity of inputs to production which a firm employs. A production
function can be expressed in a functional linear form as:

Q=f(X, X, ceveernnn. X)

Where Q is the quantity of a firm’s output, X, X, and X are the amounts of
inputs employed in the production of Q. The various forms of production function
represented in literature are: the Cobb-Douglas production function which
represents the relationship of an output and two inputs (capital and labour), and
the Leontief production function which uses inputs in fixed proportions.

In the education context, inputs are converted to produce a range of outputs
through the teaching and learning process. In literature, different scholars have
used diverse inputs to produce diverse outputs by applying the production theory,
among them Coleman (1966), Mincer (1970) and Psacharopoulos and Patrinos
(2004) who used school attainment as an output measure of individual skill.
Schultz (1961) and Becker (1962) showed that it is important to include the
production process in schooling to achieve the desired utility from education. The
common inputs used include parental characteristics, socio-economic factors,
teacher characteristics and pupil characteristics.

Econometric modeling of production functions, as earlier defined, was stimulated
by the seminal paper of Farrell (1957). According to Farrell, efficiency refers to the
ability of a decision making unit to produce the maximum attainable output from
a given set of inputs. This theory was further explored and applied in the education
context. Contrary to Debreu (1951) and Farrell (1957), Koopmans (1951) concept
of technical efficiency was that a producer was technically efficient if an increase
in an output requires a reduction in at least one other output or an increase in at
least one input. This is different from Debreu and Farrell measure that output can
still be increased with the existing inputs.

Productive efficiency can be decomposed into technical and allocative efficiency.
Technical efficiency implies that resources are used in the most technologically
efficient way to achieve the highest possible output (Charnes and Cooper, 1985).
Whereas allocative efficiency refers to choosing inputs, given their respective
prices to minimize the cost of production, assuming that the decision making unit
being examined is already fully technically efficient.
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In relation to education, technical efficiency relates to conversion of inputs such
as number of teachers, quality of teachers and number of classes, learning and
teaching facilities to produce a range of outputs through the education process
(Mincer, 1970; Psacharopoulos and Patrinos, 2004; Afonso et al., 2005). Efficiency
could be output or input-oriented (Farrell, 1957). Output-oriented technical
efficiency refers to maximization of output given the set of inputs. Input-oriented
technical efficiency refers to minimization of input given the output (Debreu,
1951; Charnes and Cooper, 1985).

The measure of technical efficiency is widely used. While applying the concept of
efficiency in education, the outputs can be categorized as numeracy, literacy and
test scores, among others. The study thus borrows from the theory of efficiency
and productivity to measure the performance of schools, which converts inputs
into outputs (Coelli et al., 2005).

2.2 Measurement of Efficiency

Following Lovell (1993), the efficiency of a decision making unit can be measured
by the ratio of its output to its input. Decision making units are efficient if they
have produced as much as possible output with the inputs they have actually
employed at minimum cost.

Figure 2: Efficiency of production (output-oriented)

N
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a
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Figure 2 displays a technically efficient production frontier at point AB considering
atwo output case. In an output-oriented model, an inefficient unit is made efficient
through the proportional increase of its outputs, while the inputs proportions
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remain unchanged. As shown in Figure 2, output combinations that lie on the iso-
quant, for example, g, and g, will identify fully efficient producers. Conversely,
output combinations that are inside the production frontier, for example, will
identify inefficient producers (Farrell, 1957). Efficiency scores take the values
between zero and one where a value of one implies that a firm is technically-
efficient and values ranging from less than 1 to zero are indicative of decreasing
levels of technical efficiency.

To measure efficiency, both parametric and non-parametric techniques can be
employed. Stochastic Frontier Approach (SFA) is the most common parametric
technique whereas Data Envelopment Analysis (DEA) is a common non-
parametric technique. DEA is a popular choice for social science analysis because
it does not require us to specify the functional form or distributional forms for
errors, and it can be applied to multi-input and multi-output variables. DEA
identifies the best performing decision making unit (DMU) within the sample
and uses their combination of inputs and outputs to estimate the production
possibility frontier. DEA was first developed in public sector analysis of technical
efficiency, where price information is not available nor reliable, which is a usual
feature of education institutions in many countries.

From the theoretical review, technical efficiency can be applied in the education
sector to measure performance of outcomes. However, the inputs used are not
systematically related to performance since schools are not homogeneous units.

2.3 Empirical Literature

There are a number of studies that evaluate the technical efficiency of different
levels of education and training globally (Charnes et al., 1981; Hanushek, 1986;
Hedges and Greenwald, 1996; Summers and Wolfe, 1977; Clements, 2002;
Afonso et al., 2005; 2006 and Zulal, 2012). Most of these studies have focused
on the relationship between inputs and outputs using either parametric or non-
parametric tools to measure efficiency, which produced the same results. These
studies found significant divergence of efficiency across countries.

Rassouli-Currier (2007) used DEA and second stage Tobit regression to analyze
the efficiency of school districts in Oklahoma. Output used was test scores while
inputs were categorized into school-controlled and non-school controlled. The
results found that the mean efficiency score under variable returns to scale was 91
per cent, and 82 per cent under constant returns to scale. The second stage Tobit
regression results showed that socio-economic variables and family environment
were the factors explaining variation on efficiency. The size of the school district
had a negative effect on efficiency whereas student teacher ratio had a positive
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effect on efficiency. However, selection of production assumptions is critical
when using DEA. Using constant returns to scale (CRS) assumption does not fit
well with a school setting since it implies that an increase in inputs results in a
proportionate increase in the output levels, which is usually not the case. The CRS
assumption is only suitable when all schools are operating at an optimal scale.

According to Mizala et al (2002) study in Chile, subsidy and category of schools
was an important factor in measuring efficiency. The findings showed that private
fee-paying schools were the most efficient, followed by private subsidized and
lastly the public schools. The study also found that teachers’ characteristics had
no effect on efficiency. Contrary to the results of Mizala et al (2002) and Rassouli-
Currier (2007), Tyagi et al (2009) study which assessed the technical efficiency of
schools in Uttar Pradesh in India showed that teachers’ characteristics were found
to have a major effect on efficiency while the effect of pupil-teacher ratio and
average school attendance were found to have a small effect on efficiency. These
studies bring mixed results; therefore, it is critical to assess technical efficiency of
Kenyan secondary schools.

Kirjavainen and Loikkanen (1998) applied DEA and Tobit analysis to evaluate
efficiency differences of Finnish senior secondary schools. The results showed
that teacher quality in terms of qualification and experience affected efficiency
positively, and that private schools were inefficient compared to public schools.
These findings differed from Rassouli-Currier (2007).

Hanushek (1996) shows that schools in the United States of America have had
great increase in resources, yet there is a very small improvement in outcomes or
outputs which proves existing inefficiencies.

Farrell (1957) argues that measuring technical efficiency is important because it
allows for determination of whether outputs can be increased by simply being
efficient and without needing to increase input amount. Furthermore, Lovell
(1993) states that measuring efficiency makes it possible to rank and evaluate the
DMUs analyzed, thus permitting as to put in place policies that will raise efficiency.
In general, an efficient production system yields higher output for a given set of
inputs or, on the other hand, uses fewer inputs to yield a given output.

Zulal (2012) used DEA and Tobit regression model to analyze the factors affecting
school efficiency for urban and rural-based schools in the state of Georgia using
school level data. The regression results found that rural schools operate less
efficiently than urban schools due to poor socio-economic characteristics for
students and community, and family status.

10
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Kenyan context

Ngware et al. (2007) applied an educational production function using KCPE
mean score as the output to analyze the factors determining performance of
primary schools in Kenya. Using OLS regression, results indicated that utilization
of textbooks, teacher characteristics, school facilities and existence of school-
feeding programmes, which were used as inputs had a major effect on students’
performance in the KCPE. Pupil-teacher ratio had a negative effect on performance.
For pupils from poor areas, the existence of school feeding programme was
positively related to improve KCPE scores. According to Abagi and Odipo (1997),
Kenyan primary school education system was found to be inefficient, and these
inefficiencies were mainly as a result of teachers’ poor time management, low
pupil-teacher ratio, and a curriculum that was too wide to be fully implemented.

Kanina (2012) evaluated the technical efficiency and the changes in total factor
productivity of public primary schools in Kenya grouped into 72 districts using
(DEA) and DEA-based Malmquist productivity index. Mean scores in examination
were used as output, while inputs used were gross enrolments, pupil-classes ratio
and pupil-teacher ratio. The results showed the mean efficiency score of 90.8 per
cent. She found that schools can improve their performance by 9.2 per cent using
the existing level of inputs. Tobit regression analysis showed that high pupil-
teacher ratio is associated with low levels of technical efficiency, and districts
located in urban areas are found to perform better than their rural counterparts.

Bwonda’s (2013) study on essays on benefit incidence and efficiency of public
spending on education and training in Kenya, using mean scores in the Kenya
Certificate of Secondary Education (KCSE) as output, estimated technical
efficiency scores using DEA bootstrap and found 1.24, 1.12 and 3.04 for primary,
secondary and tertiary education levels, respectively. Total factor productivity
change was estimated at 0.95, depicting a decline between 2005/6 and 2009/10.
The findings indicated that there was scope for improving efficiency in education
resource utilization and that outputs can be increased by 24 per cent, 12 per cent
and 20 per cent for primary, secondary and tertiary education, respectively, using
the current inputs. Bwonda’s (2013) study used 2008 data. Although this study
analyzed part of secondary school education, there have been major policy reforms
in the secondary education sector since then. Among them, a taskforce was put in
place to rationalize secondary education school fees. Thus it will be important to
assess whether the secondary school education subsidy (FDSE) has an impact on
learning outputs.

Kinara (2014) used DEA and Tobit regression to analyze the determinants of
technical efficiency of technical training institutions in Kenya. The results showed
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that a large number of the tertiary vocational, educational and technical (TVET)
institutions were not efficient because they have efficiency scores of less than
1. Moreover, TVET colleges could improve performance by 32 per cent while
using the same resources. The results also showed the mean annual total factor
productivity growth was positive and increased by 42.2 per cent and was entirely
due to technical change accounting for 38.2 per cent.

To assess the technical efficiency of Technical, Vocational and Entrepreneurship
Training Institutions in Kenya (TVET), Kariuki (2015) used DEA and, second,
Tobit model to test environmental factors. Students’ results and graduation rate
were used as outputs whereas student enrolment, teaching staff, non-teaching staff
and physical facility index were used as inputs. They found the overall efficiency
of TVET institutions in Kenya as 79.4 per cent. Using the Malmquist index, it
was clear that total factor productivity in TVET increased in the period 2009-
2011. Further, the study found that the qualification of teaching staff measured by
the number of teachers with advanced degree affected the performance of TVET
institutions.

2.4 Overview of Literature

Various inputs used in literature include; education expenditure, average class
size, pupil teacher ratio, teacher characteristics, parent literacy level and outcomes
such as number of graduates and student test score. Some studies revealed mixed
results using the same inputs (Kirjavainen and Loikkanen, 1998; Mizala et al.,
(2002) and Rassouli-Currier (2007)

Indeed, studies on efficiency of education institutions have pinpointed specific
efficiency measures that can be adopted to ensure maximum attainment of
outputs (Afonso et al. (2005), (2006); Mizala et al., (2002); Ngware et al. (2007);
Kanina (2012); Bwonda (2013). The existence of technical inefficiencies offers an
opportunity to increase output from the same amount of inputs which is very ideal
for a school setting.

Different conclusions have been drawn by different researchers. Even so,
developing countries are investing heavily on inputs, based on the perception
that they improve learning outputs (Kirjavainen and Loikkanen 1998; Hanushek
1996). Previous research has shown that DEA is the most common method for
investigating efficiency.

Some studies reveal considerable low technical efficiency levels in the provision of
education globally. However, studies on efficiency of secondary schools in Kenya
are almost non-existent and very little is known about the efficiency in which
different schools utilize the existing resources to generate the requisite outputs.
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Previous studies on technical efficiency in Kenya in education have focused on
primary and tertiary education (Kanina, 2012; Kinara, 2014; Abagi and Odipo,
1997; Mancebon and Malinero, 2000; and Kariuki, 2015). Therefore, this study
will fill this literature gap by analyzing determinants of technical efficiency of
secondary schools in Kenya.
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3. Methodology

3.1 Conceptual Framework

From the literature review, a number of factors influence technical efficiency in the
education sector. An efficient production system yields higher output for a given
set of inputs or, conversely, uses fewer inputs to yield a given output (Kumbhaker
and Lovell, 2000). Even though schools are not profit-maximizing firms, the
framework treats them as production units on the supply side. Empirical studies
have adopted Data Envelopment Analysis (DEA) to measure efficiency. DEA is
a non-parametric method for measuring efficiency of homogenous organization
units called Decision-Making Units (DMUs) and it is attributed to Charnes,
Cooper and Rhodes (2007).

DEA identifies the best performing DMU within the sample and uses the
combination of inputs and outputs to estimate the production possibility frontier.
The estimation of performance is based on the efficiency of a DMU in utilization
of the existing resources to generate the optimal output. It is therefore a ratio of
DMU's total outputs to total inputs equated as:

Productivity = Outputs/Inputs

It is conceptualized that the government through FDSE provides inputs (per
capita spending, teacher employment, teaching and learning materials, physical
infrastructure, among others) to all public secondary schools in Kenya. The DMUs
are both public and private secondary schools, which employ inputs through the
teaching and learning process and further interact with environmental factors to
attain the desired education outputs as illustrated in Figure 3.

3.2 Analytical Framework

Following the model by Charnes et al. (1978) and used by Mizala et al. (2002)
and Zere (2000) to determine the efficiency of a target schools in county c,
we look at a number of n productive units (secondary schools): DMU,, DMU,,
..., DMU . Each unit produces s outputs while employing m inputs. The input
matrix can therefore be written as X = (xl.j, i=1,2,..,mj=1,2,.. n)and an
output matrix Y = (yl.j, i=1,2,..,S8j=1,2,..,1n).

The efficiency rate of such a unit can then be generally expressed as:

sum of outputs Eleuijf:'q

sum of inputs E}riluiqu @
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Figure 3: Conceptual framework

Converting inputs to
outputs through teaching
and learning process and
interaction with
environmental variables

Source: Author’s own formulation

We solve the following equation:

MAX F, = i U Vir oot (2)
Subject to:
B W85 = L oo (3)
g kg
=1 i=1
u,v; =0 r=1,..5 i=1,....m
Where:

n — number of secondary schools evaluated in Kenya
m — the total number of inputs

s — the total number of outputs
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h, — technical efficiency of secondary schools in Kenya
U, - vector of output weights to be determined by the solution to the LP problem
V. — vector of input weights to be determined by the solution to the LP problem

Y — amount of output r for secondary schools in Kenya

2

X, —amount of input 7 used by secondary schools in Kenya

The first step in the analysis is to identify those units that form the efficiency frontier.
The first constraint indicates that the weighted sum of inputs for the particular
secondary school equals one while the second one implies that all secondary
schools operate on or below the frontier. Solving this linear programming problem,
we obtain the efficient production for the schools in Kenya and the efficiency index.

The model by Charnes et al. (1978) assumes constant returns to scale (CRS).
Returns to scale refer to the changes in output as a result of change in all inputs by
the same proportion. CRS implies that output changes by the same proportion as
the change in inputs and thus the size of the schools in the county is irrelevant when
measuring efficiency, since all schools are deemed to be operating at their best scale
size. However, size is an important factor in this analysis and thus the assumption
of variable return to scale (VRS) which allows the level of outputs to inputs to vary
with the size of the schools is more binding. Banker et al. (1984) added an intercept
term to the Charnes et al. (1978) model to take care of the returns to scale.

For estimation of efficiency scores, the study employed the Data Envelopment
Analysis programme (Coelli, 1996) under the output orientation two stage DEA
instruction mode for the period 2007 and 2014. We measure and interpret efficiency
scores which range from zero to one where schools with efficiency score of one are
most efficient among the chosen peers of schools. DEA employs scale assumptions:
variable returns to scale (VRS) which reflects the fact that production technology
may exhibit increasing, constant and decreasing returns to scale whereas constant
returns to scale (CRS) imply that output will change by the same proportion as
inputs are changed. The CRS assumption is only appropriate when all DMUs
are operating at an optimal scale. However, this study uses the VRS assumption
because it permits the calculation of technical efficiency devoid of scale efficiency
effects.

From the background, the study focuses on two time period (that is 2007 and
2014). Therefore, estimating technical efficiency change between the two time
periods t and t+1 is necessary. In the DEA estimations using output-oriented,
Malmgquist productivity index was used to determine technical efficiency change
between the two time periods. Malmquist productivity index is a measure of total
factor productivity, technology change and scale efficiency.
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In the second stage of our analysis, DEA efficiency scores in the first stage are
regressed on the inputs and other external variables to determine the possible
determinants of technical efficiency in the DMUs under study. These are size of
the school, location and the average cost of operating. We use Tobit regression
model for this analysis. Tobit is favoured because the efficiency scores are limited
to the interval [0;1] and thus can be interpreted as censored. Tobit regression can
be used for models that are censored from above where the dependent variable is
truncated at zero or some other cut-off (Long, 1997).

The model for estimating the determinants of efficiency can be specified as follows:

oc=0,+B,z+ B, l+B,u+=s

Where:

& — represents technical efficiency score of the school i
z — is the size of the school measured by total enrolment;

[ — is the geographical location which takes a dummy variable with the value one
if the school is located in an urban area and zero if otherwise;

u — is the type of school, which takes a dummy variable with the value one if the
school is public and zero if otherwise;

£ — is normally independently distributed with mean, zero, and variance.

Assumptions and data problems

1. The Tobit model assumes that there is a latent variable underlying the
observed dependent variable.

2. The presence of zeros in the data is likely to affect standard errors by
introducing heteroskedasticity into the residual. However, using robust
method (Tobit) to compute standard errors should address this problem.

3. The Tobit model generates downward biased estimates and the bias increases
as the fraction of zero observations (including non-doers) increases.

3.3 Data and Variables

The study uses secondary data for the year 2007 and 2014 from the Ministry of
Education Science and Technology to examine the technical efficiency of secondary
schools in Kenya. The study sampled 377 secondary schools in Kenya for the year
2007 and 2014.
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The sample size (number of observations) was computed with the formula below
to enable us come up with the appropriate number of responses.

Sample Size = (Distribution of 50%) / ((Margin of Error% / Confidence Level
Score) Squared)

Finite Population Correction:
True Sample = (Sample Size x Population) / (Sample Size + Population — 1)

The year 2007 is used as a baseline year before the government implemented the
secondary education subsidy programme in 2008 whereas the year 2014 is used
because it shows the impact of FDSE on education outcomes, which also coincides
with the end of the first medium term plan for the Kenya Vision 2030.

The dependent variables are the performance which is measured by KCSE mean
scores, and completion rate which is measured by number of students successfully
completing secondary school level. Selected explanatory factors included in this
study are pupil teacher ratio, average class size and book ratio which were used to
determine the efficiency scores. The efficiency scores are further regressed against
environmental factors to determine the effect on efficiency. Other factors that are
known to affect completion and performance such as household characteristics,
student innate factors are not included in this study because data was not available.
The hypothesized input and output set is tabulated in table 3.

Table 3: Input and output set

Variables Description
Inputs Pupil-teacher This is the average number of pupils per teacher.
ratio Its computed by dividing the total number of pupils
in a school by the number of teachers in the school.
The data on teachers refers to teachers who are
engaged in teaching and excludes those performing
non-teaching duties
Pupil-classroom | This is the number of pupils per classroom in a
ratio school. It is computed by dividing the total number
of pupils in the school by the number of classrooms
Book ratio This is the number of pupils per book in a school
Output KCSE mean This is the schools’” average KCSE scores in a
scores county
Completion rate | Number of students who sat for KCSE
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Location Dummy variable which takes a value of 1 for urban
secondary schools and o otherwise

Source: Authors own formulation
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4. Study Results and Discussion

This chapter discusses and presents the results of the study. First, summary
descriptive statistics of the data are presented. Next, efficiency scores computed
from Data Envelopment Analysis technical efficiency results are discussed. Lastly,
Tobit regression results are analyzed to explain the determinants of efficiency in
secondary schools in Kenya.

4.1 Descriptive Statistics

An overview of the summary descriptive statistics of the variables used in the
analysis is presented in Table 4.

Table 4: Summary descriptive statistics

2014

Variable Observations | Mean Std. Dev. | Min Max
Mean score 377 40.39 14.72 10.5 79.2
No. of students

completed secondary

education 377 109.56 67.16 12 393
Enrolment per school 377 509.49 316.10 26 2430
Pupils per teacher 377 21.55 8.18 2.6 81
Student per book 377 4.02 2.78 1.05 21.32
Student per class 377 41.58 13.25 6.5 | 101.25
2007

Variable Observations | Mean Std. Dev. | Min Max
Mean score 377 40.62 11.98 10.5 75.68
No. of students

completed secondary

education 377 83.34 54.39 6 203
Enrolment per school 377 333.23 244.47 17 1130
Pupils per teacher 377 19.03 13.26 2.44 219
Student per book 377 10.02 19.41 0.06 227
Student per class 377 36.59 17.08 3 219

Source: Author’s computations

Over this period, the mean enrolment per school increased significantly from 333
students in 2007 to 509 students in 2014 per school. This can be attributed to the
secondary school subsidy programme. Equally, the average number of students
completing Form Four per school increased from 83 in 2007 to around 110
students in 2014. However, it was observed that performance dropped.
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From the summary statistics, it is evident that the mean performance in
KCSE examinations declined from 40.62 per cent in 2007 to 40.39 per cent in
2014, suggesting that the performance in examinations did not improve with
implementation of the secondary school subsidy over the period 2008 to 2014.
This can be attributed to the population pressure on existing teaching and learning
facilities. For example, PTR increased from 19 students per teacher in 2007 to 22
students per teacher in 2014. Average class size also worsened from 36.59 in 2007
to 41.58 in 2014. Nonetheless, book ratio improved from 10 students per book to
4 students per book over the same period. This could be as a result of government
increased investment in provision of books to public secondary schools.

It was also noted that there was wide variation in education indicators across
secondary schools in Kenya. For instance, enrolment varied from 26 students to
2,430 students in 2014. This is also reflected in PTR (including both Teacher Service
Commission (TSC) teachers and non-TSC teachers), where lowest PTR was recorded
at three students per teacher and the highest PTR was 219 students per teacher. In
addition, there is also wide variation across the schools in the book-pupil ratio.

Correlates of the Selected Secondary Education Performance
and Completion

4.2

The correlation between variables was examined, and is presented in Table 5.
The correlation between independent variables is low, suggesting there are no
problems of high colinearity. A negative correlation was found between PTR and
mean score and also between class size and book ratio. This may mean that bigger
classes have fewer books to use. The correlation between number of books and
mean score is low, suggesting that the extent to which textbooks are available and
used by pupils improves performance. There is a positive strong linear correlation
between enrolment and the dependent variables, thus we expect that any increase
in enrolment will lead to a positive increase in performance and high number of
completion.

Table 5: Correlates of dependent variables (performance and completion rate)

Mean No. Enrolment | PTR Book Class
score completed Ratio Size

Mean score 1.0000

No. completed 0.5144%* 1.0000

Enrolment 0.5186%* 0.8437%** 1.0000

PTR -0.0067 0.1613 0.2941 1.0000

Book ratio 0.0337 -0.0249* -0.0226 -0.0042 1.0000

Class size 0.2242 0.3678* 0.5452 0.7126 -0.0217 1.0000

(* and ***) represents low and high levels of correlation between mean score and
independent variables respectively.
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4.3 Efficiency Results from Data Envelopment Analysis

The results show a set of efficient schools that produce the highest output for a
given set of inputs from the sampled 377 secondary schools in Kenya.

Appendix Table A1 shows the distribution of efficiency scores obtained from DEA
by determining schools which produce the highest output for a given set of inputs.
In this case, the results of this study found the mean efficiency for the sampled 377
secondary schools under the VRS assumption at 62.7 per cent. This means that,
on average, these schools could improve outcomes (performance and completion
rate) by 37.3 per cent using the same level of current inputs for them to operate
on the efficiency frontier. There are thirty (30) technical efficient schools with an
efficiency score of 100 per cent. The remaining 347 had a technical efficiency score
of less than 100 per cent out of which 92 schools are operating at an efficiency
score of below 50 per cent.

This means that around 92 per cent of secondary schools in Kenya operate below
the efficient frontier. We find that, collectively, these inefficient secondary schools
have a mean efficiency score of 59.5 per cent. This suggests that these schools
could improve their outputs by 40.5 per cent with their current level of input. The
technical efficiency among these secondary schools ranges from 96.9 per cent to
20.1 per cent. This shows a wide variation in efficiency across different secondary
schools in Kenya. The findings of this study are in line with other efficiency
studies discussed in the literature above, indicating wide variation in technical
efficiency in education sector institutions (Ruggiero et al., 1999; Mancebon et al.,
2010; Mitinta, 2010; and Mizala et al, 2002). The efficiency levels shown imply
a substantial output increase if schools became efficient, which could go a long
way in addressing issues of secondary school shortages since the country is under
pressure to meet the rising demand for secondary schooling places.

The wide difference in efficiency implies that there are other factors that explain
differences in efficiency across different schools. This can be explained in terms
of different management structure, location, type, size of schools, among others,
which varies nationally. For instance, from the results, it is evident that private
schools are more efficient than public schools with a mean efficiency of 69.48
per cent and 60.78 per cent, respectively. Urban schools are also more efficient
than their rural counterparts with mean technical efficiency of 0.68 and 0.61,
respectively, as illustrated below.

Category Mean Technical Efficiency
Public secondary schools 60.78
Private secondary schools 69.48
Urban secondary schools 67.80
Rural secondary schools 61.06
Total Technical Efficiency 62.70
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To summarize, the presented empirical analysis makes it obvious that the
secondary education sector in the considered counties suffers from relatively low
technical efficiency. The inefficiency is particularly evident in some public and
rural schools. These categories of schools could improve outcomes (performance
and completion rate) by 39.2 per cent and 38.9 per cent, respectively, using the
same level of current inputs.

On average, the mean scale efficiency is 74.3 per cent, suggesting that secondary
schools have 25.7 per cent unused capacity. Only 15 secondary schools out of 377
sampled schools are operating at optimal size of 100 per cent. This means that
they employed all their factors at full capacity in production using the inputs
given to produce the desired outputs. With regard to scale, the study has shown
that there exists scale inefficiency in Kenyan secondary schools.

Measuring total factor productivity change

The estimated indices of the output-oriented Malmquist productivity change
index show wide differences across schools as shown in Table 6.

Table 6: Malmquist TFP index summary of annual mean

Year Efficiency |Technological | Pure Efficiency |Scale efficiency | Total factor
change Change change Change productivity
(TFP)change
Mean 0.905 1.116 0.904 1.001 1.009

Source: Author’s computations

There was insignificant change in total factor productivity mean of 0.9 per cent
despite government investment in the secondary education sector. The technical
efficiency change increased positively by 11.6 per cent. This suggests that schools
adopted new innovativeness in resource utilization, and therefore improved
technical efficiency change. However, 53 secondary schools experienced a
decrease in technological change with a mean of 0.94.

The results indicate a decline in overall efficiency change mean of 0.905. This
could be attributed to the drop in pure efficiency mean of 0.904. Scale efficiency
change, which reflects improvement in school operation at optimal size, indicates
a very small increase of 0.1 per cent with 192 secondary schools operating below
optimal capacity with a mean of 0.836.
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4.4 Econometric Analysis of the Determinants of Technical
Efficiency

To further investigate the determinants that explain the differences in school
efficiency, we regress the technical efficiency scores against variables not directly
included in the DEA analysis. Using equation 5in our model, where the transformed
efficiency scores are used as a dependent variable in the Tobit estimation, the
sign of each independent variable is inversely correlated with school efficiency. If
the coefficient sign is negative, this suggests that there is a positive relationship
between independent variables and school efficiency score. The regression results
are presented in Table 7.

Table 7: Tobit regression results explaining school determinants of
technical efficiency

Number of observations = 754 Pseudo R =-0.9059

Log likelihood = 133.08577

LR chi?(3) =126.51 Prob > chi> = 0.0000

Technical Coefficient | Std. Err. t P>|t| [95% Interval
Efficiency Conf.

Gross 0.0003 0.0002 10.95 0.000 0.0002 0.0003
Enrolment

School Type | -0.1066 0.0176 -6.07 0.000 -0.1411 -0.0722
- Public

Location - 0.0059 0.0163 0.36 0.005 -0.0103 0.0536
Urban

Constant 0.5759 0.0166 34.76 0.000 0.5433 0.6084
Sigma 0.1831 0.0050 0.1734 0.1929

Obs. summary: o left — censored observations
709 — uncensored observations
45 right — censored observations at te>=1

The log likelihood is estimated at 133.09. This is the log likelihood of the fitted
model. The likelihood ratio chi-square of 126.51 (DF=3) with a p-value of 0.0000
tells us that the model as a whole fits significantly in explaining the determinants
of technical efficiency. All the predictors are significant at 95 per cent level of
confidence.

From the p values, the independent variables have a significant effect on calculated
school efficiency scores. The coefficient for school size, which is measured by gross
enrolment, is positive at 0.003 and significant at the 95 per cent confidence level.
This means that an increase in school size by one point is expected to increase
the technical efficiency score by 0.003 percentage points. The results show that
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larger schools are associated with higher levels of efficiency, which could be due
to prevailing economies of scale because larger schools absorb overhead and
administration costs, implying that they have lower marginal costs and fully
utilize the available inputs. The findings are in line with other technical efficiency
studies reviewed in the literature section above, indicating larger schools are more
efficient compared to smaller schools (Kirjavainen and Loikkanent, 1996; Kanina,
2012 and Kinara, 2014).

The coefficient for public schools is negative at 0.1066 and significant at 95
per cent level of confidence. This means that public schools are likely to be less
efficient when compared to private secondary schools. This could be attributed to
the effective management of private schools where school managers are selected
based on qualified managerial expertise and experience and operate in a strong
governance environment. In addition, private education financiers are entirely
households; therefore, schools managers are accountable to the households. To
this end, there are strong accountability mechanisms accentuated by the strong
financial and education management information systems and reporting. This
makes it easier to determine any resource wastages or leakages. The results are in
line with other studies as reviewed in the empirical literature.

Another key environmental variable analyzed was geographical location of the
school. Results show that urban schools have a positive coefficient of 0.0059,
suggesting that urban-based schools have higher technical efficiency compared to
their peers in rural localities. From the literature reviewed, this may be attributed
to the differences in the socio-economic factors which have a significant effect on
efficiency. Furthermore, urban schools are located near social amenities and are
most preferred because they are easily accessible. This finding is consistent with
reviewed literature that urban localities have positive influence on efficiency of
education institutions, whereas rural schools operate less efficiently. These results
are corresponding to findings of Zulal (2012).

25



The determinants of technical efficiency in secondary schools in Kenya

5. Conclusions and Policy Recommendations

5.1 Conclusion

Cognizant of the constitutional requirement of providing compulsory free basic
education to every Kenyan child and also in line with the Sustainable Development
Goal (SDG) number four, free day secondary education (FDSE) was a milestone
to achieve the overall goal of universal basic education. However, this programme
is only implemented in public secondary schools. It is important to assess the
efficiency in the education sector to ensure that the resources allocated to the sector
are efficiently utilized to achieve the desired results. This paper has attempted to
assess the technical efficiency of Kenyan secondary schools.

The results obtained show that inefficiencies exist in all categories of secondary
schools in Kenya, which display an average technical efficiency of 62.7 per cent.
This implies that it is possible to improve learning outcomes for secondary
education at current input resource level by 37.3 per cent. It is also interesting
to point out that there are schools that, despite being efficient, do not achieve
good performance in test score results. Other schools with similar characteristics
and inputs displayed quite different results. Thus, the study further analyzed
the reasons for these differences using Tobit model. The study found that urban
schools are more technically efficient than their rural counterparts and also
private schools are more efficient compared to public schools. This demonstrates
that determinants of efficiency depend on the location and ownership of schools.
Additionally, schools that are bigger in size tend to be more efficient than schools
that are smaller in size.

In addition, using the Malmquist index analysis, the study shows a positive growth
in annual total factor productivity. There was also a marginal positive technical
change which could be explained by changes in innovations by the secondary
schools. A drop in pure efficiency implies worsening contribution of management
in operations of secondary schools.

5.2 Policy Recommendations

From the preceding conclusions, we propose policy recommendations that can be
employed to increase efficiency and productivity of secondary education level in
Kenya without necessarily increasing inputs. Malmquist results showed a decrease
in pure efficiency. To this end, policies that ensure effective management and
operations of schools should be implemented. This study therefore recommends
continuous upgrading of the management skills for school managers and Boards
of Management through training, and establishment of a mentorship system for
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the school managers. Teacher motivation is also key in delivery of curriculum.
This may be done through better terms of employment and also awards and
recognition programmes.

The study also recommends implementation of policies that will ensure
innovativeness in efficient utilization of existing teaching and learning facilities
without incurring extra costs. This may include adoption of ICT in delivery of
curriculum by digitizing textbooks, use of technology-based resources which
will provide up-to date materials to inform and support teaching and learning,
adoption of flexible learning hours whereby learners utilize the same resources,
among others.

In addition, the study recommends merging small schools within the same locality
and pooling resources together since bigger schools are more efficient than
schools with smaller size. Deliberate effort should be made to establish and ensure
schools are optimally-sized so that they can benefit from economies of scale. To
achieve the overall goal of every child’s basic right to access education without
deteriorating performance in KCSE, the study recommends implementation of
policies that will ensure balance of teaching and learning materials in all regions
for effective utilization and equity. Therefore, the government should ensure all
secondary schools have adequate infrastructure, teaching and learning materials
for them to compete favourably. A close monitoring on efficiency changes should
be done regularly with the aim of improving the desired outputs.

5.3 Limitation of the Study

The major limitation of the study is the availability of school level data on socio-
economic variables to analyze other possible causes of inefficiencies in the
schools. Schools are also dynamic, thus it is important to analyze efficiency for
each individual school.
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